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COVID?19 treatment plant (HWWTP) reduces these micropollutants efficiently. The
Indonesia fluidized bed biofilm reactor (FBBR) system is an aerobic process with
Wastewater treatment microorganisms attached to the bio-green. This technique is to form
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metals in hospital wastewater, even though it does not reveal a high
concentration due to the effectiveness of the FBBR system in HWWTP.
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1. INTRODUCTION

Hospital wastewater (HWW) contaminant is 5-15 times more toxic and 4-150 times more pollutants
compared to municipal wastewater, which contains emerging contaminants and heavy metals [1]-[5]. The hospital
generates 200-1,200 L/bed/day that must be treated daily [6]. Most pollutants (detergents, drug residues,
disinfectants) found in untreated HWW contain pharmaceutical partially metabolized, pathogenic
microorganisms, radioactive elements, toxic chemical compounds, and heavy metals that remain in wastewater
resulting in neutral environmental pollution. Heavy metals can threaten the environment with high potentials,
such as climate change and eutrophication [7], [8]. Heavy metals such as Hg, Cd, Cr, As, Cu, Ni, and Pb can
survive in the environment and cause damage if they accumulate in living things [9]. Although some heavy metals
(Cu, Cr, Fe, Mn, Zn) are essential for living things, they must be in proper concentrations [10]. While As, Cd, Co,
Pb, and Hg are non-essential and useless roles in living things [7], [9], [11]. Those pollutants can contaminate
municipal wastewater, agrochemicals, raw sewage for irrigation, and industrial effluents [12], [13]. Moreover,
routine heavy metals exposure can harm human health.

The accumulated micropollutant bought by wastewater can cause a toxicological impact [14], such as
neurotoxicity [15], nephrotoxicity [16], carcinogenicity [7], hepatoxicity, immunology toxicity, cardiovascular
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toxicity, skin toxicity, reproductive toxicity, developmental toxicity, and genotoxicity [17]. Heavy metals can pass
to the human body through inhalation, ingestion, or direct contact. This pathway can determine the adverse effect
of heavy metals on human health, such as Pb is more dangerous if inhaled or ingested. Most heavy metals, such
as Pb, disturb the concentration of gadolinium scandium galluim garnet (GSGG), which trigger the increasing
reactive oxygen species (ROS). ROS in high concentrations can cause cell-structural damage to nucleic acids,
proteins, lipids, and membranes [18]. The toxicity of heavy metals occurs because of the replacement of the
divalent cations (Fe** Mg?" Ca?") with monovalent (Na*), which interfere with cell biological metabolism. Pb%*
can displace Ca, affecting protein kinase C, which regulates nerve excitation and memory storage [17]-[19]. The
wastewater that is not treated correctly has the potential to cause a decrease in the quality of aquatic ecosystems
and public health [20]-[22]. Decreasing ecosystem quality can have an impact on reducing habitat in water bodies.
At the same time, wastewater can become a medium for the spread of diseases or water-borne diseases such as
skin and infectious diseases, like COVID-19 [23], [24].

The medical services and the pandemic caused the quantity of hospital wastewater to increase, with a
national number of cases of 544 million and the death toll surpassing six million as of early-July 2022 [25]. A
massive patient needed to be treated in the hospital caused the quantity of HWW, though it is not significant. The
study location is a state hospital that has been a referral for COVID-19 patients since the first case of infection
was determined in Indonesia. The bed ocoupation rate (BOR) has increased during this situation. For example,
the general hospital in Mimika, Papua, generates 416.8 L/bed/day with BOR 59.75% during the COVID-19. In
this study location, the BOR has increased from January (35.56%) to December (71%) 2021. At the same time,
wastewater can be the medium of human health illness [26], [27]. Minister of Environment and Forestry
Regulation No. 5 of 2014 explains the quality standards of wastewater in various industries, one of which is the
activities of health service facilities such as hospitals. In this regulation, hospital wastewater quality standards are
regulated in appendix 44 points B for a hospital that treats its own hazardous and toxic waste. While, Ministry of
Environment and Forestry Regulation No. 68 of 2016 (general parameters of domestic wastewater in the form of
physical, chemical, and biological parameters) describes the physical parameters analyzed in point include
temperature, dissolved solids, and suspended solids, while the chemical parameters are pH, biological oxygen
demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS), methylene blue active substance
(MBAS) Oil and Fat, and Ammonia Nitrogen. Meanwhile, the biological parameter used is total coliform.

