
Bioaccumulation of Heavy metals in Fishes
Abstract:
	Heavy metals can be harmful to aquatic species when they are exposed for a brief (acute) or extended (chronic) duration. They have done a lot of good for people, but they also have a lot of detrimental effects on species that aren't their goals. Runoff and groundwater leaching from numerous hazardous metals have a widespread probability of contaminating aquatic ecosystems that pass via industrial or agricultural areas, that can at once jeopardize freshwater life, notably sensitive species like fish. Fish are the most well-known way to figure out how much pollution is in the water. Because fish are an important part of the food chain, looking into how harmful metals impact them could help figure out if metals are bad for people's health. This review aimed to synthesize all existing clinical data regarding the accumulation and absorption of various heavy metals (As, Hg, Cd, Cu, Cr, and Pb), as well as the overall histopathological alterations resulting from prolonged exposure to sublethal concentrations of these heavy metals in the gills and other tissues of freshwater fish. Considering the aforementioned findings, this review endeavors to clarify the detrimental effects of metals on the gills of freshwater fishes. 
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INTRODUCTION:
	The diverse and abundant flora and fauna of an aquatic ecosystem are a good indicator of its health. The quality of water supply has a big effect on the direct and indirect health needs of the human network. So, the health of people and the earth's aquatic system are closely linked to each other [2]. Fish are a great way to learn about how chemical toxicity and oxidative stress affect the health of mechanical parts in the aquatic ecosystem [3]. The creature inhabiting the aquatic environment accumulates toxic chemical compounds that ultimately impact not only the growth and reproductive capacity of the organisms but also human health. Fish are at the top of the food chain in water, and they are known to store a lot of heavy metals in their bodies [1,4]. Heavy metals are metallic elements that are naturally found in aquatic ecosystems. There has been a rise in the amount of these metals that is allowed due of more farming and economic activity. 2. The uncontrolled discharge of heavy metals from household, industrial, and various anthropogenic activities has become a source for concern due to their potential to harm natural aquatic habitats. These heavy metals are discharged directly or indirectly into the aquatic system and collectively pose a significant threat to our aquatic flora and fauna [6]. Heavy metals build up in higher amounts in certain organs of fish. When people eat fish, these metals get into the food chain and human metabolism, which is very bad for human health. Once these heavy metals get into the circulation, they are either sent to various storage organs like bones, the liver, or they are sent to fat, the kidneys, or the gills. Heavy metals are not biodegradable, and they build up in different tissues of fish by specific bio-sorption and steel mechanisms [23]. The expense of eliminating heavy metals surpasses the rate of steel absorption by dwelling species, resulting in the bioaccumulation of metals within their bodies. So, keeping track of the stages of bioaccumulation of heavy metals helps us figure out how dangerous they might be to human health and shows how far and how long metals have been accumulating. Heavy metals are directly or indirectly implicated with causing other sellers to become toxic, which increases genotoxcity. Direct exposure to heavy metals induces pathogenic alterations in fish and concurrently leads to a reduction in androgenic or estrogenic secretions [5,7].

