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ABSTRACT

Palm Oil Mill Effluent (POME) is a type of waste generated from the activities of the palm oil
industry. This waste has the potential of polluting the aquatic environment, most especially in the
process of utilizing waste in the form of Land Application (liquid fertilizer). Thus, this study focus
on the minimization of pollution risk using Moringa seed powder (Moringa oleifera) as a natural
purifying agent. The doses used are 0 g/L, 1.00 g/L, 2.00 g/L, 3.00 g/L, and 4.00 g/L respectively
with 3 replications. The experimental design used is a single factor RAL (Completely Randomized
Design). Parameters measured are pH, TSS, BOD, and heavy metal Fe. Based on the results of the
correlation test, it was observed that the effect of increasing the dose of Moringa seed powder gave
a negative (very strong) correlation on all observation parameters. The optimal dose for the use of
Moringa seed powder for each parameter is different. For pH, a dose of 2 g/L (with a pH of 6.19)
was found, for TSS 4 g/L (TSS value of 359.67), BOD 1 g/L (BOD value 2016, 33). Meanwhile,
for heavy metal Fe, the optimal dose is 1 g/L (with a Fe value of 0.93).
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INTRODUCTION

Oil palm (Elaeis guineensis) is one of the main commaodities amongst Indonesian crops plantation
as a foreign exchange earner. The expansion of oil palm plantations in Indonesia has the potential
to provide economic benefits but can result in environmental disturbances (Utami et al., 2017). On
the other hand, this industry is one of the largest sources of waste in Indonesia. This is because in

the process of producing CPO (Crude Palm Qil) the palm oil plantation industry always produces



liquid waste called Palm Qil Mill Effluent (POME). In general, POME has a temperature between
60°C-8°C, pH 3.3 to 4.6, thick, brownish in color, solids content, contains oil and fat, as well as
high COD and BOD. Palm oil mills produce an average of 0.7-1 m3 of POME for each tonne of
fresh fruit bunches. POME contains large amounts of Calcium, Magnesium, Nitrogen, and
Potassium, so it can be used as fertilizer (Zulkifli, 2016). Due to its nutrient content, the waste can
be used as a liquid fertilizer (Land application) which supports the growth of oil palm trees.
Using POME for fertilization is quite risky in the form of environmental pollution, especially
groundwater. Virgianti et al. (2014) stated that land application on oil palm plantations has an
influence on the quality of groundwater and surface water, where the value of BOD, TSS, NH3
and DO on the land application is greater than the value in non-land application. According to
Nadia et al. (2017), the dissolved solid contents in palm oil industrial wastewater are produced
from lignocellulosic palm fruit. Lignocellulose consists of lignin, hemicellulose, and cellulose.
This industrial effluent when discharged directly into open ponds or water bodies such as rivers,
swamps, and lakes, can produce methane gas and other gases that will cause the greenhouse effect.
Several ways are worth considering to overcome the problems that exist in palm oil effluent to
prevent environmental pollution. One way is to use poly aluminum chloride (PAC) as a coagulant.
PAC is a coagulant commonly used in industrial waste treatment processes. This chemical
compound has the potential of a coagulant to be used for various industrial wastes. PAC has
various advantages, namely low corrosivity, the resulting floc is easier to separate, and the pH of
the treated water is not too low (Budiman et al., 2008). Besides that, PAC also has a strong
adsorption rate, adhesive strength, fast sedimentation rate, wide scope of use, and it's being used
at low concentrations (Hutomo, 2015). However, PAC has several advantages, and also some
disadvantages to the environment. Aluminum ions produced by the hydrolysis of PAC can
interfere with human health, this causes people who drink water containing high concentrations of
Al ions from PAC to suffer from anemia, hair loss, and brain dementia.

Given the risks above, it is appropriate to consider the use of organic coagulant materials that can
be considered environmentally friendly. Utami (2012) stated that Moringa seeds can be used as
one of the alternatives to natural coagulants available locally. The coagulation effectiveness of
Moringa seeds is determined by the cationic protein content. The advantage of using natural

coagulants such as Moringa seed powder is that these plants are easy to find in tropical climates.



In addition, natural coagulants can form flocs that are against friction during turbulent flow than
chemical coagulants.

Based on some of the considerations above, Moringa seeds deserve to be considered as one of the
organic materials that are suitable for use as natural coagulant ingredients for the purification of
Palm Oil Mill Effluent (POME).

This study aims to determine the effective dose of Moringa seed powder on several solution
parameters, including pH, BOD, COD, and the solubility of heavy metal Fe. These parameters are

components that determine the quality of groundwater and surface water.

