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EXECUTIVE SUMMARY 

The enclosed report for the Regional Capacity Building Program for Health Risk Management 
of Persistent Organic Pollutants (POPs) in South East Asia (POPs Project) provides an 
economic evaluation for the project case study in Malaysia – the Air Hitam Sanitary 
Landfill (AHSL) site in the State of Selangor. 

As the National Focal Point for the POPs project in Malaysia, the Ministry of Natural 
Resources and Environment (NRE) in consultation with key stakeholders selected the Air 
Hitam Sanitary Landfill (AHSL) site in the State of Selangor for the POPs Project human 
health risk assessment case study. The AHSL site is located near the Air Hitam Forest 
Reserve in Mukim Petaling, Daerah Petaling, Puchong, Selangor and is located at 
longitude 101° 39’ 55” E and latitude 03° 0’ 10” N. 

The overall goal of the economic analysis was: to develop and implement a simplified 
economic evaluation process to help decision-makers assess whether implementing risk 
management measures at POPs-contaminated sites represents a sound allocation of public 
resources; and, to assess whether the benefits expected from such mitigation measures 
would, at a minimum, cover the costs. 

Conducting an economic analysis of the impact of POPs contaminants is a challenging 
process. While common sense suggests that there may be many benefits from a 
remediation effort, the cause–effect relationships that link the removal of POPs 
contaminants to the ensuing human health and environmental benefits are not 
scientifically established. Supporting data, especially site-specific information, tend to be 
scarce. Nonetheless, the application of accepted economic practices and the use of 
professional judgment enables us to make rough estimates and draw valuable conclusions 
in the limited data setting of the project. 

Modifications to the standard Cost-Benefit Analysis (CBA) process were necessary to 
overcome the data limitations. A modified approach was developed which calculates the 
minimum health benefits required to cover the cost of implementing proposed risk 
management scenarios for POPs hotspots. 

This modified approach included the following: 

 The Disability Adjusted Life Years (DALY) approach was used for the valuation 
of human health benefits; 

 The value of a DALY in Malaysia was estimated by using benefit transfer to 
convert the value of a DALY in the U.K. to the Malaysia situation; 

 The number of DALYs at the hot spot sites were estimated based on the national 
DALY rates (per 100,000 people) calculated by the WHO and the number of 
potential receptors assessed by Hatfield during the risk assessment conducted at 
the AHSL site; and 
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 The cost estimates for the risk management scenarios were based on a number of 
assumptions including engineering measures that have not been subject to 
detailed design, and unit prices determined through desktop study. The cost 
estimates may be refined in future when site-specific and nation-specific input 
parameters are available. 

Two risk management scenarios have been proposed: Scenario 1 -  Assessment of 
Potential Human Health Risk; and Scenario 2 – Which consists of Scenario 1 plus hazard 
containment and monitoring.  The costs (present value) of implementing these scenarios 
are estimated to range between US$ 119,000 and US$ 546,000. 

Based on the economic analysis, the minimum benefits required to cover these costs is 
between 0.3 and 1.3 DALYs “saved” each year. In relative terms, these benefits represent a 
reduction of total DALYs among the population of between 0.03% and 0.1%per year. 

The analysis concluded that the implementation of Scenario 2 is justified from an 
economic standpoint on the basis of quantified human health benefits alone. As a hazard 
assessment without mitigation measures, Scenario 1 generates no positive human health 
impact per se; the return on investment in Scenario 1 occurs when a hazard is confirmed 
and contained in Scenario 2.  Neither Scenario requires the inclusion of other economic, 
environmental and social benefits.  The estimation of these benefits, which was beyond 
the scope of this study, would serve to further justify the investment in containment.     

Should the decision be made to proceed with risk management policies at the local and 
national level, attention and studies should focus on ensuring that the proposed measures 
are designed and implemented in a sound and cost-effective manner. 

Finally, decision makers must also consider the fact that health improvement policy can 
be pursued regardless of the outcome of the economic assessment. Decision-makers may 
take into account other social, political and humanitarian factors when deciding on 
appropriate risk management for the AHSL site. This is often the case in developed 
countries where uncertainty in the determination of costs and benefits cannot be used as 
an excuse for inaction or omission. Furthermore, there are moral and ethical reasons to 
insist on investments that improve human health on the grounds that it is in the public 
interest and, as a result, outside of any economic consideration. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

The enclosed final report for the Regional Capacity Building Program for Health Risk 
Management of Persistent Organic Pollutants (POPs) in South East Asia (POPs 
Project) provides an economic evaluation for the project case study in Malaysia –
Air Hitam Sanitary Landfill, in Puchong, Selangor (hereafter, the “AHSL site”).  
Economic reports for the other 3 selected study sites in Cambodia, Lao PDR, and 
Thailand were also developed. 

Hatfield Consultants Partnership (Hatfield) was contracted by the World Bank to 
implement key technical activities under the POPs Project. Complementary 
program activities are implemented by national consultants or World Bank staff. 
The goal of the POPs Project is to enable officials responsible for POPs 
management to increase their understanding and their use of risk-based 
approaches for managing POPs and other persistent toxic substances (PTS), and 
to prioritize POPs interventions to reduce local health impacts, particularly on 
the poor and vulnerable. Funding for the POPs Project is provided by the 
Canadian International Development Agency’s (CIDA) POPs Fund, and is 
implemented by the World Bank. 

The four countries participating in the POPs Project include Cambodia, Lao PDR, 
Malaysia, and Thailand. However, China, Indonesia, Japan, Philippines and 
Viet Nam are also included in regional activities under the program. 

1.2 TERMS OF REFERENCE AND GENERAL APPROACH 

Within the POPs Project Component 1 (Risk Assessment), Hatfield was tasked 
with the following: developing and applying a health risk assessment 
methodology to a hot spot-level risk assessment analysis; conducting an 
economic valuation of health impacts from POPs contamination; and, 
communication the health risk findings to the government. During the POPs 
Regional Launch Workshop which was held in Louang Prabang from 3-5 April 
2008, the World Bank reiterated that, for developing countries where a strict 
legislative framework and strict enforcement do not exist, an economic analysis 
was important for convincing policymakers to take more comprehensive 
measures to address POPs issues and human health risks. 

The World Bank highlighted that there were little data available in the four target 
countries for the economic analysis of the POPs hotspot case studies; this lack of 
data represents a major challenge to perform the tasks required. Therefore, the 
Hatfield Project Team focused on developing a “simplified methodology and 
approach” for the POPs Project economic analysis with clearly defined 
assumptions. Given the budget limitations for the economic analysis component, 
the Hatfield Project Team was advised to rely on existing data sources. The 
economic analysis is therefore designed to present a rough estimate of the 
present situation; in future, any estimates of economic impacts from POPs at the 
four case studies can be modified as additional data becomes available. 
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Conducting an economic analysis of the impact of POPs is a challenging process. 
While common sense suggests that there may be many benefits from a 
remediation effort, the cause–effect relationships that link the removal of POPs 
contaminants to the ensuing human health, environmental and other benefits is 
not scientifically established. Data, especially site-specific information, tend to be 
scarce. Remediation costs can only be estimated after a design has been prepared 
that addresses the unique problems of the site. The absence of functioning 
markets for environmental and social goods and services means that, even if the 
benefits associated with the elimination of POPs can be estimated in physical 
terms, it is difficult to monetize them (that is, to express them in dollar terms). 

Furthermore, economic assessment is not commonly performed as part of a risk 
assessment of contaminated sites in western jurisdictions; if concentrations of 
chemical contaminants exceed accepted standards or regulations, mitigation 
measures to protect human health are required by law. 

In developing the methodology for the present analysis, accepted economic 
practices and recent advances in applying such practices to chemicals 
management have been used as references. Adjustments to these standards were 
made when data gaps limited their application. Due to both the variability and 
the uncertainty of some data inputs, assumptions using professional judgment 
have also to be made. Accordingly, the economic benefits estimated from this 
process are sensitive to the input assumptions. 

The report describes the approach developed for the economic analysis and 
presents the application of that approach for the AHSL site. 

1.3 ORGANIZATION OF REPORT 

The remainder of the report is organized as follows: 

 Section 2 provides a brief description of the AHSL site (see Appendix A1 
for a complete description including background on POPs contamination 
at the site and presentation of the risk management scenarios); 

 Section 3 describes the general approach taken for the economic analysis; 

 Section 4 presents the methodology applied for assessing quantitatively 
the costs and benefits of the risk management scenarios, the economic 
analysis, and a discussion of the results; 

 Section 5 provides conclusions and recommendations; 

 Section 6 presents a list of references supporting the report; and 

 Several Appendices support the report. 
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2.0 PRESENTATION OF THE CASE STUDY 

As the National Focal Point for the POPs project in Malaysia, the Ministry of 
Natural Resources and Environment (NRE), in consultation with key 
stakeholders, selected the Air Hitam Sanitary Landfill (AHSL) site in the State of 
Selangor for the POPs Human Health Risk Assessment (HHRA) case study for 
the POPs project. 

The AHSL was built in 1995 and closed in December 2006, covering an area of 
42 hectares. It was the first engineered sanitary landfill site in Malaysia. The 
Selangor State Government Council approved the Worldwide Sita 
Environmental Management (later known as the Worldwide Landfills Sdn Bhd 
(WLSB)) to develop a sanitary landfill in Selangor. WLSB obtained a concession 
contract for 20 years which included a 5 year landfill closure maintenance plan. 
The site consists of 7 landfill phases with a base at 35 m above mean sea level 
(amsl) and its highest point at 81 m amsl after capping. It is equipped with a 
heavy duty geotextile liner, a ground water drainage system, and a leachate 
collection system and treatment ponds. 

During the operational period of AHSL (11 years), the AHSL received a total of 
approximately 6.2 million tons of domestic waste (Worldwide Landfills, 2007). 
Between 1,200 and 3,000 tons/day of domestic waste was deposited in the site 
between 1995 and 2006 with waste collected from four Selangor municipalities 
(Ampang Jaya, Subang, Petaling Jaya and Shah Alam), Kuala Lumpur and 
Putrajaya. 

Due to the lack of POPs data from the site, it is a challenge to specify if, and what, 
POPs may be present in the AHSL. The sanitary landfill was designated for 
disposing non-scheduled waste, including: domestic/household waste, 
commercial and light industrial waste, market waste, street cleaning waste, 
construction waste and food waste. 

POPs pesticides might be present in AHSL, since several POPs pesticides were 
historically registered in Malaysia (e.g., DDT was registered for 19 years in the 
country). Some domestic waste might also contain PCBs and other POPs-like 
contaminants. Because the site is a landfill, a wide variety of POPs contaminants 
may also be associated with the site. PCBs, PCDD/Fs (i.e., dioxins/furans) and 
chlorinated pesticides were targeted for screening. For both soils and sediments 
the maximum CALUX TEQ concentrations were low at only 13 pg TEQ/g for 
PCDD/Fs, and 2.8 pg TEQ/g for dioxin-like PCBs. Maximum concentrations 
were derived from material collected from the treatment pond. Credible fish 
sample analysis and other potential toxic data were not available for a more 
detailed risk assessment. 

The risk assessment conducted as part of the POPs Project identified several 
categories of receptors (i.e., population potentially exposed to contamination), 
including approximately 7,250 people living in 1,500 housing units in 3 main 
residential areas around the site. Site workers and security personnel working 
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permanently at the site are primary potential receptors. A public health and 
socio-economic survey conducted by the National Consultant (Mazrura, 2009) 
revealed that some of the nearby residents (2.7% of the total respondents) may be 
involved directly in activities that could increase their exposure to contaminants 
present at the site.  A detailed description of the site surroundings and 
operations, as well as key results of the site risk assessment, is provided in 
Appendix A1. 

As part of the risk assessment conducted for the AHSL site, various measures 
aimed at efficiently managing and reducing the POPs hazard were identified. 
These measures were developed with stakeholder inputs gathered at the 
National Training Workshop in Putrajaya, Malaysia in January 2009 (Hatfield, 
2009b) and have been grouped into 2 scenarios as presented in Appendix A1. The 
national participants also agreed that the potential risk management measures 
must be considered within the context of the existing Landfill Closure and Post 
Closure Maintenance Plan (LCPCMP) (January 2007 – December 2011). They 
decided that before risk management options are considered, additional risk 
assessment is recommended to determine if there are any human health risks at 
the site from potential POPs and other hazardous chemical contaminants. 

Two risk management objectives have been identified: develop a detailed 
assessment of possible human health risks from POPs and other toxic chemicals; 
and implementation and monitoring of a Health and Safety Plan. It should be 
noted that a detailed assessment of possible human health risks (Scenario 1) is 
the short-term priority and a pre-condition for implementing the longer-term 
more costly option: Scenario 2.  Scenario 2 will be implemented in addition to 
those measures proposed by WLSB under the 2007-2011 LCPCMP. 
Furthermore, it must be noted that the measures of Scenario 1 are included in 
Scenario 2 as an environmental and human health monitoring component. 

An outline of the risk management scenarios has been provided in Appendix A1; 
detailed feasibility studies are needed to define in detail the nature and extent of 
the measures to be implemented, especially with regard to the containment and 
remediation scenarios. 

