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ABSTRACT

Jeram Sanitary Landfill (JSL) receives waste from seven major municipalities, mostly from Kuala

Lumpur and Selangor Municipality. The types of waste received are domestic waste, bulky waste and garden waste
only. Currently, an average of 2100 tonne of solid waste per day from 470 compactors were landfilled daily at JSL.
Each compactor disposed 4.6 tonnes which gives estimated at 766,500 tonnes in 2010. Out of this amount, 9.25
tonnes of Al end up in landfill per year. Most of the aluminum can are sent for recycling with approximately 1.39
tonnes/day. The leaching quantified through both gas and leachate was at 0.42 tonnes/day and 0.14 tonnes/day
respectively. From the gas leaching, about 0.34 tonnes/day was released from the soil while 0.12 tonnes/day escaped
through evaporation. Al in soil was quantified highest at near surface. This was identified as sink of the whole Al
system. A major problem of sanitary landfill is the assessment of element transfers from inputs to outputs as a
function of time due to the dynamic nature of the landfill activities.
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INTRODUCTION

The population explosion has indirectly contributed
to the increase in waste generation. There may be a
need for development and implementation of new
tools, techniques and approaches in municipal
environmental management, in order to fulfill their
roles in management for sustainability (Oman, C,
1991).The most common way of disposing such
waste is on to the landfill. Only a few countries
employ the habit of recycling, incinerator and other
means of waste disposal in integrated ways. Thus, to
ensure the longevity of their environment, landfill
management of waste both quantitatively and
qualitatively has been a serious concern. A good
approach to rectify the scenario towards best landfill
management is through establishing the influx and
out flux of the landfill system.

Material Flow Analysis (MFA) is a method that
studies the fluxes of resources used and transformed
as they flow through a region defined in space and
time (Brunner and Rechberger, 2004). It connects the
sources, the pathways and the intermediate and final
sinks of a material. Because of the law of the
conservation of matter, the results of an MFA can be
controlled by a simple material balance comparing all
inputs, stocks and outputs and processes. It is this
distinct characteristic of MFA that makes the method
attractive as a decision-support tool in resource
management, waste management and environmental
management (Brunner and Rechberger, 2004). MFA
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is proved to be a suitable instrument for early
detection of  environmental problems and
development  of  appropriate  measures in
industrialized countries (Baccini and Brunner, 1991).
Examples of application are resource management
planning at city and regional level, waste
management  planning, the development of
environmental management systems in enterprises
and the derivation of indicators as a basis for
monitoring sustainable development. MFA has
already been integrated in urban areas of developing
countries in the field of environmental sanitation
(Binder, 1996; Belevi, 2002; Montangero et al.,
2004).

MFA or Substance Flow Analysis (SFA) was
originally developed back in 1950’s (Baccini and
Brunner 1991) and elemental analysis of specific
interest were studied in various aspect using MFA as
a tool. Bergback et. al (2001) studied material flow of
several metals such Cd and Cr in Stockholm,
Sweden. The flow of Cu in Europe was investigated
by several studies through a lifecycle approach from
extracting ore, through processing and
manufacturing, to solid waste management or
recycling (Graedal et.al.,2002; Bertram et.al., 2002).
MFA in municipal solid waste management is
discussed in a comprehensive guideline (Vienna
University of Technology, 2000). Aluminum is an
abundant metallic chemical element which is widely
used throughout the world for a wide range of
products. Many consumers interact with some form
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of Al on a daily basis, especially if they are active in
the kitchen. Aluminum's natural resistance aids it in
its role in packaging (and many other areas), as
unlike in iron, aluminum oxide forms a protective,
and not destructive layer. Aluminum is also
completely impermeable, (even when rolled into
extremely thin foil). Aluminum has only one
naturally occurring isotope, aluminium-27, which is
not radioactive. The use of aluminum exceeds that of
any other metal except iron. Recovery of this metal
from scrap (via recycling) has become an important
component of the aluminum industry. Industrial
production world-wide of new metal is around 20
million tonnes per year, and a similar amount is
recycled. Al is commonly known as an innocent
compound (Marlen et al 2007). But still, when one is
exposed to high concentrations, it can cause health
problems.

The water-soluble form of aluminum causes the
harmful effects, and these particles are called ions.
They are usually found in a solution of aluminum in
combination with other ions, for instance as
aluminum chlorine. It is intriguing when Al escapes
away as leachate or via air-borne, which may give
effect for workers. They may endure lung problems
when they breathe in aluminum dust (Chen et al,
2010). The effects of aluminum have drawn our
attention, mainly due to the acidifying problems
(Chen et al, 2010). Aluminum may accumulate in
plants and cause health problems for animals that
consume  these  plants.  Another  negative
environmental effect of aluminum is that its ions can
react with phosphates to form aluminum phosphate,
which causes phosphates to be less available to water
organisms.

