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Abstract:

Aceh Selatan is the oldest district in Aceh Province, located on the edge of
the Banda Aceh — Medan west cross highway consisting of mountainous
areas, lowlands, and water areas (Hindia Ocean). The problem at this time
is that 54% of the people of South Aceh Regency do not have proper access
to latrines and drainage channels, which are the target for receiving
domestic wastewater. There is no public awareness of the importance of
providing and maintaining domestic wastewater facilities and
infrastructure. This research aims to sustainably carry out regional-scale
domestic wastewater management based on Maqashid Syari’ah. The
method used in the research is to determine the target of wastewater
handling in South Aceh Regency until 2040 to determine the development
model and strategy. Meanwhile, the zoning method was used to determine
the planning area. Labuhan Tarok Village, Meukek District, South Aceh
Regency, is one of the villages in urgent priority scale wastewater treatment
with the An Aerobic Baffled Reactor (ABR) model. The reduction of BOD,
COD, and TSS can be made with this treatment model in accordance with
the Quality Standard of Peraturan Menteri Lingkungan Hidup dan
Kehutanan No. 68 of 2014 and accordance with Permen PUPR No.4 of
2017, concerning the Implementation of Domestic Waste Water
Management Systems.
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Introduction

Purwatiningrum (2018) differentiates domestic wastewater into greywater
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(wastewater from showers, washing, and kitchen waste) and blackwater (wastewater
containing human feces). According to Indonesian Ministerial Regulation No. 5 of 2014
concerning Effluent Quality Standards, wastewater is liquid waste from activities or
operations (Kusbiantoro & Purwaningrum, 2018).

Suyasa (2015) identifies three types of wastewater properties: physical, chemical,
and biological. The actual properties of wastewater include variations, odor, sludge, and
temperature. Synthetic properties are categorized into natural (starch, oil, pesticides,
phenol, protein, and cleaners) and natural (hardness and heavy metal pesticides).
Animals, viruses, and bacteria are indicators of the biological properties of wastewater
(Artiningsih, 2021). Improper management of domestic wastewater can result in the
following impacts: a. Water bodies contaminated by household wastewater (75% of
drainage systems and 80% of groundwater are polluted). b. Increased costs for
producing potable water due to contaminated raw water sources. c. Higher incidence of
diseases due to dirty raw water sources (typhoid, diarrhea, etc.). d. An annual economic
loss of 50 trillion rupiah. Therefore, various residential and industrial activities that
produce domestic wastewater must be managed properly before disposal. The goal of
wastewater management is to reduce the concentration of pollutants in the wastewater
before it is discharged into water bodies (Ratnani et al., 2024).

Domestic wastewater management should ideally be carried out locally with
simpler technology and lower costs. Ministerial Regulation PUPR No. 4 of 2017 on
Domestic Wastewater Management regulates the domestic wastewater treatment
system, abbreviated as SPALD. This system includes a series of domestic wastewater
management activities, including facilities and infrastructure for managing domestic
wastewater (Rahmawati, 2020). In South Aceh Regency, the domestic wastewater
system in the Urban Sanitation Strategy (SSK, 2019) includes 49.8% of households with
BABS (open defecation) and direct discharge, 22.1% of households using primary access
with individual septic tanks, and 28.1% of households using Local Domestic Wastewater
Management Systems (SPALDS).

Figure 1. Existing Sanitation Conditions in South Aceh Regency

The community already recognizes the issue of domestic wastewater in South Aceh.
The solid Islamic cultural values within the community add value to the management of
domestic wastewater in South Aceh, making it more accessible. The South Aceh
community, accustomed to a clean culture as a reflection of Islamic behavior, supports
the management of domestic wastewater based on Magashid Syari'ah. This management
involves independent and Sharia-compliant domestic wastewater management in South
Aceh Regency.
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Methods

In this study, a descriptive method is used with data collected through both
qualitative and quantitative approaches. The qualitative method involves observations
and interviews with various parties, including local residents near the site intended for
the construction of the wastewater treatment facility. Additionally, interviews are
conducted with managers and officials involved in domestic wastewater management.

