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Perai River has been recognized as an additional raw water resource for Penang state. Inadequate waste management can lead to river pollution. River water contamination with metals such as light and heavy metals and metalloid is a global concern that negatively impacts human, plant and aquatic life. Therefore, this paper aims to evaluate the potential sources and impacts of toxic metals at downstream of the Perai River basin. There were 15 sampling points located at possible pollution sources and a sample at the river outfall. In the dry season, samples were taken in two different tidal: low and high tide. According to spatial distribution analysis, Al and Hg levels were observed to be higher than the standard limits during low tide. Meanwhile, Al, As, Hg and Se were significant during high tide. Significant contamination of Al was noticeable upstream during low and even high tide. Pollution of Al and Hg may have started beyond the research zone, as the concentrations were highest upstream during low tide. Low tide causes many pollutants to be flushed into the sea, followed by a backflow force into the river during high tide. As, Hg, and Se concentrations started high at the downstream and gradually decreased as they moved upward. Overall, the Perai River is severely polluted with Al and Hg. Al and Hg have a significant negative impact on the ecological system. Government authorities must take steps to resolve this issue in order to protect the river ecosystem and prevent human health problems.
1 INTRODUCTION
Toxic metal contamination has increased dramatically due to industrialization, urbanization, population growth, and technological advancements. The sources occur through natural/geogenic/lithogenic and anthropogenic activities [1]. Furthermore, natural events such as soil erosion, air deposition, earthquakes, tornadoes, weathering of metal-bearing rock, and volcanic eruption can result in heavy metal dispersion in groundwater and surface water. Most cases of heavy metal pollution come from industrial effluent. In limited amounts, some heavy metals are necessary for the human body. It is termed micronutrient trace elements. The elements are vanadium (V), manganese (Mn), iron (Fe), cobalt (Co), copper (Cu), zinc (Zn), selenium (Se), strontium (Sr) and molybdenum (Mo).

On the other hand, some heavy metals [lead (Pb), chromium (Cr), cadmium (Cd), and mercury (Hg)] and metalloid [arsenic (As)] can lead to biological toxicity even in part per billion concentrations [2]. It is even worse when heavy metals accumulate in human food sources like animals and plants, posing a silent threat to consumers. Heavy metals are the most persistent pollutants in the aquatic system because they are non-destructive and non-biodegradable [3]. On the one hand, light metal such as aluminum (Al) is high biologically reactive and toxic to human, plant, and aquatic life [4]. Metals are not the same as organic matter, which degrades spontaneously. It cannot be destroyed in the environment and only change its form or become attached or separated from particles. River impairment is caused by the accumulation of toxic metals in the river's water column, sediment, and aquatic species.

Perai river is the largest and longest river in Penang, Malaysia, with a surface area of 447.824 km2 and a length of 45 km long. This river is categorized as a preserved water catchment since the raw water supply of this state primarily depends on the Muda River [5]. The headwater of the Muda River is in the neighboring state, Kedah and flows downstream to the state of Penang. Since 2010, there have been significant political disagreements about water intake authority and charges between the two states [6]. Therefore, as an alternate water source for Penang, the river should be protected against contamination as a future resource. This paper aimed to evaluate the potential pollution sources and impacts of metals at the tributaries and main drainage in the downstream area of the Perai River.
2 methods
2.1 Study area and sampling
In the Perai River, sixteen sampling points with fifteen potential sources (PS) of metals pollution and an outfall were examined, as shown in Figure 1. The fifteen PS consisted of 3 tributaries and 12 significant drains directly draining into the main river. The sampling was conducted during the dry season with different tides: low and high tides. 
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Figure 1. Potential sources of toxic metals.

2.2 Spatial distribution analysis of metals
The samples taken from the 16 sampling points were put into 50 ml centrifuge tubes and kept in an icebox before being transported to the lab. The samples were immediately preserved using 2% of nitric acid. Then all samples were filtered via 0.45-micron microfiber syringe filters for coupled plasma optical emission spectroscopy (ICP-OES) analysis. The ICP analysis was conducted within two days. ICP-multi element standard solution IV 23 standard elements were used as a standard to analyze the toxic metals. The results from the analysis were compared to the National River Water Quality Standard (NRWQS) (as in Table 1) for determining the significant toxic metals in the river.
Table 1. NRWQS for Malaysia.