3.0 APPROACH TO THE ECONOMIC ANALYSIS 

3.1 IDEAL APPROACH 

This section outlines the ideal approach that would be applied to the project if 
there were no limitations in terms of data or knowledge gaps. The purpose of 
doing so is to assess the gap between what should be done in an optimal 
situation, and what could be done in practice (Lvovsky et al., 2000; Pearce and 
Koundouri, 2003). 

The ideal approach to the economic analysis of the POPs Project would be to 
implement a comprehensive cost-benefit analysis (CBA). A CBA is defined as: 
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a technique that compares the monetary value of benefits with the 
monetary value of costs in order to evaluate and prioritize issues …. In its 
simple form, CBA uses only financial costs and financial benefits…. A 
more sophisticated CBA approach attempts to put a financial value on 
intangible costs and benefits (e.g., the cost of environmental damage or the 
benefit of quicker and easier travel to work) (World Bank, 2009)1. 

The CBA is a widely used and recognized technique for assessing public policies 
and projects from an economic perspective (Arrow et al., 1996). The CBA allows 
decision-makers to determine whether financial resources should be allocated to 
these policies or projects2. In the ideal POPs Project, a CBA would be used to 
assess if the risk management scenarios proposed for the AHSL site provide 
more benefits than they cost. 

In an ideal scenario, project costs and benefits are estimated separately and 
compared using present value techniques, as described below. 

3.1.1 Assessing Project Benefits 

Inventory of Project Benefits 

The benefits of the risk management scenarios include human health and 
environmental components. 

 Health benefits 

Scientific evidence indicates that exposure to POPs - even at low concentrations - 
may cause a wide range of adverse effects to human health (Strawson, 1997; 
Strober, 1998; see Appendix A5). The risk management scenarios proposed for 
the hotspot aims to minimize exposure of the site workers and the surrounding 
population. This is expected to result in a reduction in the incidence and severity 
of human health effects related to POPs, and thus a reduction in the associated 
costs. A “saved cost” is a benefit; therefore the reduction of negative health 
impacts due to POPs on the hotspot population represents a primary benefit of 
the proposed risk management scenarios. 

 Environmental benefits 

It is recognized that contamination by POPs has negative impacts on the 
environment whose value will decrease in terms of direct use (e.g., reduced fish 
harvesting), indirect use (e.g., loss of biodiversity) and non-use (legacy of 
contamination to future generations).  The reduction of soil and water 
contamination expected to result from the proposed risk management scenarios 

                                                      
1 http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ENVIRONMENT/0,contentMDK:21324891~isCURL:Y~pagePK: 

148956~piPK:216618~theSitePK:244381,00.html [Accessed March 9, 2009]. 
2 For that purpose, a CBA is more suitable than a cost-effectiveness analysis (CEA). A CEA would have identified the 

most effective way of spending available resources to address the POP –contamination without indicating whether 
allocating these resources to this issue is “worthwhile” per se. 
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will translate into better quality environmental resources and services to the 
population (i.e., in environmental benefits). 

Quantification of the Benefits 

Quantification of the human and environmental benefits provided through the 
implementation of the risk management scenarios requires an understanding of: 

 the extent to which the risk management scenarios will reduce human and 
environmental exposure; and 

 the reduction of health and environmental impacts caused by the 
reduction in exposure; that is, an exposure-response relationship. 

Valuation of Project Benefits 

Various techniques are available to allocate a monetary value to benefits for 
which no market or market-clearing price exists.  

 Valuation of Health benefits  

To estimate health benefits in monetary terms, a standard technique, used by the 
World Health Organization (WHO), is the valuation of disability-adjusted life-
years (DALY). The DALY is an economic parameter which extends the concept of 
potential years of life lost due to premature death to also include equivalent 
years of “healthy” life lost due to poor health or disability (WHO, 2008). The 
DALY combines in one measure the time lived with a disability, and the time lost 
due to premature mortality, both of which are plausible outcomes of contaminant 
exposure. The concept is further described in Box 1. 

The DALY approach is deemed the most appropriate for the present project 
because of (i) its conceptual simplicity; and (ii) the availability of DALY 
estimates. Application of the DALY approach is further described in Section 4.2. 

To estimate environmental benefits in monetary terms, the selection of a 
valuation method depends primarily on the nature of the environmental good or 
service considered, in particular whether a market exists for it (such as fish 
production) or not (e.g., maintenance of biodiversity). In the latter case, prices 
must be derived from hypothetical markets, using a variety of techniques, such 
as the contingent valuation method (World Bank, 1998). This method requires 
extensive data requirements, associated with significant time and costs, and was 
beyond the scope of this project. 
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Box 1 The Disability-Adjusted Life Year (DALY). 

DALYs for a disease or health condition are calculated as the sum of the years of life lost 
due to premature mortality (YLL) in the population and the years lost due to disability 
(YLD) for incident cases of the health condition. In other words, 

DALY = YLL + YLD 

The years of life lost (YLL) correspond to the number of deaths multiplied by the 
standard life expectancy at the age at which death occurs. The basic formula for YLL is 
the following for a given cause, age and sex. 

YLL = N x L 
where: 

N = number of deaths 

L = standard life expectancy at age of death in years 

Because YLL measures the incident stream of lost years of life due to deaths, an 
incidence perspective is also taken for the calculation of YLD. To estimate YLD for a 
particular cause in a particular time period, the number of incident cases in that period is 
multiplied by the average duration of the disease and a weight factor is applied that 
reflects the severity of the disease on a scale from 0 (perfect health) to 1 (dead). The basic 
formula for YLD is: 

YLD = I x DW x L 
where: 

I = number of incident cases 

DW = disability weight 

L = average duration of the case until remission or death (years) 

Source: Murray CJL and AD Lopez (1996). The Global Burden of Disease. Cambridge: Harvard 
University Press 

 

 Valuation of Environmental benefits 

From an economic perspective, environmental assets are seen as providing a 
flow of goods and services, physical as well as aesthetic, intrinsic, moral, etc. The 
total economic value (TEV) is defined as the (discounted) sum of the net values 
associated with each of these goods and services (Turner et al., 2003; Cavuta, 
2003). Consequently, estimating the environmental benefits (or costs) of a given 
project amounts to measuring the variation of the TEV of the environmental 
assets impacted by the project (i.e., the value of the change caused by the project 
in the flow of environmental goods and services). 

The TEV can be disaggregated into several categories corresponding to the 
nature of environmental goods and services and the type of associated value. For 
some of them (typically tangible goods, such as agricultural production), 
valuation in monetary terms is relatively straightforward since the market 
provides prices that reflect the values that society places on that good or service. 
In many cases though, market prices either do not exist or do not adequately 
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reflect the value of the good or service considered (World Bank, 1999)3. For 
example, what price should be assigned to biodiversity, or to beautiful scenery? 

In the cases where no adequate market exists for the environmental good or 
service considered, representative prices must be derived from surrogate markets 
(as is the case with the hedonic prices or travel cost methods) or hypothetical 
markets (use the contingent valuation method). Figure 1 presents a standard 
breakdown of the TEV into its individual components, as well as the methods 
available for estimating the value of these components. 

Figure 1 Breakdown of Total Economic Value and valuation methods for 
environmental resources and services. 

 
Source: World Bank, Environmental Assessment Source Book Update #23, 1998 

The valuation of environmental benefits expected from the implementation of the 
risk management scenarios could be achieved by using the methodologies listed 
in Figure 1. The extent of the data requirements - and the associated costs and 
time required – are key criteria for choosing the most appropriate methodology; 
it can also be an obstacle to undertaking any valuation at all. 

The scope of the present project did not allow for the use of any of the 
methodologies listed in Figure 1.  This limitation is compounded by the fact that 
no dose–response relationship is available to quantify environmental benefits (in 
physical terms, such as increased agricultural productivity).  

                                                      
3 For a more comprehensive description of the Total Economic Value, see: Freeman (1993); Perman (2003); Tietemberg 

T., (1996) Pearce and Warford (1993) and http://www.mfe.govt.nz/publications/water/waitaki-option-existence-values-
jan05/html/page3.html.  
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3.1.2 Assessing Project Costs 

Project costs include: 

 Direct costs (including investment costs and operating costs) associated 
with the various components of the project (design and construction of 
infrastructure, development and implementation of management systems, 
etc.); and 

 Indirect costs, which derive from the negative impacts caused by the 
project, whether they are economic (e.g., loss of productivity due to more 
stringent safety procedures), social (e.g., adverse health impacts) or 
environmental (e.g., clearing a forested area leading to the unavailability 
of firewood and food for the population, increased greenhouse gas 
emissions, loss of biodiversity, etc.).   At the AHSL site, indirect costs are 
expected to be limited to potential loss of productivity related to the 
implementation of risk management scenarios on the hotspot sites. 
Although some minor externalities may occur, their impact on the 
economic valuation of the scenarios is considered negligible. 

A cost estimate is obtained through the following steps: 

 Identify Cost Categories: the risk management scenarios subject to the 
analysis need to be broken down into components that can be described in 
quantitative terms. The scenarios can be divided into small items which 
may be estimated individually based on unit costs, or into larger 
components for which a global cost can be derived from similar projects; 

  Gather cost data: unit costs must be assessed for each of the cost items 
identified. This unit cost list can be drawn from ancillary data (market 
survey, statistical collection, etc.) or from direct consultation with 
providers. Cost studies conducted for similar projects can also be used; and 

 Adjust costs to local conditions: where applicable, cost data must be adjusted 
to take into account the specific characteristics of the project under 
consideration, including timing (costs estimated in past years must be 
escalated to account for inflation), local market conditions, etc. 

The quality of the estimate depends on the availability and accuracy of 
quantitative data at each of these steps. 

3.1.3 Determining Present Value of Project Costs and Benefits 

Project costs and benefits are incurred at different times during a project’s life. 
Discounting allows the expression of a stream of costs or benefits as one number 
in present value terms; it ensures that more weight is attached to present than the 
future. 
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Present value is calculated as follows:  
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where: Bt = benefit in year t, Ct = cost in year t, r = discount rate and N = project 
life, in years . 

3.1.4 Comparing Costs and Benefits 

The estimated benefit and cost streams form the basis of several measures of 
project viability, as follows: 

 Net Present Value (NPV): NPV is the number that results when the 
discounted value of the expected costs of an investment are deducted 
from the discounted value of the expected benefits. Projects with a NPV 
greater than zero (when discounted at a suitable rate) are worth 
undertaking. NPV is an absolute measure of project viability. 

 Benefit – Cost Ratio (BCR): the BCR is the ratio of the present value of the 
economic benefit stream to the present value of the economic costs stream 
of a project, each discounted at the same discount rate. The ratio should be 
greater than 1.0 for a project to be acceptable4. For example, a BCR of 1.25 
indicates that for every US$ 1 of cost, the project will return US$ 1.25 of 
benefit. BCR is a relative measure of viability. 

 Internal Rate of Return (IRR): the IRR is the discount rate at which the 
present value of costs equals the present value of benefits. Alternatively, 
IRR is the discount rate at which NPV = 0 and BCR = 1.0. If IRR exceeds 
the opportunity cost of the capital, the project is considered to be 
economically sound and worth pursuing. 5 

The steps required for conducting a comprehensive CBA, under ideal conditions, 
are summarized in Figure 2. 

3.2 LIMITATIONS TO IMPLEMENTATION OF THE IDEAL APPROACH 

Several limitations prevent the implementation of the CBA process for assessing 
the economic impacts of POPs in the four case studies: 

 Difficulty of establishing a dose-response or exposure-response 
function for health impacts due to POPs: despite the recognized link 

                                                      
4  A project may have a low positive NPV (because it is a small project) at the same time as it has a high BCR (because 

benefits are significant compared to costs). 
5  The IRR is a criteria to be used with caution because: (i) it cannot be calculated for all projects (e.g. projects where the 

stream of net benefits is strictly positive for each year or projects with more than one change from negative net benefits to 
positive net benefits); and, (ii) “it is a mathematical concept and not an investment criterion for evaluating alternative cash 
flows. When the cash flows are irregular, with net costs occurring in the later years of the project, it will give unreliable 
results in the ranking of alternative options”(Treasury Board of Canada 2007). 
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between POPs exposure and health impacts, establishing an unequivocal 
relationship between POPs-exposure and adverse health impacts has yet 
evaded scientists (Herkovits, 1998). Reasons include: (i) the fact that 
humans can be exposed successively and/or simultaneously to a variety 
of toxic substances, making it virtually impossible to determine which one 
is actually responsible for a certain disease (while all of them could 
potentially be responsible); (ii) the limited availability of detailed 
epidemiological studies; and (iii) the difficulty of measuring exposure, 
especially over long periods of time (Abelsohn et al., 2002). In fact, there is 
no available exposure-response or dose-response equation that would 
allow us to derive a quantitative estimate of a disease incidence (and 
severity) in the population from its level of exposure to, or contamination 
by, POPs.6 

 Difficulty of establishing a dose-response function for environmental 
impacts due to POPs: for the same reasons described above, there is no 
readily available equation to quantitatively link contamination by POPs 
and environmental impacts. Therefore, environmental benefits are 
assessed in qualitative terms only. 

