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Abstract  
This paper presents a classification tool developed to present a holistic view on the status of final sinks. The 
status ranges from uncontrolled to completely controlled or sustainable final sink and is determined by site envi-
ronmental risks, awareness of stakeholders and availability of funds for sustainable site management, and availa-
bility of remediation techniques.  
 
Three final sinks were classified at different periods in site history. The Volgermeer near Amsterdam in The 
Netherlands is an uncontrolled final sink that shifted with time to a completely controlled final sink The Vakhsh 
in Tajikistan and Suzak B in Kyrgyzstan, are final sinks that were in the past controlled, but became uncon-
trolled.  
 
Final sink classification demonstrates which initiatives should be taken to arrive at a sustainable final sink.and 
presents lessons for developing and implementing sustainable final sink management. An important lesson 
learned is that a final sink needs a ‘foster parent’ who is aware of the environmental risks and has the power and 
willingness to actively develop and implement sustainable site management. 
 
Keywords: uncontrolled and controlled final sink, classification, risk assessment, sustainable site management 
 

1 Introduction 

To get rid of waste, four key modes of contaminant release in waste streams can be distinguished: discharge to 
landfills or dumpsites, discharge to aquatic systems, disposal via hazardous waste incinerators, and storage of 
chemical waste (Weber 2008). In this paper we focus on discharge to landfills or dumpsites as most of the solid 
residues of chemical industries were discharged in this manner. In industrialised countries a shift has taken place 
in the 1970/1980s when solid residues were increasingly disposed of via hazardous waste incinerators. In many 
developing and transition economies, most hazardous chemical waste is still dumped or landfilled.  
 
Often, dumping into landfills started without any adequate control measures to prevent migration of (persistent) 
chemicals offsite. As a result, there are numerous landfills all over the world posing severe ecological and/or 
human risks now and in the future. These landfills are uncontrolled sinks that need securing measures to prevent 
direct contact with on-site receptors and halt migration of chemicals offsite. A sink is considered final when it is 
financially unviable to transport the waste to controlled disposal facilities including incineration plants. Hence, 
available risk reducing options for final sinks are limited to in-situ and on-site measures.  
 
The status of a final sink can range from uncontrolled to completely controlled. An uncontrolled final sink is a 
sink where long-term storage is not possible without causing adverse effects on the environment and human 
health. A completely controlled final sink fulfills the criteria of sustainability according to the Concept of Sus-
tainable Development (World Commission on Environment and Development 1987). At a controlled final sink, 
permanent storage is possible with minimal long-term effect on the environment and human health. No direct 
and indirect risks are imposed to the natural environment or human health; i.e. all risk exposure pathways are 
intercepted. An uncontrolled final sink can become a completely controlled final sink by taking adequate remedi-
ation and control measures including maintenance and aftercare. Aftercare has to be as limited as possible. 
 
To present the complexity of the remediation of dumpsites, a series of cases of remediation of chemical landfills 
was announced (Weber 2008). This series includes the case of the Volgermeerpolder, a chemical landfill near 
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Amsterdam (The Netherlands) where nowadays comprehensive monitoring is undertaken and extensive funds 
are available for eventually cleaning leachates. In this paper, the Volgermeerpolder is presented as an example of 
an uncontrolled final sink that has successfully been remediated to become a controlled final sink.  
 
To visualise the status of a final sink, a simple classification tool was developed. The tool addresses the com-
plexity of remediation of uncontrolled final sinks by summarizing the four selected categories:  
1. The status of the environmental site risks control; 
2. The availability of funds to manage the site (remediation, monitoring and aftercare); 
3. The awareness of all site stakeholders concerning the environmental risks; 
4. The availability of techniques to control the environmental site risks.  
 
The classification tool aims to assess why no initiatives are taken to control site risks and visualizes the con-
straints for stagnating remediation. In addition to the case of the Volgermeerpolder, the tool is applied to two 
other final sinks: the POPs pesticide dumpsites Vakhsh (Tajikistan) and Suzak B (Kyrgyzstan).  

