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PAPER INFO ABSTRACT

Thisstudy illustrates the leachate treatment efficiency based on leachate pollution index (LPI) of pre-
treatment leachate as well as post-treatment leachate with chemical coagulants. Leachate samples were
collectedat regular intervals of time fromthe leachate collection chamber of the landfill lysimeter at
KUET campus, Bangladesh to compute its pollution potential. The landfill lysimeter consigts of one
open dump lysimeter-A with leachate detection (A1) and collection system (A2) as well as two sanitary
landfill lysimeters B and C having two different types of cap liner. Therelevant parameters of leachate
sample were measured in the laboratory to evaluate sub-pollution (sub-LPls) interms of LPI in organic
Leachate pollutant (LPly), inorganic pollutant (LPli,) and heavy metal (LPlxm) as well as the overall LPI.
Pollution potential Moreover, thevalues of LPI in pre-treatment leachate were to be found 19.53,25.33,23.48 and 23.74
Chemical coagulant for the Asand A, systems of open lysimeter-A, as well as the collection systems of sanitary lysimeters-
gretreatmem B and C, respectively. It reveals significantly the higher values thanthat of LPIof 5.77, 7.38 and 7.38
ost-treatment f . . .

Tretament efficiency for the maximum leachate discharge standards of Bangladesh, India and Hong Kong, respectively. The

leachate was then treated with ferric chloride (FeCls), poly alluminum chloride (PAC), ferrus sulphate
(FeS04) and aluminum sulphate (Alx(SO.)s) invarious dosages and pH values. T heconcentrations in
post-treatment leachate by using FeCls at optimum dosage were to be found below the limit of
maximum leachate discharge standards. Study also revealsthe values of LP10of 5.32,5.69, 5.32and
5.24 in post-treatment leachate for the Ay and A, systems of open lysimeter-A, as well as the collection
systems of sanitary lysimeters-B and C, respectively belowthe values of LPI in leachate of maximum
discharge standards. Finally, it can be concluded that differences in thelevel of contaminants of pre-
treatment and post-treatment leachate indicated the role of leachate treatment system in minimizing
the level of contaminants and lowering the risk of leachate contamination based on LPI.
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INTRODUCTION

The bestappproach of the managing of municipal solid
waste (MSW) generated from different sources are
source reduction, reuse and recycling, but beyond ths,
the remaining MSW still have to be effectively managed
using environmentally sound technologies [1, 2]. There
are two commonly used options for the disposal of
MSW; they are the open dumping and sanitary landfill
[3]. In southandsoutheast Asia more than 90% of the
MSW is disposed in an open dumping landfill [4]. The
management of leachate is the most challenging factors
to be considered in planning, designing, operating, and
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long term managing of aMSW landfill [5]. Leachate can
be contaminated the groundwater as well as surface
water where the MSW landfills are not provided with
liners and if it is not collected and treated prior to its
discharged. The overall pollution potential of the MSW
landfill leachate can be calculated in terms of the sub-
pollution indices (sub-LPIs) as well as overall leachate
pollution index (LPI) proposed by Kumar and Alappat
[6]. Thesub-LPIs and overall LPI can be used as amean
to determine whether a landfill requires immediate
attention in terms of introducing remediation measures.
The state regulatory authorities in almost of the
countries have framed regulations to safe guard against
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the contamination of groundwater sources from the
leachate generated from MSW landfills [7]. As the
remedial and preventive measures are expensive, thus a
system needs to develop, to classify the landfill in the
basis of their hazard potential. Kumar and Alappat [8]
have developed a technique to find the leachate
contamination potential of the different landfills on a
comparative scale in terms of LPl. LPI has many
potential applications including the ranking of MSW
landfill sites, resource allocation, trend analysis,
enforcement of standards, scientific research and public
information [9]. The formulation process and the
complete description on the development of the LPI
have been discussed elsewhere [10]. The present study
is carried out to assess of landfill lysimeter leachate
treatment efficiency by LPI. Then it was compared the
derived LPI with the maximum discharge standards
from different countries available in the literature.

The concentrations of landfill lysimeter leachate
were measured in the laboratory through the required
stanadarsd methods and most of the pollutant
concentrations exceed the permisiable limit of
maximum dischage standards from some selected
countries. Then it was required to treate for reducing the
pollution concentrations before discharging into the
natural streams [11], [12]. Moreover, the present study
reveales the values of sub-LPI and overal LPI for the
landfill lysimeter found significantly higher and proper
treatment to be necessary before discharging the
leachate into the natural water bodies. To meet the
standard discharge condition, lysimeter leachate was
treated through the chemical coagulation process by
using ferric chloride (FeCls), poly alluminum chloride
(PAC), ferrus sulphate (FeSO4) and aluminum sulphate
(Al2(S0O4)3) in various dosages and pH values. Result
reveales that FeCls more effective for removing the
pollutant concentrations from lysimeter leachate. In the
laboratory, leachate was further treated by using FeCls
at optimum dosage and the concentrations and
consequently the values of LPI of treated leachate were
to be found below the limit of maximum discharge
standards.

MATERIAL AND METHODS

The landfill lysimeter site, leachate samples collection,
chemical treatment, laboratory investigations as well as
computing of LPI are described in the following sections.

Landfill Lysimeter Site

In this study, leachate samples were collected from the
landfill lysimeter at KUET campus, Khulna,
Bangladesh. In the study site, there are three lysimeters
A, B and C to simulate the different landfill concept,
operational condition and total weight of deposited MSW
into each lysimeter is presented in Table 1. In open dump
lysimeter-A, a compacted clay liner (CCL) of 400 mm
thick as a base liner and a 150 mm thick of compostas a
top cover were used to simulate the behaviour of present
practice of open dumping in Bangladesh (Table 1). In
lysimeter-A, the deposited MSW was not covered by a
top cover systemto prevent the movement of air, water
and generated landfill gas (LFG). Moreover, the
thickness of MSW in lysimeter-A was such that it was
expected the atmospheric air can move into this cell with
negligible inference. The lysimeter-A is treated as
aerobic condition (open dump) comparing the other
counterparts (sanitary landfill lysimeters-B and C). In
contrast, in sanitary lysimeter-B, there was no base liner
because this cell aimed to examine the applicability ofthe
designed top cover (Table 1). In sanitary lysimeter-C,
there was also no base liner and the provided top cover
was different than that of the sanitary lysimeter-B (Table
1). In this case no CCL was provided; however, 900 mm
thick natural top soil was used instead of 300 mm CCL
and 600 mm thick top soil (Table 1). A leachate
collection tank (3.68 x1.56 x1.64 m) was constructed
using 250 mm thick brick wall accommodating four
separate leachate discharge pipes in the temporary
collection and storage containers.

