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Abstract: Palm oil mill effluent (POME), one of the largest wastes produced in the crude palm oil (CPO)
production process, is one of the significant environmental challenges in the palm oil industry. POME
contains low pH and also contains organic and highly nutritious materials, so it has the potential to be
utilized. The land application method has been proposed to utilize POME sustainably. This study evaluated
the utilization of POME through the land application method at PT. X, focusing on the palm oil mill liquid
waste management system and its effect on surface water quality. The data obtained showed that the PT.X
palm oil mill liquid waste management system already succeeded in reducing BOD levels by 64.83%. The
results of surface water quality tests in the upstream and downstream water bodies around the activity
location also showed that most parameters were still below the quality standards required by government
regulations. However, supervision of the implementation of land application must always be carried out
because it also has a risk of water pollution if not managed properly.

Keywords: Land Application, POME, Quality of water surface.

1. Introduction high solids, oil and grease, COD and BOD values [9].
. ) ) The POME contains high organic matter and nutrients,
The palm oil industry in Indonesia has become one which, if not appropriately managed, can pollute the

of the fastest-growing economic sectors in recent environment [10]. The Palm oil mill liquid waste is
decades. With the increasing global demand for palm oil, usually acidic with a pH of 3.3 — 4.6 [11] [12]. The

Indonesia has become the world's largest producer [1]. POME is also reported to have high biological oxygen

However,. th; growth qf the palm oil industry has also demand (BOD), high chemical oxygen demand (COD)
brought significant environmental challenges. One of the and acidic pH due to the presence of organic acids in
main challenges faced is waste management. Palm oil complex form [13].

n;lllls. perdu;e hql,nd \f\;laste 2c0r1ta1r11ng hazardous The POME treatment before discharge into the
chemicals and organic residues [2]. environment is essential to protect human health and

‘ Palm oil prodllllctlon is .als.of important in tropical the environment.Biological treatment is preferred due
regions, producing the most significant by-product waste to its environmentally friendly nature and technical and

[3]. Palm oil m,ﬂl waste cons'ists O,f solid, liquid, agd gas economic feasibility [14]. A more environmentally
waste [4]. Typically, palm oil res1d}1e and palm oil mill friendly process is expected to form a better
effluent (POME) from .Fresh Fruit Bunch (FFB) are environment and a strategic choice in the modern
producgd dgrmg processing [5]. The POME 1s.the largegt economy[15]. The land application method is expected
palm oil mill effluent produced from palm oil [6]. This to be a solution to manage the POME while increasing

wastewater is a liquid with high viscosity, brown in soil fertility and oil palm productivity [16]. The POME
colour, and at a tempergture of 8(_)_90 °C. It .has a very will be managed in a liquid waste treatment plant before
low pH value, has hlgh chemlgal and blochemlce'l1 being discharged into the environmental media. It can
oxygen demand, and is highly toxic [7]. The POME is also be reused because it has high organic content such

considered'qne of the signiﬁcgnjc problems arising in ¢ nitrogen, phosphorus, and potassium [17]. However,
large quantities from the palm oil industry [8]. The Palm if not appropriately managed, the POME will be a
Oil Mill Effluent is a thick brownish liquid that contains source of environmental pollution, especially for
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surface water and groundwater [18]. It can cause reduced
biodiversity and the ability of aquatic ecosystems
[19].Land application as a method of liquid waste
management has the potential to reduce the negative
impacts of POME by utilizing its nutritional content to
support plant growth [20][21]. POME application on
land can also improve some chemical properties of acidic
mineral soil (Ultisol) around flatbed [22].

Using POME as an organic fertilizer can also
increase plantation yields by up to 30% [23]. Research
[24] also shows the feasibility of utilizing POME as a
growth medium for microalgae. However, it is important
to understand that using POME can also affect surface
and groundwater quality, so proper management is
essential [25]. This study discussed how POME is
applied by PT. X in PT. Y plantation land that could
affect the local ecosystem. The study focused on the
effect of land application applied to the quality of liquid
waste used as a substitute for synthetic fertilizers and the
quality of surface water around the activity location.

