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Abstract: Multi-soil-layering (MSL) is well-known as an emerging technology for wastewater 
treatment. However, limited studies have been conducted on the crumb rubber industry. Thus, 
this study aims to reduce the crumb rubber industrial wastewater using MSL system. Four models 
of MSL conducted it. They are (1) constructed by body size of gravel with a mixture of andosol soil 
and fine charcoal; (2) body size of gravel with a mixture of andosol soil, fine charcoal, sawdust, and 
iron particles; (3) tube size of gravel with a mixture of andosol soil and fine charcoal; and (4) tube 
size of gravel with a mixture of andosol soil, fine charcoal and sawdust.  The construction models 
were installed in the variance of the box and each of them was flowed by the Hydraulic Loading 
Rate of wastewater. Aeration treatment is given to the maximum hydraulic loading rate. The result 
showed that MSL systems significantly minimize the crumb rubber industrial wastewater under 
requirements that cover Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), 
Total Suspended Solid (TSS), Total Nitrogen (T-N) and Total ammonia (T-NH3). It also 
significantly neutralizes the power of Hydrogen (pH) up to 6. The highest reduction was obtained 
by the MSL 3 system (tube size of gravel with a mixture of andosol soil and fine charcoal). The 
aeration significantly decreased the BOD, COD, TSS, and ammonia from 85% to 99%. Although 
the aeration process enhanced the performance of MSL system, however, MSL without aeration 
successfully treated the wastewater to meet the required standard. This study provides new insight 
into the effectiveness of MSL system in reducing pollutant parameters of crum rubber industrial 
wastewater. 
 
Keywords: Adsorption; Wastewater treatment; Aerobic process; Anaerobic process. 
 

1. Introduction 
 
Many crumb rubber industries are located on the side of rivers. The industry uses a lot of water and 
chemicals, producing a lot of wastewater and effluent [1], [2]. The discharge of untreated 
wastewater into waterways or rivers causes water pollution, which has a negative impact on human 
life [3], [4]. With the new global trend toward sustainable development, the industry must focus 
on cleaner production technologies, wastewater reduction and minimization, water recycling and 
utilization, and resource recovery [5], [6], [7]. The crumb rubber industries produce wastewater of 
an average of 50-100 m3/hour after a chemical treatment process. The wastewater could not be 
disposed of directly into the river since it has many pollutants [4]. According to the results of 
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periodic monitoring and preliminary analysis of the quality of wastewater disposal by the industry, 
it does not comply with the quality standard of environmental requirements [8], [9]. 
 
Wastewater in the crumb rubber industry is sourced from raw materials and processes. The crumb 
rubber industry uses a lot of water to wash raw materials obtained from tappers, which are still 
dirty and even deliberately filled with wood, metal, and sand [10]. The wastewater becomes liquid 
and odorous waste [11], [12]. Generally, industrial wastewater from crumb rubber is acidic, 
containing dissolved and deposited suspended solids [13] The Biochemical Oxygen Demand (BOD) 
and Chemical Oxygen Demand (COD) values are quite high, the nitrogen content is mainly from 
ammonia which is used as a latex-fixing ingredient [14]. High BOD and COD in wastewater show 
high levels of organic matter [15]. Increasing levels of organic matter will further disrupt the 
environmental ecosystem that receives wastewater because oxygen is used by decomposing bacteria 
to destroy these organic materials. Lack of oxygen, the death of living things and the presence of 
organic material in wastewater generated the emergence of various microorganisms that have the 
potential to cause disease [16]. 
 
The discharge of liquid waste by land can take place in physical, chemical and biological processes, 
it has been known from the past as an effective method and has been used as one of the natural 
wastewater treatments [17]. Processing of this method is very cheap, but it requires a large area of 
land when compared to modern systems [18]. Where this land is unlimited and the price is cheap, 
this system can easily be applied for wastewater treatment. However, processing with this system 
has serious problems with permeability, where the processing capacity is limited per unit area. 
Sandy soils have high permeability with an infiltration rate of 1.8 to 3.6 m2/day, but the chemical 
and biological ability is not as well as clay soils which have an infiltration rate of only 0.9-0.3 m2/day 
[19]. An example of the average flow rate in a treatment system using land is 10-40 l/m2 /day for 
traditional trench systems and 1-8 1/m2/day for slow-rate land treatment systems [8]. 

 
Biological methods and mechanical methods have been used in the crumb rubber industrial 
wastewater treatment. Several studies have focused on biological methods that use microorganism 
like Pseudomonas sp., Arthrobacter sp., native purple nonsulfur bacteria (PNSB), and 
Rhodopseudomonas palustris specifically aimed at treating wastewater from the rubber industry 
[20]–[23]. Although biological methods, particularly anaerobic, aerobic, and facultative ponds, are 
widely used for the treatment of rubber wastewater, vast areas are required. Meanwhile, 
mechanical methods such as rotating discs, anaerobic filter beds, and aerated lagoons require little 
land, but the concentration of pollutants remains high [24]. Biological treatment presents a straight 
forward approach to address nitrogen compounds within rubber industry wastewater. However, it 
necessitates substantial space for installation and prolonged retention time. Conversely, membrane 
treatment offers a compact setup, yields high-quality water, and consumes minimal energy. Yet, it 
grapples with membrane fouling, impeding its broad and large-scale implementation [25]–[28]. 
Meanwhile, chemical treatments like coagulation/flocculation and AOPs prove less cost-effective 
and carry the risk of causing secondary pollution in water bodies [29]–[32]. Overall, the selection 
of advanced wastewater treatment methods hinges on several factors: (1) the extent to which a 
method is needed to elevate wastewater quality to an acceptable level, (2) the adaptability of the 
control method, (3) the expenses involved in the process, and (4) the compatibility of the method 
with environmental concerns. Therefore, this wastewater must be addressed using appropriate 
technologies such as Multi-Soil-Layering [24]. 
 
Multi-Soil-Layering (MSL) is one method of wastewater treatment that utilizes soil as the main 
medium by enhancing its function through its structure to clean wastewater. Soil aggregate 
structure is the key to purifying wastewater. The specific area of the aggregate surface area is 
between 1-10 m2 [33]. Some advantages of MSL system are: (1) being able to decompose organic 
substances such as BOD, COD, nitrogen and phosphate from liquid waste simultaneously; (2) able 
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to prevent blockages; (3) able to accept high hydrolysis loading and absorption rates; (4) the 
composition of the constituent coating material can be replaced by the available material [34], [35], 
[36]. The system was formed in the construction of a soil layers mixture with 10-35% iron particles 
and organic material with zeolite film in the form of bricks. Besides being able to prevent blockages, 
the system is equipped with two processing zones, namely the aerobic zone in the zeolite layer and 
the anaerobic zone in the soil mixture layer [37]. The MSL consists of two main processing zones, 
namely the aerobic zone and the anaerobic zone. The aerobic zone is in the zeolite layer as a 
permeable layer and the space between the zeolite layer and the mixed soil block. Anaerobic zones 
are found in mixed soil layers as unpermeable layers. The liquid waste treatment process in the 
Multi Soil Layering system consists of decomposition, fixation, nitrification, denitrification, 
adsorption and absorption [38]. The aerobic and anaerobic conditions in the MSL system should be 
regulated in such a way that all pollutants can be decomposed efficiently  [39]. 
 