The aim of this study is to establish the Al flows
within a MFA framework in a sanitary landfill.
Previous studies on Al are from either a small system
such as the industry (production) itself or general
systems such looking into the flows of Al in country
scale. It is relatively new to use this MFA approach
in confined yet dynamic system, such as landfill. This
paper quantified Al flow in a sanitary landfill system
by considering waste-input output analysis, mass
balancing of Al flow, Al elemental flow in temporal
and spatial system boundary and the total Substance
Flow Analysis (SFA) of Al from a sanitary landfill in
Malaysia. The results of the models are reported
annually in the Aluminium for Future Generations
sustainable development indicator reports (IAl 2008).
At present, most oral and written presentations by
and about the aluminum industry include references
to material flow models such as the one shown in Fig
1.
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Aluminum associations around the world represent
bauxite miners and alumina refiners, primary and
recycled Al producers, and downstream fabricators.
These associations promote the contributions, that the
aluminum industry and its products make to
sustainable development while maintaining and
improving the image of the industry. In the case of a
material in increasing demand, with potentially long-
life products and with inherent recyclability, such as
Al, maximization of its environmental benefit comes
from increased recycling of products at the end of
their useful life.

MATERIAL AND METHODS

Field site and system boundaries

The field study was carried out from January 2010
until December 2010, at Jeram Sanitary Landfill,
located at Lot No. 1595, 2958, 2959 in Jeram Town,
Kuala Selangor District. Former land-use was
agriculture. The landfill is currently awarded a 25
years  privatization-cum-concession  for  the
construction; operation and maintenance of a 160-
acres area. The landfill receives an average 2100
tonnes of municipal solid waste per day. The types of
waste received are domestic waste, bulky waste and
garden waste only. The landfill caters for seven major
municipalities in Klang Valley namely Kuala
Selangor, Subang Jaya, Klang, Petaling Jaya, Shah
Alam, Ampang Jaya and Selayang. JSL started its
operation on 1% January 2007 with 16-years expected
lifespan depending on the amount of wastes received.

Sampling of Solids

Waste segregation was done to determine quantity
and quality of waste composition deposited at the
landfill sites. The segregation work was done by
sorting the waste according to the classification by
Tchobanoglous et. al.1994. This was done by
separating waste from randomly selected compactors
delivered to the sites into four portions and each
portion was further divided into another four portions
until the weight of each portion was around 100kg.
For laboratory analysis purpose, solid waste samples
are taken at random. At each sampling occasion, four
soil samples were collected at random using a shovel
of 15 cm deep. Soil samples taken were topsoil
(depth less than 15cm), mid-depth (between 15 to
30cm depth) and depth above 30cm at a active Cell
20. Then the soil was dried at 45°C for 3 days and
powdered in laboratory. Element analysis was done
for Al using Inductive-Coupled Plasma Optical
Emission Spectrometry (ICP-OES) machine. Quality
and quantity of rainfall at Jeram Sanitary Landfill
was acquired.
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Figure 3: Proposed procedure for the analysis (Brunner and Rechberger, 2004, modified).

The nearest weather station is at Mardi Tanjong daily rainfall amount (0800-0800 Malaysian Standard
Karang Latitude 3° 28' N, Longitude 101° 08' E and Time) for a particular day is the amount collected
height above Mean Sea Level (MSL) is 2.4 m. The over the 24-hour period beginning from 0800 am on
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the day and was collected from here. Raw leachate
was collected from Lagoon 1 and kept inside Schoot
bottle. Digestion and biological parameters were
done ex-situ. Al on leachate was tested and detected
using ICP-OES.

Mass Balance Analysis

Material flow analysis (MFA) and substance flow
analysis (SFA) were performed by means of the
mass-balance model using Excel and STAN to
analyze material flow performance, which follows
the Austrian Standard ONorm 2096 S (MFA —
Application in Waste Management) ( Cencic and
Rechberger, 2008). The modeling used was to give a
simple understanding of material flow in a predefined
system. The uncertainty of concentrations in the
waste input was calculated based on data from
Boldrin (2009) (as percentage of dry matter in the
input mass); Al = +12.0% unless stated otherwise.
The uncertainties of concentrations in the outputs
were assumed to be 5% (Boldrin, 2009).