Hospital wastewater quality is usually tested with a few parameters. In Indonesia, Rahmat & Mallongi
[28] and Karini et al. [29] determined the HWW with two characteristics, BOD and COD, based on Government
Regulation P.69 of 2010 about Hospital Wastewater Threshold Value, while Verlicchi et al. [30] tested ten
parameters such as pH, redox potential, total kjeldahl nitrogen (TKN), Total P, Fat and oil, Chlorides, total
surfactants, E.coli, fecal coliform, and total coliform. The previous study [31] determined five parameters: total
dissloved solid (TDS), TSS, BOD, COD, and pH of HWW with an integrated electrocoagulation-membrane
process, while Prayitno et al. [32] determined nine parameters of HWW. Nevertheless, to the best of our
knowledge, no study discusses the characteristics of HWW with over 14 parameters of heavy metals in a certain
period in Indonesia.

Although they appear in water in trace amounts, heavy metals are considered the most toxic and
widespread components in wastewater effluent [33], [34]. Amongst, Hg and Ba are detected continuously in
HWW because of their utilization in diuretic agents in treatment, organ functioning effect, diagnostic agents, and
disinfectants [35], [36], which are discharged within 24 h of usage [5]. The treated effluent from the hospital has
flowed to the river, where some people live near the body of water. It might be increased the potential for exposure
to heavy metals. So, it is necessary to discuss the pollutants with more comprehensive parameters. In 2022,
determining the characteristics of wastewater, only 42 articles discuss wastewater on the Indonesian publication
index (IPI) website, a resource platform for discovering scholarly publications in Indonesia managed by the
Ministry of Research, Technology, and Higher Education of the Republic of Indonesia. They discuss palm oil
industry wastewater [37], [38], coal [39], and home industry [40]. However, only two articles discussing hospital
wastewater characteristics appear on that website. They determined the same two parameters of HWW and the
hospital itself in Indonesia. The first research was conducted in 2018 [28], while the others were conducted in
2020 [29], which is determined based on Government Regulation P.69 of 2010 about Hospital Wastewater
Threshold Value. Nevertheless, none of them discusses the characteristics based on heavy metals characteristics.

A large number of patient referrals in state hospitals causes changes in the quantity and quality of
wastewater at an unfavorable level for the sustainability of ecosystems and valuable natural resources. Heavy
metals can adversely affect human health and the environment, and the minimum study describes many heavy
metals' values. Therefore, the research question is, are heavy metals present in hospital wastewater during
COVID-19, even if they do not treat their own hazardous and toxic wastewater? So, this study aims to investigate
the presence of heavy metals in hospital wastewater during COVID-19 at the study site. The study results could
provide a practical reference to the healthcare industry for wastewater management during the COVID-19
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pandemic and other infectious diseases epidemic. Furthermore, our results might be helpful also for the policy
maker to monitor the implementation of hospital wastewater regulation in the healthcare industry.

