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    In the last century, soaring economic developments had led to mushrooming of industries and ill planned urbanization. The plethora of byproducts and/or waste products of industrialization acted as environmental contaminants in the biosphere. Currently, addition of some xenobiotics to our environment and increase in concentration of existing natural elements in biosphere has resulted in the deterioration of ecosystem, alterations in biogeochemical cycles, degradation of gene pool thus, affecting the health of flora and fauna existing on the earth. The health effects associated with exposure to these contaminants include various degenerative diseases including cancer. Increase in cancer incidences and deterioration of human health have led to the awakening of scientific community and efforts are being made to formulate policies and framework associated with environmental contaminants.




    The present book has been conceptualized keeping all of the above issues into consideration. The book is broadly divided into two sections; Section A covers the toxic effects of environmental contaminants on human health, tools to analyze the pollutants and ways to mitigate them. Section B focuses on the protective effects of various plant products against the toxicity induced by environmental pollutants. Section A was mainly edited by Dr. Ashita Sharma while the main editor for Section B was Dr. Manish Kumar, concerning their respective areas of expertise.




    In the first chapter of the book, Savita et al. have summarized various pollutants that have been added to the environment by anthropogenic activities. The chapter also summarizes various effects of the pollutants on flora, fauna and environment. The Second chapter of our book by Chattopadhyay summarizes various carcinogenic pollutants in our ambient environment and their mechanism of action. The chapter holds a descriptive approach to the carcinogens and their effects. The next two chapters of the book by Kaur T. et al. and Kaur M. et al. focus on various tools which help in evaluating the toxicity of pollutants so as to identify various carcinogenic and/or toxic chemicals in our surroundings. These chapters have carefully summarized the common techniques adopted for the screening of pollutants. Pollutants like pesticides and biphenyls, pertaining to their wide application and severe toxic effects, have gained attention of the scientists and researchers throughout the world. The advent of green revolution and the demand of increased food production have resulted in injudicious use of agrochemicals, which may have increased the crop production but at the same time have caused many toxic effects to the consumers. Pesticides are one of most common contaminants which effect large section of population, hence these holds importance over the other pollutants. So, in the next chapter, Yadav and Sharma throw light on the toxic effects of pesticides on human population. Biphenyls are the emerging pollutants which have increased in biosphere due to various anthropogenic reasons. The increase in urbanization and ill planned disposal has made this pollutant spread drastically in the ambient environment. The Chapter sixth of the book by Sharma et al. reflects on various sources and effects of biphenyls. Also, the chapters have tried to provide the remediation strategies for both the pollutants. Before the pollutant reaches to the human beings and showcase the effects, it can be curbed in the environment. The next chapter by Kalia and co-workers, thus focuses on the emerging technology which identifies an emerging strategy to mitigate the pollutant from environment employing unique group of microorganisms called Actinomycetes.




    Since ancient times, the natural phytochemicals in plants are known to exhibit medicinal properties. Thus, the power of these phytoconstituents was also evaluated against the deadly contaminants and in many cases these phytochemicals proved to be the curative nectars. The next section of the book throws light on protective benefits of plants products against degenerative diseases including cancer. The subsequent chapters by Kaur P. et al. and Kaur S. et al. cover modulatory and protective effects of plants products and nutraceuticals. The second last chapter of book by Kumar et al., establishes an important link between caspases and plant products in cancer chemoprevention. In the last chapter, Patel and Bhattacharya have focused on important diagnostic tools related to cancer.




    This version is a concise handbook for researchers and academicians to understand the issues related to various environmental toxins and protective agents which can safeguard gene pool against these toxins.
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    Environmental contaminants are constantly increasing in the environment due to the ill planned economic development. Increase in degenerative diseases as a result of continuous exposure to environmental contaminants is posing a serious threat to mankind. While living in such an environment, it has become an absolute necessity to find ways to enhance the protective nature of human metabolic response against the exposure to carcinogens. Various phytochemicals were considered as nectar against many degenerative diseases in ancient civilizations. Modern science is also making efforts to understand the protective effects of natural products. There is a need to compile the information about pollutants which can damage mankind and the protectants to safeguard our existence. The book is a unique and well-arranged compilation of these important aspects.




    The first section of the book covers various sources and effects of emerging contaminants in our ambient environment. Environmental contaminants are associated with an increase in incidences of various types of cancers. The chapter entitled “Environmental risk and cancer” covers all such pollutants in detail. Due to the emergence of various contaminants, it has also become important for scientific community to assess the toxicity of various chemical agents present in the environment. Next chapters of the book suggest various plant and bacterial bioassays which could be used to analyze the toxic potential. Injudicious urbanization and economic development have increased the concentrations of some toxins into the environment which could have been prevented if judiciously used; pesticides and biphenyls are perfect examples. In the second section, editors have tried to compile the information about various natural products and their protective effects against carcinogenic potential of environmental contaminants. The metabolic link between plant products and cancer chemoprevention is also summarized well in one of the chapters in the book. The volume of Environmental Contaminants and Natural Products is a concise and well-organized handbook for researchers working in the field.
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    Toxicity Assessment, Health Impacts and Remedial Measures
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      Abstract




