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The hospitals are required to manage their waste to meet the required wastewater quality 

standards. This condition does not work properly at one of the government hospitals in 

Southeast Sulawesi. This study aims to evaluate the performance of hospital WWTPs and 

provide design recommendations. Evaluation of the WWTP building is carried out based 

on the discharge of wastewater obtained from the number of patient beds and the number 

of workers. The results show that the existing WWTP building is insufficient to 

accommodate the 36.484 liters of wastewater produced per day. Apart from that, leaks in 

the collection tanks and pipes are other reasons for the bad performance of WWTPs. The 

limestone soil also accelerates the process of seepage of wastewater, so it has potential to 

contaminate the soil and groundwater. Significance and impact study: To improve the 

function of the WWTP, a design was carried out with an anaerobic-aerobic biofilter 

system. This system consists of several parts with the following capacities: oil separation 

tank 3 m3, equalization tank 28 m3, initial settling tank 4.5 m3, anaerobic biofilter tank 

25.2 m3, aerobic biofilter tank 13.95 m3; final settling tank 8.44 m3, and chlorination 

tank 1.584 m3. 
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INTRODUCTION 

Hospitals are an essential component of the public health 

care system. Hospital operations generate waste, both 

liquid and solid, which, if not adequately managed, can 

contaminate the soil and groundwater [1]. The Indonesian 

Constitution on Environmental Protection and 

Management regulates all waste-generating activities to 

manage waste in the context of protecting environmental 

functions [2]. Since hospitals are typically located in the 

center of cities, the potential impact of hospital waste on 

the surrounding community is significant. Therefore, every 

hospital is required to have a good liquid waste 

management system [3]. 

 

Wakatobi Hospital is the only hospital in Wakatobi 

Regency, which is located on Wangi-Wangi Island. The 

hospital serves a huge number of patients because it is the 

referral center for all health centers in Wakatobi Regency, 

which has an impact on the amount of waste produced. 

Wakatobi Hospital has a Wastewater Treatment Plant 

(WWTP), but the condition is not proper because it does 

not meet the specifications. The dimensions of the existing 

WWTP chamber (50 cm x 100 cm) are insufficient when 

compared to the amount of waste that will be generated. 

Too many partitions are used in the WWTP tank, making 

it inefficient. In addition, there is no filter, so the existing 

waste will immediately settle and seep into the ground. 

 

The position of the outlet pipe in the control tub is higher 

than the inlet pipe, so the wastewater does not flow, which 

causes an odor around the control tub. There are many leak 

points in the pipes, so much of the wastewater does not 

reach the main tanks. This condition was seen during field 

investigations where the storage tanks were empty. From a 

security perspective, the WWTP building is not equipped 

with a guardrail and is only covered with a thin steel plate. 

http://creativecommons.org/licenses/by-nc-sa/4.0/
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The objective of this research is to redesign the WWTP in 

Wakatobi Hospital based on the required criteria. The 

redesign includes determining the dimensions of the fat 

separator tanks, equalization tanks, initial settling tanks, 

anaerobic and aerobic filter tanks, final settling tanks and 

chlorination tanks.  
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METHOD 

Calculation of Maximum Wastewater Discharge 

The dimensions of the WWTP are determined by the 

volume of liquid waste generated by the hospital. Liquid 

waste is calculated based on the number of available beds 

and the need for clean water based on the hospital type, 

referring to the regulations of the minister of health [4]. 

Wastewater discharges are 70 % clean water discharge. 

