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Abstract. An alternative material that could be used as a liner, which can avert the heavy metal migration 

from landfill to soil, is the combination between bentonite and zeolite. This study aims to analyze the Pb2+ 

adsorption capacity of the liner and permeability of bentonite with the addition of zeolite in several 

percentages. There were four different types of composite in the experiment, such as pure bentonite (BZ0), 

bentonite + zeolite 2% (BZ2), bentonite + zeolite 5% (BZ5), and bentonite + zeolite 8% (BZ8). Bentonite 

and zeolite composite was inserted into a cylindrical reactor, which was compacted to adjust the condition 

of the study to be similar with existing condition in the landfill. This study was conducted until the 

leachate produced and lead concentration was tested using samples from the liner and leachate in the 

outlet. The results showed that the highest efficiency of lead reduction was obtained from BZ8 with the 

percentage of 95.2%, while the highest permeability coefficient was found in BZ8 with the value of 7.76 x 

10-11 cm/s. The addition of zeolite has been proven to be able to reduce the lead concentration of leachate, 

but it increased the possibility of leakage. 

 

1 Introduction 

In urban waste management, landfilling is a method that 

is commonly used as a place for the final processing of 

waste. However, there is a very important environmental 

problem to consider, namely the presence of leachate. 

Leachate is formed due to the process of decomposition 

of waste, which is supported by the presence percolation 

and infiltration of rainwater through the waste [1]. 

Landfill leachate is a complex pollutant that has a high 

concentration of dissolved organic matter [2]. In the 

leachate, there are various materials that are harmful to 

the environment, such as phenols, aromatic compounds, 

ammonium, and heavy metals [3]. 

Heavy metal contamination illustrates that serious 

environmental pollution is happening. One of heavy 

metal that its negative impact on the environment has 

been well known is lead, which has a high toxicity level 

and is difficult to process [4], [5]. In addition, lead also 

causes impacts on humans, such as internal organ 

damage, behavioral disorders, mental disorders, cancer, 

and nerve damage [6]–[8]. Therefore, it is necessary to 

have a semi-permeable layer that is able to hold the 

leachate so that it cannot escape and prevent 

environmental pollution [9]. 

There are various materials that can be used as 

landfill liners which have a function as barriers to hold 

leachate out of landfill cells into the surrounding 

environment. One of commonly used material as a 

landfill liner is compacted clay, because of its abundant 

availability and low price [10]–[12]. Compacted clay is 

able to remove lead (Pb
2+

) in an adsorption process due 

to the presence of negative ions contained in it [13]. 

Bentonite, which is included in compacted clay, is often 

chosen because it has high porosity, high cation 

exchange capacity, large surface area, and small particle 

size so that it can adsorb more pollutants [14]–[17]. 

Bentonite can be found in both natural and sedimentary 

soils [18]. Bentonite mainly consists of montmorillonite, 

with an arrangement of two tetrahedral sheets from SiO4 

which coincide with an octahedral sheet of Al
3+

 

(Fe
2+

/Mg
2+

) [10], [19]. However, there are some 

problems with the use of pure bentonite as a liner, such 

as shrinkage and low shear stability [20], [21].  

Zeolite is a material that can be used to improve the 

shear stability of a liner due to the nature of zeolite as a 

soil stabilizer. In its use, zeolite is widely used in 

construction activities. The presence of crystalline in 

zeolite is able to adsorb various particles that have 

smaller size than its diameter [21]. Zeolite can also 

increase the adsorption capacity of the liner because 

zeolite has a cation exchange capacity of 200 to 400 

meq/100 grams, which is almost the same as the capacity 

possessed by bentonite [22]–[24]. Removal of various 

heavy metal compounds such as lead, cadmium, zinc, 

and manganese can be accommodated by using 

adsorbents from zeolite. However, zeolite has 

disadvantages because it can increase the permeability of 
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Abstract. Activated sludge process is one of the wastewater treatment method that is applied for 
many wastewater types including painting process wastewater of automotive industry. This 
wastewater is well-known to have high heavy metals concentration which could deteriorate water 
environment if appropriate performance of the wastewater treatment could not be achieved. In this 
study, we monitored microbial community diversity in a Painting Biological Treatment (PBT) system. 
We applied a combination of cultivation and genotypic biological methods based on 16S rRNA gene 
sequence analysis to identify the diversity of active microbial community. The results showed that 
active microbes that could grow in this activated sludge system were dominated by Gram-negative 
bacteria. Based on 16S rRNA gene sequencing analysis, it was revealed that their microbial 
diversity has close association with Bacterium strain E286, Isosphaera pallida, Lycinibacillus 
fusiformis, Microbacterium sp., Orchobactrum sp., Pseudomonas guariconensis, Pseudomonas sp. 
strain MR84, Pseudomonas sp. MC 54, Serpens sp., Stenotrophomonas acidaminiphila, and Xylella 
fastidiosa with similarity of 86 – 99%. This findings reflects that microbial community in a Painting 
Biological Treatment (PBT) system using activated sludge process could adapt with xenobiotics in 
the wastewater and has a wide range of diversity indicating a complex metabolism mechanism in 
the treatment process. 