Leachate Sampling and Laboratory Investigations
Leachate samples were sampled at regular intervals of
time from the leachate collection chamber accomplished
of four distinct collecting systems such as detection (Az)

TABLE 1. Specifications and operational conditions of landfill lysimeter at KUET campus

Refuse placed

Lysimeter Operating condition (kg) Liner specification Simulation

Open dump Tysimeterwith leachate detection 400mm thick CCL as a barrier between present practice of

A (A1) system 2860 detection and collection system of open dumping
lysimeter-A
Open dump lysimeterwith leachate collection
(A2) system
B Sanitary landfill lysimeter with gas 2985 Cap liner-1 (300mm thick CCL) applicability of
measurement and leachate recirculation 2800 designed top cover

C system Cap liner-11 (900mm thick natural top soil)
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and collection (A2) systemof the open dump lysimeter-A
as well as the collection systems of the sanitary landfill
lysimeters-B and C. In the laboratory, pHwas determined
by pH meter, chloride by potentiometric titration method
using silver nitrate solution and total dissolved solid
(TDS) dried at 103-105°C. BODs by BOD meter, COD
by closed reflux method, Total coliform bacteria (TCB)
by filter membrane system as well as Arsenic using
sulfamic acid and zinc powder were measured as per the
standard method [13]. Ammonia nitrogen (NHs-N) by
nesselerization standard method and Total kjeldahl
nitrogen (TKN) by macro-kjeldahl method as per the
standard method [13]were determined in the laboratory.
Moreover, Iron (Fe), Copper (Cu), Zinc (Zn), Chromium
(Cr), Kickel (Ni) and Lead (Pb) were analysed using
spectrophotometer (HACH; DR/2400) in accordance
with the standard method [13]. All parameters were
analyzed with three replications. Laboratory results were
further subjected to statistical analyses, in order to
facilitate interpretation. Using Microsoft Excel, the data
was subjected to descriptive statistical analyses and the
results are presented in Table 2. Correlations between
pairs of metals were also obtained. In order to better
understand the leachate parameter data from the
concentration compared to different elapsed time. In
addition, maximum, minimum, mean, variance,
standard deviation, standard error, skewness and kurtosis
were calculated for each parameter and also summarized
in Table 2. The number of samples are also provided in
Table 2. Unfortunately for COD concentration, limited
samples and the standard deviation was high for the
parameters, which means the trend of COD could be
skewed. Further data would be needed to better
understand the exact reason for the concentrations found
in the leachate parameters.

Chemical Treatment of Leachate

The values of LPI in lysimeter leachate were determined
using concentrations of parameters in leachate before
treatment. Leachate treatment efficiency was evaluated
based on LPI values in leachate before and after treatment
by chemical coagulation process using FeCls, PAC,
FeSO4 and Al2(SO4)s in various dosages and pH values.
Attheinitial stage,the optimum dosage ofcoagulants for
the removal of pollutant concentrations was determined
and this optimum dosage was further used for treating of
leachate at varying pH between 4-9. Coagulation
experiments were performed in a conventional Jar-test
apparatus equipped with six backers. The experimental
procedure consists of three subsequent stages; initial
rapid mixing stage of 3 min at 110 rpm, following slow
mixing stage of25 min at 40 rpm and final settling for 30
min. The pH of leachate was adjusted to the desired levek
by addition of the appropriate amounts of 6M sodium
hydroxide or 6N sulfuric acid. After the settling time, the
supernatant was withdrawn from the beaker and was
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checked by chemical analysis. The withdrawal of sample
was accomplished from a point about 2 cm below the
liquid level in the beaker by a pipette.

Calculating of LPI

Variable Selection

Eighteen leachate parameters were selected for inclusion
in LPI [14]. They are pH, Total dissolved solids (TDS),
Biochemical oxygen demand (BODs), Chemical oxygen
demand (COD), Total Kjeldahl nitrogen (TKN),
Ammonia nitrogen (NHs-N), Total iron (Fe), Copper
(Cu), Nickel (Ni), Zinc (Zn), Lead (Pb), Chromium (Cr),
Mercury (Hg), Arsenic (As), Phenolic compounds ,
Chlorides (CI), Cyanide (CN) and Total coliform
bacteria (TCB).

Variable Weights

The weights for these eighteen parameters were
calculated based on the significance levels of the
individual pollutants. The weight factor indicates the
importance of each pollutant variable to the overall
leachate pollution. For example, the weight factor for Cr
is 0.064, and so it is most important variable than the
otherpollutant variables, while Fe with a weight factor of
0.045 is least important variable as compared to other
pollutant variables included in LPI [14] shown in Table
3. The weights for other pollutant variables are TDS:
0.050; BODs: 0.061; COD: 0.062; TKN: 0.053; NHas-N:
0.051; Cu: 0.050; Ni: 0.052; Zn: 0.056; Pb: 0.063; Hg:
0.062; As:0.061; Phenolic compounds:0.057; CI: 0.049;
CN: 0.058 and TCB: 0.052. The sum of the weights of all
the eighteen parameters is one.

Variable Curves

The averaged sub index curves for each parameter were
drawn to establish a relation between the leachate
pollution and strength or concentration of the parameter.
The sub-index curves for all the pollutant variables were
reported by Kumar and Alappat [14]. The averaged sub
index curves are the curves that represent the relation
between leachate pollution and the strength or
concentration of the parameters.