 

2 Material and Methods 

2.1 Methods  

The input for the classification tool (see figure 2-1) is a complete site assessment that describes the site within its 
environment. After the site assessment, it should be clear if the site fulfils the definition of a final sink. If the site 
can be seen as a final sink, the above four selected categories should be considered. By judging the level of the 
four features an overview of the status of the final sink is visualised. As a result of the classification, it becomes 
clear which category is hampering implementation of site rehabilitation strategies, and thus why it cannot reach 
the class of a controlled final sink.  
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Figure 2-1: The status of a final sink can be classified through a site assessment 

 

2.2 Site assessment  

A site assessment should be performed including the contaminant situation within the existing site topology, 
soils and hydrology, along with other pertinent site information such as climate and site history. An important 
part of the site assessment is the social description, starting site wide and expanding to regional or country wide 
analysis of involvement of stakeholders, economical status, and government form. The complete site assessment 
provides all information about the four site categories that classify the final sink.  
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The environmental site risks can be screened by developing a Conceptual Site Model (CSM) picturing the source 
zone(s) of contamination, the migration pathway(s) and the (potential) receptor(s). Designing a complete CSM is 
a phased process. The initial phase is the preliminary site assessment resulting in an initial CSM and a preliminary 
risk assessment. A gap analysis bridges the initial phase with the second phase of the site assessment. With a 
comprehensive site assessment the CSM can be improved or completed and relevant risks can be assessed. To 
define risks the toxicological profile of the compounds at the site, and their effects on the receptor following 
exposure can be estimated or calculated. A complete CSM and a risk assessment are the deliverables of the sec-
ond phase of the site assessment. 
 

2.3 Classification tool 

Each site feature in the classification tool has five classes: the uncontrolled; minimum controlled; semi con-
trolled; controlled; and completely controlled class. The classification depends on the before mentioned site fea-
tures. If all four categories are at the highest level, the site can be considered as a completely controlled final sink. 
In the next sections and table 2-1 an explanation of the different classes of each category is given. 
 
Table 2-1: Classification of final sinks by categories risk, funds, awareness and technique 

Level Class 

Category 

Risk control Availability of 
funds 

Awareness profile Availability of 
technique 

4 Completely 
controlled 

Direct, potential 
and latent risks 
controlled 

Funds available, 
including monitor-
ing and aftercare  

All stakeholders 
take their responsi-
bilities  

All risk control 
measures are readi-
ly available and 
feasible 

3 Controlled Direct and poten-
tial risks controlled 

Funds available on 
the short and mid-
term 

Receptors, local 
and national deci-
sion makers are 
aware of risks and 
responsibilities are 
allocated 

Risk control 
measures can be 
designed site spe-
cific 

2 Semi con-
trolled 

Direct risks con-
trolled 

Funds available on 
the short term 

Receptors and local 
decision makers are 
aware of risks 

Direct risk control 
measures are avail-
able 

1 Minimum 
controlled 

Emergency 
measures imple-
mented 

Emergency block 
grant available 

Receptors are 
aware of risks 

Emergency 
measures are readi-
ly available 

0 Uncontrolled No risks controlled No funds available Stakeholders do 
not take their re-
sponsibility 

Risk control 
measures are not 
available 
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Environmental risks 
The environmental site risks include human health risks, risks of offsite migration and ecological risks. These 
risks can be direct, potential or latent. The first risk class (level 0) is a final sink with uncontrolled risks. No site 
measures to mitigate the environmental risks are taken. The second class (level 1), minimum controlled risks, is 
allocated to final sinks with emergency measures only. The third class (level 2), the semi controlled final sinks, is 
for final sinks with controlled direct risks. The final sinks with controlled direct and the potential risks are classi-
fied in the fourth class (level 3). The fifth and last class (level 4), completely controlled, is used for the final sinks 
with all direct risks mitigated, potential risks contained and latent risks monitored.  
 
Availability of funds 
Classification based on the availability of funds for site management uses the same five classes. In the lowest 
class, i.e. the uncontrolled final sinks, sites have no funds available for site management. This class is followed by 
the class used for the minimum controlled final sinks, i.e. sites that have only funds for emergency measures. The 
third class in this category is used for final sinks for which funds are available on the short term for mitigating 
the direct risks. If for a final sink funds are available for mitigating the direct risks on the short term and contain-
ing the potential risks on the midterm, the sink is classified in the fourth class. This class is called controlled. The 
last class, the completely controlled site, is used for sites that have implemented all risk control measures while 
funds are being provided for containment of the potential risks, monitoring of the latent risks and aftercare. 
 
