Analysis of Lead (Pb) Content and Its Effect on Water Quality and Substrate in Mandalle Coastal Waters, Pangkep Regency, Indonesia



ABSTRACT

Coastal regions are naturally prone to environmental contamination, including the presence of lead pollutants. Therefore, this research aimed to determine the condition of Pb content in the Mandallle Coast of Pangkep Regency concerning water (temperature, salinity, dissolved oxygen, and pH) and substrate quality (pH, organic matter, and texture). The method adopted was explanatory analysis, directed towards obtaining comprehensive insights into the presence of Pb metal within the waters, water quality parameters, and substrate characteristics of Mandalle Beach along the coast of Pangkep Regency. The research was performed over a duration of three months, spanning from April to June at the precise locale of Mandalle Beach situated in the Mandalle District of Pangkep Regency, Indonesia. The selection of Mandalle Beach stemmed from allegations of lead pollution plaguing the environment and the frequent community activities transpiring in the area amplify the potential for Pb contamination. The results showed that the content of heavy metals was in the non-hazardous range based on the analysis of Pb using an Atomic Absorption Spectrophotometer because the research locations had a lead content below 1 ppm. The constituents of water quality, including temperature, salinity, pH, and oxygen levels are within ranges conducive to the sustenance of aquatic organisms. The analysis of substrate attributes, including pH, organic composition, and texture, indicates that these parameters remain well-suited for the habitation of various organisms.
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1. INTRODUCTION
Coastal regions are essential parts of marine environments susceptible to pollution. The susceptibility stems from the fact that marine areas serve as convergence points for diverse river channels and effluents stemming from human and industrial operations. Therefore, the ocean becomes a receptacle for pollutant agents transported by the currents of water [1]. The origins of pollution agents that infiltrate aquatic ecosystems can be categorized into two distinct classes, namely pollution resulting from natural sources and human or anthropogenic interventions [2]; [3]. Due to heavy metal pollution, which is toxic, the waters experience a decrease in diversity, leading to the extinction of populations of aquatic organisms [4]. This has resulted in changes in water quality, reduced fishery resources, and a loss of biodiversity in recent years [5]. 
The Mandalle coastal waters of Pangkep Regency are one of the areas suspected of experiencing pollution, starting in the north, which borders Barru Regency. The area has carried out many community activities such as pond cultivation, seaweed cultivation, and various fishing activities by fishermen. Several humans are suspected of having the potential to cause pollution in the form of household waste. Similarly, a range of communal undertakings transpires situated adjacent to the premises of the Politeknik Pertanian Negeri Pangkep. These activities include the cultivation of seaweed, the rearing of fish and shrimp within ponds, fishing endeavors, and the presence of a pier frequently used as a docking site for fishing vessels. However, the expanse has diminished due to the expansion of pond cultivation by the local populace to the southern extent. In the southern region, a minor river also flows, serving as a conduit linking the different ponds and rice fields. The coastal areas of Mandalle Beach are suspected to be polluted, specifically with heavy metals. According to [6], there is a rapid increase in industry, specifically industries that use metal burning and the use of metal as a raw material located around the coast, and increasing urbanization, specifically in coastal areas. This can result in a decrease in the quality of seawater, which can have a negative impact on organisms in the waters and humans using the waters and the biota. Furthermore, [7] stated that the toxicity of heavy metals in the marine environment should be a concern. This was because it potentially posed a risk to several flora and fauna species in marine waters and also had an impact on humans through the food chain.
Pb or black lead is a heavy metal in the crust of the earth and is spread in small quantities through natural and artificial processes [8]. The element is a type of heavy metal that is dangerous for aquatic ecosystems [9]. Lead is a hazardous substance known to induce both acute and chronic poisoning. Heavy metal content is needed by living things in small amounts but possesses toxic properties for living things [10]. Various human activities that occur on land can have an impact on water, such as waste disposed through rivers flowing into the sea [11]. Disposal of waste into the sea can cause pollution of sea waters, and one of the main pollutant substances is toxic heavy metals [12]. Under natural conditions, the metals are needed by organisms to carry out the growth and development of their lives [13]). Conversely, waste containing heavy metals is a very dangerous material, toxic to animals, plants, and humans, and is persistent in the environment [14]. Heavy metals are toxic and have a negative impact on the environment and organisms [15]. The presence of heavy metals is still toxic to humans even in low concentrations [16].
