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Abstract  

Hospitals are one of the service facilities that produce large amounts and quality of liquid waste that requires 

special attention because it contains hazardous materials for public health and the environment. This study 

aims to determine the quality of COD and BOD effluents in X Hospital. The type of research used is 

observational with a descriptive approach. The sampling technique used was purposive sampling, where 

wastewater samples were taken from two points, namely the inlet and the outlet of the WWTP. Based on 

the results of the laboratory analysis of the wastewater samples from Hospital X, it can be concluded that 

the average COD value at the inlet of the WWTP was 64.04 mg/L, while the average COD value at the 

outlet of the WWTP was 47.90 mg/L, and the average BOD value at the inlet was 12.69 mg/L, while the 

average BOD value at the outlet was 1.60 mg/L. All of these values are qualified according to the Hospital 

Activity Liquid Wastewater Quality Standards based on Central Java Province Regional Regulation No. 5 

of 2012. It is expected that Hospital X will continue to maintain the wastewater treatment plant. 
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Abstrak 

Rumah sakit merupakan salah satu fasilitas pelayanan yang menghasilkan limbah cair dalam jumlah besar 

dan berkualitas yang memerlukan perhatian khusus karena mengandung bahan berbahaya bagi kesehatan 

masyarakat dan lingkungan. Penelitian ini bertujuan untuk mengetahui kualitas COD dan BOD air limbah 

di Rumah Sakit X. Jenis penelitian yang digunakan adalah observasional dengan pendekatan deskriptif. 

Teknik sampling yang digunakan adalah purposive sampling, dengan sampel air limbah yang diambil dari 

dua titik yaitu inlet dan outlet IPAL. Berdasarkan hasil pemeriksaan laboratorium terhadap sampel air 

limbah di Rumah Sakit X, dapat disimpulkan bahwa kadar COD pada inlet IPAL rata-rata 64,04 mg/L, 

sedangkan pada outlet IPAL rata-rata 47,90 mg/L dan kadar BOD pada inlet rata-rata 12,69 mg/L, 

sedangkan pada outlet rata-rata 1,60 mg/L. Semua nilai ini memenuhi syarat sesuai Standar Baku Mutu Air 

Limbah Cair Kegiatan Rumah Sakit berdasarkan Peraturan Daerah Provinsi Jawa Tengah Nomor 5 Tahun 

2012. Rumah Sakit X diharapkan untuk terus mempertahankan pemeliharaan Instalasi Pengolahan Air 

Limbah. 

Kata Kunci: BOD, COD, limbah rumah sakit 

 

1. Introduction  

Hospitals are public facilities that are very important and needed by the community. The existence 

of hospitals has a close relationship with the surrounding community [1], [2]. In the past, hospitals were 

often built in locations quite far from residential areas and usually close to rivers. This consideration was 

taken to manage liquid and solid waste so that negative impacts on the population and the environment 

could be minimized or avoided [3], [4]. 

According to Law No. 44 of 2009, hospitals are health care institutions that have special 

characteristics, influenced by the development of health science, technological advances, and socio-

economic conditions of the community. Hospitals must be able to improve the quality of services that are 

better and affordable by the community in order to achieve optimal health status. As a health care institution, 

hospitals provide a range of services including inpatient, outpatient, and emergency departments to meet 

individual health needs [4], [5], [6]. Hospitals carry out health service activities to cure patients, hospitals 
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can also be a place for the spread and transmission of disease to patients, staff, visitors, and local residents 

who live around the hospital. This is due to the disease-causing agents present in the hospital environment 

[7], [8], [9]. 

Hospitals carry out health service activities to cure patients, hospitals can also be a place for the 

spread and transmission of disease to patients, staff, visitors, and local residents who live around the 

hospital. This is due to the disease-causing agents present in the hospital environment [10], [11], [12]. To 

assess the quality of wastewater, laboratory testing is required. The results of the hospital wastewater 

analysis are then compared with the quality standards set out in the Central Java Provincial Regulation No. 

5/2012 on Wastewater Quality Standards for Hospital Activities, covering parameters such as COD and 

BOD5 [12], [13], [14], [15]. 