      Environmental contaminants are those substances which are present in the environment above the permissible limits of concentration, which adversely alters the environment and is toxic to the human, animal and plant health. Due to industrialization and overuse of chemical fertilizers, our environment has become contaminated with various types of contaminants. The contaminants include solid, liquid and gaseous substances which are produced by human activity for short-term economic benefits at the cost of long-term ecological benefits for humanity. The sources of contaminants may be point source or non-point source. The common sources of contaminants are fossil fuels, industries and industrial accidents, oil spills, mining, ammunitions and agents of war etc. The contaminants may be natural or xenobiotic (man-made) in nature. The common environmental contaminants are polyaromatic hydrocarbons, heavy metals, pesticides organic solvents and inorganic solvents etc. Accidental release of these contaminants in the environment leads to evolution of new diseases to human health and as well as mass death of population. The present chapter deals with the various types of contaminants, sources and effects of environmental contaminants.
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      INTRODUCTION




      Environment is the complex of biotic and abiotic factors (Physical and chemical) which interact with each other. The environment helps in sustaining human life by providing the natural resources and particular ways of life. Our modern life style and our dependency on technology have leaded us towards a highly industrialized state at the cost of the natural environment, which is one of the main reasons for an ecological crisis we are facing today [1]. Because of industrialization our environment has become contaminated with various types of chemicals.




      Environmental contaminants are those substances which are present in the environment above the permissible limits of concentration, which adversely alters the environment and is toxic to the human, animal and plant health. These compounds may either originate from man-made sources (industrial waste, wastewater discharge, thermal and nuclear power plants and agricultural run-off) or from natural sources (odor-causing chemicals produced by algal and bacterial blooms and volcanic eruptions). The man-made chemicals are called as xenobiotic compounds which are foreign to the biosphere. They are produced mainly through the waste discharged from industries, pesticides, insecticides, landfilling and mining. Common examples of xenobiotic compounds are petroleum hydro- carbons, heavy metals, pesticides lead, organic solvents and inorganic solvents. Contaminated soil, air and water affect human health adversely through direct contact. Accidental release of these contaminants in the environment leads to evolution of new diseases to human health and as well as mass death of population. Present chapter will cover the following contents:





      

        	Types of environmental contaminants.




        	Sources of environmental contaminants.




        	Effects of environmental contaminants.


      


    




    

      TYPES OF ENVIRONMENTAL CONTAMINANTS




      

        Depending upon the Existence of Environmental Contaminants in Nature, there are two Types of Contaminants




        Quantitative Contaminants: Those substances which occurs normally in the environment but their concentration gets increased due to various anthropogenic factors e.g. carbon dioxide.




        Qualitative Contaminants: Those substances which are not found naturally in the environment but are produced by man for example fungicides, pesticides, insecticides and chemical fertilizers. Qualitative contaminants are further classified depending upon various parameters like their form, persistency, disposability and their chemical composition.


      




      

        Depending upon their Form in which they Persist in the Environment




        Primary Contaminants: The contaminants which are present naturally into the environment or emitted directly from a source and persist in the form in which they were added to the environment are called as primary contaminants. Smoke, fumes, dust, ash, soil particles and volatile organic compounds etc. are the common examples of primary contaminants.




        Secondary contaminants: Primary contaminants react in the atmosphere to form secondary contaminants. Formation of acid rain by reaction of sulfur dioxide/nitrogen oxides with water and nitrogen dioxides, PAN formation in the presence of sunlight by reaction of hydrocarbons (HC) with nitrogen oxides (NOx).


      




      

        Depending upon their Natural Disposal




        Biodegradable contaminants: Those contaminants which can be quickly degraded or broken down into simpler or harmless substances by natural means are called biodegradable contaminants. Common biodegradable contaminants are urine, faecal matter, sewage, cattle dung, animal bones, agriculture residues, paper, wood, cloth, leather, wool, vegetable stuff etc.




        Non-biodegradable contaminants: Those contaminants which either cannot be broken down into harmless substances or degraded very slowly in nature are called non-biodegradable contaminants. Examples of non-biodegradable contami- nants are heavy metals (mercury, arsenic and lead), glass objects, DDT, silver foils, plastics, polythene, insecticides, pesticides etc.


      




      

        Depending upon whether Manmade or Natural




        Natural and xenobiotic contaminants: Chemical compounds which occur naturally in the environment are called natural contaminants while those which are not found naturally in the environment and are foreign to the biosphere are called xenobiotic contaminants. These compounds are generally non-degradable and called as recalcitrant. Aromatic halogenated compounds, polyaromatic hydrocarbons and azo dyes are the common examples of xenobiotic contaminants [2, 3].


      




      

        Depending upon their Chemical Composition




        Organic contaminants: Organic contaminants are the carbon-based chemicals, which enter into the water table and water supply through agricultural runoff and waste disposal from industries. The examples of organic contaminants of environment are organic solvents, DDT, Dieldrin, PCP, PAHs, RDX and TNT.




        Inorganic contaminants: Inorganic contaminants are mineral-based compounds such as lead, mercury, antimony, selenium, asbestos etc. Inorganic contaminants can occur naturally in water, or they may get into water through agricultural runoff, direct discharge from chemical industries, leaching from mining sites and decay of natural deposits.


      


    




    

      SOURCES OF ENVIRONMENTAL CONTAMINANTS




      The sources of contaminants may be point source or non-point source. If pollutants are being released from a single, identifiable source of pollution, such as discharge from industries, sewage treatment plant and drain, then the contaminants are called as point source. Non-point sources of contamination is also called as ‘diffuse’ contamination which is attributed to multiple sources like land runoff, drainage, precipitation, seepage etc. The sources and effects of environmental contaminants are summarized in Table 1. The common sources of contaminants are as follows:




      

        Table 1  Sources and effects of contaminants (soil, water and air) on human health.




        

          

            

              	Contaminant of soil and water



              	MCL (maximum contaminant level) mg/L



              	Effects



              	Sources of contaminants



              	References

            


          



          

            

              	Microorganisms



              	



              	

            




            

              	Cryptosporidium



              	-



              	Watery diarrhea, weight loss, stomach pain, vomiting and nausea.