2. RESEARCH METHOD

East Jakarta is one of the important cities of the DKI Jakarta Province regarding economy and
population. It has 47 hospitals, while this state hospital is one of 4 that accreditated A. This hospital has been the
only COVID-19 referral hospital in East Jakarta since the first case, founded in Indonesia. This hospital used the
FBBR wastewater treatment method and activated sludge. From previous research, hospital wastewater quality is
usually tested with few parameters. Rahmat and Mallongi [28] and Karini et al. [29] determined the HWW with
two characteristics, BOD and COD, based on Government Regulation P.69 of 2010 about Hospital Wastewater
Threshold Value, while Verlicchi [30] tested ten parameters such as pH, redox potential, TKN, Total P, Fat and
oil, Chlorides, total surfactants, E.coli, fecal coliform, and total coliform. Djajasasmita [31] determined five
parameters: TDS, TSS, BOD, COD, and pH of HWW with an integrated electrocoagulation-membrane process,
while Kayira and Wanda [41] determined nine parameters of HWW.

Meanwhile, the latest regulation for those parameters is regulation of The Minister of Environment and
Forestry P. 68 of 2016 for Domestic Wastewater Threshold. Nevertheless, there is no assessment of heavy metals
in hospital wastewater based on the regulation of Minister of Environment No. 5 of 2014. Therefore, this study
determined 14 parameters of heavy metals from September 2021 to February 2022.

We used the outlet wastewater sample and brought it to the P.T. Unilab Perdana Environment Laboratory
laboratory, which has certified 1SO 9001:2015 and KAN No. LP-852. We tested Cr, Cd, Hg, Pb, Sn, As, Se, Ni,
Co, Fe, Mn, Ba, Cu, and Zn. Total Cr and Cd parameters have been tested with methods AP Ed. 23rd 3120. B,
3030. E-2017; Hg with mercury analyzer; Pb, Se, Sn, Ni, As, Mn, Zn, Co, Fe, Cu, and Ba with AP Ed. 23rd 3120.
B, 3030. E-2017. This study was analyzed descriptively.

3. RESULTS AND DISCUSSION
3.1. Hospital wastewater treatment plant

The activities of the hospital generate 460 m3/day of wastewater. The wastewater flow in Hospital
WWTP as shown in Figure 1, while Figure 2 are the hospital wastewater treatment plant that has been certified
by the local government since 2018. Figure 2(a) shows the layout of HWWTP. The wastewaters are from toilets,
kitchens, laundry, and hospital hygiene, which will be filtered with a grease trap before entering the reservoir pre-
treatment process. Then the wastewater enters the fluidized bed biofilm reactor (FBBR) system, as seen in Figure
2(b). A rake screen is installed to set aside waste automatically above the buffer tank. Then, the waste will be
burned in an incinerator. The next step is the buffer tank to accommodate and regulate the water flow.

The FBBR is the central part of wastewater treatment using floating media such as bio-ball. Bio-green,
where decomposing microorganisms are bred to reduce organic matter. In this process, the wastewater receives a
supply of air produced by the air blower flowing into the aeration tank. The wastewater enters the sedimentation
tank after going through the aeration process. There is a separation process between water and mud which will be
collected in the sludge stabilization tank. At this point, the sludge became hazardous and toxic waste and was
transported to the integrated waste management site of hazardous and toxic waste.

Furthermore, the wastewater enters the water-treated tank stage, which functions as temporary storage
of treated wastewater, and then enters the effluent tank through an up-flow filter system. The final stage is when
the treated wastewater enters the effluent tank. Previously, wastewater was disinfected by adding chlorine. Then
the wastewater is removed as effluent and flows into the water body. Most WWTPs have been designed to remove
easily or moderately biodegradable carbon, nitrogen, phosphorous compounds, and microbiological organisms
but not micropollutants such as pharmaceutical residues or heavy metals [42].

Standard technologies for treating hospital wastewater are activated sludge systems and membrane
bioreactors (MBRs) [43]. An activated sludge system is commonly used in hospital wastewater treatment [44].
The activated sludge can remove up to 91.95% of suspended solids suspected to contain heavy metals [45].
However, advanced treatment technologies such as membrane process [31], [46], and advanced oxidation
processes such as ozonation, UV/H202 [6], and photo-Fenton [47] have been utilized for micropollutant removal
in hospital wastewater. The HWWTP in the study location uses the biological-chlorination process, which is
FBBR in the secondary process, and chlorination before the treated wastewater is disposed to the river, which is
already adequate to reduce the physical-chemicals pollutants in wastewater. However, reusing treated wastewater
is still controversial in the hospital due to its potential environmental impact.