The research objectives were: 1. knowing the value of COD and BOD5 at the inlet and outlet of the 

WWTP at Hospital X. 2. Analyzing the COD and BOD5 values at the inlet and outlet of the WWTP at 

Hospital X to meet the standards set in the Regional Regulation of Central Java Province Number 5 of 2012 

concerning Wastewater Quality Standards for hospital activities. 

 

2. Material and Methods 

This study used an observational method with a descriptive approach. The sampling technique used 

was purposive sampling. The equipment used in this research are winkler bottle (Pyrex Schott Duran) 300 

mL; glass goblet (Pyrex) 50 mL; Plastic bottle; Pipette volume (Pyrex) 5 mL, 10 mL 50 mL; Piipet measure 

(Pyrex) 5 mL; Digital buret (Continuous E); Erlenmeyer (Pyrex) 125 mL; Measuring flask (Pyrex) 50 mL, 

100 mL, 500 mL and 1000 mL; Incubator (Memmert IN55); Uv-Vis spectrophotometer (Shimadzu type 

UV 2600); cuvette (QS), Digestion vessel (Iwaki) and heater with holes for tube support (COD Reactor); 

Magnetic Stirer (Mixer 12 12cm 220v 380) and Analytical Balance (Sartorius type BSA 224S-CW). 

The materials used were inlet and outlet liquid waste samples of Hospital X; Digestion Solution with 

high and low concentrations; Aquadest; 0.024 N Sodium Thiosulfate; 1% amylum/kanji solution; MnSO4 

solution (Merck); Sulfuric Acid p. a; Potassium Hydrogen Phthalate p.a; K2Cr2O7 0.25 N; HgSO4(aq) 

(Merck); NaOH p.a (Merck); KI p.a (Merck); NaN3 p.a (Merck). 

 

Procedure for COD Determination 

The vials were washed with phosphate-free detergent and rinsed with clean water. Next, the vials 

were washed with 1:1 HCI acid solution. Then, the bottle is rinsed three times with analyte-free water and 

allowed to dry. After drying, the vials were sealed and labeled with “clean container,” and the date of 

cleaning and the name of the cleaner. 

 Samples were taken using the Composite Sample method, which is a mixture of several samples 

collected at the same point at different times. Sampling was carried out at 08.00, 12.00, and 16.00 WIB. 

Each container was labeled. Test samples are stored by adding concentrated sulfuric acid until they reach 

a pH below 2, then stored in a refrigerator at a temperature between 4°C ± 2°C. The recommended shelf 

life is a maximum of 7 daysTest samples are stored by adding concentrated sulfuric acid until they reach a 

pH below 2, then stored in a refrigerator at a temperature between 4°C ± 2°C. The recommended shelf life 

is a maximum of 7 days. 

KHP mother liquor is prepared using one blank and a minimum of five different concentrations 

proportionally within the measurement range. The test sample or working solution is taken as much as 2.5 

ml and mixed with 1.5 ml of digest solution. Next, 3.5 ml of sulfuric acid reagent solution is added to a 

tube or ampoule with a size of 16 x 100 mm. The tube is then capped and shaken gently to mix evenly. 

After that, the tube is placed on a heater that has been heated at 150°C and refluxed for 2 hours. 

Calibration Curve Generation 

 The device was activated and the spectrophotometer was set according to the instructions for use 

provided for COD testing. The wavelength was adjusted at 420 nm. Then the absorbance of each working 

solution was measured, recorded and plotted against the COD content. 

A calibration curve is made based on the sample data, then the straight line equation is determined. If the 

linear regression correlation coefficient (r) is less than 0.995, the device is checked and the steps from a) 

to c) are repeated until the r coefficient value reaches or exceeds 0.995.  

 The refluxed test sample is then slowly cooled to room temperature to prevent precipitate 

formation. During the cooling process, the sample is occasionally opened to reduce the gas pressure. The 

suspension is then allowed to settle, and the portion to be measured should be completely clear. The 

absorbance of the test sample was measured at a wavelength of 420 nm, and the COD content was 
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calculated using the linear equation of the calibration curve. The analysis is performed in duplo. 