 Difficulty of estimating the reduction in exposure achieved through the 
implementation of the risk management scenarios: the effects of the risk 
management scenarios on reducing the contamination of the environment 
by POPs, and the resulting exposure of the population, are assessed only 
from a qualitative perspective. The multiple exposure pathways between 
the environment and human population make it difficult to draw a 
quantitative link between both aspects. 

 Limited primary data gathering: the terms of reference for the POPs 
Project did not include the acquisition of primary information, such as 
might be obtained through a detailed health survey or economic valuation 
survey (e.g., contingent valuation or hedonistic prices). As a result, the 
scope of the economic analysis was constrained by the availability of 
secondary data. 

Upon consideration of these points, it was deemed impossible to meet the data 
requirement of the ideal approach. A refined and simplified methodology was 
therefore developed in order to proceed with the economic analysis. 

                                                      
6  “Although several studies seem to indicate a dose-response ratio for POPs […], it seems irresponsible to suggest a 

threshold concentration for adverse effects of these substances” (Herkovits, 1998). 
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/Iguazu/herkovits.html 
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Figure 2 Ideal Process of a Cost Benefit Analysis. 
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3.3 METHODOLOGY EMPLOYED 

In consultation with the World Bank, the approach to the economic analysis was 
reformulated to address the following: given the costs of the various risk 
management scenarios, how significant do the positive health impacts need to 
be to ensure the scenarios would pass a cost–benefit analysis test (such as 
NPV>0)? 

The key steps of the methodology employed are as follows: 

 Step 1: Estimate the cost of the risk management scenarios; 

 Step 2: Determine the stream of benefits (in dollar terms) that would enable 
NPV to be > 0 for each scenario. The following assumptions were made: 

o The time horizon over which benefits occur is set at 20 years. In 
theory, there is no end to the benefit stream, as reduced exposure to 
POPs will affect future generations as well as current ones. However, 
the application of a discounting rate reduces the value of costs and 
benefits occurring in the distant future close to zero7. In addition, 
uncertainty about how the situation on the site would evolve 
(independently of the project considered) also makes the analysis 
unreliable beyond a certain date (Fuguitt and Wilcox, 1999); and 

o The benefits are considered to start in Year 2 and to be regularly 
distributed in time (i.e., benefits are the same each year from Year 2 
to 20). 

 Step 3: Quantify the benefits in terms of human health impacts: 

o The approach and unit of account retained to measure human health 
impacts is the DALY; 

o There is no market-clearing price providing the value of a DALY; 
therefore this value needs to be determined using other valuation 
techniques. A benefit transfer approach was applied, as described in 
Section 4.2; and 

o The benefits will be measured in terms of health impacts by dividing 
their value in dollars by the unit value of a DALY. 

 Step 4: Quantify the benefits in terms of reduced negative human health 
impact. The health benefits required to have NPV=0 for each scenario 
have been estimated in absolute terms in the previous step. This benefit also 

                                                      
7 A benefit of 100 occurring in year 20 represent a contribution of less than 40 to the present value of benefits when using a 

discount rate of 5%. 
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needs to be estimated in relative terms; that is, expressed as a percentage 
reduction in the total DALYs at the site.8 

 Step 5: Determine whether these benefits are achievable through the 
implementation of the risk management scenarios. 

Figure 3 illustrates how the standard approach to a CBA was modified for the 
POPs-Project. 

4.0 ECONOMIC ANALYSIS 

4.1 COSTS ESTIMATES 

4.1.1 Cost Categories 

A risk assessment has been conducted for the AHSL site (Hatfield, 2009a); two 
different scenarios have been proposed to reduce the risk associated with POPs 
contamination at this site. Mitigation measures that need to be implemented (in 
terms of infrastructure and equipment needs, labor, maintenance requirements, 
etc.) cannot be determined accurately unless substantial design work is 
undertaken (this is especially true for scenarios involving engineering work, the 
scope of which has to be clearly defined on a site-specific basis). 

Cost categories were developed for each scenario, based on site characterization 
data obtained during the risk assessment and from consultation with project 
stakeholders. Where no data were available, professional judgment was used to 
make assumptions. 

The cost categories and the associated quantities for each scenario proposed at 
the four hotspots are presented in Appendix A2. 

4.1.2 Cost Data Sources 

The limited time and resources available for conducting the economic analysis 
did not allow for the collection of primary data. Furthermore, locating data from 
secondary sources that would be applicable to the project was a major challenge 
for the following reasons: 

 Cost databases (e.g., catalogues) are regularly compiled in developed 
countries by professional bodies or institutions (e.g., the Historical Cost 
Analysis System [HCAS] developed by the US Army Corps of Engineer 
collects and store historical cost data for Hazardous, Toxic, and Radioactive 
Waste remedial action projects), but they are not commonly available in 
developing countries where markets tend to be less structured;

                                                      
8  The number of DALYs at the site is used as a point of comparison because the analysis is conducted at a local scale: the 

risk management measures under consideration are site-specific; and the positive health impacts will affect only the 
population potentially exposed to site-related contamination. 
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Figure 3 Modified approach to the Cost Benefit Analysis, as applied to the POPs Project. 
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 Without a detailed scope definition for the proposed scenarios (and 
specifically for the engineering work they require), cost estimates that 
could be found for similar projects are of limited use; the physical 
parameters enabling these costs to be scaled up or down to adjust to site-
specific conditions need to first be determined; and 

 Unit costs are often characterized by their large variability, since they may 
not apply to the exact same type of goods or services. For example, in the 
“Inventory of Worldwide PCB Destruction Capacity” (UNEP, 2004), the cost 
for PCB oil treatment ranges from US$ 30 to US$ 3,700 per ton. Even with 
a narrow focus (PCB destruction) and significant resources for data 
gathering (a detailed questionnaire was filled out by 42 treatment 
companies), the study could not provide a “standard” unit cost with 
accuracy, but only a rough order of magnitude. 

For these reasons, the cost estimates developed as part of this economic analysis 
are preliminary and of limited accuracy. However, this should not be seen as 
critical in the specific context of the present project. It is recognized that the cost 
benefit analysis is primarily aimed at determining what level of investment is 
economically viable rather than assessing the actual “performances” of each 
scenario. In addition, the general framework of analysis can be reused through 
various iterations, and the results progressively refined, as more data become 
available. 

A unit cost list for each country, presenting the various cost data used and their 
sources is included in Appendix A2. 

4.1.3 Results 

The cost estimates for the various scenarios are based on the assumptions 
described in Appendix A2. Key assumptions are presented below. 

 Scenario 1: Detailed Assessment of Possible Human Health Risk: Costs in 
the first year of implementation are associated with the enhanced 
monitoring program – the human health assessment to determine the 
potential health impacts related to exposure to POPs and other chemicals 
originating from the site; environmental sampling (soil, sediment, sludge, 
fish tissue) and analysis; and groundwater analysis to be conducted to 
determine with greater accuracy the level of contamination (by POPs, 
dioxin and possibly other chemicals) in this medium.  It involves no 
“hard” engineering.  Recurring costs will not be expected. The total cost 
of Scenario 1 is estimated to be US$ 125,400. 

 Scenario 2: Assessment of Human Health Risk plus Hazard Containment 
and Monitoring:  Should the Scenario 1 assessment confirm the presence 
of POPs, investments will be needed to implement the engineering control 
of the potential chemical hazards (removal and disposal of contaminated 
sludge; improvement of drainage system).  A regular monitoring program 
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will be required, including environmental sampling (soil, sediment, sludge, 
fish tissue) and analysis; and groundwater and air monitoring. The 
removal/disposal of sludge, and drainage system improvement will cost 
approximately US$ 100,000. Operation costs will be incurred to conduct 
regular monitor program at an amount of US$ 25,000/year on average for a 
period of 18 years. The total cost of Scenario 2, including the US$ 125,000 
cost of Scenario 1, is estimated to be US$  775,000. 

To compare the costs of the 2 scenarios in a meaningful way, the present values 
of their respective 20-year cost streams are calculated.  Using a 5% discount rate, 
the present value of costs for Scenarios 1 and 2 are US$ 119,000 and US$ 546,000 
respectively (Figure 4). 

4.2 QUANTITATIVE MEASURES OF HEALTH BENEFITS 

DALYs are estimated on a country specific basis; the estimate is derived from 
ancillary data and standard equations, as presented below. 

Estimate of Site-Specific DALYs 

Even though the DALY equations are simple, they require a large amount of data 
to be calculated. Lack of nation-specific and site-specific associations of 
mortalities and health effects necessitate that indirect sources be used to make 
DALY estimates. Fortunately, the WHO has estimated DALY rates per 100,000 of 
population for a long list of causes for all of its member countries (allowing 
greater international applications and comparisons if desired)9. 

Table 1 presents the DALY rates per 100,000 people for Malaysia from all causes 
(including communicable diseases, non-communicable diseases and injuries). 

Not all components of the total number of DALYs are related to a single cause 
(e.g., POPs exposure or non-POPs chemical exposure). The absence of a scientific, 
unequivocal relationship between exposure to POPs and specific health impacts 
prevents one from estimating the DALY rate specifically associated with POPs-
related diseases. Attempts at establishing this link based on assumptions, even 
coming from accepted sources or references, would be tainted with uncertainty. 

Box 2 provides an example of the potential flaw in relying on assumptions or 
findings taken out of the specific context in which they were established. 

                                                      
9  Although the WHO has provided DALY estimates for 2004 for the world and various subregions, the latest available 

DALY estimates for individual countries date back to 2002. These estimates are available at 
http://www.who.int/entity/healthinfo/statistics/bodgbddeathdalyestimates.xls and are the ones used in the present 
economic analysis. 



Final Economic Valuation Report for 18 Hatfield 
AHSL Site Selangor 

Figure 4 Present value of costs of the risk management scenarios. 
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Table 1 DALY Rates per 100,000 People calculated by WHO (2002).10 

Global Burden of Disease Cause Malaysia

All Causes 14,626    

I. Communicable, maternal, perinatal and nutritional conditions 2,906      
A. Infectious and parasitic diseases 1,604     
B. Respiratory infections 357        
C. Maternal conditions 146        
D. Perinatal conditions (h) 358        
E. Nutritional deficiencies 441        

II. Noncommunicable diseases 10,180    
A. Malignant neoplasms 955        
B. Other neoplasms 11          
C. Diabetes mellitus 394        
D. Endocrine disorders 113        
E. Neuropsychiatric conditions 2,874     
F. Sense organ diseases 1,888     
G. Cardiovascular diseases 1,545     
H. Respiratory diseases 649        
I. Digestive diseases 522        
J. Genitourinary diseases 260        
K. Skin diseases 104        
L. Musculoskeletal diseases 502        
M. Congenital anomalies 200        
N. Oral conditions 164        

III. 1,540      
A. Unintentional injuries 1,071     

2. Poisonings 15          
B. Intentional injuries 469        

Injuries

 

The list of disease associated with exposure to pesticides and nonpoint-source industrial 
contaminants according to Lvosvsky (2001) is provided in Appendix A4. 

                                                      
10  The WHO provides two types of estimates: one that uses actual mortality rate and one whereby DALY estimates are 

adjusted for differences in population age distributions through application of age-standardized death rates; 
Standardization is required when comparing several populations that differ with respect to age because age can largely 
influence the incidence of disease. This is not the objective pursued in the present study, so the “standard” rate was 
retained. 
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Box 2 Uncertainty associated with assuming a quantitative link between 
exposure to POPs and burden of disease based on ancillary studies. 

In a World Bank study entitled Environment Strategy Papers N.1: Health and Environment, Lvosvky 
(2001) considered that the burden of disease potentially associated with acute and chronic 
exposure to pesticides and non-point source industrial contaminants in the environment could 
be estimated as a percentage of the summation of DALYs over 15 diseases, including: liver and 
pancreatic cancer, melanomas and other skin cancers, lymphomas and multiple myeloma, 
endocrine disorders, unipolar major depression, cataracts, nephritis and nephrosis, rheumatoid 
arthritis, congenital anomalies (excluding spina bifida and congenital heart anomalies) and 
poisonings across all age groups. 

