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ABSTRAK

Air lindi terbentuk ketika sampah bercampur dengan air dan meresap ke dalam tanah. Air lindi mempunyai dampak
yang berbahaya karena mengandung bahan pencemar organik/anorganik yang beracun, logam berat dan amonia.
Banyak permasalahan yang akan timbul jika air lindi tidak diolah dan dibiarkan begitu saja. Polutan dari air lindi TPA
mempunyai efek akumulatif dan merugikan terhadap ekologi dan rantai makanan. Bioremediasi efektif
menyembuhkan lingkungan yang telah terkontaminasi oleh polutan dan racun. Tujuan penelitian ini adalah untuk
mengetahui efektivitas Calla Lily (Zantedeschia aethiopica (L.) Spreng) sebagai penurun BOD dan kekeruhan lindi.
Jenis penelitian ini adalah penelitian kualitatif dan disajikan secara deskriptif. Berdasarkan hasil penelitian
menunjukkan bahwa calla lily mampu menurunkan BOD dan penghilangan kekeruhan, namun perlakuan yang
diberikan tidak memberikan pengaruh yang signifikan. Hasil analisis menunjukkan bahwa parameter fisik dan kimia
lindi di TPA Jatibarang yang melebihi baku mutu lindi adalah BOD 464 mg/L (9.2% penurunan), penghilangan
kekeruhan 6.3 NTU (96.23% penurunan). Jika air lindi hanya ditampung tanpa pengolahan lebih lanjut, maka akan
mengakibatkan air lindi masuk ke sungai pemukiman dan mencemari air sumur di sekitar wilayah Jatibarang dan
berpotensi menimbulkan gangguan kesehatan.

Kata kunci: BOD, Bioremediasi, Kekeruhan, Calla Lily, Lindi.

ABSTRACT

The leachates are formed when the waste mixes with the water and penetrates into the ground. Leachate has a
dangerous impact because it contains toxic organic/inorganic pollutants, heavy metals and ammonia. Many problems
will arise if the leachate is not treated and left alone. The pollutants from landfill leachate have accumulative and
detrimental effect on the ecology and food chains. Bioremediation effectively heals the environment when it's been
contaminated by pollutants and toxics. The purpose of this study was to determine the effectiveness of Calla Lily
(Zantedeschia aethiopica (L.) Spreng) as a BOD and leachate turbidity removal. This type of research is qualitative
research and is presented descriptively. Based on the results of the research, it was shown that calla lily were able to
reduce BOD and turbidity removal, but the treatment had no significant effect. The results of the analysis showed that
the physical and chemical parameters of leachate at Jatibarang landfill that exceeded the leachate quality standards
were BOD 464 mg/L (9.2% removal), turbidity removal 6.3 NTU (96.23% removal). If the leachate is only collected
without further treatment, it will result in the leachate entering residential rivers and contaminating the well water
in the surrounding Jatibarang area and possibly causing health problems.
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1. INTRODUCTION

Wastes in landfills creates serious problems
particularly hazardous wastes containing recalcitrant
compounds (Gautam, 2021; Antony, 2020). It also
frequently has a high chemical (COD) and biological
oxygen demand (BOD) (Eggen et al, 2010). The
landfills leachate contains macro and micropollutants
that might be potentially toxic and carcinogenic
(Nurhasanah & Riani, 2021). It always has a high

content of suspended and dissolved matter that
makes it a dangerous contaminant that must be
treated to avoid it to cause contamination of aquifers,
rivers, and soil, which in turn poses risk to the natural
ecosystem and public health (Keyikogl et al., 2021).
Landfill leachate must be appropriately treated and
managed, maximizing recovery and minimizing waste
disposal (Topal & Atasoy, 2022).
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Waste has properties that have the potential to
cause pollution and health problems if not managed
properly (Teng et al, 2021). Poorly maintained
landfills pose a high risk to human health and the
environment (Gomez et al.,, 2022). Piles of rubbish can
later release a black, unpleasant smelling liquid called
leachate. Landfill leachate comprised of a variety of
constituents and has a dark color (Elmaadawy et al,,
2020). Leachate will appear in the layers of waste
heaps and seep into the soil layers below. Leachate
arises from the entry of water into waste heaps,
leachate is a liquid effluent that originates through the
interaction between rainwater and degraded waste
products from landfills (Wijekoon et al, 2021),
dissolving and washing away materials, including
organic materials resulting from biological
decomposition (Saniy, 2017). Landfill leachate, also
known as leachate, is an inevitable secondary
pollutant in landfill (Chengjun et al.,, 2021), mainly
from precipitation, water contained in garbage and
organic wastewater generated by anaerobic
decomposition of microorganisms.

