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Abstract. Laundry wastewater if it is immediately disposed
into a river without treating it first. One of the chemicals
contained in laundry wastewater is phosphate compound. If
laundry wastewater is discharged directly into the river
water it will increase the phosphate content as nutrient in
river water which can be dangerous for living creatures. The
high nutrient in river will cause eutrophication in the river
which will adversely affect aquatic biota. One treatment that
can be done is the process of adsorption with activated
carbon made from bintaro (Cerbera manghas) fruit shells.
Objectives: The objectives of this experiment are to
determine the optimum contact time that result in the most
decrease phosphate content and determine the optimum of
doses of activated carbon. The last is to know the type of
isotherm model that occur. Method and results: This
research is divided into four parts, namely the production of
activated carbon, preparation, experiment, and data
analysis. The process of making activated carbon start from
carbonization and then activation. Preparation is making the
artificial sample. The experiment is doing the variation time
and doses. The last is data analysis. Conclusion: The
optimum contact time with the same dose of adsorbent is
30 minutes. The optimum doses of activated carbon are 3
grams. Finally, the type of isotherm model that occur in this
adsorption tents to be the Langmuir isotherm.
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1 Introduction

Water is a natural resource which is the basic need for life of all living things,
including people, animals and plants. The water needed is not just any water, but
clear water that is not contaminated with pollutants that could endanger living
beings. The river is one water source widely used to satisfy the needs of human life
and other living things. However, the condition of the rivers in Indonesia is rather
alarming. River in Indonesia with a dangerous and contaminated state hit 82% of
the 550 rivers spread across Indonesia [1]. Existing river contamination makes river
water unfit for use as a drinking water source. According to research [2], the rivers
is going to have more impurities if it flows through human activity. Human activity
is very influential as a source of river pollution, whether it is domestic, industrial or
agricultural activity [3]. Some human and industrial activities carelessly dispose the
wastewater into rivers and when viewed from the chemical, physical and biological
perspectives, reduce water quality [4].

According to Government Regulation of Republic Indonesia Number 82 of
2001, wastewater is the residue from business and activity in liquid form.
Wastewater can come from households (domestic) and industry. In general, it can
be said that wastewater is a liquid that comes from households, industries or other
public places, and usually contains substances that can harm human life and
interfere with life sustainability [5].

One of the wastewaters that can pollute rivers is wastewater come from
laundry wastewater both households and the laundry industry. Domestic
wastewater is divided into two, namely domestic wastewater originating from
latrines, such as shampoo, feces, soap, and urine, and second is domestic
wastewater from washing water such as detergents, meth, oil, and pesticides. So it
can be concluded that laundry wastewater is one of the domestic wastewater [6],
[7].

In this modern era, a lot of people need something simple and functional to

make easier some work. People are increasingly busy with so many things that they
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do not have time to do homework like washing and ironing their clothes. This
situation lets the laundry business grow to become a solution for washing facilities
and ironing clothing. The increase in business development in the laundry sector is
definitely directly proportional to the increase the amount of wastewater to be
produced. Increasing the amount of laundry runoff would lead to the poor quality
of river water if it is dumped into the water body directly without any treatment
being performed. Many laundries discharge wastewater straight through irrigation
systems or water bodies without proper treatment [8].

Wastewater laundry has chemical content. One of the main chemical used in
detergents is phosphate, which is useful as a builder for enhancing washing cycle
performance by deactivating hardness-causing minerals. The phosphate used in
the detergent help to prevent dirt in washed clothes from sticking back. Phosphate
is generally found in form of Sodium Tri Poly Phosphate [9]. If the phosphate
content of the water is higher, the environment around the body of water may be
disrupted. One effect is occurrence of eutrophication, where the body of water
contains many dissolved nutrients that increase the fertility of aquatic plants that
inhibit sunlight, which reduces the dissolved oxygen content and disrupts the
carrying capacity of water bodies in aquatic biota [10]. According to research [11],
aquatic biota requires certain conditions to be able to carry on life. The permissible
phosphate limit is based on quality standards of the Government Regulations of
Republic Indonesia Number 82 of 2001 amounted to 2 ppm [5].