EFFECT OF HEAVY METALS ON FISHES:
	Aquatic creatures can accumulate heavy metals up to certain thresholds. It is known that fish and shellfish accumulate more heavy metals than sediments or water. The effects of heavy metals on fish have shown that these metals are essential for life, yet they are also known to have detrimental effects on living organisms, including a decline in health, impacts on reproductive health, and ultimately resulting in carcinoma and death [16]. Numerous research have been conducted on heavy metal contamination in fish muscle; however, due to inadequate accumulation capacity, the complete body of the fish is insufficient for determining heavy metal contamination. It is therefore imperative to examine additional tissues alongside the gills and liver of the fish. Gills, which are an important part of fish that let them breathe, tend to build up a lot of water-soluble heavy metals through a process called ion exchange. The distribution and accumulation of various heavy metals in aquatic environments are influenced by physiological and ecological factors, including species, feeding behavior, habitat, and growth rate [2, 18]. Heavy metal contamination in aquatic ecosystems is a significant issue that adversely affects the connected creatures, particularly fish. Heavy metals are clearly present in the environment; nevertheless, over use in many industries for several purposes has significantly disrupted the ecological system due to the over-release of these metals into soil and aquatic systems [12]. Anthropogenic activities, including the cultivation of crops, soil erosion from agricultural fields, and the disposal of commercial and domestic waste, are regarded as significant sources of heavy metals in aquatic systems [13,22]. Once heavy metals get into water structures, they dissolve in the water and easily collect in the different parts of aquatic organisms, like fish, and eventually get into the people who eat these fish. The bioaccumulation of heavy metals in fish causes a lot of problems for their health and their normal bodily functions. The level of metal toxicity (carcinogenic, teratogenic, and mutagenic) differs greatly depending on the type of fish, the amount of metals, and how long they are exposed [10]. Heavy metals can come from both the water and the sediments in aquatic habitats and go into fish and other aquatic creatures. Heavy metals can be harmful to fish, which can hurt their nervous systems and make it harder for them to interact with their surroundings. The uncontrolled usage and accumulation of these metals have become a significant health concern, as most cannot decompose into harmless forms, hence adversely affecting human health as well as aquatic species. Heavy steel infection makes fish grow and reproduce less well by reducing their gonadosomatic index (GSI), fecundity, fertilization, and hatching rate. Heavy metals are also hazardous to fish embryos and larvae, which slows their growth and development. Many metals are important for living things, yet most of them are exceedingly dangerous, even in little amounts. Additionally, certain metals, notably arsenic (As), cadmium (Cd), copper (Cu), chromium (Cr), lead (Pb), mercury (Hg), nickel (Ni), selenium (Se), zinc (Zn), and numerous others, are not only very toxic but also induce carcinogenicity and mutagenicity [9,14]. There are many ways to get rid of these dangerous heavy metals, but most of them don't work very well when the metals are less than 100 mg/L. It is particularly challenging to separate heavy metals using physical methods since many of them dissolve in water and contaminated water. In this instance, biological approaches, including bioremediation, can be an attractive approach to restore the ecological condition of the environment affected by heavy metal contamination [16]. Bioremediation is considered one of the maximum environmentally pleasant and sustainable ways to minimize many aquatic contaminations, which performs a gigantic job in boosting the productivity of connected aquaculture systems [4]. Generally, the bioremediation approach is quite powerful in lessening the toxicity of heavy metals by transforming them into less dangerous forms with the assist of either microbe or their enzymes to reduce the infection. This is taken into consideration an ecofriendly and price-powerful way to restore the polluted environment. Microorganisms with catabolic capability or their derivatives, in conjunction with enzymes and organic surfactants, provide a groundbreaking strategy to enhance remediation efficacy. Microorganisms may make metals, and this is a common green way to lower the risk of metal-related infections. The use of some microbes to make nanomaterials has been widely used in wastewater treatment around the world [15,17]. Microorganisms may make these nanoparticles, which can safely remove and recycle heavy metals from aquatic systems that are contaminated with heavy steel without affecting their balance. Numerous studies have indicated that genetically modified microbes can significantly improve adsorption capacity and be appropriately utilized in the cleanup process. The remediation capacity of microorganisms may be enhanced through the combination of various amendments, including biochar, biosurfactants, compost, and inorganic vitamins [9]. Additionally, various advanced methodologies in microbe-mediated biotechnologies, such as rhizoremediation, genetically modified organisms, and nanotechnological applications in microbial bioremediation, have been extensively employed in the remediation of several toxic heavy metals from the environment. Even though heavy metals can build up in fish and cause problems, there isn't enough information on how to get rid of these hazardous metals in fish. Consequently, the contemporary assessment encapsulates the existing data on bioaccumulation and advancements in bioremediation methods for heavy metals in fish [4,5].
BIOACCUMULATION OF HEAVY METALS IN DIFFERENT TISSUES OF FISHES
	One of the most important ways to keep an eye on the geochemical cycle of heavy metals in water is to look at bioaccumulation. The toxic effects and oxidation of heavy metals vary according to their forms and metallic types, respectively. Chromium (Cr) typically occurs in six distinct oxidative states (+1 to +6), with hexavalent Cr causing detrimental effects in fish [14]. Fish in aquatic systems contaminated with heavy metals present a significant risk, as they accumulate metals through several vital bodily parts (gills, liver, kidney, skin, muscle, and others), as depicted in Figure 1. Fish need more energy to become acclimated to this strange situation, and they get that energy from stored vitamins, proteins, lipids, and carbs. Some metals (As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, Zn) can change their oxidation state, and when they do, they make reactive oxygen species (ROS) that are very important for keeping fish's bodies in a given shape. ROS is a sign of oxidative stress in the body that stops cells from working by breaking down proteins, lipids, and DNA [19, 22].


Figure 1. Routes of heavy metal accumulation in fish.
	Heavy metals bioaccumulate in specific aquatic creatures along the food chain, causing significant health issues in humans upon consumption of contaminated seafood. The current review corroborates the bioaccumulation of heavy metals in various fish organs and the unique toxicological effects of heavy metals on fish, including recent evidence on bioaccumulation and advancements in bioremediation strategies for heavy metals in fish [8]. As is one of the most dangerous heavy metals that pollutes bodies of water through a variety of natural and man-made actions. Reports indicate that inorganic arsenic is more toxic than its organic counterparts [4, 20].