	Elements
	Permissible concentration limit (ppm)

	Al
	0.06

	As
	0.05

	Hg
	0.001

	Se
	0.01


The concentration results were then used as input data for spatial distribution analysis using ArcGIS Pro. The analysis process was followed via this method: import data from excel to csv format → join and relates with the sampling location → spatial analyst tools → kringing. The data classification was used geometrical interval method for classifying symbology interval. 
3 RESULTS AND DISCUSSION
3.1 Toxic metals distribution during low tide
All the sampling points were detected during the low tide containing toxic metals that exceeded the permissible limit NRWQS except for PS11, as shown in Figure 2. Al mainly was found at the potential sources. The highest value was 1.026 ppm at PS3 and the permissible limit in rivers based on NRWQS is 0.06 ppm. Al is the most abundant metal in the Earth's crust, approximately 8.1% but is rarely found uncombined in nature. It is also one of the lightest metals in the world. It can be found in igneous rocks as aluminosilicates in feldspars, feldspathoids, and micas; in the soil as clay; and as bauxite and iron-rich laterite after further weathering. According to the Malaysia geological map, the study region is clay and silt marine. It is not possible for Al to naturally occur in marine geological. 
In addition, several complaints about releasing alum sludge from water treatment plants into the Perai River were addressed [7]. Alum sludge is a by-product of the coagulation process in water treatment plants, where aluminum sulphate or poly-aluminum chloride is utilized. The water treatment residue has been released since 1973 and undoubtedly increased the Al concentration in the Perai River. Al also was detected a high concentration at the outfall due to the legal dumping in the river. Based on the spatial distribution analysis of the Al contamination in Figure 3, it was concentrated at the PS3. Theoretically, the river flows from upstream to downstream during low tide. Yet, the pattern revealed that the source of Al pollution might be further upstream than the research region, as the concentration remained high at over 0.248 ppm in the most upstream area. Therefore, it was believed that Al pollution was done by the water treatment. 
Apart from the Al contamination, the most severe worry is that significant mercury (Hg) quantities were discovered at eight sampling points. Hg is one of the most severe contaminants in river water because it is a potent neurological poison in fish, wildlife, and humans. Even in small amounts, mercury may cause serious health problems. The NRWQS for mercury is 0.001 ppm. Despite this, the maximum mercury concentration was discovered in the middle of the research area (PS10), at 1.104 ppm. The difference between the standard limit and the actual value was too significant. PS8 and PS10 are the most densely populated areas in terms of industrial activity. According to the spatial analysis of Hg distribution, Hg was distributed from the most upstream, began to dilute until the middle of the research region, and then began to increase again. However, Hg was diluted until below the standard at the outfall. In conclusion, the potential source of Hg may be found in the indicated area upstream, downstream, and even beyond the research zone. Even though it was diluted before flushing out to the sea, the concentration of Hg may accumulate in the sea and can return to the river during high tide.
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Figure 2. Exceed concentration limit of toxic metals in certain areas during low tide.
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Figure 3. Al and Hg distribution in Perai River during low tide.
3.2 Toxic metals distribution during high tide
All probable sources had metal pollution exceeding the NRWQS acceptable limit during the high tide, as shown in Figure 4, except for PS11. As was the case at the low tide, Al was mostly discovered near probable sources. During high tide, as in Figure 5, river water flowed backwards from downstream to upstream, causing Al pollution in the upstream area to worsen. Because Al is frequently released at the upstream location during low tide and possible during high tide, as previously stated, the pollutant was not flushed out into the sea and remained concentrated at the upstream area. 

From the As and Se spatial distribution pattern, the pollutants began in the downstream area and were then spread upstream due to backflow. Referring to the concentration of As in Figure 4, only two sampling points exceeded the permissible limit and the cause of the As dispersed upstream. On the other hand, most of the downstream area was affected by Se pollution and distributed to the upstream. The spatial distribution pattern of Se illustrated that the pollution was concentrated in the outfall area and dispersed upstream. Moreover, Se pollution was also not found during the low tide season. Therefore, the possibility of Se from the seawater invaded into the river during the high tide was strongly significant. 

During the hide tide, mercury was the second most prevalent contaminant. According to the spatial distribution of Hg in Figure 5, Hg from the sea entered the river and was diluted until it reached the upstream. This was due to the fact that during low tide, river water washed out the pollution and dispersed back into the river during high tide. It was not the same circumstance as Al, where the distribution began upstream due to alum sludge discharge during high tide. The Hg discharge, on the other hand, occurred at low tide only.
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Figure 4. Exceed concentration limit of toxic metals in certain areas during high tide.
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Figure 5. Al, As, Hg, and Se distribution in Perai River during low tide.
3.3 Risk assessment of aluminium, arsenic, mercury and selenium toward the human, plant, and aquatic life
Based on the significant pollutants during low and hide tide, it concluded Al, As, and Hg distribution came from the anthropogenic activities at Perai River. Some plants and aquatic life can tolerate those toxic metals at a certain concentration value. Commonly aquatic plants are generally less sensitive than fish and other aquatic life to toxic metals. Table 2 shows the compilation of the threshold limit of Al, As and Hg. Exceeding these limits may harm or, even worse, can cause fatal. 