2. Material and Methods

2.1.  Materials

The study was conducted at PT. X and PT. Y
located in Gasing Village, Talang Kelapa Subdistrict,
Banyuasin District of South Sumatra Province. The
distance from PT. X to the center of Banyuasin District
government is = 50.83 km via Tanjung Api-api Road (+
12.3 km) and the Palembang-Pangkalan Balai Trans-
Sumatra Road (& 38.532 km). This research was carried
out from November 2024 to January 2025. It was
conducted through observation, calculation,
measurement, and direct interviews in the field using the
purposive sampling method for the parameter sampling
environment at 2 locations, namely contacted fond and
upstream and downstream locations of water bodies
around the activity site. The tools used in this study were
a camera for documentation, sampling bottle (sterile
bottle), thermometer, measuring instrument (scale),
stopwatch, checklist/form, pH meter, litmus paper, and
Global Positioning System (GPS). The POME
characteristics are presented in Table 1 as follows.

Table 1. POME Characteristics [18]

No Parameter Unit Concentration
range
1 pH - 4,14 —4.45
2 COD mg/l 45,500 — 65,000
3 BOD mg/1 21,500 — 28,500
4 oil and mg/l 1,077 — 7,582
grease
5 TSS mg/l 15,500 — 29,000
2.2.  Methods
2.2.1.  Sample collection and preparation

This study used primary and secondary data. Field
observations were conducted to directly observe PT.X's
liquid waste management system process at PT.X until it
was utilized using the land application method to PT.Y's
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land. The liquid waste samples were taken at the inlet
and outlet of the contacted pond or pool that would be
channelled to the land application. The surface water
samples were taken from the upstream and downstream
of the Gasing River near PT. Y. The samples were
taken in November 2024 and then taken to the KAN-
accredited PT. ITEC Solution Indonesia laboratory to
be analyzed for several parameters such as pH, COD,
BOD, DO and TSS to then be compared with the
required quality standards in accordance with the
government regulation number 22 of 2021 concerning
the implementation of environmental protection and
management.

2.3. Experimental variable and  analytical

procedures

The variables studied included the quality of liquid
waste used as a substitute for synthetic fertilizers and
surface water quality. The parameters tested were pH
and biological oxygen demand (BOD). For the surface
water quality, the parameters tested covered pH,
biological oxygen demand (BOD), chemical oxygen
demand (COD), Total suspended solids (TSS),
Dissolve Oxygen (DO), oil and fat and e-Coli in the
upstream and downstream of the Gasing River around

the PT.Y. location.

2.4 Data Analysis

The data used in this study were primary and
secondary data. The field observations were conducted
to directly observe the process of managing liquid
waste produced at WWTP PT.X. Evaluation of the
quality of liquid waste to be used as land application,
namely waste from the contacted pond was taken and
then tested in the laboratory for pH and biological
oxygen demand (BOD) parameters and then compared
with the Decree of the Minister of Environment No. 28
of 2003 concerning Technical Guidelines for the
Assessment of Liquid Waste Utilization from the Palm
Oil Industry to Palm Oil Plantation Land as amended
in the Regulation of the Minister of Environment and
Forestry Number 05 of 2021 concerning Procedures for
Issuing Technical Approvals and Operational
Eligibility Letters in the Field of Environmental
Pollution Control, while the evaluation of surface water
quality will be sampled from the upstream and
downstream of the water body around the PT. X
location. The results of the sample analysis for each
parameter were compared with the Attachment V of
Government Regulation Number 22 of 2021
concerning the implementation of environmental
protection and management for class 2 quality
standards.
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3. Results and Discussion

3.1 Liquid waste management of PT. X

The amount of liquid waste from a factory depends
on its capacity. PT. X's palm oil processing factory has a
capacity of 30 tons of FFB/hour. On average, the amount
of wastewater produced is around 60% of the factory's
capacity. So if the capacity of the CPO factory = 30 tons
of FFB/hour, then the amount of wastewater is around 18
m?/hour. The installed production process runs in two
shifts, 20 hours/day. So, the amount of wastewater is 20
x 18 = 360 m3/day. Due to the high organic content in
waste, a series of treatments are required, such as
anaerobic, aerobic and facultative ponds and tank
systems, before it can be discharged into the river [26].