Leachate is generally toxic due to the presence of
pollutants and incomplete decomposition that occurs
in the waste. Leachate contains organic and inorganic
materials as well as pathogenic bacteria which have
the potential to cause environmental pollution
(Hartini & Yanto, 2018). Leachate may contain
suspended and dissolved solid pollutants, chemicals
both organic and inorganic with high concentrations
such as ammonia, nitrates, nitrites, sulfides, heavy
metals, nitrogen, and others. If it is not managed
properly, it could potentially pollute the environment
and water bodies (Ahmad, 2021; Chaudhary, 2021;
Vaccari, 2019). There are many kinds of pollutants,
complex components and high concentration. Liu Jun
et al, used GC-MS to analyze the organic components
in the landfill leachate, and founded that there were
63 organic compounds, most of which were difficult to
biodegrade, such as phenols, heterocyclic,
heterocyclic aromatic and polycyclic aromatic
compounds, accounting for more than 70% of the
organic components in the leachate. High
concentration of organic matter, high concentration of
COD and BOD, up to tens of thousands of mg/L (Zhang,
2022).

Leachate produced from waste management at the
Jatibarang landfill has the potential to cause water
pollution in the Kreo River because its flow is at the
lower end of the landfill. The condition of the leachate
pond which is leaking also plays a role in causing
pollution of the Kreo River because the leachate water
will flow into the river water body. The leachate
collected in the holding pond will have its material
content reduced through an aeration process, then the
leachate will flow into the Kreo River (Kurniawati et
al,, 2015). Surface water that is polluted by leachate
during the biological decomposition process will
deplete the oxygen content in the water and
ultimately life in the water that depends on the
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presence of dissolved oxygen will die (Thomas & Dian,
2019).

Biological Oxygen Demand (BOD) and turbidity
removal can be used as parameters in measuring
water quality. The lower the BOD contained in a body
of water, the better the quality of the water. Turbidity
removal determines the amount of brightness
entering the waters and is related to the need for
sunlight for the assimilation process. Examination of
BOD and turbidity removal is necessary to determine
the pollution load that occurs.

Jatibarang landfill leachate had a BOD of 1,200
mg/L and a turbidity of 300 NTU (Rezagama et al.,
2017). This research shows that the leachate from the
Jatibarang landfill has a BOD of 1,395 mg/L and a
turbidity of 300 NTU (Nofiyanto et al, 2019). It can be
seen that the BOD and leachate turbidity removal of
the Jatibarang Landfill each year exceed the quality
standards stipulated in the Republic of Indonesia
Minister of Environment and Forestry Regulation No.
59 of 2016 and RI Minister of Health Regulation no. 32
of 2017, where the BOD quality standard is 150 mg/L
and turbidity removal is 25 NTU.

One effort that can be made to overcome
environmental pollution due to leachate is
bioremediation. Bioremediation is a series of
processes for breaking down complex pollutants into
molecules that are simpler and less harmful to the
environment. Bioremediation is a cost effective and
eco friendly technique. Bioremediation is in line with
the ‘green’ and ‘ecological’ development trends and is
significant in many ways for sustaining sustainable
and healthy development (Tan et al, 2022).
Phytoremediation is a technology that emerged as a
result of the combined activities of plants and their
association with groups of microorganisms to
degrade, transfer and reduce toxic substances in soil
and water (Sari, 2019). Phytoremediation technology
consists of the use of plants to eliminate pollutants
from soil, water, or air. It has been widely studied for
leachate treatment due to its relative simplicity with
low operational and maintenance costs, as well as
being an environment-friendly system (Ilmasari,
2022; Ismail, 2020). A suitable treatment method
should be affordable in terms of maintenance and
operation cost, simple to wuse, efficient, and
ecologically friendly to reduce energy consumption
and surplus sludge production (Omran et al, 2021).

