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Abstract:
Industrializations are the major source of environmental pollution. The waste discharge from several industries can create an immense impact on water bodies which can disrupt the balance of several parameters of it. Too much accumulation of heavy metals through waste water can hamper human health as well as food chain. Thus several diseases take place in daily life because of accumulation of several heavy metals. These can accelerate generation of generation of reactive oxygen species (ROS) which is the ultimatum of age related disease like Parkinson disease, Alzheimer’s disease etc. This accumulation is not only limited to ROS production it has the ability to hamper immune system abruptly.  To get rid of these bioremediation can be an alternative and efficient way. With the help of several micro-organismsit can dispose these heavy metals. This review focuses on several heavy metal related diseases as well as bioremediation processes by microorganisms. It includes the list of algae and fungi which is participating in bioremediation and which kind of metals they are able to remove.



1.Introduction:
Increase in Industrialization and Urbanization are enhancing environmental pollution [1]. Arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), mercury (Hg), silver (Ag), zinc (Zn) are known as heavy metals because the density of those metals are more than 5 gm/cm3. Heavy metals are the main source of environmental pollution. Being non-biodegradable and xenobiotic compound it is really tough to get rid of heavy metals thus results in accumulation in food chain. The accumulation can be the consequence of environmental pollution as well as several health issues.[2].
Textile industries consume lots of water and chemicals for processing thus is discharge chemicals which are left over by the product and as a result it become the major source of water pollution and accumulation heavy metals [3]. It is hampering several parameters of water body like pH, temperature, colour, BOD(Biochemical Oxygen Demand), COD (Chemical oxygen demand) etc. [3].
Bioremediation is a process to remove contamination. Heavy metal can cause environmental pollution. It is relatively low cost, low-technology techniques which is high public acceptance and a good alternative technology to cleanup. Bioremediation is becoming handful technique of several sites of worldwide including Europe. It has been observed that Bioremediation has great potential to remove contaminations of certain types. Unfortunately the disadvantages and advantages are not clearly known for those who will be dealing with it [4].
In this review we will be discussing about several health issues due to exposure of heavy metals and how bioremediation is use to get rid of heavy metals causing from environmental pollution. Moreover we will be discussing how microorganism such as algae and fungi are responsible for enhancing the process of heavy metal removal. 
2.Principle of Bioremediation:
Composting and waste water treatments are the old and familiar term of environmental technology.Recently molecular biology and ecology is including several biological processes, accomplishment of these studies include cleanup of water pollution and land areas. It can be defined that bioremediation is under controlled condition where organic wastes can be degraded biologically. It uses microorganisms like algae, fungi, bacteria etc. [5]. Usually algae,fugue, bacteria have the potential to degrade organic substances hazardous for human health. These microorganisms transform organic compounds through reactions which take place as a metabolic process. Microorganisms catalyze the process of degradation known as bio-augmentation. Bioremediation has the capability to reduce the exposure risk for a clean up personnel. It is more economical than many other traditional methods like incineration.
As it is mostly dependent upon biological activity and natural attenuation it is more acceptable and other methods.  For most of the time the process runs under aerobic condition but anaerobic condition is reported to be more favorable for micro-organisms to degrade[5].
3.Bioremediation System and process:
Ex situ and in situ are the broad classifications of bioremediation procedure. Ex situ process includes different technology to remove the contaminant and in situ remove the contaminant at the place itself. It has been observed in many studies that in situ process has many advantages over physical and chemical remediation [6].
4.Heavy metals in environment:
Due to industrialization the exposure of heavy metal to the environment is increasing. Thus the process can alter health of soil, aquatic system as well as human health.The contaminations can be removed either by plants known as phytoremediation or by microbes called bioremediation. Scientists are approaching to reduce the contamination by releasing the pollutants. Heavy metals mostly found in soil are zinc(Zn), cadmium(Cd), copper(Cu), lead(Pb) etc. Zinc(Zn) reported to be the most abundant pollutant creating phytotoxicity on the other hand it has been observed that human health mostly endangered by cadmium(Cd). Accumulation of these heavy metals may inhibit progressive degradation of many organic substances. Thus it is important to make efficient removal of these contaminants. Siderophores can produce iron complexing molecules in absence of iron molecules. These microorganisms have high affinity towards heavy metals. Studies reported that in case of Pseudomonas aeruginosaandAlcaligeneseutrophus many siderophore syntheses can be induced by heavy metals even in high concentration or iron. Negative and constitutive siderophore mutants may results into the solubilisation of metals.The heavy metal resistance, bioprecipitation capacity, and improved soil flocculation are the cause to develop bioremediation method for heavy-metal-contaminated soils.A eutrophus present in the soil has ability to treat heavy metals contaminants in soil. It helps to transfer contaminating metals to the bacterial cell wall from soil particles. Then the metal loaded bacteria can be removed easily from water suspension either by flotation or flocculation process [7]. 

