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A B S T R A K 

Tingkat toksisitas logam berat yang terakumulasi di perairan dan sedimen akibat 
buangan limbah rumah sakit tidak hanya memberikan dampak pada lingkungan, 
tetapi juga mengancam kesehatan manusia apabila terakumulasi dalam tubuh 
dalam jangka panjang, yang berpotensi menyebabkan penyakit degeneratif seperti 
kanker. Alasan ini menjadi urgensi untuk melakukan penelitian dengan 
pendekatan eksperimen laboratorium guna mengidentifikasi sebaran logam berat 
di lingkungan perairan akibat limbah rumah sakit menggunakan bioindikator ikan 
nila (Oreochromis Niloticus), yang memiliki kemampuan untuk mengabsorpsi 
logam melalui jaringan tubuh. Subjek penelitian terdiri dari ikan nila sebanyak 35 
ekor dengan panjang tubuh 8–12 cm dan berat 12–15 gram, serta sampel limbah 
rumah sakit yang diambil dari tiga stasiun saluran pembuangan. Metode 
pengumpulan data meliputi preparasi sampel limbah dan ikan nila, perlakuan 
dengan variasi konsentrasi limbah timbal nitrat (Pb(NO3)2) serta lama 
pemeliharaan selama 7, 14, 21, dan 28 hari. Pengukuran kandungan logam berat 
Pb dalam organ insang dan daging ikan nila dilakukan menggunakan Atomic 
Absorption Spectroscopy (AAS). Data hasil analisis berupa konsentrasi logam berat 
diplotkan pada grafik hubungan antara variasi konsentrasi dan lama 
pemeliharaan, serta diuji menggunakan analisis statistik One-Way ANOVA dengan 
uji nonparametrik Tukey. Hasil analisis menunjukkan konsentrasi logam berat Pb 
tertinggi ditemukan pada organ insang ikan nila pada hari ke-28 sebesar 1.57 
ppm, sementara pada daging ikan nila sebesar 0.25 ppm pada hari ke-21. 
Berdasarkan standar BPOM, kandungan Pb pada daging ikan nila masih berada 
dalam batas toleransi aman untuk dikonsumsi (≤0.3 ppm), namun kandungan Pb 
pada organ insang telah melebihi batas toleransi. Penelitian ini memberikan bukti 
ilmiah mengenai risiko akumulasi logam berat pada biota air akibat limbah rumah 
sakit dan pentingnya pengelolaan limbah yang lebih baik untuk menjaga 
kesehatan masyarakat dan lingkungan. 

A B S T R A C T 

The toxicity levels of heavy metals accumulated in water and sediment due to hospital waste discharge not only 
impact the environment but also pose a significant threat to human health. Long-term accumulation of these metals in 
the body may lead to degenerative diseases such as cancer. This concern highlights the urgency of conducting 
laboratory-based experimental research to identify the distribution of heavy metals in aquatic environments caused 
by hospital waste. The study employs Nile tilapia (Oreochromis Niloticus) as a bioindicator, a species capable of 
absorbing metals through its tissues. The research subjects consisted of 35 Nile tilapia with a body length of 8–12 cm 
and a weight of 12–15 grams, alongside hospital waste samples collected from three discharge points. Data collection 
methods included sample preparation of both hospital waste and Nile tilapia, treatment with varying concentrations 
of lead nitrate (Pb(NO3)2), and maintenance durations of 7, 14, 21, and 28 days. The concentration of Pb in the gills 
and muscle tissue of the fish was measured using Atomic Absorption Spectroscopy (AAS). The analytical data, 
represented as heavy metal concentrations, were plotted on a graph showing the relationship between concentration 
variations and maintenance durations and analyzed using One-Way ANOVA with nonparametric Tukey's test. The 
analysis revealed that the highest Pb concentration was observed in the gills of Nile tilapia on day 28 at 1.57 ppm, 
while the Pb concentration in muscle tissue reached 0.25 ppm on day 21. According to BPOM standards, Pb levels in 
Nile tilapia muscle tissue remain within the safe consumption threshold (≤0.3 ppm), whereas Pb levels in the gills 
exceeded the tolerance limit. This study provides scientific evidence on the risks of heavy metal accumulation in 
aquatic biota due to hospital waste and underscores the importance of improved waste management practices to 
safeguard public health and the environment. 
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1. INTRODUCTION 