Variable Aggregation

In this study, the values of the three sub-pollution indices
(sub-LPIs) in terms of LPI in organic pollutant (LPlor),
LPI in inorganic pollutant (LPIlin) and LPI in heavy metal
(LPIhm) as well as overall of LPI were evaluated . To
derive the values of sub-LPIs as well as individual and
overall pollutant rating of the landfill lysimeter, the
detailed procedure advocated by Kumar and Alappat
[14]was followed and hence discussed herein. After
measuring pollutant concentrations in leachate, the sub-
LPI was calculated using the following Equation 1. The
overall LPI evaluated by usingthe aggregationof the
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TABLE 2. Descriptive statistics of the characteristics of pre-treatment leachate in landfill lysimeter

Parameters Sample Max Min Mean Variance
size As A; B C AL Az B C AL Az B C AL A, B C
pH 39 8.17 8.02 861 8.38 598 6.14 6.4 6.3 6.77 725 742 748 0.28 0.25 035 0.38
Cl- 39 3037 3572 1870 1810 970 1155 510 110 22378 23954 10850 1181.2 244798 257565 85029 181366
o5 39 9930 35810 29980 26000 210 140 1800 420 53914  12507. 97863 131314 5814601 60909797 48000688 20768213
2
TcB 28 6540 8398 8200 8230 98 145 152 85 28265  3538.1 34326 324169 7786578 12295562 11918254 11039579
5 4 9
TKN 28 1120 1430 2187 1860 195 251 480 312 59452 78561  1307.0 101431 1070456 1778569 260047 321835
7
NH4-N 28 705 9013 997 965.7 187 1279 190 187 4285 5476 6533 598.3 3322 4233 48939 42901
BOD: 39 6750 22980 22670 22310 80 437 276 143 868.93 37750 37380  5043.83 2048650 35794836 48977719 57783698
5 3
20800 60000 60000 60000 160 800 320 300 24981 84247 56540 111370 1377191 14194605 13834167 22730980
coD 39
0 5 0 0 0 4 1 2
Zn 17 1.27 097 055 058 0.25 0.15 0.1 0.1 0.76 054 031 021 0.14 0.07 0.02 0.02
Cu 17 0.98 0.97 0.76 06 0.04 0.04 0.04 0.04 0.44 0.34 0.20 0.18 013 0.17 0.06 0.03
cr 17 0.07 0.06 0.09 0.07 0.01 0.01 0.02 0.01 0.05 0.04 0.06 0.04 0.00 0.00 0.00 0.00
Pb 17 0.32 0.40 078 0.48 0.12 0.18 0.25 0.10 0.21 0.27 045 0.29 0.003 0.004 0.025 0.012
Ni 17 0.08 0.06 0.09 0.07 0.04 0.04 0.05 0.04 0.05 0.05 0.07 0.05 0.00 0.00 0.00 0.00
Fe 17 72.06 82.6 91.2 72 22 3.4 32 1.20 19.53 2422 27.94 6.42 329.69 451.15 567.68 152.84
Standard deviation Standard errors Skewness Kurtosis
A1 A, B C A1 Az B [ A A; B [ A1 A; B [
pH 39 053 049 059 0.62 0.05 0.08 0.09 0.09 1.19 -0.56 0.12 -0.29 1.03 -0.81 -0.65 095
Cl- 39 494.77 50751 29160 42587 7923 8127 4669 68.19 -1.12 -1.01 031 -1.23 0.89 137 1.02 1.76
o5 39 241135 780447 692825 45572 386 1249. 11094 72974 022 245 356 1.35
2 7 1 0.25 156 196 0.16
TcB 28 279044 35065 345228 33226 5274 6627 65242 62791
4 0 0 0.32 0.34 038 038 -1.83 -1.79 -1.77 -1.76
TKN 28 327178  421.73 509.95  567.31  61.83 79.7 96371  107.21
1 0.25 0.16 032 0.25 -1.79 -1.82 -1.05 -1.77
NHN 28 182.3 205.7 2212 207.1 3445 3888 4181 39.14 028 021 054 036 136 004 0.23 001
80D 39 143131 5982.88 699841 76015 2292 958 11206 12172
5 6 0 4 355 255 217 151 12.77 5.65 3.14 055
cop 39 371105 11914.11 117?1.8 15(2376. 59;1.2 19;7. 18834 24142 360 301 3.49 167 1544 9047 1277 179
Zn 17 0.38 0.27 0.16 013 0.09 0.06 0.04 0.03 -0.07 0.06 0.07 1.66 -1.73 -1.10 -1.39 273
Cu 17 0.36 041 0.25 0.18 0.08 0.09 0.06 0.04 047 0.77 159 1.36 -1.20 -156 0.99 057
Cr 17 0.02 0.01 0.02 0.02 0.01 0.00 0.01 0.01 -0.82 -0.38 -0.35 034 054 041 -1.15 -1.31
Pb 17 0.055 0.060 0.158 0.108 0013 0014 0.037 0.026 -0.12 1.05 0.28 012 017 0.45 -0.76 0.77
Ni 17 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.31 0.26 0.15 057 -0.38 -1.37 -1.07 -1.33
Fe 17 18.157 21.24 23.83 12363 2908  3.401 3.815 1.980 174 135 122 455 245 0.86 054 2211

Notation: Cl-=chloride, TDS=total dissolve solid, TCB=total coliform bacteria, TKN=total kjeldahl nitrogen, NH4-N=ammonia nitrogen, BOD5= biological oxygen
demand, COD=chemical oxygen demand, Zn=zinc, Cu=copper, Cr=chromium, Pb=lead, Ni=nickel and Fe=iron. All values in mg/L, except pH and TCB (cfu/100ml)
75
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TABLE 3. Calculation of LPI in pre-treatment leachate at 7 day after filling of MSW in landfill lysimeter

Pollutant variable v\v/ea}gr?tbl; Pollutant concentration, c; Individual pollutant rating, p; Overall pollutant rating, wip;

