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Abstract. This research aims to investigate the ability of biosand filter to remove organic
pollutants from laboratory wastewater. Biosand filter is a simple treatment using fine sand,
coarse sand and gravel media. In the biosand filter, the biofilm growth occurs on the top surface
of the media. The observed parameter for organic content was BOD and COD. The media in the
biosand filter reactor were fine sand: coarse sand: gravel with a depth ratio of 50: 5: 5 cm. The
biofilm growing process was carried out for 15 days by immersing the media with samples. The
substrate was added to the reactor in the 10" day to accelerate biofilm growth. During the growth
of the biofilm, the dissolved oxygen (DO), pH and temperature were also observed. After the
biofilm growth, the biosand filter was operated intermittently for 14 days, which is an hour
operation and a pause period of 47 hours, repeatedly until 29 days. The applied flow rate was 0.6
L / min. The results showed that BOD removal efficiency was 76.9%, and COD removal
efficiency was 73.5%. The biosand filter reduced BOD concentration from 161.5 mg/L to 36.1
mg/L and reduced COD concentration from 202.4 mg/L to 52.8 mg/L.

Keywords: biosand filter, BOD, COD, laboratory wastewater

1. Introduction

Biosand filter is one of the development of slow sand filters that are specifically designed for water
treatment| 1] . Biosand filter is a water filtering equipment which the water is treated by passing water
to a process media in low speed. The treatment is affected by the diameter of the fine sand and the media
has carried out the planting of seeds (seeding) so that biological processes occur in it. The Biosand filter
uses the media of fine sand, coarse sand and gravel. Fine sand acts as a filter media, while coarse sand
and gravel act as a buffer layer [2]. In the biosand filter, biofilm growth occurs on the top surface of the
media that is able to degrade contaminants in the water [6]. Besides sand, the media used in biosand
filters can also be combined with other media such as wood charcoal, coconut shell charcoal, mangrove
charcoal [7]. Biosand filter can reduce bacterial content by 98.5%, viruses 70-99%, protozoa 99.9%,
turbidity 95%, metals 90% -95% and organic compounds 90% [3].

Biosand filter is usually used for water treatment, but also has the ability to remove organic
compounds. Most application of biosand filter is for water treatment, but recent study shows that
application for wastewater is also possible [4]. A study shows that biosand filter could be applied to
remove BOD from wastewater significantly [5]. From previous studies it was proven that biosand filter
with andesite sand media was able to set aside BOD content in ground water by 74-87% and COD by
65-70% [9]. Biosand filters can also be used to eliminate parameters of domestic (artificial) pollutants
with COD removal reaching 76.93% and TSS 81.32% [10]. Biosand filters with a combination of sand
and wood charcoal media were able to remove organic matter (KMnO,) from well water in peat areas
with an efficiency of 91.92% [11].

@ @ Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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The advantage of biosand filters is not require large amounts of land and chemicals, as well as easy
and inexpensive operation for waste treatment [8]. In the operation of biosand filters, the term pause
period is known as the rest time for the biosand filter reactor. In the pause period microorganisms on
biofilms degrade contaminants in the water, and bring into famine condition. After pause period it is
expected that the microorganism will react more effectively to degrade organic compound. Pause period
is carried out after reactor operation with a minimum time of 1 hour and a maximum time of 48 hours
[3].

The high organic content in laboratory wastewater has the potential to reduce dissolved oxygen in
the water. It may cause disturbance to the ecosystem in the receiving water bodies. Therefore, a
treatment is needed for the laboratory wastewater so that the adverse effects of laboratory wastewater to
the environment can be minimized. This research aimed to investigate the ability of biosand filters to
remove oranic pollutant, in terms of BOD and COD, from laboratory wastewater.

2. Material and Method

2.1. Reactor

Biosand filter is made of a fibre glass reactor with the length of 30 cm long, the width of 30 cm, and the
height of 90 cm. The height of the media, i.e. fine sand: coarse sand: gravel is 50: 5: 5 cm respectively.
The height of water during the pause period is 5 cm above the surface of fine sand. The water level must
be kept 5 cm above the top surface of the media. The schematic diagram of the biosand filter scheme
can be seen in Figure 1 below. The layers consisted of the fine sand, coarse sand and gravel. The biofilm
was formed in the upper surface (approximately 5 cm) of fine sand layer.