Hospital activities generate various types of waste containing pathogenic microorganisms that 
are both infectious and chemical in nature. Hospital waste falls into the category of hazardous and toxic 
waste (B3). If its management is not optimal and it is often disposed of carelessly into nearby river 
streams, it can lead to the spread of infectious diseases among the communities living around the 
watershed. These watersheds are drained through small rivers into river estuaries (Ermawati & Hartanto, 
2017; Xu et al., 2022) . The accumulation and mixing of these wastes lead to a decline in river water 
quality (Khalil et al., 2018; Mester et al., 2022; Rahayu et al., 2018) . One of the chemical compounds 
present in hospital waste is heavy metals. The characteristics of heavy metals are highly dangerous and 
can lead to pollution in aquatic environments. High levels of heavy metal content can cause poisoning and 
damage to aquatic organisms. In previous studies, the identification of heavy metal content in aquatic 
environments caused by industrial and hospital waste was conducted, highlighting its contribution to the 
degradation of aquatic ecosystems. Heavy metal contamination in water sources is a major global 
environmental issue, posing threats to aquatic ecosystems and human health (Hama Aziz et al., 2023; 
Kirana et al., 2022). This study offers a novel approach by examining the accumulation levels of heavy 
metals, specifically lead (Pb), in Nile tilapia (Oreochromis niloticus) as a bioindicator of water pollution 
from hospital waste. Unlike previous research that primarily focused on direct analysis of heavy metal 
concentrations in water, this study provides deeper insights into heavy metal accumulation in specific fish 
organs, such as gills and muscle tissue, which are particularly relevant to human health and food safety. 
Using Atomic Absorption Spectroscopy (AAS), this research delivers more precise data in identifying 
bioaccumulation at the micro-level.  

The urgency of this study stems from the increasing potential for pollution from hospital waste, 
which is often overlooked yet poses a significant threat to aquatic ecosystems and public health, especially 
given that water and aquatic biota in rivers are utilized for domestic needs, irrigation, and as a food 
source. Therefore, further identification of heavy metal accumulation in fish organs is crucial, forming the 
foundation for this study. It is hoped that the findings will provide scientific contributions to waste 
management efforts and serve as a reference for future research aimed at preserving aquatic ecosystems 
and protecting public health. The heavy metal content polluting the water bodies will naturally settle in 
the sediments and accumulate in aquatic organisms through bioaccumulation processes, Heavy metals 
tend to bind easily with organic compounds and settle at the bottom of the water, integrating with the 
sediment,  which poses a potential risk of death if the absorbed content exceeds the permissible threshold 
limit x which is a maximum of 0.5 mg/kg allowed in fish (Azaman et al., 2015; Santi & Arsyad, 2021; 
Zuhairah et al., 2020). Moreover, heavy metals that accumulate in aquatic organisms can enter through the 
gills and flesh, ultimately reaching humans. If fish contaminated with heavy metals are consumed 
continuously over a long period, it can adversely affect human health (Noor, 2020; Pratiwi et al., 2019). 
Aquatic organisms, including Nile tilapia, are highly sensitive to heavy metal pollutants in affected water 
bodies, and have the potential to serve as bioindicators of water pollution (Alam et al., 2019; Azizah & 
Maslahat, 2021; Guevarra et al., 2020). Additionally, Nile tilapia are omnivorous aquatic animals 
increasing the potential for heavy metal accumulation in their tissues compared to other fish species 
(Berlianti et al., 2014; Busira et al., 2020). The quantity of metals accumulated in fish bodies depends on 
the type of compound and the concentration of pollutants in the water. 