The liquid waste in the contacted pond will be
pumped to the land at the location of the land application
at PT. Y with pipes or continue to the aerobic pond,
depending on the needs. The size of this pond is 80 x 15
x 4 m. Utilizing or disposing of the waste depends on the
standard quality value that has been set. The management
of liquid waste of PT. X's palm oil factory consists of 7
ponds, including:

3.1.1 Sand Cascade
It captures oil from the released waste before the
liquid waste is channelled into the holding pond. The size

of the sand cascade pond is 40 x 40 x 4 m with a tiered
depth of 0.65 - 1.0 m.

3.1.2 Fat Pit

The hot and fresh liquid waste in the fatpit can still
be separated again for oil and water content based on
specific gravity. The top layer of flowing waste is
returned to the clarifier. Furthermore, the liquid waste
with low oil content is flowed into the holding pond.

3.1.3 Cooling Pond

The cooling pond aims to cool the liquid waste that
is still 800° C to below 400° C to support the life of
anaerobic bacteria in the next pond. The size of this pond
is 40 m x 40 m for the bottom of the pond 39 m and 40
m x 40 m for the top of the pond with a depth of 2 m and
the installation of a 4 m high embankment.

3.1.4 Mixing Pond

The liquid waste is channelled from the cooling
pond into two mixing ponds, each measuring 80 x 15 m
with a depth of 4 m. The liquid waste has a pH between
4 - 5 which is suitable for the life of acidifying bacteria.
The bacteria playing a role in biochemical oxidation are
known as acid-producing bacteria due to their reaction
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in changing compound organic components into
volatile acids (volatile fatty acids). The reaction time
for the acidification pond is 20 days. From this process
the pH of the waste increases to between 6 — 7.

3.1.5 Anaerobic Pool

There are two anaerobic ponds measuring 80 x 15
x 4 m. In these ponds, the process of breaking down
organic matter from liquid waste by microbes
originating from the breeding pond into simpler
organic acid compounds occurs, which then become
methane, carbon dioxide and hydrogen gas (organic
matter — CHs + CO, + H,O + energy). The
decomposition of organic compounds is carried out by
acid-producing bacteria (acetogenic bacteria), namely
Lactobacillus bulgaricus, and Clostridium tetani. This
first group of bacteria is tasked with breaking down
various types of compound organic compounds into
volatile acid compounds, especially acetic acid. The
first group of bacteria is called acid producing bacteria.
The efficiency of reducing or decreasing the BOD
effluent levels in anaerobic ponds is between 70 - 75%.
The process requires a retention time of 20 days, the
decomposition efficiency is 90 - 98%. From this
process, the BOD drops to 1,000 - 1,500 mg/L.

3.1.6  Contact Pond

This pond serves as a place to drain waste to the
Land Application (LA) on PT.Y's land or continue to
the aerobic pond depending on the needs. The size of
this pond is 80 m x 15 m x 4 m. To utilize or dispose of
waste depends on the standard quality value that has
been set.

3.1.7  Aerobic Pond

This pond consists of 1 pond, each measuring 32
m x 34 m with a depth of 2 m. In order for the BOD
value to decrease, surface aerator equipment is needed.
With the help of this tool, BOD with a level of 1,000 -
1,500 mg/L is sprayed into the air so that the activity of
aerobic microorganisms increases rapidly and the BOD
level drops to 250 mg/L. The time for this process is 25
days. The aerobic bacteria are those that require O, for
their growth. The enzyme system requires O, as an
electron acceptor in the oxidative phosphorylation
process. Several types of bacteria used to break down
organic matter in aerobic ponds are Bacillus sp.,
Escherichia coli, and Streptococcus.