According to Lvosvky (2001), the percentage of the DALYs in these disease categories that can be 
attributed to exposure to pesticides and nonpoint-source industrial contaminants is assumed to 
vary between 5% (conservative) and 20% (liberal). The corresponding results for Malaysia are 
presented in the table below: 

Health impact related to acute and chronic exposure to 
pesticides and nonpoint-source industrial contaminants Malaysia  

Liberal 535 
DALY rate / 100,000 people 

Conservative 134 

Liberal 3.7% 
Share of total DALY rate 

Conservative 0.9% 
 

Lvovsky (2001) provides a rough order of magnitude of the DALY-rates associated with chemical 
exposure; results were also used for subsequent studies such as the “Social Cost of Chemicals” 
(Pearce and Koundouri, 2003). However, they cannot be applied directly within the context of the 
POPs Project for the following reasons: 

 At a site-specific scale, the relative significance of the various causes of disease may 
vary significantly from the average established at the country and city level; 

 The study considered exposure to a broad category of “pesticides and non-point 
source industrial contaminants” and “pollutants from fossil fuels”, while our 
assessment is focused on POPs, and specifically PCBs in Malaysia; using the same 
assumptions would therefore prove unsuitable as: 

o It may result in overestimating the DALY rates related to POPs exposure: the 
larger the pool of contaminants considered, the larger the burden of disease is 
likely to be; and 

o Another consequence of the above is the mismatch between the selection of 
disease categories retained by Lvovsky as a basis for her estimate and the 
disease traditionally associated to POPs: for example, cataracts are not cited 
among the consequences of exposure to POPs, while spina bifida and diabetes 
are included among the disease associated to dioxin exposure. 



Final Economic Valuation Report for 21 Hatfield 
AHSL Site Selangor 

The DALY rate determined by WHO is applicable to the entire population of the 
countries considered; it can be used to estimate the number of DALYs (total or 
potentially related to POPs exposure) at specific sites through application of the 
formula: 

100000
.SiteCountry

Site

PopulationDALYrate
DALYs

×
= [1] (WHO, 2008). 

where PopulationSite is the potentially exposed population at the site under 
consideration who may benefit from the proposed remediation efforts. 

The Hatfield Team estimated during the risk assessment that the potentially 
exposed population at the AHSL site is 7,253 people, based on the data provided 
by the National Focal Point and National Consultant and field questionnaire 
survey. This estimate was verified through consideration of site-specific factors -
including GIS analysis of human habitation in a 1 km radius of the site - as well 
as professional judgment regarding the zone of influence of the sites the 
interaction of workers and non-workers with the site, and potential off-site 
contaminant exposure pathways associated with the site (Hatfield, 2009a). 

Using the site population estimate of 7,253 people, and the total DALY rate 
provided by the WHO of 14,626 per 100,000 people in Malaysia, the application 
of the formula above [1] gives a total number of DALYs at the AHSL site equal to 
1,061. 

Estimate of the DALY Value by Country 

A monetary value can be ascribed to a DALY to reflect the economic cost of one 
lost year of “healthy” life due to premature death, poor health or disability. The 
value of a DALY is specific to each nation and reflects its economy, people’s 
earning power and local prices. 

The best approach to valuation of DALYs in the POPs Project is that of benefit 
transfer. Benefit transfer is “a practice used to estimate economic values for ecosystem 
services by transferring information available from studies already completed in one 
location or context to another”11. Therefore, benefit transfer uses an estimate made 
elsewhere and “adjusts” it for application to the site/nation in question. 

The original value of a DALY was determined using the methodology proposed 
by Lvovsky et al. (2000). According to this methodology, the value of a DALY can 
be obtained by dividing the Value of a Statistical Life (VSL) by the number of 
DALYs associated with premature death caused by pollutants of concern. The 
VSL corresponds to the Willingness to Pay (WTP) of a given population to reduce 
certain kind of risks to which it is exposed. 

                                                      
11  OECD Glossary of Statistical Terms, p. 69. 
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In an ideal situation: 

 The VSL would be estimated through a study 12applied specifically to the 
POPs-related health risks and targeting the population exposed to this 
risk; and 

 The distribution of the risk of premature death caused by POPs-related 
diseases across the population at the site could be established through a 
dose-response relationship and/or epidemiological data. 

However, none of the above information is available for the present case study, 
nor can they be obtained easily. As a result, non specific data from ancillary 
sources must be used. 

A reliable estimate of the VSL can be retrieved from a work by Mrozek & Taylor 
(2002), in which they reviewed more than 40 studies providing over 200 VSL 
estimates. The key finding was that VSL estimates range from approximately 
US$ 1.5 million to US$ 2.5 million (in 1998). Using the mid-point of this range, an 
average VSL of US$ 2 million in 1998 can be taken as reference. This figure is 
escalated to reflect price inflation between 1998 and 200813, and translates into a 
VSL in 2008 of US$ 2.64 million. 

To obtain the value of a DALY, the VSL must be divided by the number of DALY 
corresponding to a premature death. This number varies in function of the age at 
which death occurs, which itself depends on the nature of the risk considered 
(here, POPs-related health impacts). However, no information is available about 
age-specific mortality caused by exposure to POPs; and, there is no basis to 
assume that POP-related diseases would impact a given age class more than 
another14. As a result, the average population is assumed to stand an average loss 
of 22 DALYs per premature death according to the age-distribution of DALYs. 

The value of a DALY in the US, in 2008, obtained in applying the Lvovsky 
(2002) methodology is therefore US$ 120,000 (US$ 2.64 million/22). This estimate 
needed to be adjusted to reflect the present day situation in Malaysia. An easily 
retrievable indicator representative of the differences between Malaysia and the 
US is per capita gross national product. It was retained as an appropriate 
adjustment variable for the DALY value on the grounds that the economic value 
placed on health benefits by a population can be related to the level of economic 
prosperity enjoyed by this population15. The data used for, and the result of, this 
calculation are presented in Table 2. 

                                                      
12  Based on labor cost, contingent valuation or human capital approaches. 
13  Using the US Bureau of Labor’s Department CPI Inflation Calculator - http://www.bls.gov/data/inflation_calculator.htm. 
14  In fact, the duration and intensity of exposure may be more relevant than the age of the receptor. 
15  This is a purely economic rationale supporting the implementation of a project analysis technique, and therefore leaving 

no room for ethical considerations. However, it is strongly emphasized that the value of a human life outside this specific, 
theoretical context does not depend on the geography or level of prosperity of the population concerned. 
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Table 2 Calculation of the DALY value for Malaysia. 

Variable Value  Source 

Value of a statistical life in US, 1998 US$ 2,000,000 Mrozek & Taylor (2002) 

Adjustment to inflation     

Value of a statistical life in US, 2008 US$ 2,640,000 US Bureau of Labor’s Department 

Number of DALY for a premature death 22 WHO 

Value of a DALY in US, 2008 US$ 120,000  

Benefit Transfer Conversion     

GNI/capita, PPP – US US$ 46,040  

GNI/capita, PPP – Malaysia US$ 13,570 
World Development Indicators database
World Bank, revised 17 October 2008 

Value of DALY in Malaysia in 200716 US$ 35,369 - 

 

4.3 ECONOMIC ANALYSIS 

The purpose of the economic analysis is to estimate the benefits required for each 
scenario so that they have a Net Present Value >0, following the steps outlined in 
Section 3.3. 

Estimate of the Yearly Benefits Required, Expressed in Dollars 

The first step of the analysis is to determine the stream of benefits that meets the 
conditions defined in the methodology, as presented below: 

 the benefits are the same each year; 

 the benefits occur from Year 2 to 20 of the project; and 

 the present value of the benefits equals the present value of costs 
(determined in Section 4.1.3). 

The annual benefits required to cover the costs are US$ 10,376 for Scenario 1 and 
US$ 47,396 for Scenario 2.  

Estimate of Yearly Benefits Required, Expressed in DALY 

The second step of the analysis is to convert the value of benefits expressed in 
dollars terms into a DALY number. This requires dividing the yearly benefits by 
the value of a DALY in Malaysia. 

Using a DALY value for Malaysia of US$ 35,369, the required annual benefits can 
be expressed as 0.3 DALYs for Scenario 1 and 1.3 DALYs for Scenario 2.   

                                                      
16  The inflation rate for 2008 is not published on the World Bank website at the date the analysis was conducted. The value 

estimated for 2007 is therefore the most recent that could be calculated based on the data available. 
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Estimate of Yearly Benefits Required, Expressed in Percentage DALY 
Reduction 

The third step of the analysis is to represent the number of DALYs calculated 
above as a percentage of the total DALYs at the AHSL site, so as to determine the 
reduction of health impacts that the scenarios need to achieve. 

Expressed as a percentage of total DALYs at the AHSL site, a DALY reduction of 
0.03% for Scenario 1 and 0.1% for Scenario 2 is required to cover mitigation costs. 

Summary of Results 

Table 3 summarizes the results of the economic analysis for each of the proposed 
risk management scenarios (see Appendix A3 for detailed calculations). 

The benefits have been calculated so that the present value of benefits is equal to 
the present value of costs (i.e. so that the net present value is equal to zero). The 
benefits are expressed in dollars terms, in DALYs, and as a percentage of the total 
DALYs on the site. 

Table 3 Results of the economic analysis, AHSL Site, Malaysia. 

Benefits Required to Achieve NPV = 0 

Scenario Present Value 
of Costs Annual benefit 

(year 2 to 20) 
DALYs to be 

"saved" per year 

Percentage 
reduction of total 

DALYs/year 

Scenario 1 US$ 119,429  US$ 10,376  0.3  0.03% 

Scenario 2 US$ 545,515  US$ 47,396  1.3  0.1% 
 

Figure 5 illustrates the benefits required for each scenario expressed as a 
percentage of the total DALYs on the site, that is, the minimum positive health 
impacts that the scenarios need to achieve to be worth implementing from an 
economic perspective. 

4.4 DISCUSSION 

4.4.1 Probability of Achieving the Required Health Benefit 

The results obtained from the economic analysis are estimates of the minimum 
health benefits required to cover the costs of each proposed risk management 
scenario. What decision-makers want to know is whether one can reasonably 
expect these reductions in DALYs to be achieved. Answering this question poses 
a major challenge for the reasons outlined below17: 

                                                      
17 Such limitations and uncertainties are not specific to the present POPs Project. In fact they are a common challenge in 

the economic analysis of projects or policies aiming to reduce the health impacts of chemicals; they are for example 
highlighted by Pearce and Koundouri in “the Social Cost of Chemicals”(2003). 
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Figure 5 Positive health effects (percentage reduction in DALY) required to 
cover the costs of each risk management scenario. 
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 The actual reduction of exposure achieved by the proposed risk 
management scenarios is not known (although this could be ascertained 
through long-term monitoring); 

 There is no epidemiological basis to confirm and quantify the link 
between a reduction in exposure to POPs and positive health effects at the 
site; 

 There is a wide range of uncertainty associated with the monetization of 
health benefits; a change in DALY value would have an influence on the 
estimate of number of DALYs to be saved; and 

 The cost estimates are based on roughly defined scenarios (including 
engineering measures that have not been subject to detailed design) and 
unit prices determined mostly through desktop studies. There is 
consequently a margin of error associated with these estimates. 

As a result, the best approach for interpreting the results is to provide a 
qualitative assessment of the probability that the minimum benefits can be 
achieved. Until a site–specific assessment is made by a local epidemiologist, this 
requires drawing on ancillary studies or data established in similar contexts. 

Pearce and Koundouri (2003; Section 4.2, p. 28,) used the assumptions made by 
Lvovsky (2001) to estimate that the DALY potentially “targeted” by REACH 
account for 0.6% to 2.5% of the total DALYs for UK and Europe. Then, they 
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assumed that the implementation of REACH will result in a 10% decrease  in the 
targeted DALYs.  In other words, the authors stated that it is reasonable to expect 
that an investment in reduced chemicals exposure may be expected to result in a 
decrease in DALYs in the range of 0.06% – 0.25%.  This range will be used as the 
benchmark against which the proposed investments in scenarios 1, or 2 at the 
AHSL site in Selangor will be compared.   

Comparing the results highlighted in Table 3 with the benchmark allows the 
following conclusions: 

 Scenario 1:  To justify the investment in Scenario 1, an annual saving of 
0.3 DALYs or 0.03% of total annual DALYs in the exposed population is 
required.  This percentage falls below the benchmark range.   We may 
therefore be confident that an investment in assessing the human health 
risk may be justified on human health impact grounds alone; and 

 Scenario 2:  To justify the investment in Scenario 2, an annual saving of 
1.3 DALYs or 0.1% of total annual DALYs in the exposed population is 
required.  This percentage falls within the benchmark range of the 
REACH project; therefore, we conclude that Scenario 2 is justified on 
human health impacts alone. 

Several arguments further support the conclusion that the investment in 
Scenario 2 is warranted: 

 Pearce and Koundouri (2003) recognized that a 10% reduction in health 
impacts through REACH represents a fairly low assumption; 

 The risk management scenarios are aimed specifically at reducing 
exposure to POPs (by removing the pathway between the contaminants 
and the receptors in the case of Scenario 1; or removing partially or entirely 
the source of contamination in Scenario 2). REACH achieves this objective 
through indirect measures (namely the implementation of procedures of 
registration, evaluation and authorization of chemicals). Therefore, the 
health effects can be expected to be greater for the risk management 
scenarios than through the implementation of a REACH-like policy; and 

 The impacts of the risk management scenarios are measured on the 
receptors only (i.e. on the local population that is known to be exposed to the 
contaminants). Because of this narrow focus, the relative health effects 
(expressed in percentage reduction of DALYs) at the AHSL site are likely to 
be more significant than for a large-scale program, where the effects are 
assessed over the general population. In the latter case, the impacts are 
measured on people that may or may not be exposed to contamination -and 
thus may or may not benefit from the reduction thereof – so they are smaller 
“on average” than the impacts measured on the exposed population only. 