The watershed, which serves as the outlet for waste discharge, is extensively used as a water 
source for reservoirs, rice fields, and livestock ponds. This indicates that the watershed is widely utilized 
by the local community for daily activities as well as for their livelihoods. If humans consume Nile tilapia 
contaminated with heavy metals, it could trigger various health issues and diseases.  Heavy metals in 
small amounts are necessary to maintain bodily balance, but in large quantities, they are harmful (toxic). 
The toxicity produced can reduce activity levels and impair nerve function, blood composition, liver, 
kidneys, and other vital organs. Over time, exposure can lead to physical degeneration, strength, and 
neurological damage, and gradually develop into diseases such as Parkinson's disease, Alzheimer's 
infection, multiple sclerosis, muscular dystrophy, and can also cause tumors (Shah, 2020; Yuniarti et al., 
2023). This research aims to identify the heavy metal content in the watershed exposed to hospital waste, 
as the watershed in this region is used by the community for daily activities ranging from domestic tasks 
to livestock and agricultural irrigation systems. In the long term, preventive measures can be taken by 
conducting laboratory-scale tests to create variations in waste concentrations based on the reference data 
obtained from three station points in the watershed closest to the hospital liquid waste disposal site, 
located in a residential area.  
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2. METHOD 

This study employs a laboratory experimental design with a quantitative approach to identify the 
accumulation of Pb heavy metal in the organs of Nile tilapia (Oreochromis niloticus). The design involves 
treatments with varying concentrations of synthetic waste based on lead nitrate [Pb(NO3)2] on Nile tilapia 
and subsequent analysis of Pb content in gills and muscle tissue after specific maintenance periods. The 
resulting data were statistically analyzed to evaluate the relationship between maintenance duration and 
Pb accumulation levels. Waste sampling was conducted at three discharge points of hospital wastewater 
flowing downstream in the Watershed (DAS) area of Jember. The analysis of Pb content and treatments on 
Nile tilapia were performed in a laboratory equipped with facilities for sample preparation, chemical 
digestion, and Atomic Absorption Spectroscopy (AAS) analysis. The study was carried out over 10 months, 
encompassing preparation, sampling, treatment, analysis, and data processing stages. The aquatic biota 
used as bioindicators consisted of Nile tilapia (Oreochromis niloticus), commonly found in freshwater 
ecosystems, particularly around watersheds exposed to pollutants. The population of wastewater 
consisted of hospital discharge flowing into the watershed. The fish samples comprised 35 Nile tilapia 
with an estimated age of ±1 month, body lengths of 8–12 cm, and weights of 12–15 grams, selected 
purposively. Hospital wastewater samples were collected from three discharge points (upstream, 
midstream, downstream) using the grab sampling method with sterile containers to represent variations 
in location. 

The research procedure began with the sample preparation stage, which included the preparation 
of Nile tilapia specimens and hospital waste. 35 Nile tilapia (Oreochromis niloticus) specimens were 
selected as bioindicators. The fish was about one month old with a body length of 8-12 cm and a 12-15 
grams weight. The organs observed were gills and muscle tissue. Meanwhile, hospital effluent samples 
were collected from sewers at three stations that flow into the downstream river. These wastes were 
stored in sealed containers to analyze heavy metal content, particularly lead (Pb). The test used lead 
nitrate solution Pb(NO₃)₂ because nitrate is easily soluble in water. The next stage was sample treatment, 
where Nile tilapia were exposed to various concentrations of Pb pollutants with different exposure 
durations. Hospital effluents from the three discharge stations were used directly, with the fish kept in an 
environment containing these effluents for seven days. The variations of Pb pollutant concentrations and 
exposure durations are presented in Table 1. 

 
Table 1. Variation of Pb Pollutant Concentrations with Different Exposure Durations 

Concentration Variations (ppm) Time (days) 

0.2 0, 7, 14, 21, 28 
0.4 0, 7, 14, 21, 28 
0.6 0, 7, 14, 21, 28 
0.8 0, 7, 14, 21, 28 
1.0 0, 7, 14, 21, 28 

 
The last stage is sample measurement. The gill organs and meat of tilapia fish were cleaned using 

deionized water and dried at 105ºC for 24 hours. This procedure yielded the dry weights of the gill organs 
and meats. Each sample, weighing 0.5 g, was placed in a digestion flask and treated with 10 mL of 65% 
HNO₃ solution in a fume hood overnight. Following this, the resulting organic solution was heated at 
100ºC for 15 minutes, and then the temperature was gradually increased to 200ºC until the solution 
became turbid. Subsequently, 1 mL of 70% perchloric acid solution was added to the turbid solution, and 
it was heated at 100ºC until the solution became clear. In the final step, after achieving a clear solution, 4 
mL of deionized water was added, and the mixture was boiled for 5 minutes. For analysis preparation, the 
solution was diluted with an additional 10 mL of deionized water. Atomic Absorption Spectroscopy (AAS), 
including Vapor Generation Analysis (VGA), Graphite Furnace Analysis (GTA), and Flame AAS, was 
employed to determine the heavy metal content using a wavelength of 283.3 nm 

