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Abstract
Liquid coffee waste has the main component in the form of organic matter which is very resistant
to increasing pollutant loads. Preliminary research results show that the level of pollution exceeds
the quality standard with the test results of 23 ppm BOD and 72 ppm COD, so we need a way to
prevent pollution. One way that can be used is the phytoremediation method by utilizing plants
as pollutant degrading agents. The purpose of this research was to determine the effectiveness of
lotus in degradation of BOD and COD of liquid coffee waste. The research method used an
experimental method with a Completely Randomized Design consisting of four variations of lotus
biomass 0 g, 25 g, 50 g, and 75 g with three replications within 6 days. The results showed a
degradation of BOD and COD levels varied. The most effective treatment for lotus
phytoremediation on day 3 was P3 with a biomass of 75 g resulting in a degradation of BOD and
COD reaching 72% and 71% which met the PP RI No. 82/2001 with a maximum limit of 3 ppm
BOD and 25 ppm COD. The results of the homogeneity of variance test showed that the four
treatments had homogeneous variance and analysis of variance showed that F count > F table 5%
(4.07) and > F table 1% (7.59). These results indicate that lotus is effectively used as
phytoremediation of liquid coffee waste. The conclusion of this research is that lotus is effective

in BOD and COD degradation of liquid coffee waste.
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1. INTRODUCTION

The development of the coffee industry
in Indonesia has a positive impact, including
contributing to job creation, but another side
that the coffee industry has the potential to
cause environmental pollution. One of the
consequences of the growing development
of coffee processing plants is the emergence
of problems related to the liquid waste
produced (Sariadi, 2011). Liquid coffee
waste has the characteristics of a thick color,
pungent smell, high Biological Oxygen
Demand (BOD) and Chemical Oxygen
Demand (COD) (Rukmawati, 2015). In
addition, liquid coffee waste contains
organic materials in the form of
carbohydrates, proteins, and fats that make
up living organisms and other compounds
needed by humans. Organic matter mainly
consists of elements C, H, O, or added other
elements, namely N, S, P, and Fe (Manik,
2016).

Based on a preliminary study on the BOD
and COD value in liquid coffee waste in the
laboratory, the results obtained were 23 ppm
BOD value and 72 ppm COD value. Based

on Government Regulation Republic of
Indonesia No. 82/2001 concerning Water
Quality Management and Water Pollution
Control, the levels of BOD and COD are
above the established quality standards,
which are 3 ppm and 25 ppm, respectively.

Biological Oxygen Demand (BOD) is the
amount of oxygen needed by
microorganisms in water to decompose
organic matter. The BOD value can be used
to estimate the amount of organic matter in
wastewater that can be oxidized and will be
decomposed by microorganisms through
biological processes (Atima, 2015). While
the COD is the amount of oxygen required
to chemically oxidize organic materials,
both of which can be degraded biologically
and which is difficult to degrade biologically
into CO; and H>O (ATIMA, 2015). The high
levels of BOD and COD in the waters cause
an oxygen deficit so that it interferes with the
life of aquatic organisms, one of which
affects the existence, growth, and survival of
fish (Khaer & Nursyafitri, 2019).

One of the waste treatment methods to
reduce organic matter is the
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phytoremediation method.
Phytoremediation is defined as a system
where certain plants cooperate with

microorganisms in the media (soil, coral,
water) to convert contaminants (pollutants)
into less or harmless. These plants can filter,
adsorb organic particles and adsorb metal
ions contained in wastewater through plant
roots which may be used as remediators of
water contaminated with sewage (Raras et
al., 2015).

Lotus plant is a type of aquatic plant that
has the potential as a phytoremediator to
reduce environmental pollution. Lotus is
able to absorb nutrients and water-soluble
contaminants through its roots. The
morphology of the lotus root which is very
dense and long can expand the area of water
phytoremediation (Rukmi, 2014). Based on
the results of existing research, lotus plants
can be used to reduce ammonia levels in
domestic waste by 84% within 6 days
(Andyanto et al., 2019).

The coffee processing industry does not
yet have a sewage treatment system and the
condition of the liquid coffee waste
produced contains organic matter that is able
to increase BOD and COD value. So that
efforts are needed to reduce BOD and COD
value in liquid coffee waste. Therefore, it is
necessary to conduct research to examine the
effectiveness of lotus phytoremediation on
reducing BOD and COD value in liquid
coffee waste.