1 INTRODUCTION 
Every production process carried out by industry 

produces wastes that require further processing thus they 

cannot be directly discharged into the environment. These 

wastes were resulted from the production process as well 

as waste treatment process. The industrial waste must be 

treated before being discharged into the environment to 

prevent environmental pollution, one of which can be due 

to the presence of heavy metal content. The heavy metal is 

not biodegradable and tends to accumulate in the 

environment and cause diseases and other disorders, even 

though it could be treated by microalgae absorption [1, 2]. 

One of the wastewater treatment is biological 

treatment by indigenous bacteria that are environmentally 

friendly. This treatment configuration will be more 

effective, inexpensive and sustainable compared to 

conventional (physico-chemical) methods [3]. In addition, 

biological methods can also be an attractive choice for 

conserving water usage through treatment of water 

produced from wastewater [4]. 

The activated sludge method is an aerobic biological 

treatment by taking advantage of a suspended microbial 

ecosystem. Simphiwe et al. (2012) showed that the use of 

bacteria in the processing of industrial wastewater can be 

an alternative waste treatment that is more economical and 

effective in removing dyes, but the efficiency of removing 

dyes also depends on the type of dye, pH, temperature, and 

flocculant concentration [5]. This is in line with Mahmood 

et al. (2012) mentioned that the effectiveness of 

processing using this treatment method depends on three 

variables, namely: the substrate contained in the waste, the 

bacterial species, and the environment in which the 

bacteria live [3].        

The object of this study was a biological wastewater 

treatment system of a metal painting facility owned by a 

shock-absorber manufacturing industry that generates 

wastewater consisting paint residues containing heavy 

metals. This biological wastewater treatment system 

consists of a Painting Biological Treatment (PBT) unit 

operating activated sludge treatment process. This PBT 

unit was constructed not only to treat wastewater, but also 

to conserve water use by reusing treated wastewater for 

water curtain system in capturing excess of paint during the 

painting process.  

The PBT unit uses bacteria consortium as 

biodegraders. This bacteria consortium originated from 

five seeding tanks. Each of the tanks consists of specific 

bacteria which has been isolated and cultivated previously 

[6, 7, 8]. This specific bacteria is augmented to the PBT 

unit occasionally based on its performance. Another study 

showed the best composition of that bacteria consortium 

that needs to be augmented to the PBT unit based on 

different types of paint used which contains different 

pigments, binders, extenders, solvents and additives [8].  

According to those studies, it could be recognized 
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Abstract. In some areas in Pampanga, arsenic concentration from handpumps reaches up to 300 μg/L, 10 

times higher than the safe limit for drinking water. An efficient way of reducing elevated arsenic 

concentration is through electrocoagulation (EC) process with the use of iron electrodes. However due to 

several factors, the efficiency of the technique is decreased. This study focuses on determining the energy 

consumption and cost through time. The cost per cycle was estimated through the power consumption and 

projecting its growth with time. One 600 L cycle costs around $0.60 to $1.10 which is approximately 

$0.001 to $0.002 per liter of water. This value increases through each cycle until half of the electrode is 

consumed (500 cycles) and is to be replaced. The current processing time was set at 30 mins, charge dosage 

of 150 C/L, applied current of 16.67 mA, and an electrode area of 6.6 cm2. One factor examined which may 

have caused the increase is the formation of passivation layer on the electrode surface. It was described 

using linear sweep voltammetry (LSV) and Tafel extrapolation method. The resistance due to charge 

transfer was determined to be increasing per cycle.  

1 Introduction  

In 2014 the Department of Health, in coordination with 

the Dutch Risk Reduction team, reported that Pampanga 

groundwater has elevated arsenic concentrations. The 

problem seems to be rampant particularly in certain areas 

in Lubao, with arsenic concentration reaching up to 300 

μg/L‒30 times higher than the Philippine National 

Standards for Drinking Water for arsenic [1]. 

Arsenic is a naturally occurring element and can 

contaminate water and soil and one possible reason for 

the contamination in Pampanga area is due to the Mt. 

Pinatubo eruption in 1991. Arsenic is a carcinogenic 

chemical and chronic exposure can eventually damage 

one’s internal organs and cause skin diseases [2,3]. 