The efficiency of the MSL system also depends on the properties of the mixture coating material. 
Perlite and charcoal have a special area that has the same absorption power as organic material with 
zeolite. Gravel has the smallest area compared to other attachments, but organic waste liquid 
material can coat the surrounding gravel like a film (thin layer) [40], [41], [42]. Perlite, zeolite and 
charcoal have lower cation exchange capacity than zeolite, but higher than pearlite and gravel [43]. 
Therefore, ammonia and nitrogen absorb, and P fixation by pearlite, zeolite and charcoal is lower 
than by zeolite and gravel [44]. The lowest fixation occurs in layers that are mixed with wax and 
gravel [45]. If zeolite is replaced with zeolitized perlite, perlite, charcoal or gravel, the efficiency 
of the system in purifying wastewater changes depending on the content of the material. Zeolitized 
perlite, perlite, and charcoal have high specific areas so that they can absorb organic material as well 
as zeolite [46]. Gravel has a smaller specific area compared to the previous material but the organic 
material is placed around the gravel particles so that it can purify wastewater [47]. 
 
MSL system has been an emerging technology in wastewater treatment either domestic or industrial 
bonded with pollutant parameters such as BOD, COD, TSS, T-N, total ammonia, and high acidity 
[48]. Theoretically, it is suitable to be applied on crumb rubber industrial wastewater treatment. 
However, there is a limited study on crumb rubber industrial wastewater [49]. Therefore, this study 
aims to determine the effectiveness of the MSL system on crumb rubber industrial wastewater 
treatment. The effectiveness is considered from the effect of hydraulic loading rate, aeration, MSL 
model composite structure, and components on pollutant parameters such as BOD, COD, TSS, T-
N, T-NH3, and pH. 

 
2. Material dan methods 
 
2.1   Material 
 
Sampling was collected from crumb rubber industrial wastewater near Padang, West Sumatera, 
Indonesia. The sampling is conducted according to SNI 6989.59:2008. Each treatment was taken 
triplo sample (inlet and outlet) every day. Each sample was taken before treatment (untreated) and 
after treatment by using MSL system (treated). The experimental model and its mechanism are 
presented in Figure 1.  
 
The samples were then placed into the MSL system from the upper side. The treated wastewater 
output from bottom MSL system was collected and subjected to testing for pollutant parameters: 
BOD, COD, TSS, total nitrogen (T-N), total ammonia (T-NH3), and pH specified in data analysis. 
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Figure 1: Laminate composite preparation 
 

MSL system is classified into 4 models with different sizes and structures as follows: 
 

(1) MSL 1, body size 50 x 75 x 100 cm, with gravel size 3 - 5 mm as compiler permeable layer 
and a mixture of andosol soil and fine charcoal with a ratio of 2:1 as unpermeable layers. 

(2) MSL 2, body size 50 x 75 x 100 cm, with gravel size 3 - 5 mm as a compiler permeable 
layer and a mixture of andosol soil, fine charcoal, and sawdust, with the ratio of 2:0.5:0.5 
and 10% iron particles as unpermeable layers. 

(3) MSL 3, tube size 50 x 15 x 150 cm, with gravel size 3 - 5 mm as a compiler permeable 
layer and a mixture of andosol soil and fine charcoal with a ratio of 2:1 as unpermeable 
layers. 

(4) MSL 4, tube size 50 x 15 x 150 cm, with gravel size 3 - 5 mm as a compiler permeable 
layer and a mixture of andosol soil, fine charcoal and sawdust with a ratio of 2:0.5:0.5 as 
unpermeable layers. 
 

Each model of MSL system was tested with different hydraulic loading rates of 250, 500, 1000, 
2000, 4000 and 8000 l/m2/day. Aeration is carried out for the highest wastewater rate tested. The 
results of the analysis are compared with the crumb rubber industrial wastewater quality standards 
according to Indonesia Ministry Decree No. 51 / MenLH /10/1995. The tools used in this study 
consisted of a set of multi-soil-layering installation equipment, 5.5 mm and 2.5 mm sieves, gloves, 
buckets, and laboratory equipment for analysis. Further, untreated and treated crumb rubber 
wastewater were analyzed on pollutant parameters: BOD, COD, TSS, total nitrogen (T-N), total 
ammonia (T-NH3), and pH. 
 
2.2   Methods 
 
Pollutant parameter BOD is analyzed by Winkler Titrimetric Method (SNI 06-6989.57-2008), 
COD is analyzed by Iodometric method closed reflux (SNI 6989.2: 2009), TSS is calculated by 
Gravimetric method with Whatman microfiber glass filter no 42 and accordance with SNI 
6989.3:2019. Total nitrogen (T-N) and total ammonia (T-NH3) were determined by Nessler using 
a spectrophotometer DR 2000/2010. Meanwhile, pH is measured by a pH meter which has been 
calibrated by a buffer solution and accordance with SNI 6989.11:2019. The test was conducted 
with 3 repetitions.  The percentage of reduction (%R) is determined by the percentage of reduction 

Treated wastewater 
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between untreated concentration (UC) and treated concentration (TC) as follows: 
 

% R =  
UC−TC 

UC
   x 100%                (1) 

 
3. Results and discussion 
 
3.1 Pollutant parameters of untreated wastewater 
 
The results of the analysis of untreated crumb rubber industrial wastewater are shown in Table 1. 
None of the pollutant parameters of untreated wastewater comply with quality standards. 
Untreated wastewater contains severe organic content BOD of 85-255 mg/l and COD of 259-830 
mg/1, and its colour is brown with high turbidity. This result was aligned with [15], [16], [50] and 
reported that crumb rubber industrial wastewater has high impurities. Theoretically, this is due to 
the source of the ingredients it is natural material containing organic compounds such as proteins, 
carbohydrates, lipids and organic salts that will be decomposed by the activity of microorganisms 
over time [24], [51]. 
 

Table 1: Pollutant parameters of untreated crumb rubber industrial wastewater 
 

Pollutant parameters Untreated wastewater Quality standard  

BOD, mg/l 85 - 255 60 
COD, mg/l 259 - 830 200 
TSS, mg/l 150 - 540 100 
T-N, mg/l 15 - 25 10 
T-NH3, mg/l 14 - 25 5 
pH 5.0 - 5.5 6-7 

 
Besides that, it is also due to the addition of lumpy materials and latex stabilizers [50], [52]. 
Untreated wastewater is acidic liquid due to acetic acid or formic acid utilization during the 
clumping process and also because of the formation of free fatty acids as a result of the activity of 
microorganisms. 
 