2. RESEARCH METHOD

The materials used in the study were jerry
cans, tubs treatment, thermometers, pH
meters, and DO meters. This research used
experimental research with a Completely
Randomized Design with 4 variations of
lotus biomass, namely 0 g, 25 g, 50 g, and 75
g. Liquid coffee waste is taken by purposive
sampling. The repetition was done 3 times.
The number of samples required is 9
treatment samples and 3 control samples.
The coffee liquid waste required for one tank
treatment is 20 L. The lotus plant is
acclimatized for one week in order to adapt
to the new environment (Mahyatun et al.,
2014). Then the plants were contacted with
wastewater for 6 days from the time the lotus
plant was put in the experimental tank.

Measurements of temperature, pH, and

dissolved oxygen levels were carried out at
the beginning before the experiment and at
the time of treatment. The effectiveness of

reducing BOD and COD
calculated from the percentage difference
between the initial levels and the final levels

value was

after the experiment. Analysis of the data
used in this study is using Analysis of

Variance (ANOVA) to determine the effect

of treatment on the observed parameters. If

the results show that F ithmetic > F wble 5%

(4.07) and > F qpie 1% (7.59) then Hy rejected

and H; accepted (Hanafiah, 2008).

3. RESULT AND DISCUSSION

The results of BOD and COD value in

liquid coffee waste before treatment were 12

ppm and 35 ppm. While the results of the
analysis of BOD and COD value after the

experiment on day 3 can be seen in tables 1
and 2.

Table 1. BOD value

Tre  Qualit Avera %
atm standa}r/d Repeat ge Decre
ent ¥ 1 ) 3 ase
ppm
PO 6,7 15 16 12,57 0
P1 3 5,9 9,5 11 8,8 30
P2 1,9 6,8 9.8 6,17 51
P3 2 3 5,5 3,5 72
*PP RI No. 82 /2001
Table 2. COD value
Tre  Quality Avera %
atm  standard Repeat ge Decre
ent ¥ ase
ppm 1 2 3
PO 19 44 47 36,67 0
P1 25 16 28 34 26 29
P2 6 19 28 17,67 52
P3 6 9,5 16 10,50 71

*PP RI No. 82 /2001

Based on table 1, lotus phytoremediation
on day 3 showed that the percentage

reduction in BOD value in each treatment of

0g,25¢g,50¢g,and 75 g was 0%, 30%, 51%,
and 72%. While table 2 shows the

percentage reduction in COD value in each

treatment is 0%, 29%, 52%, and 71%.
Statistical analysis based on homogeneity
test can be seen in table 3
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Table 3. BOD and COD homogeneity

Levene df1 df Sig.
Statistic 2

BOD 1.737 3 8 237

COD 1.632 3 8 258

Based on Table 3, sig > 0.05, which
means the treatment has a homogeneous
variance. Then a further test of variance
analysis was carried out which obtained the
results of F count > F tabte 5% (4.07) and > F
wble 1% (7.59). So, these results indicate that
Ho ;s rejected and H; ;s accepted which states
that lotus is effectively wused as
phytoremediation of liquid coffee waste.
The effectiveness of reducing BOD and
COD value by using lotus plants can be seen
in Figure 1.

40 36,67
30 26
20 17,67
12,57
88 10,5
! 6,17
10 3,5
0
PO P1 P2 P3

Average BOD levels Average COD levels

Figure 1. Decrease in BOD and COD value

The effectiveness of reducing BOD and
COD value using lotus in Figure 1, there is a
significant difference in the average
decrease in BOD and COD value in liquid
coffee waste with variations in plant
biomass. The largest average decrease was
at P3 with a lotus plant biomass of 75 grams
showing an average decrease in BOD and
COD of 3.5 ppm and 10.5 ppm. So that lotus
is effectively used as a phytoremediation
agent for coffee liquid waste, which is
indicated by the more lotus plant biomass,
the greater the decrease in BOD and COD
value of liquid coffee waste.

These results indicate that lotus is able to
carry out a phytoremediation mechanism to
reduce BOD value of liquid coffee waste on
day 3. The results showed that BOD value
decreased with increasing weight of biomass
between treatments. The more

phytoremediator plants, the more organic
matter will be absorbed and the less organic
matter that must be degraded by
microorganisms. The less organic matter
that must be degraded by microorganisms,
the higher the oxygen content in wastewater
(Mubhajir, 2013).

The lotus plant is also able to carry out a
phytoremediation mechanism to reduce the
COD value of liquid coffee waste on the 3rd
day. The more plant biomass, the higher the
effectiveness of plants in reducing COD
value of liquid coffee waste. The decrease in
COD value in each treatment was caused by
the fact that the solids had begun to settle so
that the waste material from the liquid coffee
waste was also reduced. In addition, some of
the waste material has been oxidized and
some has also been absorbed by plants so
that it can reduce the COD value (Soemirat,
2009).