Stakeholder’s awareness 
The first of the five classes used for stakeholder’s awareness, the uncontrolled class, includes the sites where 
stakeholders are not aware of the environmental risks or do not take their responsibilities. The second class is 
used for the final sinks where only the receptors are aware of risks. These are the minimum controlled sites for 
this category. When receptors and the local decision makers are aware of the environmental risks, the final sink is 
seen as a semi controlled. If the receptors, local and national decision makers are aware and the responsibilities 
are allocated, the site is a controlled final sink. If all stakeholders take their responsibility the final sink is classi-
fied as completely controlled final sinks. 
 
Availability of techniques  
The five classes for the availability of the techniques for mitigating the direct risks, containing the potential risks 
and monitoring the latent risks, are also ranging form uncontrolled to completely controlled. If there are no 
techniques available to control the environmental risks the final sink is classified as uncontrolled. A site is mini-
mum controlled if emergency measures are readily available. A final sink is semi controlled if direct risk control 
measures are available. The site is controlled when risk control measures can be designed site specific. If all risk 
control measures are readily available and feasible the final sink is classified as the completely controlled. 
 
At a completely controlled final sink all the direct environmental risks have been mitigated, the potential envi-
ronmental risks contained and the latent risks monitored. Funds for monitoring and aftercare have been allocat-
ed. Site stakeholders take their responsibility and all risk control techniques are readily available. 
 

3 Results and Discussion 

To demonstrate the use of the classification tool we have classified the Volgermeerpolder, Vakhsh and Suzak B 
at different moments in their site history. The classification is discussed demonstrating the coherence between 
the different aspects and explaining shifts from one final sink class to the other. 
 

3.1 Description final sink Volgermeerpolder 

The history of the Volgermeerpolder is thoroughly known and described below in different distinctive periods. 
Based on the description of the final sink in these periods, a classification of the Volgermeerpolder is presented 
and discussed.  
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Description history Volgermeerpolder until 1955 
The peatbog lands of Holland were the main energy resource of the Netherlands from 1.000 AD till about the 
beginning of the twentieth century when coal and hydrocarbons became the main energy sources. The excava-
tion of peat transformed the former peatbogs into large lakes and valuable land was lost in this process. Authori-
ties counteracted the loss of valuable land by permitting peat exploitation under the condition that excavations 
were backfilled.  
 
Growing cities and economic development were major drivers for increased municipal solid waste volumes in 
the beginning of the twentieth century. The operators of one of the last bogs, the Volgermeer, realized that the 
isolated position of the polder and its perfect connection to Amsterdam by existing waterways provided a suita-
ble disposal site that could meet the backfilling obligation. Around 1955 the peat exploitation came to an end 
due to decreased margins. By then about 110 hectares of peatbog were exploited and available for the disposal of 
waste.  
 
Volgermeerpolder 1956 - 1979 
Somewhere between 1955 and 1965 the barges which ferried the solid municipal waste to the Volgermeer also 
started to collect waste in the various industrial zones in Amsterdam. Among others this industrial hazardous 
waste originated from several chemical industries and a producer of organic pesticides. In particular the disposal 
of residues from the organic pesticides production (among which Agent Orange), can be considered as a game 
changer. Hazardous waste was mixed with large volumes of solid municipal waste. Local population was from 
time to time complaining about uncontrolled fires at the dumpsite.  
 
Volgermeerpolder 1980 - 1981 
In the late 1970s environmental awareness of the Dutch population increased significantly. The local population 
started to complain more and more about the uncontrolled fires at the Volgermeer dumpsite. In 1980 a local 
shovel operator working at the Volgermeer polder discovered drums with the skull warning sign. Just at that 
time, soil pollution in ‘Lekkerkerk’ made headlines in the Dutch news. The discovery of the drums was a confir-
mation that a new Lekkerkerk was potentially born at the Volgermeer. The news of the drums rapidly spread in 
the local community and increased the existing agitation about the uncontrolled fires further. Local leaders of the 
nearby village of Broek in Waterland established a committee that was able to mobilize the local population and 
attract a lot of attention in the national news. As local authorities initially denied the presence of hazardous waste 
and environmental and human risks, the local population decided to barricade the entrance to the Volgermeer. 
Within three months time the City of Amsterdam was forced to cease further disposal of waste at the Vol-
germeer. 
 
In the early 1980s the Volgermeerpolder continued to attract a lot of attention in The Netherlands and the local 
committee maintained its pressure on the local and national authorities. Local and national authorities realized 
that emergency measures had to be implemented. Drums at the surface of the dumpsite were collected and 
stored on-site. An attempt was made to isolate the surface water within the Volgermeer from the surrounding 
surface waters. The site was fenced and warning signs were posted. 
 
