Biomedical and Mechanical Engineering Journal (BIOMEJ)
e-ISSN: 2776-1983, p-ISSN: 2829-5242
Vol. 2, No. 1, Mei 2022, pp 17-24

Combination Filtration - Ultraviolet Unit to Reduce the
Organic Content and Pathogens of Domestic Wastewater for
Clinical Activities

R Novembrianto!*, Munawar! M A S Jawwad?, R H A Murtit, W D
Lestari? and M N Rhomadhoni?®

! Department of Environmental Engineering, Faculty of Engineering, University
of Pembangunan Nasional Veteran Jawa Timur, 60294, Indonesia

2 Department of Mechancial Engineering, Faculty of Engineering, University of
Pembangunan Nasional Veteran Jawa Timur, 60294, Indonesia

3 Department of Occupational Health and Safety Faculty, University of Nahdlatul
Ulama Surabaya.

*Corresponding e-mail: rizka.tl@upnjatim.ac.id

Abstract. The rise of clinical activities is one of the health care facilities that have the
potential to pollute wastewater on organic compounds and especially pathogenic
microorganisms. Technology in reducing organic and pathogenic content using combined
ultraviolet filtration in wastewater treatment systems is one the effective method. Filtration
uses activated carbon and silica with a variation of the ratio 2:3 and 3:2, while ultraviolet use
a power variation of 9 watts and 15 watts. The results obtained are the best composition from
the filtration process, which is a ratio of 2; 3 with the ultraviolet process using 15 watts using
an exposure time of 5 hours with the remaining total coliform as much as 200 MPN/100mL.
The results of this research have complied with the quality standards.
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1. Introduction

Clinical service facilities in various areas of big cities have begun to grow. However, the treatment
of wastewater also needs to consider. The wastewater produced is generally still domestic because it
generally comes from the washing process of clinical laboratory equipment. Wastewater comes from
the activities of health facilities, including clinics, which have the potential to contain microorganisms
and other organic materials and substances [1,3]. Because the source of clean water produced also
comes from well water, it has a high potential for pathogenic microorganisms. One way to kill
bacteria is by using ultraviolet light [10]. Organic parameters include COD and physical parameters
in the form of TSS and microbiological parameters, namely Coli bacteria /Total coliform. The use of
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a filtration unit to find out how the composition works are good for reducing organic content.
According to [4], activated carbon is able to reduce COD and TSS levels. In addition, knowing the
unit performance of the composition can also determine the clogging time and the draining time,
which is the most important thing. The results of the initial wastewater treatment in the inlet filtration
process shown in Table 1 below:

Table 1. The results of the inlet filtration unit (after the sedimentation process)

Filtration

Parameter unit Inlet Standard Description

Total coliform MPN /100 mL 9,400.00 3,000.00  Does not comply with the standard
TSS mg/L 32.30 30.00 Does not comply with the standard
pH - 7.81 6-9 comply with standard

BODs mg/L 15.20 30.00 comply with standard

COD mg/L 130 100.00 Does not comply with the standard
Fat Oil mg/L 0.90 5.00 comply with standard
Ammoniac mg/L 0.52 10.00 comply with standard
Temperature °C 26.3 - -

Source: research results, 2022
* Standard Quality Parameters follow the Regulation of the Minister of Environment and Forestry No. 68 Year
2016

From the test results at the initial inlet that there are COD, TSS, and Total coliform parameters that
still do not meet the quality standards. Based on that data, if the wastewater is discharged into a water
body, Even after aeration and sedimentation treatment, it is still too dangerous and disturbing, so
further processing with filtration and sterilization is needed. Microorganisms can be inactivated in
water using chemicals such as chlorine and ozone. However, chlorine also produces residual chlorine
which is toxic to aquatic organisms [9]. Excessive use of chlorine will also produce toxic and
potentially carcinogenic by-products. So it is necessary to develop research on the removal of
pathogenic microorganisms by using ultraviolet light. As shown in Figures 1 and 2, in order to comply
with the quality standards of wastewater according to regulations, it is allowed to be discharged into
the river. In other research [6] this can be used as a reference for those who have used a filtration unit
to reduce COD and TSS. The use of UVC in research [7] was also able to reduce total coliform.
Figures 1 and 2 are clinical wastewater treatment units. This research focuses on filtration and
sterilization units.
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Figure 1. The layout of Clinical Wastewater Treatment and research scope (dotted line)
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Figure 2. Side view of clinical wastewater treatment and research scope (dotted line)

This study aims to examine the organic content and bacteria of the Coli class from domestic
wastewater in clinical wastewater treatment plants, especially filter units and sterilization units. So
that processing operations can find out the performance and evaluation of the wastewater treatment
plant (WWTP).
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2. Research Method

This research was conducted in one of the clinics in the city of Surabaya. The object of the research
is to use wastewater to be treated in an activated sludge unit, sedimentation, and filter, followed by
ultraviolet treatment. Before taking measurements in the sterilization unit, measurements were made
on the unit after the filtration process as the inlet of the sterilization unit. In the process of each filter
1 and filter 2, variations in the composition of activated carbon and silica are carried out with the
compositions being variations of 60%: 40% and 40%: 60%. The measurement results were carried
out before the inlet on filter 1 and the outlet on filter 2. The results of the best composition were
continued by examining the processing using a sterilization unit with the ability to vary 9 and 15
watts with a wavelength of 254 nm [7]. The variation of exposure time used is 10, 15 [10], 20, and
25 minutes. During this time, E. coli microorganisms were tested. In the implementation of this
research, the discharge was adjusted to the residence time. The dimensions of the 2 filtration units
each have a diameter of 25 cm and a height of 100 cm and a freeboard space of 20 cm. Full filter
media is only 80 cm. For filter composition as shown in Figure 3 as follows:
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Figure 3. Composition scheme for activated carbon and silica sand A (60%:40%) and B (40%:60)

