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ABSTRACT

An index known as leachate pollution index (LPI) for quantifying the contamination potential of selected four solid
waste disposal sites named Dhaka (sanitary landfill), Chittagong (open dump), Khulna (sanitary landfill) and
Rajshahi (open dump) in Bangladesh had been developed and reported by the author. In an effort to make the LPI
more informative and useful, it is divided into three sub-indices in terms of LPI in organic pollutant (LPI,.), LPI in
inorganic pollutant (LPI,,,,) and LPI in heavy metal (LPI,,,). The linear sum aggregation of these three sub-LPIs to
be the result of overall LPIL. To these endeavors, leachate samples from four selected solid waste disposal sites were
sampling once in a month and the parameters required for evaluating the sub-LPIs as well as overall LPI were
measured and monitored in the laboratory. Results reveals that disposal site of Dhaka had the highest sub-LPIs and
overall LPI than that of other studied disposal sites. However, it can be noted that entire selected disposal sites had
the highest component of organic fraction in leachate against the other counter fraction i.e. inorganic and heavy
metal and consequently shows the highest LPI,. than that of LPl,,, and LPI,. The LPI can be a useful tool to
monitor leachate trends over the lifetime of land(fill site, and thus can help to take necessary decisions as deem fit. In
contrary, the evaluated LPI of this study has been compared with the LPI for the similar cases and leachate
discharge standards available in the literature. Finally, It can be concluded that LPI for selected disposal site was
significantly high and proper treatment will be necessary before discharging leachate into the water bodies.

Keywords: Landfill, contaminant potential, aggregation function, sub-pollution indices, leachate pollution index,
leachate standards.

1. INTRODUCTION

The term ‘landfill’ is used herein to describe a unit operation for final disposal of municipal solid waste (MSW) on
land, designed and constructed with the objective of minimum impact to the environment (Tubtimthai 2003, Rafizul
et al. 2012). Moreover, landfill is the most common waste disposal method in many countries for solid wastes, and it
is a basic requirement in all countries. As a result of the serious environmental problems associated with abandoned
dump sites and the high costs of clean-up measures to deal with the contaminated sites, almost all countries have
introduced regulations to safeguard the water aquifers from the leachate generated from the landfills (Rafizul et al.
2011). Landfill leachate produced form MSW landfill sites is generally heavily contaminated and consist of complex
wastewater that is very difficult to deal with (Daud et al. 2009). Leachate is characterized by its high content of
organic constituents, metals, acids, dissolved salts and microorganisms (Fueyo et al. 2003; Orta de Velasquez et al.
2003). Moreover, the characteristics of leachate are highly variable depending on the wastes deposited in the
landfill, composition of wastes, moisture content, the particle size, the degree of compaction, sampling procedures,
landfill design and operation, the hydrology of the site, the climate, and age of the fill and other site-specific
conditions including landfill design and type of liners used, if any (Rafizul et al. 2011; Leckie et al. 1979
;Andreottola and Cannas 1992). Leachate constitutes a flow that is highly aggressive and dangerous to the
environment, with a contamination potential exceeding that of several industrial-waste materials (Orta et al. 1999).
The use of indices in the management of the ecosystem is well accepted. It allows for the representation of a
complex set of information about ecosystem variables in a simple fashion (Zandbergen and Hall 1998).

* Corresponding author : imrafizul@yahoo.com
KUET @ JES, ISSN 2075-4914 / 03(1), 2012



Journal of Engineering Science 03(1), 2012 180-192 181

The most commonly reported danger to the human health from the MSW landfills is from the use of groundwater
that has been contaminated by leachate (Chian and DeWalle 1976; Kelley 1976; Lo 1996; Kumar et al. 2002; Kumar
and Alappat 2005¢). The state regulatory authorities in almost of the countries have framed regulations to safe guard
against the contamination of groundwater sources from the leachate generated from the landfills (Umar et al. 2010).
As the remedial and preventive measures are so expensive for most of the countries of the world, so it is to be taken
up in a phased manner. Thus a system needs to develop to classify the landfill in the basis of their hazard potential.
That is how the concept of leachate pollution index (LPI) has come. Kumar and Alappat (2003b) have developed a
technique to find the leachate contamination potential of different landfills on a comparative scale in terms of this
LPI. LPI has many potential applications including ranking of landfill sites, resource allocation, trend analysis,
enforcement of standards, scientific research and public information (Sharma et al. 2008). It is a quantitative tool by
which the leachate pollution data of landfill sites can be reported uniformly. It provides a convenient means of
summarizing complex leachate pollution data and facilitates its communication to the general public, field
professionals and policy makers. However, it is observed that LPI, like any other environmental index, fails to
effectively communicate the details about the strength of various pollutants/pollutant groups present. Furthermore, it
has been concluded that the splitting of LPI into three sub-indices (sub-LPIs) in terms of LPI in organic pollutant
(LPI,,), LPI in inorganic pollutant (LPI;,,) and LPI in heavy metal (LPI,,,) provides a better insight on the strength
of various pollutants and can be useful to the experts in deciding various management issues regarding leachate
treatment. A technique to quantify the leachate contamination potential of landfill on a comparative scale by using
LPI has been developed and reported elsewhere (Kumar and Alappat 2003a). LPI provides an overview of leachate
contamination potential of a solid waste disposal site on a comparative scale. In an effort to effectively communicate
the dominating pollutants present in leachate, it was decided to subgroup the pollutants considered in the LPI. The
present study was carried out to formulate sub-LPIs and evaluate the overall LPI for leachate collected from two
open dump (Chittagong and Rajshahi) and two sanitary landfill (Dhaka and Khulna) as well as compared the overall
LPI with published LPI for the similar cases and leachate standards available in the literature. Moreover for easy to
estimate and compare the leachate contamination potential of different solid waste disposal site either it is open or
sanitary condition in a given geographical area would be a useful tool in this regard.

