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Abstract- The increase in population and rapid development in
various sectors is directly proportional to the amount of waste
produced. The high number of residents will result in increased
use of clean water, then the increased use of clean water will
increase the amount of waste produced. On the other hand, the
amount of infrastructure and facilities for managing household
wastewater is very limited. The number of family heads who
have access to communal scale wastewater treatment is 3,542
households out of 320,656 households in Makassar City or only
1.1% of households that are served by communal wastewater
treatment plants. As a result, waste water sourced from
household activities, especially those classified as used water or
grey water, is channeled directly into environmental media. The
purpose of this study was to formulate a model for household
wastewater management. The analytical method used to
determine the decrease in BOD and the projected reduction in
BOD is done using the dynamic model approach. The results
showed that the decrease in BOD pollution load through
management stages, namely: reduction of wastewater by 7,53%,
recycle or reclaim by 48,63%, and reuse of wastewater by
71,28% from unmanaged conditions or bussiness as usual of
409,996.6 tons/year so that the BOD pollution load entering the
environment is equal to 28.72%.
Keywords- Dynamic model, household wastewater management,
BOD pollution load
I. INTRODUCTION

M

akassar City is the Capital of South Sulawesi Province
with population number of 1,668,314 people and
population growth of 1.003% per year [1]. The increase in
population and the rapid development in various fields is directly
proportional to the amount of waste produced. The high number
of residents has an impact on increasing use of clean water, and
the increase in the use of clean water can increase the amount of
waste water produced. About 80% of the clean water used in the
household's daily life is disposed of as waste water [2], [3].
Wastewater generated from household activities or other
activities that produce waste water when dumped directly into
environmental media has the potential to cause pollution [4], [5],
[6].
http://dx.doi.org/10.29322/IJSRP.9.06.2019.p9073