3.2 MSL system on reducing pollutant parameters of treated wastewater 
 
The results of the analysis of treated crumb rubber industrial wastewater by using MSL system are 
shown in Table 2.  
 

Table 2: Analysis of treated crumb rubber industrial wastewater by using MSL 
 

Pollutant parameters Treated wastewater Quality standard 

BOD, mg/l 0.1 – 13 60 
COD, mg/l 3 -76 200 
TSS, mg/l 15 – 80 100 
T-N, mg/l 0.2 – 9.4 10 
T-NH3, mg/l 0.04 – 4.9 5 
pH 6 6-7 

 
All of the pollutant parameters of treated wastewater comply with quality standards. MSL systems 
can reduce pollutant parameters of crumb rubber industrial wastewater, especially BOD and COD, 
which are the most critical in wastewater by more than 90%. Other parameters of TSS, T-N and 
T-NH3 also showed a high decrease and an increase in pH to the specified limit and fulfilled the 
quality standard requirements. The comparison of MSL system’s effect on minimizing wastewater 
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between the crumb rubber industry and domestic waste is almost the same but higher than the palm 
oil industry [20], [21]. The decrease in BOD and COD of palm oil wastewater by MSL was 80% 
and 65%, respectively [53], [54]. The high ability of the MSL system in treating industrial crumb 
rubber wastewater is due to crumb rubber industrial wastewater containing only organic substances 
and suspended solids but not containing oils and fats such as those contained in the oil palm industrial 
wastewater, so the process of biodegradation of organic substances by microorganisms decomposers 
that live in a layer of soil mixture, the layers of gravel can run perfectly, as well as the process of 
absorption of suspended solids by other constituent components in the MSL installation. This is 
supported by the statement of  [33] which states that the presence of fat oil along with dissolved 
suspensions tends to accumulate and cover the surface of the condenser while the substance is 
insoluble which results in blocking the activity of microorganisms [55]. Further comparison 
between untreated and treated wastewater, and the percentage of reduction is shown in Table 3. 
 

Table 3: Analysis of treated crumb rubber industrial wastewater by using MSL 
 

Pollutant 
parameters 

Untreated 
wastewater 

Treated 
wastewater 

% Reduction 

BOD, mg/l 85 - 255 0.1 – 13 94.90 - 99.88 
COD, mg/l 259 - 830 3 -76 90.84 - 98.84 
TSS, mg/l 150 - 540 15 – 80 85.18 - 90 
T-N, mg/l 15 - 25 0.2 – 9.4 62.4 - 98.67 
T-NH3, mg/l 14 - 25 0.04 – 4.9 80.4 - 99.71 
pH 5.0 - 5.5 6 Comply the standard 

 
Table 3 shows that the MSL system effectively reduces all pollutant parameters in crumb rubber 
industrial wastewater, especially BOD and COD. This is supported by the study [11], [24]. The 
change in pH from 5.0 - 5.5 to 6 is due to the presence of a soil layer on the MSL system. 
Theoretically, soil can neutralize pH due to the soil's ability to hold basic cations such as Ca2+, Mg2+, 
Na+, K+ and acidic cations such as H+ and Al3+, thus when the soil is in an acidic condition, there 
will be an exchange of acidic cations with basic cations and vice versa [56]. The existence of the 
exchange can cause a change in pH, both a change in pH caused by the soil itself and a change in soil 
pH caused by the presence of other substances in the soil or passing through the soil. This study is 
supported by [57] that soil has a high buffering capacity against changes in chemical and physical 
conditions due to the activity of microorganisms and physical reactions caused when the liquid waste 
treatment mechanism occurs in the MSL system. 
 
The effectiveness of the MSL system in reducing all pollutant parameters because the MSL 
mechanism consists of two treatment zones, the aerobic zone and the anaerobic zone. The aerobic 
zone is found in the rock layer (gravel) and the space between the rock layer and the andosol soil 
mixture block, while the anaerobic zone is in the soil mixture layer. The wastewater treatment 
process in the MSL system consists of decomposition, fixation, nitrification, denitrification, 
filtration, adsorption, and absorption [11]. The process of decomposition of organic material 
occurred in the aerobic and anaerobic zones. The adsorption process is on the surface of the 
energetic mixed layer in the aerobic zone and the rock layer while the absorption process is in the 
anaerobic zone in the soil mixed layer. The organic material of the wastewater is adsorbed in the 
upper layer of the andosol soil mixture and the surface of the rock layer will then be decomposed 
by the aerobic microorganisms that stick there. While adsorbed into the soil mixture layer will be 
decomposed by anaerobic microorganisms that live in the soil mixture layer. Filtration of suspended 
and dissolved substances occurs when liquid waste enters the layer of the MSL system. The 
reference states that the organic material of the liquid waste is adsorbed in the top layer of the 
andosol soil mixture as well as the surface of the gravel. Microorganisms in the soil and in the 
biofilm formed on the zeolite decompose the adsorbed and absorbed organic material [58], [59]. 
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3.3   Effect of hydraulic loading rate on pollutant parameters 
 
The results of the analysis of the effect of variations in Hydraulic Loading Rate (HRL) on the 
percentage of decreasing levels of parameters (BOD, COD, TSS, T-N, and T-NH3) and pH are 
presented in Figure 2. 
 

 
 

Figure 2: Effect of HLR on pollutant parameters in reduction percentage 
 
HRL affects the percentage decrease in pollutant parameters (BOD, COD, TSS, T-N, and T-NH3). 
The percentage is inversely proportional to HRL, the higher the percentage of decline and vice 
versa. This is aligned with [23] that the HRL is inversely proportional to the percentage of reduction 
in the treated wastewater. The process that occurs in MSL which consists of the filtration process, 
decomposition, nitrification, and denitrification, organic substances and suspended solutions in 
wastewater will be filtered and degraded by a population of microorganisms that attach to the 
surface of gravel and layers of soil mixture. Further absorbed into the biofilm as a plant food 
ingredient. While nitrogen as ammonia will be broken down by the Nitrobacter bacteria in the 
nitrification process that occurs in the layers of gravel, nitration will be converted to nitrogen gas 
in the soil mixture [58]. The lower the HRL, the process will take place slowly too, so the residence 
time will be longer. With longer contact at each layer, the process runs perfectly. Likewise, HRL 
is higher, processes are fast and partial. Hydraulic loading rate significantly influences wastewater 
treatment, especially in the rate of decomposition and denitrification. 
 