2. FORMULATION OF LEACHATE POLLUTION INDEX

The DELPHI method, developed by Rand Corporation (Dalkey 1968), which is an opinion research technique to
extract information from a group of panelists, has been used. The procedure used to formulate the LPI attempts to
incorporate many aspects of the Delphi technique. In an effort to develop a system for comparing the leachate
pollution potential of various landfill sites in a given geographical area, 80 panelists consists of academicians in
environmental science and engineering; environmental regulatory authority officials and scientists; consulting
engineers; and members of International Solid Waste Association (ISWA) conducting the necessary survey around
the world. The stepwise detailed for the development of the LPI is illustrated in followings.

2.1 Pollutant Variables Selection

From literature, fifty (50) commonly reported leachate parameters were selected for their possible inclusion in the
LPI. The panelists were introduced to the possibility of preparing a tool in the form of LPI. Moreover, the panelists
were also asked to consider fifty (50) leachate parameters for their possible inclusion in the proposed LPI. Panelists
were also requested to add any variables to the list of fifty (50) parameters, which, they feel shall also be included in
the LPI. Panelists were also requested to rate each parameter marked ‘include’ according to the significance of its
contribution to overall leachate pollution. The rating was to be done on a scale of 7’ fo ‘5°. The value 7’ and ‘5’
were to be used for the parameter that has lowest and highest relative significance to the leachate contamination,
respectively. The eighteen (18) selected pollutants and the significance obtained for them are given in Table 1.

2.2 Development of Pollutant Variable Rating Curves

A selected group of panelists was requested to develop rating curves for all the eighteen (18) selected variables
(Table 1 column 1). This was done by providing graph sheets to the panelists. On the graph sheets, levels of leachate
pollution (sub index score) from ‘0’ fo ‘100’ were indicated on the ordinate of each graph, while, various level of
concentrations of particular variable, up to the maximum limits reported in literature, were marked along the
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abscissa. The panelists were requested to draw a curve on each graph, which represented leachate pollution
produced by the various concentrations of each leachate pollutant.

The panelists were requested to start the curves for each pollutant variable with a minimum value of 5’ of leachate
pollution even if there is no contamination from the pollutant to the overall leachate pollution. This was done to
ensure that multiplicative aggregation function can be used at the later stage, if required, and the minimum value of
‘5’ units of leachate pollution will ensure that the LPI value does not result in zero even if some of the pollutants do
not show any pollution. Therefore, the theoretical range of LPI is from ‘0’ fo ‘100°. The responses received on graph
sheets have been used to produce a set of ‘average curves’, one for each pollutant variable. As all the curves are
obtained from the survey, they are implicit non-linear functions for which no mathematical equations can be given.
In each figure, the bold line shows the arithmetic mean of all the panelists’ curves, while, the x axis error bars
indicate the 90% confidence limit. Approximately 75% of the panelists’ curves fall within this area.

Table 1 Significance and weights of the pollutant parameters (after Kumar and Alappat 2003a)

SI. No. Pollutant Significance Pollutant weight
1 Total Chromium 4.057 0.064
2 Lead 4.019 0.063
3 COD 3.963 0.062
4 Mercury 3.923 0.062
5 BOD; 3.902 0.061
6 Arsenic 3.885 0.061
7 Cyanide 3.694 0.058
8 Phenol Compound 3.627 0.057
9 Zinc 3.585 0.056
10 pH 3.509 0.055
11 Total Kjeldahl Nitrogen 3.367 0.053
12 Nickel 3.321 0.052
13 Total Coliform Bacteria 3.289 0.052
14 Ammonia Nitrogen 3.250 0.051
15 Total Dissolved Solids 3.196 0.050
16 Copper 3.170 0.050
17 Chlorides 3.078 0.048
18 Total Iron 2.830 0.045

Total 63.165 1.000

2.3 Variable Aggregation

The weighted sum linear aggregation function was used to sum up the behavior of all the leachate pollutant
variables. The various possible aggregation functions were evaluated by Kumar and Alappat (2004) to select
the best possible aggregation function. The analysis of the six short-listed aggregation function was performed
to arrive at the best possible aggregation function. However, Panelists suggested that if the concentrations of the
eighteen (18) selected variables are known, the following Equation (1) is used. Otherwise, Equation (2) is used.

n
LPI = D
[E]Wz P 1)

LPI = the weighted additive leachate pollution index, w; = the weight for the I"™ pollutant variable, p; = the sub-
index value of the 1™ leachate pollutant variable, number of leachate pollutant parameters, n =18 and Y w; =1.
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Pollutant parameter for which data is available in this study, n < 18 and ) w; <l
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3. SUB-INDICES OF LEACHATE POLLUTION INDEX

To make LPI more informative and useful among the scientific community and field professionals, the LPI may be
subdivided into three sub-indices (sub-LPIs). The three sub-LPIs are based on the leachate characteristics and will
indicate the dominant pollutants present in a given landfill leachate. Leachate can be characterized in terms of its
physical, chemical and biological composition. The physical properties of leachate include color, odor, solids,
temperature, etc., whereas the chemical properties can be categorized into organic and inorganic constituents. The
biological constituents include various viruses and pathogenic organisms present in the leachate. Other pollutants of
concern are biodegradable organics, heavy metals and other dissolved inorganic. The eighteen leachate pollutant
variables selected for the LPI are grouped into three components so as to formulate three sub-LPIs.