Domestic wastewater is waste water sourced from
households, offices, and commercial activities. This wastewater
is the largest source of water pollutants in urban areas. For
example in DKI Jakarta it reaches 80% of the total source of
water pollution and only 3% of the total wastewater treated
before being discharged into the environment [7]. The same is
explained by [8], that around 9 million residents of the City of
Jakarta produce around 1,300,000 m3 of waste water per day, and
less than 3% of which has been treated before being discharged
into the environment. Likewise in Semarang City, as much as
94% of greywater wastewater is discharged into the drainage and
6% is absorbed into the soil [9]. Conditions such as the City of
Jakarta and Semarang also occur in Makassar City because of the
lack of waste water management facilities and infrastructure. The
number of family heads or household who have access to
communal scale off-site systems is 3,542 households [10] of
320,656 households in Makassar City [11]. Thus only 1.1% of
households are served by communal wastewater treatment plants
(WWTP) or have been processing household waste before being
disposed of into environmental media. Waste water sourced from
household activities, especially those classified as used water
(gray water), is channeled directly to the quarterly, tertiary and
secondary drainage, and eventually flows into the primary
drainage or river flow and enters the sea [12], [13], [14].
Makassar City is divided by primary drainage or flood canal
from south to north, where the two ends of the canal are emptied
into the sea. The referred canal is the Jongaya Canal in the south
which ends at Losari Beach and Panampu Canal in the north
which empties into Paotere Beach . The results of monitoring
canal water quality at several points in Makassar City indicate
that some parameters have exceeded the required standards,
specifically fecal coliform and total coliform parameters [15].
The high coliform content in water indicates that water or waters
have been polluted by human waste disposal [16], [17], [18],
[19], [20], [21].
The construction of the canal was originally designed to drain
surface runoff because the topographic conditions were relatively
flat (1 to 5 m MSL), so that when the sea water was installed the
drainage water could not flow into the sea. Therefore, flood
channels are designed to temporarily accommodate surface
runoff and after the sea water recedes, the floodgates at both ends
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of the canal are opened, so that water can flow into the sea. But
the conditions that occur at this time are the initial idea of the
canal design not being able to function optimally but rather being
a place for holding urban waste. The same condition occurs in
the city of Jakarta, where the city of Jakarta has its canal network
built to control floods but currently has been partially filled with
mud and rubbish [8]. Domestic wastewater management is still
based on wastewater disposal, supposed to be based on the
management and reuse of wastewater [22], [23], [24], [25], [26].
[27], [28], [29].
Wastewater sourced from households consists of feces, urine
and used water (kitchen laundry, washing machine, bathroom,
etc.). A mixture of faeces and urine is known as excreta, an
excreta mixture with toilet rinse water is known as black water,
while used water is known as gray water [19]. The management
of domestic wastewater in the form of black water is carried out
by managing family latrines equipped with cubluk or individual
or communal septic tanks [19]. According to [8], that in Jakarta
there are more than 1,000,000 septic tanks, but this is not well
translated and handled with groundwater that has been
contaminated with coliform bacteria from feces. Drainage of
septic tank transfers illegally without drainage water lines [30],
[31], [32], [33], [34], [35], [36], [37], [38].
Processed wastewater can be utilized according to its
designation, for example for fire protection, to refill aquifers
[39], irrigating agricultural land for the production of food crops
and vegetables, and irrigating fish ponds [40], flushing the toilet,
watering the yard, washing the car [41]. In addition, reuse of
used water can reduce water pollution. The potential for used
water from households is 50 - 80% of total water use, the most
common in urban areas for flushing toilets of 30% of water use
[41]. The advantages of reusing domestic wastewater are:
(a) provision of nutrition, (b) reliability of water supply,
(c) contribution to urban food supply, (d) farmer income, and
(e) household livelihood [42]. While the disadvantages of reusing
wastewater are environmental impacts and health risks. These
losses are mostly related to the use of uncontrolled wastewater
which causes the spread of pathogens related to excreta,
chemicals, and other undesirable components. The negative
effects that are often found in soil are salinization, codification,
accumulation of heavy metals and various compounds which
have a negative impact on agricultural production in the long
term. Helminthiases (infections with worm parasites) are
recognized as the biggest health risk from the use of wastewater
irrigation [43]. The most common helminthiasis is ascariasis,
which is endemic in Latin America, Africa, and the Far East.
Other diseases related to the use of wastewater include cholera,
typhoid fever, shigellosis, gastric ulcer, giardiasis, amebiasis, and
skin problems. Biological health risks are more quickly felt while
chemical risks require a delay in the onset of disease, such as the
effects of chronic toxins or various types of cancer. Secondary
risks may also arise from habitat creation to facilitate vector
survival and proliferation and subsequent increases in vectorborne distribution disease in the irrigation area.
Reuse of wastewater also has a political aspect as the
Singaopre government is very careful to use the word "waste
water" and is replaced with the word "used water" in any
information conveyed to the public. Likewise "wastewater
treatment plants" are renamed "reclamation installations water ".
http://dx.doi.org/10.29322/IJSRP.9.06.2019.p9073
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This communicative strategy is part of a master plan to cover the
water balance deficit in Singapore by increasing the quality of
urban wastewater to water quality [44].
The integration of rainwater harvesting with the management
of greywater can contribute to reducing consumption of drinking
water, reducing wastewater treatment needs, contributing to
economic savings for water users and operators of wastewater
treatment systems [45], [46], [47], [48], [49], [50], [51].
This study aims to formulate a model for household
wastewater management.
II. RESEARCH METHODE
A. Method of collecting data
The population in this study is households that live along
canals that produce waste water that will enter the canal and then
enter the coastal waters of Makassar City. Data on socio-cultural
aspects that will be obtained from the population are the behavior
of household wastewater management which includes the
behavior of clean water use, reduction of household wastewater
generation, treatment or recycle and disposal or reuse of treated
household wastewater. Determination of the sample is done by
cluster random sampling [52], which is determining the sample
area, then determining the sample of respondents in each area
randomly. In this study the "sample area" is households that live
along the canals that have treated wastewater using communal
WWTP infrastructure.
B. Study Area
Distribution of clusters (area) consists of 5 areas, as follows:
1) one area towards the estuary of the Jongaya Canal, namely Jl.
Teluk Bayur WWTP, 2) one area toward the Panampu Canal
estuary (Pasar Terong WWTP), 3) two areas at the junction of
the Jongaya Canal - Sinrijala - Panampu, namely Rappocini 1
and Bontolebang WWTPs, and 4) in the middle of the Jongaya
Canal (Jl Dg. Ngeppe WWTP). Distribution of cluster (area)
sampling can be seen in Figure 1.