Data analysis is carried out descriptively, covering technical aspects of wastewater
treatment and management models.
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1. Primary Data Collection:

¢ Field survey results,

¢ Interviews and observations,

e Measurement of domestic wastewater quality through sampling at several points.
2. Secondary Data Collection:

e Population data (updated BPS),

e Maps (PU Spatial Planning),

¢ Field survey data (water).
3. Data Analysis:

e Analysis of the location and site planning for the wastewater treatment plant
(IPAL) using zoning methods,

¢ Analysis and calculation of wastewater flow rates,
¢ Pipeline network planning,

Planning and analysis of the ABR design criteria for the IPAL. IPAL design analysis
is conducted using the ABR Design Criteria from Metcalf & Eddy (2003) and BORDA

(1998).
Table 1. ABR System Design Criteria

No Parameter Unit Score
1 Detention Time Hour 3-24
2  Hydraulic Loading Rate (HLR) m3/m2.hour 2-384
3 Organic Loading Rate (OLR) kgCODb/m3.day  0,1-8
4 Vup m/hour < 2,0
5 % BOD Removal % 70 — 90

Source: Metcalf &Eddy (2003) and BORDA (1998)
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Figure 2. Typical Anaerobic Baffled Reactor (ABR) Design (BORDA, 1998)

Results
Planning Basis

The planning for domestic wastewater treatment in the South Aceh Regency is part of
the Urgent Program (2019-2021), as outlined in the Master Plan and Detailed
Engineering Design (DED) for wastewater in the South Aceh Regency. This planning has
been anticipated for some time, considering the BPS information indicating a population
growth rate for Dusun Labuhan Tarok, Meukek Region, of 1.5%. The current quantity to
be served is 530 people or 106 households (106 SR), with projections up to 2027
estimating a service population of 606 people or 121 households (121 SR).

The study area for analysis is South Aceh Regency. According to Astuti (2017), the
zoning method can be used to determine the selected location for constructing the
wastewater treatment plant (IPAL). Based on the criteria outlined in Ministerial
Regulation PUPR No. 4 of 2017, this method divides the planning area according to the
type of wastewater management by scoring and mapping (overlay). The location of the
IPAL is selected based on land availability and the lowest land elevation (Ulya &
Marsono, 2014). The findings of this study are used to classify planning zones in South
Aceh Regency into the following categories: city-scale SPAL T zones (0), regional-scale
SPAL T zones (24 villages), and SPAL S septic tank zones (236 villages). The zones are
further categorized into long-term priority zones (161 villages), medium-term priority
zones (83 villages), and urgent priority zones (16 villages). The urgent priority zone
identified with regional-scale SPAL T direction is Desa Labuhan Tarok, Meukek District,
South Aceh Regency.

Service Area
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Figure 3. Village/Gampong Labuhan Tarok Service Area, Meukek District

Figure 4. Results of Topographic Measurement of Service Locations in Labuhan Tarok
Village, Meukek District
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The planned wastewater treatment system is an Anaerobic Baffled Reactor (ABR),
which includes design calculations and design drawings comprising:
e Determination of the communal domestic wastewater treatment system that
processes both greywater and blackwater.

e Determination of the treatment technology using Anaerobic Baffled Reactor (ABR).

Physical Condition Analysis
Topography
The topography of South Aceh Regency consists of lowlands, rolling hills, hilly areas,

and mountainous regions with very steep slopes. The South Aceh Regency area features
terrain ranging from flat to rolling and hilly, with slopes ranging from 45% to 75%.
Hydrology and Hydrogeology Water availability in South Aceh Regency is abundant,
meeting the needs for food production, especially for irrigation sources. The average
annual rainfall in South Aceh Regency is approximately 3,342 mm, with 145 rainy days.
The highest rainfall occurs in November, at 699.02 mm/month, while the lowest is
75.167 mm/month.

Geology The soil type in South Aceh Regency includes red-yellow podzolic soil
covering 161,022 hectares, with the least amount being regosol soil (only 5,213 hectares).

Analysis and Calculations
a. Planned IPAL Capacity The planned domestic wastewater management service area
will serve 121 SR, consisting of 1 (sub-district), namely Labuhan Tarok Village,
Meukek District.
Table 2. Wastewater Production for the Service Area

No. Uraian Jumbah Satuan
2018 2027
Perkiraan Jumlah Penduduk Terlayani 530 805 Jiva
2. hmlshKK 106 21 KK
3. Standar Kebutuhan Air Minum 120 120 Ltorghr
4. Produksi Air Limbah (80% atr minum) 50.880 58.080  Lthr

Source: Researcher, 2021

Processing Capacity: 58,080 Ltr/hr = 58,080 m3/hr. handling of fecal sludge in the
form of suction 60 m3/hr: 2.50 m3/hour: 40.33 ltr/minute

