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ABSTRACT

Phytoremediation is an alternative technology for treating leachate by utilizing plants. The objective of this study
was to examine the concentrations of total suspended solid (TSS), total nitrogen (TN), and cadmium (Cd) in
leachate through the phytoremediation process using Chlorophytum comosum, Echinodorus palaefolius, and Hip-
pochaetes lymenalis. The research was conducted on a laboratory scale with a batch system. The leachate was
sourced from the Ngipik Landfill, Gresik, East Java, Indonesia, and was collected from the inlet of the Ngipik
Landfill Leachate Treatment Unit. Acclimatization was carried out for 7 days. A range finding test (RFT) was con-
ducted by varying the concentration composition of the leachate compared to tap water, with the planting medium
being 25% leachate: 75% tap water, 50% leachate: 50% tap water, 50% leachate: 75% tap water, and 100% leach-
ate: 0% tap water (v/v). The plants used in each reactor weighed 1 kg. The reactors used for the phytoremediation
process were plastic boxes with dimensions of 51%32x31 cm. The planting medium consisted of gravel-sized
1020 mm, with a thickness of 7 cm, and soil with a thickness of 7 cm. This research showed that the average final
TSS concentration of the leachate was 25.50 + 44.37 mg/L. The average TSS reduction efficiency reached 94.90 +
8.87%. The average final TN concentration of the leachate was 409.42 + 139.19 mg/L, with an average TN reduc-
tion efficiency of 89.73 + 4.62%. The average Cd concentration in the leachate was 0.0012 + 0.0013 mg/L, with
an average Cd concentration reduction efficiency of 92.30 + 8.48%. The final TSS and Cd concentrations met the
leachate quality standards, with values of 100 mg/L and 0.1000 mg/L, respectively. However, the final TN con-
centration did not meet the leachate quality standards, as the final TN concentration in the leachate was 60 mg/L.

Keywords: Chlorophytum comosum, Echinodorus palaefolius, Hippochaetes lymenalis, phytoremediation, land-
fill, leachate.

INTRODUCTION

Leachate, as a result of the waste decomposi-
tion process, contains high levels of organic and
inorganic substances (1, 2). Leachate is a liquid
contaminated with chemicals and heavy metals
that are harmful to the environment (3, 4). When
leachate is discharged into water bodies without
treatment, it can lead to pollution of surface wa-
ter, groundwater, and soil, and cause unpleasant
odors (5, 6). Therefore, alternative leachate treat-
ment technologies are needed as part of water,
soil, and air conservation efforts.
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Phytoremediation is one such alternative
leachate treatment technology that utilizes plants.
This method can reduce, stabilize, and absorb
pollutants present in leachate (7, 8). Phytoreme-
diation uses the ability of certain plants to accu-
mulate pollutants based on the characteristics of
the plants used (9). Phytoremediation has been
reported to effectively reduce pollutants with high
removal efficiency, relatively low operational and
maintenance costs, and is more environmentally
friendly. Previous studies have demonstrated the
successful use of phytoremediation in treating
leachate (10-12).
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The phytoremediation process is divided into
five stages: phytodegradation, phytoextraction,
phytovolatilization, phytofiltration, and phyto-
stabilization (13). Phytodegradation occurs when
plants absorb, store, degrade, and transform or-
ganic materials into harmless by-products through
plant metabolism (14). This process takes place in
the roots, stems, and leaves of plants with the help
of enzymes released by the plants themselves.
Phytoextraction is the process where contaminants
are transferred into plant tissues (15). These con-
taminants can be removed by harvesting hyperac-
cumulating plants (16). Phytovolatilization refers
to the volatilization of contaminants by leaves,
where toxic substances are transformed into less
toxic forms (17). Phytofiltration involves the ac-
cumulation of contaminants in the rhizosphere or
plant roots (18). Phytostabilization is the process
where plants attract specific contaminants to the
roots, which cannot be transferred to other parts of
the plant (19). These contaminants become tightly
attached to the roots, preventing them from being
transported through the surrounding medium.

Plants that have been successfully used for
leachate phytoremediation include C. comosum,
E. palaefolius, and H. lymenalis (20, 21). The
type of plant used affects the absorption of spe-
cific compounds from pollutants (22). Hyperac-
cumulator plants can survive in conditions with
high levels of pollutants and absorb these pollut-
ants into their metabolism (23). The root zone is
also a key focus in phytoremediation. Roots can
absorb contaminants and either store or metabo-
lize them within the plant tissues (18). The deg-
radation of contaminants in the planting medium
by plant enzymes secreted by the roots is one of
the mechanisms in the phytoremediation process
(22). The objective of this study was to examine
the concentrations of TSS, TN, and Cd in leachate

Table 1. Characteristics of landfill leachate

through the phytoremediation process using C.
comosum, E. palaefolius, and H. lymenalis.