Gas emission measurement
Sampling of the gases at site was done in-situ using
Tedlar bag at the valve tip of gas well and gas flaring

unit. Analysis in the laboratory was done to
determine concentration using Gas Chromatograph
(ICP-MS model Perkin Elmer Optima 4300DV) to
detect traces of Al in the gas form.The spatial system
boundaries for this study includes the landfill body,
landfill surface and processes or cycles within
tropical sanitary landfill loop (Fig. 3). This system
includes facilities for gas and leachate treatment.
Time boundaries are set at one year. The system
boundaries does not include the collection and
transportation of waste to and from landfill.
Presentation of product and material flows using the
method of material flow analysis was done.

RESULTS AND DISCUSSION

Composition of biomass in Jeram MSW

Biomass materials, i.e. paper, food and yard wastes,
wood, leather and textiles constitute 62% of the
MSW (Table 1). The rest are inorganic materials such
as metals, glass, gypsum/asbestos from construction
and other minerals. The results show that the highest
percentage of the waste disposed in JSL is organic
waste, which includes kitchen waste (32%). This is
typically similar to other countries of developing and
developed, as accounted by World Bank, 2011.

Table 1: Waste composition (based on on-site segregation) in Jeram Sanitary Landfill (2010).
Type of Waste Collected Waste Typical waste Typical waste
Amount composition composition in composition in
[tonne/day] (Percentage by developing developed
wet weight basis, countries countries
%) (World Bank, (World Bank,
2011) 2011)
Organic Waste 52.30 32.38 58 50
Hard Paper 21.00 13.00 15* 20*
Soft Plastic 18.60 11.52 - -
Hard Plastic 13.80 8.54 11* g*
Soft Paper 11.60 7.18 - -
Debris 10.00 6.19 - -
Glass 9.70 6.00 2 3
Wood 9.00 5.57 29 -
Textile 6.01 3.72 1.3 -
Tin/Alloy 5.00 3.12 - -
Polystyrene 1.96 1.21 - -
Aluminium Cans 1.63 1.01 - -
Electronics (Wires) 0.50 0.31 - -
Metal 0.40 0.25 3 5
Others (Miscellaneous) - - - -
TOTAL 161.5 100 - -

* Hard paper and Soft paper are shown generally as Paper by World Bank, 2011.
* Hard plastic and Soft plastic are shown generally as Plastic by World Bank, 2011.
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The Al content differs in different solid waste
components as shown in Table 2. The highest content
of aluminum was seen in paper in general and nylon
type of materials. The paper show high traces of Al
due to the ink or labels values written on paper
besides the property of the hard paper which has
traces of Al (Nikolaas et al. 1997).

ICP was done for these ink materials, which gave out
a significant value of 1.65 + 1.05 mg/l of Al. This ink
material was collected from the landfill itself, which
may have it’s value deteriorated over some time and
reaction to the surroundings. Fresh ink analysis gave

Table 2: Concentration of Al in different types of solid waste.

out 19 % content of Al. The concentration of Al for
all solid waste samples were purely based on samples
taken from landfill and not from production process.
The contribution of Al to the whole landfill is not of
solely on the percentage content of aluminium in
solid waste. Percentage of Al contribution is based on
the weightage of waste component present in the
landfill itself. This data was very much dependent on
the composition of solid waste in Jeram landfill.
From Table 3, it is seen that the main contributors are
soft plastics, hard papers (packaging papers) and
organic waste (non-fruits based) with contributions at
12%, 10% and 11%, respectively.

Sample (solid waste components)

Concentration of Al

Cloth 0.35 £ 0.05 mg/I
Nylon 76.50 £ 0.12 mg/I
Wires 5.70 £ 0.11 mg/I
Paper (Soft) 22.80 = 0.05 mg/I
Paper (Hard) 131.25 + 1.53 mg/l
Glass 13.77 £ 0.13 mg/Il
Plastic 1.572 £ 0.22 mg/I

Polystyrene

1.865 + 0.15 mg/I

Asbestos

15.59 £ 0.12 mg/I

Garden Waste

2.70 = 1.25 mg/|

Kitchen Waste

11.15+ 1.15 mg/I

*All solid waste samples are taken directly from landfill.
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Table 3: Percentage of Aluminum contributing to Al in flow solely from solid waste

Types of Waste Percentage of Al
Aluminum can 2
Cloth 4.5
Debris 5.5
Garden waste (leaves branches) 8
Glass 5.5
Hard Paper (boxes) 5
Hard plastic 4
Kitchen waste 7
Organic waste (fruits) 4
Organic waste (non fruits) 11
Packaging paper 10
Paper (soft) 4
Pipes -
Plastics (hard) 2
Plastics (soft) 12
Polistyerene 1
sanitary waste 3
Shoes 1
Tin 5
Wire 0.5
Wood 5
Total 100

In Flow of Aluminum in landfill.