Heavy metals assessment of hospital wastewater during COVID-19 pandemic (Nova Amalia Sakina)
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Figure 2. The hospital wastewater treatment (a) layout and (b) the FBBR system

3.2. Assessment of heavy metals

Heavy metals present in hospital wastewater might be because of the utilization of heavy metals in
the health industry [42], [48]. For example, Hg was detected because of its use in treatment diuretics,
disinfectants, and diagnostic agents [42], [49]. Ba is commonly used in hospitals for organ functioning effects,
biochemical data, and computed tomography sensitivity [36]. Table 1 explains the previous studies which have
mentioned the occurrence of heavy metals in hospital wastewater. All research is primarily done in developing
countries such as lIraq, Iran, Mauritania, and Indonesia. They assessed 1-9 heavy metal parameters in hospital
wastewater. Although the results show a small amount, it still appears in the hospital wastewater. Some
parameters might not be detected due to some heavy metals commonly classified based on their detected
concentrations as micropollutants (10 to 10-* mg L) or micropollutants (>10- mg L) [42].

In this research, heavy metals tested are Cr, Cd, Hg, Pb, Sn, As, Se, Ni, Co, Ba, Cu, Zn, Mn, and Fe.
These heavy metals come from the utilization of laboratory materials. The heavy metals effluent hospital
wastewater characteristics in the study location can be seen in Table 2, which has not exceeded the threshold
value.
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Table 1. Comparison of the previous study on heavy metals assessment in hospital wastewater

Authors Country Type of wastewater  Heavy metals tested Value (mg/L)
[50] Iraq HWW effluent Cd Not detected
Zn, 0.007
Co 0.011
Cu Not Detected
Ni 0.059
[51] Iran HWW inlet/outlet Pb 0.32+0.05/not detected
Cd 0.09+0.04/not detected
Ni 0.10+0.05/not detected
[32] Indonesia HWW inlet/outlet Pb 0.025/<0.001
[34] Mauritania  HWW effluent Ar 4.625+1.597
Pb 3.800+1.742
Cn 0.050+0.028
Cr 0.013+0.011
Cd Limit of detection
Cu 60.00+53.54
[49] Iran HWW effluent Pb 14.6+3.6
Cd 1.8+0.9
Cr 335+3
Zn 654+ 51
Co 2.1+0.12
Hg 4.1+1.7
Ni 27.4+3
Fe 1.6+1.2
Cu 26+1.6

Previous studies also investigated the heavy metals in HWW as shown in Table 1, such as in Iran [49]
and Barin [52], though the value is higher than the results in HWW in Indonesia. For example, [34] determine
six heavy metals in hospital wastewater in Mauritania, which are As (2.6-6 pg/L), Cn (0.03-0.09 pg/L), Cr
(0.005-0.028 pg/L), Pb (2.1-5.4 pg/L), Cd, (<limit detection) Cu (30-140 pg/L). Amongst, only one parameter
is below the threshold by WHO because Mauritania does not have regulations about standards for heavy metals
in HWW discharge. The As (3 pg/L) and Cu (10 pg/L) in Indonesia are lower than in Mauritania. At the same
time, Pb (9 pg/L), Cr (10 pg/L), and Cd (0.8 pg/L) in Indonesia are higher than in Mauritania. During
COVID-19, some heavy metals might affect the effectiveness of the infection. Previous research [53] mentions
that the abundant Fe in the human body affects the effect of viral replication that causes severe infection.