The Atomic Absorption Spectroscopy (AAS) instrument can detect the presence of metals in a 
material according to Beer's Law. This law states that the absorbance of light is directly proportional to 
the concentration of metal elements, thus providing the concentration of heavy metals. The data obtained 
from this study are quantitative and are used to identify the presence of heavy metals in the gill organs 
and meats of tilapia. These data will be plotted on a graph with the duration of maintenance on the x-axis 
and the concentration of heavy metals in the gill organs and meats on the y-axis. This graph will illustrate 
the changes in heavy metal content based on variations in concentration and maintenance duration. 
Additionally, the data will be presented in tabular form and analyzed using statistical tests, beginning with 
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tests for normality and homogeneity. One-way ANOVA followed by non-parametric Tukey's post-hoc test 
will be employed for further analysis. The Instrument Validity Framework are presented in Table 2. 

 
Table 2. Instrument Validity Framework  

Aspect Measured Indicator Instrument/Method Validity 

Pb concentration in fish 
organs 

Pb content in gills and 
muscle 

AAS 
Technical validity: 
Calibration with 
certified Pb standards 

Pb concentration in 
wastewater 

Pb content in 
wastewater 

AAS 
Technical validity: Use 
of Pb standard solution 

Effect of maintenance 
duration 

Relationship between 
maintenance duration 
and bioaccumulation 

Time-concentration 
graph 

Internal validity: 
Replication for result 
consistency 

Data homogeneity and 
normality 

Statistical test for group 
consistency 

SPSS 
Statistical validity: 
Normality test and 
ANOVA 

 

3. RESULT AND DISCUSSION 

Result 
Heavy Metal Concentration in River Affected by Hospital Waste 

The AAS analysis conducted at three stations in the hospital waste discharge area in Jember 
revealed the highest concentration of lead (Pb) at 0.054 mg/L. This value exceeds the water quality 
tolerance limit of 0.03 mg/L for Class II, as stipulated in Appendix VI of Government Regulation No. 22 of 
2021 concerning Environmental Protection and Management.  
 
Heavy Metal Content in Tilapia Gill Organs 

The heavy metal concentration of Pb are presented in Table 2 and the graph of the relationship 
between pb concentration and maintenance duration in tilapia gill organs are presented in Figure 1. 
 
Table 2. Heavy Metal Concentration of Pb in Tilapia Gill Organs with Varying Waste Concentrations using 

AAS 

Days 
Waste Concentration (ppm) 

0 0.2 0.4 0.6 0.8 1.0 
0 0.04 0.04 0.04 0.04 0.04 0.04 
7 0.04 0.82 0.98 1.08 1.19 1.27 

14 0.05 1.03 1.16 1.22 1.32 1.40 
21 0.04 1.12 1.27 1.31 1.38 1.47 
28 0.05 1.23 1.34 1.40 1.42 1.57 

 

 

Figure 1. Graph of the Relationship between Pb Concentration and Maintenance 
Duration in Tilapia Gill Organs 

 



Jurnal Sains dan Teknologi, Vol. 13, No. 3, 2024, pp. 395-405                399 

Nindha Ayu Berlianti / Heavy Metal Toxicity of Pb in the Organs of Nile Tilapia (Oreochromis Niloticus) in the Watershed Due to 
Hospital Waste 

The graph above illustrates the fluctuating concentrations of Pb observed during testing, which 
vary with different maintenance durations. These fluctuations are attributed to the varying physiological 
capacities of tilapia to handle pollutants, influencing the levels of heavy metals absorbed by the fish. The 
heavy metal concentration of Pb are presented in Table 3 and the graph of the relationship between pb 
concentration and maintenance duration in tilapia meat are presented in Figure 2. 
 