 

 

COD value as mg O2/L: 

COD level (mg O2/L) = C x f 

Description: 

- C is the COD value of the test sample, expressed in milligrams per liter (mg/L). 

- f is the dilution factor. 

The results of the test sample absorption readings are entered into the linear regression obtained from 

the calibration curve. Then the COD value is the result of reading the test sample level from the calibration 

curve [16], [17], [18]. 

 

Procedure for BOD Determination 

 A Winkler bottle is prepared. The test sample is put into the winkler bottle until it overflows, taking 

care to avoid air bubbles, then tightly closed so that there are no air bubbles in the bottle. The test sample 

is tested immediately after the test sample is taken. 

 The prepared sample was taken. A total of 1 mL of MnSO4 and 1 mL of alkali iodide azide was added 

with a pipette tip just above the surface of the solution. Then closed immediately and homogenized until a 

perfect clot formed. The clot was allowed to settle for 5 minutes to 10 minutes. A total of 1 mL of 

concentrated H2SO4 was added, then closed and homogenized until the precipitate dissolved completely. 

Then pipetted as much as 50 mL, and put into 150 mL erlenmeyer. Titrated with Na2S2O3 with 

amylum/kanji indicator until the exact blue color disappeared. 

Samples were put into 2 winkler bottles that had been researched and calibrated for volume. One of 

the winkler bottles was incubated at 20°C for 5 days, and the other winkler bottle was checked for dissolved 

oxygen content. For the blank experiment, 2 winkler bottles were prepared, each filled with distilled water. 

The first bottle was incubated for 5 days at 20°C and the other winkler bottle was checked for oxygen 

content. The determination of dissolved oxygen content is the same as the DO determination method. 

Observations were made using the calculation formula for 5 days 20°C BOD as follows: 

 

𝑩𝑶𝑫𝟓 =  
(𝑨𝟏 − 𝑨𝟐) − [

𝑩𝟏 − 𝑩𝟐 
𝑽𝑩

]𝑽𝒄

𝑷
 

Description: 

BOD5: BOD5 value of the test sample (mg/l) 

 

A1 : dissolved oxygen content of the test sample before incubation (0 days) (mg/l) 

A2 : dissolved oxygen content of the test sample after incubation (5 days) (mg/l) 

B1 : blank dissolved oxygen content before incubation (0 days) (mg/l) 

B2 : blank dissolved oxygen content after incubation (5 days) (mg/l) 

VB : microbial suspension volume (ml) in DO blank bottle 

VC : volume of microbial suspension in the test sample bottle (ml) 

P : ratio of test sample volume (V1 per total volume (V2) [19] 

 

3. Results and Discussion 

Results of COD Analysis 

The results of the COD analysis at the X Hospital WWTP were compared with the quality 

standards in accordance with the Central Java Regional Regulation No. 5 of 2012 concerning Hospital 

Wastewater Quality Standards as shown in Table 1. 

Based on Table 1, the average COD value of the inlet sample is 64.04 mg/L and the outlet is 47.90 

mg/L, the analysis results meet the quality standards according to the Central Java Regional Regulation 

No. 5 of 2012 concerning Wastewater Quality Standards in the hospital industry, which is a maximum 

of 80 mg/l. [15], [17].  



                                              Volume IX, No.4, Oktober 2024        Hal 11185 - 11191   

 

11188 
 

p-ISSN : 2528-3561 

e-ISSN : 2541-1934 

Table 1. Results of COD Analysis at the Inlet and Outlet of WWTP Hospital X. 

Time Inlet Outlet Quality Standard 

08.00 WIB 64.05 mg/L 47.90 mg/L  

12.00 WIB 63.93 mg/L 47.65 mg/L  

80 mg/L 
16.00 WIB 64.15 mg/L 48.15 mg/L 

The average 64.04 mg/L 47.90 mg/L  

 

COD or Chemical Oxygen Demand is the amount of oxygen required to break down all organic matter 

contained in water. COD testing is used to measure the oxygen value of organic matter in wastewater that 

can be chemically oxidized with the use of K2Cr2O7 as an oxygen source in an acidic solution. Inlet and 

outlet samples were tested for COD values by spectrophotometric closed reflux. This closed reflux method 

is more material-efficient and fast because the principle of the closed reflux method is to accelerate organic 

reactions by heating without reducing the volume of organic matter [20], [21], [22]. 