Based on the above, it is clear that substantial uncertainties at the various stages 
of the assessment preclude a definitive conclusion. In spite of this, based on a 
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qualitative interpretation of the results, it seems fair to consider that the results of 
the economic analysis support the implementation of both Scenarios 1 and 2 as 
the benefits required to cover the costs appear achievable. The consideration of 
other benefits is not critical for decision-makers in their decision to proceed or 
not proceed with the investments required for these two scenarios. 

4.4.1.1 Consideration of Other Benefits 

The economic analysis focused on estimating the minimum positive impact on 
human health required to cover the costs of the risk management scenarios 
proposed at the AHSL site. It is clear, however, that the positive impacts of 
Scenarios 1 and 2 go beyond human health impact as measured in DALYs saved 
per year (see Appendix A1). Other potential benefits include, but are not limited to: 

 Increase in agriculture and aquaculture: contaminated runoff originating 
from the AHSL enters the drainage system, which discharges into 
streams near the site (See Appendix A1). Fish exposure to chemical 
contamination may result in impacts to habitat and reproductive success. 
Removal of contamination is expected to improve breeding habitat and 
therefore lead to increased fish production18. 

 Increase in land value: The location of the site in an important residential 
area, indicating that there must be a sustained demand for the land, with 
correspondingly high real estate values. It is reasonable to assume that 
these values could be higher still if the POPs hotspot at AHSL site were 
cleaned up, since the suitability of the land for housing or other uses 
(e.g., commercial, storage) would improve. Increased land value in the 
vicinity of the AHSL site could therefore be seen as an additional benefit 
of the project. However, because the real estate market is likely to be 
characterized by inelastic demand, such increase in land value may result 
from a displacement of demand from another area rather than translate 
in a rise of the overall demand. Therefore, the risk cannot be excluded 
that the project’s impact on land value be a transfer of benefits, rather 
than an actual benefit. 

It must be emphasized that these benefits remain to be quantified because of the 
particular circumstances of the project; namely, the absence of cause-effect 
relationships and the limited scope of the project and not because of their 
intrinsic characteristics. Similar environmental benefits can be quantified in 
different project settings. Keeping in mind “that some environmental benefits cannot 
be quantified … does not mean that they should be ignored” (World Bank, 1998), the 
significance of these benefits is taken into consideration qualitatively as part of 
the interpretation of results of the economic analysis. 

                                                      
18 Improved water quality will also result in benefits through reduced exposure through the food chain, but such benefits are 

already accounted for in the valuation of health benefits. 



Final Economic Valuation Report for 28 Hatfield 
AHSL Site Selangor 

Although their significance remains to be quantified, other benefits are 
considered as an important additional factor contributing to the economic 
viability of risk management investments at the hot spots studied under the 
POPs Project. 

4.4.2 Risk 

A CBA of a proposed investment involves looking into an uncertain future. It is 
based on the analyst’s best estimates about the quantities and prices of inputs 
required and outputs achieved. It is inevitable that some unforeseen events will 
take place that will influence the project as a whole and costs and benefits in 
particular. A discussion of the risks that the proposed project is likely to face is, 
therefore, appropriate. As with benefits, some risks are quantifiable while others 
may only be described using such terms as “nil”, “minimal”, “moderate” and 
“major”. 

4.4.2.1 Unquantified Risks 

The risks that the AHSL project may face are described and qualified in Table 4. 

4.4.2.2 Quantified Risks: Sensitivity Analysis 

There is always the risk that the analyst‘s “best guess” concerning input and 
output prices and quantities will prove to be inaccurate, thereby affecting the 
bottom line of the project. To gain some insight into the likely impact of 
unforeseen developments on a project, it is wise to conduct a sensitivity analysis 
to see how the major economic measures would be affected by changes in major 
cost or benefit variables. Sensitivity analysis uses the concept of “elasticity” to 
compare the response of a dependent variable (e.g., NPV) to a fixed change in an 
independent variable (e.g., capital cost, revenue, etc.). If the dependent variable 
(e.g., NPV) decreases by a greater percentage than the increase in the 
independent variable (e.g., cost) the sensitivity indicator (SI) is greater than 1 and 
the response to the fixed change is considered to be “elastic” or “sensitive.  If the 
SI is less than 1, the response to the fixed change is considered to be “inelastic” or 
“insensitive.   A project with high sensitivity indicators would be considered a 
riskier undertaking than one with low sensitivity indicators. 

At the AHSL project level, sensitivity analysis is a useful quantitative tool to 
appraise how changes to key variables such as capital or operating costs or the 
unit DALY value are likely to impact the outcome of the analysis, as measured by 
NPV, the standard performance criteria used in a cost-benefit analysis. However, 
because of the modified approach to CBA that was employed in this analysis (in 
which NPV was set to zero and the number of DALYs was manipulated), 
sensitivity indicators will be estimated using the number of DALYs as the 
dependent variable.  
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Table 4 Unquantified Risks. 

Type of Risk Concern Status on AHSL Project 

Engineering / 
Technology 

Does the success of the project depend on the 
use of tried or untried engineering techniques or 
technology? 

Engineering & technology in Scenarios 1 and 2 is 
well-known. 
Engineering Risk: Minimal 

Political Is political stability an issue of concern?  There is no political concern, either associated with 
the location of the hotspot (Puchong) or the nature 
of the project (human health). 
Political Risk: Nil 

Input 
Availability 

Are the required inputs to implement Scenarios 
1 & 2 easily available at competitive prices? 

All inputs are easily available with the possible 
exception of highly trained labour. 
Input Risk: Minimal 
Skilled Labour Risk: Moderate 

Markets for 
Outputs 

Can the output be sold? Are markets, either 
local, domestic or international sufficiently large 
to absorb the output of the project? 

The output or benefit is improved human health 
that is enjoyed by the beneficiaries and is not sold. 
Output Risk: NIL 

Currency Risk Will foreign currency fluctuations adversely 
affect the sale of outputs or a profitable bottom 
line? 

There is no output to sell internationally. 
Currency Risk: Nil 

Environmental Does project implementation have adverse 
environmental consequences? 

On the contrary, the project is aimed at POPs 
clean-up. The only “risk” is that unquantified 
environmental benefits will exceed quantified 
human health benefits. 
Risk of Adverse Impact: Nil 

Social Is the project likely to adversely affect one social 
group (e.g., women) more than another 

Environmental impact is likely to affect groups such 
as children more than their parents; the project will 
have a positive impact on vulnerable groups. 
Social Risk: Nil 

 

The sensitivity indicator equation is calculated as follows: 

  % change DALYs /    % change in Cost         

 = (D2 – D1) / ((D1 + D2)/2)  / (C2 – C1) / ((C1 + C2)/2) 

 Where:    C1   = Cost estimate before 10% increase  

   C2  = Cost estimate after 10% increase 

   D1  = # DALYs to meet NPV = 0 with C1 

   D2  = # DALYs to meet NPV = 0 with C2 

 The results of the calculations are summarized in Table 5. 

Table 5 Sensitivity Analysis. 

Scenario 10% Increase 
in Capital Cost 

10% Increase 
in Operating Cost 

10% Decrease 
DALY Value 

Scenario 1 No cap cost 1.00 1.11 

Scenario 2 0.15 0.86 1.11 
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The results are interesting and several comments are in order.   

 Scenario 1: Scenario 1 has no capital costs, only operating costs.  In other 
words, increasing operating cost by 10% results in an increase of total cost 
by 10%.  Not surprisingly a 10% increase in total cost with NPV held at 
zero requires a 10% increase in the number of DALYs required to cover 
the new cost and an SI = 1.00 is the result.  Therefore, the project is of 
neutral sensitivity with respect to cost overruns.  On the benefit side, a 
10% decrease in the unit value of a DALY (e.g., to 90% of its former value) 
requires an offsetting 11% increase in the number of DALYs (e.g., 1.00 / 
0.90 = 1.11) to maintain sufficient revenues to cover costs.  SI = 1.11 
indicates that the project is mildly sensitive to changes in the unit value of 
a DALY; and 

 Scenario 2:  At US$ 665,000, approximately 86% of the total cost (US$ 
775,000) of Scenario 2 is operating cost with the remaining 14% being 
capital cost.   This explains why the SI for changes in operating cost (0.86) 
exceeds that of capital cost (0.15) by a considerable margin.  Scenario 2 is 
insensitive to changes in either capital or operating costs.  As was seen 
with Scenario 1, the project is mildly sensitive to changes in the unit value 
of a DALY. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The report provides the key concepts and a detailed framework for the economic 
analysis of two risk management scenarios proposed for the AHSL site in 
Puchong, Selangor, Malaysia. The absence of site-specific designs and cost 
estimates for the two scenarios meant that costs were estimated generally using 
quantities and prices from elsewhere. The absence of a scientific relationship 
linking reduced POPs chemical exposure to reduced human health impact meant 
that no benefit stream could be estimated from first principles for subsequent 
comparison with the cost stream. 

Therefore, the analysis asked two key questions: a) how much human health 
impact, expressed in DALYs is required to cover the costs of the two scenarios?; 
and, b) expressed as a percentage of the total DALY rate for the site, is it 
reasonable from an epidemiological point of view to expect that these cost-
covering DALY levels can be achieved? With the above-cited qualifiers in mind, 
the analysis resulted in the following tentative conclusions: 

 Scenario 1: While there are no human health benefits directly related to a 
risk assessment, there are significant benefits to be realized from 
containment and monitoring, should it prove necessary; hence, an 
investment in the assessment alone is worthwhile; and 
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 Scenario 2: It is likely that human health impact alone is sufficient to justify 
the investment cost of Scenario 2.  Other economic, environmental and 
social benefits will only serve to further justify the investment in 
assessment, containment and monitoring at the AHSL site. 

The quantitative analysis suggests that investing in POPs risk management 
measures is an effective allocation of public resources, particularly assessment, 
containment and monitoring.  Breaking the contamination pathway is key, and 
this can be done in a cost-effective manner at the AHSL site.  Decision makers 
must also consider the fact that health improvement policy can be pursued 
regardless of the outcome of the economic assessment. This is often the case in 
developed countries where uncertainty in the determination of costs and benefits 
cannot be used as an argument for inaction. Furthermore, there are moral and 
ethical reasons to insist on investments that improve human health on the 
grounds that it is in the public interest and, as a result, outside of any economic 
consideration. 

Finally, should the decision be made to proceed with risk management policies at 
the local and national level, attention and studies should focus on ensuring that 
the proposed measures are designed and implemented in a sound and cost-
effective manner. 
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A1.1 MALAYSIA AIR HITAM SANITARY LANDFILL (AHSL) SITE 
DESCRIPTION 

The Ministry of Natural Resources and Environment (NRE) as the National Focal 
Point for the POPs project in Malaysia in consultation with key stakeholders 
selected the Air Hitam Sanitary Landfill (AHSL) in the State of Selangor for the 
POPs HHRA case study for POPs project.  

While there were no existing data or known waste management practices 
suggesting the presence of POPs at the AHSL site, the site selection was based on 
speculative concern for (i) potential POPs wastes which inadvertently may have 
been deposited at the landfill, and (ii) the proximity of residential developments 
adjacent to the closed landfill. 

The AHSL site is located near the Air Hitam Forest Reserve in Mukim Petaling, 
Daerah Petaling, Puchong, Selangor and is located at longitude 101° 39’ 55” E 
and latitude 03° 0’ 10” N. 



Final Economic Valuation Report for A-2 Hatfield 
AHSL Site, Malaysia 

Figure A1.1 Location Map of AHSL Site, Puchong, Malaysia. 
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The predominant land use classes within 3 km2 are residential and bare ground – 
26% and 29% respectively. The proportion of bare ground is expected to decrease 
quickly if the high development rates seen during the last eight years continue. 
Some of this land is within the minimum 500 meters buffer zone required by the 
Guidelines for the Sitting and Zoning of Industries, 1994. 

Table A1.1 and Figure A1.2 below show major classes of land use in the vicinity 
of the AHSL site: 

Table A1.1  Major land use classes within 1 km radius from the AHSL site1. 

Land Use Area (Ha) Area (Percentage) 

Bare Ground 92.43 29% 

Forest 24.59 7.8% 

Industry/Commercial 2.34 0.74% 

Roads 44.47 14% 

Infrastructure (Buildings) 0.23 0.07% 

Residential Area 81.85 26% 

Pond 1.35 0.43% 

Trees/Shrub/Bush 65.74 21% 

River/Canals 1.11 0.35% 

TOTAL 314.12 100% 

 

                                                      
1  Quickbird high resolution satellite imageries (0.6 meter resolution) covering an area of 25 km2 were used as data input for 

land-cover delineation over the selected study site. Projection: UTM 47N WGS1984. Imaging Dates- 07 May 2007. The 
project team applied ‘heads-up’ digitizing approach (manual on-screen classification) for extracting land cover classes 
from satellite imagery, based on the general land cover types observed over the study sites. 
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Figure A1.2 Land-use Map of AHSL Site (LESTARI, 2008). 

