
		
			[image: 1.png]
		

	
		
			Review Article

		

		
			A Review on the Adverse Impacts of Cadmium on Ecosystem and its Refinement Strategies

		

		
			Khaliq Dad1, Muhammad Nawaz2*, Muhamamd Ibrahim3, Fengliang Zhao4, Rumsha Hassan2, Humaira Nawaz5, Muhammad Usman Saleem6, Kinat Javed2, Ayesha Komal2 and Hajra Naz2

			1Government Degree Boys College, Shah Sadder Din, D.G.Khan, Pakistan; 2Department of Environmental Sciences, Bahauddin Zakariya University, Multan, Pakistan;3Department of Biochemistry, Bahauddin Zakariya University, Multan, Pakistan; 4Institute of Environmental and Plant Protection, Chinese Academy of Tropical Agriculture Science, Haikou, Hainan, China; 5College of Earth and Environmental Science, University, of Punjab, Lahore, Pakistan; 6Department of Biosciences, Bahauddin Zakariya University, Multan, Pakistan.

		

		
			Abstract | Cadmium (Cd) is highly toxic metal which naturally exists in environment in small proportion but continuously increasing due to anthropogenic activities. The rapid increase in population is putting pressure on urbanization, agriculture and industrialization which have resulted in gradual increase in Cd level. It is released from industries as an impurity and pollutes soil, water and air in different ways. High solubility in water increases its mobility in the soil ecosystem. The use of sludge and chemical sprays on crops increase the Cd contamination besides some other heavy metals. Through nutrient cycling, it is taken up from the soil to plants and finally becomes the part of human body which warrants serious health concerns. Cadmium causes mild to severe effects on plants, animals and environmental health. Humans are exposed to cadmium through food, water intake, inhalation (cigarette) and dermal contact which then produces heart disease, kidney failure, lung cancer, orthopedic disease, nervous system failure, low immunity level, mental retardation and growth retardation. Different environmental friendly and low cost biological remedies are used nowadays to control Cd toxicity such as phytoremediation phytostabilisation, rhizofilteration, phytoextraction. This review paper has summarized the impact of Cd on soil, plants and humans and strategies to remove or minimize its toxicity by applying some low cost and environmental friendly techniques. 
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			Introduction 

			Cadmium is highly toxic element abundantly found in nature, and an important component of earth layer (crust) including soil, water, air, underground soil, mines, plant tissues, animal tissues, and ores. Cadmium may cause adverse effects on human, animal and plants health especially when its concentration exceeds the limit due to continuous production. Cadmium ranges in earth crust between 0.1 to 0.5 ppm, in marine Because of high environmental and human health concerns, a lot of research has been done over the past 50 years. Sources of Cd emission are both natural and anthropogenic (manmade). Total Cd emission from natural sources ranges from 10-50% (Morrow et al., 1995; Nawrot et al., 2006). Mining activities are the biggest source of Cd emission in environment and contaminate soil, air, water and land in many ways. Volcanic eruption, soil erosion and forest fires also contribute in gradual rise of cadmium in environment (Sarkar et al., 2013; Tinkov et al., 2017). Due to agricultural, industrial and urban sector revolution, there is an increase in the use and the production of Cd all over the world directly and indirectly. So, there is a dire need to check the sources of cadmium discharge and their primary and secondary effects on humans, animals, soil and vegetation (Page et al., 1973). 

			Because of water scarcity issue all over the world, there is a lack of fresh water to irrigate the agricultural land, so in many countries including Pakistan, industrial and urban sewage runoff is used for irrigation purposes. This effluent contains heavy metals that are toxic in nature. These toxic metals are non-biodegradable and can remain in soil for so long. Toxic heavy metals include Cadmium (Cd), Lead (Pb), Nickel (Ni), and Chromium (Cr). These metals assimilate with soil and start to accumulate in roots, shoot and leafy parts of the plant (Perveen et al., 2012; Rehman et al., 2015). Municipal sewage water may also suppress organic matter, micronutrients and minerals such as phosphorus, calcium, zinc, etc. Organic matter and minerals nourishes the soil but irrigate the soil with this highly contaminated water for so long and exceed the toxicity level in soil that may affect the soil fertility, reduce the plant growth and crop production (Nawaz et al., 2016). Most particularly cadmium toxicity is linked with our body through food chain in the form of many chronic and acute diseases i.e. renal and hepatic dysfunction, pulmonary edema, testicular damage, damage to the adrenal glands and haematopoietic system (Tinkov et al., 2017).