T A1 A B C Al Az B C Al Az B C
Chromium 0.064 0.076 0.21 0.17 0.09 5 5 5 5 0.32 0.32 0.32 0.32
Lead 0.063 0.41 0.55 0.92 0.65 7 7 9 8 0.441 0.441 0.567 0.504
COoD 0.062 22650 60000 60000 56490 84 94 94 93 5.208 5.828 5.828 5.766
Mercury - - - - - - - - - - - - -
BODs 0.061 2080 2860 2790 2286 41 46 45 42 2.501 2.806 2.745 2.562
Arsenic 0.061 0.01 0.04 0.03 0.02 5 5 5 5 0.305 0.305 0.305 0.305
Cyanide - - - - - - - - - - - - -
Phenol - - - - - - - - - - - - -
Zinc 0.056 1.4 15 0.98 0.65 5.5 5 5 5 0.308 0.28 0.28 0.28
pH 0.055 6.87 7.87 7.92 7.38 6 5 5 6 0.33 0.275 0.275 0.33
TKN 0.053 1010 2180 1430 1340 33 78 50 45 1.749 4.134 2.65 2.385
Nickel 0.052 0.1 0.19 0.13 0.12 5 5 5 5 0.26 0.26 0.26 0.26
TCB 0.052 6540 8280 8200 8230 85 89 90 90 4.42 4.628 4.68 4.68
NH4-N 0.051 705 897 997 920 77 95 99 97 3.927 4.845 5.049 4.947
TDS 0.05 9876 35670 29120 26580 21 83 69 63 1.05 4.15 3.45 3.15
Copper 0.05 1.3 1.6 1.1 1.2 7 7 7 7 0.35 0.35 0.35 0.35
Chlorides 0.049 3037.00 3572.00 1350.00 760.00 23 31 12 8 1.127 1.519 0.588 0.392
Total Iron 0.045 25.9 45.7 43.5 38.7 5.5 6 6 6 0.2475 0.27 0.27 0.27
Summation 0.824 22.54 30.41 27.62 26.50
Derived LPI 27.36 36.91 33.52 32.16

Note: COD=chemical oxygen demand, BODs= biological oxygen demand, TKN=total kjeldahl nitrogen, NHs-N=ammonia nitrogen, TCB= total colifom bacteria
and TDS=total dissolve solid. All concentrations are in mg/L, except pH and total TCB (cfu/100ml) and NA= Leachate concentration not available.
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three sub-LPIs. The three sub-LPI values were
aggregated to calculate the overall LPI using following
Equation (1).
LPI=(0.175LPlg+0.257LPlin+0.391LP15m)/0.823 )
Here, it can be noted that the Equation 1 was derived
based on the weight factor of pollutants included in the
overall LPI and their contribution to each sub-LPI.
However, the components of organic, inorganic and
heavy metal of 17.5, 25.7 and 39.10 % were used to
derive the Equation 1, for evaluating the overall LPI.

In contrary, astudy conducted by Kumar and Alappat
[14] and found that for calculating overall LPI of waste
disposal sites, the weighted sum linear aggregation
function was the most suitable. The averaged sub-index
curves for the selected eighteen (18) pollutant variables
involving LPI have been reported by Kumar and Alappat
[10] for evaluating sub index score of the leachate
pollutant variables. Kumar and Alappat [14] also
revealed that if the eighteen (18) leachate variables are
known, Equation (2) can be used; otherwise, Equation (3)
is to be used.

LPI = iwi P @

where, LPI = the weighted additive leachate pollution
index, wi = the weight for the It pollutant variable, pi =
the sub-index value of the 1t leachate pollutant variable,
n= number of leachate pollutant parameters.
ZWi P
LPI =12

Wi
i=1

iwi <1
i=1

where ‘m’ is the pollutant parameter for which data is
available, in this research, m < 18 and

©)

Procedure to Calculate LPI
The stepwise procedure to calculate LPI is given below.

Step 1 Testing of leachate pollutants

Analytical laboratory tests were performed to find outthe
concentration of the leachate pollutant variables on
leachate sample collected from the landfill lysimeter site
at regular intervals of time up to the elapsed time of 900
days.

Step 2 Calculating sub-index values

To calculate the LPI, one first computes the ‘pi’ values or
sub-index values of parameter from the sub-index curves
based on the concentration of the leachate pollutants
obtained during the tests. The ‘pi’ values were obtained
by locating the concentration of the leachate pollutanton
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the horizontal axis of the sub index curve for that
pollutant and noting the leachate pollution sub-index
value where it intersects the curve.

Step 3 Aggregation of sub-index values

The ‘pi’ values obtained were multiplied with the
respective weights (wi) assigned to each parameter
(Table 3). The sub-pollution indices in terms of LPlor,
LPlin and LPInm were calculated using the corresponding
weight factors based on the aggregation function. The
overall LPI is evaluated by using the aggregation of the
three sub-LPIs. The three sub-LPl values were
aggregated to calculate the overall LPI using following
Equation (1). In contrast, the Equation (2) is used to
calculate LPI if the concentrations of all the eighteen
variables included in LPlI were known. Otherwise,
Equation (3) was used when data for some of the
pollutants is not available. It has been observed that LPI
values can be calculated with marginal error using
Equation (2), when the data for some of the pollutants is
not available (Kumar and Alappat, 2004) [14]. In the
present study, out of 18, 15 significant parameters were
covered, so Equation (3) was used.

have been taken to mix for biodiesel production. The
biodiesels were produced by different molar ratio of 4.5:1
and 6:1 with change in the amount of KOH catalystas 1,
1.5 and 2 g for every sample. The stirring time was also
changed for these samples from 30 to 60 minutes and the
yields of biodiesel were observed.