3.1 LPI Organic (LPI,,)

Organic compounds are normally composed of a combination of carbon, hydrogen and oxygen, with nitrogen in
some cases. The principal groups of organic substances include proteins, carbohydrates, fats and oils. Urea is
another organic compound that may join the leachate from the runoffs from surrounding agricultural areas.
However, it decomposes so rapidly that the undecomposed urea is seldom found in leachate. Apart from that,
leachate may contain a large number of different synthetic organic molecules ranging from simple to extremely
complex in structure, such as surfactants, VOCs and agricultural pesticides. The presence of these substances, has
complicated leachate treatment because many of them either cannot be or are very slowly decomposed biologically.
Laboratory methods commonly used to measure the gross amount of organic matter include: biochemical oxygen
demand (BODs), chemical oxygen demand (COD) and total organic carbon (TOC). In this group, the pollutants
selected for sub-LPI are BODs, COD and phenol compounds. Since only one Biological pollutant, total coliform
bacteria, is included in LPI, this is also included in this subgroup. The weight factors for the pollutants in LPI,, have
been recalculated on a scale of 1 as if LPI,; is an absolute index and are presented in Table 2.

Table 2 Weight factors of leachate parameters based on sub-LPI

Index Parameters Weight factor
COD 0.267
BOD 0.263
LPI organic (LPI,,) Phenol compounds 0.246
Total coliform bacteria 0.224
Summation 1.000
pH 0.214
TKN 0.206
LPI inorganic Ammonia nitrogen 0.198
(LPLiner) Total dissolved solids 0.195
Chlorides 0.187
Summation 1.000
Total chromium 0.125
Lead 0.123
Mercury 0.121
Arsenic 0.119
LPI heavy metal Cyanide 0.114
(LPIy) Zinc 0.11
Nickel 0.102
Copper 0.098
Iron 0.088
Summation 1.000

The biodegradability of the leachate varies with time and thus the LPI,, subgroup provides important information
regarding the biodegradability of the leachate at a given time. Changes in the biodegradability of the leachate can be
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monitored by checking the BODs/COD ratio. For a young landfill, the BODs/COD ratio may be in the range of 0.5
to 0.6 or higher. Ratios in this range and above may be taken as an indication that the organic matter in the leachate
is readily biodegradable, whereas the BOD;s/COD ratio in old and matured landfills may be in the range of 0.02 to
0.2 suggesting that the organic matter in the leachate is not readily biodegradable. The high BOD5s and COD values
may also be of importance when the leachate is to be transported and treated at the municipal wastewater treatment
plants to ascertain whether or not the wastewater treatment plant can take the extra organic load.

3.2 LPI inorganic (LPI;yor)

Chlorides, alkalinity, various forms of nitrogen, phosphorous, sulphur, pH, heavy metals, gases like hydrogen
sulphide and methane, etc. constitute the inorganic component of leachate. Due to their toxicity, certain cations
(including heavy metals) are of great importance in the treatment and disposal of leachate and hence they have been
categorized into a separate group of sub-indices. The LPI inorganic component consists of chlorides, pH, ammonia
nitrogen, and total Kjeldhal nitrogen. One of the physical constituents of the LPI, total dissolved solids (TDS), is
also included in this group. The weight factors for the pollutants in LPI;,, have been recalculated on a scale of 1 as
if LPI;,, is an absolute index and are reported in Table 2. Chlorides present in the leachate are usually not attenuated
by soil and are highly mobile under all conditions and thus have special significance as the tracer element of
leachate plume joining the ground water aquifers. This sub-LPI therefore has its own significance and importance in
deciding leachate treatment systems. This sub-LPI can also be helpful in siting new naturally attenuation (NA)
landfill (the landfills which do not have any liners and rely on natural attenuation of the leachate) that may have
similar leachate characteristics in the same region. Studies however indicate that even small NA type landfills (waste
volume up to 50 000 yd’) may impact groundwater (Bagchil 994). Further, the high TDS present in leachate may
pose difficulties in the biological treatment of leachate.