              	Sewage sludge and solid waste discharge.



              	[14]

            




            

              	Giardia lamblia



              	-



              	Giardiasis disease having symptoms: Diarrhea, vomiting, cramps, malnutrition and growth failure in infancy.



              	[15]

            




            

              	Legionella



              	-



              	Sever kind of pneumonia (Legionnaire's Disease).



              	Water systems like, hot-tub, mist sprayers, air conditioners etc.



              	[16]

            




            

              	Disinfection Byproducts



              	



              	

            




            

              	Bormate



              	0.010



              	Can induce cancer.



              	Produced during disinfestation of drinking and swimming pool water.



              	[17]

            




            

              	Chlorite



              	1.0



              	Nervous system impairments and anemia in infants and young children.

            




            

              	Haloacetic acid (HAA)



              	0.060



              	Can induce cancer.

            




            

              	Total Trihalomethanes (TTHMs)



              	0.10



              	Can induce cancer and also adversely affects the functioning of liver, kidney and central nervous system.

            




            

              	Inorganic contaminants



              	



              	

            




            

              	Antimony



              	0.006



              	Irritation of the skin, eyes, and lungs. High levels of antimony in water can cause stomach pain, stomach ulcers diarrhea, and vomiting; altered electrocardiograms.



              	Fumes from burning of oil fuels, petroleum refineries; volcanic eruptions, forest fires etc.



              	[18]

            




            

              	Arsenic



              	0.010


              as of 01/23/06



              	Cancer, cardiovascular and peripheral vascular diseases; anemia, leukopenia, eosinophilia, developmental anomalies, diabetes, hearing loss and portal fibrosis.



              	Runoff of Mining sites, agricultural runoff from glass & electronics wastes



              	[19]

            




            

              	Asbestos



              	7 MFL



              	Highly carcinogenic and can develop benign intestinal polyps, lung cancer and mesothelioma (mesothelium cell line cancer).



              	Building demolition, decay of asbestos cement in water bodies, fire proofing and insulation.



              	[20]

            




            

              	Barium



              	2



              	Cardiovascular and kidney diseases, metabolic, neurological, and mental disorders.



              	Discharge from metal refineries mining sites, drilling wastes, and erosion of natural deposits



              	[21]

            




            

              	Beryllium



              	0.004



              	Person exposed to Berylium becomes sensitized to beryllium and later on develops Berylliosis or chronic beryllium disease (CBD).



              	Discharge from metal refineries mining sites, drilling wastes, and erosion of natural deposits



              	[22]

            




            

              	Cadmium



              	0.005



              	Bone demineralization or bone damage, Kidney damage, impaired lung functioning and increased risk of lung cancer and the Itai-Itai-disease.



              	Runoff from cadmium plating, waste batteries, paints, alkaline batteries, copper alloys and plastics, erosion of natural deposits, discharge from metal refineries.



              	[23]

            




            

              	Chromium



              	0.1



              	Cancer in humans.



              	Discharge from Industries like steel and pulp mills and erosion of natural deposits.



              	[24]

            




            

              	Cyanide



              	0.2



              	Seizers, cardiac arrest and permanent nerve damage if a person survives after exposure to cyanide.



              	Discharge from metal, steel, plastic and fertilizer factories.



              	[25]

            




            

              	Fluoride



              	4.0



              	Bone disease; Children may get mottled teeth.



              	Discharge from fertilizer and aluminum factories; natural deposit erosion.



              	[26]

            




            

              	Lead



              	0.015



              	Kidney problems and high blood pressure in adults, delays in physical or mental development in infants and deficit in attention span and learning abilities in children;



              	Erosion of natural deposits, sewage sludge, waste batteries, paints, munitions etc.



              	[27]

            




            

              	Mercury



              	0.002



              	Health effects depend upon the age of person, duration of exposure and the form of mercury. Mercury is a neurotoxin which affects the central nervous system and causes neuromuscular changes, irritability, fatigue, tremors, headaches, dysarthria, hearing and cognitive loss, emotional changes, hallucinations, cardiovascular problems and death.



              	Discharge from metal refineries, and factories; runoff from landfills, mining sites and croplands and erosion of natural deposits.



              	[28]

            




            

              	Nitrates and nitrites



              	10 and 1.0 respectively



              	Risk of cancer in older women.



              	Runoff from agriculture; natural deposit erosion; leaching from septic tanks and sewage treatment plants.



              	[29]

            




            

              	Selenium



              	0.05



              	Diarrhea, fatigue, Dermatologic effects (nail and hair loss, nails discoloration or brittleness and dermatitis), joint pain, and nausea.



              	Discharge from mines and petroleum refineries; erosion of natural deposits.



              	[30]

            




            

              	Thalium



              	0.002



              	Fatigue, headache, nausea and vomiting, muscle and joint pain, numbness of fingers and toes, cranial nerve abnormalities, altered mental status.



              	Discharge from electronics, glass, and drug factories; industrial combustion of coal; bottom sediments and flood plain soil, leaching from mining and ore-processing sites.



              	[31]

            




            

              	Radionuclides



              	



              	

            




            

              	Alpha particles



              	15 picocuries per Liter



              	May cause lung and liver cancer.



              	Alpha decay of heavy radioactive atoms, ternary fission, accelerator (cyclotrons and synchrotrons), erosion of natural deposits of radioactive minerals.



              	[32, 33]

            




            

              	Beta particles and Radium



              	4 milligrams per year and 5 pCi/L respectively



              	May cause bone cancer.