The calibration curve was made by diluting the 500 mg/l KHP mother solution into concentrations of 

30 mg/l, 60 mg/l, and 90 mg/l, each of which was put into a 10 ml volumetric flask. After the KHP standard 

solution is made, 2.5 ml of each standard solution is measured and put into a 16x100 mm digestion vessel 

tube, then 1.5 ml of digestion solution and 3.5 ml of sulfuric acid reagent solution is added as a catalyst, 

after which the bottle is closed and homogenized. Furthermore, the solution was refluxed for 2 hours at 150 

° C using a COD reactor, this process functions so that K2Cr2O7 oxidizes organic materials perfectly [23], 

[24]. 

Finally, after refluxing, the solution was cooled slowly to room temperature to prevent the formation 

of sediment. In determining the COD content of the inlet and outlet samples, the same treatment was carried 

out as the determination of the standard solution. The sample solution that has been refluxed and cooled is 

then measured using a spectrophotometer. The first step is to connect the UV-Vis spectrophotometer cable 

to the electric current source then turn on the UPS or stabilizer after that the spectrophotometer is turned on, 

wait until the initialization process is complete, the user display will appear (administrator and password) 

can be filled in and pressed enter [21], [23]. 

The spectrophotometer is turned on first for 15-30 minutes before being used for measurements, then 

turn on the CPU and PC monitor to connect to the software (PC), press F4. Open the UV Probe 2.32 software 

after which the menu mode display will appear (photometric, spectrum, and kinetics), click the photometric 

menu, click connect so that the spectrophotometer will automatically connect to the computer. Then click 

edit, click method, click wavelength type, fill in the wavelength parameter (nm) with the analysis 

wavelength of 420 nm, click add. Next, the desired measurement type is selected, namely multi point, in the 

formula selected fixed wavelength because it only uses 1 wavelength. Fill in the WL 1 parameter by 

selecting the analysis wavelength of 420 nm, then fill in the units parameter with units of measurement, 

namely mg/l, click next, click next, name the file with the Inlet and Outlet sample names, click finish, click 

close  [17], [21], [23], [24]. 

Then the standard table is filled in with the name of the standard to be measured, if you want to add 

the standard name to the next line then press the down arrow on the keyboard, this also applies when naming 

the sample. After that, a cuvette containing distilled water is inserted into the reference side and the sample 

side, click autozero to zero the signal. Insert a cuvette containing KHP standard solution to the sample side, 

click on the standard table then the active display will appear, click read std if there is a question click yes. 

These steps are repeated until a calibration curve is formed which will appear on the right, to display the 

line equation, r2 value, and other parameters right mouse click, click properties and check the list of 

parameters you want to display [21], [23], [24]. 

Then the sample is inserted into the cuvette in turn, click the sample table then the active display will 

appear, click read ink. If the measurement is complete, you can click disconnect, all menus in the UV-Probe 

are closed, turn off the CPU and monitor, then press the on/off button on the spectrophotometer, turn off the 

UPS or stabilizer, unplug the spectrophotometer cable from the power source. For quality control, duplo 

analysis was carried out on inlet and outlet samples to find the % RPD value [21], [22], [24], [25]. 

Results of BOD5 Analysis 

The analysis results for the BOD5 parameter at the X Hospital WWTP were compared with the quality 

standard in accordance with the Central Java Regional Regulation No. 5 of 2012 concerning Hospital 

Wastewater Quality Standards. as shown in Table 2. 
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Table 2. Results of BOD5 Analysis at the Inlet and Outlet of WWTP Hospital X 

Time Inlet Outlet Quality Standard 

08.00 WIB 13.19 mg/l 1.25 mg/l  

12.00 WIB 10.26 mg/l 1.40 mg/l  

16.00 WIB 14.61 mg/l 2.15 mg/l 30 mg/L 

The average 12.69 mg/L 1.60 mg/L  

 

Based on Table 2, the average BOD5 value of the inlet sample is 12.69 mg/L and the outlet is 1.60 

mg/L, the analysis results meet the quality standards according to Central Java Regional Regulation No. 