 

Abbr Land use types Abbr Land use types 
SM Secondary School (under construction) KT Reservoir 
PLR Sewage treatment plant M Mosque 
S Muslim place of worship PPU Main Electrical Supply Centre 
TDK Kindergarten TA Water Tank 
SB Integrated School (under construction) DS Multipurpose hall 
KYS Selangor Foundation Club (under construction)   

Source: MPSJ 2008 
 

A1.2 SITE OPERATIONS AND SETTINGS 

The Selangor State Government Council Meeting on 22 March 1995 approved 
Worldwide Sita Environmental Management to develop a sanitary landfill in 
Selangor. Worldwide Landfills obtained a concession contract for 20 years which 
included a 5 year landfill closure maintenance plan (for the AHSL). However, 
after the first residential area was built in year 2000, residents started to complain 
about the operation of AHSL, particularly odors emitted or released from AHSL. 
The AHSL was officially closed on 31 December 2006 (premature to contracted 
date, i.e. 2015) and the 5-year Landfill Closure and Post Closure Maintenance 
Plan (LCPCMP) is in place (2007-2011). 

AHSL was built in 1995 and closed in December 2006. It is the first engineered 
sanitary landfill site in Malaysia. AHSL covers a total area of 42 hectares. The site 
consists of 7 landfill phases with a base at 35 m above mean sea level (msl) and 
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its highest point 81 m above msl after capping. It is equipped with a heavy duty 
geotextile liner, a ground water drainage system, and a leachate collection system 
and treatment plant. 

Figure A2.1 AHSL Landfill Lay-out and phases, Selangor, Malaysia (LESTARI, 2008). 
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During the operational period of AHSL (11 years), AHSL received a total of 
approximately 6.2 million tonnes of domestic wastes (Worldwide Landfills, 2007). 
Between 1,200 and 3,000 tones/day of domestic waste was deposited in the site 
between 1995 and 2006 with waste collected from four Selangor municipalities 
(Ampang Jaya, Subang, Petaling Jaya and Shah Alam), Kuala Lumpur and 
Putrajaya. A significant increase in the amount of waste deposited at the site 
occurred in 2002, as a waste from Kuala Lumpur was added to the landfill. 

The site topography is complex, with surface water runoff from North to the 
south east mainly through stream running through the landfills (based on site 
observations). The compound is equipped with rudimentary drainage of storm 
water run-off from the site from the site into downstream through a stream. 

Table A2.1 provides an estimate of the size of these various components. 

Table A2.1 Size of the key building/area of the AHSL site. 

Building / area Size (sqm)  

Total Landfill area 420,000 

Office Area 300 

Parking and loading area 900 

Access road 8,000 
 

A1.3 KEY FINDINGS OF THE RISK ASSESSMENT 

A1.3.1 CONTAMINATION LEVELS 

Due to the lack of POPs data from the site, it is a challenge to specify if and what 
POPs may be present in the AHSL. The sanitary landfill was designated for 
disposing non-scheduled waste, including: domestic/household waste, 
commercial and light industrial waste, market waste, street cleaning waste, 
construction waste and food waste. 

POPs pesticides might be present in AHSL, since several POPs pesticides were 
historically registered in Malaysia (e.g. DDT was registered for 19 years in the 
country). Some domestic wastes might also contain PCBs and other POPs-like 
contaminants. Because the site is a landfill, a wide variety of POPs contaminants 
may be associated with the site. PCBs, PCDD/Fs (i.e., dioxins/furans) and 
chlorinated pesticides were targeted for screening. 

Through problem formulation, all three elements of risks below are present at the 
sites were found to be present at the study site: i) Chemical Hazard – one or more 
chemical contaminants at concentrations capable of causing human health or 
ecological impacts; ii) Receptors – humans, animals or plants at the site; and, 
iii) Pathway – a way for chemical contaminants to reach the receptors. 
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For both soils and sediment the maximum CALUX TEQ concentrations were 
13 pg-TEQ/g for PCDD/Fs, and 2.8 pg-TEQ/g for dioxin-like PCBs. Maximum 
concentrations were derived from material collected from the treatment pond. 

Figure A3.1 Photographs of Treatment Pond, and sediment sample collection, 
AHSL site, Malaysia (note partially exposed sludge at pond edge). 

 

  
 

Screening the maximum CALUX TEQ concentrations for PCDD/F + dioxin-like 
PCBs based on sediment guidelines (AEA Technology 1999) resulted in 
exceedance factors of 3.3 and 0.7 respectively. Because the maximum exceedance 
factor for PCDD/Fs were greater than one, they were considered contaminants of 
potential concern and retained for risk further assessment. PCBs were also 
included as contaminants of potential concern because the highest Total PCB 
concentration, 372 μg/kg, resulted in an exceedance factor of 1.55. It might be 
argued that such a marginal exceedance may at times not justify further risk 
assessment. 
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Figure A3.2 PCB/Dioxin Concentrations in Soil and Sediment Samples (TEQ; pg/g) 
collected in August 2008 at AHSL Site, Malaysia. 

 

Table A3.1 Potential Human Receptors related to the AHSL site, Malaysia (within 
1 km radius). 

Air Hitam Sanitary Landfill, Selangor, Malaysia Estimated numbers 

Potentially exposed:  

 Residents of housing area (1km radius) 6,095 

 Full time staff of the site 9 

 Full time security  3 

 Students & staff of nearby secondary school (pending) 1,000 

 Shift workers and visitors 45 

Total  7,253 

 
Site workers and security persons working permanently at the site are primary 
potential receptors. A public health and socio-economic survey conducted by the 
National Consultant (Mazrura 2009) revealed that some of the nearby residents 
(2.7% of the total respondance) may be involved directly in activities that could 
increase their exposure to contaminants present at the site. 

Near to the site there are approximately 1,500 housing units in 3 main residential 
areas covering an area of over 800 hectares. An estimated 6,253 people live within 
1 km radius of the site (Figure A3.3). 
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A1.3.2 IDENTIFICATION OF PATHWAYS 

Potential exposure pathways at the AHSL site were identified using the results of 
the human exposure survey (October 2008, Mazrura 2009) and the site 
reconnaissance and sampling program (August 2008). 

There are several potential exposure pathways at the site related to the treatment 
pond sediments: 

 On-site: inhalation, accidental ingestion and dermal contact of treatment 
pond sediments; 

 Off-Site: wind erosion/transportation to off-site water bodies with 
treated leachate waters, followed by inhalation, accidental ingestion and 
dermal contact; and 

 Ingestion of potentially contaminated fish and wildlife. 

A1.3.3 RISK MANAGEMENT OPTIONS FOR THE SITE 

At the National Training Workshop which took place in Putrajaya, Malaysia 
from 22-23 January 2009, the national participants classified the AHSL site as a 
Class 3 site - action might be required. The national participants also agreed that 
the potential risk management measures must be considered within the context 
of the existing Landfill Closure and Post Closure Maintenance Plan (LCPCMP) 
(January 2007 – December 2011). They decided that before risk management 
options are considered, additional risk assessment is recommended to determine 
if there are any human health risks at the site from potential POPs and other 
hazardous chemical contaminants.  

The LCPCMP reflects a variety of good closure practices, although additional 
scrutiny of possible human health exposure scenarios may be warranted to 
reduce potential future liabilities: 

 Potential risks to human health arising once the site opens to the general 
public after decommissioning; 

 Potential risks to human and ecological health from contaminants not 
addressed in this risk assessment (i.e., non-POPs substances such as 
metals, solvents, petroleum hydrocarbons etc.); and 

 Responsibility/liability that the closed landfill may pose to the owners 
(e.g. cost of remediation, reputation and relations with the local 
community, and affected parties such as workers at the site, nearby 
property owners). 
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Figure A3.3 Vulnerability Map, AHSL, Puchong, Selangor, Malaysia. 
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Figure A3.4 Potential receptors associated with the AHSL site, Malaysia. 

 
Children living in housing adjacent to the site .Fish living in the aquatic receiving environment. 

  

Families living in housing adjacent to the site. Natural receiving environment (ecological 
receptors) 

 

 
Natural receiving environment  
(ecological receptors) 
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Until additional risk assessment work is performed risk management activities 
should be put on hold. Furthermore, it must be noted that some of the risk 
management alternatives provided below would only be considered if predicted 
human health risks were high. 

Based on the National Training Workshop’s outputs, the following 2 risk 
management scenarios were developed for the AHSL site economic valuation. 

Scenario 1: Detailed Assessment of possible human health risk 

At this time, additional risk assessment work needs to be conducted to determine 
if human health risks are present. The followings are the risk management 
alternatives identified by the participants. 

1. Enhanced monitoring program:  

 Human health assessment: to determine the potential health impacts 
related to exposure to POPs and other chemicals originating from the 
site. 

 Sampling and Analysis of Environmental Samples: A detailed sampling 
program to be conducted to determine with greater accuracy the level 
of contamination (by POPs, dioxin and possibly other chemicals) in this 
medium. 

 Fish tissue analysis: Fish samples should be collected from streams and 
ponds near the site and analyzed using HR-GCMS for chemical 
contaminants. 

 Groundwater analysis: A detailed sampling program of groundwater 
to be conducted to determine with greater accuracy the level of 
contamination (by POPs, dioxin and possibly other chemicals) in this 
medium. 

Scenario 2: Implementation, enforcement and monitoring of Health and 
Safety Plan + Regular Monitoring under Scenario 1 

The scenario 2 should be considered if the site is found to pose unacceptable 
human health risks after a more detailed site investigation in scenario 1 above. 
The key components of Scenario 2 include: 

1. Control potential chemical hazards: 

 Disposal of contaminated sludge: The contaminated sludge needs to be 
regularly removed from the treatment ponds and disposed of, for 
example by disposal at an authorized landfill or any other mean, based 
on technology availability, nature of the sludge contamination, etc. 

 Improvement of drainage system: To prevent sediments from 
migrating off site during rainfall/flood events. They may include the 
creation of settling ponds, catch basins, and silt fences. 
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2. Monitoring of health and environment 

 Human health assessment: Regular human health assessment should 
be conducted on the AHSL site in accordance with Malaysian 
regulations (i.e. every 5 years) to determine the potential health impacts 
related to exposure to POPs and other chemicals originating from the 
site. 

 Soil and sediment monitoring: a monitoring program of soil and 
sediment should be implemented at the site to determine with the 
evolution of level of contamination (by POPs, dioxin and possibly other 
chemicals) in this medium. Monitoring will be conducted at the same 
frequency than the health assessment. 

 Fish monitoring: Fish monitoring program should be implemented at 
the site to determine the evolution of level of contamination (by POPs, 
dioxin and possibly other chemicals) in fish tissue. Monitoring will be 
conducted at the same frequency than the health assessment. 

 Groundwater  monitoring: A groundwater monitoring program should 
be implemented at the site to determine the evolution of level of 
contamination (by POPs, dioxin and possibly other chemicals) in fish 
tissue. Monitoring will be conducted at the same frequency than the 
health assessment. 

 Air quality monitoring: Should the landfill be proved to pose a risk to 
human health and if risks through inhalation of  contaminated particles 
are predicted, an air quality monitoring program should be 
implemented at the site to determine the evolution of level of 
contamination (by POPs, dioxin and possibly other chemicals) in fish 
tissue. Monitoring will be conducted at the same frequency than the 
health assessment. 

 Other proposed measures: Supplemental selective sampling for POPs 
and certain non-POPs (i.e., metals, solvents, petroleum hydrocarbons) 
is needed to determine if contaminants are contained appropriately as 
the landfill ages. 