MATERIAL AND METHODS

Characteristics of landfill leachate

The leachate used in this study was sourced
from Ngipik Landfill, Gresik, East Java, Indonesia.
It was collected from the inlet of the Ngipik Land-
fill Leachate Treatment Unit. The initial character-
istics of the leachate are shown in Table 1. The ini-
tial concentrations of TSS, total nitrogen (TN), and
cadmium in the Ngipik Landfill leachate were 500
mg/L, 4,955.92 mg/L, and 0.02 mg/L, respectively.
The leachate water quality standards required by
(24) for TSS, total nitrogen, and cadmium are 100
mg/L, 60 mg/L, and 0.1 mg/L, respectively. Thus,
the initial TSS and TN levels in Ngipik Landfill
exceed the required standards, while the cadmium
level complies with the standard.

Acclimatization

The purpose of acclimatization is to allow
the plants C. comosum, E. palaefolius, and H.
lymenalis to adapt to their new environmental
conditions (25). Acclimatization was carried out
by growing the plants in clean water without the
addition of leachate for 7 days. The plants used
for the study were healthy and free from death
(9). New shoots that grew on C. comosum, E. pa-
laefolius, and H. lymenalis are shown in Figure 1.

Range finding test

The objective of the range finding test (RFT)
is to determine the tolerance level of plants in
absorbing pollutants from leachate at specific

Parameter Unit Result Standard”
pH value - 8 6-9
Temperature °C 30 -
BOD concentration mg/L 585 150
COD concentration mg/L 3.593 300
TSS concentration mg/L 500 100
Total N concentration mg/L 4,955.92 60
Mercury concentration mg/L 1.39 0.005
Cadmium concentration mg/L 0.02 0.1
Note: * (24).
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a. C. comosum

N

b. E. palaefolius

c. H. Lymenalis

Figure 1. New shoot growth

concentrations (26). The variation in leachate
concentration compared to tap water in the plant-
ing medium was as follows: 25% leachate: 75%
tap water, 50% leachate: 50% tap water, 75%
leachate: 25% tap water, and 100% leachate: 0%
tap water (v/v). The RFT was conducted over 9
days, during which plant morphology was ob-
served. The concentration of pollutants in the
leachate that did not cause any adverse effects on
the plants was selected for the phytoremediation
test. The RFT results showed that all three plants
were able to adapt to a concentration of 75%
leachate: 25% tap water.

Phytoremediation of landfill leachate

The research was conducted on a laboratory
scale using a batch system to test the ability of
C. comosum, E. palaefolius, and H. lymenalis
to remediate concentration of TSS, TN, and Cd
in leachate. The planting medium composition
was based on the RFT results, where the ratio of
leachate to tap water was 75%: 25%. Each reac-
tor contained plants weighing 1 kg. The reac-
tors used for the phytoremediation process were
plastic boxes with dimensions of 51x32x31 cm
(Figure 2). The planting medium consisted of
gravel-sized 10-20 mm with a thickness of 7 cm,
and soil with a thickness of 7 cm. The volume
of leachate in each reactor was 15 liters. Leach-
ate samples were collected every 3 days over the
9-day research period. The parameters analyzed
included pH, temperature, TSS concentration,
TN, and Cd using (27). The pH values were mea-
sured using a pH meter, temperature was recorded
with a thermometer, TSS was determined through
gravimetric testing, TN was measured using the
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Kjeldahl method, and concentrations of Cd were
analyzed using atomic absorption spectroscopy.

RESULTS AND DISCUSSION

The decrease of TSS concentration in landfill
leachate

The initial TSS concentration in all four re-
actors was 500 mg/L. A decrease in TSS con-
centration was observed across all phytoreme-
diation reactors (Figure 3). In the C. Comosum
reactor, the TSS level sharply declined by day
3 of the study to 80 mg/L. Similarly, a sig-
nificant decrease was observed in the H. lyme-
nalis reactor, where TSS dropped to 44 mg/L
by day 3. A different trend was seen in the E.
palaefolius reactor, where the sharpest TSS de-
crease occurred on day 6, reaching 12 mg/L. The
TSS levels continued to decline until the end of
the study across all reactors. The final TSS con-
centration in the four reactors averaged 25.50 +
44.37 mg/L. The final TSS value in the leachate
met the leachate quality standards as required by
(24), with a limit of 100 mg/L.