3. Result and Discussion
In this clinic wastewater treatment uses filtration to reduce organic content and uses ultraviolet to
remove pathogenic bacteria. The results of the study can be seen in Table 2 and Table 3 as follows:

Table 2. Filtration unit outlet results

C;)mp(_)sitiog - Detention Time on Filter
o parameter unt Flireen T T T Ty standard
Silica
2:3 COD  mg/L 12800 99.98 9526 7898 7024 65.38 100.00
TSS ~ mglL 3230 790 690 6.60 580 5.50 30.00
3:2 coD  mglL 1300 90.00 8868 7538 69.46 53.62 100.00
TSS ~~ mglL 3400 720 610 520 480 430 30.00

Table 2 shows the COD and TSS values after leaving the sedimentation tank or becoming an inlet
filtration tank of 128 mg/L and 32.30 mg/L under conditions of running active carbon and silica
composition 2:3 and 130 mg/L COD and 34 mg. /L TSS on the composition of activated carbon and
silica 3:2. After carrying out the filtration process, it was seen that the decreasing value for the best
COD and TSS parameters for each composition with a time of 5 hours. for the best reduction
composition using 3:2 of 58.75 % for COD and 87.35 % for TSS.

Table 3. Ultraviolet unit outlet results
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Ultraviolet Light Exposure

inlet .
Sterilization Parameter unit Pond (Indicator Pool Outlet) Standard
) 10 15 20 25
Indicator . : . ]
minute minute minute minute
Total MPN
9 Watt . /100 9200 4800 3400 2100 1700 3000
coliform
mL
Total MPN
15 Watt . /100 9400 2300 1200 800 200 3000
coliform mL

Table 3 describes the use of the sterilization process using 9 and 15 watts of power. With an indicator
pool inlet of about 9200 to 9400 MPN/100mL. then processed with residence time of 10, 15, 20 and 25
minutes, the best obtained using 15 watts of power obtained with a value of 200 MPN/100mL. This
value has comply the required quality standards. This reduction process is because ultraviolet radiation
is able to penetrate to reach the cell walls of microorganisms. Ultraviolet radiation is absorbed by
proteins causing cell damage [8].

Figure 4. Collection Tank (X), the result of unit filter process 2 (YY) and sterilization (Z)

Figure 4 above shows that the visual conditions for the condition of Figure 4X are clinical wastewater
collection tanks after going through the aeration and sedimentation processes. This indicates that the
wastewater treatment plant process has been running well. This can be seen in the processing results
such as the Figure 4X and 4Y images as follows:
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Parameter COD
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Figure 5. Comparison of variations of activated carbon and silica (40% : 60%) with activated carbon
and silica (60% : 40%) in COD parameters.

Figure 5 above shows the results of the performance of the filtration unit on the COD parameter that the
combination of activated carbon and Silica 3: 2 in decreasing COD parameters is better than a ratio of
2: 3. This is because the function of activated carbon is more capable of reducing organic content. As
for the Silica content to reduce TSS and the content of microorganisms [2].

Parameter TSS
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Figure 6. Comparison of variations of activated carbon and silica (40% : 60%) with activated carbon
and silica (60% : 40%) in TSS parameters.

Figure 6 shows the ability of the best composition of activated carbon and silica, namely 60% and 40%
respectively, that with every hour it decreases from the initial 34 mg/L to 7.2 mg/L every hour to 4.3
mg/L after 5 hours. hours on the best composition. This composition is able to reduce pollutants because
according to [5] with a composition of 1:1 it is also able to reduce the content of COD and TSS. If you
look at the character of activated carbon and silica at 60% and 40% at 3 hours, it has shown effectiveness,
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but in the next 4 and 5 hours it looks slightly sloping, this could potentially cause blockages in the filter

unit.

Total Coliform

10,000
9.000
8.000
7.000
6.000

5,000
4.000 UVC 15 watt

/100mL

3.000 UVC 9 watt
2.000
1.000
0
Inlet 10 minute 15 minute 20 minute 25 minute
Time Detention

Figure 7. Comparison of the variation of 9-watt UVC with 15-watt UVC on the Parameters of Coli
Group Germs.

Figure 7 compares ultraviolet light with power capacities of 9 and 15 watts for 10 to 25 minutes. There
was a significant decrease in 25 minutes of 97.87% for 15 watts and 81.52% for 9 watts. The same study
[11] using 25 minutes using 20-watt UVC achieved the best value.

4. Conclusions

It can be concluded that the use of the composition of activated carbon and silica sand (3:2) for 5 hours
can reduce the COD content by 58.75 % and TSS by 87.35 % in the filtration process. Furthermore, the
total coliform can be reduced by 97.87% at a light power of 15 watts for 5 hours. These results have met
the required quality standards.
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