              	Decay of radioactive minerals that may emit photons and beta radiation.



              	[33]

            




            

              	Uranium



              	30 ug/L



              	May cause lung cancer and affects the normal functioning of kidney.



              	Natural deposits erosion and leaching from radium and uranium mining sites.



              	[33]

            




            

              	Gaseous Contaminants



              	



              	

            




            

              	Carbondioxide (CO2)



              	-



              	Global warming.



              	Burning of fossil fuels, and transportation.



              	[34-37]

            




            

              	Sulphur dioxides and nitrogen oxides



              	-



              	Formation of acid rain.



              	Combustion of coal and petroleum, burning of fossil fuels, volcanic eruptions and industrial processes.

            




            

              	Carbon monoxide



              	-



              	Sudden illness or death, lung diseases.



              	Produced by the incomplete combustion of natural gas, coal or wood; heating systems, water heaters, gas cooking ranges and portable generators.



              	[34-37]

            




            

              	Non-methane volatile organic compounds



              	-



              	Non-methane volatile organic compounds are considered as carcinogens that may cause leukemia with prolonged exposure.



              	Fossil fuels, vehicle exhaust, and industries.

            




            

              	Particulate matter



              	-



              	Lung diseases.



              	Produced from burning of fossil fuels, volcanoes, dust storms, forest fires, sea spray, power plants etc.

            




            

              	Chlorophlorocarbons (CFCs)



              	-



              	Causes harm to ozone layer.



              	released from air conditioners, refrigerators, aerosol sprays, etc.

            




            

              	Ammonia



              	-



              	Ammonia can cause bronchiolar and alveolar edema, and airway destruction. Exposure to higher concentrations can cause immediate burning of nose, throat and respiratory tract. Exposure to lower concentrations can cause nose, throat irritation and coughing.



              	Emitted from agricultural processes.

            




            

              	Radioactive pollutants



              	-



              	Risk of cancer.



              	Produced by nuclear power plants, nuclear bomb testings, diagnostic centers and hospitals, war explosives.



              	[38]

            


          

        




      




      

        Fossil Fuels




        Dead remains of living organisms form the fossil fuels under high pressure and heat. Fossil fuel formation is a long-term process which takes millions of years to be completed. Coal, crude oil and natural gas are the three major types of fossil fuels. Combustion of fossil fuels releases various gases like carbon dioxide, nitrogen oxides and sulfur dioxide. Burning of gasoline and diesel releases greenhouse gases like carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and hydro fluorocarbons (HFCs) into the environment, which are also responsible for global warming and climate change.


      




      

        Oil Spills




        Oil spill pollution refers to the spill of crude oil or oil distilled products such as diesel fuels, jet fuels, kerosene, gasoline, Stoddard solvent, hydraulic oils, lubricating oils etc. which results in negative effect on environmental health and health of living organisms. Oil spills mainly pollute the surface of the water, air and soil. Oil spill pollution may comprise of a variety of organic compounds like paraffins (alkanes), isoparaffins (isoalkanes), aromatics, cycloalkanes, alkenes and alkynes. Other compounds which are present in crude oil and oil discharges include sulfur, nitrogen and oxygen atoms. Torray canyon (super tanker) oil spill was one of the first major oil spills. The super tanker was carrying 1,20,000 ton oil in it when it hit the reef off the Coast of Cornwall. More than 15000 sea birds and huge number of aquatic animals were killed by this oil spill.


      




      

        Mining




        Mining is the extraction of any material that cannot be produced either artificially in laboratory and factory or through agricultural processes. Mining includes the extraction of geological materials which are generally non-renewable resources from the earth like petroleum, natural gas, gemstones, limestone, metals, coal, rock salt, potash, gravel etc. Besides providing essential raw materials for various industries, mining is a major source of contamination of surface and groundwater. During the process of mining many oxidation reactions occur such as acidic solutions are formed by the oxidation of iron salts and sulfur-containing materials in the presence of water. The major contaminants produced at the mining sites are heavy metals, selenium, thalium, barium, beryllium, arsenic, asbestos, antimony, mercury and cyanide produced by the processing of ores.


      




      

        Industries and Industrial Accidents




        Industries don’t use the raw products cost effectively instead they produce a large number of byproducts in the form of gas, liquid or solid. The gases such as NO, NO2, SO2, SO3, Cl2, CO, CO2, fumes of H2SO4 and other acids, etc. are directly liberated into the atmosphere; the water used as cooling agent who also contains harmful chemicals is directly discharged into rivers without prior treatment, solid wastes are illegally dumped on the land. The common most polluting industries include the cement, distillery, oil refineries, paper and pulp industry, agro- chemicals such as pesticides, fertilizers, herbicides, insecticides etc., iron and steel industry, pharmaceuticals, sugar, textiles, thermal power plants, and tanneries. The wide variety of contaminants enters into soil air and water and disturbs the natural eco-system affecting the health of living organisms. Chemical accidents which happen by natural events or act of god, such as earthquakes, floods, lightning etc., are called as “Natech” accidents. Due to Natech accidents hazardous substances are released from refineries, overland oil, gas pipelines, oil and gas storage, which are responsible for sever environmental pollution, fatalities, injuries, and economic losses [4-7]. Some of the toxic substances which are released in the environment by industrial accidents are acrylonitrile, ammonia, chlorine, carbon disulphide, hydrogen cyanide, hydrogen sulphide, hydrogen fluoride, hydrogen chloride, methyl isocyanate, Phosgene, sulphur dioxide and sulphur trioxide.