BOD of wastewater:138,6 mg/ltr

COD : 232,26 mg/ltr

TSS : 179,17 mg/ltr

b. Initial Sedimentation Tank
Wastewater Discharge : 60 m3/day

Residence Time in the tank i 2—4hours
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D
§ Determined . Residence time in the settling tank 3 hours
Té Tank Volume :  3/24x60m3/day=7.5 m3
:g) Tank Depth P 2.0m
Tank Width ! 3m
Tank Length ! 1.5m
Free Space Height ! o0.5m
Construction : K300 Concrete
Wall Thickness ! 20cm
Efficiency D (20%)
BOD out (Effluent) : 201.52mg/l
SS in (Influent) * 179.17 mg/l
Efficiency D (90%)
SS out (Effluent) : 17.92mg/l
Surface loading :  60m3/day/ (4 mx 2 m) = 15 m3/m2.day
Residence time at peakload ~ :  assuming the total residence time is 2 x the
average amount
Average surface loading ! 15 m3/m2.day
Surface load at peak ! 30 m3/m2.day
Standard: Residence time i 2—4hours
Surface load ! 20 -50m3/m2.day

¢. An Aerob Biofilter (ABF)

Wastewater Discharge : 60 m3/day

Residence Time in Tank : 9hours

Set : Residence time in equalization tank
9 hours

Volume tank = 9/24 hr x 60 : 22.5m3

m3.hr

Dimensions of Anaerobic Reactor

Tank

Effective water depth : 2.0m

Width : 3m

Length : 5m

Number of chambers divided into : 3

chambers

Height of free space : 0.5m

Construction : K300 concrete

Wall thickness : 20cm

SPALD-T Management System Based on Sharia
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Magqashid is the plural form of magshad, a mashdar mimi form derived from
the word qashada-yagshudu-qashdan-maqshadan (Husni & Sunhaji, 2023). This
word can mean ist igamah al-Tariq (steadfastness on one path) or al-I'timad
(something that serves as a foundation), according to (Busyro, 2019). Additionally,
it also carries the meaning of al-'adl (justice) and al-tawasuth 'adam al-ifrath wa al-
tafrith (taking the middle path, avoiding excess and deficiency) (Islam, 2020).
Syari'ah semantically means married al-ma'alladzi tasyra'u fihi al-dawah (a water
source where creatures drink).

In terms of terminology, maqashid al-syari'ah refers to human efforts to find
ideal solutions and the correct path based on the Qur'an and the hadith of Prophet
Muhammad SAW, which are the primary sources of Islamic teachings (Mubayyinah,
2019).

Therefore, maqashid al-syari'ah is divided into 5 key aspects that must be
considered: a. protection of religion b. Protection of life c. Protection of intellect d.
Protection of lineage, e. Protection of property. A well-managed and sustainable
ABR system will benefit the community. Since Islamic teachings are embedded in
the culture of the South Aceh Regency, wastewater management also follows these
teachings. This Sharia-based administration is referred to as mawashi syariah,
which integrates five aspects: the protection of religion, life, intellect, lineage, and
property (Azizah, 2021). Enhancing worship standards for religious perfection
serves as a means of protecting religion. By avoiding waste, executives can safeguard
the environment and promote love. Protecting life emphasizes how overseeing
wastewater can maintain health and prevent diseases associated with wastewater.
Environmental cleanliness preservation for public health is the primary goal of
protecting life. Safeguarding life is crucial, considering that everyone and every
movement in the world relies on the well-being of life. Thus, special care is required
to maintain its quality and to balance mental and actual well-being to avoid
infections.

Intellect is necessary for thinking and improving oneself through the
acquisition of knowledge. ABR technology can be used to manage wastewater in an
environmentally friendly manner. Wastewater management is a field of study
(Abduh, 2018). Teaching the next generation about wastewater management means
protecting lineage by demonstrating good behavior. Unmanaged wastewater can
damage the climate and affect property. Thus, completing wastewater treatment
with ABR can ensure property safety (Humaida, 2024). Labuhan Tarok Village,
Meukek District, Sharia-based domestic wastewater management can help preserve
nature. The strict environmental lessons from the local community, which implicitly
fulfill the five fundamental components of maqashid syariah, reflect this.
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Conclusion

The planning area was determined using a selected zoning method, identifying
Labuhan Tarok Village, Meukek District, South Aceh Regency, as one of the villages in
the urgent priority scale for domestic wastewater treatment with a regional-scale model
using an Anaerobic Baffle Reactor (ABR). The domestic wastewater management
system with ABR in Labuhan Tarok Village, Meukek District, South Aceh Regency,
applying the Maqashid Syari'ah concept, is expected to be sustainable, thus
maintaining environmental quality.
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