Al in-flows are from solid waste, precipitation and
“others”, which includes non scheduled waste
contribution. Figure 4 clearly shows that solid waste
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the main contributor with 96%, as quantified using
STAN. Precipitation as a contributor is significant at
3%. The Al content is quantified at 0.03 £ 20.15 pg/l.
The main source of such metal to be detected in rain
is in the form of aluminum debris (John 2007).
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Solid Waste
(96%)

Precipitation (3 %)

Others* (1 %)

*Others include other non-scheduled wastes from municipality or company.

Figure 4: Contributors for Al input of the system.

Aluminum debris reacts with water, releasing a
mixture of gases (including, among others, hydrogen,
acetylene, and ammonia), which spontaneously
ignites on contact with air and contact with damp air
results in the release of copious quantities of
ammonia gas, giving a “side-effect” of the whole
scenario (Dohmeier 1996).

Besides daily input of solid waste from the local
municipal, the Jeram landfill also caters for non-
scheduled wastes such as animal crops and company
waste (eg Cadbury chocolate). This type of waste is
not frequent but occasionally it is significant,
resulting in1% Al in average.

Out Flow of Aluminum in landfill.

In term of outflow of Al from the defined boundary
of Jeram landfill, leachate and evapotransiration or
formation of debris were identified as the main out-
source. Figure 5 shows that high percentage Al lost in
soil collection, as out-flow. However, this is not
taken into consideration as outflow due to the

collection for a period of time (as sink) for the
system. The high percentage of Al was probably due
to the reduction of Al in the form of
tetrahydroxoaluminate ~ AI(OH), to  metallic
aluminum by bacteria, as proposed by Chen et al.
2011. The Jeram landfill has a flat topography with
tropical climate, resulting in high amount of
precipitation with maximum of 3000 mm per year
and ambient temperature between 37° C and 40° C.
This condition results in a stable transpiration and
evapotranspiration rate (equivalent).

Figure 6 shows that different soil depths results in
different concentration of Al. Chen et al. 2011 also
proposed that certain bacteria work more efficiently
in breaking down the AI(OH), at higher temperature,
which relates in higher Al at surface. Soil depth
nearer to surface is generally at higher temperature at
most times. Al in leachate was quantified at 2.40
3.23 mg/l (samples at site) and 1.69+0.82 (samples
from holding pond) in average which significantly
contributes to about 30% of the Al output.

Leachate
(31%)

Debris/ Evapotraspiration (gas) (5 %)

Soil Collection (64 %)

Figure 5: The outflow of Al from Jeram landfill.
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A system is an entity that could be spatial
(geographic-based, global, regional or national) and
temporal (time-based). In one system, each flow
through is associated with origin and the destination
process is clearly identified. System boundaries
define the temporal and spatial delimitation of system
under investigation. This was assessed by means of
the transfer coefficients and the enrichment or
depletion of the Al elements from the sanitary landfill
as spatial boundary.

The system boundary of the system studied is shown
in Figure 7, which includes the actual landfilling
process. However, the system bounday does not
include the collection and transportation of waste to
landfill. Some of the influential components
contributing to the spatial system boundary, besides
the waste unloading are wet precipitation i.e rainfall
while major output are mainly landfill gas and
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leachate. The specific annual leachate generated
remains nearly as at constant but only for a period of
between 5 and 10 years. Rainwater at JSL is acidic
with pH from 4.48 to 6.82. Al concentration in
rainfall was at 0.03 + 20.15 pg/l with 0.0115
tonnes/day of Al intrusion. The quantity of leachate
generated, depends principally on rainfall and the
state of the landfill.

The Jeram landfill is taking up most of the Al can for
recycling with approximately 1.39 tonnes/day. The
leaching of Al via both gas and leachate was at 0.46
tonnes/day and 0.14 tonnes/day respectively. From
the gas leaching, about 0.34 tonnes/day of Al was
released from the soil and 0.12 tonnes/day through
evaporation. In general, about 9.25 tonnes of Al was
introduced into the landfill daily.
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CONCLUSION

It is relatively new to use this MFA approach in
confined yet dynamic system, such as landfill. This
paper has quantified Al flow in a sanitary landfill
system by considering waste-input output analysis,
mass balancing of Al flow within spatial system
boundary and the total Substance Flow Analysis
(SFA). The results has shown a overall description
and better understanding of Al flows. Recognizing
the benefits and the importance of transparency and
credibility of the model, will continue improving
databases and modeling tools in similar system.
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