 Consider if the site could be converted back into forest reserve (i.e., 
plant trees). Smaller plants may be planted if compromising the landfill 
cap is a concern. 
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Item Description Source / Comment Quantification Value Timing

Y
ea

r 1

1 Enhanced monitoring program

• # of national consultant days 20

• # of blood analysis 45

1.2 Soil and sediment analysis (including sludge 
from treatment ponds)

A detailed sampling program of soil and sediment  should be conducted at 
the site to determine with greater accuracy the level of contamination (by 
POPs and possibly other chemicals) in this medium. The analyses should 
cover some or all of the following parameters:
• POPs and Persistent Toxic Substances (PSTs): i) lipid analysis; ii) PCBs 
1668A; iii) WHO PCBs; iv) dioxin and Furan (PCDD/PCDF); v) 
organochlorine pesticides (OC pesticides); vi) toxaphene; vii) 
polybrominated diphenyl ethers (PBDEs); and viii) polyfluorinated chemicals 
(PFCs); and 
• Non-POPs substances such as metals, solvents, petroleum hydrocarbons 
etc.
Cost is estimated as: # of soil and sediment analysis * unit cost of soil and 
sediment analysis

• # of soil/sediment analysis 20 Reccuring 28,000

1.3 Fish tissue analysis

To ensure that food quality has not been impacted, fish samples should be 
collected from streams and ponds near the site and analyzed using HR-
GCMS for chemical contaminants. The analyses should cover some or all of 
the following parameters:
• POPs and Persistent Toxic Substances (PSTs): i) lipid analysis; ii) PCBs 
1668A; iii) WHO PCBs; iv) dioxin and Furan (PCDD/PCDF); v) 
organochlorine pesticides (OC pesticides); vi) toxaphene; vii) 
polybrominated diphenyl ethers (PBDEs); and viii) polyfluorinated chemicals 
(PFCs); and 
• Non-POPs substances such as metals, solvents, petroleum hydrocarbons 
etc.
Cost is estimated as: # of  fish tissue analysis * unit cost of fish tissue 
analysis

• # of fish tissue analysis 10 Reccuring 14,000

1.4 Groundwater  analysis

A detailed sampling program of groundwater should be conducted at the site
to determine with greater accuracy the level of contamination (by POPs and
possibly other chemicals) in this medium.
Cost is estimated as: # of groundwater analysis * unit cost of groundwater
analysis

• # of groundwater analysis 5 Reccuring 10,000

2 Contingency, Technical Support, Project management • % of overhead 10% Recurring 11,400

62,0001.1 Human health assessment

A detailed human health assessment should be conducted on the AHSL site 
to determine the potential health impacts related to exposure to POPs and 
other chemicals originating from the site. The assessment will require : a 
survey of up to 100 people (among site staff and local residents) to 
determine level and pathways of exposure; blood sampling of people 
considered most at risk; and an analysis of the data collected through these 
2 steps. The assessment (including reporting of key findings) is assumed to 
require 2 people  for 10 days.
Cost is estimated as :  # of blood analysis * unit cost of a blood analysis + # 
of consultant days * unit cost of consultant days

Reccuring

SCENARIO 1: DETAILED ASSESSMENT OF POSSIBLE HUMAN HEALTH RISK



Item Description Source / Comment Quantification Value Timing
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1 Control potential chemical hazards

1.1 Disposal of contaminated sludge

The contaminated sludge needs to be regularly removed from the
treatment ponds and disposed of, for example by disposal at an
authorized landfill or any other mean, based on technology availability,
nature of the sludge contamination, etc.
Cost is estimated as: Volume of sludge * unit cost of treatment

• Annual volume of sludge (t) 1 Reccurring 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480

1.2 Improve drainage system on the site

Improvements to the site drainage sistem are required to prevent
sediments from migrating off -s ite during rainfall/flood events.They may
include the creation of settling ponds, catch basins, and silt fences. The
improved drainage system will require regular maintenance work, the
cost of which is estimated to be 10% of the initial investment costs
(yearly).
The drainage improvements cannot be costed out in detail without a
preliminary design . Therefore a global budget of US$ 25,000 is
allocated to it as an estimate.

• Unit N/A Reccurring 25,000 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500

1.3 Revegetate the landfill surface

Revegetation is aimed to control erosion of soil surfaces by rain and wind
erosion. This measure is included in the Landfill Closure and Post
Closure Management plan and is therefore not considered as a cost item
in this scenario.

N/A N/A Initial

2 Monitoring of health and environment

• Frequency of assessment 1 / 5 years

• # of national consultant days 20

• # of blood sampling 45

• # of soil/sediment samples 20

• Frequency of soil/sediment sampling 
(per year) 1/5 years

2 Monitoring of health and environment Cont'd.

• # of fish samples 10

• Frequency of fish sampling 1/5 years

• # of groundwater samples 5

• Frequency of groundwater sampling 
(per year) 1/year

• # of air quality samples 5

• Frequency of air quality sampling (per 
year) 1/5year

3 Contingency, Technical Support, Project management • % of overhead 10% Recurring 0 14,948 398 398 398 398 12,698 398 398 398 398 12,698 398 398 398 398 12,698 398 398 398

SCENARIO 2 : HAZARD CONTAINMENT AND MONITORING

Reccuring 62,000

28,000

62,00062,000 62,000

Reccuring 28000

2.1 Human health assessment

Should the landfill be proved to pose a risk to human health, regular  
human health assessment should be conducted on the AHSL site in 
accordance with Malaysian regulations (i.e every 5 years) to determine 
the potential health impacts related to exposure to POPs and other 
chemicals originating from the site. The assessment will require : a 
survey of up to 100 people (among site staff and local residents) to 
determine level and pathways of exposure; blood sampling of people 
considered most at risk; and an analysis of the data collected through 
these 2 steps. The assessment (including reporting of key findings) is 
assumed to require 2 people  for 10 days.
Cost is estimated as:  # of blood analysis * unit cost of a blood analysis + 
# of consultant days * unit cost of consultant days

2.2 Soil and sediment monitoring

Should the landfill be proved to pose a risk to human health, a monitoring 
program of soil and sediment  should be implemented at the site to 
determine with the evolution of level of contamination (by POPs and 
possibly other chemicals) in this medium. Monitoring will be conducted at 
the same frequency than the health assessment.
Cost is estimated as: # of soil and sediment analysis * unit cost of soil 
and sediment analysis

2.4 Groundwater  monitoring

Should the landfill be proved to pose a risk to human health, a 
groundwater monitoring program should be implemented at the site to 
determine the evolution of level of contamination (by POPs, and possibly 
other chemicals) in fish tissue. 
Monitoring will be conducted at the same frequency than the health 
assessment.
Cost is estimated as: # of  groundwater  analysis * unit cost of 
groundwater analysis

Reccuring

2.5 Air quality monitoring

Should the landfill be proved to pose a risk to human health and if risks 
through inhalation of  contaminated particles are predicted, an air quality 
monitoring program should be implemented at the site to determine the 
evolution of level of contamination (by POPs and possibly other 
chemicals) in air, environmental samples and/or fish tissue. Monitoring 
will be conducted at the same frequency as the health assessment.
Cost is estimated as: # of  air quality analysis * unit cost of air quality 
analysis

Reccuring

10,000

9,000

2.3 Fish monitoring

Should the landfill be proved to pose a risk to human health, fish 
monitoring program should be implemented at the site to determine the 
evolution of level of contamination (by POPs, dixoxin and possibly other 
chemicals) in fish tissue. 
Monitoring will be conducted at the same frequency than the health 
assessment.
Cost is estimated as: # of  fish tissue analysis * unit cost of fish tissue 
analysis

Reccuring 14,000

10,000

28000 28000

10,000

9,0009,000

10,000

9,000

14,000

Note: All the costs are scheduled from year 2 and the following, considering that a preliminary assessment will be conducted in year 1 to determine whether or not the health risk at the site require the 
implementation of this scenario.

14,000 14,000



Description Unit Value (US $)*   

Blood tests Unit 1200 Include cost of sample collection + analysis

Soil/sediment test Unit 1400 Include cost of sample collection + analysis

Fish tissue test Unit 1400 Include cost of sample collection + analysis

Groundwater testing Unit 2000 Include cost of sample collection + analysis

Air quality testing Unit 1800 Include cost of sample collection + analysis

National consultants days 400 The average rate for Laotian consultant is retained to be around US$400
based on local contacts

Disposal of  contaminated sludge per ton 1480
Source: UNEP, Inventory of World-Wide PCB detsruction capacity (p.53). A
unit price equal to 80% of the higher estimate in the range has been taken as a
conservative assumption.

*As estimated by Hatfield/World Bank

UNIT COSTS - MALAYSIA
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1 Enhanced monitoring program

• # of national consultant days 20

• # of blood analysis 45

1.2 Soil and sediment sampling/testing • # of soil/sediment analysis 20 Recurring 28,000

1.3 Fish tissue sampling/testing • # of fish tissue analysis 10 Recurring 14,000

1.4 Groundwater  sampling/testing • # of groundwater analysis 5 Recurring 10,000

2 Contingency, Technical Support, P • % of overhead 10% Recurring 11,400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

125,400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PV (Costs) $119,429

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20

0 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376

PV (Benefits) $119,429

-125,400 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376 10,376

NPV 0

DALYs needed/an 0.3

IRR (test) 5%

14,626

7,253

1,061

0.03%

Human health assessment Recurring 62,000

Minimum required effect of site reclamation on total health

Total number of DALYs on site 

SCENARIO 1: DETAILED ASSESSMENT OF POSSIBLE HUMAN HEALTH RISK

Number of DALY /100000hab  total

Population on site

TOTAL 

Stream of benefits - costs

Benefit stream

1.1
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1 Assess Human Health Risk Scenario 1 1 Once 114,000

2 Control potential chemical hazards

2.1 Disposal of contaminated sludge  Annual volume of sludge (t) 1 Reccurring 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480 1,480

2.2 Improve drainage system on the site Unit N/A Reccurring 25,000 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500

2.3 Revegetate the landfill surface N/A N/A Initial

3 Monitoring of health and environment

Frequency of assessment 1 / 5 years

# of national consultant days 20

of blood sampling 45

# of soil/sediment samples 20

Frequency of soil/sediment 
sampling (per year)

1/5 years

# of fish samples 10

Frequency of fish sampling 1/5 years

14,00014,0003.3 Fish monitoring Recurring 14,000 14,000

28000 2800028000

62,000

3.2 Soil and sediment monitoring Recurring 28,000

62,00062,00062,0003.1 Human health assessment Recurring

SCENARIO 2 : HAZARD CONTAINMENT AND MONITORING
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# of groundwater samples 5

Frequency of groundwater 
sampling (per year) 

1/year

# of air quality samples 5

Frequency of air quality 
sampling (per year)

1/5year

4 Contingency, Technical Support, P % of overhead 10% Recurring 11,400 14,948 398 398 398 398 12,698 398 398 398 398 12,698 398 398 398 398 12,698 398 398 398

125,400 164,428 4,378 4,378 4,378 4,378 139,678 4,378 4,378 4,378 4,378 139,678 4,378 4,378 4,378 4,378 139,678 4,378 4,378 4,378

PV (Costs) $545,515

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20
0 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396 47,396

PV (Benefits) $545,515

-125,400 -117,032 43,018 43,018 43,018 43,018 -92,282 43,018 43,018 43,018 43,018 -92,282 43,018 43,018 43,018 43,018 -92,282 43,018 43,018 43,018

NPV 0

DALYs needed/an 1.3

IRR (test) 5%

14,626

7,253

1,061

0.1%

9,000 9,0009,000

10,000

3.5 Air quality monitoring Recurring 9,000

10,00010,0003.4 Groundwater  monitoring Recurring 10,000

Population on site

Total number of DALYs on site 

Stream of benefits - costs

Minimum required effect of site reclamation on total health

TOTAL 

Benefit stream

Number of DALY /100000hab  total

Page 2 of 2
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GBD code Global Burden of Disease (GBD) Malaysia

Disease associated with 
exposure to pesticides 
and nonpoint-source 

industrial contaminants 
according to Lvosvsky 

(2001) ; 1=yes

Data sources - level of evidence
All cause mortality (c) Level 2b
Cause-specific mortality (d)  Level 2b 
Incidence, prevalence, severity, duration (j)  Level 3 

Population ('000) (e)                  23,965 

W000 All Causes 14,626                 
W001 I. 2,906                   
W002 A. Infectious and parasitic diseases 1,604                   
W003 1. Tuberculosis 281                      
W004 2. STDs excluding HIV 146                      
W005 a. Syphilis 10                        
W006 b. Chlamydia 78                        
W007 c. Gonorrhoea 55                        
W009 3. HIV/AIDS 320                      
W010 4. Diarrhoeal diseases 117                      
W011 5. Childhood-cluster diseases 68                        
W012 a. Pertussis 45                        
W013 b. Poliomyelitis 3                          
W014 c. Diphtheria 0                          
W015 d. Measles 16                        
W016 e. Tetanus 4                          
W017 6. Meningitis 70                        
W018 7. Hepatitis B (g) 48                        
W019 Hepatitis C (g) 21                        
W020 8. Malaria 28                        
W021 9. Tropical-cluster diseases 84                        
W022 a. Trypanosomiasis -                       
W023 b. Chagas disease -                       
W024 c. Schistosomiasis 2                          
W025 d. Leishmaniasis 2                          
W026 e. lymphatic filariasis 80                        
W027 f. Onchocerciasis -                       
W028 10. Leprosy 12                        
W029 11. Dengue 17                        
W030 12. Japanese encephalitis 9                          
W031 13. Trachoma 0                          
W032 14. Intestinal nematode infections 92                        
W033 a. Ascariasis 24                        
W034 b. Trichuriasis 25                        
W035 c. Hookworm disease 41                        
W038 B. Respiratory infections 357                      
W039 1. Lower respiratory infections 315                      
W040 2. Upper respiratory infections 13                        
W041 3. Otitis media 28                        
W042 C. Maternal conditions 146                      
W049 D. Perinatal conditions (h) 358                      
W050 1. Low birth weight 119                      
W051 2. Birth asphyxia and birth trauma 163                      
W053 E. Nutritional deficiencies 441                      
W054 1. Protein-energy malnutrition 163                      
W055 2. Iodine deficiency 3                          
W056 3. Vitamin A deficiency 1                          
W057 4. Iron-deficiency anaemia 270                      
W059 II. Noncommunicable diseases 10,180                 
W060 A. Malignant neoplasms 955                      
W061 1. Mouth and oropharynx cancers 72                        
W062 2. Oesophagus cancer 12                        
W063 3. Stomach cancer 58                        
W064 4. Colon and rectum cancers 121                      
W065 5. Liver cancer 71                        1
W066 6. Pancreas cancer 25                        1
W067 7. Trachea, bronchus, lung cancers 143                      
W068 8. Melanoma and other skin cancers 2                          1
W069 9. Breast cancer 118                      
W070 10. Cervix uteri cancer 29                        
W071 11. Corpus uteri cancer 12                        
W072 12. Ovary cancer 35                        
W073 13. Prostate cancer 18                        
W074 14. Bladder cancer 15                        
W075 15. Lymphomas, multiple myeloma 73                        1
W076 16. Leukaemia 70                        
W078 B. Other neoplasms 11                        
W079 C. Diabetes mellitus 394                      
W080 D. Endocrine disorders 113                      1
W081 E. Neuropsychiatric conditions 2,874                   
W082 1. Unipolar depressive disorders 934                      1
W083 2. Bipolar disorder 224                      
W084 3. Schizophrenia 340                      
W085 4. Epilepsy 103                      