Figure 1. Biosand filter reactor.

The design criteria of the biosand filter the selected size can be seen in Table 1. All fine sand, coarse
sand and gravel are from andesite rock. Andesite rock is easily found in the Sumatera. This rock is
crushed to the size of fine sand, coarse and gravel.

[
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Table 1. Criteria design for biosand filter.

Desain Criteria Range Selected
Fine sand <1 mm 1 mm
Coarse sand I mm-6 mm 6 mm
Gravel 6 mm-15 mm 12 mm
Flow Rate 0.4-1 L/min 0,6 L/menit
Biosand Filter Dimension 30cmx30cmx90cm 30 cm x 30 cm x 90 cm
Gravel 5 cm Gravel 5 cm
Media (height) Coarse sand 5 cm Coarse sand 5 cm
Fine sand 50 cm Fine sand 50 cm

2.2. Laboratory Wastewater

Laboratory wastewater was collected from wasted chemical wastewater from laboratory activities, such
as practical works. The volume of wastewater collected for a semester was 20 liters. The laboratory
wastewater was diluted 50% before treatment in the biosand filter.

2.3. Operation of Reactor

Biosand filter was operated intermittently for 1 hour in 48 hours (2 days) with gravity flow. The pause
period was 47 hours, considering that the available sample volume and to study the effect of a longer
pause period range from previous studies. The operation of the biosand filter reactor lasted for 14 days.
The samples were taken from the inlet and outlet of the reactor. The COD and BOD concentrations
were analysed. The operation steps of the biosand filter reactor are as follows: laboratory waste was
poured into a sample container (20 L bucket) which located above the reactor; sample was flowed into
the reactor, the valve was opened, at a flow rate of 0.6 L / min. The height of the sample in the reactor
was kept + 5 cm above the diffuser plate, by providing a hole in the reactor wall for overtflow; Overflow
flowed into the container, which would later be put back into the sample container; outlets at the reactor
are opened during operation. When the reactor was operating, inlet and outlet sampling was taken. The
sampling of the outlet was carried out after 35 minutes operation, by considering the detention time in
the reactor.

2.4. Analyses of BOD and COD

Analysis of BOD and COD parameters in this sample was carried out before the sample was processed
and after being processed in the biosand filter. The BOD analysis is the Wrinkler in accordance with
Standard Method APHA AWWA No.5210B. The COD measurement method applied the open reflux
method in accordance with Standard Method APHA AWWA No.5220B. COD reactor was used in the
COD test to heat the mixture of the digestion solution, Ag,SO4 and the sample at 150°C for 2 hours.
After heating, a titration with 0.05 N FAS solution is formed until a brownish red colour is formed.

3. Result and Discussion

3.1. Biofilm Growth

The biofilm growth process was carried out for 15 days by immersing the media inside the biosand filter
reactor with samples where the water level was kept S cm above the top media. On the 10™ day an
additional 1 mg / L glucose solution was added to each reactor [12]. This is done because after visual
inspection biofilm is still little formed which is marked by the least amount of bubbles. The addition of
this glucose solution can be done to accelerate the formation of biofilms [13]. The development of
biofilm formation can be seen in Figure 4.2, Bubbles on the surface of the water until the 7" day are still
small (Figure 2 (a)). On the 10™ day, glucose solution was added as an additional nutrient for
microorganisms so it was hoped that the growth of microorganisms in the biofilm layer would be better
(Figure 2 (b)). On the 15" day, changes have been seen, marked by the formation of mucus on the top
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surface of the media, and bubbles that appear in greater numbers on the surface of the water (Figure 2

(c)).

(b)

Figure 2. Water surface during biofilm growth.
(a) day-7, (b) day-10, after addition of glucose, (c) day-15.

3.2. DO (Dissolved oxygen) concentration

The results of DO measurements on inlet and outlet samples in reactor can be seen in Figure 3. DO inlet
content ranges from 3.5 to 6.6. The DO outlet content ranges from 4.9-7.3. On the 1'to the 8" day DO
values at the outlet decreased. This is probably due to the adaptation of the organic compound removal
process, so it requires oxygen. There was an increase in DO concentration in the outlet until attained the
DO outlet concentration of 7.3 mg/L on the 14" day.
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Figure 3. DO concentration.