Experimental Set & Alkali based
Transesterification

BExperiments were conducted in a 250ml glass vessel.
Mixtures of karanja oil and linseed oil were taken and
preheated to 110°C to remove any moisture content and
then cool down to room temperature. Methanols were
taken as per the molar ratio and mix with required amount
of KOH catalyst and allow stirring at 50°C temperature
till KOH dissolve completely. Now this methanol
containing dissolved KOH mixed with 100ml mixed
karanja and linseed oils and allow to stir for 30, 45 and
60 minutes at 60°C. After completion of reaction, it was
cool and then allowed to settle down overnight. Next day,
the upper layer of biodiesel was separated from lower
layer of glycerol in a separating funnel. The biodiesel was
water washed by hot water and then again, pure biodiesel
were separated by physical separation method and the
biodiesel was heated to 110°C to remove any moisture
content. The biodiesel was weighed and the yields were
estimated.

Up

RESULTS AND DISCUSSION

The sub-pollution indices, overall LPIl, comparison of
LPI with other reseraches for similar cases, treatment
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efficiency as well as LPI of post-treatment leachate were
analyzed and the results are discussed in the following
articles.

Sub-pollution Indices

The detection (A1) and the collection (Az) systemof open
dump lysimeter-A as well as collection systems of
sanitary landfill lysimeters-B and C showed the higher
component of organic fraction against the other counter
fraction (inorganic and heavy metal fraction) in pre-
treatment leachate. Consequently, the entire lysimeter
operating systems showed the higher LPlor than that of
LPlin and LPInm and shown in Figure 1. Result reveals
comparatively the higher organic fraction in leachate for
the Az systemof open lysimeter-A and consequently the
higher valaues of LPlqr than the other operating systenms
provided in Figure 2.

——LPlor ~&=LPlin ==L Plhm
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©
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T 40.00
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Figure 1. Sub-pollutionindices in pre-treatment leachate of landfill
lysimeter
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Figure 2. LPlor in pre-treatment leachate of open and sanitary
landfill lysimeters

Moreover, the values of LPlnm were to be found
comparatively lower due to the less concentrations of
heavy metal in pre-treatment leachate for the entire
lysimeter operating systems shown in Figure 3.

Moreover, due to the lower concentrations of inorganic
compound in pre-treatment leachate for the A1 systemof
open dump lysimeter-A against the other lysimeter
opearting systems, consequently showed the lower
values of LPlin shown in Figure 4. In contrary,
comparatively the higher concentrations of inorganic
compound in pre-treatment leacahte than the
concentration of heavy metal implies the higher LPlin
than that of LPlym In addition, the higher inorganic
compound in pre-treatment leachate implies the higher
values of LPIlin for the Az system of open lysimeter-A
(Figure 4). It can be noted that the component of organic
fraction in pre-treatment leachate was to be found higher
for the entire lysimeter operating systems against the
other counter fraction ( inorganic and heavy metal
fraction) and consequently showed the higher LPlor than
that of LPlin and LPInm. Result shows the higher sub-LPIs
for the collection (Az) systemof open lysimeter-A than
that of other lysimeter operating systems.
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Figure 3. LPImin pre-treatment leachate of openand sanitary
landfill lysimeters

Overall Leachate Pollution Index

The values of LPI in pre-treatment leachate were derived
in relation to the variation of lysimeter operating systens
suchas detection (A1)and collection (A2) systemof open
dump lysimeter-A as well as the collection systems ofthe
sanitary landfill lysimeters-B and C, at the elapsed period
ranging from 7-900 days after filling of MSW in the
landfill lysimeter. Atthe elapsed time of 7 days, the A2
systemof open lysimeter-A depicted the higher values
of LPI (36.91) in pre-treatment leachate than that of the
the other lysimeter operating systems provided in Table
3 and Figure 5. The highestvalue of LPI in pre-treatment
leachate for the Az system of open lysimeter-A further
indicated that the deposited MSW in lysimeter-A has not
yet stabilized. This was also evident from the higher
values of BODs and COD. Figure 5 depicted thatthe Az
systemof open lysimeter-A had the highest LPI, while,
the lowest for the A1 systemof lysimeter-A until the
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Figure5. Variation of LPI in pre-treatment leachate with period of
lysimeter at varying operational condition

complition of this study. Result reveals the
concentrations of Cr, BODs, As, Zn, TKN, Ni, TCB,
TDS, Cu, CI- and Fe in pre-treatment leachate were to be
found higher for the Az systemof lysimeter-A, while the
collection system of the sanitary lysimeter-B contained
comparatively the higher concentrations of Pb, pH and
NH4-N (Table 3). A significant difference between the
individual and overall pollution ratings for both the
collection systems of the open lysimeter-A and the
sanitary landfill lysimeter-B was observed due to the
distinct difference of their leachate concentrations before
treatment.

Moreover, the pollutant concentrations of As, Ni,
NH4-N and Cu in pre-treatment leachate were to be found
fairly similar for both the collection systems of the
sanitary lysimeters-B and C. Althoughthesetwo landfill
lysimeter exhibited notable differences for the
concentrations of Cr, BODs, Zn, TDS, CI and Fe in
leachate, but the influence of the individual and
cumulative polluting rating was insignificant. So, it can
be concluded that these dintinct variation of leachate
concentrations before treatment, finally implies the
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varied individual, cumulative pollutant rating and the
overall LPI.

Comparison of LPIin Pre-treatment Leachate with
Published Results

The comparison of the mean values of derived LPI in pre-
treatment leachate at the distinct operational conditions
of the landfill lysimeter with the published results
available in the literature for the same cases is provided
in Figure 6. In this study, the derived mean values of LPI
in pre-treatment leachate were to be found 19.53, 25.33,
23.48 and 23.74 forthe Arand A, systems of open dump
lysimeter-A, as well as the collection systems ofsanitary
lysimeters-B and C, respectively. The results obtained by
this study indicted clearly that the pollution potential of
leachate in landfill lysimeter site is high and number of
variables included in LPI measure should be considered
in comparison to the results for other landfill sites in other
places.