Figure 1. Study area of Research at Makassar City
Determination of samples for technical aspects was carried
out by purposive sampling in 5 sample areas. Based on
observations in the field, 2 sample areas were selected which had
the effectiveness of wastewater treatment that was better than the
others. In each of the two sample areas 7 households and 8
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households were selected to measure the quantity and quality of
household wastewater generated every day.
C. Simulation
This study uses a dynamic model simulation to analyze
alternative household wastewater management that can reduce
the BOD pollution load into environmental media. Dynamic
models are a way of thinking about systems as interconnected
networks that influence a number of components that have been
determined over time. Simulation is a quantitative procedure that
describes a process by developing a model and implementing a
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series of planned trials to predict process behavior over time, so
that analysis can be carried out for the new system without
having to build it or change the existing system, and do not need
to interfere with the operation of the system. In general
simulations are used for dynamic models that involve multiple
time periods [53]. Based on this explanation, a household waste
water management model that is suitable for environmental
conditions is formulated as the research locus. The data obtained
is simulated using the Powersim Studio 10 Academic.

III. RESULT
Several variables from the research results and secondary data
used in the simulation model, in detail are presented in Table 1.
Table 1. Variables Used in Model Simulation
Variable

Variable Value

Total population
Population growth
Total of family head (KK)
Waste water generation (TAL)
BOD fraction of TAL (FBOD)
BOD fraction of wasterwater
reduction (FPK BOD)
BOD fraction of wastewater reuse
(FPM BOD)
BOD fraction of effluent WWTP
Effectiveness of WWTP
performance (FK WWTP)
KK that have access to the WWTP
Average WWTP capacity
Modeling periode

1,668,314 person
1.003 % per year
467,405 KK
90.96 litre/person/day
0.016 kg/person/day
Decreasing BOD 15%

Data
Source
[1]
[1]
[1]
[54]
[54]
[54]

Decreasing BOD 5%

[54]

0.007 kg/person/day
43.75%

[54]
[54]

1.235%
1.183 ton/years
2013 up to 2038

[54]
[10]
-

A. Sub Model of Use of Clean Water and Waste Water
Generation
The population growth of Makassar City averages 1.003%
every year. The population of Makassar City in 2013 was
1,647,558 people, in 2017 there were 1,714,659 inhabitants and
projected that by 2038 there would be 2,114,451 people.
Increasing the population will also increase the use of clean
water, then increase waste generation and the amount of BOD
content. The simulation results show that the pollutant load of
BOD wastewater generation in 2013 was 319,441.73 tons, in
2017 it increased to 332.451.84 tons and projected in the year
2038 will reach 409,966.60 tons. For details, can be seen in
Figure 2 and Figure 3.
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Figure 2. Projection of population growth of Makassar City until
2038
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Figure 3. Clean water use, waste water generation (WWG) and
BOD pollution load of waste water generation
Validation of the population growth model is done to see the
performance of the model. The validation results show that the
absolute mean error (AME) value is 0.015 and the absolute
variance error (AVE) value is 10.27 or the validation level is
good for the BOD sub model load pollution in waste water
generation. For details, can be seen in Table 2.
Table 2. Performance validation of sub model the BOD pollution
load of waste water generation
Yeasrs
Actual (person)
Simulation (person)
2013
1.647.558
1.647.558
2014
1.652.304
1.664.083
2015
1.653.386
1.680.774
2016
1.658.503
1.697.632
2017
1.668.314
1.714.659
Mean
1.656.013
1.680.941
AME
0.015
AVE
10.27