Hyperaccumulator plants are plants that could
concentrate contaminants in their biomass at high
levels (Rachmawati, 2020). Hypertolerant plants are
plants that can adapt and survive environmental
conditions with high levels of contaminants. Calla lily
(Zantedeschia aethiopica (L.) Spreng) have dense,
fibrous roots that spread in various directions, so they
have a high ability to absorb pollutants. Calla lily have
rhizosphorus which functions to carry pollutants in
the planting medium to the root cells which will then
be degraded by enzymes found in the roots.

Calla lily can be used as a phytoremediation agent
because it is able to accumulate and decompose
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pollutant substances. Plants that are used as agents
for absorbing heavy metals or pollutants must have
phytoremediator  properties, namely  having
hyperaccumulator properties and hypertolerance to
highly polluting substances (Nofiyanto et al., 2019). In
general, aquatic plants are wused as aquatic
phytoremediators because they have fast growth and
absorption of pollutants. This research aims to
determine the effectiveness of calla lily as a
phytoremediation agent BOD and leachate turbidity
removal.

2. METHODS

This research was carried out in Januari-February
2024 at Jatibarang Landfill, Semarang, Central Java,
Indonesia. The weather in Indonesia in January-
February is warm, wet and humid. According to Joel C,
et.al (2017), the seasonal variation does not affect the
performance of wastewater treatment system.

Measurements of BOD and leachate turbidity
removal were carried out at the Semarang City
Environmental Service Laboratory. The research is an
experimental study using a one-factorial Completely
Randomized Design (CRD) with three treatment levels
and three replications, resulting in 9 research units.
The treatment given in this research was as follows PO
(10 L of leachate without calla lily), P1 (10 L of
leachate + 200 gr of calla lily), P2 (10 L leachate + 400
gr calla lily). Before the research, acclimatization was
carried out on calla lily for 1 week using distilled
water which aims to make calla lily can adapt to new
environmental conditions.

The leachate samples used in this research were
taken from the leachate reservoir of the ]Jatibarang
Landfill. Before treatment is given, a preliminary test
is carried out on leachate samples to determine the
initial BOD and leachate turbidity removal. Then
testing was carried out again on days 1, 3 and 7 of the
research to determine the development of BOD and

leachate turbidity removal during the research. The
model's validity is verified by analyzing values in the
ANOVA and Two-Way Analysis of Variance for BOD
and turbidity removal.

3. RESULTS AND DISCUSSION
3.1. Characteristics of Jatibarang Landfill
Leachate

The leachate from the Jatibarang landfill has a dark
black color, cloudy, and distinctive, strong organic
aroma. Physically, the leachate from the Jatibarang
Landfill appears to be completely dissolved because
there is no sediment at the bottom of the research unit
and there are no lumps floating on the surface of the
leachate. Test results for initial BOD and turbidity
removal of Jatibarang landfill leachate in Table 1.

Based on the results of these data, the initial BOD
and leachate turbidity removal of the Jatibarang
Semarang Landfill still exceed the quality standards
set in the Republic of Indonesia Minister of
Environment and Forestry Regulation No. 59 of 2016
and RI Minister of Health Regulation no. 32 of 2017,
where the quality standard for BOD is 150 mg/L and
turbidity parameter with a value of 25 NTU.

3.2. Effect of Variables on BOD

Biological Oxygen Demand (BOD) is the amount of
dissolved oxygen needed by microorganisms to
decompose dissolved and suspended organic matter
in waters (Anwar, 2019). BOD is an important
parameter for assessing water quality that can be used
to evaluate the quality of landfill leachate (Mishra et
al.,, 2022).

Calla lily can reduce leachate BOD levels because it
has properties as a hyperaccumulator and
hypertolerant to pollutant substances. Data on the
reduction in BOD levels during treatment can be seen
in Table 2; Table 3; and Table 4.