The decrease in BOD and COD value in
liquid  coffee  waste  using the
phytoremediation method using lotus plants
occurs because there is a process of
absorption of organic matter by plants,
especially by roots. Lotus plants have very
thick and long roots so that they can expand
the absorption area (Rukmi, 2014).

The phytoremediation mechanism of
lotus in the absorption of organic matter
begins with the stage Rhizofiltration, which
is the process of deposition of contaminants
in liquid coffee waste in the form of organic
matter attached to the roots. After the
pollutants penetrate the root endodermis,
pollutants or other foreign compounds
follow the transpiration flow through
transport tissues (xylem and phloem) to other
plant parts (Raras et al., 2015). The lotus
plant absorbs pollutant substances through
the roots then distributed to all parts of the
plant, then contaminants in the form of
organic substances that have complex
molecular chains are broken down into
harmless materials into simpler molecular
arrangements that can be useful for the plant
itself (phytodegradation), enzymes which
plays a role in thestage phytodegradation is
the enzyme oxygenase. The enzyme
oxygenase functions in carrying out changes
in the surrounding nutrients so as to allow
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these nutrients to enter cells (Nindra &
Hartini, 2015).

The decrease in organic matter in liquid
coffee waste is also due to the lotus plant
being classified as a hyperaccumulator plant
because it has the ability to absorb heavy
metals. The absorption and accumulation of
heavy metals by plants can be divided into
three processes, namely metal uptake by
roots, metal translocation from roots to other
plant parts, and metal localization in certain
cell parts to prevent inhibition of plant
metabolism. The metal uptake must be in
contact with the solution in the root area so
that the plant can absorb it directly. After the
root cells have received the metal, then the
metal is transported through the tissue’s
xylem and phloem to other plant parts. The
chelate molecules are used to bind the metal,
so that its transport efficiency can be
increased. This molecule has several types
and each type serves to bind metals.
Localized tissue serves to prevent toxins
from metal to cells. Hyperaccumulator
plants also have detoxification mechanisms,
for example by accumulating metals to
certain roots and latex (Irhamni, 2020).

The decrease in BOD and COD value is
in line with the increase in dissolved oxygen
in liquid coffee waste. Prior to
phytoremediation, the dissolved oxygen
content of liquid coffee waste was 2 mg/l.
On the last day of lotus phytoremediation,
dissolved oxygen levels in liquid coffee
waste increased to 4 mg/l. This is because
the source of dissolved oxygen can come
from the photosynthetic activity of aquatic
plants. The existence of lotus plants supports
the fulfillment of dissolved oxygen needs in
liquid coffee waste, namely by high
photosynthetic activity which will result in
higher dissolved oxygen in wastewater
(Ningsih, 2017). In addition, the release of
oxygen by the roots of aquatic plants causes
the media around the root hairs to have
higher dissolved oxygen, making it possible
to become a micro-habitat for aerobic
microorganisms to decompose organic
matter (Suprihatin, 2014).

The phytoremediation process is
influenced by environmental conditions
such as temperature and pH. The state of pH
based on measurements obtained that the

initial pH of the coffee liquid waste was 9
(alkaline) and the pH decreased to an
average pH of 6-7 (neutral). Meanwhile, the
average temperature of liquid coffee waste at
the time of treatment was 25 °C - 26 °C. The
temperature of the liquid coffee waste was
influenced by the ambient temperature due
to the weather during treatment. The optimal
temperature for lotus growth ranges from 21
°C - 24 °C, and a good pH for optimal lotus
growth ranges from 4 - 6. Temperature
affects the absorption rate because
temperature is related to metabolic and
photosynthetic processes. (Karnain, 2016).
Morphological observations were seen in the
physical condition of lotus plants during the
treatment. On the 6 days of
phytoremediation, the plants began to show
symptoms of chlorosis, namely the leaves
changed their color from green to yellow.
Chlorosis can occur due to the absorption of
excess organic matter (Rukmi, 2014).

4. CONCLUSION

From the results of the study, it can be

concluded as follows:

1. The lotus plant is effective as a
phytoremediation agent to reduce
BOD value of liquid coffee waste in
lotus biomass 75 grams with a
decrease of 72%.

2. The lotus plant is effective as a
phytoremediation agent to reduce
COD value of liquid coffee waste in
lotus biomass 75 grams with a
decrease of 71%.
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