1,900,000

1,800,000

1,700,000

2,014

2,018

2,022

2,026

2,030

2,034

2,038

Non-com m ercial us e only!
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B. Sub model of decreasing BOD pollution load through
wastewater reduction
The variables used in the sub-model of decreasing BOD
pollution load through reducing wastewater are the reduction of
wastewater to flush the yard or streets, water the garden or
plants, and flush the toilet. Extension variables are not simulated
in reducing wastewater because it will not directly affect the
www.ijsrp.org
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decrease in BOD pollution load, but will only affect the
reduction of waste water fractions. For details, can be seen in
Figure 4.
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Figure 5. Projections for decreasing BOD pollution load through
wastewater reduce
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Figure 4. Stock flow diagram of decreasing BOD pollution load
trough wastewater reduce
Increasing the population will be followed by increasing
BOD pollution load contained in wastewater. Simulation results
show that at the end of the year the simulation of BOD pollution
load is projected to reach 409,966.60 tons, but the pollution load
can be reduced by reusing wastewater for several daily activities,
such as flushing toilets, watering plants or parks, watering yards
and roads , and used for livestock consumption. The reduction of
wastewater by reusing waste water will reduce the BOD
pollution load in wastewater [23], [41].
The simulation results of waste water reduction sub model
showed that in 2013 the reduced BOD pollution load was
47,916.26 tons, in 2017 it was 155,315.81 tons and at the end of
the simulation in 2038 it was projected to increase to 379,122.26
tons. For details, can be seen in Figure 5 and Figure 6.
C. Sub model of decreasing BOD pollution load through waste
water treatment
The variables used in the sub-model of decreasing BOD
pollution load through wastewater treatment consisted of BOD
processing capability, unprocessed BOD, WWTP requirements,
IPAL increase, WWTP capacity, and WWTP performance. The
inter-variable relationship is described in the stock flow diagram
(SFD) of reducing BOD pollution load through wastewater
treatment in Figure 7.
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Figure 6. Projections decreasing BOD pollution load through
wastewater reduce for watering park, plants, yard, road, and
flushing toilet