33 LPI heavy metal (LPly,,)

Many metals such as chromium, lead, zinc, nickel, copper, iron and mercury are important constituents of leachates
produced from landfills. Many of these metals are also classified as priority pollutants. The US Environmental
Protection Agency has identified approximately 129 priority pollutants in 65 classes to be regulated by categorical
discharge standards. Priority pollutants (both inorganic and organic) were selected on the basis of their known or
suspected carcinogenicity, mutagenicity, teratogenicity, or high acute toxicity. Two non-metal priority pollutants,
arsenic and cyanide have also been included in this sub-group. Many of the organic priority pollutants are also
classified as volatile organic compounds. The weight factors for the pollutants included in this sub-index have been
recalculated on a scale of 1 as if LPIy,;, is an absolute index and are reported in Table 2. The presence of heavy
metals in the leachate is of great concern for the unlined landfills in which the ground water table is not deep with
respect to the landfill base. The heavy metal s are removed by the ion exchange reactions as the leachate moves
through the soil, and therefore the depth of the unsaturated soil strata below the landfill base decides the capacity of
the soil to retain the heavy metals (Bagchi 1994). The high index scores of this group indicate that the leachate
treatment technology adopted shall be prudent for taking care of removal of heavy metals from the leachate stream.
The three sub-LPI scores can be calculated separately as individual indices using equations (1) and (2) depending on
the availability of information about the leachate characteristics. The values n and m in Equations (1) and (2) now
correspond to the number of pollutants included in sub-LPI and number of pollutants for which the data is available.

4. LABORATORY INVESTIGATIONS

Leachate samples were collected once in a month from four selected solid waste disposal site in Bangladesh. These
study periods were covered the month of July 2011 to June 2012. In the laboratory, pH was determined by pH meter
(HACH, Model No. Sens ion 156), chloride by potentiometric titration method using silver nitrate solution, BODs
by BOD meter (HACH, HQ-40d), TCB by filter membrane system, Arsenic using sulfamic acid and zinc powder as
well as COD by closed reflexive method as per the standard method (APHA 1998). In addition, total dissolved solid
(TDS) dried at 103-105°C, ammonia nitrogen (NH4-N) by nesselerization standard method and total kjeldahl
nitrogen (TKN) by macro-kjeldahl method as per the standard method (APHA 1998) were determined in the
laboratory. Moreover, Fe, Cu, Zn, Cr, Ni and Pb were analysed using spectrophotometer (HACH; DR/2400) in
accordance with the standard method (APHA 1998).
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5. CALCULATION OF SUB-POLLUTION INDICES AND OVERALL LPI: A CASE STUDY

The calculation of overall LPI consists of four steps.

1. The concentration (c;) of eighteen (18) leachate parameters required for Sub-LPI and overall LPI were
measured and monitored in the laboratory (Table 3 and 4, column 4).

2. Then evaluating sub-index scores or individual pollutant rating (p;) of all the pollutants included in Sub-
LPI and overall LPI were evaluated with respect to the concentration of pollutant parameter in leachate
(Table 3 and 4, column 5).

3. Overall pollutant rating of each sub-pollution indices (sub-LPIs) such as organic (LPI,), inorganic
(LPI;,:) and heavy metals (LPIy,) were calculated using the weight factors given in Table 2 based on the
weighted sum linear aggregation function given in Equation (1) (7able 3 and 4, column 6).

4. Finally, the aggregation of the three sub-LPIs gets the overall LPI. The three sub-LPI values are aggregated
to calculate the overall LPI using the following Equation (3).

LPI=0.232LPI,+0.257LPI,,,,+0.511LPI,, 3)

Where LPI is the overall LPI, LPI,, is the sub-leachate pollution index of organic component; LPI;,, for inorganic
component and LPI,,, for of heavy metal component in leachate.

Here, it can be noted that Equation (3) has been derived based on the weight factors of the eighteen pollutants
included in the overall LPI and their contribution to each sub-LPI. The component of organic, inorganic and heavy

metal fraction is 23.2, 25.7 and 51.1 % and for evaluating overall LPI, these fractions were used.

Table 3 Characteristics of leachate and LPI of Dhaka and Chittagong solid waste disposal site

Weight  Pollutant concentration, Individual pollutant Overall pollutant rating,

Index (1) Parameters  factor, w; ci(4) rating, p; (5) wip; (6)
@ €) Dhaka Chittagong Dhaka  Chittagong Dhaka  Chittagong

COD 0.267 9100 6100 75 63 20.03 16.82
BODs 0.263 4100 3050 56 50 14.73 13.15

LPI,, Phenol 0.246 5 4.8 10 12 2.46 2.95
TCB 0.224 13500 10000 92 86 20.61 19.26
summation 1.000 57.82 52.19
LPI 57.82 52.19
pH 0.214 8.3 8.5 5 5 1.07 1.07
TKN 0.206 4200 4000 100 100 20.60 20.60
LPI. NH,-N 0.198 900 550 70 58 13.86 11.48
mnor TDS 0.195 2000 1723 60 40 11.70 7.80
Chlorides 0.187 2600 2100 15 12 2.81 2.24
summation 1.000 50.04 43.20
LPI 50.04 43.20
Chromium 0.125 21 18.5 100 95 12.50 11.88

Lead 0.123 0.45 0.45 7 6 0.86 0.74

Mercury 0.121 0.4 0.4 45 45 5.45 5.45

Arsenic 0.119 0.01 0.01 5 5 0.60 0.60

LPI Cyanide 0.114 1.4 1.3 12 12 1.37 1.37
him Zinc 0.11 18 17.8 6 7 0.66 0.77
Nickel 0.102 0.048 0.078 5 5 0.51 0.51