Volgermeerpolder 1982 - 1998 
After the implementation of the emergency measures, preliminary studies were conducted. Given the scale of the 
dumpsite (six million cubic meters of hazardous waste with significant concentrations of organic pesticide resi-
dues and dioxins) and the available techniques at that time, it was concluded that remediation was almost impos-
sible and too expensive. Attention shifted towards the question on liabilities. Communication between authori-
ties and the local committee almost ceased and was best characterized by distrust. 
 
Given the isolated position of the Volgermeerpolder and the discovery of another, large-scale soil pollution near-
er to the population centre of Amsterdam, authorities lost their focus on the Volgermeerpolder. It was also hard 
for the local committee to attract further attention of the broader public. In general, the opinion was that with 
the implementation of the emergency measures the situation at the Volgermeer was safeguarded. 
 



 

 

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

 

  

 

 

Volgermeerpolder 1999 - 2000 
In the late 1990s local and national authorities put the remediation of the Volgermeer back on the agenda, due to 
the involvement of two political leaders who sincerely wanted to fulfil an old promise to the local committee and 
resumed responsibility of the former disposal activities. At that time also the regulations on soil remediation had 
changed in The Netherlands, which made it possible to use new concepts such as monitored natural attenuation 
and risk based land management as viable remediation options. In the year 2000 finally a remediation plan was 
drafted, approved by the authorities and accepted by the local committee.  
 
The objective of the final plan was to remove direct contact possibilities with the polluted material through the 
installation of a top cover and monitoring of the pollution pathways. Field investigations and model calculation 
had shown that offsite spreading of the pollution was not likely. The earlier emergency measures were reinstalled 
and the previously collected drums were removed from the site. 
 
Volgermeerpolder 2000 – 2013 
From 2001 to 2010 the actual design and implementation of the remediation works took place. During this peri-
od an extensive monitoring program was set up (involving over 350 observation wells around the Volgermeer 
and just less then 300 within). On the basis of the monitoring results it was shown that over large areas of the 
Volgermeer high concentrations of degradation products of organic pollutants and pesticides residues were pre-
sent in the pore water of the landfill body. More surprisingly the groundwater in most of the observation wells 
just outside the landfill did not contain any pollution during this period. Also the original surface waters within 
the landfill showed practically no pollution.   
 
Further in-depth assessment revealed that the existing peat soil surrounding the Volgermeer landfill and the or-
ganic rich sediments effectively contained the contamination inside the landfill body itself. Given the importance 
of the peat layers a surprisingly simple and effective concept was developed: the ‘natural cap’.  
 
The original aim was to cap the waste by multiple layers, i.e. vegetation, topsoil, drainage, geo-membrane 
(HDPE) and gas ventilation and to maintain this top layer for eternity. In the natural-cap concept a peat layer is 
to be developed on top of the remediated landfill. In time, this peat layer will act as a natural barrier, reducing the 
eternal aftercare and maintenance program which was deemed necessary for the original multi-layer-top solution.  
 
Peat will prevent off-site migration of pollutants. This approach was founded on the assumption that engineering 
solutions should not inhibit natural processes of risk mitigation. Rather, engineering should enhance and support 
natural biological processes. Conservation of existing peat layers around the Volgermeerpolder and development 
of new peat layers on top of the Volgermeer are important corner stones of this approach. Development and 
conservation of peatbogs can earn the area on the mid term also a special protected status as valuable wetland 
area. 
 
During the implementation of the remediation project the local committee and other stakeholders were actively 
involved in the rehabilitation and transformation of the landfill site and monitoring results were transparently 
shared and discussed with them. Since 2011 local citizens are actively involved in the transformation of the area 
into a natural peatbog. Distrust truly changed to common trust. Together with several universities a research 
program was set up to assess and validate the concept of the natural cap and the potential for peat development. 
Local and national authorities made long-term commitments for funding of aftercare and monitoring. Fall-back 
scenarios are available to manage unexpected risks and remediation techniques have been identified which can be 
utilized to intercept polluted groundwater if needed. 
 