The reduction in TSS levels in the leachate
is primarily due to the role of plants in support-
ing the flow rate during the phytoremediation
process, facilitating the sedimentation of solids.
Filtration occurs at the plant roots, which act as
a filter for the leachate, reducing TSS levels by
capturing solid particles from the leachate (28).
The roots form a natural filter, retaining all solid
particles present in the leachate. Besides filtra-
tion, sedimentation also contributes to the reduc-
tion of TSS, requiring sufficient retention time
for the organic material to settle. Additionally,
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Figure 2. Phytoremediation reactor of landfill leachate

the gravel and soil used in the phytoremediation
reactors further enhanced the reduction of TSS
levels. The planting medium in the reactors acts
as a filtration of TSS levels in leachate. (29) con-
cluded that the rhizosphere is the most important
area during the phytoremediation process. The
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rhizosphere is where pollutants come into contact
with the plants or remediation agents (30). Plant
roots play a crucial role in reducing pollutants in
leachate (31). Rhizobacteria also support pollut-
ant reduction in the rhizosphere. The interaction
between plant roots and microbes contributes to
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Figure 3. The decrease of the TSS concentration in landfill leachate
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the removal of contaminants from the contami-
nated medium (32).

The efficiency of TSS reduction in the C. co-
mosum reactor reached 99.68% by the end of the
study. The TSS reduction efficiencies in the £. pa-
laefolius and H. lymenalis reactors were 99.52%
and 98.80%, respectively, on day 9 (Figure 4).
The control reactor showed a TSS reduction ef-
ficiency of 81.60% on day 9. Compared to studies
by (20, 21) C. comosum, E. palaefolius, and H.
lymenalis were shown to reduce TSS concentra-
tions in leachate range of 88.14-94.40%.

The decrease of TN concentration in landfill
leachate

The initial TN concentration in all four reac-
tors was 4,955.92 mg/L. A significant reduction
in TN concentration was observed across all phy-
toremediation reactors (Figure 5). By day 3, TN
levels had sharply decreased in all three reactors,
with concentrations of 1,000.54 mg/L in the C.
comosum reactor, 763.40 mg/L in the E. palaefo-
lius reactor, and 682.19 mg/L in the H. lymenalis
reactor. The final TN concentration in the leach-
ate did not meet the quality standards set by (24),
which requires a TN level of 60 mg/L.

The phytoremediation process, which utilizes
the symbiotic relationship between plants and mi-
croorganisms in the reactors, contributed to the
reduction of nitrogen in the leachate. Processes
such as ammonification, nitrification, and denitri-
fication also play a role in lowering TN levels.
(33) explained that during phytoremediation,

120

100

leachate (%)
N B (@] oo
o o o o

o

TSS concentration removal in landfill

bacteria convert nitrogen through ammonifica-
tion, nitrification, denitrification, and anaerobic
ammonia oxidation, as well as nitrate and nitro-
gen fixation. TN levels decrease as plants absorb
water, with microorganisms aiding in this process
and transforming TN into energy for biomass
production, while also releasing oxygen to re-
duce nitrogen levels. Nitrogen is a vital nutrient
for plants, and in leachate, nitrogen generally ex-
ists in three forms: organic nitrogen compounds,
ammonium ions (NH,"), and nitrate ions (NO,).
The nitrogen content in waste decreases because
it serves as an essential nutrient for plants (10).

(34) stated that TN levels decrease in phy-
toremediation through the processes of phytosta-
bilization, rhizodegradation, rhizofiltration, phy-
todegradation, and phytovolatilization. Several
essential processes involved in phytoremediation
technology to reduce TN levels are phytodegra-
dation, rhizofiltration, and rhizodegradation. The
phytodegradation process involves the decompo-
sition of contaminants absorbed by plants through
metabolic processes (14). The rhizofiltration and
rhizodegradation processes remove pollutants us-
ing plant roots. This method is mostly effective
for remediation of soil and water highly contami-
nated with nutrients like nitrogen and phospho-
rus (35). Rhizosphere nitrification by plant roots
followed by denitrification can reduce ammonia
levels in wastewater (36).