Table 3. Heavy Metal Concentration of Pb in Tilapia Meats with Varying Waste Concentrations using AAS 

Days 
Waste Concentration (ppm) 

0 0.2 0.4 0.6 0.8 1.0 
0 0.00 0.00 0.00 0.00 0.01 0.00 
7 0.00 0.02 0.01 0.08 0.15 0.17 

14 0.00 0.03 0.06 0.12 0.09 0.10 
21 0.01 0.02 0.08 0.09 0.12 0.25 
28 0.00 0.05 0.02 0.09 0.08 0.21 

 

 

Figure 2. Graph of the Relationship between Pb Concentration and Maintenance Duration in Tilapia Meat 
  

The results of the normality, homogeneity and one-way ANOVA analysis of the heavy metal Pb 
content in gill organs and meat are presented in Tabel 4. The one way ANOVA test showed that there were 
significant differences in Pb metal content in the gills and flesh of tilapia fish. the analysis of normality, 
homogeneity, and one way ANOVA are presented in Table 5, the tukey test results on gill organs are 
presented in Table 6 and The tukey test results on meat organs are presented in Table 7. 

 
Table 4. Content of The Heavy Metal Pb in The Gills and Meat of Tilapia Fish Based on Varying 

Concentrations 

Concentration 
Pb in gill (ppm) Pb in meat (ppm) 

Mean ± SD Mean ± SD 
Control (0) 0.045 ± 0.00577 0.0025 ± 0.005 

0.2 1.05 ± 0.17378 0.03 ± 0.01414 
0.4 1.1875 ± 0.15692 0.0425 ± 0.3304 
0.6 1.2525 ± 0.13647 0.095 ± 0.01732 
0.8 1.3275 ± 0.10046 0.11 ± 0.03162 
1.0 1.4275 ± 0.12606 0.1825 ± 0.06397 
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Table 5.  Analysis of Normality, Homogeneity, and One Way ANOVA of Heavy Metal Content in the Gills 
and Meat of Tilapia based on variations in Concentration  

Test 
Sig 

Gill samples Meat samples 
Homogeneity 0.255* 0.066* 

Kruskall-wallis 0.006* 0.001* 
One-way anova 0.000* 0.000* 

*Significant for α=0.05 
 
Table 6. Tukey Test Results on Gill Organs with Varying Concentrations of the Heavy Metal Pb 

Gill (I) Gill (J) Sig 

Control 

0.2 
0.4 
0.6 
0.8 
1.0 

0.000* 
0.000* 
0.000* 
0.000* 
0.000* 

0.2 

Control 
0.4 
0.6 
0.8 
1.0 

0.000* 
0.663 
0.275 
0.064 
0.007* 

0.4 

Control 
0.2 
0.6 
0.8 
1.0 

0.000* 
0.663 
0.978 
0.646 
0.139 

0.6 

Control 
0.2 
0.4 
0.8 
1 

0.000* 
0.275 
0.978 
0.959 
0.421 

0.8 

Control 
0.2 
0.4 
0.6 
1 

0.000* 
0.064 
0.646 
0.959 
0.876 

1.0 

Control 
0.2 
0.4 
0.6 
0.8 

0.000* 
0.007* 
0.139 
0.421 
0.876 

*Significant for α=0.05 
 
Table 7. Tukey Test Results on Meat Organs with Varying Concentrations of the Heavy Metal Pb 

Meat (I) Meat (J) Sig 

Control 

0.2 
0.4 
0.6 
0.8 
1.0 

0.848 
0.554 
0.011* 
0.003* 
0.000* 

0.2 

Control 
0.4 
0.6 
0.8 
1.0 

0.848 
0.994 
0.113 
0.033* 
0.000* 

0.4 
Control 

0.2 
0.554 
0.994 
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Meat (I) Meat (J) Sig 
0.6 
0.8 
1.0 

0.276 
0.093 
0.000* 

0.6 

Control 
0.2 
0.4 
0.8 
1 

0.011* 
0.113 
0.276 
0.987 
0.017* 

0.8 

Control 
0.2 
0.4 
0.6 
1 

0.003* 
0.033* 
0.093 
0.987 
0.062 

1.0 

Control 
0.2 
0.4 
0.6 
0.8 

0.000* 
0.000* 
0.000* 
0.017* 
0.062 

*Significant for α=0.05 
 

Discussion 
Heavy Metal Content in Rivers Exposed to Hospital Waste. The results of AAS analysis at three 