The following is a flow diagram of liquid waste
management at PT. X's palm oil mill.

http://dx.doi.org/10.22135/sje.2025.10.1.52-58 54



http://dx.doi.org/10.22135/sje.2025.10.1.52-

0js.pps.unsri.ac.id

LAY OUT EFFLUENT TREATMENT

AAMAAAN AAMAAAN
AAMAAAN AAMAAAN
AALIIAAT AALIIAAT

Aerob 2 Aerob 1

Y
oo

S

A

TO LAND APLIKAST

FLOWMETER -
ouner B33 ®
Transfer to land aplikasi Transfer to Aerob 1

FLOWMETER
INLET

‘Iransfer to An
Aerob 1

Figure 1. Processing System Flowchart in Liquid Water Treatment Plant at PT. X

From the Waste Management Installation owned
by PT. X, will be applied to the land of PT. Y, which is
taken from pond 6 (contact pond) with a benchmark
referring to the Decree of the Minister of Environment
No. 28 of 2003 concerning Technical Guidelines for the
Assessment of Wastewater Utilization from the Palm
Oil Industry to Palm Oil Plantation Land as amended in
the Regulation of the Minister of Environment and
Forestry Number 05 of 2021 concerning Procedures for
Issuing Technical Approvals and Operational Eligibility
Letters in the Field of Environmental Pollution Control.

Rotation of palm oil mill liquid waste application
to PT. Y plantation land is carried out every three
months or 4 times a year. Each long bed is filled with
PKS liquid waste as high as 40 cm, a ditch with a depth
of 60 cm, a width of 150 cm and a length of 230 m. In
each 25 Ha plant block, there are 60 long beds, so the
dose given is described as follows.

Waste volume/long bed/application = waste length x
waste width x waste height

=230mx 1,5mx0,4m

=138 m?

Waste volume/Year/Plant block = Waste volume/Long
bed/Application x Frequency of application per year x
number of long beds = 138 m* x 4 x 60 = 33,120 m?

Volume of liquid waste application/Ha/Year = Volume
of waste/Year/Plant Block / area of plant block =
13,800/25 Ha=1,324.8 m*

Vol. 10 No.1, 52-58

Based on the permit granted, the maximum amount of
wastewater that can be utilized on land in PT. Y is
1,324.8 m? per hectare per year, with Application Blocks
E09, E10, E11, E12, E16, with 3 (three) monitoring
wells consisting of SP Block E09, SP Block E10 and SP
Control Land Block E15.

3.2 Evaluation of the WWTP Efficiency of PT. X

The purpose of this evaluation is to find out the
ability of PT. X's liquid waste management system to
reduce the concentration of certain liquid waste
parameters in conditions before and after the process.
This evaluation can be used as a benchmark for the
success of carrying out the operation and maintenance
of the liquid waste treatment plant.

BOD Inlet — BOD Outlet

Efficiency = BOD Inlet x100% (1)
. 10.750 — 3.780
Efficiency = o750  * 100%

Efficiency = 64,83%

The results of this efficiency measurement shows
that the operational and maintenance programs carried
out by PT. X have been implemented well and the waste
to be applied has met the required quality standards.

3.3 Evaluation of the quality of PT.X liquid waste as a
http://dx.doi.org/10.22135/sje.2025.10.1.52-58 55
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substitute for synthetic fertilizer

The quality of liquid waste of PT.X is a key factor
in determining the success of the land application
method. According to the standards set by the Ministry
of Environment and Forestry (KLHK), POME must
meet certain criteria before being used for land
application. Parameters that need to be considered
include pH and BOD. A study by [12] showed that
POME that has undergone an anaerobic treatment
process has a lower BOD content than raw POME,
making it safer for use in land applications..

Table 2. Liquid Waste Analysis Results of PT. X

Factory
N  Para Unit Analysis Results  Quality
0 meter standards
Inlet Outlet
1 pH - 5,25 8,02 6-9
2 BOD mg/l 10.75  3.780 <5.000

0

The analysis results show that the pH level ranges
from 8.02 after processing. In contrast, the BOD POME
level drops from 10,750 mg/L to 3,780 mg/L, below the
maximum limit of the Ministry of Environment and
Forestry. The data show that the liquid waste produced
has met the requirements for use in land applications.
However, although treated POME shows better quality,
it should be noted that excessive use can cause the
accumulation of pollutants in soil and surface water.
Excessive application of POME can increase nitrate
levels in soil, which has the potential to pollute surface
water sources [28]. Therefore, careful management and
regular monitoring are essential to ensure that the
POME  application does not harm  the
environment.Furthermore, the quality of liquid waste

ojs.pps.unsri.ac.id

used in land applications is also influenced by
environmental factors, such as rainfall and soil type.
High rainfall can cause leaching of nutrients from the
soil, thereby reducing the effectiveness of POME
applications [29]. Consequently, selecting the right time
and application method is very important in maximizing
the benefits of POME.