Figure 7. Stock flow diagram of decreasing BOD pollution load
through waste water treatment or recycle wastewater
Increasing population will also increase waste water
generation. Increased waste water generation is not accompanied
by an increase in wastewater treatment facilities or wastewater
treatment plants (WWTPs). Simulation results showed that the
processing capacity of wastewater BOD in 2013 was 154.92
tons, increasing to 1,918.15 tons in 2017 and projected at the end
of the simulation in 2038 to reach 4,682.16 tons. Unprocessed
wastewater BOD load in 2014 was 47,324.49, increasing to
153,397.66 in 2017 and projected at the end of the simulation in
2038 to reach 374,440.10 tons. For details, see Figure 8.
To reduce the BOD pollution load that enters the
environmental media, WWTP infrastructure is needed. Based on
the data obtained, the average capacity of the communal WWTP
that has been operating is only able to treat BOD pollution loads
of 1.1826 tons/year per unit WWTP [55]. Thus the number of
WWTPs needed in 2014 was 40,017 units, in 2017 it increased to
129,712 units and at the end of the simulation in 2038 it was
projected to reach 316,624 units. The government's ability to
prepare communal WWTP infrastructure until 2017 is only 131
www.ijsrp.org
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units or an increase of 0.731% per year. For details, can be seen
in Figure 9.
The decrease in BOD pollution load contained in wastewater
is largely determined by the performance of WWTP. Based on
the data obtained, the performance of communal WWTPs to
reduce BOD pollution load in wastewater is 43.75%. The
pollution load after processing in WWTP shows that in 2014
amounted to 20,704.47 tons, in 2017 it increased to 67,111.48
tons, and projected at the end of the simulation in 2038 to reach
163,817.54 tons. Waste water treatment carried out can reduce
the BOD pollution load in 2014 by 26,620.03 tons, in 2017 it
increased to 86,286.18 tons, and projected at the end of the
simulation in 2038 to reach 210,622.56 tons. For details, see in
Figure 10.
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Figure 9. Projected needs and addition of waste water treatment
plants to process BOD pollution loads
Where: WWTP = waste water treatment plant; AWWTP = added
WWTP (unit/year); CWWTP = capacity of WWTP; NWWTP =
need for WWTP
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Figure 8. Projected decrease of BOD pollution load through
recycle or waste water reclaim
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Figure 10. Projected decrease of BOD pollution load after
processing using communal WWTP
D. Sub model of decreasing BOD pollution load through waste
water reuse
Decreasing BOD pollution load through the use of waste
water using variable utilization of wastewater to water the yard
or street, watering the garden or plants, filling the fire
extinguisher hydrant, injecting it into infiltration wells, BOD
entering the environmental media, and counseling. The intervariable relationship of decreasing BOD pollution load through
the utilization of wastewater can be seen in the stock flow
diagram Figure 11.
The BOD pollution load that will enter the environmental
media even though it has been managed through the stages of
reduction, processing and ultimately utilization will continue to
increase along with the increase in population. The decrease in
BOD pollution load through the utilization of wastewater in 2015
amounted to 1,331 tons, in 2017 it increased to 7,015.33 and at
the end of the simulation in 2038 it was projected to reach
117,740.66 tons. Processed waste water that is used to water the
yard or street and park or plant is equal in number, namely in
2015 amounting to 665.50 tons, in 2017 it increased to 3,507.66
tons and at the end of the simulation in 2038 it was projected to
reach 58,870.33 tons . Waste water that has been treated to date
has not been used to fill the fire extinguishing hydrant and
injected into infiltration wells. For details, see Figure 12.
www.ijsrp.org
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Figure 13. Projected decrease of BOD pollution load through
wastewater reuse
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Figure 12. Waste water reuse
The BOD pollution load that enters the environmental media
after management (reduction, recycle or reclaim and reuse of
watewater) at the start of the simulation in 2013 was 143,304.48
tons, in 2017 it increased to 149,140.94 tons and the final
simulation in 2038 was projected to reach 183,914.77 tons.
Based on the simulation data, it shows that after waste water
management has been carried out a decrease in BOD pollution
load of 71.28%. For details, can be seen in Figure 13.
The BOD pollution load has decreased by 71.28% from
bussiness as usual or without management, so that the BOD
pollution load that will enter the environmental media is 28.72%.
The biggest management stage in the percentage of reducing
BOD pollution load is waste water treatment that is equal to
48.62%. For details, can be seen in Figure 14 and Table 3.
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Figure 14. Projected of BOD pollution load that will enter to the
environmental media after management
Table 3. Percentage of decreasing BOD pollution load in each
management stage
Management stage
Without management
Reduce
Reclaim/ recycle
Reuse
BOD pollution load that
enters the environment

Percentage
BOD pollution
load (ton/year) Decrease Accumulation
409,966.60
379,122.26
7.52
7.52
210,622.56
41.10
48.62
117.740.66
22.66
71.28
92,881.90

28.72

100.00
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IV. CONCLUSION
Management of household wastewater to reduce BOD pollution
load can be done through the stages of reducing, recycle or
reclaim and reusing (3R) wastewater. The reduction in pollution
load should be carried out on all domestic wastewater quality
parameters.
ACKNOWLEDGMENT
The author would like to thank the Government of Makassar
Municipality, Rector and Director of Graduate Program,
University of Brawijaya, Malang, Indonesia.
REFERENCES
[1]
[2]
[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

