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Graphical abstract Abstract

This paper presents the results of a study on the effectiveness of mixtures of granite residual soil with
palm oil fuel ash (POFA) to attenuate leachate contaminants. Granite residual soil samples were
mixed with 0 to 15% POFA. A short term filiration processes and hydraulic conductivity test were
conducted simultaneously using a falling head apparatus with natural leachate as the permeant.
Soil POFA Soll-POFA q a q q q q
Liner The values of natural attenuation capacity of the compacted soil mixed with various percentage
of POFA were determine by carrying out several water quality tests on the influent and effluent.
The parameters measured were Total Suspended Solids (TSS), Biochemical Oxygen Demand
(BOD), Chemical Oxygen Demand (COD) values and some selected heavy metal (Chromium,
Copper, Manganese, Lead and Zinc). The results showed the highest reduction in hydraulic
conductivity (65.4%) was achieved by the compacted soil mixed with 10% POFA. The removal rate
of all parameters studied except for copper increased with the increment of POFA content.
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Abstrak

Manuskrip ini memperihalkan keputusan kajian keberkesanan campuran tanah baki granit
dengan abu bahan bakar sawit (POFA) bagi melemahkan bahan pencemar larut lesap. Tanah
baki granit dicampurkan dengan 0 kepada 15% POFA. Proses penurasan jangka pendek dan
ujian hidraulik konduktiviti dijalankan dengan serentak menggunakan alat meter telap turus
menurun dan air larut lesap digunakan sebagai larutan. Nilai Kapasiti pelemahan semulajadi oleh
tanah campuran terpadat dengan peratusan POFA pelbagai ditentukan dengan menjalankan
beberapa ujikaiji kualiti air ke atas influen dan efluen. Parameter yang dikaji ialah Total Suspended
Solids (TSS), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD) dan
kepekatan logam berat terpilih (Chromium, Copper, Manganese, Lead dan Zinc). Keputusan
menunjukkan nilai penurunan tfertinggi bagi hidraulik konduktiviti (65.4%) dicapai bagi tanah
campuran terpadat10% POFA. Kadar penyingkiran bagi semua parameter yang dikaji kecuali
Copper meningkat dengan peningkatan kandungan POFA.

Kata kunci: Pelemahan; bahan larut lesap; tanah baki; abu bahan bakar sawit
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1.0 INTRODUCTION country [1]. However, a substantial amount of leachate

is produced as a result of rainfall or surface runoff
The most desirable method for disposal of municipal percolating through the covers of these landfills. This
solid waste is through landfill especially in developing leachate has high concentration of heavy metals and
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organic pollutants which serves as a source of
contamination to the ground water body [2-4]. The
properties of leachate depends on the amount water
was seeping to the landfill, and on the chemical
reactions between the solid and liquid phases [5].

In order to reduce the problem associated with
leachate, a good lining system must be put in place
which does not only perform the act of isolating waste
from contaminating the soil, but also prevents the
integrity of the ground water system by preventing or
rather reducing percolation of leachate [4].
Compacted clay soils or mixtures of soils with different
additives (agricultural and industrial) are commonly
used to achieve very low hydraulic conductivity barriers
that prevent or reduce the infiliration of these
contaminants [7- 9].

The selection and performance criteria for assessing
the suitability of materials meant for hydraulic barriers in
waste disposal facilities are low hydraulic conductivity,
adequate shear strength and low potential for
desiccation cracks and volumetric shrinkage [10, 11].
However, another fundamental design requirement
and testing consideration is the compatibility between
the barrier material and the fluid (leachate) to be
contained. This implies the hydraulic barrier must
maintain its low permeability and attenuate capacity
after prolonged contact with the leachate [12, 13]. The
main aim of these study is to evaluate the leachate
compatibility and the attenuation capacity of granite
residual soil mixed POFA based on short — term hydraulic
conductivity test.

2.0 EXPERIMENTAL

2.1 Materials

The palm oil fuel ash (POFA) sample was obtained from
a storage area of Southern Malay Oil Palm factory in
Simpang Renggam, Johor, Malaysia (Figure 1a). The
granite residual soil was collected from Hulu Langat,
Selangor, Malaysia at coordinates of 327" 0" N 1010 49"
1" (Figure 1b).