5.Heavy metals in health issues:
Exposure to the heavy metal can be the cause of several diseases. Not only normal human health it can cause effect upon the foetus of a pregnant woman. Sometimes it can disrupt the metabolic process of a body. Most common source of heavy metal exposure can be cigarettes. Passive or active smoking leads to the exposure to heavy metal cadmium (Cd). Accumulation of heavy metals results into neurogenetic disorders. Biomagnification plays a role to increase health risk. Depending upon metal toxicity acute and chronic may take place. Absorbing too much metal can increase free radicals which increases free radicals thus oxidative stress increases [8]. 
Heavy metals can suppress immune system as a result of exposure to heavy metals. Heavy metals persist in body because they are stable, non-biodegradable and xenobiotic in nature through inhalation of air, contaminated food or eating without washing hands. Accumulation of heavy metals inside a body makes is integral part of a body. With the help of certain proteins present in kidney can detoxify. Metallothionein is a cysteine rich protein has crucial role in detoxification. It is been observed that autism patient suffers from dysfunctional metallothionein (MT) protein. There are several diseases which are the cause of exposure to heavy metal contamination like Mina-mata (Hg), Itai-Itai (Cd), dental fluorosis (Fe), skeletal deformity (Fe) etc.Parkinson’s Disease (PD) is a progressive neurodegenerative disorder consequence of high concentration of iron, neurotransmitter, dopamine.Destruction of neurons in the SubstantiaNigra Pars Compacta (SNpc) of the basal ganglia causes PD. It is been observed that dopamine is prone to auto oxidization in present of heavy metals. Factors for PD can be geographic association, industrial use of heavy metals and exposure to iron, zinc, copper, mercury, magnesium, and manganese [8].
5.1.Insomnia:
Insomnia is a most common disorder in millions of people and even in youngsters. Accidental inhalations of nickel carbonyl can results into acute toxic effect of insomnia. It has been reported that the increment of blood lead level can cause sleep disorder [8, 9].
5.2.Arthritis:
Arthritis is inflammatory disease found in joints of patients. Long-drawn-out exposure to heavy metals like iron, copper, lead, cadmium and mercury can be the causative agents of rheumatoid arthritis. High concentration of lead (Pb) consumption can affect bones and cartilages which lead to osteoarthritis (OA)[10]. Rheumatoid Arthritis  can take place due to high blood cupper level as it is been observed that patients suffering from rheumatoid arthritis have high level of blood cupper than Osteoarthritis patients and normal human being [8,11]. 
5.3.Autoimmune disease:
Every human body has self defence system called immunity which protects body from hijacking the body by pathogens. But sometimes it happens that the body is unable to distinguish between self and foreign cells and attacks the healthy cells. This phenomenon is called autoimmune disorder. Heavy metals and xenobiotic compounds can have elementary role to hamper immune system. Studies reported that T cells can be stimulated by adjuvant from microbes or xenobiotic compounds like heavy metals mostly Hg and gold (Ag) [8].
5.4. Asthma:
One of the most common chronic health conditions which affecting millions of individuals is asthma. Association of asthma can cause childhood asthma. The elevated urinary levels of metals such as Cr, Cu, As, Se, Sr, Mo, Cd, Sn, Sb, W and U were significantly associated [8,12].
5.5. Kidney Disease:
Lead (Pb), mercury (Hg), and cadmium (Cd) are the common metals affecting severely renal health mostly cadmium(Cd) [13].Accumulation of Cd causes glomerular damage, leading to albuminuria and a progressive decline in Glomerular Filtration Rate (GFR), eventually can cause end stage renal failure. Studies reported that Cd exposure can cause Chronic Kidney Disease (CKD), especially in adults with hypertension or diabetes. Zinc is considered to be relatively non-toxic, especially if taken orally [8].
5.6. Hypertension:
Mercury, cadmium, and other heavy metals play a crucial role for inactivating numerous enzymatic reactions, amino acids, and sulphur-containing antioxidants with subsequent decreased oxidant defence and increases oxidative stress. These heavy metals have high affinity for sulfhydryl groups. Mercury induces mitochondrial dysfunction with reduction in ATP, depletion of glutathione, and increased lipid peroxidation; increased oxidative stress is common. Selenium antagonizes mercury toxicity [8].
5.7. Alzheimer’s diseases (AD):
Another chronic neurodegenerative disease isAlzheimer’s diseases (AD) that destroys memory, thinking skills and eventually the ability to carry out normal functions of daily need and worsens over the period.Heavy metals and dioxins exhibits their toxic effects on the enzymes like superoxide dismutase, cytochrome P450 and glutathione peroxidase, responsible for cellular proliferations, growth controls and cell death.Modulation of gene expression, reduction of the activity of proteins, act on signal transduction, generation of ROS/RNS, alternation of cellular proliferations and differentiations and death, damage cells of brain, DNA damage of brain tissues can be caused by heavy metals like cobalt, cadmium, and copper thus leads to neurodegenerative diseases like Parkinson disease, Alzheimer disease, and amyotrophic lateral sclerosis [8, 14].
5.8. Infertility:
The World Health Organization (WHO) evaluates that 60 to 80 million couples worldwide currently suffer from infertility, varies across regions of the world and is approximated to affect 8 to 12 per cent of couples. Globally, most infertile couples suffer from primary infertility (inability to conceive within two years) . Exposure to heavy metals such as Cd, Hg, Pb, Ar, may be highly involved in impaired human fertility [15, 16]. Tobacco and smoking is the primary source of Cd and lead (Pb) intake, observed in serum and semen of infertile smokers [17]. Basal cadmium excretion was significantly higher in the infertile women compared with the pregnant women [8].
6. Algae in Bioremediation:
Being photosynthetic organism, fresh water living and salt water living algae can be a potential biosorbent. Immobilized cells of some algae can be efficient enough to remove heavy metals [1]. Presence of cell wall in algae has great role in bio sorption. Presence of Carboxylic, amino, hydroxyl, carbonyl,and sulfonic groups on the algal cell surface helps in metal binding. Here are few listed algae helps in bioremediation [18, 19, 20].
Table-1: List of Algae participating to remove heavy metals
	Algae
	Metal Removal
	References