In Figure  2, MSL system is capable of receiving high HRL up to 8000 l/m2/day and is still able to 
reduce the levels of pollutants effectively. MSL system is better compared with other natural 
systems wastewater treatment methods such as constructed wetland, overland flow, and septic tank 
systems [8], [33]. This is due to MSL structure being made like the arrangement of bricks so that 
the permeability becomes high and the processing will take place repeatedly on each layer. The 
structure of MSL system (a brick structure) will be able to receive a high loading rate and can 
overcome blockages and allow them to occur repeatedly in each layer. However, HRL does not 
affect the pH of crumb rubber industrial wastewater. This is due to the nature of the soil can 
neutralize, thus, the soil has a high buffering capacity for changes in chemical and physical conditions 
due to the influence of micro-organism activity. The physical reactions caused when the wastewater 
treatment mechanism occurs in the MSL system, such as changes in pH caused by the quality of 
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incoming water or the process of nitrification of ammonium, can be easily neutralized by ion-on H-
exchange and other cations in the body and gravel surfaces. 
 
3.4   Effect of aeration on pollutant parameters 
 
The effect of aeration is considered as the percentage decrease in pollutants parameters of crumb 
rubber industrial wastewater showed significant results. The results showed that aeration had a 
significant effect on the percentage decrease in pollutant parameters, especially against BOD, COD, 
TSS, T-N, and T-NH3. The percentage reduction in pollution levels increases with aeration, ranging 
from 85% to 99%. In theory, the MSL system's ability to decompose waste in anaerobic conditions 
is affected by aeration. According to [11], sufficient aeration treatment can help aerobic formation, 
however after aeration for some time anaerobic conditions will be formed by itself in the MSL 
system. This effect is due to aeration assisting in increasing the supply of dissolved oxygen needed 
by microorganisms to carry out biodegradation activities on organic substances contained in waste, 
especially in the middle and lower layers of the installation. In wastewater systems, aerobic 
microorganisms require dissolved oxygen to carry out activities, if oxygen is limited, it can cause 
the death of these microorganisms [60]. 
 
3.5  Effect of MSL model composite structure and components on pollutant  

parameters 
 
The treatment of various models in the structure and constituent components of MSL on the 
percentage of decrease in pollutants parameters (BOD, COD, TSS, T-N, and T-NH3) on the crumb 
rubber industrial wastewater in Figure 3. 
 

 
 

Figure 3: Effect of HLR on pollutant parameters in reduction percentage 
 
Results showed that model MSL 3 reduces the highest percentage of pollutant parameters covering 
BOD, COD, TSS, T-N, and T-NH3 compared to other MSLs models. MSL 3 is equipped with a 
tube size 50 x 15 x 150 cm, with gravel size 3 - 5 mm as a compiler permeable layer and a mixture 
of andosol soil and fine charcoal with a ratio of 2:1 as unpermeable layers. 
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4. Conclusion 
 
In this study, wastewater from the crumb rubber industry has been minimized by using a Multi-
Soil-Layering system to comply with quality standard requirements. The main findings of this study 
are summarized below: 
 

1. MSL systems significantly minimize the crumb rubber industrial wastewater to comply 
with the quality standard requirement with pollutant parameters biochemical oxygen 
demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS), total 
nitrogen (T-N) and total ammonia (T-NH3).  

2. Hydraulic loading rate (HLR) affects the percentage reduction in pollutant parameters 
(BOD, COD, TSS, T-N, and T-NH3). The percentage is inversely proportional to HLR, 
the higher the percentage of decline and vice versa. MSL system is capable of receiving high 
HRL up to 8000 l/m2/day and is still able to reduce the levels of pollutants effectively 

3. MSL also significantly neutralizes the power of hydrogen (pH) up to 6. 
4. The aeration significantly decreased the BOD, COD, TSS, T-N, and T-NH3 ranging from 

85% - 99%. However, MSL without aeration has complied with the quality standard 
requirement. Although MSL equipped with aeration process has better performance than 
without aeration, treated wastewater from the crumb rubber industry by MSL system 
without aeration has complied with the quality standard requirements. 

5. The highest reduction was obtained by MSL 3 model (a tube size 50 x 15 x 150 cm, with 
gravel size 3–5 mm as a compiler permeable layer and a mixture of andosol soil and fine 
charcoal with a ratio of 2:1 as unpermeable layers). 

 
In conclusion, MSL system has a significant effect on reducing pollutant parameters such as BOD, 
COD, TSS, T-N, and T-NH3 in crumb rubber industry wastewater and complying with the standard 
based on Indonesia Ministry Decree No. 51/MenLH /10/1995. However, some recommendations 
for further studies could be provided for better results. For further studies, MSL could be applied 
to other industrial wastewater and consider another advanced process to improve MSL system to 
produce water supply for industrial processes. Another recommendation is physical pretreatment 
such as sedimentation or settling tanks prior to the MSL system to decrease the working load of 
MSL system, especially TSS. Further studies also could apply other carbon active such as coconut 
shell as unpremeable layers. 
 
Author contribution 
 
Sri Rizki Putri Primandari: research conceptualization & writing – original draft. Mulianti: data 
gathering; Methodology. Gusni Sushanti: data gathering, writing-result analysis. Mohamed 
Gabbasa: Writing – review & editing; Visualization. Muneer M. Ba-Abbad: Writing – review & 
editing. 

 
Funding statement  
 
This research received no specific grant from any funding agency in the public, commercial, or not-
for-profit sectors. 
 
Acknowledgements 
 
The authors would like to express sincere gratitude to the Department of Mechanical Engineering 
and Manufacture Laboratory, Faculty of Engineering, Universitas Negeri Padang. Other, the 
authors also would like to express gratitude to Hiroshima University, Higher Institute of Science & 
Technology of Zawia, and Qatar University for supporting this study. 

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/


 

131 
 

Teknomekanik, Vol. 6, No. 2, pp. 122-135, December 2023 
e-ISSN: 2621-8720   p-ISSN: 2621-9980 

 

©
 T

he
 A

ut
ho

r(
s)

  
P

ub
lis

he
d 

by
 U

ni
ve

rs
it

as
 N

eg
er

i P
ad

an
g.

 
T

hi
s 

is
 a

n 
op

en
-a

cc
es

s 
ar

ti
cl

e 
un

de
r 

th
e:

 h
tt

ps
:/

/
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/

4.
0/

 
 

 
Competing interest  
 
No potential conflict of interest was reported by the author(s). 
 
