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Abstract

BACKGROUND: Domestic wastewater can cause health problems and pollute groundwater sources. Such pollution
not only has a negative impact on health and the environment but also on the cost in providing clean water.

AIM: The outcome of domestic wastewater treatment through a proper technique is expected to meet the clean water
quality standard for sanitation purposes.

MATERIALS AND METHODS: The experiment was conducted to determine the effect of Hydraulic Retention
Time (HRT) on the levels of Biochemical Oxygen Demand (BOD) and Total Suspended Solid (TSS) of domestic
wastewater. The experiment was carried out with six variations of HRT, namely 1 h, 2 h, 4 h, 6 h, and 8 h with four
repetitions. The media running process was carried out for 14 days until the reactor condition was in steady state.

RESULTS: The results showed that the removal values for COD, Oil and Fat, Ammonia, and Total Coliform
parameters were 68.03%, 46.51%, 69.64%, and 68.99%, respectively. Based on the variation of HRT of 1 h, 2 h, 4 h,
6 h, and 8 h on the BOD parameter, the removal values obtained were 11.7%, 21.3%, 34.7%, 49.0%, and 64.1%,
respectively. Furthermore, for the TSS parameter, the values obtained were 17.3%, 25.4%, 30.6%, 42.3%, and
50.4%, respectively.

CONCLUSION: HRT was proven to have a significant effect on the levels of BOD and TSS of domestic wastewater
with a p < 0.05 at the 95% confidence level.

NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Wastewater is water that has been used by
humans from various activities which utilize clean water,
for example, household, offices, shops, public facilities,
industry, and other places [1], [2]. Domestic wastewater
containing organic matter can decompose or be degraded
by microorganisms. When such water is discharged
into water bodies, it will increase the population of
microorganisms, so as to increase Biochemical Oxygen
Demand (BOD) levels while soap and detergents may
cause an increase in water pH [3]. Domestic wastewater
can adversely affect various things, because it can act
as a carrier of disease, can cause damage to building
materials and plants, and can damage the stability of life
in water such as fish and other pets.

Domestic wastewater may also pollute
water sources from shallow groundwater and surface
water such as rivers. This pollution not only has a
negative impact on health and the environment but
also increases the cost in providing clean water. In

general, the nature of domestic wastewater is divided
into three characteristics, namely physical, chemical
and biological characteristics. Physical characteristics
relate to solids, oils, and fats; chemical characteristics
relate to pH, BOD, COD, and Ammonia; while biological
characteristics relate to the number of coliforms [4].

The main purpose of wastewater treatment is
to decompose the content of pollutants in the water,
especially organic compounds, suspended solids,
pathogenic microbes, and organic compounds that
cannot be decomposed by microorganisms found in
nature. The wastewater treatment can be divided into
4 (four) stages, namely primary treatment, secondary
treatment, tertiary treatment, and sludge treatment [5]
which includes physical, chemical, and biological
treatment processes. The physical treatment process
includes the use of screens, sedimentation, and grease
traps. Meanwhile, the chemical treatment process can
be implemented in the form of neutralization, oxidation,
reduction, and ion exchange processes [6].

The biological treatment process is a
wastewater treatment process performed by utilizing
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the growth activity of microorganisms in contact with
wastewater, the contact time of microorganisms with
wastewater. A good hydraulic retention time (HRT)
for the aerobic process is more than 2 h [7] so that
the microorganisms can use the existing polluting
organic matter as food under certain environmental
conditions and degrade or stabilize it into a simpler
form. Microorganisms grow on the supporting media by
forming a film layer to attach themselves to the sticky
growth medium [3].

The outcome of domestic wastewater treatment
is expected to meet clean water quality standard for use
as daily necessities for washing, bathing, and latrines
or at least being able to meet the standard wastewater
originating from domestic liquid waste. In various
places in Indonesia such as in the city of Banda Aceh,
domestic wastewater has not been processed using
waste treatment technology. In addition to the high cost
and difficult implementation, the majority of people still
think and have a view that direct disposal of household
waste into the environment will not have a serious
impact [8].