Figure 1 (a) The disposal practices of POFA around the factory

in Johor and (b) the location of granite residual soil at Hulu
Langat, Selangor

All samples were then transported to the soil laboratory
for subsequent test. The soil contains 53.13% fines and
the percentage of fines increase when POFA content
increase in the soil. A liner material should have fine
content of more than 20-30% [14]. The details about the
location and sampling procedures of samples’
collected can be found in Ref. [15, 16].

2.2 Methods

A compatibility study which is the interaction between
the leachate and the barrier material was conducted
based on the short — time hydraulic conductivity using
leachate as the permeant. The test was carried out
using a rigid wall permeameter under the falling head
condition in accordance with procedure outlined in
Ref. [17].

The soil - POFA mixture was compacted referred to
the BS 1377-4: Compaction tests (Modified Proctor) and
soaked for saturation. Tap water was used as the initial
permeant for a period of ten days to establish a base
line hydraulic conductivity, and then leachate was
infroduced for a period of 20 days. The change in
hydraulic conductivity with the leachate and
permeation fime was studied.

Furthermore, in order to determine the natural
attenuation capacity of the compacted soil, laboratory
tests were carried outf to determine the Total Suspended
Solids (TSS), Biochemical Oxygen Demand (BOD),
Chemical Oxygen Demand (COD) and some selected
heavy metals concentration by using and ICP — AES
equipment (Perkin Elmer: Optima 3000XL).

3.0 RESULTS AND DISCUSSION
3.1 Leachate Compadatibility

Compatibility of a liner material with leachate is a very
important consideration in the design of waste
containment facilities. The waste containment system
must maintain its strength and regulatory hydraulic
conductivity value affer prolonged conftact with
leachate. Particles are highly suscepftible to changes in
moisture, physical and chemical interactions with the
liguid to be contained [11, 18].

Figure 2 shows the trend in hydraulic conductivity
values of granite residual soil and soil — POFA mixture
over a period of thirty days.
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Figure 2 Variation behaviour of hydraulic conductivity of
granite residual soil - POFA mixtures with time (permeated with
water and landfill leachate)

For granite residual soil, the baseline hydraulic
conductivity before infroducing leachate as the
permeant was 7.0x107 m/s, while the hydraulic
conductivity value at the end of permeation period
with leachate was 4.55%10-? m/s. For soils containing 5,
10 and 15% POFA, the baseline hydraulic conductivities
were 2.0x10719,  2.89x10"  and 1.48x107 m/s,
respectively. When leachate solution was infroduced,
the hydraulic conductivity at the end of the permeation
period was 1.13x1019, 1.11x10"" and 7.22x10-10 m/s for
soils containing 5, 10, 15% POFA, respectively. The
percentage reduction at the end of the permeation
period for 0, 5, 10 and 15% POFA were 50.6, 57.5, 65.4
and 49.86%, respectively.

The frend in percentage reduction of hydraulic
conductivity with addition of POFA can be due to the
effect of increased fine content in the compacted sall
— POFA mixture that reduced pores spaces and
conductivity of leachate. Ref. [19] has shown that the
hydraulic conductivity of laterite — fly ash mixture with
municipal solid waste leachate decreases with
increasing amount of fly ash due to increase in fines.
Similarly, Ref. [20] observed the same phenomenon
when foundry sand - bagasse ash mixtures was
permeated with municipal solid waste leachate.

On the other hand, there was a slight decrease in
hydraulic  conductivity  values  with  increased

permeation period; these could be associated with
biological clogging phenomena as a result of
accumulation of suspended solids in the leachate.
Biological clogging is a situation where pores with soils
are filed up due to microbial activities; this
phenomenon reduces the porosity and hydraulic
conductivity of the soil [21]. These findings are similar to
several previous studies [5, 22, 23]. They showed that a
reduction of the hydraulic conductivity of compacted
clay soil permeated with leachate occurs as a result of
pore clogging. Furthermore, suspended solids and
microorganism in leachate were gradually adsorbed
on the surface of the soil, thereby blocking
intferconnected pores in the specimen and further
reducing hydraulic conductivity. A similar phenomenon
was observed by [5].