References  
 

[1] A. K. M. A. Islam, Z. Yaakob, N. Anuar, S. R. P. Primandari, and J. A. Ghani, “Properties 
of jatropha hybrid seed oil and its suitability as biodiesel feedstock,” Energy Sources, Part A: 
Recovery, Utilization, and Environmental Effects, vol. 39, no. 16, pp. 1707–1717, 2017, 
https://www.doi.org/10.1080/15567036.2013.821546  

[2] S. Sunaryo, S. Sutoyo, S. Suyitno, Z. Arifin, T. Kivevele, and A. I. Petrov, “Characteristics 
of briquettes from plastic pyrolysis by-products,” Mechanical Engineering for Society and 
Industry, vol. 3, no. 2, pp. 57–65, Jun. 2023, https://www.doi.org/10.31603/mesi.9114  

[3] H. Nurdin, Hasanuddin, Waskito, and A. Kurniawan, “Particle board made from Areca 
fiber with tapioca adhesive,” J Phys Conf Ser, vol. 1594, no. 1, p. 012031, Jul. 2020, 
https://www.doi.org/10.1088/1742-6596/1594/1/012031  

[4] S. R. P. Primandari and A. Arafat, “Feasibility of waste cooking oil as biodiesel feedstock,” 
J Phys Conf Ser, vol. 1940, no. 1, p. 012081, Jun. 2021, 
https://www.doi.org/10.1088/1742-6596/1940/1/012081  

[5] Hasanuddin, H. Nurdin, Waskito, and D. Y. Sari, “Characteristic of Areca fiber briquettes 
as alternative energy,” J Phys Conf Ser, vol. 1594, no. 1, p. 012049, Jul. 2020, 
https://www.doi.org/10.1088/1742-6596/1594/1/012049  

[6] D. Yuvenda et al., “Combustion and emission characteristics of CNG-diesel dual fuel engine 
with variation of air fuel ratio,” Automotive Experiences, vol. 5, no. 3, pp. 507–527, 2022, 
https://www.doi.org/10.31603/ae.7807  

[7] S. R. P. Primandari et al., “Crude palm oil to biokerosene: Studies on electrolysis and 
electromagnetic effect,” Journal of Applied Engineering and Technological Science (JAETS), vol. 
5, no. 1, pp. 557–568, Dec. 2023, https://www.doi.org/10.37385/jaets.v5i1.3127  

[8] E. R. Lumban Gaol, S. Nasir, H. Hermansyah, and A. Mataram, “Rubber industry 
wastewater treatment using sand filter, bentonite and hybrid membrane (UF-RO),” 
Sriwijaya Journal of Environment, vol. 4, no. 1, pp. 14–18, Mar. 2019, 
https://www.doi.org/10.22135/sje.2019.4.1.14  

[9] H. Yosenov, V. S. Bachtiar, and Z. Zulkarnaini, “Analysis of air pollution distribution in 
West Pasaman regency effects of palm oil mills,” Jurnal Pendidikan Teknologi Kejuruan, vol. 
6, no. 2, pp. 120–128, May 2023, https://www.doi.org/10.24036/jptk.v6i2.33323  

[10] L. P. Afisna, V. D. Verdia, M. Syaukani, and A. Saputra, “Adsorbent-based Biogas Quality 
Analysis through Purification Process,” Jurnal Pendidikan Teknologi Kejuruan, vol. 5, no. 3, 
pp. 70–75, Oct. 2022, https://www.doi.org/10.24036/jptk.v5i3.27623  

[11] A. Mohssine et al., “Wastewater remediation using multi-soil layering (MSL) eco-
technology: A comprehensive and critical review,” Process Safety and Environmental Protection, 
vol. 178, pp. 1045–1082, Oct. 2023, 
https://www.doi.org/10.1016/j.psep.2023.08.093  

[12] S. R. P. Primandari, Mulianti, A. Kaharudin, Y. Fernanda, Generousdi, and B. N. 
Narayanan, “Removal of ferrous using Citric acid in patchouli oil purification by 

complexometry,” Kompleksnoe Ispolʹzovanie Mineralʹnogo syrʹâ/Complex Use of Mineral 
Resources/Mineraldik Shikisattardy Keshendi Paidalanu, vol. 326, no. 3, pp. 81–87, 2023, 
https://www.doi.org/10.31643/2023/6445.31  

[13] S. R. P. Primandari, Z. Yaakob, M. Mohammad, and A. B. Mohamad, “Characteristics of 
residual oil extracted from palm oil mill effluent (POME),” World Appl Sci J, vol. 27, no. 11, 
pp. 1482–1484, 2013, https://www.doi.org/10.5829/idosi.wasj.2013.27.11.1422  

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/
https://www.doi.org/10.1080/15567036.2013.821546
https://www.doi.org/10.31603/mesi.9114
https://www.doi.org/10.1088/1742-6596/1594/1/012031
https://www.doi.org/10.1088/1742-6596/1940/1/012081
https://www.doi.org/10.1088/1742-6596/1594/1/012049
https://www.doi.org/10.31603/ae.7807
https://www.doi.org/10.37385/jaets.v5i1.3127
https://www.doi.org/10.22135/sje.2019.4.1.14
https://www.doi.org/10.24036/jptk.v6i2.33323
https://www.doi.org/10.24036/jptk.v5i3.27623
https://www.doi.org/10.1016/j.psep.2023.08.093
https://www.doi.org/10.31643/2023/6445.31
https://www.doi.org/10.5829/idosi.wasj.2013.27.11.1422


 

132 
 

Teknomekanik, Vol. 6, No. 2, pp. 122-135, December 2023 
e-ISSN: 2621-8720   p-ISSN: 2621-9980 

 

©
 T

he
 A

ut
ho

r(
s)

  
P

ub
lis

he
d 

by
 U

ni
ve

rs
it

as
 N

eg
er

i P
ad

an
g.

 
T

hi
s 

is
 a

n 
op

en
-a

cc
es

s 
ar

ti
cl

e 
un

de
r 

th
e:

 h
tt

ps
:/

/
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/

4.
0/

 
 

[14] L. P. Afisna and B. N. J. Rahadi, “Analysis of the difference in biogas volume between 
continuous and semi-continuous systems,” Journal of Engineering Researcher and Lecturer, vol. 
1, no. 1, pp. 12–16, 2022, https://www.doi.org/10.58712/jerel.v1i1.5  

[15] K. C. Ho, M. K. Chan, Y. M. Chen, and P. Subhramaniyun, “Treatment of rubber industry 
wastewater review: Recent advances and future prospects,” Journal of Water Process 
Engineering, vol. 52, p. 103559, Apr. 2023, 
https://www.doi.org/10.1016/j.jwpe.2023.103559  

[16] S. Krainara, W. Suksong, B. Suraraksa, P. Prommeenate, P. Thayanukul, and E. 
Luepromchai, “Bioaugmentation of activated sludge with the immobilized 2-
mercaptobenzothiazole-degrading bacterial consortium for rubber industrial wastewater 
treatment,” Journal of Water Process Engineering, vol. 55, p. 104129, Oct. 2023, 
https://doi.org/10.1016/j.jwpe.2023.104129  