3.2 Classification Volgermeerpolder 

Although before 1955 already large volumes of solid municipal waste had been disposed at the Volgermeerpol-
der, it cannot be considered as a final sink for that period of time because no hazardous waste was stored. After 
1955, hazardous waste mixed with large volumes of solid municipal waste turned the Volgermeerpolder into a 
final sink. Based on the above description of the Volgermeerpolder, figure 3-1 visualizes the classification of the 
final sink from 1955 to date.  
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Figure 3-1: Classification Volgermeerpolder (The Netherlands) 

 
Volgermeerpolder 1965 – 1979 
The disposal of hazardous waste transformed the Volgermeerpolder into an uncontrolled final sink. The large 
volumes of waste consisted of hazardous waste mixed with solid municipal waste. Although the local population 
was from time to time complaining about uncontrolled fires at the dumpsite, nobody was aware that a game 
change of hazardous waste disposal had taken place. Let alone that anybody realized the increased risk profile of 
the Volgermeer or the necessity to control risks.  
 
Volgermeerpolder 1980 - 1981 
In 1980 the receptors were the first to become aware of the risks of the Volgermeer. By pressure of the local 
population further disposal of waste to the Volgermeer ceased. Shortly after, local and national authorities real-
ized that emergency measures had to be implemented. Drums at the surface of the dumpsite were collected and 
stored on-site and the site was fenced and warning signs were installed. In this period, the Volgermeerpolder can 
be considered a minimum controlled final sink.  
 
Volgermeerpolder 1982 – 1998 
In this period the authorities lost their focus on the Volgermeerpolder. The installed emergency measures were 
not well maintained. The status of the final sink in this period classifies between a minimum and uncontrolled 
final sink. 
 
Volgermeerpolder 1999 - 2000 
Due to the efforts of two political leaders the awareness increased and it was realized that new soil remediation 
concepts were available. On the basis of investigation results and model calculation state of the art remediation 
concepts were applied as a design basis. Direct risks were controlled, funds were made available and responsibili-
ties were allocated. In this period, the site can be classified as a semi-controlled final sink. Furthermore the ap-
proved remediation plan for the Volgermeerpolder ensured that potential risks would be controlled in a few 
years time.  
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Volgermeerpolder 2001 - 2013 
From 2001 to 2010 remediation measures to control direct, potential and latent risks were designed and imple-
mented. The waste was capped by multiple layers and, on top a peat layer is currently developing. In time, this 
peat layer will act as a natural barrier, reducing the aftercare program. Local and national authorities made long-
term commitments for funding of aftercare and monitoring. In the year 2013 the Volgermeerpolder can be clas-
sified as a completely controlled final sink.  
 
Future of the Volgermeerpolder 
The classification of a completely controlled final sink in 2013 cannot be taken as a guarantee for a bright future. 
Peat layers in Holland are under severe pressure due to dewatering, oxidation and excessive levels of nutrients in 
the environment (eutrophication). Nation-wide studies show evidence that peat layers might completely disap-
pear within the next centuries. Since the current remediation concept is heavily depending on the containment 
capacities of the peat layers, it may be clear that such a future disappearance can change the status of the Vol-
germeerpolder back to a less controlled final sink. Also a fainting focus at national, local or community level can 
threaten the current status of a completely controlled final sink. Allocated budgets also need to be permanently 
secured, especially in times of severe budget constraints. In other words, the currently reached status of com-
pletely controlled sink is not automatically guaranteed for the future. To guarantee the status the Volgermeerpol-
der, a dedicated community of involved partners is required on the long term. 
 

3.3 Description final sink Vakhsh  

The Vakhsh final sink history is divided in three distinctive periods: 1973 -1991, 1992 - 2008 and 2009 - 2013. 
The conditions of the final sink will be described during each period. Based on these descriptions a categoriza-
tion for the Vakhsh final sink in these periods is presented and discussed. Specific attention is given to the ef-
fects of the disintegration of the Soviet Union.   
 
Vakhsh 1973 - 1991 
Huge amounts of pesticides, including POPs pesticides, were distributed across the Soviet Union almost free of 
charge to raise agricultural production back in the 1950s and 1960s. POPs pesticides were banned in the Soviet 
Union in the beginning of the 1970s. Polygons consisting of concrete sarcophagi were constructed to perma-
nently store the banned POPs pesticides all over the Soviet Union. The banned solid pesticides and sometimes 
fluids were placed in the sarcophagi. Often fluids were burned to reduce the volume. The Vakhsh polygon, with 
around 30 sarcophagi, was constructed in a cattle-raising area a few kilometers upstream of an agricultural area 
with irrigation channels draining to the Vakhsh river system. The dumping started in 1973 and it continued to 
1990 when disposal was definitely stopped. 
 