RESEARCH METHODS

This research was conducted at PT Sawit Niagamas Gemilang. Administratively, the company is
located in Jonggon Village, Kec. Loa Kulu, Kutai Kartanegara Regency, East Kalimantan
Indonesia. The extraction of Palm Oil Mill Effluent (POME) was carried out in pond 1, the

company's waste treatment unit.

Data source

This study used primary data obtained from the treatment of Moringa seed powder (Moringa
oleifera) with several dosage levels for Palm Oil Mill Effluent (POME). Furthermore, to determine
the extent of the effect of the treatment, an analysis of the following parameters was carried out:
pH, BOD, COD in the water laboratory of the Faculty of Fisheries and Marine Sciences,

Mulawarman University.

Water Quality Component Test Method

The test method in this study is the Jar Test method using a Completely Randomized Experimental
Design. The main ingredients used are liquid waste from the palm oil plantation industry, namely
Palm Oil Mill Effluent (POME), Moringa seed powder (Moringa oleifera), and aquadest.
Meanwhile, the equipment used includes glass tubes, plastic buckets, pH meters, magnetic stirrer,
measuring pipettes, and measuring cups as well as water analysis tools in the laboratory.

The process of testing the jar test on the waste is carried out by inserting Palm Oil Mill Effluent

(POME) into glass tubes with a volume of 1000 mL each. The next step is the addition of Moringa



seed powder (Moringa oleifera) which has been mashed and sifted with doses of 0 g, 1.00 g, 2.00
g, 3.00 g, and 4.00 g, respectively. Each treatment was repeated three times. Then the solution was
stirred for 5 minutes at a speed of 40 rpm. The solution was then deposited for three hours. After
that, 100 ml of the solution sample was taken for each experimental unit. The next step was
analyzing the solution in the laboratory to see the pH, BOD, COD, and heavy metal Fe.

Results and Discussion
pH of solution
The test results on the pH of the Palm Qil Mill Effluent (POME) solution after being treated with

Moringa seed powder can be seen in Table 1 and Figure 1:

Table 1. Effect of Different Doses of Moringa (Moringa oleifera) Seed Powder on pH POME
(Palm Qil Mill Effluent)

Test Amount Averarge
No. | Treatment R1 R2 R3
1. Moringa Powder 0 g (P0O) 6,31 6,19 6,19 18,70 6,232
2. Moringa Powder 1 g (P1) 6,16 6,19 6,24 18,59 6,202
3. Moringa Powder 2 g (P2) 6,17 6,18 6,21 18,56 6,19%
4, Moringa Powder 3 g (P3) 6,17 6,17 6,18 18,52 6,17
5. Moringa Powder 4 g (P4) 6,12 6,14 6,12 18,38 6,13°
Keterangan : Numbers followed by the same letter in the same column are not significantly different in the test
BNT 5%
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Figure 1. The Relationship Between Moringa Powder Dose Increase and Changes in pH Value of POME

Solution

As seen in Table 1, the lowest pH value of the POME solution was found in treatment P4 (Corella
powder 4.00 g/L) with a value of 6.13 and significantly different from treatments PO and P1. This
shows that the administration of Moringa powder at a dose of 2.00 g/L POME gave an effect that
tends to be the same as the dose of 4.00 g/L. Meanwhile, the highest pH value was in the PO
treatment (without Moringa powder) with a pH value of 6.23. From the pattern of changes in the
pH value in relation to the increase in the dose of Moringa seed powder, it shows that the higher
the dose given, the lower the POME pH value. The relationship is classified as strong because the
results of the correlation test have a value of r = -0.97 . The same was also reported by Putra et al.
(2020), Moringa seed powder and long deposition time are proven to reduce the pH value of pig
farm wastewater. Shan et al. (2017), had a different report, that the effect of droping Moringa seed
powder in the water of the Baluk River did not have a significant effect in changing the pH value
of the water.

This decrease in pH value is as a result of the Moringa seeds being included in the group
of organic materials derived from plants. This material generally contains humic acid. This acid is
a mixture of organic acids from aliphatic groups (long chain carbon structures) and aromatics (ring-
shaped carbon structures) which are insoluble in water but soluble in alkaline conditions (Saidy,
2018). According to Roman et al. (2020) the pH conditions are relatively more acidic due to the
decomposition of organic matter. This decomposition produces carbon dioxide, if it reacts with

water that does not have minerals it will cause the condition to become an acidic solution.