[17] Y. Arbi, N. Nofriya, R. Fitrianti, and W. Putri, “Total Suspended Particulate (TSP) 
simulation using the Gaussian dispersion model,” Jurnal Pendidikan Teknologi Kejuruan, vol. 
6, no. 2, pp. 163–169, 2023, https://doi.org/10.24036/jptk.v6i2.33823  

[18] F. A. D. Nugraha, F. Kaprawi, R. Satria, A. M. Kadafi, and A. P. Agung, “Herpetofaunal 
assemblages in the lowland regions of Sumatera Barat,” J Trop Biodivers Biotechnol, vol. 7, no. 
1, p. 63820, Jan. 2022, https://www.doi.org/10.22146/jtbb.63820  

[19] D. Tanikawa et al., “Treatment of natural rubber processing wastewater using a combination 
system of a two-stage up-flow anaerobic sludge blanket and down-flow hanging sponge 
system,” Water Science and Technology, vol. 73, no. 8, pp. 1777–1784, Apr. 2016, 
https://doi.org/10.2166/wst.2016.019  

[20] N. Paepatung, N. Boonapatcharoen, W. Songkasiri, H. Yasui, and C. Phalakornkule, 
“Recovery of anaerobic system treating sulfate-rich wastewater using zero-valent iron,” 
Chemical Engineering Journal, vol. 435, p. 135175, May 2022, 
https://doi.org/10.1016/j.cej.2022.135175  

[21] K. Promnuan, T. Higuchi, T. Imai, P. Kongjan, A. Reungsang, and S. O-Thong, 
“Simultaneous biohythane production and sulfate removal from rubber sheet wastewater by 
two-stage anaerobic digestion,” Int J Hydrogen Energy, vol. 45, no. 1, pp. 263–274, Jan. 
2020, https://doi.org/10.1016/j.ijhydene.2019.10.237  

[22] S. Krainara, B. Suraraksa, P. Prommeenate, P. Thayanukul, and E. Luepromchai, 
“Enrichment and characterization of bacterial consortia for degrading 2-
mercaptobenzothiazole in rubber industrial wastewater,” J Hazard Mater, vol. 400, p. 
123291, Dec. 2020, https://doi.org/10.1016/j.jhazmat.2020.123291  

[23] X. Yang, J. Yuan, W. Guo, X. Tang, and S. Zhang, “The enzymes-based intermediary 
model explains the influence mechanism of different aeration strategies on nitrogen removal 
in a sequencing batch biofilm reactor treating simulated aquaculture wastewater,” J Clean 
Prod, vol. 356, p. 131835, Jul. 2022, https://doi.org/10.1016/j.jclepro.2022.131835  

[24] W. S. M. S. K. Wijerathna et al., “Imperative assessment on the current status of rubber 
wastewater treatment: Research development and future perspectives,” Chemosphere, vol. 
338, p. 139512, Oct. 2023, https://doi.org/10.1016/j.chemosphere.2023.139512  

[25] T. D. Kusworo, A. C. Kumoro, N. Aryanti, T. A. Kurniawan, F. Dalanta, and N. H. Alias, 
“Photocatalytic polysulfone membrane incorporated by ZnO-MnO2SiO2 composite under 
UV light irradiation for the reliable treatment of natural rubber-laden wastewater,” Chemical 
Engineering Journal, vol. 451, p. 138593, Jan. 2023, 
https://doi.org/10.1016/j.cej.2022.138593  

[26] T. D. Kusworo, A. C. Kumoro, N. Aryanti, and D. P. Utomo, “Removal of organic 
pollutants from rubber wastewater using hydrophilic nanocomposite rGO-ZnO/PES hybrid 
membranes,” J Environ Chem Eng, vol. 9, no. 6, p. 106421, Dec. 2021, 
https://doi.org/10.1016/j.jece.2021.106421  

[27] S. Ruangdit, T. Chittrakarn, C. Kaew-on, R. Samran, W. Bootluck, and S. Sirijarukul, “E-
beam induced grafting of binary monomer on polysulfone membrane for the separation of 

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/
https://www.doi.org/10.58712/jerel.v1i1.5
https://www.doi.org/10.1016/j.jwpe.2023.103559
https://doi.org/10.1016/j.jwpe.2023.104129
https://doi.org/10.24036/jptk.v6i2.33823
https://www.doi.org/10.22146/jtbb.63820
https://doi.org/10.2166/wst.2016.019
https://doi.org/10.1016/j.cej.2022.135175
https://doi.org/10.1016/j.ijhydene.2019.10.237
https://doi.org/10.1016/j.jhazmat.2020.123291
https://doi.org/10.1016/j.jclepro.2022.131835
https://doi.org/10.1016/j.chemosphere.2023.139512
https://doi.org/10.1016/j.cej.2022.138593
https://doi.org/10.1016/j.jece.2021.106421


 

133 
 

Teknomekanik, Vol. 6, No. 2, pp. 122-135, December 2023 
e-ISSN: 2621-8720   p-ISSN: 2621-9980 

 

©
 T

he
 A

ut
ho

r(
s)

  
P

ub
lis

he
d 

by
 U

ni
ve

rs
it

as
 N

eg
er

i P
ad

an
g.

 
T

hi
s 

is
 a

n 
op

en
-a

cc
es

s 
ar

ti
cl

e 
un

de
r 

th
e:

 h
tt

ps
:/

/
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/

4.
0/

 
 

skim natural rubber latex,” J Environ Chem Eng, vol. 10, no. 3, p. 107862, Jun. 2022, 
https://doi.org/10.1016/j.jece.2022.107862  

[28] N. Nasrollahi, L. Ghalamchi, V. Vatanpour, and A. Khataee, “Photocatalytic-membrane 
technology: a critical review for membrane fouling mitigation,” Journal of Industrial and 
Engineering Chemistry, vol. 93, pp. 101–116, Jan. 2021, 
https://doi.org/10.1016/j.jiec.2020.09.031  

[29] P. V. Nidheesh, B. Behera, D. S. Babu, J. Scaria, and M. S. Kumar, “Mixed industrial 
wastewater treatment by the combination of heterogeneous electro-Fenton and 
electrocoagulation processes,” Chemosphere, vol. 290, p. 133348, Mar. 2022, 
https://doi.org/10.1016/j.chemosphere.2021.133348  

[30] S. Rudra Paul, R. Das, and A. Debnath, “Sequential coagulation/flocculation and sonolytic 
oxidation using persulfate and hydrogen peroxide for real rubber processing industry 
wastewater treatment: Kinetic modelling and treatment cost analysis,” Mater Today Proc, vol. 
77, pp. 247–253, 2023, https://doi.org/10.1016/j.matpr.2022.11.270  