Currently, the city of Banda Aceh already has
one Sludge Treatment Installation (IPLT) at Gampong
Java. However, there is no centralized sewage treatment
system along with the dirty water piping network (known
as an off-site system) (Banda Aceh City Sanitation
Team, 2009). Therefore, domestic waste will end up in
Krueng Aceh or Krueng Daroy in the city of Banda Aceh
[9]. In such conditions, an on-site treatment system for
household waste is required. Based on the background
of the problem, the authors are interested in conducting
a study entitled “Effect of HRT on the Levels of Biological
Chemical Demand and Total Suspended Solid (TSS)
with Simple Integrated Treatment as an Alternative To
Meet the Household Needs for Clean Water.”

Materials and Methods

Household wastewater quality was measured
before and after treatment regarding the parameters
based on the Regulation of the Minister of Environment
and Forestry of the Republic of Indonesia Number:
68 of 2016. Further, treatment was carried out to
determine the effect of HRT on the levels of BOD and
TSS of Domestic Wastewater (Grey Water) with 6-time
variations and four repetitions.

Early stage

It was the stage for the preparation of the
main equipment used in this study, namely a reactor
assembled with seven filtering containers with a volume
of 60 liters. The first and second containers were used
as shelters, equalization tanks, screening, and grease

trappers, the third container was used as a mechanical
filter by using fisherman’s nets, then the fourth and fifth
containers were used as biological treatment by using
biological media such as bioball and kaldness K3, then
in the sixth and seventh containers were used for the
chemical process by using filtration media of activated
charcoal, zeolite sand, and shells to raise the pH of the
water.

Penampung Aerator

pusenn

Output

Gambar 3.
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Microbial seeding stage on filter media

The next stage was microbial seeding
on biological filter media, namely in the third and
fourth containers as an aerobic treatment process.
Bacterial seeding was carried out while running the
reactor by adding 10% effective microorganisms to
domestic wastewater along with aeration using an
aerator. The running process was carried out for
14 days with constant circulation until the growth
of microorganisms in the biological filter container
became stable [10].

Experiment implementation stage

At the experimental stage, domestic
wastewater was flowed into the first container as
the first equalization process, sedimentation, and
solids separation. Then, the wastewater was flowed
into the second container for storage and second
equalization as well as the grease trap process to
remove oil and grease. The process was continued
for mechanical filtration in the third container and
the wastewater was then flowed into the fourth and
fifth reactor containers for the aerobic process, then
to the sixth container for the chemical treatment
process, and further to the last container for the
disinfection process. Flow circulation was maintained
for sampling in each treatment of HRT, namely 1 h,
2 h, 4 h, 6 h, and 8 h and without treatment as a
control group HRT. The experiment was repeated
four times and then the levels of BOD and TSS were
examined.
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Results

Quality of domestic wastewater

Waste quality parameters measured before
and after treatment other than the levels of BOD
and TSS based on the Regulation of the Minister of
Environment and Forestry of the Republic of Indonesia
No. P.68/Menlhk/Setjen/2016 were as follows:

Based on the Table 1, the examination before
treatment for the pH parameter obtained a result of 5.8
which increased to 6.9 after treatment. For the COD, Oil
and fat, Ammonia, and Total Coliform parameters, there
were decreases after treatment by 68.03%, 46.51%,
69.64% and 68.99%, respectively.

Table 1: Results of measurement of domestic waste quality
before and after treatment based on the Regulation of the
Minister of Environment and Forestry of the Republic of
Indonesia No. P.68/MenLHK/Setjen/2016

S. No. Parameter Before After Unit

1. pH 5.8 6.9

2. CcoD 1123 76.4 mg/L

3. Oils and Fats 43 2.0 mg/L

4. Ammonia 1.2 7.8 mg/L

5. Total Coliform 3141 2167 Total/I00 mL

BOD parameter of domestic waste

The treatment was conducted with four
repetitions for each HRT. The results of the treatment
can be seen in the following Figure 1:

45
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Figure 1: Graph of mean biochemical oxygen demand levels (mg/L)
by hydraulic retention time

The percentage in BOD levels after treatment
with various HRTs indicated a decrease of 2.4% in the
control or without HRT, while the decrease in BOD in
the HRT treatments of 1 h, 2 h, 4 h, 6 h, and 8 h were
11.7%, 21.3%, 34.7%, 49.0%, and 64.1%, respectively.