Table 1. Characteristics of the Jatibarang Landfill Leachate

Parameter Unit Level Quality Standards
BOD mg/L 511 150
Turbidity NTU 167 25

Table 2. BOD Level of Leachate on the 1st Day of Treatment

Treatment Average Initial Grade (mg/L)  Final Grade Average (mg/L)  Decline (%)

PO 511 472.3 7.57
P1 511 464 9.2
P2 511 482.3 5.61

Table 3.BOD Level of Leachate on the 34 Day of Treatment

Treatment Average Initial Grade (mg/L)  Final Grade Average (mg/L) Decline (%)

PO 511 464.3 9.13
P1 511 476 6.85
P2 511 477.3 6.59

Table 4.BOD Level of Leachate on the 7th Day of Treatment

Treatment Average Initial Grade (mg/L)

Final Grade Average (mg/L) Decline (%)

PO 511 503 1.56
P1 511 488.3 4.44
p2 511 502 1.76
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Figure 1. BOD Removal

Table 5. Two-Way Analysis of Variance for BOD

Type Il Sum of

Source df  Mean Square F Sig.
Squares

Corrected Model 4982.5192 8 622.815 0.822 0.594
Intercept 6248671.148 1 6248671.148 8247.659 0.000
Concentration 574.519 2 287.259 0.379 0.69
Time 3767.185 2 1883.593 2.486 0.111
Contretation * Time 640.815 4 160.204 0.211 0.929
Error 13637.333 18 757.63

Total 6267291 27

Corrected Total 18619.852 26

a. R Squared =.268 (Adjusted R Squared = -.058)

Based on ANOVA for BOD, the results were p-value
> (.05 it can be concluded that the average BOD on the
1st (p value 0.865), 3 (p value 0.558), 7t (p value
0.194) day of treatment, content in each treatment is
not significantly different. The final average BOD
during the study continued to fluctuate in each
treatment. The most optimal effectiveness of reducing
BOD levels occurred in treatment P1 on day 1: 464
mg/L (9.2% removal); while the effectiveness of
reducing BOD levels was lowest in treatment PO on
day 7 : 502 mg/L (1.56% removal) (see figure 1).

Based on Two Analysis of Variance for BOD (see
table 5), the results were the sig value of 0.69 is
greater than 0.05 (0.69>0.05), it can be concluded that
there is no significant difference in the BOD results
based on concentration treatment, the sig value of
0.111 is greater than 0.05 (0.111>0.05), then it can be
concluded that there is no significant difference in the
BOD results based on time treatment and the sig value
of 0.929 is greater than 0.05 (0.929>0.05), then it can
be concluded that there is no interaction between
concentration and time treatment in the BOD results.
The decrease in leachate BOD levels was caused by the
phytoremediation process carried out by calla lily
rhizofiltration. Rhizofiltration is the process of
deposition of pollutant substances by the roots which
are then translocated to the stem through transport
vessels and spread to all parts of the plant (Irhamni et
al. 2017). In this process, the absorbed organic
substances will undergo a biological reaction and
accumulate in the plant stem and then be transferred
to the leaves (Ahmad & Adiningsih, 2019). The ability
of calla lily to absorb organic material in leachate is
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also due to the presence of rhizosphere microbes in
the roots. Rhizosphere microbes are a form of
symbiosis between bacteria and fungi that can break
down organic and inorganic materials found in water
and use them as a source of nutrition (Khaer &
Nursyafitri, 2017).

In the phytodegradation process, leachate organic
materials will be broken down by dehalogenase and
oxygenase enzymes through plant metabolic
processes. The decrease in leachate BOD levels is also
a result of the phytodegradation process, where
organic compounds in water that are absorbed by
plant roots will experience decomposition through
metabolic processes in plant organs (Fitriana &
Kuntjoro, 2020). Based on Abbas’s research used
aquatic plants for the phytoremediation of landfill
leachate and reported high efficiencies in terms of
BOD (Abbas et al, 2019).

The ability of calla lily to excrete certain chemical
compounds can degrade organic materials trapped in
the root area and then the degraded organic materials
will be easier to translocate to the stems and leaves.
Calla lilies do not directly absorb organic materials in
leachate but will adapt and provide conditions that
allow the decomposition process of organic materials
by microorganisms.