Plants will easily absorb nitrogen in the form
of NO, through the processes of ammonification
and nitrification (37). The ammonification pro-
cess changes the levels of organic N which is

Time (days)

----- @ C. comosum —#— E. palaefolius —— H. lymenalis —a&— Control

Figure 4. The TSS concentration removal efficiency in landfill leachate
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converted into NH, or NH,*-N. The nitrification
process which will convert NH, or NH,"-N levels
into NO,-N involves the microorganisms Nitro-
somonas and Nitrobacter (33). Nitrification has
not yet removed the nitrogen levels in the leach-
ate. To achieve the goal of removing nitrogen,
the denitrification process is continued, where
the NO,-N levels are reduced by heterotrophic
bacteria to N, then the nitrogen is released in
the form of N, gas. Plants can absorb dissolved
N and provide a medium for microbial growth.
Plant root exudates in the rhizodegradation pro-
cess can further encourage the growth of micro-
organisms and increase the rate of nitrification
and denitrification (37).
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The efficiency of TN reduction in the phy-
toremediation process was observed in all reac-
tors (Figure 6). The TN reduction efficiency for
C. comosum, E. palaefolius, and H. lymenalis
reached 94.75%, 89.19%, and 91.28%, respec-
tively, by day 9. The control reactor also showed
a decrease in TSS levels, with a lower efficiency
of 83.71% at the end of the research. This TN
reduction efficiency was higher compared to the
research conducted by (38). (38) found that ni-
trogen reduction using E. palaefolius could reach
83.67% with a hydraulic retention time (HRT)
of 3.1 days. An extended retention time can lead
to a greater reduction in nitrogen levels. Nitro-
gen reduction in wastewater treatment occurs
through two main mechanisms: nitrification and
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Figure 5. The decrease of the TN concentration in landfill leachate
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Figure 6. The TN concentration removal efficiency in landfill leachate
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denitrification. In the nitrification process, which
is aerobic, the plant’s rhizome roots transfer oxy-
gen to the wastewater at the reactor’s base. Mi-
croorganisms also play a role in nitrogen reduc-
tion in wastewater.

The decrease of Cd concentration in landfill
leachate

The initial concentration of Cd in the leach-
ate across all reactors was 0.0150 mg/L. During
the phytoremediation process, Cd levels gradu-
ally decreased from the start to the end of the ex-
periment (Figure 7). The final Cd concentrations
in reactors with C. comosum, E. palaefolius, and
H. lymenalis were 0.0003 mg/L, 0.0003 mg/L,
and 0.0010 mg/L, respectively, while the control
reactor had a final concentration of 0.0030 mg/L.
The reduction in cadmium levels is attributed
to the phytoremediation process, which incor-
porates four plant-based technologies: phytoex-
traction, phytostabilization, rhizofiltration, and
phytovolatilization (39). Among the four phy-
toremediation technologies, phytoextraction is
the most commonly used method for extracting
heavy metal contaminants (23). In the process
of phytostabilization, plants immobilize heavy
metals, thereby reducing their bioavailability in
landfill leachate (17).

The mechanism of heavy metal absorption in
the phytoextraction process involves the absorp-
tion of heavy metals by translocation of con-
taminants by plant roots into plant tissue (35).
The hyperaccumulator plants accumulate higher

0,0160
0,0140
0,0120
0,0100
0,0080
0,0060
0,0040
0,0020
0,0000

Cd concentration in landfill lechate (mg/L)

®C. comosum ME. palaefolius

concentrations of heavy metals in their root and
shoot tissues. Remediation can be achieved
through immobilization of pollutants in the roots
or rhizosphere, which is the phytostabilization
process (19). Plant exudates can allow con-
taminants to be immobilized in the rhizosphere.
Heavy metals can be converted into non-toxic
compounds through the formation of sugars,
proteins, amino acids or making complexes in
the rhizosphere (40). Rhizofiltration involves
the removal of heavy metals using plant roots in
leachate water through adsorption and precipita-
tion into the roots. In this process, plant roots
absorb contaminants and clean leachate. Rhizo-
filtration can be used for Pb, Cd, Cu, Ni, Zn, and
Cr, which are retained in the roots. Phytovolatil-
ization is the process by which plants take con-
taminants from the medium and transform the
less volatile chemicals into more volatile forms
and remove the contaminants into the atmo-
sphere through the process of volatilization (17).
Phytovolatilization may also cause diffusion of
contaminants from the stem or other plant parts
through which the contaminants travel before
reaching the leaves.