45.01
4218

25.33
48 23.74 23.4!
23.48 23.45 2177
195

Leachate pollution index, LPI

- o
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%) a
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Figure 6. Comparison of contamination potential of pre-treatment
leachate of lysimeter with other researchers

A study conducted by Umar et al. [7] for claculating
of LPI and selected four solid waste disposal sites in
Malaysia, namely, Pulau Burung landfills (PBLS)
(sanitary landfill level 1l 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
values of LPI were found as 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 [8], [14] were
selected Okhla sanitary landfill (OSL), New Delhi (no
base liner or leachate collection and treatment systems)
solid waste disposalsite as a case study for calculating of
LPI and it was found 42.18. A study conducted by Kumar
and Alappat [6] and selected four landfill, namely, Ma
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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 the
calculating of LPI and it was found as 45.01, 15.97, 36.48
and 39.04, respectively. Here, it can be concluded that
among the selected disposal sites, four landfill of OSL,
MLT, PP and SW having more LPI due to their
operational configuration than that of LPI in leachate
before treatment of present landfill lysimeter studies
because it was a pilot scale landfill experiment.

It can be noted that laboratory result reveals the
pollutant concentrations in pre-treatment leachate
exceeded the permisiable limit of maximum dischage
standard provided in Table 4. Moreover, the values of the
sub-LPIs and overall LPI in pre-treatment leachate for the
landfill lysimeter were to be found significantly higher
and the proper treatment to be necessary before the
discharging of leachate into the natural water bodies.

Results of Leachate Treatment at Optimum
Condition

The optimum results were achieved after treating of
leachate for removing of pollutant using different
coagulants of FeCls, PAC, FeSOs and Al(SOs)s: at
optimum coagulation dose of 3000, 4000, 3000 and 2000
mg/L, respectively, at optimum value of pH 7 and the
mixing speed of 110 rpm provided in Table 5. The used
four chemical coagulants showed the varying
percentages of reduction in concentration of pollutants in
post-treatment leachate at optimum coagulant dosage
with varying pH. The chemical coagulant of FeCls was
able to achieve the complete removal (100 %) of the
concentrations of Ca, K, Na, Cu, Cd, Ni and Pb at
optimum coagulant dosage, while at optimum pH it was
able to achieve the complete removal of Cd, Ni and Pb in
leachate (Table 5). Result shows that the optimum
reduction of turbidity was to be found 95, 89 and 93 % as
well as 93, 85 and 82 % for Zn, by using FeCls, PAC and
FeSO4 at optimum coagulant dosage, respectively. Here,
it can be concluded that FeCls was found more effective
for the removal of all the pollutant concentrations in
leachate at optimum pH than the other chemical
coagulants. To reduce the pollutant concentrations in
leachate by using FeCls at optimum condition, the
leachate samples were also collected from the four
distinct operational conditions such as detection (A1),
collection (Az2) system of open dump lysimeter-A,
collection systems of sanitary lysimeters-B and C were
tested in the laboratory and the concentrations of treated
leachate are shown in Table 7.

Comparison of LPI in Post-treatment Leachate
with Maximum Discharge Standards

In an effort to assess the pollution potential of leachate
and toassess whether the leachate treatment systemis
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efficient, LPl in pre-treatment leachate (Table 3) and
post-treatment leachate (Table 6) were computed. It is a
quantitative and comparative measure for the leachate
pollution potential and by which the leachate pollution
data of the landfill sites can be reported uniformly [6],
[15]. It was found that the high values of LPI value in
pre-treatment leachate were remarkably reduced after
treatment. This leads to minimizing the levels of
pollutants and the risk of pollution.

The permissible limit for the disposal of leachate into
the natural water bodies and their corresponding LPI as
per the standard set by DoE (Bangladesh) on ECR, 97 for
Effluent (Wastewater) reported by [16], the management
and handling rule by the Gazette of Government of India
[17] as well as in Hong Kong stated by Environmental
Protection Department [18] are provided in Table 6.
Result reveals that the pollutant concentrations in pre-
treatment leachate of the landfill lysimeter-A, B and C
were exceed the permissible limit of leachate discharge
stanadrds. The comparison of the characteristics pre-
treatment leachate of the landfill lysimeter with the
standard set for the disposal of treated leachate verified
the fact that the leachate generated from the landfill
lysimeter was highly contaminated and will have to be
treated before discharging into the natural streams.
Moreover, the values of LPl were to be found 19.53,
25.33, 23.48 and 23.74 in the pre-treatment leachate for
the Arand Az systems of open lysimeter-A, as well as the
collection systems of sanitary lysimeters-B and C,
respectively indicated that the landfill lysimeter is
contaminated. It eveals significantly the higher values
thanthatof LPI of 5.77, 7.38 and 7.38 for the maximum
leachate discharge standards of Bangladesh, India and
Hong Kong, respectively. For reducing of pollutant
concentrations in leachate by using FeClsz at optimum
condition, the leachate samples were sampled from the
four distinct operational conditions such as detection
(A1), collection (A2) system of open dump lysimeter-A,
collection systems of sanitary lysimeters-B and C then
tested in the laboratory shown in Table 6. The
concentrations and consequently the values of LPI in
post-treatment leachate were to be found below the limit
of maximum discharge standards indicated the efficiency
of leachate treatment minimizing leachate pollutants.
Study reveals the LPI values below the maximum
discharge standards of 5.32, 5.69, 5.32 and 5.24 in post-
treatment leachate for the A1 and Az systems of open
lysimeter-A, as well as the collection systems ofsanitary
lysimeters-B and C, respectively. Comparison of LPI in
pre-treatment and post-treatment leachate with leachate
discharging standards is shown in Figure 7. It can be
concluded that the leachate generated from the landfill
lysimeter may be discharged into the natural streams after
the required level of chemical treatment to maintain the
limit of maximum discharge standards.
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TABLE 4. Comparison of concentration in post-treatment leachate and maximum discharge standard