DIFFERENT HEAVY METALS ARE BIOACCUMULATED IN FISHES
1. As: As is one of the most dangerous heavy metals that damage our bodies and water through a variety of natural and human-made causes. It has been said that inorganic As was more toxic than organic As. As builds up in fish's special organs at different rates. It was reported that the maximum concentration of As (10.04 µg/g) was accumulated in the liver, while the lowest concentration (3.74 µg/g) was detected in muscle after 20 days of exposure to Oreochromis niloticus. Numerous studies have indicated that arsenic exposure has several detrimental effects on fish, including stunted growth and reproduction, hematological and biochemical alterations, hormonal imbalances, histopathological irregularities, retardation of embryonic and larval development, and other diseases [1]. Additionally, As poisoning significantly impacted the hematological and immunological systems of various fish species. An excessive dose of As resulted in elevated mucus secretion, abnormal swimming behavior, and instability in Anabas testudineus and Danio rerio. As caused apoptosis, micronuclei, and many other mobile and nuclear problems in fish erythrocytes. As induced many cytotoxicities and genotoxicities in medaka, Oryzias latipes. Furthermore, As infection interfered with the reproductive processes of fish by employing the gametogenesis inhibition approach, thereby adversely impacting sperm and ovum quality and quantity, fertilization rates, and hatching success [21].

2. Cd: Cd is exceedingly toxic and can cause cancer in people and some animals, including fish. The United States Agency for Toxic Substances and Disease Registry says that this steel is the ninth most dangerous substance. A number of studies have shown that the aquatic environment is very polluted with Cd [21]. This toxic metal has been taken in and stored in a wide spectrum of aquatic animals. Cd poisoning has caused many important organs in fish to stop working properly. These organs include the liver, kidney, and gills. This affects the fish's physiology and slows its growth. Cd also changes the hematological parameters by making iron metabolism more difficult and causing anemia. Cd inhibits antioxidant enzymes, leading to lipid peroxidation in animals. Cd poisoning also harms fish's overall reproductive success by making the sperm lobules smaller, causing fibrosis in the testis, and lowering sperm motility and viability [20, 22]. 

3. Cr: Cr is a common type of steel that comes from many different types of industries and harms the environment. Numerous investigations indicated the bioaccumulation of chromium in the specialized organs of Cyprinus carpio, Carassius auratus, O. aureus, and Cirrhinus mrigala. Cr poisoning disrupts the physiological activities of fish and results in various inflammatory reactions and organ dysfunction [24]. Cr toxicity significantly modifies the protein, lipid, and glycogen levels in the muscle, liver, and gills of Labeo rohita and C. Mrigala, induces hepatic stress in C. Auratus, disrupts the functions of vital organs (liver, kidney) in Ctenopharyngodon idella, and leads to aberrant endocrine system functions in various freshwater fish species. Cr was discovered to control the blood profile, which led to cell and nuclear problems in Pangasianodon hypophthalmus. Numerous studies indicated that elevated Cr levels in fish diets significantly inhibited the development and feed efficiency of various fish species. Chronic Cr exposure also made fish reproduction more complicated by lowering spawning success, deforming testis, lowering sperm motility, and making it harder for oocytes to develop [23,25]. 

4. Cu: Cu is a major pollutant in water systems that makes life hard for aquatic species and slows down fish growth and body structure. Several investigations indicated that the liver is the primary organ that accumulates a significant fraction of Cu in comparison to other organs. Too much Cu in the fish weight loss plan made the fish less hungry, which hurt their growth and feed utilization. Cu poisoning not only caused reproductive organs to be misshapen, but it also dramatically lowered the GSI, fecundity, fertilization, and hatching rates of many fish species [26].
 
5. Mn: Mn is commonly found in a wide variety of settings. It was discovered that Mn dissolves into water in our bodies through a number of human actions. Different things can affect how hazardous Mn is to fish, such as the type of fish, its age, and the water it lives in. It has been demonstrated that manganese toxicity diminishes as water hardness increases [9]. The bioaccumulation of manganese in the liver, gills, and muscle tissue of Argyrosomus japonicus disrupted glucose metabolism and altered the ionic balance of blood plasma. Mn affects how fish work, and sometimes it can even kill them. Effects of Mn exposure on oxidative stress in C. auratus. Mn results in several neurogenetic illnesses by the induction of free radical production and the inactivation of multiple enzymes linked to antioxidant capacity. Also, Mn hurts the liver and causes grouper cells to die [12, 27].
 