Chronic poisoning occurs due to the absorption of small amounts of lead, which over a long period accumulates in the body [17]. One of the detrimental consequences stemming from the disposal of toxic waste is the deleterious effect imposed on coastal ecosystems, particularly when domestic waste is directly discharged into the water. The persistence of this practice portends a substantial escalation in pollution along the coast, and Mandalle Coastal Beach stands as an example, presenting an elevated likelihood of pollution incidence. In heavy metal contamination, involving Pb, the ramifications extend to the direct or indirect compromise of water quality.
The quality of seawater is influenced by natural factors and interactions with the land environment. Mandalle Beach is an area where Pb pollution can occur due to the many activities, such as a large number of fishing boats, seaweed farming, and fish farming, affecting Pb pollution. A pivotal factor contributing to the deterioration of seawater quality is the improper management and persistent discharge of pollutant waste from terrestrial sources. This continuous influx over an extended period surpasses established quality thresholds, culminating in the onset of marine pollution [18]. Water quality parameters can affect the concentration of heavy metals in the water [19]. There is an increase in fishing activity in the Mandalle Beach area, as fishermen catch fish and cultivate seaweed, and other activities are suspected of causing Pb pollution in these waters. Therefore, a research was carried out on the possibility of heavy metal pollution, specifically types of lead. Since no analysis has been conducted concerning the condition of Pb, this research analyzes the content of heavy metals along the coast of Mandalle Beach, Pangkep Regency, Indonesia.
2. MATERIALS AND METHODS
2.1 Types and Research Locations
The design was explanatory to obtain clarity on the condition of lead metal Pb in water, water quality, and substrates on the coast of Mandalle Beach, Pangkep Regency. Mandalle Village had a hot climate, specifically with a rainfall of 1553 mm/year and temperatures in the range of 25–34oC, affecting Pb pollution. Sampling areas were taken by analyzing and suspecting that these locations ranged from the spread of Pb metal, such as river estuaries, wharves, fishing activities, pond cultivation, and areas suspected of having a lot of household waste, which can be a source of Pb metal pollution. The database was obtained on the condition of the distribution of Pb metal on the coast of Mandalle Beach to create a management model safe for the environment. This research was carried out for three months, from April to June, at the coast of Mandalle Beach, Mandalle District, Pangkep Regency, and the activities included the preparation of tools, sampling, analysis of samples in the laboratory, and analysis of data. The analysis of heavy metal Pb using the Atomic Absorption Spectrophotometer method was performed at the Laboratory of the Faculty of Marine and Fisheries, Hasanuddin University [20]; [21]; [22].
The determination of locations was based on differences in environmental characteristics at each research location. At Station 1 (Latitude 4°33'34.02"S and Longitude 119°35'37.74"E), it was located on the beach, which borders Barru Regency. In the location, there were characteristics where there are shrimp and fish pond cultivation locations, seaweed cultivation, and places for fishing by fishermen, specifically fishing gear with residential areas. Station 2 (Latitude   4°34'7.13"S and Longitude 119°35'34.28"E), had characteristics, namely being around the Pier of the Politeknik Pertanian Negeri Pangkep, fishermen carrying out seaweed cultivation activities, fishing, there were also Politeknik Pertanian Negeri Pangkep ponds, with a small river connecting residents activities. Meanwhile, Station 3 (Latitude 4°34'33.37"S and Longitude 119°35'25.08"E), was in the vicinity of a mangrove forest, and there was a small river mouth with many fishing boats moored and pond cultivation activities (Fig. 1).
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Fig. 1. Research locations

2.2 Materials and Tools

The materials were samples of seawater and soil substrate and the tools and methods used to measure or retrieve the water quality data are presented in Table (1).