The increasing amount of laundry was followed by an increase in the volume of
phosphate in wastewater. Wastewater treatment of the laundry therefore
necessary before discharge to the river. One way to reduce the phosphate content
of laundry wastewater is through adsorption. The adsorption process generally
uses activated carbon. The method of adsorption was chosen because the method
of adsorption using activated carbon is one of the most commonly used methods

of wastewater treatment because the method is simple, the cost is cheap, suitable
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for toxic substance and easy to use [12], [13]. Some examples of activated carbon
used in previous studies are rice husk [14], zeolite [15], and coconut shells [16].
The adsorbent used in this study is activated carbon extracted from bintaro
fruit sheels. Bintaro fruit shells have been selected because bintaro trees are
common and abundant planted as reforestation plants both along the road and in
the garden because do not require special maintenance. Nevertheless, the fruit
formed by the bintaro tree can not be eaten because it is poisonous. As a
consequence, bintaro fruit will be scattered on the street or park and become
trash that can even clog waterways that are next to bintaro trees. Based on
research before [17], seeds from bintaro fruit have potential to be used as raw
materials for the manufacture of biodiesel. But the use of bintaro fruit shell is still
limited, so that many bintaro fruit shells are wasted. Previous research [18]
reported that bintaro fruit shells contain fiber and lignocellulose that are almost
identical to coconut shells. This support the bintaro fruit shells are potential to be
used as raw material for activated carbon. Revering to the previous research, this
study aims to determine the optimum contact time, the optimum dose of activated
carbon used in the process of phosphate adsorption in wastewater and determine

the type of isotherm that occurs.

2 Method

The methods of this research shown in fig. 1. This research is divided into 4 parts,
namely the production of activated carbon, preparation, experiment, and data
analysis. Making activated carbon includes carbonization and activation.
Preparation include making artificial sample and preliminary test. The experimental
stage to do experiment to find the phosphate reduction. Data analysis is process
the data into graph and find out the optimum contact time, doses, and type of

isotherm.
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Production of activated carbon start from collect

. . the bintaro fruit and do carbonization for the
Production of activated carbon |——» e
shells. Carbonization process produces the

charcoal and continue to activation process.
Preparation the artificial sample of phosphate
Preparation and dothe premelinary test for activated carbon
to know is it have phosphate content or not
Experiment the contact time and doses of
Experiment activated carbon. Measure the phosphate
concentration using spectrophotometer.
The datais plotin chartand find out the
Data Analysis optimum contact time and doses. After that
determine the type of isoterm that occur.

Fig. 1. The step of the research

2.1 Production of Activated Carbon
The first stage of making activated carbon from the bintaro (Cerbera manghas)
fruit shells are by collecting bintaro fruit then washing and skinning the bintaro

fruit. Then the skinned Bintaro fruit is cut and take out the seed.

Fig. 2. Bintaro fruit section

The next step is carbonization where the bintaro fruit shells that have been cut into
peaces are heated in a furnace at 400 °C for 1 hour following a previous study [19].

In the furnace, in that temperature range cellulose degradation will occur, lignin
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begins to decompose to produce the tar, CO, CH,4, and H, gases increases. The
charcoal produced from heating in the furnace is pulverized using a mortar pestle.
The next step is the activation of charcoal according to research before [20],
activation by immersing the charcoal in 5% HCI solution for 24 hours. Then, the
charcoal that has been soaked is washed using distilled water to neutral pH. The
charcoal is dried in oven at 105 °C for 1 hour. After drying the activated carbon can

be used as an adsorbent.

2.2 Preparation
2.2.1 Artificial Sample Preparation

Artificial sample is making based on previous research [21]. 2.5 grams of
commercial detergent is dissolved in 1 liter of water. Detergent samples were
measured with the result average phosphate is 3 ppm. Artificial samples that
containing phosphate were made from Potassium Dihydrogen Phosphate (KH,PO,),
that is by weighing 0.43 grams of KH,PQ, dissolved into 100 ml of distilled water for
1000 ppm phosphate content. Then 100 ppm phosphate solution is made by piping
10 ml of 1000 ppm phosphate solution and dissolving to 100 ml. Then make
artificial sample of 3 ppm phosphate content by piping 30 ml of 100 ppm
phosphate solution and dissolved to 1000 ml. The used of artificial sample is due to
eliminating the permeation of light which can disrupt the result of
spectrophotometer readings [22]. By measuring the turbidity of detergent water
sample using turbidity meter the laundry sample has a turbidity of 69.5 NTU.
Therefor an artificial sample is used to reduce disruption on spectrophotometer

when measuring the sample.