[31] H. I. Owamah, M. A. Enaboifo, and O. C. Izinyon, “Treatment of wastewater from raw 
rubber processing industry using water lettuce macrophyte pond and the reuse of its effluent 
as biofertilizer,” Agric Water Manag, vol. 146, pp. 262–269, Dec. 2014, 
https://doi.org/10.1016/j.agwat.2014.08.015  

[32] M. Mikola and J. Tanskanen, “Performance of aluminium formate in removal of colloidal 
latex particles from industrial wastewater,” Journal of Water Process Engineering, vol. 16, pp. 
290–295, Apr. 2017, https://doi.org/10.1016/j.jwpe.2017.02.011  

[33] S. Sbahi, L. Mandi, T. Masunaga, N. Ouazzani, and A. Hejjaj, “Multi-soil-layering, the 
emerging technology for wastewater treatment: Review, Bibliometric analysis, and future 
directions,” Water (Basel), vol. 14, no. 22, p. 3653, Nov. 2022, 
https://doi.org/10.3390/w14223653  

[34] S. K. Maeng, J. W. Park, J. H. Noh, S.-Y. Won, and K. G. Song, “Dissolved organic matter 
characteristics and removal of trace organic contaminants in a multi-soil-layering system,” J 
Environ Chem Eng, vol. 9, no. 4, p. 105446, Aug. 2021, 
https://doi.org/10.1016/j.jece.2021.105446  

[35] F. I. Dinul, H. Nurdin, D. Rahmadiawan, Nasruddin, I. A. Laghari, and T. Elshaarani, 
“Comparison of NaOH and Na2CO3 as absorbents for CO2 absorption in carbon capture 
and storage technology,” Journal of Engineering Researcher and Lecturer, vol. 2, no. 1, pp. 28–
34, Apr. 2023, https://doi.org/10.58712/jerel.v2i1.23  

[36] M. A. Ramly and M. Setiyo, “Carbon black: Production, properties, and utilization,” 
Mechanical Engineering for Society and Industry, vol. 3, no. 1, pp. 1–3, Feb. 2023, 
https://doi.org/10.31603/mesi.8821  

[37] Y.-C. Chen and H.-W. Pat, “Comparing natural red soil and irons for removal of 
phosphorus from wastewater using the multi-soil-layering system and its economic 
analysis,” J Environ Manage, vol. 296, p. 113252, Oct. 2021, 
https://doi.org/10.1016/j.jenvman.2021.113252  

[38] P. Song et al., “Treatment of rural domestic wastewater using multi-soil-layering systems: 
Performance evaluation, factorial analysis and numerical modeling,” Science of The Total 
Environment, vol. 644, pp. 536–546, Dec. 2018, 
https://doi.org/10.1016/j.scitotenv.2018.06.331  

[39] S. Sbahi, N. Ouazzani, A. Hejjaj, and L. Mandi, “Nitrogen modeling and performance of 
Multi-Soil-Layering (MSL) bioreactor treating domestic wastewater in rural community,” 
Journal of Water Process Engineering, vol. 44, p. 102389, Dec. 2021, 
https://doi.org/10.1016/j.jwpe.2021.102389  

[40] S. Syahril, R. A. Nabawi, and A. Z. Nasty, “Study on U hull modifications with concave 
design to improve the tourist ship stability,” Journal of Engineering Researcher and Lecturer, vol. 
2, no. 2, pp. 21–27, 2023, https://doi.org/10.58712/jerel.v2i2.96  

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jece.2022.107862
https://doi.org/10.1016/j.jiec.2020.09.031
https://doi.org/10.1016/j.chemosphere.2021.133348
https://doi.org/10.1016/j.matpr.2022.11.270
https://doi.org/10.1016/j.agwat.2014.08.015
https://doi.org/10.1016/j.jwpe.2017.02.011
https://doi.org/10.3390/w14223653
https://doi.org/10.1016/j.jece.2021.105446
https://doi.org/10.58712/jerel.v2i1.23
https://doi.org/10.31603/mesi.8821
https://doi.org/10.1016/j.jenvman.2021.113252
https://doi.org/10.1016/j.scitotenv.2018.06.331
https://doi.org/10.1016/j.jwpe.2021.102389
https://doi.org/10.58712/jerel.v2i2.96


 

134 
 

Teknomekanik, Vol. 6, No. 2, pp. 122-135, December 2023 
e-ISSN: 2621-8720   p-ISSN: 2621-9980 

 

©
 T

he
 A

ut
ho

r(
s)

  
P

ub
lis

he
d 

by
 U

ni
ve

rs
it

as
 N

eg
er

i P
ad

an
g.

 
T

hi
s 

is
 a

n 
op

en
-a

cc
es

s 
ar

ti
cl

e 
un

de
r 

th
e:

 h
tt

ps
:/

/
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/

4.
0/

 
 

[41] D. Rahmadiawan et al., “Enhanced UV blocking, tensile and thermal properties of bendable 
TEMPO-oxidized bacterial cellulose powder-based films immersed in PVA/Uncaria 
gambir/ZnO solution,” Journal of Materials Research and Technology, vol. 26, pp. 5566–5575, 
Sep. 2023, https://doi.org/10.1016/j.jmrt.2023.08.267  

[42] O. R. Adetunji, A. M. Adedayo, S. O. Ismailia, O. U. Dairo, I. K. Okediran, and O. M. 
Adesusi, “Effect of silica on the mechanical properties of palm kernel shell based automotive 
brake pad,” Mechanical Engineering for Society and Industry, vol. 2, no. 1, pp. 7–16, Jan. 2022, 
https://doi.org/10.31603/mesi.6178  

[43] E. Y. Adiman, M. Sebayang, E. Ermiyati, and Y. Morena, “The durability of stone matrix 
asphalt (SMA) mixtures designed using reclaimed asphalt pavement (RAP) aggregates 
against floodwater immersion,” Journal of Applied Engineering and Technological Science 
(JAETS), vol. 4, no. 2, pp. 921–928, Jun. 2023, 
https://doi.org/10.37385/jaets.v4i2.1842  

[44] D. Zhang, W. Han, C. Yan, D. Wang, J. Liang, and L. Zhou, “Treatment of swine 
wastewater using multi-soil-layer based constructed wetland: Substrates assessment and 
efficiency improvement,” Biochem Eng J, vol. 188, p. 108679, Dec. 2022, 
https://doi.org/10.1016/j.bej.2022.108679  

[45] K. Zidan, S. Sbahi, A. Hejjaj, N. Ouazzani, A. Assabbane, and L. Mandi, “Removal of 
bacterial indicators in on-site two-stage multi-soil-layering plant under arid climate 
(Morocco): Prediction of total coliform content using K-nearest neighbor algorithm,” 
Environmental Science and Pollution Research, vol. 29, no. 50, pp. 75716–75729, Oct. 2022, 
https://doi.org/10.1007/s11356-022-21194-x  