The site is situated approximately five kilometers east of the city of Vakhsh. The city of Vakhsh is one of the 
major cities in the Khatlon region in the southwestern part of Tajikistan. The city is situated about 40 kilometers 
north of the border with Afghanistan. Geographically the area is located in the valley of the Vakhsh River, one of 
the major boundary rivers of Tajikistan. The first aquifer is deeper than 50 meter below the surface of the poly-
gon. The polygon was fenced and permanently guarded. To control erosion upslope areas were terraced and 
trees were planted. An irrigation system was installed to water the trees in the dry season. With the collapse of 
the Soviet Union the agricultural system fell apart end 1991. This left the Vakhsh polygon and others pesticide 
stocks unmanaged and many of these without designated owners. 
 
Vakhsh 1992 – 2008 
After the collapse of the Soviet Union, efforts to secure the site ended, the fences were stolen and local people 
(and their herds) could easily enter the polygon. The erosion-control terraces on the slopes above the burial site 
were still present. The trees were gone and erosion of the terraces had started. All efforts and inputs to start 
afforestation on these slopes ceased to exist.  
The neglect of environmental concern, combined with poor environmental awareness and planning, created a 
major environmental hotspot at the polygon, making it a legacy of the past. This legacy could hardly be dealt 
with in the post civil war devastation and economic hardships.  
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The originally well designed Vakhsh polygon was also targeted by ‘illegal waste miners’. Especially DDT was 
taken out to be sold at local markets. The degradation of the polygon and the illegal waste mining resulted in 
exposure and spreading of pesticides. Exposed POPs pesticides contaminated the topsoil, migrated offsite by 
surface runoff and wind erosion. Trespassers and herders, especially children and cattle were exposed to the 
toxic waste.  
 
Vakhsh 2009 - 2013 
The World Bank received financing from the Canada Persistent Organic Pollutants Fund, through the Canadian 
International Development Agency on behalf of the Government of Canada for the inventory of the POPs pes-
ticides and risk assessment. The World Bank applied a portion of these funds for ‘The Obsolete pesticides tech-
nical study in the Kyrgyz Republic, the Republic of Tajikistan and the Republic of Uzbekistan’.  
The Vakhsh polygon was one of the top priority sites. Given the absence of monitoring and site management, a 
considerable potential was assumed to exist for contaminant spreading away from the designated area to the 
direct surroundings and inhabited areas. One of the objectives of the obsolete pesticides technical study was to 
assist Tajikistan in protecting the environment and human health by safely managing the Vakhsh polygon. To 
meet the objective a CSM was designed and the environmental risks were assessed followed by a feasibility study 
for in-situ site remediation and or containment alternatives for the highly contaminated site. 

 
The total estimated volume of POPs pesticides exposed was estimated to be around 1,500 tons. In addition, the 
quantity of POPs pesticides still buried in sarcophagi was estimated at 2,500 tons. Over the years, approximately 
333,000 m2 of soil has been contaminated by POPs pesticides. The estimated volume of heavily contaminated 
soil is around 22,000 m3 (39,600 tons). The proposed and pre-design short term measures to mitigate the direct 
environmental risks comprise gathering and containing the 1,500 tons of exposed POPs pesticides in the sar-
cophagi, together with the still buried 2,500 tons, followed by final disposal as soon as possible. 
 
In addition to the containment of the POPs pesticides and heavily contaminated soil awaiting final disposal, it is 
seen as crucial to install proper site management and install guards to prevent waste mining and to ensure proper 
containment of the remaining contaminated soil as long as needed. To keep trespassers and cattle safely away 
from the site and to reduce further risks, it will be necessary to fence the whole site. Very important additional 
short term measures consist of reinstalling the old surface drainage and implementing erosion control measures. 
Last but not least, the awareness of all the stakeholders needs to be raised. 
 

3.4 Classification Vakhsh 

Based on the above description of the final sink, figure 3-2 visualizes the site classes for the four categories per 
period. The figure illustrates the stages of the Vakhsh final sink and can support the decision making process for 
the next steps necessary for proper site management.  
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Figure 3-2: Classification Vakhsh (Tajikistan) 

 
Vakhsh 1973 - 1991 
In the perspective of the site risk profile the Vashkh final sink history has three distinct periods. The first period 
is from 1973 to 1991 when the site risks were limited to direct exposure of the site workers and the emissions 
(dioxin) from burning liquid pesticides. When dumping ceased, the environmental risks were contained by prop-
er site management. Proper site management, guarding, monitoring and maintenance were guaranteed because 
funds were allocated by the Soviets. The site was a completely controlled final sink for nearly all categories. The 
fact that it was allowed to burn liquid pesticide demonstrates that the authorities were not fully aware of the en-
vironmental risks.   
 