2.2.2 Preliminary Test

Preliminary test were carried out because it was suspected that activated carbon
from bintaro (Cerbera manghas) fruit shells contained phosphate. Sample study
with activated carbon doses difference is applied to 400 ml distilled water and

mixed for 30 minutes with jar test. It is purified and analyzed for amount of
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phosphate. In the preliminary test, the variations of adsorbent were added are 0.2,

0.4,0.6, 0.8 grams. The samples were stirred with 150 rpm using jar test.

2.3 Determine optimum Contact Time and Doses

2.3.1 Contact Time Experiment

0.8 grams of activated carbon is put into a 1000 ml glass beaker containing 400 ml
of sample. Then stir with a jar test with a rotate of 150 rpm for a contact time of
15.30.45.60 minutes[23]. The experiment was carried out two repetitions. Then

the optimum phosphate reduction time is obtained.

2.3.2 Doses Experiment

After getting the optimum contact time, proceed with the experiment to find out
the optimum dose. 1,2,3,4,5 gr of activated carbon was put into a beaker glass
containing 400 ml sample and then stirred with jar during the optimum time that
was obtained during the time experiment [21]. Experiments carried out by two

repetitions.

2.4 Data Analysis
The data that has been obtained from experiment will plot into chart to find out

the optimum contact time, doses, and isotherm that occur.

3 Results and Discussion

3.1 Preliminary Test Result

Table 1. shows that there was an increase in phosphate along with the addition of
an adsorbent dose. An increase in phosphate levels is suspected because the
adsorbent itself contains phosphate. Phosphate levels decrease at a dose of 0.8 gr.
At a dose of 0.8 grams, the adsorbent begins to adsorb phosphate, causing a
decrease in phosphate levels. The dose of 0.8 gr will be used for testing the optimal
contact time.
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Table 1. Data concentration of phosphate in distilled water with adsorbent

Mass (g) Conc(mg/I)
0.2 0.027
0.4 0.068
0.6 0.105
0.8 0.096

3.2 Effect of Contact Time on Phosphate Adsorption

In the phosphate adsorption experiment with an initial phosphate concentration of
3.13 mg /|, the results of the effect of contact time on phosphate reduction by the

adsorption process can be seen in Table 2.

Table 2. Data of contact time with the concentration of phosphate

! Initial . . . .
Time concentration Final concentration Removal efficiency
(min) (me/l) (mg/1) (%)

15 3.13 2.694 13.507

30 3.13 2518 19.522

45 3.13 2.600 16.926

60 3.13 2.790 10.858

In this study, the time variation test is 15,30,45,60 minutes. Table 6 show the final
concentration after contact with activated carbon. Based on fig. 3 at 15 minutes
contact time removal efficiency was obtained at 13.9% with a final concentration
of 2.69 mg / | from an initial concentration of 3.13 mg /|. At 30 minutes of contact
time, the removal efficiency of 19.5% was obtained with a final concentration of
2.5 mg / I. At 45 minutes of contact time, the removal efficiency of 16.9% was
obtained with a final concentration of 2.6 mg / |. At the contact time of 60 minutes,
the removal efficiency was obtained at 10.8% with a final concentration of 2.79 mg

/L
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Fig. 3. The effect of contact time on the percentage of phosphate removal

At 45 minutes the percentage of adsorption decreased from 19.5% to 16.9%. This
happens because in the application of adsorbent in wastewater a desorption
process occurs where adsorbate that has been adsorbed is released again from the
adsorbent [21]. Then the contact time of 30 minutes is the optimal time in the
process of adsorption of activated carbon of the Bintaro (Cerbera manghas) fruit

shell to reduce phosphate levels.