December 2004

Communicable, maternal, perinatal and nutritional conditions

World Health Organization
Organisation Mondiale de la Santé

Department of
Measurement and Health Information
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GBD code Global Burden of Disease (GBD) Malaysia

Disease associated with 
exposure to pesticides 
and nonpoint-source 

industrial contaminants 
according to Lvosvsky 

(2001) ; 1=yes

Data sources - level of evidence
All cause mortality (c) Level 2b
Cause-specific mortality (d)  Level 2b 
Incidence, prevalence, severity, duration (j)  Level 3 

1
Population ('000) (e)                  23,965 

W086 5. Alcohol use disorders 291                      
W087 6. Alzheimer and other dementias* 102                      
W088 7. Parkinson disease 12                        
W089 8. Multiple sclerosis 20                        
W090 9. Drug use disorders 52                        
W091 10. Post-traumatic stress disorder 57                        
W092 11. Obsessive-compulsive disorder 55                        
W093 12. Panic disorder 115                      
W094 13. Insomnia (primary) 37                        
W095 14. Migraine 117                      
W098 F. Sense organ diseases 1,888                   
W099 1. Glaucoma 64                        
W100 2. Cataracts 1,062                   1
W101 3. Vision disorders, age-related 248                      
W102 4. Hearing loss, adult onset 514                      
W104 G. Cardiovascular diseases 1,545                   
W105 1. Rheumatic heart disease 41                        
W106 2. Hypertensive heart disease 214                      
W107 3. Ischaemic heart disease 553                      
W108 4. Cerebrovascular disease 437                      
W109 5. Inflammatory heart diseases 36                        
W111 H. Respiratory diseases 649                      
W112 1. Chronic obstructive pulmonary disease 246                      
W113 2. Asthma 263                      
W115 I. Digestive diseases 522                      
W116 1. Peptic ulcer disease 61                        
W117 2. Cirrhosis of the liver 121                      
W118 3. Appendicitis 5                          
W120 J. Genitourinary diseases 260                      
W121 1. Nephritis and nephrosis 144                      1
W122 2. Benign prostatic hypertrophy 40                        
W124 K. Skin diseases 104                      
W125 L. Musculoskeletal diseases 502                      
W126 1. Rheumatoid arthritis 38                        1
W127 2. Osteoarthritis 282                      
W131 M. Congenital anomalies ** 200                      1
W143 N. Oral conditions 164                      
W144 1. Dental caries 84                        
W145 2. Periodontal disease 5                          
W146 3. Edentulism 73                        
W148 III. Injuries 1,540                   
W149 A. Unintentional injuries 1,071                   
W150 1. Road traffic accidents 470                      
W151 2. Poisonings 15                        1
W152 3. Falls 123                      
W153 4. Fires 26                        
W154 5. Drownings 98                        
W155 6. Other unintentional injuries 338                      
W156 B. Intentional injuries 469                      
W157 1. Self-inflicted injuries 155                      
W158 2. Violence 264                      
W159 3. War 46                        

2677

134

535
Number of DALYs associated with these 15 disease potentially 
attributable to to exposure to pesticides and nonpoint-source 

industrial contaminants (conservative estimate - 20%)

Total DALYs associated with the 15 diseases listed by Lvosvsky 
(2001) 

Number of DALYs associated with these 15 disease potentially 
attributable to to exposure to pesticides and nonpoint-source 

industrial contaminants (liberal estimate - 5%)

World Health Organization
Organisation Mondiale de la Santé

Department of
Measurement and Health Information

December 2004

**Lvovsky indicates that spina bifida and congenital 
heart anomalies should be excluded , howevever 
detailed data are not provided by the WHO for these 
subcategories, so the total DALY for congenital 
anomalies is retained as an approched value.
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GLOSSARY 

Term Meaning 

Benefit 
Transfer 

A practice used to estimate economic values for ecosystem services by 
transferring information available from studies already completed in 
one location or context to another. This can be done as a unit value 
transfer or a function transfer. Source: OECD 

Benefit-Cost 
Ratio 

The benefit-cost ratio (B/C ratio) is a discounted measure of project 
worth. It is the present value of the benefit stream divided by the 
present value of the cost stream. When the benefit-cost ratio is used, the 
selection criterion is to accept all independent projects with a benefit-
cost ratio of one or greater when discounted at a suitable discount rate, 
most often the opportunity cost of capital. The benefit-cost ratio may 
give incorrect ranking among independent projects, and cannot be used 
for choosing among mutually exclusive alternatives. Source: Gittinger 
(cited by World Bank 1996) 

Contingent 
valuation 

The contingent valuation method is used in cases where markets for 
environmental goods and services either do not exist or are not well 
developed or where there are no alternative markets. This method was 
proposed and first used in developed countries for the valuation of 
public goods like access to parks, clean air or water, endangered 
species or unobstructed views. This method uses surveys to obtain 
information on the demand for public goods. People are generally 
asked what they are willing to pay for a benefit or what they are 
willing to accept to tolerate its loss. This method is sometimes the only 
way to estimate the benefits of common property resources for which 
no direct or related market exists, for example, scenic or ecological 
characteristics Source:: Dixon, 1994b (cited by World Bank 1996) 

Disability 
Adjusted Life 
Year (DALY) 

A health gap measure that extends the concept of potential years of life 
lost due to premature death to include equivalent years of ‘healthy’ life 
lost by virtue of being in states of poor health or disability. The DALY 
combines in one measure the time lived with disability and the time 
lost due to premature mortality. Source: WHO 

Discount rate The discount rate is the rate used to calculate the net present value of a 
time stream of benefits and costs. The rate at which future amounts are 
discounted is called the discount rate. For example, if US$100 accrues 
each year to an individual, the US$100 next year is worth less than 
US$100 in the present. This is because the individual prefers to receive 
the benefit now rather than later, or because US$100 now can be 
invested at the rate of interest r, to become US$100 (1 + r) in one year's 
time. Hence the individual is indifferent between US$100 now and the 
US$100 (1 + r) in one year's time. It follows that the individual is also 
indifferent between US$100 * (1 + r) now and US$100 next year 
(dividing both sides of the previous option by [1 + r]). The sum US$100 
+ US$100 * (1 + r) is the net present value and r is the discount rate. The 
procedure is widely used to appraise projects in which benefits and 



GLOSSARY Cont’d. 

Term Meaning 

costs are spread over a number of years. It permits a comparison of 
projects of different lives and different time profiles of benefits and 
costs. Source: Pearce, 1986b (cited by World Bank 1996) 

Elasticity of 
Demand, 
Price 

The price elasticity in demand the percentage change in quantity 
demanded divided by the percentage change in price. As demand 
curves normally slope downward, a price increase will usually lead to a 
demand reduction.  The price elasticity of demand is usually negative. 
If the demand response is less in percentage terms than the price 
increase, the response is said to be “Inelastic”; if the demand response 
is greater in percentage terms than the price change, the response is 
said to be “elastic”.  If demand is inelastic to price changes, a price 
increase will increase total revenues while if demand is elastic, a price 
increase will decrease revenues. Source: OECD 

Internal rate 
of return 

The internal rate of return of an investment project is that discount rate 
or rate of interest that makes the stream of net returns associated with 
the project equal to a present value of zero. It is equivalent to the 
discount rate r that satisfies the following relationship: 
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where Bt is the benefit stream, and Ct is the cost stream. The internal 
rate of return is then compared with the market rate of interest to 
determine whether or not a proposed project should be undertaken. 
Among the criteria used to determine the profitability of an investment 
project are the payback period and the net present value (NPV). 
Whereas the payback period criterion is a crude rule of thumb that 
ignores much of the time pattern of receipts, the NPV criterion is the 
most relevant rule for optimal investment behavior. The NPV rule and 
the internal rate of return rule lead to identical results in the two-period 
case and in the perpetuity case, but may lead to different results in the 
multiperiod case.(…) For the multiperiod case, the internal rate of 
return criterion is not generally correct. Furthermore, there may be 
multiple rates of return that will equate the present value of the project 
to zero. Source: Eatwell, Milgate, and Newman (cited in World Bank 
1996) 

Net present 
value (NPV) 

The net present value is the sum that results when the discounted value 
of the expected costs of an investment is deducted from the discounted 
value of the expected benefits or the expected returns. That is, if the 
discount rate is r, the benefit in year 1 is B1, the benefit in year 2 is B2, 
and so on, and the cost in year 1 is C1 and so on, then the NPV is given 
by: 
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where Bt is the benefits in year t, Ct is the costs in year t, r is the 
discount rate and N is the time horizon. Calculating the NPV requires 
determining the appropriate discount rate. A general rule is that if the 
NPV is positive the project in question may be worth undertaking. 
Therefore, when using the NPV, the selection criterion is to accept all 
independent projects with an NPV of zero or greater when discounted 
at a suitable discount rate, most often the opportunity cost of 
capital.(…). Source: Eatwell, Milgate, and Newman; Pearce, 1986b (cited 
in World Bank 1996) 

Purchasing 
Power Parity 
(PPP)  

Purchasing power parities (PPPs) are the rates of currency conversion 
that equalize the purchasing power of different currencies by 
eliminating the differences in price levels between countries. In their 
simplest form, PPPs are simply price relatives which show the ratio of 
the prices in national currencies of the same good or service in different 
countries. Source: OECD 

Sensitivity 
Analysis 

The economic analysis of projects is necessarily based on uncertain 
future events and imperfect data, and therefore calls for judgments 
about probabilities, whether made explicitly or not. A simple method 
of doing this is to use sensitivity analysis, that is, to determine how 
sensitive the net present value (or internal rate of return) is to 
variations in selected costs and benefits. Sensitivity analysis is an 
analytical technique to test systematically what happens to a project's 
earning capacity if events differ from the estimates made about them in 
planning. It is a means of dealing with uncertainty about future events 
and values. Sensitivity analysis is carried out by varying one element or 
a combination of elements and determining the effect of that change on 
the outcome, most often on the measure of project worth.(…) Source: 
Baum and Tolbert; Gittinger (cited in World Bank 1996) 

Willingness-
to-Pay 

The maximum amount consumers are prepared to pay for a good or 
service. WTP can be estimated as the total area under a demand curve. 
Changes in WTP can occur when the demand curve itself shifts because 
of changes in income or in the prices of substitute goods Source: ADB 
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Appendix A6 A6-1 Hatfield 

APPENDIX A5 HEALTH IMPLICATIONS of POPs 

The actual implications of chronic and acute exposure to POPs is not fully understood. 
However, laboratory investigations and epidemiological studies have indicated that 
exposure to POPs can be associated with the following health effects in humans (Ritter 
et al., 1995; Solomon and Schetter 2000): 

 Immune dysfunctions; 

 Endocrine disruption; 

 Reproductive anomalies and deficits; 

 A shortened period of lactation in nursing mothers; 

 Neurological deficit and behavioral impairment (e.g., learning disorders, 
attention deficits); 

 Diabetes (Rylander et al. 2005); and 

 Cancer. 

Box 1: Carcinogenic risk of POPs. 

The International Agency for Research on Cancer identifies most of the 12 POPs 
targeted by the Stockholm Convention as presenting a potential carcinogenic risk to 
humans, as described in the table below. 

IARC Classification  POPs 

Group 1: The agent (mixture) is 
carcinogenic to humans 

2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD) 

Group 2A: The agent (mixture) is 
probably carcinogenic to humans 

Mixtures of polychlorinated biphenyls (PCB) 

Group 2B: The agent (mixture) is 
possibly carcinogenic to humans 

Chlordane 
DDT 
Heptachlor 
Hexachlorobenzene 
Mirex 
Toxaphene (mixtures of Polychlorinated camphenes) 

Group 3: The agent (mixture or 
exposure circumstance) is 
unclassifiable as to carcinogenicity 
in humans 

Aldrin 
Dieldrin 
Endrin 
Polychlorinated dibenzo-para-dioxins (other than TCDD) 
Polychlorinated dibenzofuran 

Source: http://www.chem.unep.ch/gpa_trial/02healt.htm 
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