Disdukcapil, 2018. Data potensi penduduk Provinsi Sulawesi Selatan. Dinas
Kependudukan dan Pencatatan Sipil Provinsi Sulawesi Selatan, Indonesia.
Slamet,J.S. 1996. Kesehatan Lingkungan. Gadjah Mada University Press.
Yogyakarta, Indonesia.
DJCK-Kemenpupera. 2015. Rencana Strategis Direktorat Jenderal Cipta
Karya Tahun 2015 – 2019. Kementerian Pekerjaan Umum dan Perumahan
Rakyat Republik Indonesia. Jakarta.
Deblonde,T., C.Cossu-Leguille and P.Hartemann. 2011. Emerging
pollutants in wastewater: A review of the literature. Int. Journal of Hygiene
and Envir. Health, 214(6): 442-448.
Petrie, B., R. Barden and B. Kasprzyk-Hordern. 2015. A review on
emerging contaminants in wastewaters and the environment: Current
knowledge, understudied areas and recommendations for future monitoring.
Water Research, 72: 3-27
Wong, S., N.A.N. Yac'cob, N. Ngadi, O. Hassan and I.M. Inuwa. 2018.
From pollutant to solution of wastewater pollution: Synthesis of activated
carbon from textile sludge for dye adsorption. Chinese Journal of Chemical
Engineering, 26(4): 870-878
BPLHD. 2013. Rencana Strategis Badan Pengelolaan Lingkungan Hidup
DKI Jakarta Tahun 2013 – 2017. Badan Pengelolaan Lingkungan Hidup
DKI Jakarta. Jakarta, Indonesia.
Corcoran,E., C. Nellemann, E. Baker, R. Bos, D. Osborn and H. Savelli.
2010. Sick Water? The Central Role of Wastewater Management in
Sustainable Development. A Rapid Response Assessment. United Nations
Environment Programme, UN-HABITAT, and GRID-Arendal.
Ulum.G.H., Suherman dan Syafrudin. 2015. Kinerja Pengelolaan IPAL
Berbasis Masyarakat Program USRI Kelurahan Ngijo, Kecamatan Gunung
Pati, Kota Semarang. Program Magister Ilmu Lingkungan, Pascasarjana,
Universitas Diponegoro. Jurnal Ilmu Lingkungan, 13(2): 65-71.
UPTD PAL, 2014. Laporan Monitoring Instalasi Pengolahan Air Limbah
di Kota Makassar. Unit Pelaksana Teknis Dinas Pekerjaan Umum
Pemerintah Kota Makassar. Makassar, Indonesia.
BPS. 2014. Makassar Dalam Angka 2014. Badan Pusat Statistik Kota
Makassar. Makassar, Indonesia.
Stoll, U. and K. Parameswaran. 1996. Treatment and disposal of domestic
sewage sludge and nightsoil sludge for Bangkok. Water Science and
Technology, 34(11): 209-217.
Zakharov, Y. and L. Bondareva. 2015. Simulation of Domestic and
Industrial Wastewater Disposal in Flooded Mine Workings. Procedia
Engineering, 117: 389-396
Kacprzak, M., E. Neczaj, K. Fijałkowski, A. Grobelak, A. Grosser, M.
Worwag, A. Rorat, H. Brattebo, Å. Almås and B.R. Singh. 2017. Sewage
sludge disposal strategies for sustainable development. Environmental
Research, 156: 39-46
BLHD. 2015. Laporan Pemantauan Kualitas Air Tahun 2015. Badan
Lingkungan Hidup Pemerintah Kota Makassar. Makassar, Indonesia.
Mezrioui, N. and B. Baleux. 1994. Resistance patterns of E.coli strains
isolated from domestic sewage before and after treatment in both aerobic
lagoon and activated sludge. Water Research, 28(11): 2399-2406.
Iwane, T., T. Urase and K. Yamamoto. 2001. Possible impact of treated
wastewater discharge on incidence of antibiotic resistant bacteria in river
water. Water Science and Technology, 43(2): 91-99.