3.4 Evaluation of the effect of the use of PT.X liquid
waste on surface water quality

Laboratory analysis shows that liquid waste from
PT.X has varying characteristics depending on the
sampling location. At the upstream point of the river,
the pH of surface water was recorded at 4.27, while at
the downstream, it increased to 4.45. Although the BOD
and COD parameters showed relatively low values,
namely 2.31 mg/l and 13.84 mg/l upstream and 2.64
mg/l and 16.42 mg/l downstream, the low pH value
remains a significant concern. This condition is because
this water body is greatly influenced by the natural
conditions, namely acid sulfate swamp land around the
sampling location and the increased community
activities around it.

Other parameters that need to be considered are the
TSS and oil and fat content. The analysis results show
that the TSS at the upstream point is 11 mg/I and at the
downstream point 13 mg/l, while the oil and fat content
is 0.42 mg/l and 0.52 mg/l, respectively. Although this
value is still below the established threshold, a long-
term accumulation can cause more serious pollution if
not managed properly. TSS accumulation can affect
water quality and the health of aquatic ecosystems [30].
Overall, the evaluation of surface water quality is still
below the established quality standards except for the
pH parameter.

Table 3. Results of the surface water quality analysis around PT. X location

Parameter Unit Locations Quality standards Test Method
Upstream Downstream
pH - 4.27 4.45 6-9 SNI 6989.11-2;2019
BOD:;s mg/l 2.31 2.64 3 SNI 6989.72:2009
COD mg/l 13.84 16.42 25 SNI 6989.2:2019
DO mg/1 5.10 5.84 Minimum 4 SNI 06-6989.214-2004
TSS mg/1 11 13 50 SNI 6989.3:2019
Oil and Fat mg/l 0.42 0.52 5 ITEC.IK-7.2-1.17
4. Conclusion Acknowledgements

Based on the results of this study, almost all of
the parameters required by government regulation
number 22 of 2021 concerning the implementation of
environmental protection and management have met
the permitted quality standards. The pH parameter
that has not reached the expected quality standard is
because the water body of the sampling point site has
the characteristics of acid sulfate swamp land, and
there is an increase in community activities in the
surrounding area.

Vol. 10 No.1, 52-58

We would like to express our gratitude to PT.X for
granting permission to conduct research at their
company.

References

[1] E.R. Setyawati, F. Wilisiani, A. Aziz, T. Satriyo,
and E. R. Setyawati, “Effect of Palm Oil Mill
Effluent ( Pome ) Concentration and Soil Type on
the Growth of Oil Palm ( Elaeis guinensis Jacq )

http://dx.doi.org/10.22135/sje.2025.10.1.52-58 56



http://dx.doi.org/10.22135/sje.2025.10.1.52-

(2]

(3]

(4]

[3]

[6]

[7]

(8]

(9]

[10]

[13]

in Pre-Nursery,” Int. J. Life Sci. Agric. Res., vol.
03, no. 11, pp. 834-840, 2024.

0., Ezenwelu, Chijioke, C. M., Okeke, O. L.,
Udemezue, O. R., Ngwu, and E. H., Oparaji,
“Palm Oil Mill Effluent Disposal and Its
Utilization in Agricultural Soil,” BIONATURE,
vol. 44, no. 1, pp. 28-37, May 2024.

M. A. A. Samah and A. H. A. Halim,
“Sustainable Waste Management in Palm Oil
Industry: Advancing Composting Practices for
Environmental and Economic Benefits,” J.
Manag. World, vol. 2024, no. 4 SE-Articles, pp.
807-811, Dec. 2024.