Table 1. Tools and methods for collecting physical and chemical data

	Parameter
	Unit
	Tools and Methods

	- Temperature
- Salinity
- pH
- Dissolved oxygen
	oC
ppt
-
ppm
	Thermometer /insitu
Hand refractometer /insitu
pH meter/insitu
Dissolved oxygen meters /insitu



2.3 Research Procedure
Measurement of water quality included physical and chemical parameters. For Pb analysis of seawater, water samples were taken and then analyzed in the laboratory of the Faculty of Marine and Fisheries, Hasanuddin University. The method used referred to [11], where sampling was carried out using a 500 ml sample bottle previously soaked and rinsed with 1:1 nitric acid to remove interfering ions. Sampling was conducted six times at a depth of approximately 1 meter from the water surface. The sample was then filtered with filter paper, put into the sample bottle, and stored in the freezer. In the laboratory, the sample was stored in a cool box and water samples were acid-destructed before being measured with AAS. The detrusion procedure was initiated by inserting 100 ml of water sample into an Erlenmeyer flask, then adding 5 ml of nitric acid and heating until the solution was almost dry. The solution was filtered into a 100-ml measuring flask and diluted with distilled water until sufficient. Subsequently, 20 ml of the test sample was pipetted and put into six volumetric flasks of 25 ml, and the standard addition solution was added. The sample was diluted with distilled water up to the tera mark, and measured with SSA. Water quality measurements were also carried out in the form of temperature, salinity, dissolved oxygen, and pH. The physical parameters measured were water temperature, while the chemical parameters were Salinity, dissolved oxygen (DO), and pH. The measurement of these two parameters was carried out directly at the research location (in situ). For substrate analysis, the samples were taken from the coast of Mandalle Beach, Pangkep Regency. Retrieval of the substrate was performed on the ground with a depth range of 15-35 cm and taken from three points at predetermined sampling locations. The substrate was a soil sample representing the sampling location used for testing soil pH, organic matter, and texture.
2.3.1 pH Substrate
The method used to measure the pH of the substrate was the calorimeter. In this method, after taking soil samples at a specified point with a depth of 20 cm, the soil was put into a test tube with half a spatula spoon (0.5 ml), added to 4 ml of pH-1 reagent, and stirred until evenly distributed using a glass stirrer. Subsequently, 2 drops of the pH-2 reagent color indicator were added before waiting for 10 minutes until the suspension produced a precipitate to form a color in the clear liquid at the top. The color in a clear solution on the soil surface was compared to the soil pH color chart [23].
2.3.2 Total Organic Matter of Substrate
BOT content analysis was carried out using the Loss On Ignition (LOI) method. The LOI method aimed to determine the total organic matter (organic carbon) content in sediments, hence the depositional environment was known and the process of sediment occurrence was based on the organic carbon content of sediment samples. This method was carried out in the chemistry and soil laboratory of the Politeknik Pertanian Negeri Pangkep. The steps for analyzing the total organic matter (organic carbon) content used the LOI method based on laboratory procedures at the University of Pittsburgh and the provisions of [24]) are as follows:


Where: 
Li	= Loss on Ignation Ignition (%)
Wo	= Beginning weight (g)
Wt	= Final weight (g)
2.3.3 Texture of Substrate
Soil texture was determined by taking soil samples and analyzing them based on existing references, namely the technique in the field [25]. The determination was conducted as follows: the soil mass was moistened with water and massaged with the index finger and thumb. Furthermore, a moist ball was formed, rolled up, and seen for its resistance to pressure and stickiness when the index finger and thumb were separated.
2.4 Data analysis
Data obtained from several research stages were analyzed descriptively to determine the accumulation of the heavy metal Pb in water, water quality, and substrate quality on the coast of Mandalle Beach, Pangkep Regency. The descriptive analysis aimed to provide an explanation of the research subject based on the data from the variables obtained from the subjects [26]. The data was analyzed using a comparative descriptive analysis technique, namely comparing this data to obtain differences between variables [27].
RESULTS AND DISCUSSION
3.1 Water Pb Analysis
Pb measurements were carried out during the east monsoon, namely from April to June 2023. Under these circumstances, the potential for Pb solubility within the water matrix becomes heightened. This scenario contrasts with activities conducted during the rainy season when the dilution mechanism facilitated by rainwater comes into play. This is particularly relevant, particularly when prior precipitation of Pb within the aquatic environment has occurred. A heavy metal that has settled on the bottom of the waters can spread in all directions due to tidal currents, affecting marine biota [14]); [28]. The results of the analysis of the content of Pb in the three locations, namely Station 1 was located on the waterfront bordering Barru Regency, Station 2 had the characteristics of being around the Pier of the Politeknik Pertanian Negeri Pangkep, and Station 3 was in the vicinity of the Mandalle Village mangrove forest, indicating a value below or less than 0.001 pp, as seen in table (2).
Table 2. Results of laboratory analysis of lead (Pb) content in water samples
	No.
	Research Locations
	Lead-Pb content (ppm)

	1
	Station 1
	< 0,001

	2
	Station 2
	< 0,001

	3
	Station 3
	< 0,001


Source: Laboratory Test Results (2023)

Laboratory test results for Pb heavy metal analysis were still lower than the results of a research conducted [19], who carried out research in Padelegan Pamekasan Waters with a Pb value of 0.63-1.08 ppm. The Pb levels in this research were still below the seawater quality standards set by Decree of the Minister of Environment of Indonesia No. 51 of 2004 of  0.008 ppm based on Government Regulation of Indonesia No. 82 of 2001 concerning water quality management and water pollution control, namely 0.03 ppm. The results [19] also showed that the sampling points closest to land had high Pb concentrations caused by the entry of waste from land activities through river mouths and influenced by tides. These currents carried a mass of water containing the heavy metal Pb from the estuary and coastal waters to the open sea [19]. The tides that occurred continuously caused a movement of currents [29].. However, the content and influence of these currents did not affect the Pb content at the three location stations. The high levels of Pb in the high seas originated from sea transportation activities, fishing boats, and diesel fuel spills at sea. High levels of heavy metals were distributed to parts of the human body, while some were accumulated [19];[30]. 
The lead concentration value was still lower than the results of research conducted by [5], with a value of 0.0295 ppm. According to [31], the concentration of the heavy metal lead depended on the time of disposal of waste, and the level of treatment. Furthermore, it was influenced by the season, including weather conditions several days and weeks before sampling in rainy conditions. According to [32], the marine organism test material showed that the content of Pb metal in water at a concentration of 2.75–49 mg/L caused the death of crustaceans after 245 hours, while insects died in a short time of 168 hours. [33] stated that lead was accumulated directly from water and sediment by marine organisms, and the high level of pollution in coastal areas was caused by anthropogenic activities such as heavy metal and nutrient pollution [34]. Heavy metals were difficult to degrade in water and were toxic, unlike other organic parameters degraded or decomposed [35]. The entry of heavy metals into the waters came from anthropogenic factors including agriculture, animal husbandry, domestic use, and industry [36]. Pb pollution levels had a very large impact on the survival of aquatic organisms, resulting in the extinction of organisms with a major role in maintaining the balance of the food chain cycle in an ecosystem and the preservation of aquatic functions [37].
According to [38], with a quality standard value for ports, marine tourism, and biota of 0.05 ppm, 0.005 ppm, and 0.008 ppm, the concentration of Pb in the coastal waters is still safe and not yet dangerous. This is because the concentration has a value of <0.001 ppm, but this condition must be continuously maintained to exceed safe limits and prevent sub-lethal and lethal impacts on fish and shellfish. The Pb content of the water is also low compared to the results of a research conducted by [39] regarding the content of heavy metal Pb in Lekok Waters. Therefore, the Pb content is also quite high due to ship activities from the nearest port, the process of washing and maintaining fishing boats, and fuel oil falling into the waters. The research conducted by [40], showed that the concentration of  Pb in the coastal waters of Kupa Kupa Village, South Tobelo District, ranged from 0.50-0.78 ppm. This concentration passed the quality standard for seawater, which had a higher lead content than the results of this research. High metal concentrations are associated with sediments that have small grain sizes to bind metals in sediments properly. The coastal waters of Mandalle, Pangkep Regency, have not been contaminated with Pb, which will be very dangerous for marine biota and have an impact on human health [33]; [41]); [42]. The low levels of Pb metal in seawater at the three stations were because most of the sea ions were adsorbed by the high suspended solids. Since the water conditions prevented the metal levels from being detected by [34], total suspended solids played a role in absorbing dissolved metals, which were precipitated (sinking processes) to the bottom of the waters [43].
3.2 Water Quality Analysis
Good water quality is the main requirement for the creation of a healthy environment. Various domestic and non-domestic wastes are sources of pollutants cumulatively affecting environmental quality. Changes in the quality of the environment left uncontrolled decreases the level of environmental health [44]. Furthermore, changes in water quality can be the start of pollution when the parameter values have passed seawater quality standards [40] and industrial activities produce metal residues in the aquatic environment [45]. The decline in water quality is caused by the presence of organic and inorganic contaminants, including dangerous heavy metals. These heavy metals are known to accumulate in the bodies of organisms and remain for a long time as accumulated poisons [32]. The presence of heavy metals in water is very dangerous directly to the life of organisms or human health. Lead and its compounds can be naturally present in water bodies due to human activities. The presence of heavy metal lead that accumulates in water and sediments enters into the lives of organisms. Heavy metals at certain concentrations accumulate in water, biota, and sediment and can have toxic effects on the organisms [35]. According to [14], deep sea life is less affected than shallow sea life.
3.2.1 Water temperature (oC)
The average water temperature during the research showed that the highest temperature occurred at Station 2, which was 29.28oC, followed by Station 1 with an average of 29.01667oC, or 29.02oC, and the lowest at Station 3 for 28.81667oC, or 28.82oC (Fig. 2). Meanwhile, the temperature of the waters was in the range of 28.82–29.28oC (Fig. 3).