	Ocillatoriaangustissima
	Co, Cu, Zn
	[21]

	Spirogyra species
	Cu(II)
	[22]

	Spirogyra
	Cr(III)
	[23]

	Spirogyra species
	Pb
	[24]

	Caulerpalentillifera
	Cu, Zn, Cd, Pb
	[25]

	Fucusspiralis
	Ni, Cu, Zn, Cd, Pb
	[26]

	Oedogonium sp.
	Cd 
	[27]

	Laminaria japonica
	Ni, Cu, Zn, Cd 
	[28]

	Oedogoniumhatei
	Cr ,Ni 
	[29,30]

	Green algae
	Co(II), Cd(II), Pb(II)
	[31]

	Anabaena sphaerica
	Cd(II), Pb(II) 
	[32]

	Spirulina 
	Cr
	[33]

	Spirulina platensis
	Cr 
	[34]

	Pelvetiacanaliculata
	Cu, Zn 
	[35]



7.Fungi in Bioremediation:
There are several advantages of growing fungi, like it can be grown easily, ability to produce high biomass and at the same time it can be manipulated morphologically and genetically. Fungi are resistant to high metal accumulation. Thus it can be an effective biosorbent to remove heavy metals.  Presence of functional groups like carboxyl, amine, hydroxyl, phosphate and sulfhydryl groups in the cell wall of fungi helps in metal sorption. Here are few listed of those [36,37,38,39] .
Table-2: List of Fungi participating to remove heavy metals
	Fungae
	Metal Removal
	References

	Aspergillusflavus
	Cu(II), Pb(II) 
	[40]

	Lentinusedodes
	Zn, Cd, Hg
	[41]

	Rhizopusdelemar
	Ni, Cu
	[42]

	Aspergillusniger
	Mn, Fe, Ni, Cu, Zn, Cd, Pb
	[43]

	Fusariumsolani
	Cr(VI)
	[44]

	Galerinavittiformis
	Cr, Cu, Zn, Cd, Pb
	[45]

	Zygosaccharomycesrouxii, Saccharomyces cerevisiae
	Fe, Cu, Zn, Cd
	[46]

	Fusarium sp.
	Cr(VI)
	[47]

	Aspergillusflavus
	Hg
	[48]

	Botrytis cinerea
	Cu, Cd
	[49]

	Neurosporacrassa
	Cu, Pb
	[50]

	Aspergillus sp.
	Cr(VI)
	[51]

	Aspergillusniger
	Cu
	[52]

	Lactariusscrobiculatus
	Cd(II), Pb(II)
	[53]

	Amanita rubescens
	Cd, Pb
	[54]




[bookmark: _GoBack]8.Conclusion:
Uncontrolled excretion of heavy metals from industry not only hampers water but also human health. Being xenobiotic compound and non-biodegradable compound it really tough to get rid of these wastes. These heavy metals can be the serious cause of human diseases. Not only genes which are controlling this diseases but also these heavy metals as an environmental parameter. It is necessary to remove heavy metal from environment. Efficient techniques need to be used to remove such wastes. Depending upon biological process heavy metals can be removed. Also several algae and fungi come to rescue. Their cell wall structure and cell surface area plays major role to remove such heavy metals. So bioremediation can be an alternative and efficient to protect environment from heavy metal pollution as well as to remove such pollutants.
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