3.3. pH change

The results of pH measurements in the inlet and outlet can be seen in Figure 4. The pH of the sample in
the inlet was 2.29 to 3.35, while the pH of the outlet increases to 6.04 to 6.49. It showed that the pH of
the outlet, the wastewater after passing the media was close to neutral [14].
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Figure 4. pH change.

3.4. Temperature Change

Temperature at the inlet ranges between 26.4-27.3°C, while at the outlet ranges from 26.5-27.4°C. The
temperature change is not too significant between the inlet and outlet because the sample temperature
close to the ambient air temperature. This is consistent to result from Lestari [15] and Alda [9] where
there is no large temperature change between samples before and after treatment by biosand filters.
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Figure 5. Temperature change.

3.5. BOD removal

Figure 6 shows the inlet and outlet BOD concentrations. The inlet BOD concentrations ranged from
109.06 mg / L to 164.27 mg / L. While the BOD outlet concentrations ranged from 31.17 mg / L to
60.35 mg / L. The decrease in the BOD concentration at the outlet is due to the presence of biofilms, to
decompose organic compounds in the sample. Decomposition of organic compounds produces energy
for the synthesis of new microorganism cell or biomass. The population of microorganisms increased
and can remove organic compounds better. This is in accordance to research on the removal of BOD
and COD in groundwater with andesite rock media in the biosand filter [9], the BOD of the outlets have
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decreased due to the microorganisms on biofilms that degraded organic compounds. The BOD
concentration measurement can be seen in Figure 6.
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Figure 6. BOD concentration and DO concentration.

Figure 6 also showed relation of BOD concentration to DO. DO concentration confirmed to the BOD
concentration in the outlet. The higher BOD concentration , more DO was utilized by microorganism
[14]. Even though BOD had been removed, BOD concentration in the outlet still did not fulfil effluent
Standard of 30 mg/L.

Figure 7 showed the BOD removal efficiency from 1* day to the 14™ day. It showed that removal
efficiency increased with time. The increasing indicated that the wastewater had adapted well to the
biofilm, therefore more decomposition of biodegradable organic took place [16].
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Figure 7. BOD removal.
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3.6. COD removal

Figure 8 showed COD concentration int the inlet and outlet of the reactor. COD concentration in the
inlet of the reactor ranged from 176 mg/L to 220 mg/L. while the COD in the outlet ranged from 2.8
mg/L to 88 mg/L. The decrease in COD was caused by the decomposition process by biofilms and the
media in the reactor, where biological and physical mechanism occurred [5]. Biological mechanism
occurred because microorganisms in biofilms were capable to remove organic compounds by consumed
the organic material foe their metabolism. Physical mechanism took place by filtration and
sedimentation process [17]. Organic pollutants that passed through andesite sand can be filtered and
settled in the form of suspended particles and retained in the media. This elimination caused organic
compounds in the outlet to be reduced so that the DO in the outlet increased. This can be seen in Figure
7 where the DO concentration of the 14" day increased.

Figure 8 also showed that DO concentration in the outlet confirmed to the COD removal in the
reactor. The higher removal of COD caused a lower concentration of DO. It indicated that the DO was
consumed by the microorganism to decompose organic material. The COD in the outlet had fulfilled
effluent standards for domestic wastewater, i.e. 100 mg/L of COD.
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Figure 8. COD concentration and DO concentration.
Figure 9 showed the removal efficiency of COD from 1*' day to 14" day. It can be seen that removal

efficiency increased with time [18]. Adaptation and physical mechanism improved from time to time,
therefore more removal efficiency had been achieved.
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Figure 9. COD removal.

4. Conclusion

Biosand filter has a potential for organic removal from laboratory wastewater. Biosand filter could
remove 76,9% of BOD (from an initial concentration of 161.58 mg/L) and could remove 73.46% of
COD (from an initial concentration of 202.4 mg/L) from laboratory wastewater.
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