http://dx.doi.org/10.29322/IJSRP.9.06.2019.p9073

516

[18] Reinthaler, F.F., J. Posch, G. Feierl, G. Wust, D. Haas, G. Ruckenbauer,
F. Mascher and E. Marth. 2003. Antibiotic resistance of E. Coli in sewage
and sludge. Water Res., 37: 1685-1690.
[19] Asmadi dan Suharno. 2012. Dasar-dasar Teknologi Pengolahan Air
Limbah. Gosyen Publishing. Yogyakarta, Indonesia.
[20] Zhang, K. and K. Farahbakhsh. 2007. Removal of native coliphages and
coliform bacteria from municipal wastewater by various wastewater
treatment processes: Implications to water reuse. Water Research, 41(12):
2816-2824.
[21] Zanotto,C., M.Bissa, E.Illiano, V.Mezzanotte, F.Marazzi, A.Turolla,
M.Antonelli, C.De Giuli Morghen and A.Radaelli. 2016. Identification of
antibiotic-resistant Escherichia coli isolated from a municipal wastewater
treatment plant. Chemosphere, 164: 627-633.
[22] Bakir, H. A. 2001. Sustainable wastewater management for small
communities in the Middle East and North Africa. Journal of Environmental
Management, 61(4): 319-328.
[23] Al-Jayyousi, O. R., 2003. Greywater reuse: towards sustainable water
management. Desalination, 156(1-3): 181-192.
[24] Parkinson, J. and K.Tayler., 2003. Decentralized wastewater management
in peri-urban areas in low-income countries. Environment and
Urbanization, 15(1): 75-90.
[25] Massoud, M.A., A.Tarhini and J.A. Nasr, 2009. Decentralized approaches
to wastewater treatment and management: applicability in developing
countries. J. of envir. Manag., 90(1): 652-659.
[26] Qadir, M., Wichelns, D., Raschid-Sally, L., McCornick, P. G., Drechsel, P.,
Bahri, A. and P.S.Minhas. 2010. The challenges of wastewater irrigation in
developing countries. Agricultural Water Management, 97(4): 561-568.
[27] Wu, S., Austin, D., Liu, L. and R.Dong. 2011. Performance of integrated
household constructed wetland for domestic wastewater treatment in rural
areas. Ecological Engineering,37(6): 948-954.
[28] Jhansi, S.C. and S.K. Mishra, 2013. Wastewater Treatment and Reuse:
Sustainability Options.
The Journal of Sustainable Development,
10 (1): 1-15.
[29] Mara, D. 2013. Domestic wastewater treatment in developing countries.
Routledge, London. 210p.
[30] Jefferson, B., A. Laine, S. Parsons, T. Stephenson and S. Judd. 2000.
Technologies for domestic wastewater recycling. Urban water, 1(4):
285-292.
[31] Eriksson, E., K. Auffarth, M. Henze and A. Ledin. 2002. Characteristics of
grey wastewater. Urban water, 4(1): 85-104.
[32] Eriksson, E., K.Auffarth, A.M. Eilersen, M. Henze and A. Ledin, 2003.
Household chemicals and personal care products as sources for xenobiotic
organic compounds in grey wastewater. Water Sa, 29(2): 135-146.
[33] Hernandez-Leal, L., G. Zeeman, H. Temmink and C. Buisman. 2007.
Characterisation and biological treatment of greywater. Water Science and
Technology, 56(5): 193-200.
[34] Halalsheh, M., Dalahmeh, S., Sayed, M., Suleiman, W., M. Shareef,
M. Mansour and
M. Safi. 2008. Greywater characteristics and
treatment options for rural areas in Jordan. Bioresource
technology, 99(14): 6635-6641.
[35] Pidou, M., Avery, L., Stephenson, T., Jeffrey, P., Parsons, S. A., Liu, S.
And B. Jefferson. 2008. Chemical solutions for greywater
recycling. Chemosphere, 71(1): 147-155.
[36] Eriksson, E., H.R. Andersen, T.S. Madsen and A. Ledin. 2009. Greywater
pollution variability and loadings. Ecological engineering, 35(5): 661-669.
[37] Chaillou, K., C. Gérente, Y. Andrès and D. Wolbert. 2011. Bathroom
greywater characterization and potential treatments for reuse. Water, Air,
& Soil Pollution, 215(1-4): 31-42.
[38] Boyjoo,Y., V.K. Pareek and M. Ang. 2013. A review of greywater
characteristics and treatment processes. Water Science and
Technology, 67(7): 1403-1424.
[39] Idris-Nda, A., H.K. Aliyu and M. Dalil. 2013. The challenges of domestic
wastewater management in Nigeria: A case study of Minna, central
Nigeria. International Journal of Development and Sustainability,
2(2): 1169-1182.
[40] Sasimartoyo, T.P., 2002. Kajian Penerapan Sistem Eko-Sanitasi dalam
Pemanfaatan Kembali Limbah Manusia yang Terlupakan. Media Litbang
Kesehatan, XII(1): 6-11. Kemenkes Republik Indonesia.