Calculation of WWTP Dimension 

Design fat separation tank 

The fat/oil separator tank is used for pre-treatment of 

waste. Separation of oil and fat is carried out using the 

physical method and handled manually, namely by settling 

the wastewater for some time so that the oil or fat or other 

impurities in the form of scum or others can float to the 

surface of the water. Wastewater flows slowly in an up 

flow and underflow manner from the first partition to the 

end of the tank, which aims to trap the contaminants. The 

dimensions of the fat separation and equalization tank are 

calculated using the following equation [5]. 
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Where: 

Vmax  : Maximum volume of separation tank 

(m3) 

Ts  : Settling time (s) 

Qw  : Wastewater discharge (m3/s) 

Hw  : Height of wastewater (m) 

L  : Length of tank (m) 

W  : Width of tank (m) 

w  : Freeboard (m) 

e  : Deposit height (m) 

 

Design equalization tank 

The equalization tank is a place for mixing all the 

wastewater from all over the room. Wastewater that was 

originally of various types (heterogeneous) will become 

similar (homogeneous). From the equalization tank, the 

wastewater will then flow into the initial settling tanks, 

where the settling process will occur. Calculation of the 

dimensions of the equalization tank uses equations 1 to 4 

by changing the waiting time in the equalization process. 

 

Design initial settling tank 

The purpose of the initial settling tank is to precipitate 

suspended particles of silt, sand, and organic contaminants. 

It serves as a settling tank, as well as a tank for 

decomposing organic compounds in the form of solids and 

sludge (sludge decomposition), and as a sludge reservoir. 

Calculation of the dimensions of the equalization tank uses 

equations 1 to 4 by changing the settling time. 

 

Design biofilter 

The function of an anaerobic-aerobic biofilter tank is to 

reduce the content of biological oxygen demand (BOD), 

chemical oxygen demand (COD), and total suspended 

solids (TSS) from processed products in accordance with 

environmental quality standards. The volume of the 

biofilter tank is the ratio between the waste load in the 

water and the allowable waste load [6]. 

 

Design chlorination tank 

The function of the chlorination tank is to treat water from 

the settling tank so that it does not contain harmful 

substances before being released into water bodies. This 

process is done by adding chlorine. Calculation of the 

dimensions of the chlorination tank uses equations 1 to 4 

by changing the settling time. 
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RESULTS AND DISCUSSION 

Design Capacity of WWTP 

In designing a WWTP, several things must be considered, 

including the fact that the system must be able to treat 

wastewater produced by the hospital. The capacity of a 

WWTP is determined based on the need for clean water 

used by patients and the number of hospital workers. 

Referring to Regulation of the Minister of Health No. 7 of 

2019 [4], the patient's water needs for type C hospitals are 

200 liters per person per day, and for staff, it is assumed to 

be 60% of the patient's needs. The large demand for clean 

water in hospitals is as follows: 
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Calculation of WWTP Dimension 

Dimension fat separation tank  

The settling time required for the oil separation process is 

assumed to be 1 hour [7], length and width of the tank is 

assumed to be 2 m and 1 m respectively. Calculation of the 

fat separation tank using equation 1-5 are as follows: 
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Based on the analysis, the dimension of fat separation tank 

can be seen in Figure 1. 

 

Dimension equalization tank 

The settling time required for equalization process is 

assumed to be 12 hours [7], length and width of the tank is 

assumed to be 4 m and 2 m respectively. Calculation of the 

equalization tank using equation 1-5 are as follows: 
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Based on the analysis, the dimension of equalization tank 

can be seen in Figure 2. 

 

 
Figure 1. Fat Separation tank dimension 

 

 
Figure 2. Equalization tank dimension 

 

Dimension initial settling tank 

The settling time required for initial settling process is 

assumed to be 2 hours [8], length and width of the tank is 

assumed to be 3 m and 1.5 m respectively. Calculation of 

the initial settling tank using equation 1-5 are as follows: 
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Based on the analysis, the dimensions of initial settling 

tank can be seen in Figure 3. 

 

 
Figure 3. Initial settling tank dimension 

 

Dimension anaerobic biofilter 

For wastewater treatment with an anaerobic biofilter 

process, the BOD waste load is 225 gr/m3. The standard 

BOD load per media volume for liquid waste in hospitals 

is 0.75 kg/m3d, so the required media volume (Vm) and the 

reactor volume (Vr) are follows: 
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Based on the volume requirements, the dimensions of the 

reactor and biofilter media are respectively 4 m x 3 m x 2.1 

m and 4 m x 3 m x 1 m as seen in Figure 4. 