The decrease in leachate BOD levels was also
caused by the presence of lactic acid bacteria
(Lactobacillus sp.) in leachate. Lactic acid compounds
can accelerate the breakdown of organic materials
through an anaerobic fermentation process (Damsir
et al. 2016). Renovating microbes will carry out the
process of breaking down organic materials into
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simple compounds such as amino acids and fatty acids
until ammonia, nitrate, nitrite, and nitrogen are
obtained. The longer the time for the anaerobic
process to take place and the easier the organic
material degradation process in the leachate to occur,
the lower the leachate BOD level will be, the closer it
is to the quality standard value that is safe for the
environment. Therefore, during the anaerobic
process, leachate BOD levels fluctuate at any time
because of the use of organic material by microbes to
be converted into body cells and other harmless
compounds and some are converted into volatile
materials, such as COz.

During the research, leachate BOD levels tended to
fluctuate, indicating that the decomposition process of
leachate organic material was still ongoing by
microorganisms. The fluctuating increase in leachate
BOD levelsin P1 and P2 indicates that the calla lily was
less able to contribute significantly to reducing the
total organic matter in the leachate. Parts of calla lily
that cover the surface of the leachate will prevent
sunlight from entering the bottom of the water, so that

photosynthetic organisms cannot photosynthesize
properly. This causes dissolved oxygen levels in the
leachate to decrease, so that the decomposition
process of organic material by aerobic
microorganisms is disrupted. Dead plant parts
become a source of aquatic organic matter. The
biomass of dead calla lily will mix with leachate,
resulting in an increase in leachate organic matter and
BOD levels will increase again.

3.3. Effect of Variables on Turbidity Removal
Turbidity removal is a condition where the
transparency of a liquid is reduced due to the
presence of insoluble substances (Fajri et al., 2014).
Turbidity levels are influenced by the presence of
suspended solids, both organic and inorganic. High
levels of turbidity removal in waters will disrupt the
penetration of light entering the waters. Calla lily
could reduce leachate turbidity because they are
hyperaccumulators and hypertolerant of pollutants.
Data on reducing turbidity in leachate during
treatment can be seen in Table 6; Table 7; and Table 8.

Table 6. The Turbidity of Leachate on the 1stDay of Treatment

Treatment Average Initial Grade (NTU)

Final Grade Average (NTU) Decline (%)

PO 167
P1 167
P2 167

7.47 92.53
6.99 95.81
6.82 95.91

Table 7. The Turbidity of the Leachate on the 3rd Day of Treatment

Treatment Average Initial Grade (NTU)

Final Grade Average (NTU) Decline (%)

PO 167
P1 167
P2 167

6.9 95.88
6.5 96.11
6.3 96.23

Table 8. The Turbidity of Leachate on the 7th Day of Treatment

Treatment Average Initial Grade (NTU)

Final Grade Average (NTU) Decline (%)

PO 167 6.58 96.06
P1 167 7.15 95.72
P2 167 7.06 95.77
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Figure 2. Turbidity Removal

Table 9. Two-Way Analysis of Variance for Turbidity Removal

Source Type 11l Sum of Squares df Mean Square F Sig.
Corrected Model 3.2962 8 0.412 4.295 0.005
Intercept 1257.199 1 1257.199 13106.44 0.000
Concentration 0.134 2 0.067 0.699 0.510
Time 1.135 2 0.568 5.917 0.011
Contretation* Time 2.026 4 0.507 5.281 0.005
Error 1.727 18 0.096

Total 1262.221 27

Corrected Total 5.022 26

a. R Squared = .656 (Adjusted R Squared =.503)
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Based on ANOVA for turbidity, the results were p
value > 0.05 it can be concluded that the average
turbidity removal on the 1st (p value 0.194) and 7t (p
value 0.480) day of treatment, content in each
treatment is not significantly different, For 3 day of
treatment (p value 0.019), the results were p value <
0.05 it can be concluded that the average turbidity
removal, content in each treatment is significantly
different. Abilities of calla lily in reducing leachate
turbidity due to its hyperaccumulator and
hypertolerant properties. In this study, the most
optimal percentage reduction in leachate turbidity
occurred in treatment P2 on the 3t day: 6.3 NTU
(96.23% removal). Meanwhile, the lowest percentage
reduction in leachate turbidity removal occurred in
the PO treatment on 1st day: 7.47 NTU (92.53%
removal) (see figure 2).