Standard set by DoE (Bangladesh)" = = Concentration of post-treatment leachate of lysimeter
@ 3} jdie] Ee] e o % E ~ E )
Parameter 285 2REC 25 2 oo s T E o . o
SEE S52E2EgE S g S S < cm o o
Cr 0.5 1 1 2.0 0.1 0.2 1.0 0.045 0.04 0.08 0.07
Pb 0.1 1 0.1 0.1 0.1 0.01 0.5 0 0 0 0
COoD 200 400 400 250 200 50 100 55 85 60 57
Hg 0.01 0.01 0.01 0.01 0.02 0.005 0.05
BODs 50 250 100 30 800 20 50 85 102 88 80
As 0.2 0.05 0.2 0.2 - 0.05 0.1 0.01 0.04 0.03 0.02
CN 0.1 2 0.2 0.2 - 0.05 0.1 - - - -
Phenol 1 5 1 1.0 - 0.001 1.0 - - - -
Zinc 5 10 10 5.0 0.6 1.0 1.0 1.13 0.92 0.55 0.576
pH 6-9 6-9 6-9 5.5-9.0 5-7.5 6.0-9.0 5.5-9.0 6.1 6.27 6.45 6.21
TKN 100 100 100 100 100 - - 95 180 112 51
Ni 1 2 1 3.0 0.6 0.2 1.0 0 0 0 0
NH4-N 50 75 75 50 5.0 - - - - - -
TCB - - - - - - - 27 45 25 33
TDS 2100 2100 2100 2100 500 - 980 1100 1002 780
Cu 0.5 3 3 3.0 1.0 0.2 1.0 0.04 0.04 0.04 0.04
cr 600 600 600 1000 850 1.0 2.0 540 900 602 511
Fe 2 2 2 - - - - 5.1 3.2 3.3 2.1

Natation: Jannatul F 2013 (Standards Set by DoE on ECR, 97 for Effluent (Wastewater, inland surface water); “Kumar and Alappat 2003a; *Environmental Protection Department (EPD) (Maximum discharge
standard for landfill leachate from selected countries) and *Standard A: Upstream of water supply intake and “Standard B: Downstream of water supply intake (Regulatory Standards for industrial wastewater
as specified in the Environmental Quality (Sewage and Industrial Effluents) Regulation, 1979; EQA, 1974).
TABLE 5. Comparative reduction of pollutant in treated leachate using coagulant at optimum condition
Removal efficiency (%0)

: - 2 - o = € g £ g 5 E =
Coagulant OptimumCondition 2 S 8 9 a) T 2 z E] S . 2 2 Z £ k
] 3 ] 2 2 I = 8 K] = S N =] = 3
= O & @ s © S

FeCls 3000mg/L 95 86 50 81 41 75 100 100 100 80 100 93 100 100 100
pH7 94 88 50 79 39 67 96 86 86 86 81 83 100 100 100

PAC 4000mg/L 89 86 41 79 39 69 93 83 82 86 77 85 72 78 53
pH 7 91 88 45 80 38 64 94 84 84 91 85 82 93 86 96

FeSO. 3000mg/L 93 87 32 79 38 67 92 83 82 83 83 82 74 60 96
pH 7 92 95 37 79 36 62 95 88 88 95 82 82 93 84 95

Al(S0) 2000mg/L 92 88 40 79 37 66 94 85 84 89 84 83 77 57 74
2\I4)3 pH 7 90 89 41 81 35 63 95 85 85 92 86 85 93 86 94
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TABLE 6. Comparison of LP1 in post-treatment leachate of landfill lysimeter and maximum discharge standards

Concentration in post-treatment leachate

s?\lr(;al Lgla;ﬁrt]:rtﬁ Leachate discharge standard of landfill lysimeter
' P Bangladesh India Hong Kong A1 Az B C
1 Chromium 0.5 2 0.1 0.045 0.04 0.08 0.07
2 Lead 0.1 0.1 0.1 0 0 0 0
3 CcoD 200 250 200 55 85 60 57
4 Mercury 0.01 0.01 0.02 - - - -
5 BOD:s 50 30 800 85 102 88 80
6 Avrsenic 0.2 0.2 - 0.01 0.04 0.03 0.02
7 Cyanide 0.1 0.2 - - - -
8 Phenol 1 1 - - - - -
9 Zinc 5 5 0.6 1.126 0.92 0.55 0.576
10 pH 6-9 5.5-9.0 5-7.5 6.1 6.27 6.45 6.21
11 TKN 100 100 100 95 180 112 51
12 Nickel 1 3 0.6 0 0 0 0
13 TCB - - - - - - -
14 NH4-N 50 50 5 27 45 25 33
15 TDS 2100 2100 500 980 1100 1002 780
16 Copper 0.5 3 1 0.04 0.04 0.04 0.04
17 Chlorides 600 1000 850 540 900 602 511
18 Total Iron 2 - - 51 3.2 3.3 2.1
Corresponding LP1 5.77 7.38 7.38 5.32 5.69 5.32 5.24
should be controlled and more attention should be given
P to the landfill management. In addition, the values of LPI
2348 23.74 in post-treatment leachate were to be found below the
e permissible limits. The overall conclusion in this study
?; would be that the differences in the level of contaminants
-§ gy 738 738 in leachate before and after treatment indicated the role
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Figure 7. Comparison of LPI in pre-treatment and post-treatment
leachate with leachate discharging standards

CONCLUSION

High value of LPI of landfill lysimeter site indicated that
leachate generated is contaminated. The landfill
lysimeter sites requiring immediate attention can also be
prioritized based on LPI to avoid incidents of immense
pollution because changes in individual quality
parameters alter the value of LPI. Leachate treatment
efficiency was evaluated based on LPI values in pre-
treatment leachate as well as post-treatment leachate
using chemical coagulants. Through this study it was
found that the values of LPI were to be 19.53, 25.33,
23.48 and 23.74 in pre-treatment leachate as well as 5.32,
5.69, 5.32 and 5.24 in post-treatment leachate for the Az
and A; systems of open lysimeter-A, as well as the
collection systems of sanitary lysimeters-B and C,
respectively. The operation of leachate treatment system
in terms of chemical dosing and leachate collection
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of leachate treatment system in minimizing the level of
contaminants and lowering the risk of leachate
contamination.

REFERENCES

1. Ehrig, H.-J., 1983. Quality and quantity of sanitary landfil
leachate. Waste Management & Research, 1(1): 53-68.

2. Rafizul, I.M., M.K. Howlader and M. Alamgir, 2012.
Construction and evaluation of simulated pilot scale landfill

lysimeter in Bangladesh. Waste management, 32(11): 2068-2079.