Copper 0.098 5.8 5.6 48 50 4.70 4.90

Total Iron 0.088 5.5 4.7 5 5 0.44 0.44
summation 1.000 27.08 26.64

LPI 27.08 26.64
Derived LPI 0.232LPI,.+0.257LPI;,,+0.511LPI,, 40.11 36.82

All values in mg/L except pH and total coliform unit (cfu/l00ml); COD=chemical oxygen demand, BOD s=biological oxygen demand,
TKN=total kjendhal nitrogen, TCB= total coliform bacteria and TDS=total dissolve solid, NH ;~-N=Ammonia nitrogen.
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The Matuail disposal site is located on the eastern part of Dhaka city. Dhaka city had a population of over 15
million, making it the largest city in Bangladesh. Dhaka City Corporation has constructed first ever sanitary disposal
site which had been inaugurated on 2007 with the technical assistance of Japan International Corporation Agency
(JICA). The total area of disposal site is about 40 hectare; out of which on an area of 20 hectare a 15 years old open
dump is situated. The life time of the landfill is estimated to be 20 years at the present rate of incoming waste of
around 1700 tons/ day. In contrary, Chittagong has a population of over 5.5 million produces 2,000 tons of solid
waste per day. The garbage treatment plant is situated in Ananda Bazar, Halishahar having an area 12 acre and the
dumping was started since 2004. Khulna is the third largest city in Bangladesh with an estimated population of 1.5
million which produces 450 tons (average) MSW per day. The New Rajbandh the second ultimate disposal site
named as pilot scale sanitary landfill (PSSL) site of MSW of KCC, having an area of 1 acres is just 700 m west from
the old Rajbandh (Islam et al. 2009). Rajshahi is located in the north-west of the country and has an estimated
population of around 475,000 people, produces 350 tons MSW per day.

Table 4 Characteristics of leachate and LPI of Rajshahi and Khulna solid waste disposal site

Weight Pollutant concentration, Individual pollutant Overall pollutant rating,

Index Parameters  Factor, w; ci(4) rating, p; (5) wip; (6)
M @ () Khulna  Rajshahi  Khulna Rajshahi Khulna  Rajshahi
COD 0.267 6868 7120 68 70 18.16 18.69
BOD; 0.263 2890 2518 54 47 14.20 12.36
LPI, Phenol 0.246 3.5 3.2 10 8 2.46 1.97
TCB 0.224 9000 6000 87 86 19.49 19.26
summation 1.000 54.31 52.28
LPI 54.31 52.28
pH 0.214 8.1 8.3 4 6 0.86 1.28
TKN 0.206 3200 3000 100 98 20.60 20.19
NH4-N 0.198 450 400 47 43 9.31 8.51
LPior TDS 0.195 1150 888 12 7 2.34 1.37
Chlorides 0.187 1700 1500 10 8 1.87 1.50
summation 1.000 34.97 32.85
LPI 34.97 32.85
Chromium 0.125 14 12.4 91 90 11.38 11.25
Lead 0.123 0.45 0.45 5 5 0.62 0.62
Mercury 0.121 0.3 0.3 40 40 4.84 4.84
Arsenic 0.119 0.01 0.01 5 5 0.60 0.60
Cyanide 0.114 1 1 10 10 1.14 1.14
Zinc 0.11 12 11.2 5.1 4.9 0.56 0.54
LPI, Nickel 0.102 0.04 0.032 4 4 0.41 0.41
Copper 0.098 4 4.1 37 35 3.63 3.43
Total Iron 0.088 4.2 4.6 5 5 0.44 0.44
summation 1.000 23.60 23
LPI 23.60 23.26
Derived LPI 0.232LPI,+0.257LPI,;,,+0.511LPI,, 33.65 32.46
6. RESULTS AND DISCUSSIONS

In this study, to evaluate the contaminate potential of selected solid waste disposal site in Bangladesh, the
characteristics and variation of leachate parameters in LP/, individual and overall LPI as well as the variability of
leachate parameters involved in sub-LPI and overall LPI has been analyzed and hence discussed in followings.

6.1 Characteristics of Leachate Parameters Involved in Sub-LPI and Overall LPI

The leachate parameters involved in the estimation of LPI of selected solid waste disposal sites in Bangladesh are
presented in Table 5. The ranges were given for the minimum and maximum values, while the value of parenthesis
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indicates the mean values.

Table 5 Characteristics of leachate of selected solid waste disposal sites in Bangladesh