3.3 Effect of Activated Carbon Doses on Phosphate Adsorption

In addition to the contact time of activated carbon with wastewater, the activated
carbon dose used is another parameter that affects the effectiveness of
adsorption. In this research, a variety of activated carbon dosage variations were
conducted to determine the maximum ability of activated carbon to adsorb
phosphate. In the study of dose variations based on previous research [21] namely
1,2,3,4 and 5 grams at the optimum time that was obtained in the previous
experiment that was 30 minutes. Experiments carried out by repeating twice. The

results of the removal efficiency can be seen in Fig. 4.
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Table 3 Data of Doses with a concentration of phosphate

Initial . ) Removal
. Final concentration .
Dose (gr) concentration (mg/) efficiency
(mg/1) (%)
1 3.13 2.493 20.337
2 3.13 2.428 22.420
3 3.13 2.349 24.926
4 3.13 2.624 16.141
5 3.13 2.877 8.080

In the variation test of activated carbon doses also obtained different removal
efficiency from the initial content of phosphate 3.13 mg/I.
In the use of a dose of 1 gram obtained removal efficiency of 20.3% with

phosphate concentration after treatment that is equal to 2.49 mg/ |. Whereas

30

[\
(2}

20

15

10

Removal efficiency (%)

[%a]

0 1 2 3 4 5 6
Dose {gr)

Fig.4. The effect of dose on the percentage of phosphate removal

at a dose of 2 grams, the efficiency of phosphate removal increased to 22.4% with
a final concentration of 2.42 mg / |. At a dose of 3 g, the percentage of efficiency
decreased in phosphate decreased by 24.9% with a final concentration of 2.34 mg
/ |. However, in the use of a 4 g dose, the efficiency of phosphate removal

decreased to 16% with a final concentration of 2.6 mg / |. Furthermore, at a dose
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of 5 grams, the efficiency of phosphate removal becomes 8% with a final
concentration of 2.8 mg /I

The efficiency of removal decreasing in the use of 4 grams of activated carbon.
This is indicated because too much adsorbent is used with an incomparable volume
of wastewater making the solution thicker and stirring heavier than the 3 gr
adsorbent. This is supported by previous research [24] which states that
differences in the results of the reduction in efficiency are caused by an increase in
the amount of excess adsorbent in the wastewater solution which results in the

coincidence of the adsorbent.

3.4 Adsorption Isotherm

The isotherm model of adsorption aims to determine the adsorption mechanism
that occur in water but also be used to determine maximum absorption capacity
[25]. The bonding that occurs between phosphate with adsorbents can occur
physisorption and chemisorption. In this study, will try to analyze what type of
isotherm occurs in phosphate adsorption with activated carbon of bintaro fruit

shells.

Log Ct
03 0.35 0.4 0.45 0.5
-0.2

-0.4

-0.6

-0.8

LogQa
=

-1.2

-1.4

1.6 y=-10.17x+ 3.
R?=0.6759

-1.8

Fig. 5. Isotherm Freundlich
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The Freundlich isotherm graph can be seen in fig. 5 with a linear equation y =
4.3322x - 1.5777 and R? = 0.6759. While the Langmuir isotherm can be seen in fig.
6 With a linear equation y = -0.0015x + 0.42 and the value R’ = 0.8196.

Based on the comparison of R’, the linearity of the Freundlich isotherm is
smaller than the Langmuir isotherm. Based on previous research [26], if the value
of R® is getting closer to the value of one, it can be said that the relationship
between one variable and another variable is getting stronger. This shows that the
type of isotherm is more likely to be the type of Langmuir isotherm. The adsorption
that occurs is chemical which forms a monolayer in the adsorption process [13].

Based on Langmuir model equation with linear equation y = -0.0015x + 0.42 and
the value R2 = 0.8196, the value of the maximum adsorption capacity per

adsorbent mass is 2,38 mg/g.

1/Ct

0.44

0.42

o
i

0.38

1/Qa(mg/gr)

0.36

¥ = -0.001 5x T
0.34 R?=0.8196

0.32
0 10 20 30 40 50 60

1/Ct (mg/1)

Fig. 6. Isotherm Langmuir

4 Conclusions
The optimum contact time with the same dose of adsorbent is 30 minutes. The
oftimum doses is 3 grams. Finally, the type of isotherm in this adsorption tends to

be the Langmuir isotherm with a linearity value larger approaches 1.
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