6. Ni: Ni is widely utilized in unique business sports and is regarded as a principal pollutant of aquatic structures. In short, Ni in aquatic ecosystems mixes with other chemicals to make soluble salts that can stick to different things and cause a lot of good and bad consequences. The extent of Ni toxicity is contingent upon several parameters, including Ni concentration, water quality, and the physiological condition of organisms. Numerous studies have demonstrated that Ni accumulates in specific organs of fish, particularly in the gills, leading to complications in respiratory functions [3, 5]. Ni also accumulates in the intestines of fish, where it disrupts the function of the intestines. Ni changes the normal physiology and kills several species of freshwater fish. Ni infection causes a number of histological changes in the gills of Orechromis niloticus, including hyperplasia, hypertrophy, and the fusing of gill lamellae. Ni toxicity also makes it harder for fish to control their ions and puts them under oxidative stress. Two investigations found no significant effects on fish populations; however, they confirmed strong impacts on the growth of pulmonate snails and zebra fish [23, 26].
 
7. Pb: Pb is a dangerous substance that builds up in aquatic species through water and food. Lead accumulates in several parts of fish, such as the liver, kidneys, gills, spleen, and even the digestive system. Lead significantly alters the blood parameters of fish [13]. Pb toxicity also produces a big change in enzyme activity in the blood plasma and liver of fish. This leads to many problems with the cell membrane and breaks down liver cells. Pb has a bad effect on fish growth and feeding software by reducing weight increase, specific growth rate, and feed intake. Additionally, Pb leads to suboptimal reproductive outcomes, including inferior sperm and ova quality, diminished fertilization and hatching rates, and reduced embryo and larval survival, among other effects [18, 24]. 

8. Zn: Zn is a very important micronutrient for fish development and reproduction, but too much Zn can be very bad for fish. It is well known that Zn pollution happens in aquatic habitats. The liver and kidneys are the main places where Zn builds up in the body. Fish that are exposed to too much Zn have problems with development, reproduction, homeostasis, feed intake, and bone formation [5]. Zinc poisoning causes fish to excrete ammonia, which makes the water less healthy and puts fish under a lot of stress. Also, Zn poisoning hurts the fish's liver by making ALT and AST levels go up. Additionally, elevated Zn concentrations significantly diminish the protein and fat content in fish, perhaps leading to the oxidation of these macromolecules and reduced protein consumption [25,27]. 

CONCLUSION: 
	The release of harmful heavy metals from many sectors without sufficient treatment is harming aquatic habitats. As a result, dangerous heavy metals from this contaminated environment have built up in many of the fish's important organs and messed up their regular functions. The bioaccumulation of these toxic metals has had a major impact on the normal body structure of fish, slowing their growth and reproduction. Bioremediation has a lot of potential to change the current pollution of aquatic structures in a way that lasts. Bioremediation also makes fish healthier by altering the harmful effects of some heavy metals. It doesn't always help aquatic creatures, but it does make aquatic ecosystems more productive. By using this bioremediation technology in a smart way, we will be able to recycle a lot of water, which will cut down on water waste and the destruction of natural resources, which will lessen the number of harmful organisms that threaten the biosecurity of our ecosystems. In addition to the current methods of bioremediation, genetically engineered microorganisms (GEM) will need to be used in the future to make bioremediation strategies more effective at reducing harmful heavy metal contamination. Today, metals are a big problem because they change the physicochemical properties of water, throw off the delicate balance of the ecosystem, get into food chains, and hurt the important tissues of aquatic animals. Continual exposure to these chemicals causes several problems and also shortens the lifespan of living things. The gills and digestive tract are the most important places for heavy steel to get into fish. Nickel, arsenic, cadmium, chromium, copper, zinc, and lead are some of the main metals that are harmful to fish. In this research, a comprehensive review of the literature was conducted, documenting the detrimental effects of several heavy metals on the gills and other tissues. It can be concluded that metals elicit an immediate response in fish, as evidenced by various intentional and structural modifications observed in multiple organs, including genetic and enzymatic effects, which ultimately enhance the vulnerability of exposed fish to various diseases by altering their innate immunity. People rely on fish for a lot of their protein and other nutrients. So, any contamination with heavy metals can be just as bad for people. Fish can serve as essential bio-indicators, playing a critical role in the surveillance of heavy metals contamination. Also, keeping an eye on heavy steel tiers in the water system on a regular basis and making sure that laws and rules are followed is very important for dealing with such major environmental concerns.
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