E. Quayson et al., “Valorization of palm biomass
waste into carbon matrices for the immobilization
of recombinant Fusarium heterosporum lipase
towards palm biodiesel synthesis,” Biomass and
Bioenergy, vol. 142, p. 105768, Nov. 2020.

A. Akhbari, P. K. Kutty, O. C. Chuen, and S.
Ibrahim, “A study of palm oil mill processing and
environmental assessment of palm oil mill
effluent treatment,” Environ. Eng. Res., vol. 25,
no. 2, pp. 212-221, Apr. 2020.

B. Artono, L. Hakim, and E. Kurniawan, “The
degradation of liquid waste from palm oil mills
through the utilization of ultraviolet light.,” J.
Storage, vol. 3, no. 6, pp. 853-861, 2023.

L. Agustina, S. Suprihatin, M. Romli, and P.
Suryadarma, ‘“Processing of Palm Mill Oil
Effluent Using Photocatalytic: A Literature
Review,” J. Ecol. Eng., vol. 22, no. 11, pp. 43—
52, Dec. 2021.

S. Mohammad, S. Baidurah, T. Kobayashi, N.
Ismail, and C. P. Leh, “Palm Oil Mill Effluent
Treatment Processes—A Review,” Processes,
vol. 9, no. 5, p. 739, Apr. 2021.

S. R. Sharvini, Z. Z. Noor, C. S. Chong, L. C.
Stringer, and D. Glew, “Energy generation from
palm oil mill effluent: A life cycle assessment of
two biogas technologies,” Energy, vol. 191, p.
116513, 2020.

S. A. Nta, I. J. Udom, and S. O. Udo,
“Investigation of Palm Oil Mill Effluent Pollution
Impact on Groundwater Quality and Agricultural
Soils,” Asian J. Environ. Ecol., vol. 12, no. 1, pp.
28-36, Mar. 2020.

T. A. Rizal, Mahidin, and M. Ayyub,
“Development of anaerobic digesters for the
production of biogas from palm oil mill
wastewater,” J. Ilm. Jurutera, vol. 2, no. 2, pp. 1—-
12,2015.

S. E. Putra, I. Dewata, E. Barlian, N. Syah, and
U. Iswandi, “Analysis of Palm Oil Mill Effluent
Quality,” Int. Conf. Sustain. Chem., vol. 03001,
no. 481, pp. 1-10, 2024.

M. S. Saad, M. D. H. Wirzal, and Z. A. Putra,
“Review on current approach for treatment of
palm oil mill effluent: Integrated system,” J.

Vol. 10 No.1, 52-58

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

ojs.pps.unsri.ac.id

Environ. Manage., vol. 286, p. 112209, 2021.

D. Dominic and S. Baidurah, ‘“Recent
Developments in  Biological  Processing
Technology for Palm Oil Mill Effluent

Treatment—A Review,” Biology (Basel)., vol.
11, no. 4, p. 525, Mar. 2022.

V. Ferreira-Leitdo, M. Cammarota, E. Gongalves
Aguieiras, L. Vasconcelos de Sa, R. Fernandez-
Lafuente, and D. Freire, “The Protagonism of
Biocatalysis in Green Chemistry and Its
Environmental Benefits,” Catalysts, vol. 7, no. 1,
p. 9, Jan. 2017.

M. Pradel, M. Lippi, M.-L. Daumer, and L.
Aissani, “Environmental performances of
production and land application of sludge-based
phosphate fertilizers—a life cycle assessment
case study,” Environ. Sci. Pollut. Res., vol. 27,
no. 2, pp. 2054-2070, 2020.

L. J. Hau et al., “Mixed Composting of Palm Oil
Empty Fruit Bunch (EFB) and Palm Oil Mill
Effluent (POME) with Various Organics: An
Analysis on Final Macronutrient Content and
Physical Properties,” Waste and Biomass
Valorization, vol. 11, no. 10, pp. 5539-5548,
2020.