5 of 2012 concerning Wastewater Quality Standards in the hospital industry, which is a maximum of 30 

mg/l. [19], [25], [26], [27], [28]. 

BOD or also called Biochemical Oxygen Demand is a property or characteristic that shows the 

amount of dissolved oxygen needed by microorganisms (bacteria) to break down or decompose organic 

matter under aerobic conditions. BOD5 testing requires an incubation period of 5 days because within 5 

days microorganisms can decompose organic pollutants by 75% and is also stored at 20 ° C because it is 

the optimal temperature for microorganisms to multiply. In this BOD5 test, we did not use microbial 

seeds added to diluent water nor did we use glutamic acid glucose solution as quality control. The dilution 

solution used was made from 1 liter of distilled water and added 1 ml of phosphate buffer solution, 1 ml 

of MgSO4 solution, 1 ml of CaCl2 solution, and 1 ml of FeCl3 solution which was then aerated. After the 

dilution solution is made, the next step is to test the sample. [21], [22], [29]. 

Inlet and Outlet samples were measured as much as 30 ml and then put into a 300 ml volume 

winkler bottle, then added diluent solution that has been made until spilled so that there are no air bubbles 

that affect oxygen in the sample, then closed and labeled IA0 and OA0. Then for the 5-day test, a 300 ml 

volume winkler bottle was prepared and filled with samples and diluent solution with the same volume, 

after which the winkler bottle was incubated at 20°C for 5 days. This bottle was labeled as inlet IA5 and 

OA5 [21], [22], [26], [29], [30]. 

IA0 and OA0 bottles are tested in accordance with SNI 6989.72: 2009, namely by adding 1 ml of 

MnSO4 solution to bind oxygen to Mn(OH)2 which will oxidize into MnO2 berhidrat and 1 ml of alkaline 

iodide-azide solution to function as a catalyst, then closed and homogenized, after which a few minutes 

are waited until the sediment drops and the top of the solution becomes clear. Then the solution was 

added 1 ml of concentrated H2SO4 solution to dissolve the precipitate formed, then closed and shaken 

until all the precipitate dissolved. After that the solution was measured as much as 50 ml with a measuring 

flask and put into a 125 ml erlenmeyer, the solution was then titrated with 0.024 N Na2S2O3 solution until 

light yellow, after which the solution was added 1% amylum indicator serves to bind I2 in alkaline iodide 

azide solution and continued titration again using 0.024 N Na2S2O3 solution from dark blue to colorless. 

The titration results were recorded and calculated as DO0 of the sample. After 5 days the samples in 

winkler bottles IA5 and OA5 were analyzed in the same way and both samples were calculated as DO5 

blanks. [21], [22], [26]. 

A blank solution is a dilution solution without test samples. This blank solution labeled B0 was tested 

together with samples labeled IA0 and OA0, while blank solution B5 was tested together with samples IA0 

and OA0 that had been incubated at 20°C for 5 days. Testing of blank solutions B0 and B5 was the same as 

testing the samples, where the titration results were recorded and calculated as DO0 blank and DO5 blank. 

The test data of the blank and sample solutions were used to calculate the BOD5 levels in the inlet and outlet 

samples. For quality control of the BOD5 test, measurements on the samples were taken in duplicate to find 

the %RPD value. [21], [22], [25]. 

 

4. Conclusion  

The conclusion of the study is that the COD analysis results have an average of 64.04 mg/L at the 

inlet and 49.9 mgL at the outlet. This value meets the quality standards according to Central Java Regional 

Regulation No. 5 of 2012 concerning Waste Water Quality Standards in the hospital industry, which is a 

maximum of 80 mg/L. BOD5 analysis results have an average of 12.69 mg/L at the inlet and 1.6 mg/L at 

the outlet. these values meet the quality standards according to Central Java Regional Regulation No. 5 of 

2012 concerning Wastewater Quality Standards in the hospital industry, which is a maximum of 30 mg/l. 
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6. Abbreviations 

COD Chemical Oxygen Demand 

% Percentage 

BOD Biochemical Oxygen Demand 

RPD Relative Percent Difference 

KHP Kalium Hidrogen Pthalat 
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