      




      

        Transport




        Ozone, particulate matter, smog-forming emissions and greenhouse gases such as nitrogen oxides, carbon monoxide, and carbon dioxide are the major contaminants of air which are produced by passenger vehicles and heavy duty trucks. Cars, buses and trucks emit the primary pollutants in the environment in the form of gases, which react in the environment to form the secondary contaminants like smog, fog acid rain. These secondary contaminants are responsible for asthma and bronchitis, increase the risk of lung and other cancer. Major percentage of greenhouse gas (GHG) emissions of the world is from transportation.


      




      

        Corrosion of Underground Storage Tanks




        Underground storage tanks (USTs) are generally made-up of network of steel pipes which has 10% volume underground. They are generally used for the storage of petroleum products (gasoline, diesel, kerosene). Over time steel corrodes and causes leakage of USTs containing hazardous liquids which may contaminate millions of gallons of ground water and large areas of soil. After leakage from the tank, petroleum products leached out into soil and enter into the ground water.


      




      

        Intensive Farming and Agrochemicals




        In the recent past the use of agrochemicals has increased many folds to fulfill the requirement of food for the growing population. Agrochemicals include the fertilizers, pesticides, insecticides, fungicides and herbicides. The most serious problems is the contamination of groundwater, surface water and drinking water supply, rivers, lakes and ponds from agrochemicals due to leaching of chemicals, agricultural runoff and floods [8-11].


      




      

        Road Debris




        Road deposited sediments (RDS) are derived from emission from the various transportation means, vehicle tires, brakes, body frames, asphalt road surfaces, road railings, fences, deicing salt etc. RDS consist of metals (zinc, cadmium, mercury, lead etc.) metalloids (arsenic, silicone, boron, asbestos, antimony, selenium etc.) and polycyclic aromatic hydrocarbons (PAH) [12]. Due to heavy rainfall and floods, RDS enter into the rivers, lakes and drinking water supplies and it severely affects the water quality and life of aquatic flora and fauna.


      




      

        Waste Disposal




        Waste refers to those materials which are not usable further with any kind of processing. Waste is created by all life forms but the waste created by modern life style of humans and the industries cannot be cope up by nature. The waste may be hazardous and non-hazardous. The hazardous waste can be classified as the biological, chemical and radioactive waste, which generally originates from various sources like house hold materials, industries, hospitals and clinics, construction sites, nuclear and thermal power plants, and agriculture [13]. Untreated waste, leads to contamination of air, water and soil.


      




      

        Nuclear Wastes




        Nuclear waste is a material which has no further use and that contains radionuclides. Radionuclides are unstable elements which disintegrate spon- taneously and emit radiations. Nuclear waste is created by nuclear power plants, laboratories, hospitals and diagnostic centers, military weapons production and nuclear bomb testing, mining, and other industrial uses. The natural radiations or the background reactions include the radioactive elements like uranium, thorium, radon, potassium, carbon, and radium. These elements can be traced in the rocks, soil, and water. Man-made radiations include refining of plutonium, mining of thorium, strontium-90 and Iodine-131. The Chernobyl nuclear power plant disaster which happened in 1986 in Ukraine exposed the environment with Strontium-90 and Iodine-131 (Both are radioactive materials), which is responsible for the increased risk of thyroid and other cancers.


      




      

        Discharge of Sewage Sludge




        Sewage sludge is produced as a byproduct by sewage treatment plant, which generally contains micro-organisms, toxic materials like pesticides, and heavy metals, nanomaterial and hormones. Treated sewage sludge is also known as bio-solids and is applied to agricultural cropland as fertilizers. Sewage sludge is a rich source of Nitrogen, Phosphorus, calcium, organic matter and other micronutrients such as boron, copper, iron, magnesium, molybdenum, zinc etc. The qualities of soil improve by the application of sewage sludge to agricultural. However, sewage sludge has become controversial as a fertilizer; because it contains heavy metals and pathogenic microorganisms which may enter into the water sources and the heavy metals may become accumulated in the top soil. The heavy metals that are present in the sludge exist in the form of oxides, hydroxides, sulfides, silicates, etc., and they also bound with the organic matter of the sludge.


      




      

        Landfill and Illegal Dumping




        A landfill is a site where waste materials are filled into pits by burial. It is also called as, dump, garbage dump or dumping ground. The illegal dumping or the fly dumping is the dumping of waste illegally without using the authorized rubbish dump. Because of landfilling and illegal dumping, soil and ground water both have become contaminated. Soil contaminants enter into groundwater aquifers through leaching. Various types of hazardous contaminants originate from the dumping site whose common sources are batteries, waterproofing agents, epoxies, lead based paint, asbestos and commercial cleaning compounds, gypsum, shingles, ceiling tile, insulation and vinyl floor covering. Decomposing wastes also generate methane and other gasses.


      




      

        Coal Ash




        Coal combustion residuals (CCR) or coal ash is produced by burning of coal. Coal naturally concentrates lead and zinc and other heavy metals during its formation. Heavy metals are lesser in degree in comparison with lead and zinc. Due to burning of coal most of the heavy metals become concentrated in the ash except mercury. Coal ash and slag usually contains sufficient lead, zinc, cadmium, nickel, barium, boron, chlorine, cobalt, beryllium, manganese, molybdenum, chromium, copper, sulphate, bromide, antimony, aluminium, vanadium and variable concentrations of polynuclear aromatic hydrocarbons (PAHs). These toxic elements and PAHs are responsible for increased risk of cancer and nervous system impairments such as developmental delays, impaired bone growth in children, behavioral problems and cognitive deficits, lung and kidney diseases, heart damage, gastrointestinal illness, reproductive problems, respiratory distress and birth defects.