Leachate Selected solid waste disposal sites in Bangladesh
parameter Dhaka Chittagong Khulna Rajshahi
COD 8000-24000 (16000) 6000-20000 (13500) 6500-18000 (13000)  6200-16500 (11000)
BOD; 3300-10000 (6500) 2500-8600 (6050) 2700-8000 (5500) 2650-7000 (4730)
Phenol 1.8-6.0 (2.7) 1.5-5.0 (2.3) 1.5-4.0 (2.0) 1.5-3.5 (1.8)
TCB 8000-15000 (10500) 6000-12000 (8500) 7000-13000 (8500) 5500-11000 (7500)
pH 7.5-9.0 (8.3) 7.2-8.6 (8.2) 7.0-8.5 (8.1) 6.5-8.5 (8.2)
TKN 3500-5000 (4300) 3200-4500 (3600) 2800-3800 (3200) 2500-3400 (2900)
NH4-N 600-950 (780) 500-800 (650) 350-750 (500) 300-750 (450)
TDS 2000-10000 (6500) 1500-6000 (4500) 1100-6000 (3500) 850-4050 (2030)
Chlorides 1500-3000 (2000) 1500-2800 (1950) 1500-2500 (1800) 1000-2200 (1600)
Chromium 10-20 (14.5) 10-18 (14) 10-18 (14.5) 10-17.5 (15)
Lead 0.4-0.52 (0.46) 0.37-0.50 (0.45) 0.4-0.5 (0.45) 0.32-0.53 (0.45)
Mercury 0.3-0.5 (0.4) 0.25-0.45 (0.35) 0.25-0.4 (0.28) 0.20-0.35 (0.27)
Arsenic 0.1-0.1 (0.1) 0.1- 0.1 (0.1) 0.1- 0.1 (0.1) 0.1-0.1 (0.1)
Cyanide 0.5-1.0 (0.6) 0.4- 0.8 (0.6) 0.4-0.75 (0.55) 0.35-0.8 (0.45)
Zinc 15-30 (22.0) 16-28 (20.0) 10-22 (16.0) 12-23 (15.0)
Nickel 0.045-0.85 (0.45) 0.040-0.075 (0.050) 0.02-0.06 (0.041) 0.015-0.05 (0.032)
Copper 2.5-6.0 (3.5) 2.5-5.53.2) 2.0- 4.0 (3.0) 1.5-4.0 (2.5)
Total Iron 4.0-9.0 (4.5) 4.0- 8.5 (4.0) 3.0-5.5(2.5) 1.5-5.0 (3)

Note: TDS=total dissolve solid, TKN=total kjeldahl nitrogen, NH ;~N=ammonia nitrogen, BOD s= biological oxygen demand, COD=chemical
oxygen demand, TCB= total colifom bacteria. All values in mg/L, except pH and TCB ((cfu/l00ml)). Range is given for the minimum and
maximum values, while the value of parenthesis indicates the mean values.

6.2 Interpretation of Parameters Involved In LPI in Solid Waste Disposal Site

The observed result reveals that COD, pH and Cu is high in Rajshahi disposal site than that of Khulna disposal site,
while BODs and TKN, Cr is significantly higher in Khulna disposal site than Rajshahi disposal site (Table 4).
Moreover, the COD, BODs, Phenol, TCB, TDS and CI' were significantly higher for Dhaka disposal site, in
comparison to Rajshahi and Khulna disposal site. A significant difference between individual and cumulative
pollution ratings for both the disposal site of Dhaka and Rajshahi, was observed due to the distinct difference in their
concentrations. The concentration of Cu and Ni was fairly similar for both the Rajshahi and Khulna disposal sites.
Although these two disposal sites exhibited notable differences for Cl" and TCB, but the influence of individual and
cumulative pollution ratings is insignificant. The concentrations of Cr and Zn in leachate of Chittagong disposal site
were higher than that of Rajshahi disposal site which resulted in significantly higher cumulative pollution rating.

As the individual pollution ratings of BODs, TKN, TCB, TDS and CI" were lower for Rajshahi disposal site, the
cumulative pollution rating of Rajshahi disposal site was consequently lower (Table 4). The concentrations of COD,
TKN, TCB, TDS, CI', pH, Cr, Pb, Zn and Fe represent a significant difference between Chittagong and Khulna
disposal site. The higher COD, Zn, TKN, TDS, Pb, Ni and Fe of Dhaka disposal site implies higher individual and
cumulative pollution rating and consequently higher LP/ than Chittagong disposal site (Table 4). Moreover, the TDS
in Dhaka disposal site was more than 1.25 times higher than Rajshahi disposal site and the cumulative pollution
rating for TDS in Dhaka disposal site was 3.0 times higher than Rajshahi disposal site. The pH, Pb, Ni, Cu and Fe in
Khulna disposal site were higher than the Rajshahi, which resulted in significantly the higher cumulative pollution
rating. All the concentrations except pH and Cu were lower for Rajshahi disposal site than that of Dhaka, Chittagong
and Khulna has the lowest individual and cumulative pollution rating and consequently the lower LPI.

6.3 Sub-LPIs and Overall LPI

Tables 3 and 4 illustrate the calculation of sub-LPIs and overall LPI in leachate for a particular period of July 2011
for Dhaka and Chittagong as well as Khulna and Rajshahi disposal site, respectively. Moreover, for understandable
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explanation the sub-LPI interms of LPI,,, LPI;,, and LPI,, of entire disposal site is also provided in Figures 1, 2
and 3, respectively. Figure reveals Dhaka, Chittagong, Khulna and Rajshahi disposal sites had the highest LP/,, than
that of LPI,,, and LPI,,. The high of LPI. indicates that leachate is still acetogenic phase (Kumar and Alappat
2005a).

| ®Dhaka = Chittagong  ®Khulna  WRajshahi | | ®Dhaka  #Chitagong ®Khulha  ®Rajshahi
80 70
70 60
60 50
jg 40
£ =
& 30 g3
‘J ]
2 5 20
10 10
ol R
S 2 2z Z 88 g g g ogy =S~~~ B= T N B N B B~
S 2&:=38z3 g3 323 S £¢g:=2 48323 ¢ g
2L 02 2 8 4 8 8 5 % he - - -~ = & N & & o = —
Sampling period Sampling period
Figure 1 Variation of LPI,, in leachate with sampling Figure 2 Variation LPIy, in leachate with sampling
period of solid waste disposal site period of solid waste disposal site