Fig. 2. Average water temperature during research 

Fig. 3. Water temperature range during research

Temperature is an external factor that is easy to study and determine, but greatly influences the life of aquatic organisms, specifically metabolic activity. In addition, it is an important parameter in water, affecting the growth of aquatic organisms [40]. The high average temperature of the waters at Station 2 is caused by the fact that the research location is directly facing the sea, while the low temperature at Stations 1 and 3 is because these locations are influenced by the surrounding environment and mangrove vegetation. [46] stated that the temperature of the waters also affected the presence of Pb concentrations. Therefore, the temperature of seawater is very influential on changes in Pb levels in the water. [47] stated that high temperatures accelerate the reaction for the formation of metal ions because the temperature is a factor causing changes in chemical reactions and a decrease in gas. The water temperature is not different from the results of [29], who conducted research in Padelegan waters, with an average temperature of 29.4 oC to 31.2°C. The higher the temperature in the feeding waters, the faster the reaction for the formation of the ions [29]. However, [48] stated that temperature variations in tropical waters ranged from 27oC to 32 oC. The results of measuring temperature parameters are still lower as compared to  than [48], who conducted research at the Kupa-Kupa Village Beach with a range of 32oC to 34°C. Depth, season, latitude, and cloud cover are factors affecting water temperature in a lake [49]). In addition, temperature also affects the toxicity of heavy metals to biota (Indirawati et al., 2022 [50], where when there is an increase, the solubility and toxicity of heavy metals become high [51]. Temperature affects the process of incorporating heavy metals into the body, which increases and the reaction for forming bonds also accelerates [52]. This variable plays a role in the reaction for the formation of heavy metal ions. The higher the temperature in the feeding waters, the faster the reaction for the formation of these ions [29].
3.2.2 Water Salinity (ppt) 
Salinity is the level of saltiness or dissolved salt content in water, where the distribution is influenced by factors such as water circulation patterns, evaporation, rainfall, and river flow [40]. The high salinity of the waters at Stations 1 and 2 is because the research location is directly facing the sea and there is no river flow, while at Station 3 there is a small river flow with mangrove vegetation. The value of salinity was affected by evaporation in the sea [53]. The optimum salinity for bivalves ranges from 5-25 ppt [54], affecting the early stages of development and physiological processes of bivalves such as endogenous rhythm, respiration rate, excretion, absorption, and assimilation efficiency [34]. The results are slightly higher than in [55], who conducted research in Padelegan Pamekasan Waters with a scientific range of 26–29 ppt. Meanwhile, [40], who conducted research on the waters of Kupa-Kupa Beach, obtained salinity in the range of 27–34 ppt. The variable affected the level of accumulation of heavy metals, and the greater the salinity in the waters, the smaller the level of accumulation [56]. [57] stated that a decreased salinity value led to an increase in the toxic power of heavy metals and a greater level of accumulation. The highest mean water salinity was at Station 1, which was 33.17 ppt, followed by Station 2 at 31.5 ppt, and the lowest at Station 3 was 23.83 ppt (Fig. 4). The range of water salinity in the three stations was in the range of 17–34 ppt (Fig. 5).