TSS (Total Suspended Solid)
The test results on the treatment of Moringa seed powder on the TSS (Total Suspended Solid)
Palm Oil Mill Effluent (POME) value can be seen in Table 2 and Figure 2:

Table 2: Effect of Different Doses of Moringa (Moringa oleifera) Seed Powder on TSS (Total Suspended
Solid) Palm Qil Mill Effluent (POME) Value

Test (mg/L) Amount | Avereage
No. | Treatment R1 R2 R3
1. Moringa Powder 0 g (P0) 2072 1728 2072 5872 | 1957,33°
2. Moringa Powder 1 g (P1) 1672 1326 2542 5540 | 1846,67°




3. Moringa Powder 2 g (P2) 1990 1726 2632 6348 | 2116,00°
4. Moringa Powder 3 g (P3) 1860 1180 2262 5302 | 1767,33°
5. Moringa Powder 4 g (P4) 423 336 320 1079 359,672

Description: Numbers followed by the same letter in the same column are not significantly different in the test
BNT 5%

y =-229,43x2 + 590,25x + 1805,5
R2=0,8953r =-0,95
2500.000
2000.000
=
3 1500.000
E
(%]
2 1000.000 \
500.000
OOOO T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00
Dosage of Moringa Powder ( g/L)

Figure 2. The Relationship Between The Dose Of Moringa Seed Powder And Changes In The Value Of
TSS (Total Suspended Solid) POME Solution

Based on the data above, it can be seen that the highest value of TSS was found in treatment P2
(Moringa seed powder 2.00 g/L) with a TSS value of 2116.00 g/L. This value was not significantly
different from other treatments except for the P4 treatment (Moringa seed powder 8.00 g/L). While
the smallest value of TSS for treatment with Moringa powder was found in treatment P4 (Moringa
powder 8.00 g/L) with a value of 359.67 mg/L. This P4 treatment was significantly different from
all existing treatments. Figure 2., shows that the addition of a dose of Moringa powder causes a
decrease in the TSS value in the POME solution. Based on the results of the correlation test, it can
be seen that the relationship between increasing the dose of Moringa seed powder and decreasing
the TSS value is very strong with a value of r = -95. This decrease is as a result of the occurrence
of ionic bonds between the cations present in Moringa powder particles and the anions present in
the sludge so that they can be precipitated. Yap et el. (2021), stated that the decrease in TSS value

was due to anionic organic molecules (POME solids) reacting directly with cationic species



contained in Moringa powder extract. This causes unstable particles to form larger flocs and can

be deposited easily by gravity.

Gea et al. (2019), reported that the concentration of Moringa seeds 50 mg/L, 100 mg/L and 150
mg/L was able to reduce the TSS value of cattle farm waste. This proves that the provision of
positively charged Moringa seed coagulant will interact with negatively charged particles in the

waste to form flocs through the adsorption mechanism (Sari et al., 2017).

BOD (Biological Oxygen Demand)

The results of the analysis of the effect of Moringa seed powder on the value of Palm BOD
(Biological Oxygen Demand) Qil Mill Effluent (POME) are visually shown in Table 3 and Figure

4.

Tabel 3 . Effect of Different Doses of Moringa (Moringa oleifera) Seed Powder on BOD (Biological
Oxygen Demand) Palm Oil Mill Effluent (POME) Value

Test (mg/L) Amount Average
No. | Treatment R1 R2 R3
1. Moringa Powder 0 g (P0) 245 258 225 728 242,672
2. Moringa Powder 1 g (P1) 203 214 232 649 216,33°
3. Moringa Powder 2 g (P2) 225 212 221 658 219,33°
4. Moringa Powder 3 g (P3) 213 219 213 645 215,00°
5 Moringa Powder 4 g (P4) 212 231 221 664 221,33°

Description: Numbers followed by the same letter in the same column are not significantly different in the test

BNT 5%
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Figure 3. Relationship between Moringa Powder Dose Increase and Changes in BOD (Biological Oxygen
Demand) POME. Solution.

Table 3 shows that the effect of treatment with Moringa seed powder on the POME value showed
the highest value in the PO treatment (without Moringa seed powder) with a value of 242.67 mg/L".
This treatment was significantly different from all other treatments. Meanwhile, the lowest value
was found in the P3 treatment (3.00 g Moringa powder) with a COD value of 215.00 mg/L. This
treatment was not significantly different from other treatments except for PO.