Moreover, the low value of LP/mm (Figure 3) indicates that heavy metals present in the leachate of these selected
disposal site are low in concentration (Table 3 and 4) and do not pose any possible threat to biological leachate
treatment. This is consistent with the findings of Truett et al. (1975) that conclude that heavy metals in leachate from
domestic landfills in UK rarely pose a significant problem. Moreover, the lowest heavy metal fraction in leachate
implies the lowest LPI,, (Figure 3) and it is also noticeable. The low value of LP/m also indicates that the waste
deposited in the disposal site is segregated for metals before placing in disposal site, and the moderate value of
LPIinor (Figure 2) indicates that inorganic compound presents in the leachate are not high in concentration. However,
the high concentration of ammonia nitrogen against the permissible limit should be taken into account when
designing a leachate treatment system for this disposal site. The three sub-LPI values also indicate that biological
treatment would be the best treatment option for this leachate. It is also supported by Kumar and Alappat (2005a).
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In contrary, the variation of overall LPI of the selected solid waste disposal site against leachate sampling period is
shown in Figure 4. Result reveals that disposal site of Dhaka had not only the highest LPI,,, but also the overall LP/
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than that of other studied disposal site and it was continued untill the end of this study, because of the highest
concentration of pollutant parameters in leachate which was implied the highest individual and cumulative pollution
rating and consequently the highest overall LPI (Figure 4). A study conducted by Truett (1975) and advocated that
LPI is a planning index, specifically for decision-making, may be further generated, as one used by United States
Environmental Protection Agency (USEPA) for planning MSW treatment project. Moreover, Rajshahi disposal site
had the lowest overall LPI. Here, it can be established that the variation of concentration of pollutant parameter in
leachate in case disposal site of Dhaka and Rajshahi due to their variation of condtruction lifetime and configuration.
So, it can be concluded that these dintinct variation of concentration of pollutant parameter in leachate finally
implies the varied LPI between these solid waste disposal sites. The higher mean LPI (34.82) for the disposal site of
Dhaka further indicates that the MSW has not yet stabilized. The high LPI demands that leachate generated from
this disposal site should be treated. This is also evident from the high BODs and COD values. It is important to note
that the decreasing of overall LPI with the inceases of sampling period was occured due to the reduction of
concentration of pollutant parameters involved in LPI (Figure 4). A study conducted by Qasim and Chiang (1994)
and stated the variation of concentration in landfill leachate can be attributed to many interacting factors such as the
composition and depth of MSW; decomposition and age of MSW; degree of compaction; landfill design and
operation; liner (top and base) design and operation; MSW filling procedures; the availability of moisture content;
available oxygen; rate of water movement (fluid addition) and temperature. It is also supported by Kurniawan et al.
(2006) and advocated that landfill age also plays an important role in leachate characteristics and hence, influences
the LPI value. So, the decreasing trend of LPI with sampling period for entire disposal site were agreed well with the
postulation given by Qasim and Chiang (1994) and Kurniawan et al. (2006).

The comparison of mean overall LPI of entire selected solid waste disposal sites with the published results available
in the literature for the same cases is provided in Figure 5. Moreover, a study conducted by Umar et al. (2010) for
calculating LPI on four selected solid waste disposal sites in Malaysia named Pulau Burung landfills (PBLS)
(sanitary landfill level III through leachate recirculation and controlled tipping), Ampang Jajar Landfill Site (AJLS)
(semiaerobic closed landfill having no base liner), Kuala Sepetang Landfill Site (KSLS) (improved anaerobic
landfill, natural marine clay and local soil are used as cover material for dumped waste with leachate collection
pond) and Kulim Landfill Site (KLS). The derived LPI was found 23.45, 16.44, 21.77 and 19.50 for PBLS, AJLS,
KSLS and KLS disposal sites, respectively. On the other hand, Kumar and Alappat (2003b) selected Okhla Sanitary
landfill (OSL), New Delhi (no base liner or leachate collection and treatment systems) solid waste disposal site as a
case study for calculating LPI and it was found 42.18. In addition, a study conducted by Kumar and Alappat (2005a)
and selected four landfill named Ma Tso Lung (MTL) and Nagu Chi Wan (NCW) closed landfill sites as well as
Pillar Point (PP) and Shuen Wan (SW) active landfill sites in Hong Kong for calculating LPI and it was found 45.01,
15.97, 36.48 and 39.04, respectively. Figure 5 depicts that among the selected disposal sites, four landfill of OSL,
MLT, PP and SW having more LPI due to their lifetime and operational configuration than that of present study.
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Table 6 Maximum discharge standard and corresponding LP/ of solid waste landfill leachate from selected countries