Seven out of nine drinking water samples from 

households of index cases have elevated arsenic 

concentrations between 10-600 μg/L from drinking 

water tests conducted in December 2014. Half the 

population of Lubao still uses handpump wells. From 

2010 to 2014, 215 residents from 5 barangays in Lubao 

had consulted with similar dermatological symptoms, 

due to chronic exposure to. the contaminated water. 

Some dermatologic symptoms are skin discoloration, 

skin rashes, lesions, etc [1]. 

Rural Bangladesh experiences the same situation, but 

arsenic levels were effectively reduced in the area using 

electrocoagulation process, from 100- 500 μg/L arsenic 

to below the maximum limit of 10 μg/L recommended 

by the World Health Organization [4,5]. 

Electrocoagulation is an electricity-based treatment 

method wherein a sacrificial iron electrode is slowly 

electrochemically dissolved in arsenic-laden water [6]. 

Electrolytic dissolution of Iron (Fe-ED) is driven by 

applied current to the sacrificial iron anode as shown in 

Figure 1. The amount of electrons taking part in the 

process can be controlled based on the Faraday’s Law, 

enabling the calculation of the iron dose from the applied 

current [7]. It is feasible due to its low treatment costs 

that offsets the maintenance, operation, and capital costs 

of an electricity source (usually small scale such as 

photovoltaics or battery packs). 

 
Fig. 1. Electrocoagulation process of arsenic-laden water 
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Abstract. In this study, viability of employing the waste treatment technique for 
industrial application was conducted by setting up a phytoremediation protocol for field 
application where heavy metal (Arsenic and Copper) contaminated adsorbents, i.e. coco 
peat and nanofiber membrane, used for the treatment of wastewater were also included. 
An arsenic hyperaccumulator, Pityrogramma calomelanos was used for the treatment of 
mine wastes- tailings, coco peat and nanofiber membrane. Phytoremediation procedure 
was established by investigating planting parameters namely ; plot height - (9 cm and 15 
cm) and planting distance- (15 cm and 20 cm) for a period of five months. Translocation 
factor and % uptake of As and Cu by ferns were measured. According to the results, % 
uptake of As and Cu by P. Calomelanos was 0.16 % and 0.01 % and translocation factor of 
As and Cu was 6.78 and 0.04, respectively. Plant growth factors (root length, frond height 
and dry weight) in tailings mixture plant boxes and control soil were also determined. 
Accordingly, P. calomelanos grew well in tailings mixture without the symptom of 
phytotoxicity. Therefore, P. calomelanos can be used for the phytoremediation of the said 
heavy metal contaminated mine wastes. Based on this study, 15 cm plot height and 20 cm 
plant distance were suitable for field experiment although long term research data is 
required. The overall protocol for the treatment of mine wastes as field experiment was 
proposed based on the results. 

 
1.Introduction 
Mining for valuable metals, coal, and different wares 
shapes a significant piece of the economies of numerous 
nations [1]. The major environmental impact from waste 
transfer at mine site can be separated into two classes: 
the loss of productive land following its change to a 
waste stockpiling zone, and the presentation of silt, 
corrosiveness, and different contaminants into 
surrounding surface and groundwater from water 
running over uncovered dangerous or chemically 
reactive wastes [2]. The Philippines is considered as one 
of the profoundly mineralized nations per unit area of 
land. Mining activities are collected in Baguio Mining 
District, Benguet, Luzon where metallic reserves, for 
example, gold, silver, and copper are the biggest in the 
country [3]. Gold is the third most significant product in 
the Philippine export trade done by both small scale or 
large scale industry. Comparison of the mining 
technology of large-scale miners to small-scale miners, 

small- scale mining technologies leaves undeveloped and 
inefficient for the production and minimizing the 
environmental and health impacts because of lack of 
capital cost [4].  The small-scale gold processing place 
for this research released mining wastes (solid wastes- 
tailings and liquid waste-effluents). Mine tailings were 
stabilized in the tailings pond. Coco peat and 
polycaprolactone montmorillonite (PCL-MMT) 
nanofiber composite were utilized as adsorbents for the 
treatment of mining wastewater [5]. At a certain point, 
the spent adsorbent- coco peat and nanofiber membrane 
with heavy metals have to be properly disposed to 
minimize impacts on the surrounding environment. The 
estimated amount of mine tailing, coco-peat and 
nanofiber membrane produced per treatment are 3-4 
tons, 25 kg and 20 g respectively. 

Mining, producing, and the utilization of synthetic 
products (for example pesticides, paints, batteries, 
industrial waste, and land application of industrial or 
domestic sludge) can bring about heavy metal 
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