TSS parameter treatment

The treatment was conducted with four
repetitions foreach HRT. The results of the TSS parameter
treatment can be seen in the following Figure 2:

Based on the Figure 2, it can be seen that the
highest decrease in BOD occurred at HR of 8 h, namely,
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Figure 2: Graph of mean total suspended solid Levels (mg/L) by
hydraulic retention time

12.3 mg/l. After treatment with various HRTSs, it was
revealed that there was a decrease in TSS levels of the
control or without HRT by 5.6%, while the decreases in
TSS levels for the treatment with HRTs of 1 h, 2 h, 4 h,
6 h, and 8 h were 17.3%, 25.4%, 30.6%, 42.3%, and
50.4%, respectively.

Discussion

Shells are composed of compounds such as
calcium carbonate, chitin, calcium hydroxyapatite, and
calcium phosphate. Most shells contain chitin which is
a natural polysaccharide that has many uses, such as
chelating agents, emulsifiers, and adsorbents [11] so
that shells can be used as a filtration medium to raise
the pH of wastewater. Shell also has a removal value of
COD parameter up to 80.6 percent at media thickness
of 122 cm and HRT of 36 h [12]. Aerobic bicfilter is also
effective in reducing COD in rubber industry waste with
a seeding time of 1 week and can remove COD as
much as 840 mg/l [13]. The effectiveness for the fatty
oil parameter was supported by the fatty oil separation
process using a grease trap on the waste carrier
channel to the biofilter inlet.

Optimization of grease trap has been proven to
be able to separate fatty oil in wastewater by utilizing a
density of fatty oil that is lighter than water (oil: 0.8m*/g,
fat: 0.8-0.9 m%g, and water: 1 m°g) [14]. The result
of gray water domestic wastewater treatment is an
alternative source to meet water needs for watering/
greening plants, in addition to reducing the volume
and pollutant load of wastewater that flows into the
city drainage system or surface/river water bodies.
Wastewater treatment using anaerobic and aerobic
biofilters or a combination of both is quite effective in
reducing the levels of organic waste parameters such
as BOD, COD, TSS, Ammonia, TDS, and Total Coliform
with affordable operational costs [15].

The biofiltration process uses special media
as a habitat for microorganisms such as bioball and
kaldness by utilizing the basic nature of decomposing
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bacteria. These microorganisms have the character of
breaking down dirt so as to produce clean water that
is free of contaminants. Habitat built up through the
filtration media will make decomposing bacteria grow
and develop which is characterized by the appearance
of a mucus-like layer or commonly known as a biofilm.
Biofilm formed on walls planted with plants or filtration
media can reduce turbidity, color, COD, total organic
carbon, BOD, and E. coli concentration, and total
coliforms [16].

BOD is one of the main characteristics of
wastewater which indicates the amount of dissolved
oxygen required by microorganisms to decompose
organic matter under aerobic conditions. Organic
matter decomposed in BOD is organic material that is
ready to be decomposed. BOD can also be interpreted
as the amount of oxygen used by microorganisms in
the waters in response to the entry of organic matter
that can be decomposed. High concentration of BOD
in aquatic system mainly comes from anthropogenic
sources, which consist of domestic and livestock waste,
which can reduce oxygen availability, the number
of aquatic habitats and biodiversity, as well as water
quality [17].

The concentration of BOD in domestic waste
treatment reactor can be reduced by up to 64% due to
the intervention of HRT. HRT is the average residence
time of wastewater in the aeration tank to get good
results in the biological treatment process. The longer
the wastewater in the aeration tank, the greater the
decrease in BOD. The effect of media depth, HRT and
dissolved oxygen on the removal of various pollutants
in waste showed that increasing the media depth in the
reactor would increase HRT and increased DO so as to
improve water quality [18].

Not only HRT analysis, BOD analysis also took
a long time. Biochemical oxidation is a slow process.
Within 20 days, the oxidation of carbon organic matter
reaches 95-99%, and within 5 days about 60-70% of
organic matter has been decomposed [19].

Besides HRT, the seeding and running
processes had a major effect on the decrease in BOD.
Optimally the running process can be carried out for
up to 40 days [20]. The running process in the reactor
used in this study was conducted with a minimum limit
of 14 days. A previous study that integrated the concept
of microbial electrochemical technology with biofilters
used in artificial wetlands was able to optimally remove
BOD concentrations of up to 99% at the highest HRT
of 3.4 days or 81 h [21]. Another study showed that
Anaerobic Baffled Reactor technology followed by a
biofilter reactor with rock media was proven to be able
to decrease the organic matter BOD with a removal
rate of 78-99%. The evaluation of such study showed
that the concentration of BOD in the waste would
decrease in line with HRT and operational time [22]. In
addition, shells are also used as an alternative medium
for anaerobic filters to decrease the levels of BOD in

domestic waste. The highest decrease in the levels of
BOD was 89.91 percent, which was obtained at media
thickness of 122 cm and HRT of 36 h [12].