 

 
Figure 4. Anaerobic biofilter tank 

 

Dimension aerobic biofilter 

For wastewater treatment with an aerobic biofilter process, 

the BOD waste load is 75 gr/m3. The standard BOD load 

per media volume for liquid waste in hospitals is 0.75 

kg/m3d, so the required media volume (Vm) and the reactor 

volume (Vr) are follows: 
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Based on the volume requirements, the dimensions of the 

reactor and biofilter media are respectively 3 m x 1.5 m x 

3.1 m and 2 m x 1.5 m x 1.35 m as seen in Figure 5. 

 

 
Figure 5. Aerobic biofilter tank 

 

Dimension final settling tank 

The settling time required for final settling process is 

assumed to be 4 hours [7], length and width of the tank is 

assumed to be 2 m and 2 m respectively. Calculation of the 

initial settling tank using equation 1-5 are as follows: 
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Based on the analysis, the dimensions of the final settling 

tank can be seen in Figure 6. 

 

 
Figure 6. Final settling tank dimension 
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Dimension chlornitation tank 

The settling time required for chlorination process is 

assumed to be 15 minutes [7], length and width of the tank 

is assumed to be 2 m and 1.5 m respectively. Calculation 

of the initial settling tank using equation 1-5 are as follows: 
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Based on the analysis, the dimensions of chlorination tank 

can be seen in Figure 7. 

 

 
Figure 6. Chlorination tank dimension 

 

Discussion 

The results of the ideal WWTP dimensions according to 

the total waste generated by the hospital show that the 

conditions of the existing WWTP are far from ideal. From 

the aspect of WWTP capacity, the existing WWTP only 

contains partitions with dimensions of 50 cm by 100 cm, 

which are unable to accommodate the discharge of waste 

that will be generated by the hospital. From a functional 

aspect, the existing WWTP building does not have a clear 

path for managing waste. Wastewater is only allowed to 

settle without a filter that can decompose the waste before 

being released into water bodies. In addition, the base of 

the WWTP building has many cracks, so the wastewater 

seeps into the ground, thus contaminating the soil. 

 

The WWTP building should be designed and built properly 

according to specifications, considering that hospital waste 

is a potential source of water pollution because it contains 

quite high levels of organic and chemical compounds [9], 

[10]. Hospital wastewater originating from domestic and 

clinical wastewater generally contains quite high levels of 

organic pollutant compounds. To manage Wakatobi 

Hospital waste, the recommended WWTP buildings can be 

seen in Figure 10. 

 

Wastewater before being released into water bodies will go 

through several processes, such as initial settling to 

precipitate solid particles before entering the biofilter tank. 

Before being released into water bodies, the waste will go 

through a final stage by adding chlorine to ensure that the 

water to be released does not contain hazardous substances. 

To prevent leaks in the WWTP building, the walls and 

floors will use reinforced concrete materials to minimize 

the risk of seepage, which can contaminate the soil.

 
 

Figure 8. WWTP building plan

CONCLUSIONS 

The results of the analysis show that the WWTP at 

Wakatobi Hospital is not functioning properly. This can be 

seen from the existing dimensions of the WWTP building, 

which are insufficient to accommodate the waste generated 

from hospital activities. In addition, the condition of the 

WWTP building, which was damaged at several points, 

was the cause of the WWTP not functioning properly. The 

results of the analysis of WWTP building space 

requirements show that the required volume for building 
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grease separator tanks, equalization tanks, initial settling 

tanks, anaerobic biofilter tanks, aerobic biofilter tanks, 

final settling tanks, and chlorination tanks, respectively, 

1.512 m3, 18.144 m3, 3.024 m3, 1.512 m3, 12 m3, 4m3, 

6.048 m3 dan 0.378 m3. 
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