Table 2. HWW characteristics
Results (mg/L)

Threshold value*

Parameters (mg/L) 2021 2022

Sept Oct Nov Dec Jan Feb
Total chrome 0.5 0.003 0.008 0.02 0.006 0.01 0.006
Cadmium 0.05 <0.0006  0.008  <0.0006 0.0008 <0.0006 <0.0006
Mercury 0.002 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Lead 0.1 <0.009 <0.009 <0.009 <0.009 <0.009 <0.009
Stadium 2 <0.4 <04 <04 <04 <04 <04
Arsenic 0.1 0.0005  0.0007 0.002  <0.0003 <0.0003 0.0007
Selenium 0.05 <0.0004 <0.0004 <0.0004 <0.0004 <0.0004 <0.0004
Nickel 0.2 0.02 <0.004 0.005 <0.004 <0.004 <0.004
Cobalt 0.4 <0.0007 <0.0007 <0.0007 <0.0007 0.0009 0.0008
Dissolved Iron 5 0.06 0.07 0.06 0.07 0.07 <0.004
Dissolved manganese 2 0.006 0.01 0.04 0.009 0.006 <0.0007
Barium 2 0.1 0.04 0.02 0.01 0.01 0.02
Copper 2 0.008 0.009 0.01 0.008 0.01 0.006
Zinc 5 0.04 0.05 0.07 0.09 0.07 0.05

*Minister of Environment and Forestry Regulation of Republic of Indonesia No. 5 of 2014 appendix 44, point B

The parameters of heavy metals might be reduced and never reach the threshold because the hospital
uses biological methods that eliminate biodegradable organic matter efficiently [54], [55]. A previous study by
Yan et al. [56] gives the same perspective that the practical process of biological chlorination can reduce those
parameters. This study location uses FBBR systems to treat hospital wastewater. FBBR is an anaerobic and
aerobic process with media. Microorganisms are put in a round-shaped media called bio-green. This media is
used for the bacteria to grow up, then protect water quality. This system uses a biofilm that contains
microorganisms that produce and secrete polymeric extracellular substances, EPS that are used for stabilizing
the microbial community and trapping heavy metals [57], [58]. The research determined two heavy metals, Cd
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and Zn, in industrial wastewater treated with a biofilm reactor. It is mentioned that the removal efficiency of
Zn?* and Cd?* reached 99.845 and 100% [59]. The heavy metals parameters are never above the threshold
because of the combination of FBBR and the activated sludge process. The activated sludge process is one of
the standard systems in Indonesia for treating hospital wastewater. The system has effectively reduced the
sludge that may contain heavy metals through clogging by the microorganism. So, the heavy metals in effluent
wastewater are far from the threshold value.

This quantity of pollution, along with other hazardous materials discharged by other pollutants, will
endanger public health and degrade the natural resources of the East Jakarta, one of the major urban centers in
Indonesia. In addition, the presence of antibiotics and chlorinated organic compounds in hospital wastewater
and the disability of wastewater treatment systems will result in many environmental disorders and,
consequently, harmful effects on the human health of this city.

4. CONCLUSION

Heavy metals appear in the hospital wastewater even though it does not reveal a high concentration
of heavy metal and other parameters. The parameters of heavy metals might be reduced and never reach the
threshold due to the FBBR system in the hospital wastewater treatment plant. Although our investigation shows
that several heavy metals like Pb (9 pg/L), Cr (10 pg/L), and Cd (0.8 pg/L) are higher than in the previous
study, this number is still below the threshold value based on the Indonesia’s latest regulation. Monitoring
heavy metals in hospital wastewater is essential to prevent bioaccumulation in the environment and living
things. Moreover, if the hospital manages its wastewater to contain hazardous and toxic materials, the heavy
metals might affect the effect of several infections or diseases. The limitation of this study is that we did not
assess the environmental health risk due to the exposure to heavy metals in the population. Therefore, further
research for other hospitals is needed to enrich the evidence of heavy metals in hospital wastewater and its
impact to the population, which can help to determine wastewater-based epidemiology, which explains the
exposure of chemicals or pathogens in a population.
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