Vakhsh 1992 – 2008 
In the next period 1992 - 2008 political instability, cut of funds and poverty led to further site destruction enlarg-
ing the environmental risks substantially. There was a decline in the awareness of the people using the site and its 
surroundings. The status of the site fell back to an uncontrolled final sink. The remediation techniques to control 
all environmental risks were readily available and feasible in this period.  
 
Vakhsh 2009 - 2013  
The awareness of national stakeholders increased again through the results of the World Bank project after Ca-
nadian funds became available in 2009. Until 2013, there was no follow up of this technical study because the 
Taijk national authorities had other priorities. The local authority’s awareness was raised by training and partici-
pation in the World Bank project, but they lack the means to implement proper site management. Waste miners, 
mostly young boys, are still active and will be active as long as there are POPs pesticides in the sarcophagi and 
there is market for these cheap alternatives for the expensive modern pesticides. The Vakhsh polygon can only 
become a completely controlled final sink again if the national stakeholders are aware that for implementing risk 
reducing measures only limited investments are needed. Besides, the awareness of the waste miners should be 
raised. They should be told that their activities not only affect their own health, but also have a huge impact on 
the environment. The techniques to mitigate the direct risks on the short term, to contain the potential risk and 
monitor the latent risks are available.  
 

3.5 Description final sink Suzak B 

The Suzak B final sink history can be divided in three distinctive periods: 1973 -1991, 1992 – 2005 and 2005 – 
2013. The boundary between the second and third period is not exactly known and was set to 2005. The next 
sections describe the final sink during each period and discuss its classification.  
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Suzak 1973 - 1991 
The Suzak B final sink is located Kyrgyzstan. Kyrgyzstan is a former Soviet Union member and was therefore 
also subjected to the agricultural policy of the 1950s and 1960s. The Suzak B polygon was constructed and filled 
somewhere between 1970 and 1990. The Polygon consisted of around 5 - 10 sarcophagi filled with pesticides. 
The polygon was constructed in the vicinity of a settlement on the summit of a hill. The area was also a cattle-
raising area. The first aquifer is deeper than 50 meter below the surface of the polygon. The polygon was fenced 
and permanently guarded. A site drainage system was installed to control erosion. The Suzak B polygon was left 
unmanaged and without designated owner after the collapse of the Soviet Union. 
 
Suzak 1992 - 2005 
After the collapse of the Soviet Union, the same happened at Suzak B as happened at Vakhsh in Tajikistan. The 
neglect of environmental concern, combined with poor environmental awareness and planning, created an envi-
ronmental hotspot at the polygon, making it a legacy of the past. The originally well designed polygon was not so 
much targeted by ‘illegal waste miners’ compare to Vakhsh because the site was within the vicinity of the grow-
ing settlement. The degradation of the polygon and the illegal waste mining resulted in exposure and offsite mi-
gration of pesticides and it also created nuisance to the people living nearby.  
 
Suzak 2005 - 2013 
The land pressure around the Suzak B final sink increased and people were directly confronted with the negative 
environmental impact of the substandard condition of the polygon. To be able to use the surrounding land for 
horticulture and to eliminate the nuisances, the people living nearby the polygon organized remediation measures 
themselves. In the beginning of this century, they managed to fence the site and closed the waste miner’s pits. In 
2010 the site fence was still intact; a healthy looking grass and shrub cover was present preventing wind erosion. 
Warning signs were installed making people well aware of the danger involved in case their attention would 
weaken. 
 

3.6 Classification Suzak B 

Figure 3-3 visualizes the categories, which are further described in the next sections.  
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Figure 3-3: Classification Suzak B (Kyrgyzstan in three periods) 

 
Suzak 1973 - 1991 
In the perspective of the site risk profile the Suzak B final sink history has three distinct periods. The first period 
is from 1973 to 1991, the site risks were limited to direct exposure of the site workers. When dumping ceased, 
the environmental risks were contained by proper site management. The site was a completely controlled final 
sink for nearly all categories. For the same reason as Vakhsh the awareness category is not completely controlled.  
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Suzak 1992 – 2005 
In the next period cut of funds for proper site management and poverty lead to the first steps in the direction of 
an uncontrolled final sink. This period was short because the people living close to the site experienced a nega-
tive impact. This led to an increase in awareness and the status of the site fell back to a semi controlled final sink 
for the risk category only for a short period. 
 