As seen in Figure 3, the pattern of changes in the BOD value of the POME solution tends to
decrease from the PO treatment (without moringa powder) and then increases again in the P4
treatment (4.00 g/L moringa powder). A similar pattern was also reported by Rustiah and Indriani
(2018), which stated that the increase in the coagulant dose of Moringa seed powder in the COD
reduction process of laundry service waste solution had an optimal value at 2.4 grams with a
decrease in the percentage of 30.14%. Meanwhile, when the coagulant was added with a weight
of 3 grams, the BOD level increased again with a decreased presentation of 29.43%. This is
presumably because in this solution there is no longer a balance between the number of POME
particles that can be bound by the negatively charged moringa powder coagulant. Thus, the
presence of Moringa powder increases the BOD value of the POME solution. This is in line with
the opinion of Hidayat (2009) which stated that the protein contained in Moringa seeds is a cationic
polyelectrolyte flocculant. These cationic compounds are dissolved in positively charged water

with negatively charged particles causing water turbidity, causing flocs to enlarge and precipitating



particles to cause water turbidity. Gautam and Saini (2020) also stated that dragon fruit is a type

of plant that contains organic polymers (organic coagulants).
Heavy Metal Content Fe
The results of the analysis of the effect of Moringa seed powder on the Fe content of Heavy Metals

in Oil Mill Effluent (POME) are visually shown in Table 4 and figure 4.

Tabel 4 . The Effect of Different Doses of Moringa (Moringa oleifera) Seed Powder on Heavy Metal
Content of Fe in Palm Oil Mill Effluent (POME)

Test (mg/L) Amount Average
No. | Treatment R1 R2 R3
1. Moringa Powder 0 g (PO) 1,24 1,02 1,98 4,24 1,418
2. Moringa Powder 1 g (P1) 0,89 0,97 0,93 2,79 0,93
3. Moringa Powder 2 g (P2) 0,87 0,98 0,83 2,68 0,89°
4. Moringa Powder 3 g (P3) 1,21 1,12 0,87 3,20 1,07°
5. Moringa Powder 4 g (P4) 1,02 1,02 0,98 3,02 1,01°
Description: Numbers followed by the same letter in the same column are not significantly different in the test
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Figure 4. The Relationship Between The Dose Of Moringa Seed Powder And Changes In The
BOD (Biological Oxygen Demand) POME Solution.



Table 4 indicated that the highest value of Fe solubility in POME was found in the PO treatment
(without giving Moringa powder) with a value of 1.41 mg/L. The PO treatment was significantly
different from all other treatments. While the lowest value was found in the P2 treatment (moringa
powder 2.00 g/L) with a value of 0.89 mg/L. The treatment was not significantly different from
other treatments, except for PO treatment. This shows that the administration of Moringa seed
powder at a dose of 2.00 g/L in POME solution has an effect that tends to be the same as other
higher doses. Based on Figure 4, it can be seen that the pattern of changes in the solubility value
of Fe concerning the increase in the dose of Moringa powder shows a tendency to be negatively
correlated. Thus, the higher the dose given, the tendency to lower the solubility value of Fe metal
in POME. This correlation is classified as very strong because it has a value of r = - 0.88. The
same thing was also stated by Mustika et al. (2018), that the addition of moringa seeds to well
water can reduce the solubility of heavy metal Fe by 38.96%. This is because the seeds of Moringa
(Moringa oleifera) contain rhamnoxyloxy benzyl isothiocyanate which is effective for adsorbing
dissolved metals (Dulanlebit, et al. 2020).

Conclusion

From this research it can be concluded the following:

1. The effect of giving Moringa seed powder to the Palm Oil Mill Effluent (POME) solution causes
a decrease in the pH value of the solution. The optimal value of the dose used is 2 g/L. The same
thing also happened to the TSS value of Palm Oil Mill Effluent (POME), the research treatment
caused a decrease in the TSS value with an optimal dose of 4 g/L. Furthermore, the effect of giving
Moringa powder causes a decrease in BOD of Palm Oil Mill Effluent (POME) solution, with an
optimal dose of 1 g/L.

2. The effect of giving Moringa seed powder on the solubility of Fe Palm Oil Mill Effluent
(POME) causes a decrease in the solubility of these elements. The optimal dose was found at a
dose of 1 g/L.

Acknowledgement
The research above is one of a series of research in the author's dissertation at Lambung Mangkurat

University, Banjarbaru. On this occasion, | would like to express my gratitude to Prof. Dr. Ir. Hj.



Salamiah, MS., Prof. Dr. Ir. H. Mijani Rahman, M.Sc. and Dr. Ir. Fakhrur Razie, M.Sc., who has
guided me in carrying out this research. | would also like to express my gratitude to all the

management of PT Palm Niagamas for allowing me to conduct research in the company concerned.