Fig. 4. Average water salinity during research

Fig. 5. Water salinity range during research

3.2.3 Dissolved oxygen (ppm)
Dissolved oxygen stands as a critical determinant influencing the viability of aquatic biota. In instances of inadequate availability, the insufficiency directly impinges on the behavioral patterns and physiological processes of aquatic organisms [40]. The high dissolved oxygen at Station 3 was due to the movement of water, triggering oxygen content. According to [58], the relationship between dissolved oxygen and the presence of heavy metals is that in areas lacking oxygen, solubility is lower, difficult to dissolve, and easily precipitates. Elevated temperature and salinity levels can lead to diminished solubility of oxygen. This manifests as a consequence of various interrelated factors, including the microbial decomposition of organic matter and the respiratory activities (oxygen consumption) of aquatic organisms [59]. In addition, regular circulation of seawater, freshwater, shallow waters, waves caused by wind, and the process of photosynthesis are factors affecting oxygen in the waters [60]. The dissolved oxygen value is still lower than the results conducted by [40] in the range of 7.88–7.91 ppm. Therefore, only station 3 is under seawater quality standards concerning marine biota. [61] states that the DO value for marine biota is >5, and below 5 ppm at Stations 1 and 2. According to [58], the oxygen content in water affects the solubility of heavy metals, and in areas lacking the element, solubility becomes lower. The average dissolved oxygen showed that the highest oxygen was obtained at Station 3 at 5.137 ppm, followed by Station 1 at 4.165 ppm, and the lowest at Station 2 was 4.163 ppm (Fig. 6). Furthermore, the dissolved oxygen was in the range of 3.07-6.7 ppm, as shown in Fig. (7).