      




      

        Electronic Waste




        Electronic devices have become integrated part of our daily life. When the electric appliances reach to the end of their useful life, they are considered as electronic waste. If electronic waste is dumped with municipal waste then it releases 1000s of different toxic substances such as lead, zinc, lithium, germanium, nickel, silicone, tin, mercury, arsenic, cadmium, copper, aluminum, selenium, and hexavalent chromium at the dumping site. These toxic substances contaminate the soil and later contaminate the groundwater too through leaching from soil.


      




      

        Ammunitions and Agents of War




        Ammunitions are the materials fired, scattered, dropped, from any weapon, as bombs or rockets, shrapnel, bullets, or shells fired by guns. The improper disposal of munitions can contaminate soil and water. Some hazardous substances used in the formation of munitions are 2-ADNT, DNB, DNA, HMX, RDX, TNT, TNB, and tetryl. They are also known as nitro-aromatic munition compounds. These compounds are persistent and remain present in soil, sediment, and surface water or groundwater at the sites where they were produced or processed for example when an organism is shot with the lead bullet, it remains in the carcass of the organism that was never retrieved. The carcass or the gut of these organisms remains open in the environment and they can be consumed by the scavengers like carnivores. In this way lead enters into the food chain and causes lead poisoning.


      


    




    

      EFFECTS OF ENVIRONMENTAL CONTAMINANTS




      With the increase in pollutant concentrations environmental damage increases linearly. A definite threshold in pollutant concentration must be achieved to induce any adverse effect in the environment. Biodegradable pollutants show such type of effect. An important type of the effect where pollutant produces severe effects while interacting with other pollutant instead of acting individually is known as synergistic effect. A good example of this effect is smoking in the presence of asbestos, which increases the chances of causing lung cancer at a higher rate.




      Effects of various contaminants on environment and organisms are as follows:




      

        Gaseous Pollutants




        The major pollutants like SO2, HNO3 and O3 leads to reduced photosynthesis, stomata functioning stunted growth and enhances leaf senescence and premature leaf fall in many plant species. Ozone directly affects all the functioning of plants as it produces free radicals which can damage cell membrane. Increase in concentration of NO2 up to the level of 1900 µg m-3 leads to the necrosis in plants. While 989 µg m-3 concentrations lead to the chlorosis. Pollutants lead to the formation of Abscisic acid (ABA) which causes closure of stomata. Many of the lower plants like Lichens and moses are very sensitive to pollution. Lichens are said to be very good indicator of SO2 pollution because they are affected by very low concentration of SO2 in air. Sulphur and oxygen molecules react to form different types of compounds such as SO, SO2, SO3, etc. which are known as oxides of sulphur. With an increased of 50 μg/m3 in concentration of sulphur dioxide in environment western European countries witnessed about 3% increase in daily mortality rate.




        Nitric oxide, Nitrous oxide (N2O), Nitrate (NO3) and Nitrogen dioxide (NO2) are the major types of the oxides of Nitrogen which variably affects plants, animals and environmental processes. NO2 partially contributes to the health effects caused by the urban air pollution mixtures [39]. Oxides of nitrogen can inhibit the photosynthesis in majority of plants [34]. Nitric oxide (NO) which is a low molecular weight gas, effects the regulation of blood vessel dilation [40]. The normal functioning of biomolecules like proteins, lipids and even DNA is hampered by free radicals [41]. This oxidative state causes multifarious diseases such as cardiac arrest, atherosclerosis, chronic inflammatory diseases, Parkinson’s, and Alzheimer’s [37].




        Carbon monoxide (CO) can show lethal effects in hemoglobic animals when its concentrations rises over about 35 ppm. However, it is also brought out in normal animal metabolic processes in low quantities which is significant in some regular biological functions. The photosynthetic activity of the crop plants, temperate trees and forests are influenced by the increasing concentration of CO2 in the environment [35, 36]. High CO2 concentration could increase of yield and water use efficiency by minimizing transpiration by 34% [42]. CO captures heme iron of hemoglobin and myoglobin. Thus, it affects several intracellular signaling pathways and functioning of cell [40]. Most of the gaseous pollutants inhaled impact the respiratory system and promote hematological disorder and cancer [37].




        Crude oil is the main source of hydrocarbons found on earth, three major types of saturated hydrocarbons, unsaturated hydrocarbons and aromatic hydrocarbons which significantly affect the environment can be of different forms like gases, liquids, waxes or low melting solids or polymers like polyethylene.




        Soil can concentrate PAH’s from 1 to 10 µg / kg which can aggregate almost double in amount in vegetation from 10 to 20 µg / kg [43]. Five different types of lung cancer cases are recorded annually out of one million people in urban areas of central Copenhagen because of the presence of toxic air pollutants and polycyclic aromatic hydrocarbons [44].


      




      

        Persistent Organic Pollutants




        

          Dioxin




          More than 90% of humans are exposed to dioxin by consuming contaminated food mainly meat and dairy products and fishes. Dioxin causes the alteration of metabolism by inducing many metabolic enzymes like glutathione-transferase, tyrosine kinase etc [45]. The interference of with hormones and can harm immune system, reproduction and development, and can also lead to cancer. Even benzene, basic component of dioxin can volatilize to air and can potentially cause severe respiratory diseases. Trinitrotoluene derived herbicides may consist of dioxin, which is having toxic properties.


        




        

          Hazardous Pesticides




          The use of synthetic insecticides like DDT which is banned by most of the countries is still prevalent worldwide. The use of organic pesticide has a cascading effect in the form of food chain. Organic chemicals, including pesticides, herbicides, fungicides etc. cause wide range of health problems.