REFERENCES

Budiman, A., C. Wahyudi, W. Irawati. and H. Hindarso. 2008. Performance of Coagulant Poly
Aluminum Chloride (PAC) in Purification of Kalimas River Water in Surabaya into Clean Water.
Journal of Widya Teknik. 7(1): 25 — 34.

Dulanlebit, Y.H., S. Justinus. and T. Male. 2020. The Effectiveness of Moringa Seeds (Moringa
Oleifera Lamk) in Well Water Treatment and Determination of Optimum Adsorption Time of
Moringa Seeds on Fe and Mg in Water. MjoCE. 1(1): 43 — 52.

Gea, O.B., I.K. Suada. and I.M. Merdana. 2019. The Use of Moringa Seed Powder for Handling
Cattle Farming Waste in terms of Total Coliform and Total Suspended Solid. Indonesia Medicus
Veterinus. 8(3): 303 - 312.

Gautama, S. and G. Saini. 2020. Use of natural coagulants for industrial wastewater treatment.
Global J. Environment. science. Manage. 6(4): 553-578.

Hidayat, S. 2009. Moringa Seed Protein as an Active Ingredient for Water Purification.
Biospecies. 2(2): 12 - 17.

Hutomo, S.W.S. 2015. The Effectiveness of Dosage of Poly Aluminum Chloride (Pac) in
Reducing Phosphate Levels in Laundry Wastewater in Gatak Gede, Boyolali. Publication
manuscript. Public Health Study Program, Faculty of Health Sciences, University of
Muhammadiyah Surakarta. Surakarta. 13 h.

Sari, R.K,, L. Tina and A.F. Fachlevy (2017). The Effectiveness of Moringa (Moringa Oleifera)
Seeds Against Escherichia Coli Bacteria in Diarrhea Prevention Efforts. Scientific Journal of
Public Health Unsiyah. 2(6): 6-7.

Mustika, I., A. Indrawati. and A.A. Warsyidah.2018. Test the Effectiveness of Moringa (Moringa
Oleifera) Seeds on Reducing Iron (Fe) Levels in Dug Well Water in Buhung Bundang Village,
Bontotiro District, Bulukumba Regency. Laboratory Media Journal. 8(1):9 — 14.

Nadia, A., A. Fauziah, E. Mayori. and Sunardi. 2017. Potential of Palm Oil Lignocellulosic Waste
in South Kalimantan for Bioethanol and Xylitol Production. Journal of Science Education
Innovation. 8(2):41- 51.



Putra, .LM.A., .M. Merdana. and 1.K. Suada. 2020. Provision of Moringa (Moringa oleifera) Seed
Powder Reduces the Acidity Level of Pig Farming Liquid Waste. Indonesia Medicus Veterinus.
9(2): 219 — 227.

Roman, M., N.A. sound. and J. Naisanu. 2020. Utilization of Moringa Seed Flour as a Coagulant,
Palm Fiber, And Activated Charcoal in an effort to Improve Domestic Wastewater. Journal of
Tropical Biology. 20(3): 467 — 474.

Rustiah, W. and Y. Andriani. 2018. Analysis of Moringa Seed Powder (Moringa Oleifera, Lamk)
in Reducing Cod and Bod Levels in Laundry Service Wastewater. Indonesian. J. Chem. res. 5(2):
96 — 100.

Saidy, A.R. 2018. Soil Organic Matter: Classification, Functions and Study Methods. Lambung
Mangkurat University Press. Banjarmasin. 150 h.

Shan, T.C., M.A. Matar, E.A. Makky and E. N. Ali. 2017. The Use Of Moringa oleifera Seed As
A Natural Coagulant For Wastewater Treatment And Heavy Metals Removal. Appl Water Science
(2017) 7:1369-1376.

Utami, R., E.l. Kumala. and M. Ekayani. 2017. Economic and Environmental Impacts of Oil Palm
Plantation Expansion (Case Study: Pengabungan Village, Merlung District, West Tanjung Jabung
Regency, Jambi). Indonesian Journal of Agricultural Sciences (JIPI). 22(2): 115 — 126.

Yep, C.C., S.K. Loh, Y.J. Chan, C.V. Supramaniam, M.F. Chong, A.C. Soh, L.K. Lim and L.S.,
Loo. 2021. Synergistic effect of anaerobic co-digestion of palm oil mill effluent (POME). J.
Biomass and Bioenergy. 144 (2021)