The presence of TSS can further reduce oxygen
production because it interferes with the penetration of
light required for photosynthesis by plants [23]. Sunlight
absorbed by suspended particles may increase the
temperature of the water which further reduces the
oxygen holding capacity of warm water and disturbs
cold water biota. The presence of aerobic decomposing
bacteria in the reactor can reduce the amount of
suspended solids in the water within a certain time.

A study conducted in the Keputih area,
Surabaya ftreated restaurant wastewater with an
unpleasant odor using an aerobic biofilter process with
gravel and natural stone media. The HRTs applied were
6 h and 8 h with down-flow. The analyzed parameters
were BOD, COD, and TSS. The results showed that the
TSS removal efficiency of 95% occurred in an 8-h HRT
aerobic biofilter reactor with gravel media [24].

The length of HRT in the aeration tank was
proven to significantly increase the life expectancy of
decomposing microorganisms by reducing the overall
contaminant load delivered to the biofilter. Five days
HRT and constant airflow rate of 3.4 m®day could
remove 99% of Ammonia in the aeration tank after
3 weeks. Removal efficiencies above 80%, 90%, and
86% were recorded for COD, CBOD5, and NH3-N after
6 weeks of operation [25].

A study on the combination of aerobic biofilter
with honeycomb plastic media and gravel media
was carried out to treat domestic wastewater. The
combination at 24-h HRT was proven to decrease
the levels of COD, NH4-N, TSS by 84.09%, 81.62%,
93.9%, respectively. At 36 h HRT, it decreased COD,
NH4-N, TSS by 76.68%, 97.67%, 85.04%, respectively.
Efficiency was influenced by variations in HRT and
treatment at 24-h HRT to improve reactor performance.
36 h HRT was chosen as the optimum HRT with
even aeration [26]. Another study which aims to treat
batik industrial wastewater which applied a biofilter
integration of horizontal subsurface flow constructed
wetlands revealed the reduction efficiency for the COD,
TSS, and oil and fat parameters by 72.67-86.67%;
95.85-98.18%; and 79.47-90.04%, respectively [27].
In addition, the biofilter using shellfish filtration media
obtained the best removal results for the TSS parameter
at a media thickness of 80 cm and a 24-h HRT by
91.76% [12].

HRT is a very important key parameter that can
increase the removal rate of all pollutant substances in
wastewater treatment in accordance with the target.
The study results obtained for more than a year showed
that HRT could produce stable performance within
15 days. Then the biofilter was able to maintain its good
performance when HRT was reduced gradually until it
became ineffective in 1.2 days [28].
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In this study, the TSS reduction rate was still
50% at the maximum HRT tested of 8 h. This could be
due to HRT and the short feeding and running time.
The increase in HRT, feeding, and running time is
expected to increase the removal rate, especially for
TSS parameter as shown in several previous studies.

The results of statistical analysis showed that
four different types of tests obtained a significant P
value of 0.000. This finding indicated that there was
a significant effect of HRT on the levels of BOD and
TSS of domestic waste with a p < 0.05 at the 95%
confidence level. Based on the results of the Bonferroni
test, it can be concluded that there were differences in
BOD levels by HRT between the control and all HRTs
applied in the experiment, namely 1 h, 2 h, 4 h, 6 h and
8 h. Furthermore, there were also differences in TSS
levels by HRT between the control and all HRTs applied
in the experiment, namely 1 h, 2 h, 4 h, 6 hand 8 h.

Conclusion

There was a significant correlation between
HRT of 1 h, 2 h, 4 h, 6 h, and 8 h and the BOD and
TSS parameters of Domestic Wastewater. The quality
of Domestic Wastewater after simple integrated
treatment has met the quality standards established
in the Regulation of the Minister of Environment and
Forestry of the Republic of Indonesia Number: P.68/
Menlhk/Setjen/2016.
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