        




        

          Heavy Metals




          The normal functioning of enzymes can be hampered by binding of Heavy metals [46, 47]. Metals like nickel can act as a carcinogenic agent when it binds to DNA and affect the tumor suppressor genes.




          Lead is extensively used in batteries, construction, plumbing, paints, solders, alloys and leaded gasoline. In the late 19th century, as soon as the toxicity of the lead was recognized, its use was strictly restricted from many applications. Lead possesses neurotic properties and affects soft tissues and bones, causes blood disorders and damages the nervous system particularly in case of children. The content of lead in the atmosphere should not exceed 2ug/m3. Improperly disposed Batteries, soldering equipments, ammunition, hair colour, leaded gasoline from vehicle exhausts) mining, and coal burning are the main sources that cause lead content in the air atmosphere. Inhalation causes reduced haemoglobin formation and leads to anemia. Lead can damage RBC which leads to organ damage. Lead exposure negatively affects functioning of glutamate, dopamine and other molecules involved in functioning of nervous system [48]. Another severe effect of lead can be seen in fetus where disfunctioning of endocrine system affects the development of central nervous system [49]. Lead contaminated soil can cause damage the development of brain in young children. Some frequent disorders caused by lead contaminated soil, water and food are renal disease, Neurological damage, impairment of hand-eye co-ordination Lack of attention, bone weakening.




          Cadmium can accumulate in plants through the use of cadmium contaminated soil or water used for irrigation which subsequently enters the food chain. Cadmium when accumulated in some animals can be transferred to human on consumption of contaminated meat. Itai-itai is a famous known disease, first identified when high levels of cadmium in rice was noticed from mining areas of Toyoma Region of Japan. Beside the above mentioned disease it also causes osteomalacia and proteinuria which results in softness of bones and secretion of excess proteins through urine. The many cases of lung cancer have been reported which advocates the carcinogenic property of cadmium.




          Zinc is released from zinc smelters and refineries which is highly toxic for humans. Fluoride is a micronutrient whereof their appropriate level strengthens teeth. However, accumulation of fluoride in the bone over the years can cause “Skeletal fluorosis” A disease which causes stiffness and pain in the joints. Some other symptoms of fluoride are osteosclerosis and bone malformations.




          Mercury is a part of many household, if not handled properly it can easily affect humans. Main cause of exposure for humans is through the consumption of contaminated seafood. It severely affects central nervous system, gastric system, brain development, low IQ level, deformed infants, touch and visual senses. Inhalation of 1mg/m3 of air for three months can lead to death. It also effects nervous system, livers, eyes are damaged, headache, fatigue anxiety, loss of appetite. Chronic exposure i.e. for one month or long can cause swelling of gums and renal and neurotic disorder. It also causes pink disease having symptoms like pain and pink discoloration of hands and feet. While in case of arsenic a long period exposure can lead to chronic arsenic poisoning known as arsenicosis. It also enhances the risk of miscarriage, hinders the functions of heart, liver, bone marrow and neurons.


        


      




      

        Particulate Matter




        Atmospheric aerosol particles, particulates, particulate matter (PM), or suspended particulate matter (SPM) can be used as synonyms to each other. Term aerosol is a broad term which refers to the particulate and the air mixture present in the atmosphere. Particulates directly impacts environmental processes as they affect radiation and sunlight coming from sun which adversely affect human health. The dust particles and particulates larger than 2.5 µm settles down easily but lesser size than 2 µm diameter is a major problem as they are very difficult to remove from atmosphere even after rain, whereas particles lesser than 1 µm in size can penetrate deep in lungs and alveoli causing serious health disorders like Cardiovascular problems, Irritation of eyes, defects in lung functioning, inefficient endocrine, reproductive and immune systems, DNA mutations, bronchitis, Asthma, cough, Headaches, fatigue and dizziness neurobehavioral changes even premature death in some cases. The minute particles like lead particles, asbestos, flash, volcanic emission, pesticide spray and metallic dust cause respiratory diseases. Byssinosis is a very common disease in India caused by cotton dust. The fungal spores, bacterial cells, pollen grains are also a part of particulates and can cause allergy, respiratory and other diseases.




        Microscopic asbestos fibers are released into the air and dust when asbestos-containing products are crumbled. Health effects may not appear for decades. Inhalation is the common cause but, in some cases, it can be ingested in the skin. Inhalation of asbestos fibers can lead to lung tissues and retains for many years causing asbestos-related pleural abnormalities and lung carcinoma.


      




      

        Other Pollutants




        

          Photochemical Products




          London has faced smog as a serious problem till the 20th century. Many of the major cities throughout the world are facing problem of smog. It has become a very common phenomenon in National Capital Region of India which has resulted mainly because of agricultural burnings in nearby states and vehicular pollution. In humans, smog has introduced severe respiratory diseases. Studies in Canada revealed increased asthma patients with increase in ozone concentration [38]. Plants are no more unaffected by the smog. Presence of smog can significantly injure foliage in some species of pines [50]. In humans, severe respiratory diseases are caused by photochemical smog. Olefins which is product of ethylene directly affects the growth of plants and can enhance the withering of sepals and petals in flowering plants. Aldehydes cause skin irritation and respiratory disorders. The photochemical smog enters with the inhaled air and effects respiratory system and causes asthma and bronchitis. Emphysema is a serious disease caused by smog pollutants which effects the lungs and cause severe breathlessness. The smog particles like fog, dust, mist etc. reduces the visibility, cause corrosion of metals, paints, leather, textiles and buildings. Aerosols decreases the total amount of sunlight reaching the earth therefore it reduces the photosynthetic activities thus it effects agricultural production also.