Fig. 6. Average water dissolved oxygen during research

Fig. 7. Water dissolved oxygen range during research

3.2.4 Water pH
The high pH value of the water at Stations 1 and 3 is because these two stations are directly facing the sea. The low value of the substrate at Station 3 is due to the location being close to mangrove forests and the presence of freshwater channels. However, the pH value of the substrate at the three research locations is relatively high above pH 7. This is consistent with [62], where soil pH affects the transportation and availability of nutrients needed by plants, and mangrove soil has a pH between 6-7. [29] and [63], stated that the solubility of heavy metals is high when the pH in these waters is low. This is because an increase in the pH value changes the heavy metals from carbonates into hydroxyl forms, which form bonds with particles in water bodies. The relationship between pH and metal toxicity is more complicated depending on chemical bonds [42], and pH can control the type and reaction rate of some materials [64]. The pH of the water affects photosynthetic activity, temperature, and the presence of cationic anions, which are factors influencing the life of organisms and other needs [59]. The high pH value greatly determines the presence of phytoplankton, which directly affects the fertility level of the waters where the presence is supported by the availability of nutrients in marine waters [65]; [66]. The pH value of the water was lower than the results conducted by [40], who conducted research in Kupa-Kupa Village with a pH value in the range of 8.89.3. According to [59], pH 6.5–8.5 is the ideal pH value for aquatic life. The pH value in the coastal waters of Mandalle and Kupa Kupa Village has exceeded the safe limit but can still be tolerated by aquatic biota. The relationship between the pH of water and heavy metals was established by [52], where the variables affect each other. Therefore, pH is one of the determinants of Pb concentration in the waters of Mandalle Beach, Pangkep Regency, Indonesia. The pH value of the water at all observation stations showed that the highest water pH was at Station 1 of 6.8, followed by Station 3 of 6.7, and the lowest water pH value was at Station 2 (Fig. 8). The range of pH values measured was in the range of 6-7 (Fig. 9).

Fig. 8. Average water pH during research


Fig. 9. Water pH range during research

3.3 Substrate Analysis
The substrate pH was in the range of 7.07-7.42, where the highest and lowest values were obtained at Stations 2 and 3, which were 7.42 and 7.07, respectively (Fig. 10).

Fig. 10. Substrate pH range during research

The organic component of the substrate or soil comes from biomass, which characterizes the active soil. Non-living organic components are formed through chemical and biological weathering, specifically from plant materials [67]. The high organic matter content of the substrate at Station 3 was because the location is in the vicinity of a mangrove forest and there is a small river connecting the community ponds. The low organic content of the soil is caused by an imbalance in the role of organic matter from the soil through biological oxidation processes [68]. The influence of organic matter on soil fertility cannot be denied [69] and the high content can affect the amount of heavy metal content. Contamination in the substrate also affects water quality and metal bioaccumulation in aquatic organisms, resulting in potential long-term implications for human and ecosystem health [70]; [71]. [72] stated that excess heavy metals in soil poison plants and organisms with implications for environmental pollution. Meanwhile, harmful heavy metals in soil are in dissolved form [73]. The results showed that the organic matter of the substrate was in the range of 7.93-15.21%, where the highest occurred at Station 3, which was 15.21% (Fig. 11). 
 

Fig. 11. Range of substrate organic matter during research

3.3.1 Substrate texture
The composition of the substrate is determined by identifying the constituent fractions, namely clay, silt, and sand. Based on the results of laboratory analysis, the texture at the research site was at Stations 1, 2, and 3 with a sandy, sandy loam, and dusty clay texture. Station 1 had a sandy texture because there were no nearby river mouths that could carry silt. In addition, Station 2 had a sandy loam texture, consisting of sand and clay in different proportions. Station 3 possessed a dusty clay texture because the location was close to mangrove vegetation and there was a small river mouth in the vicinity. The results were in line with [74], where in the estuary waters, several silts served as a good growing medium for mangroves. According to [75], in terms of soil texture, clay-textured soil had a larger surface area with the capacity of holdingto  hold water and providing provide high nutrients. The composition of mangrove soil particles affected permeability and also determined the water content and nutrient state of the soil. The Pb content in the waters was still in the low category and the water and substrate quality content were within the limits suitable for the life of aquatic organisms. 
Conclusion
The lead (Pb) content of water in the waters of Mandalle Beach, Pangkep Regency, Indonesia, is still below the dangerous threshold for both water quality and subgrade quality, with water Pb values below <0.001 ppm. Even though there has been a lot of fishing activity, and aquaculture businesses are suspected of causing Pb content in these waters. The water quality content, consisting of temperature, salinity, dissolved oxygen, and water pH, is still within appropriate limits, as is the substrate quality, consisting of substrate pH, organic matter, and texture.
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