station points in the hospital waste flow area in the Jember area obtained the highest concentration of Pb 
metal with a value of 0.054 mg/L. This value has exceeded the water tolerance limit, namely 0.03 mg/L for 
the class II category according to Lamp. VI PP No 22 of 2021 regarding the Implementation of Protection 
and PLH (Pemerintah Republik Indonesia, 2021). This finding is consistent with previous research 
indicating that heavy metals, particularly lead, are frequently detected at high concentrations in 
wastewater from industrial or healthcare facilities due to suboptimal waste treatment processes that fail 
to filter heavy metals at the micro or nano levels (Lestari & Susanto, 2019; Susilo & Ahmad, 2020). The 
concentration of contaminants detected in small amounts (ranging from mg/L to ng/L) can bypass 
wastewater treatment installations, leading to environmental contamination (Garg et al., 2022; Gomes et 
al., 2018; Khan et al., 2021). Long-term exposure to heavy metals in contaminated water, even at low 
concentrations, can lead to cumulative harmful effects on human health, such as damage to the nervous 
system and internal organs ((EPA), 2020; Setiawan et al., 2021). 

Heavy Metal Content in Tilapia Fish Gill Organs. According to the distribution of data presented in 
Tabel 2, it can be seen that on day 0 an increase in concentration or change was not yet visible because the 
fish were still in the acclimatization process. During acclimatization, monitoring is carried out on the 
condition of the fish so that they are able to adapt to the new environment. After the acclimatization 
process, additional waste concentration variations were given to identify the heavy metal Pb content that 
would be absorbed in the fish organs for 28 days. The use of tilapia as a bioindicator was chosen based on 
its young age (2 months) because its body resistance is better to environmental changes compared to 
tilapia aged 4-5 months (adult). Analysis of metal content in fish was carried out in the gills. Because gills 
are the first route for pollutants to enter the fish's body, they can be used to determine the level of heavy 
metal contamination. In a study conducted by other researchers, it was stated that, the highest 
concentration was recorded in the fins, which was seven times higher than the specified limit (Aliyas et al., 
2016; Mendoza et al., 2023; Santi & Arsyad, 2021). 

The large amount of metals in waters indicates a buildup of pollutants in the organs of aquatic 
biota  (Maddusa et al., 2017). The metal will bind with other compounds, causing the volume and density 
to become greater, thus potentially speeding up the sedimentation process. In addition, when the metal 
concentration in the waters is lower than in the sediment, it is thought that a heavy metal accumulation 
process has occurred in fish. The ability of aquatic biota to acclimatize toxic metals in waters is also 
influenced by the type and character of the metal (Cahyani et al., 2017; Clara, 2022). Heavy metal data in 
the watershed is used as the main supporting data to determine variations in Pb concentration that will be 
used as a living medium for tilapia. Figure 1 shows that heavy metals absorbed in the bodies of living 
creatures will undergo a bioconcentration process, which is the activity of pollutant substances entering 
the organism through the respiratory system or direct interaction by diffusion through the skin (meat) 
and bioaccumulation, where the process of pollutant substances entering the system occurs. fish 
digestion, because the food consumed is heavily infected with heavy metals. This was also confirmed by 
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other researchers, that the metal absorption process occurs through the interaction between water and 
fish skin for the respiratory process and metabolic activities through the food consumed by the fish. The 
level of metal toxicity in aquatic organisms, the concentration will continue to increase if the waters 
continue to be polluted (Azizah & Maslahat, 2021; Priatna et al., 2016; Purwanto et al., 2020). After eight 
weeks the amount of heavy metals accumulated was also found to depend on the concentration of the 
waste and the length of exposure to the fish. 