3. Rafizul, 1.M. and M. Alamgir,2012. Characterization and tropical
seasonal variation of leachate: Results from landfill lysimeter
studied. Waste management, 32(11): 2080-2095.

4. Visvanathan, C., J. Tréankler, P. Kuruparan and Q. Xiaoning
Influence of landfill operation and waste composition on leachate
control-lysimeter experiments under tropical conditions. in 2nd
Asia Pacific Landfill Symposium in Seoul, Korea. 2002.

5. Halim, A.A., H.A. Aziz, M.AM. Johari, K.S. Ariffin and MN.
Adlan, 2010. Ammoniacal nitrogenand COD removal from semi-
aerobic landfill leachate using a composite adsorbent: fixed bed
column adsorption performance. Journal of hazardous materials,
175(1): 960-964.

6. Kumar, D. and B.J. Alappat, 2005. Evaluating leachate
contamination potential of landfill sites using leachate pollution
index. Clean Technologies and Environmental Policy, 7(3): 190-
197.

7. Umar, M., H.A. Aziz and M.S. Yusoff, 2010. Variability of
parameters involved in leachate pollution index and determination
of LPI from four landfills in Malaysia. Intemational Joumnal of
Chemical Engineering, 2010.

8. Kumar, D. and B.J. Alappat. Analysis of leachate contamination
potential of amunicipal landfill using leachate pollution index. in
Workshop on Sustainable Landfill Management. 2003.



IranicaJournal of Energy and Environment 7(1): 72-83,2016

9. Sharma, A., S. Meesa, S. Pant, B.J. Alappat and D. Kumar, 2008. 14. Kumar, D. and B.J. Alappat, 2004. Selection of the appropriate
Formulation of a landfill pollution potential index to compare aggregation function for calculating leachate pollution index.
pollution potential of uncontrolled landfills. Waste Management Practice Periodical of Hazardous, Toxic, and Radioactive Waste
& Research, 26(5): 474-483. Management, 8(4): 253-264.

10. Kumar, D. and B. Alappat. A technique to quantify landfil 15. Kale, SS, A.K. Kadam, S. Kumar and N. Pawar, 2010.
leachate pollution. inProc., 9th International Waste Management Evaluating pollution potential of leachate from landfill site, from
Landfill Symposium, Cagliari, Italy, Paper. 2003. the Pune metropolitan city and its impact on shallow basaltic

11. Ebeling, J.M., Sibrell, P.L., Orden, S.R. and Summerfelt, ST., aquifers. Environmental monitoring and assessment, 162(1-4):
2003. Evaluation of chemical coagulation-flocculation aids for 327-346.
removal of suspended solids and phosphorus from Intensive 16. Ferdaush, J., 2013. Treatment of landfill leachate by the physico
recalculating aquaculture effluent discharge. Adquaculture chemical methods.

Engineering,, 29(1-2): 23-42. 17. India, G.o., Municipal solid wastes (management and handling)

12. Mahmud, K., M.D. Hossain and S. Shams, 2012. Different rules., M.o.E.a.F. T he gazette of India, Editor 2000, Govemment
treatment strategies for highly polluted landfill leachate in of India: Delhi, India.
developing countries. Waste management, 32(11): 2096-2105. 18. Environmental Protection Department (EPD), H.K.s.a.r.H., 2005.

13. APHA., Standard Methods for the Examination of Water and Technical memorandum for effluent discharged into drainage and

Wastewater 15ed1981: APHA American Public Health
Association.

sewage system, inland and coastal water, advanced landfill
leachate treatment using an integrated membrane process.
Desalination 149(1-3): 109-114.

Persian Abstract

DOI: 10.5829/idosi.ijee.2016.07.01.11

ounS>

e

3590 (stlrond Sl b ond Yo T 5 0ad o Gy ald lp (LPD) alyds (Sogll (a3 ls (wlol pr aleds Lo 035l gl cnl 5o
b s analsy KL KUET j3 by 088 Jome et 0 aled s gor aliione 51 Gloj plite Jolsd 53 el slaTdisnd 3,5 15 (o
S o9Eer s S 5 (AD) Wt 5SS Sy Sl & Acsl sopes¥ S5l Al 85 e 53 s Shopey¥ 955 dbe o] (Sogll Jonilry
2l o dges 4 bgpe slayial,l aijls (cap liner) (oM ol il g5 90 C 3B ctilage yrernY ailon a5 Cowl sad JuSis ol (A2)
3 odle g bl USLPL o cpfiw @lils o J10e glamony VT ( JT slam oan¥T (o pLP1 e jo o) slom Sogll b a5 05lal olfitslo)]
23174 4 23/48 25133 (19153 55 4 C 4B ilag ooy 5 Al jorw VA2 AL qien ol Lo aled o LPL Jlade oyl
sl 7138 5 738 5177 sy & &5 KiST K g aid (KL slayeiS 5o o bl ald b oSl 5l i Sl polie cpl el oo
—edale 3 (AI2(S04)) Sy pariesd] 5 (FESO4) Sy ol (PAC) 5 IS poriegdl (L «(FEClz) 0,5 ol 5l soliiwl b al i s b7 o
Orhagy 3 il b mes 3Sle oo 51 5Tl peuiyl Cldale (5 (FECL3) wy IS ol bond Lo e &l 5o al o clale wd los il PH 0l o Lo
SB2 55 4 C g B il ey lmpiers s A b e VA2 AL slo i lp jlosd G alids O LPI polie a5 ols las aslllas
39 Sooll s j3 Solis & C8,5 aomitjshan] e oo Lules ST e LPT o jlusbinl b e sSle 0> 5l 5Tl o5 wisbT e 5124 5 5/5¢32/69

ABLT e LPT &byl (Sogll Sy 50550 oml 5 b Sogll o (20lS 50 s Jlos pias G 00ind GLiS Jlass e g jlesd Gl et

83