        




        

          Acid Rain




          Acid rain is having high levels of hydrogen ions which increase the acidity of rainwater. It shows destructive effects on flora, fauna and infrastructure. It damages the leaf cover of tree thus reduces the photosynthetic activity and affects its growth. Acid rain leads to soil acidification and exposes plants to toxic chemicals and affects mycorhiza functioning and nitrogen fixation by bacteria. Acid rain upsurges acidity of aquatic bodies thus directly harms organisms. Corals and mollusks are highly sensitive o acidity. It also affects zooplankton and phytoplankton which directly affects the productivity and the food chain system of water bodies. Higher acidity directly affects the fish mortality rate and species diversity in aquatic ecosystem. Weathering of limestone marble, stone buildings and statues causes a serious effect of monuments. It enhances corrosion of metals, fading of paints, degrades building materials. Acid rain significantly affects the environmental nutrient cycling [51]. Acid rain negatively affects breeding of many bird species by interacting with soil pH, and habitat fragmentation.


        


      




      

        Effects of Water and Soil Contaminants




        As the pollutants of soil and water are common, the effects produced by the water pollutants are similar in case of soil contaminants. The surface runoff from contaminated soil can easily pollute the water bodies. In addition to the already discussed different types of pollutants, water can be polluted by many types of disease-causing bacteria, viruses and other microbes which can potentially cause many diseases like Typhoid, Giardiasis, Ascariasis, and Amoebiasis. Polluted water of swimming pool and sea beaches can cause rashes, ear ache, respiratory infections, hepatitis, pink eye, encephalitis, diarrhea, stomach aches, gastro- enteritis, vomiting. Polluted water can cause severe fatal diseases like failure of many organs and can even mutilate DNA. Exposure to mercury through contaminated water can severely affect the development of fetus in the womb and can cause diseases like Parkinson, Alzheimer, Cardiac diseases. Too much amount of chemical like sodium chloride (ordinary salt) in water can alter the metabolism of microorganisms. Water contaminated from herbicides, pesticides may disrupt photosynthesis in aquatic plants or can even kill plants and animals important for food chain and ecosystem. Consumption of chemical contaminants by microbes from water can easily enter in food chain thus and can affect organisms at higher trophic level though they are not in direct contact of contaminants.




        The contaminated soil can directly or indirectly affects human on the basis of contact. Sometimes excess flow of nitrogen, phosphate and potassium in water bodies from soil can lead to overgrowth of toxic algae pollution which is a kind of nutrient pollution and the phenomenon is known as eutrophication. This excess grown algae doesn’t allow enough sunlight to penetrate in water body thus affecting the other flora and fauna and if eaten by other animals it may cause death. Most of the pesticides enter the water bodies from surface water drainage [52].




        Chemical contamination or slight change in pH can cause decrease amphibians diversity specially frogs. Oil pollution caused by oil spills or accidents can negatively affect the marine and the nearby environment drastically. It causes severe effects on the productivity of nearby soil in contact and can disturb the diversity of microbes, planktons, fishes and birds. Persistent organic pollutants (POPs) may cause severe effect on fish life.


      




      

        Effects of Radioactive Contaminants




        When radioactive materials or byproducts of a nuclear reaction come in contact with human populations either by man-made or natural factors causes radioactive pollution. Its major factor is the human created radioactive waste. As the increase in the radioactive nuclear fuel in nuclear power plants, nuclear reactors and in some other experiments has resulted in the nuclear pollution because the byproducts are disposed of without any precautionary measures. An electron can be easily separated from an atom converting it in to ionized form by highly energetic radiations.




        These ionized molecules form free radicals which affect the cells and other components and initiate the growth of cancerous cells. The important types of the radioactive emissions are Alpha, Beta and Gamma emission. Gamma rays are the most dangerous which can easily penetrate human body and can be stopped by thick sheets of lead. When soil is contaminated by radioactive substances it can results in chromosomal mutation, stunted plant's growth, weak seeds develop- ment, other biochemical processes and can cause death in plants [38]. When water gets contaminated with radioactive waste it can affect the entire aquatic food web. On humans, the scale of the adverse effects largely depends on the extent and period of exposure to radioactivity. Exposure of shorter and low duration can cause skin rashes, while long and low-intensity exposures include vomiting diarrhea, hair loss, etc. Irreparable damage to DNA molecules can occur if they are exposed to long-term exposure of radiation. Bone marrow and alimentary canal cells are more profound towards radioactivity as compared to bone cells and nervous cells because of their rapidly growing nature. Some common types of cancers caused by radiations are skin, lung and thyroid cancer. Genetic mutation caused by radiations can be passed on to the next generations and can carry their effects on for many generations. This can be observed in the tragic radiation outburst happened in Hiroshima and Nagasaki. The other type of the nonionizing radiations is UV radiations which can severely affect plants, animals, and microorganisms [53].


      


    




    

      CONCLUSION




      We humans individually are responsible for the deterioration of our environment. Our personal actions can worsen or improve the quality of environment. We need to make major changes in our life style to get a cleaner environment. For this we have to make firm resolution to adopt an environment friendly life style. With the help of solar energy, natural processes can indefinitely renew the topsoil, air, water, grasslands, forests and wildlife on which all forms of life depend, but these renewable resources should not be used at a faster rate than they are replenished. Our waste can be diluted, recycled and decomposed by natural processes until these processes are not overloaded. We must respect our natural resources and use them sustainably.
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