[46] P. Y. Putri, I. Ujike, N. Sandra, F. Rifwan, and T. Andayono, “Calcium carbonate in bio-
based material and factor affecting Its precipitation rate for repairing concrete,” Crystals 
(Basel), vol. 10, no. 10, p. 883, Sep. 2020, https://doi.org/10.3390/cryst10100883  

[47] K. Sato, T. Wakatsuki, N. Iwashima, and T. Masunaga, “Evaluation of long-term 
wastewater treatment performances in multi-soil-layering systems in small rural 
communities,” Appl Environ Soil Sci, vol. 2019, pp. 1–11, Jan. 2019, 
https://doi.org/10.1155/2019/1214368  

[48] W. Tang et al., “Sequential vertical flow trickling filter and horizontal flow multi-soil-
layering reactor for treatment of decentralized domestic wastewater with sodium dodecyl 
benzene sulfonate,” Bioresour Technol, vol. 300, p. 122634, Mar. 2020, 
https://doi.org/10.1016/j.biortech.2019.122634  

[49] S. Sy, Sofyan, Ardinal, and M. Kasman, “Reduction of pollutant parameters in textile dyeing 
wastewater by gambier (Uncaria gambir Roxb) using the multi soil layering (MSL) 
bioreactor,” IOP Conf Ser Mater Sci Eng, vol. 546, no. 2, p. 022032, Jun. 2019, doi: 
10.1088/1757-899X/546/2/022032. 

[50] O. Muktaridha, M. Adlim, S. Suhendrayatna, and I. Ismail, “Chemical component analysis 
of natural-rubber wastewater photocatalytic-degradation,” Chemical Data Collections, vol. 48, 
p. 101057, Dec. 2023, https://doi.org/10.1016/j.cdc.2023.101057  

[51] D. Tanikawa et al., “Seeding the drainage canal of a wastewater treatment system for the 
natural rubber industry with rubber for the enhanced removal of organic matter and 
nitrogen,” Chemosphere, vol. 283, p. 131233, Nov. 2021, 
https://doi.org/10.1016/j.chemosphere.2021.131233  

[52] N. F. Mohd Noor and S. F. M. Yusoff, “Ultrasonic-enhanced synthesis of rubber-based 
hydrogel for waste water treatment: Kinetic, isotherm and reusability studies,” Polym Test, 
vol. 81, p. 106200, Jan. 2020, https://doi.org/10.1016/j.polymertesting.2019.106200  

[53] N. A. Lokman, A. M. Ithnin, W. J. Yahya, and M. A. Yuzir, “A brief review on biochemical 
oxygen demand (BOD) treatment methods for palm oil mill effluents (POME),” Environ 
Technol Innov, vol. 21, p. 101258, Feb. 2021, https://doi.org/10.1016/j.eti.2020.101258  

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jmrt.2023.08.267
https://doi.org/10.31603/mesi.6178
https://doi.org/10.37385/jaets.v4i2.1842
https://doi.org/10.1016/j.bej.2022.108679
https://doi.org/10.1007/s11356-022-21194-x
https://doi.org/10.3390/cryst10100883
https://doi.org/10.1155/2019/1214368
https://doi.org/10.1016/j.biortech.2019.122634
https://doi.org/10.1016/j.cdc.2023.101057
https://doi.org/10.1016/j.chemosphere.2021.131233
https://doi.org/10.1016/j.polymertesting.2019.106200
https://doi.org/10.1016/j.eti.2020.101258


 

135 
 

Teknomekanik, Vol. 6, No. 2, pp. 122-135, December 2023 
e-ISSN: 2621-8720   p-ISSN: 2621-9980 

 

©
 T

he
 A

ut
ho

r(
s)

  
P

ub
lis

he
d 

by
 U

ni
ve

rs
it

as
 N

eg
er

i P
ad

an
g.

 
T

hi
s 

is
 a

n 
op

en
-a

cc
es

s 
ar

ti
cl

e 
un

de
r 

th
e:

 h
tt

ps
:/

/
cr

ea
ti

ve
co

m
m

on
s.

or
g/

lic
en

se
s/

by
/

4.
0/

 
 

[54] C. P. Sidebang and S. Syafnil, “Use of sand as a component of multi soil layering (MSL) 
system to minimize liquid waste contaminant of crude palm oil (CPO),” Jurnal Agroindustri, 
vol. 7, no. 2, pp. 116–124, Oct. 2017, https://doi.org/10.31186/j.agroind.7.2.116-124  

[55] D. Rahmadiawan, I. Firdaus, and H. Abral, “Functional groups and moisture absorption of 
palm oil empty fruit bunch fibers/tapioca starch biocomposite film,” 2023, p. 030015, 
https://doi.org/10.1063/5.0115054  

[56] B. Arwenyo, J. J. Varco, A. Dygert, S. Brown, C. U. Pittman, and T. Misna, “Contribution 
of modified P-enriched biochar on pH buffering capacity of acidic soil,” J Environ Manage, 
vol. 339, p. 117863, Aug. 2023, https://doi.org/10.1016/j.jenvman.2023.117863  

[57] H. Lu et al., “Effects of the increases in soil pH and pH buffering capacity induced by crop 
residue biochars on available Cd contents in acidic paddy soils,” Chemosphere, vol. 301, p. 
134674, Aug. 2022, https://doi.org/10.1016/j.chemosphere.2022.134674  

[58] Y. Hong et al., “Enhanced nitrogen removal in the treatment of rural domestic sewage using 
vertical-flow multi-soil-layering systems: Experimental and modeling insights,” J Environ 
Manage, vol. 240, pp. 273–284, Jun. 2019, 
https://doi.org/10.1016/j.jenvman.2019.03.097  

[59] J. Nyumutsu, A. Agyei-Agyemang, P. Y. Andoh, P. O. Tawiah, and B. A. Asaaga, “The 
potential of sawdust and coconut fiber as sound reduction materials,” Journal of Applied 
Engineering and Technological Science (JAETS), vol. 4, no. 2, pp. 734–742, Jun. 2023, 
https://doi.org/10.37385/jaets.v4i2.624  

[60] J. Shen et al., “Biophysiological and factorial analyses in the treatment of rural domestic 
wastewater using multi-soil-layering systems,” J Environ Manage, vol. 226, pp. 83–94, Nov. 
2018, https://doi.org/10.1016/j.jenvman.2018.08.001  

  
 

https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.31186/j.agroind.7.2.116-124
https://doi.org/10.1063/5.0115054
https://doi.org/10.1016/j.jenvman.2023.117863
https://doi.org/10.1016/j.chemosphere.2022.134674
https://doi.org/10.1016/j.jenvman.2019.03.097
https://doi.org/10.37385/jaets.v4i2.624
https://doi.org/10.1016/j.jenvman.2018.08.001