Based on Two Analysis of Variance for turbidity
(see table 9), the results were the sig value of 0.51 is
greater than 0.05 (0.51 >0.05), so it can be concluded
that there is no significant difference in the turbidity
result based on concentration treatment, the sig value
of 0.011 is less than 0.05 (0.011<0.05), so it can be
concluded that there is a significant difference in
turbidity results based on time treatment, and the sig
value of 0.005 is less than 0.05 (0.005<0.05), then it
can be concluded that there is an interaction between
concentration and time treatment in the turbidity
results.

Suspended solids are closely related to turbidity
removal, the higher the suspended solids, the higher
the turbidity (Ahmad & Adiningsih, 2019). However,
high levels of dissolved solids are not always
accompanied by high levels of turbidity removal.
Turbidity removal is an optical property of a solution,
namely the scattering and absorption of light that can
pass through it. High levels of turbidity removal not
only endanger aquatic biota but also cause waters to
become unproductive because they can prevent
sunlight from entering the waters, thereby inhibiting
the photosynthesis process, and reducing dissolved
oxygen levels in the water.

In the PO treatment, the decrease in leachate
turbidity removal occurred due to the decomposition
of organic and inorganic materials carried out by
microorganisms contained in the leachate.
Meanwhile, the decrease in leachate turbidity in P1
and P2 was caused by the ability of the roots of calla
lily to absorb pollutants, both in water bodies and
sediment.

The ability of calla lily to absorb organic material
in leachate is also due to the presence of rhizosphere
microbes. Rhizosphere microbes are a form of
symbiosis between bacteria and fungi that can break
down organic and inorganic materials in water and
use them as a source of nutrition (Khaer & Nursyafitri,
2017). The ability of calla lily and rhizospheric
microbes in the roots is supported by the root’s large
absorption and accumulation capacity for pollutants,
causing leachate turbidity to decrease. Organic and
inorganic materials in leachate can be reduced by
440

rhizospheric microbes found in the roots of calla lily.
In plant roots, pollutant materials are absorbed from
water bodies and sediments and then accumulated in
other parts of the plant (Novita et al., 2020). The roots
of the calla lily will act as a filter in the process of
absorbing colloidal particles floating in water bodies.
In the rhizofiltration process, plant roots will retain
solid particles contained in wastewater (Nasrullah et
al, 2017). Pollutant substances will be accumulated
into dissolved materials in various parts of the plant,
so that the level of suspended solids in the waste is
reduced (Santoso et al., 2014). Reducing the value of
suspended solids will be accompanied by decreasing
turbidity.

Reducing turbidity removal in waters can make it
easier for sunlight to penetrate the waters, so that
photosynthetic microorganisms can carry out the
photosynthesis process perfectly and dissolved
oxygen levels in the waters increase. Waters with high
levels of dissolved oxygen can support the life of
aerobic microorganisms which play a role in the
decomposition process of pollutants in waters. In
addition, low turbidity removal in waters can reduce
the incidence of disease in the digestive and immune
systems, due to the low potential for contamination by
viruses and bacteria that attach to suspended solids.

4. CONCLUSION

Based on the results of the study, it can be
concluded as follows: The bioremediation process
was used to observe the impact calla lily for the
removal of BOD and turbidity from landfill leachates.
In this study, the most optimal effectiveness of
reducing BOD levels occurred in P1 on 1st day: 464
mg/L (9.2% removal); while the effectiveness of
reducing BOD levels was lowest in PO on 7t day: 502
mg/L (1.56% removal). The most optimal percentage
reduction in leachate turbidity occurred in P2 on the
3rd day: 6.3 NTU (96.23% removal). Meanwhile, the
lowest percentage reduction in leachate turbidity
removal occurred in the PO on 1st day: 7.47 NTU
(92.53% removal). Leachate from Jatibarang Landfill
was successfully reduced after being treated by the
calla lily bioremediation process. Therefore, this
indicated that the calla lily bioremediation process
gave good response for the treatment of leachate
samples.
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