It can be concluded that the amount of suspended
solids in landfill leachate plays an important role on the
hydraulic conductivity of the barrier material by
lowering the flow rate with fime.

3.2 Aftenuation Analyses

In order to check the natural attenuation capacity of
the soil and soil — POFA mixtures, analyses on Total
Suspended Solids (TSS), Biochemical Oxygen Demand
(BOD), Chemical Oxygen Demand (COD) and
concenftration of some heavy metals were carried out
on both of the influent and effluent. Table 1 shows the
values of water quality parameters and concentration
of heavy metals of both the influent and effluent (0, 5,
10, and 15% POFA) in comparison to the Malaysian
leachate discharge standards [24].

The pH values for both the influent and effluent
ranged from 7.76 - 8.61 which was within the permissible
limit given by the Environmental Quality Act 1974 (ACT
127) & subsidiary legislation [24]. The BOD value for the
influent was 338mg/L, while the values for the effluent
ranged from 109 — 276 mg/L. There was a reduction in
BOD value with increasing POFA contents. The COD
value obtained for the influent was 1335mg/L and it is
also shown a similar behaviour as BOD values which is
reducing with increasing POFA contents. Higher COD
values were obtfained by other studies [25-27]. They
studied the general characteristics of various municipal
solid waste leachate  within  Malaysia.  The
concenfration of heavy metals was all below the
standards values [24].
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Table 1 Chemical and heavy metal concentration before and after freatment

Parameters Raw Landfill leachate Palm Oil Fuel Ash (POFA) Std. [24]
0% 5% 10% 15%

pH 7.76 7.78 8.24 8.44 8.61 50-9.0
1SS (mg/l) 213 127 106 84 80 400
BODs(mg/l) 338 276 215 150 109 400
COD (mg/l) 1335 1061 950 810 750 1000
Chromium, Cr (mg/l) 0.167 0 0.001 0.005 0.002 2
Copper, Cu (mg/l) 0.031 0.024 0.024 0.026 0.026 10
Manganese, Mn (mg/I) 0.318 0.025 0.019 0.019 0.019 10
Lead, Pb (mg/l) 0.011 0.006 0.008 0.005 0.004 2
Zinc, Zn (mg/l) 0.326 0.075 0.068 0.053 0.016 10

Note: Total Suspended Solids (TSS), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD)

Figure 3 shows the removal rate of 1SS, COD, BOD and
heavy metals at different percentages of POFA. The
inifial 1SS, BOD and COD values of the leachate were
measured as 213, 338 and 1335mg/L, respectively. At
the end of the permeation process, the highest removal
rate for 1SS, BOD and COD were 62.41%, 67.75% and
43.82% at 15% POFA content. The removal efficiency
further buttresses the findings in Table 1.
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Figure 3 Variation removal rate of heavy metals at different
percentages of POFA

On the other hand, heavy metals results showed that
the removal rate of all heavy metals except for copper
increased with the increment of POFA content. The
greater atftenuation capacity of the material was
observed at 15% POFA as a result of higher POFA
content which has greater specific surface area.
Attenuation often occurs at the reactive surface of a
particle, thus a material that has a relatively large
specific surface area may make a relatively large
confribution to heavy metal attenuation [29].
Furthermore, high specific surface area (SSA) also
allows strong physical and chemical interactions with
fluids and dissolved species, which subjected to
electrostatic attraction, sorption or specific cation
exchange reactions [29].

4.0 CONCLUSION

The study was carried out to evaluate the leachate
compatibility and atftenuation capacity of granite
residual soil freated with palm oil fuel ash. A general
decrease in hydraulic conductivity values at different
percentages of POFA was observed, with the highest
reduction rate of 65.4% was recorded at 10% POFA
mixfure. This could be as a result of suspended solids in
the leachate which were absorbed on the surface of
the soil there by reducing percolation with time. On the
other hand the concentration of heavy metals in
leachate was drastically reduced (except for Copper)
when permeated through the compacted material
with POFA. The greater attenuation capacity of the
material was observed at 15% POFA as a result of higher
POFA content. From the results, it can be concluded
that the studied mixtures of soil-POFA have a potential
to be used as liner in order fo aftenuate leachate at
landfill site.
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