www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 9, Issue 6, June 2019
ISSN 2250-3153
[41] Al-Hamaiedeh dan M. Bino. 2010. Effect of Treated Grey Water Reuse in
Irrigation on Soil and Plants. Mutah University, Civil and Environmental
Engineering Department, Jordan. Desalination, 256: 115-119.
[42] Keraita, B., B. Jiménez and P. Drechsel. 2008. Extent and implications of
agricultural reuse of untreated, partly treated and diluted wastewater in
developing countries. CAB Reviews: Perspectives in Agriculture,
Veterinary Science, Nutrition and Natural Resources, 3: 1-15
[43] WHO. 2006. Guidelines for the Safe Use of Wastewater, Excreta and
Greywater. Volume 2: Wastewater Use in Agriculture, Geneva,
Switzerland.
[44] Baggett, S., P. Jeffrey and B. Jefferson. 2006. Risk Perception in
Participatory Planning for Water Reuse. Desalination, 187: 149-158.
[45] Dixon, A., D. Butler and A. Fewkes. 1999. Water saving potential of
domestic water reuse systems using greywater and rainwater in
combination. Water science and technology, 39(5): 25-32.
[46] Sharma, A.K., S. Gray, C. Diaper, P. Liston and C. Howe. 2008. Assessing
integrated water management options for urban developments–Canberra
case study. Urban Water Journal, 5(2): 147-159.
[47] Zhang, D., R.M. Gersberg, C. Wilhelm and M. Voigt. 2009. Decentralized
water management: rainwater harvesting and greywater reuse in an urban
area of Beijing, China. Urban Water Journal, 6(5): 375-385.
[48] Li, Z., F. Boyle and A. Reynolds. 2010. Rainwater harvesting and
greywater
treatment
systems
for
domestic
application
in
Ireland. Desalination, 260(1-3): 1-8.
[49] Malinowski, P.A., Stillwell A.S., Wu J.S., and P.M. Schwarz. 2015.
Energy-water nexus: Potential energy savings and implications for

http://dx.doi.org/10.29322/IJSRP.9.06.2019.p9073

[50]

[51]

[52]
[53]
[54]
[55]

517

sustainable integrated water management in urban areas from rainwater
harvesting and gray-water reuse. Journal of Water Resources Planning and
Management, 141(12): A4015003.
Zavala, M.A.L., R.C. Vega and R.A.L. Miranda. 2016. Potential of
rainwater harvesting and greywater reuse for water consumption reduction
and wastewater minimization. Journal of Water, 8: 264 – 282.
Wanjiru,E. and X. Xia. 2018. Sustainable energy-water management for
residential houses with optimal integrated grey and rain water
recycling. Journal of cleaner production, 170: 1151-1166.
Sugiyono. 2016. Metode Penelitian Kuantitatif, Kualitatif dan R&D.
Penerbit CV. Alfa Beta. Bandung, Indonesia.
Eriyanto. 2012.
Ilmu Sistem, Meningkatkan Mutu dan Efektivitas
Manajemen. Penerbit Guna Widya. Surabaya, Indonesia.
Parabang, S., 2017. Dissertation Research. Brawijaya University, Malang,
Indonesia (unpublished).
UPTD PAL. 2017. Laporan Monitoring Instalasi Pengolahan Air Limbah di
Kota Makassar. Unit Pelaksana Teknis Dinas Pekerjaan Umum Pemerintah
Kota Makassar. Makassar, Indonesia.

AUTHORS
Correspondence Author – Surono Parabang,
suronoparabang@gmail.com, +62811 460 370

www.ijsrp.org