M. Said, M. Ba-Abbad, S. Rozaimah Sheik
Abdullah, and A. Wahab Mohammad, “Artificial
Neural Network (ANN) for Optimization of Palm
Oil Mill Effluent (POME) Treatment using
Reverse Osmosis Membrane,” J. Phys. Conf.
Ser., vol. 1095, no. 1, p. 12021, 2018.

N. A. Osman, F. A. Ujang, A. M. Roslan, M. F.
Ibrahim, and M. A. Hassan, “The effect of Palm
Oil Mill Effluent Final Discharge on the
Characteristics of Pennisetum purpureum,” Sci.
Rep., vol. 10, no. 1, p. 6613, 2020.

N. Voutchkov and G. N. Kaiser, “Chapter 7 -
Land application,” N. Voutchkov and G.N. B. T.-
M. of C. from D. P. Kaiser, Eds. Elsevier, 2020,
pp. 151-172.

M. A. Hassan, M. A. A. Farid, M. R. Zakaria, H.
Ariffin, Y. Andou, and Y. Shirai, “Palm oil
expansion in Malaysia and its countermeasures
through policy window and biorefinery
approach,” Environ. Sci. Policy, vol. 153, p.
103671, Mar. 2024.

P. Kusumawati, “Alterations in various chemical
properties of Ultisol soil in the vicinity of liquid
waste application from the palm oil mill operated
by PT. Perkebunan Nusantara XIII in Pelaihari.”
repo-mhs.ulm.ac.id, pp. 1-10, 2022.

P. H R, S. Kukuh, R. Evizal, Afandi, and A.
Rahmat, “The effect of POME application on
production and yield components of oil palm in
Lampung, Indonesia,” IOP Conf. Ser. Earth
Environ. Sci., vol. 648, no. 1, p. 012058, Feb.
2021.

http://dx.doi.org/10.22135/sj€.2025.10.1.52-58 57



http://dx.doi.org/10.22135/sje.2025.10.1.52-

[24]

[25]

[26]

[27]

M. M. A. Nur and A. G. J. Buma, “Opportunities
and Challenges of Microalgal Cultivation on
Wastewater, with Special Focus on Palm Oil Mill
Effluent and the Production of High Value
Compounds,” Waste and Biomass Valorization,
vol. 10, no. 8, pp. 2079-2097, 2019.

S. De Silva, P. Carson, D. V Indrapala, B.
Warwick, and S. M. Reichman, “Land
application of industrial wastes : impacts on soil
quality , biota , and human health,” Environ. Sci.
Pollut. Res., pp. 67974-67996, 2023.

Y. Hashiguchi, M. R. Zakaria, T. Maeda, M. Z.
M. Yusoff, M. A. Hassan, and Y. Shirai,
“Toxicity identification and evaluation of palm
oil mill effluent and its effects on the planktonic
crustacean Daphnia magna,” Sci. Total Environ.,
vol. 710, p. 136277, 2020.

N. A. Mohamad et al., “Integration of copperas
and calcium hydroxide as a chemical coagulant

Vol. 10 No.1, 52-58

(28]

[29]

[30]

0js.pps.unsri.ac.id

and coagulant aid for efficient treatment of palm
oil mill effluent,” Chemosphere, vol. 281, p.
130873, 2021.

M. A. B. M. Yusof, Y. J. Chan, C. H. Chong, and
C. L. Chew, “Effects of operational processes and
equipment in palm oil mills on characteristics of
raw Palm Oil Mill Effluent (POME): A
comparative study of four mills,” Clean. Waste
Syst., vol. 5, p. 100101, 2023.

H. Hamdi et al., “Repetitive land application of
urban sewage sludge: Effect of amendment rates
and soil texture on fertility and degradation
parameters,” CATENA, vol. 172, pp. 11-20, Jan.
2019.

N. R. Caesar et al., “Correlation between Water
Quality and Surfactant Pollution in the Porong
River,” BIO Web Conf., vol. 117, p. 01010, Jul.
2024.

http://dx.doi.org/10.22135/sje.2025.10.1.52-58 58



http://dx.doi.org/10.22135/sje.2025.10.1.52-