(As) concentration in the Perai River was below the critical for plant and chronic value for aquatic life. On the other hand, Al was over the chronic value for aquatic life at locations PS3 and PS9 during low tide, while high tide at locations PS2, PS3, and PS7. Hg, the most toxic heavy metal in the environment, was found to exceed the limit of plant and aquatic life in certain areas.
Table 2. Acute value and concentration limit of metals for low tolerance plant and aquatic life. 
	Elements
	Acute value and concentration limit for low tolerance plant
	References
	Chronic value and concentration limit (total recoverable) for aquatic life 
	References

	Al
	2.0
	[8]
	0.63-3.2 
	[9]

	As
	5.0
	[10]
	0.34
	[11]

	Hg
	0.08-2.6
	[12]
	0.0014
	[11]

	Se
	1.0
	[13]
	0.0031
	[13]


Al toxicity in freshwater species has been extensively researched in aquatic vertebrates. Adverse respiratory effects predominate at pH values between 6.0 and 8.0, which could be attributed to the deposition of precipitated Al on the gill surface [14]. Al polymerization on the fish gills most likely generates a physical clogging effect, resulting in hypoxia and osmoregulation failure [15]. As the interlamellar gaps get clogged and mucus secretion increases, water flow over the respiratory surface decreases, and the diffusion barrier for gases and ions thickens [16].

From the mechanisms above, Raj et al. [17] found freshwater fish Clarias Batrachus exposed to Al pollution at neutral condition pH 7.0 promotes histopathological alterations in the liver (loss of cytoplasm, loss of centrilobular, loss of central canal, loss of hepatic cell, cytoplasmic vacuolation, necrosis of hepatic cells) and kidney (expansion of Bowman's loss of renal tubules, narrowing of tubular lumen, damage of hematopoietic cells, clustering of hemosiderin pigments, clustering of kidney cells, and glomerulus vacuolation). Al also can accumulate in the nervous system of aquatic vertebrates, leading to neurotoxic [15]. It can be responsible for oxidative stress [18]. This is as well the critical adverse effect of Al exposure on humans in terms of neurotoxicity. In a review on the health effects of Al exposure provided by Klotz et al. [19], patients with high Al levels in their plasma and brain tissue proved disorientation, memory problems, and dementia in advanced stages.

Hg has no beneficiary effects on plants and organisms, yet it gives toxicity even at low concentrations. The most serious health hazard of Hg exposure is neurotoxicity [20]. Methylation is the most crucial step in the mercury cycle because it considerably enhances toxicity and the potential for accumulation in aquatic organisms [21]. Methylmercury makes up most of the Hg detected in fish tissue [22]. Methylmercury is easily absorbed into the bloodstream and dispersed throughout all tissues, as well as crossing the ordinarily protective blood-brain barrier to enter the brain. It can also easily pass via the placenta to growing foetuses and their developing brains. Thus, pregnant women and women of childbearing age should be particularly concerned. Low-level exposure has been associated with learning problems in children and reproductive issues in fish-eating animals. Hg poisoning can cause a wide range of health problems in humans, including neurological, renal, gastrointestinal, genetic, cardiovascular, and developmental abnormalities, as well as mortality [23]. 

Increased Hg levels in the soil have a number of detrimental consequences for plant growth and metabolism [24]. Reduced photosynthesis, transpiration, water intake, chlorophyll synthesis, and lipid peroxidation are some of the effects [25]. The prominent toxic effect of Hg on plants is the generation of reactive oxygen species such as superoxide anion radicals (H2O2) and hydroxyl radicals (OH) [24]. Enzymatic antioxidants and some nonenzymatic antioxidants, such as glutathione, phytochelatin, salicylic acids, ascorbic acid, selenium, proline, and tocopherols, are among the detoxification processes used to counteract Hg-induced oxidative stress [26]. Based on the previous discussion of toxic metals in the Perai River, Se was dispersed into the river because of seawater intrusion via high tidal. Because selenium acts as an enzymatic antioxidant to protect plants from Hg-induced oxidative stress, it's possible that therefore plants along the Perai River's banks can tolerate high levels of Hg.
4 CONCLUSION
Perai River is highly polluted with Al and Hg even during low tide or hide tide. Pollution of Al and Hg may have started beyond the research zone, as the concentrations were highest upstream. Hg is one of the most severe contaminants in river water because it is a potent neurological poison in fish, wildlife, and humans. The highest concentration of Hg was found at 1.104ppm and exceeded the limit of NRWQS, critical value for low tolerance plants and acute value for aquatic life. Al pollution from the release of the water treatment sludge can accumulate into the sediment and severely affect the river's water quality. Al was found to exceed the NRWQS limit for most of the probable sources. Even the plants at the Perai River could survive the Al concentration condition, but not for aquatic life. Al polymerization on the fish gills most likely generates a physical clogging effect, resulting in hypoxia, osmoregulation failure, neurotoxicity, and oxidative stress. Human toxicity on Al exposure also experiences neurotoxicity that leads to disorientation, memory problems, and dementia in advanced stages.

Hg has no beneficiary effects on human, plant, and aquatic life, yet it gives toxicity even at low concentrations. Mercury poisoning can cause a wide range of health problems in humans and aquatic life, including neurological, oxidative stress, and developmental abnormalities. Meanwhile, increased mercury concentration in the soil has several detrimental consequences for plant growth and metabolism. Ignorance of the increase of Al and Hg may be worsening the river ecosystem and leading to human health problems. Therefore, the authorities should immediately take prevention, rehabilitation, and remediation actions for future water resources as the Perai River is an alternative source for the Penang water supply. 
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