Suzak 2005 - 2013 
Due to the collective initiatives the direct risks were mitigated and the potential risks were contained. The final 
sink is now classified as controlled final sink for risk category. It is not a completely controlled final sink because 
the latent risks are not being monitored. The current status has been reached although there are hardly any funds 
available. 
 

3.7 Discussion 

In developing economies we often see that the infinite assessment circle of Harmsen et al. (2009) is valid. The 
infinite circle (see figure 3-4) commences with site assessment. When the assessment reveals that the environ-
mental problem is too big the assessment report is often shelved and nothing is done. But the environmental 
risks remain. After some time new initiatives are taken because of the remaining sense of urgency. Scarce funds 
are spent again on updating the earlier site assessment. Again the new site assessment reveals that the problem is 
too big and often the problem has grown bigger. The site assessment report is shelved again because the means 
are inadequate to implement mitigation measures. The environmental problem is still too big. The proposed 
classification introduced in this paper can help to achieve a breakthrough of this infinite assessment circle by: 

 Assessing the final sink  

 Making a CSM  

 Assessing the environmental risks 

 Classifing the final sink  

 Identifing the hurdles for sustainable site management  

 Focussing only on removing these hurdles 
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Figure 3-4: Breaking the infinite assessment circle (modified from Harmsen et al, 2009) 

 
The success of the remediation of the Volgermeerpolder provides important lessons for remediation of uncon-
trolled final sinks elsewhere in the world. The Volgermeer problem seemed also too big and from 1980 to 1999 
nothing was done except for some emergency measures. But this changed end of the 1990s and classification of 
the Volgermeer in the different periods demonstrates what caused the changes. The Volgermeer has taught the 
following lessons: 
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 It is crucial that the rehabilitation of the sink is fostered by a person or group with the power and willingness 
to do so (Kips et al, 2011). 

 Make sure there is a socio-economic incentive. Let improvement of the socio-economic situation be a pow-
erful driving force, for any chosen solution. 

 Apply simple and effective solutions using natural processes and locally available resources that add value to 
the future surrounding land use. The concept preferably builds with nature instead of against nature 

 Balance civil engineering and green rehabilitation. Recognise that it is essential to exchange knowledge (bio-
geo-chemical-civil engineering) within the project setting and also at a broader scale. 

 
When classifying Vakhsh it becomes clear that the hurdle for implementing sustainable site management is the 
awareness of the local and national decision makers. They should be convinced that implementing mitigation 
measures to reduce the direct risks on the short term can be simple and not costly by using locally available re-
sources.  
The classification of the current situation at Suzak B illustrates that an important driving force is the awareness 
of the local stakeholders. The people living nearby the polygon Suzak B are aware of the environmental risks and 
therefore implemented simple, but effective, remediation measures themselves.  
The classifications of Vakhsh and Suzak B clearly demonstrate that even when the status of a controlled final 
sink was reached, relapse of the status may occur due to unforeseen circumstances. Although a final sink may be 
completely controlled, proper site management, monitoring and aftercare should be secured perpetually.  
 
Using the classification tool provides a holistic view of the main features of the final sink that influence the pro-
cess to go from an uncontrolled to a more controlled and finally to a sustainably managed final sink. The classifi-
cations show at a single glance which initiatives should be deployed to implement sustainable site management. 
The classification also supports the decision making process for rehabilitation of the final sink with sustainable 
mitigation measures, turning the sink into a completely controlled sink. 
 

4 Conclusions 

Classifying final sinks: 
1. Helps to achieve a breakthrough of the infinite assessment circle. 
2. Reveals the hurdles for implementing sustainable final sink management. 
  
Using the proposed classification tool: 
1. Provides a holistic view of the main features of the final sink that influence the process to go from an uncon-

trolled to a more controlled and finally to a sustainably managed final sink. 
2. Supports the decision making process for implementation of sustainable final sink management. 
 
Classification of the Volgermeer, Vakhsh and Suzak B final sinks shows that successful implementation of sus-
tainable final sink management needs to: 
1. Be fostered by a person or group with the power and willingness to do so.  
2. Create socio-economic incentive with the future site. 
3. Make as much as possible use of natural processes and locally available resources. 
4. Secure proper site management, monitoring and aftercare perpetually.  
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