The efficiency of Cd reduction in all four re-
actors showed a sharp decline from day 6 to the
end of the study (Figure 8). On day 6, the effi-
ciency of Cd reduction in C. comosum, E. palae-
folius, H. lymenalis, and the control reactors was
66.67%, 93.33%, 80.00%, and 62.67%, respec-
tively. By the end of the research, the Cd reduc-
tion efficiency in the C. comosum, E. palaefolius,
and H. lymenalis reactors was 97.99%, 97.87%,
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Figure 7. The decrease of the Cd concentration in landfill leachate
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Cd concentration removal in landfill
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Figure 8. The Cd concentration removal efficiency in landfill leachate

and 93.33%, respectively. The control reactor
achieved a Cd reduction efficiency of 80%.

pH value and temperature in landfill leachate

The pH values in the planting media with C.
comosum, E. palaefolius, and H. lymenalis dur-
ing the study ranged from 7.0 to 8.0. The increase
in pH was due to the higher consumption of CO:
during the photosynthesis process (9). The plant-
ing media had a neutral pH value of 6.0-7.0. This
indicates that the pH levels in the planting media
of all reactors were within the optimal range for
plant growth and productivity, as well as for mi-
croorganisms in the soil.

The temperature values in the planting media
containing C. comosum, E. palaefolius, and H.
lymenalis showed changes from day 0 until the
end of the study. The average temperature in the
planting media ranged from 28 °C to 30 °C. This
temperature range falls within the mesophilic
range, which is between 25 °C and 40 °C, where
biological water recovery processes occur (41).
The temperature in the planting media was within
the optimal range, allowing plants to grow and
microorganisms in the media to thrive, contribut-
ing to soil fertility.

The pH and temperature values in the planting
media during the phytoremediation research from
the beginning to the end of the research were in
the range of optimal conditions for plant growth
and microbial activity in the phytoremediation
process. The efficiency of reducing TN and Cd

levels in leachate that occurs during the phytore-
mediation process is due to the existence of suit-
able conditions for the phytoremediation process.

Plants growth monitoring

Observational photos of C. comosum, E. pa-
laefolius, and H. lymenalis from the beginning to
the end of the research are presented in Table 2.
On day 6 of the study, physical changes were ob-
served in E. palaefolius, where several leaves ap-
peared yellow. By the end of the study, the leaves
of C. comosum and H. lymenalis had become
wilted and yellow. According to (42) yellowing
or chlorosis in plants is a primary symptom of
contaminant toxicity, which leads to brown roots,
a decrease in leaf count and root size, and damage
to root caps.

The specific impact caused by contaminants
in leachate is that changes in leaf color on E. pa-
laefolius begin to appear on day 6 and day 9. C.
comosum and H. lymenalis began to show physi-
cal changes on day 9. It can be said that C. co-
mosum and H. lymenalis were able to survive
compared to E. palaefolius plants. Yellowing or
chlorotic leaves indicate that leachate is disrupt-
ing plant metabolism. Maximum concentration to
be used on phytotreatment should not disturb the
plants metabolism. Leachate contamination up-
take studies conducted by (43) showed that roots
have the ability to absorb significant quantity of
leachate contamination and also have the ability
to restrict its translocation to plant parts. When
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Table 2

. Physical observation of C. comosum, E. palaefolius, and H. lymenalis throughout 9 days exposure

Time

Reactor

Day 0

Day 3

Day 6

Day 9

.5

R1: C. comosum, R2: E. palaefolius, R3: H. lymenalis, R4: control
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leachate contamination enters plant cells, even in
small amounts, it can produce a wide range of ef-
fects in physiological processes such as inhibition
of enzyme activity, disruption of nutritional min-
erals, water imbalance, changes in hormonal sta-
tus and altered membrane permeability. At high
concentrations of leachate contamination, it can
ultimately cause death.

CONCLUSIONS

The final concentration of TSS in the land-
fill leachate for the reactors with C. comosum, E.
palaefolius, and H. lymenalis was 1.6 mg/L, 2.4
mg/L, and 6 mg/L, respectively. The efficiency of
TSS reduction in the leachate for C. comosum,
E. palaefolius, and H. lymenalis reactors was
99.68%, 99.52%, and 98.80%, respectively. The
final concentration of TN in the landfill leachate
for C. comosum, E. palaefolius, and H. lymena-
lis reactors was 260.20 mg/L, 535.75 mg/L, and
432.30 mg/L, respectively, with the TN removal
efficiency for C. comosum being 94.75%, E. pa-
laefolius 89.19%, and H. lymenalis 91.28%. The
final concentration of Cd in the landfill leachate
for C. comosum was 0.0003 mg/L, for E. palae-
folius 0.0003 mg/L, and for H. [ymenalis 0.0010
mg/L. The Cd removal efficiency was 97.99%
for C. comosum, 97.87% for E. palaefolius, and
93.33% for H. lymenalis. The final TSS and Cd
concentrations in the landfill leachate met the
regulatory quality standards of 100 mg/L for TSS
and 0.1000 mg/L for Cd. However, the final TN
concentration in the landfill leachate did not meet
the quality standard of 60 mg/L.
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