Leachate Variable weight, w; Leachate disposal Treatqd leachate Treated lqachate
pollutant (from Table 1) standards, c, sub-index, p; pollutant rating, w;.p;
variable 2) 3) @) )
(1) India Germany Egﬁg India Germany® Klf)(r)lz%) India Germany Egﬁg India Germany Egﬁg
Chromium 0.064  0.064  0.064 2.0 0.5 0.1 9 5 5 0.580 0.32 0.32
Lead 0.063  0.063  0.063 0.1 0.5 0.1 5 6 5 0.320 0.378 0.315
COD 0.062  0.062  0.062 250 200 200 10 9 9 0.620  0.558 0.558
Mercury ~ 0.062  0.062  0.062  0.01 0.01 0.02 6 6 6 0.370  0.372 0.372
BOD; 0.061  0.061 0.061 30 20 800 6 6 25 0.370  0.366 1.525
Arsenic  0.061 - - 0.2 NS NS 5 0 0 0.310 0 0
Cyanide  0.058 - - 0.2 NS NS 6 0 0 0.350 0 0
Phenol  0.057 - - 1.0 NS NS 5 0 0 0.290 0 0
Zinc 0.056  0.056  0.056 5.0 2.0 0.6 6 5 5 0.340 0.28 0.28
pH 0.055  0.055 0.055 5.5-9.0 5585 5-75 5 5 5 0.280  0.275 0.275
TKN 0.053  0.053  0.053 100 70 100 6 5 6 0.320  0.265 0.318
Nickel  0.052  0.052  0.052 3.0 1.0 0.6 10 6 5 0.520 0.312 0.26
TCB -~ - - NS NS NS - - 0 0
NH,-N  0.051  0.051 0.051 50 30 5.0 7 6 5 0.360  0.306 0.255
TDS 0.05 0.05 0.05 2100 600 500 7 5 5 0.350 0.25 0.25
Copper 0.05 0.05 0.05 3.0 0.5 1.0 18 5 7 0.900 0.25 0.35
Chlorides 0.048  0.048  0.048 1000 800 850 8 6 6 0.390  0.288 0.288
Total Iron - - - NS NS NS - - 0 0
Total 0903  0.727  0.727 6.670 4.22 5.366
Derived LPI 7.38 5.80 7.38

NS = No Standard
Source: 'Kumar and Alappat 2003a; *Meier et al., 2002 and *Environmental Protection Department (EPD).

6.4 Comparison of Leachate Parameters and Overall LPI with Standards

The accepted limit for the disposal of leachate into water bodies and their corresponding LPI as per the management
and handling rules (The Gazette of Government of India 2000), in Germany reported by Meier et al. (2002) as well
as in Hong Kong stated by Environmental Protection Department, EPD (2005) provided in Table 6. The
concentrations of all the pollutants in leachate of entire disposal site (Tables 3 and 4) exceed the permissible limits
(Table 6) (except lead within Germany standard, pH within India and Germany, nickel with all the standards and
TDS within Indian standards) which implies the higher individual pollutant rating and subsequently the overall LPI
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than that of LPI of standard leachate discharge. The maximum COD, BODs and Cr concentration in leachate of
disposal site of Dhaka (Table 3) exceeds almost 36.4, 5.13 and 10.5 times of maximum permissible limit of India
and Hong Kong, respectively. The high concentration of the heavy metals in the leachate indicates the possibility of
industrial waste getting mixed with the municipal waste and finding its way into the landfill. Moreover, the derived
mean overall LPI of 34.82, 31.66, 28.28 and 27.81 for Dhaka, Chittagong, Khulna and Rajshahi disposal sites,
respectively, were compared with LPI of 7.38, 5.8 and 7.38 for India, Germany and Hong Kong, respectively, shown
in Figure 6. The comparison of the leachate characteristics with the standards set for the disposal of treated leachate
verifies the fact that the leachate generated from the landfill is highly contaminated and will have to be treated
before discharge (so that the LPI comes within 5.8~7.38). The high LPI demands that leachate generated from the
selected disposal site should be treated. The low value of LPI (27.81) for the leachate of disposal site of Rajshahi
indicates the relatively lower contaminant potential. However, the individual contaminants shall meet the state
discharge standards before discharge of leachate into any water body.

7. CONCLUSIONS

Based on the evaluated results the following conclusions can be made:

(i) The component of organic fraction in leachate for entire selected solid waste disposal site had the highest
against the other counter fraction i.e. inorganic and heavy metal fraction. Consequently, the entire disposal
site shows the highest LPI,, than that of LPI,,,. and LPI,,. Moreover, the disposal site of Dhaka had not
only the highest LPI,, but also the overall LP/ than that of other studied disposal site.

(i) For the selected disposal site, three sub-LPI values help to classify the leachate as rich in organic contents
and low in heavy metals. The classification thus supports the proposal that a biological treatment method
may be the best possible option for leachate treatment.

(1ii1) LPI is a good tool and it provides an evocative method of evaluating the contamination potential of
different solid waste disposal sites.

(iv) It can be noted that selected four disposal sites shows the lowest LPI against the disposal sites of OSL,
MLT, PP and SW having more LPI due to their lifetime and operational configuration.

(v) Result reveals that comparison of the leachate characteristics with the standards set for the disposal of
leachate verifies the fact that the leachate generated from entire disposal site was highly contaminated and
the values of LPI exceed the LPI of standard leachate discharge ranging from 5.8~7.38.

(vi) The LPI provides a meaningful method of evaluating the leachate contamination potential of solid
waste disposal site. Finally, it can be concluded that highest LP/ demands that leachate generated from the
selected solid waste disposal site should be treated before discharging into the water bodies.
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