Heavy Metal Content in Tilapia Fish Organs. In Figure 2, there are differences in the levels of 
accumulation of heavy metals, such as a Pb concentration of 1.0 ppm on days 7 - 28, experiencing ups and 
downs in the level of absorption in the organs of tilapia fish, due to the influence of temperature which can 
affect the living activities of the organism, such as fish diet. If there is an increase in temperature, the fish's 
appetite will increase, and vice versa if the temperature decreases, diet can affect metabolic processes in 
the body's organs such as health problems, stress and even death (Purwanto et al., 2020; Sukoasih & 
Widiyanto, 2017). The toxicity process of fish exposed to heavy metals will be distributed through the 
walls of the digestive tract into the circulatory fluid which is then deposited in fatty tissue. The metal in 
the fluid will oxidize and accumulate in the liver and not accumulate properly in meat. The Pb content in 
meat is associated with the physiological process of fish metabolism, in contrast to the liver and kidney 
organs which are tasked with detoxification and excretion. Apart from that, the low Pb concentration in 
meat is because the meat (skin) does not act as an active and main tissue in the metal distribution pattern. 
According by other researchers explain that, the metabolic system in fish less than 2 months old is still not 
fully formed, resulting in low levels of metal reduction in the fish's body. This is different from adult fish, 
where their metabolic processes are much more perfect (Busira et al., 2020; Nurrachmi & Amin, 2010). 

Based on the results of the analysis and discussion that have been presented, the content of the 
heavy metal Pb is greatest in the gills with a maintenance period of 28 days. This proves that the gills are 
the first organ infected by heavy metals in the water after the skin. This statement is supported by AAS 
analysis data which states that the Pb content with variations in concentration and length of rearing 
shows that the longer the fish are exposed to hospital waste containing Pb in the water, the concentration 
of metal content that accumulates in the organs will also be greater and the results Normality analysis in 
Table 5 shows that the Pb content data in gills and meat is normally distributed (p > 0.05). Furthermore, 
homogeneity shows that the concentration variations are not significantly different (p > 0.05). The results 
of one-way ANOVA in Table 5 show a significant difference in Pb content between gills and meat (p < 
0.05). Post-hoc analysis using the Tukey HSD test in Table 6-7 shows that the Pb content in gills is 
significantly higher than in meat. These findings indicate that gills are more susceptible to Pb 
accumulation compared with meat, which may be due to the physiological function of gills as respiratory 
and excretory organs in fish. The results of measurements of the heavy metal Pb, which were tested using 
AAS, were also compared with good quality standards according to BPOM regulations (food categories for 
fish and fishery products), namely 0.20 mg/kg  as well as with SNI 7387-2009 for food products with a 
maximum limit of heavy metal Pb contamination of 0.25mg/kg so that it can be ensured that the heavy 
metal content in the watershed due to the influence of hospital waste is still within the safe threshold 
value for activities. domestic, agricultural irrigation and suitable for consumption as a food source for the 
livestock needs of communities around the watershed (BPOM, 2018; BSN, 2009; Pratiwi, 2020). 

The findings of this study contribute significantly to the scientific understanding of lead (Pb) 
contamination levels in river basins (DAS) exposed to hospital waste, revealing that the concentrations 
remain below the thresholds established by BPOM and SNI standards. This indicates that hospital waste in 
the studied area has not yet caused significant negative impacts on water quality for domestic activities, 
irrigation, or fish consumption as a food source. However, the study has certain limitations, including its 
limited geographic coverage at three sampling points and its focus solely on Pb without considering other 
potential contaminants such as Hg, Cd, or Cr, which may also pose a threat to the DAS. Furthermore, the 
research was conducted during a single time period, without accounting for seasonal variations that might 
influence heavy metal concentrations. Therefore, the implications of this study not only provide assurance 
to the local community regarding the safety of fishery products and DAS water but also highlight the 
importance of sustainable hospital waste management. Recommendations for future research include 
expanding the study area, analyzing a broader range of heavy metals, conducting long-term 
measurements to account for seasonal variations, and developing more effective waste treatment 
technologies. This study opens avenues for further research to identify potential long-term health risks 
and enhance environmental management to safeguard ecosystems and public health in the vicinity of the 
DAS. 
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4. CONCLUSION 

This study indicates that Nile tilapia (Oreochromis niloticus) reared in river environments 
contaminated by hospital waste exhibit bioaccumulation of lead (Pb) in various body organs. The Pb 
concentration in tilapia flesh remains within safe consumption limits according to BPOM standards. 
However, the Pb concentration in gill tissues exceeds the permissible threshold, rendering this organ 
unsuitable for consumption. These findings highlight potential health risks that warrant attention, 
particularly in fish organs that fail to meet food safety standards. Therefore, it is crucial to enhance 
hospital waste management practices to prevent the accumulation of harmful heavy metals, which pose 
threats to aquatic ecosystems and public health. 
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