			When Cd accumulates in different parts of the plant like root, shoot, and leaves, it causes many adverse effects on plants. The most common effects include impedance of root and shoot growth, decreased nutrient uptake capacity of plants, damage to chloroplast, reduced chloroplast content, drop out of photosynthesis activity, change in stomata activity, decreased transpiration rate, decreased water contents and necrosis due to enzyme metabolism. Change in nitrogen cycle that stops plant growth has also been observed (Genchi et al., 2020). By the use of Transfer Factor (TF), Daily Metal Intake (DIM), Health Risk Index (HRI) and Health Quotient (HQ) we can find out the health risks associated with Cd toxicity (Sardar et al., 2013).

			Physicochemical properties and sources of Cadmium

			As shown in the (Table 1, Figure 1) Cd is highly abundant and lethal in nature. This is symbolically represented by Cd with atomic number 48 and oxidation state is+2. It exists in nature as cadmium hydroxide Cd (OH)2 cadmium carbonate CdCO3 and cadmium sulphate CdSO4. Cd is soft in nature, insoluble in water, not flammable, good conductor of electricity, low melting point. On burning cadmium oxide is formed. It is highly reactive in nature. It forms cadmium chloride, cadmium sulphate, and cadmium nitrate when react with hydrochloric acid, sulphuric acid and nitric acid, respectively (Blanusa at el., 2005; Mahajan and Kaushal, 2018). 

			Table 1: Physical and chemical properties of cadmium (Genchi et al., 2020).
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							Atomic number
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							Atomic radius

						
							
							155 pm
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							Melting point

						
							
							321.07 C
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							Density at 20 _C

						
							
							8.65 g/cm3
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							Reduction potential Cd2+ + 2e → !Cd(s)

						
							
							-0.40 E°
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							Heat of vaporization

						
							
							99.6 kJ/mol
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							First ionization energy

						
							
							867.8 kJ/mol
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							Atomic weight

						
							
							112.41 u
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							Electronic configuration

						
							
							[Kr]4d105s2
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							Boiling point

						
							
							767.3C
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							Heat of fusion

						
							
							6.21 kJ/mol
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							Electronegativity (Pauling scale)

						
							
							1.69
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							Second ionization energy

						
							
							1631.4 kJ/mol
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			Figure 1: Relative contribution of different sources to cadmium exposure (Jaishankar et al., 2014).

			In nature, Cd is highly toxic metal and carcinogenic in nature. This metal exists everywhere in environment. Above the threshold limit, Cd gives rise to environmental pollution in the form of human health risk. Cadmium toxicity occurs in human body when exposed to contaminated air, water and food. Cadmium has no taste, no odor that’s why we cannot feel its presence in environment. Some serious diseases caused by Cd poisoning include itai-itai disease and arsenicosis. Cadmium remains in human body for many years. Its half-life in human body is approximately 30 years. When a baby is born, no cadmium found in its body but with age and environmental exposure Cd start to accumulate in body and at the age of 40”s its concentration is 20 to 30 ug that is not a safe level for a human being. Sometime it may extend to very high levels as 200-300 mg in people who are subjected to workplaces on daily basis which is highly toxic. In human body there is no well-defined metabolism for its removal/excretion therefore, it remains in body till death (Bernard and Lauwerys, 2006). Both primary and secondary sources contribute in polluting the environment either directly or indirectly, and cause intense effects on humans, plants and animals at a slight exposure (Mahajan and Kaushal, 2018). Cd affect the mineral availability, reduces soil microorganisms’ population, stomata opening, and transpiration rate, inhibit nitrogen cycle, and reduce nitrogen fixation (Benavides et al., 2005; Zwolak, 2020).

			Other sources 

			Naturally nutrients are present in soil but to boost up the food production and quality, additional nutrients are required i.e., not only macronutrients (N, P, K, S, Ca, and Mg), but also essential micronutrients. Heavy metals also required for plant growth within a specific limit. Metal content is lower in some sites that can be increased by the continuous use of fertilizer (Scragg, 2005). In several Asian and African countries, studies have suggested that agriculture based on wastewater irrigation accounted for 50 percent of the vegetable supply to urban areas (Sumner, 2000). 

			Livestock, compost and municipal sewer muck are considered as bio-solids. Bio-solids are organic in nature and considered as much effective and advantageous than sludge. The main reason to give the priority to bio-solids over sludge is composting bio-solids with other organic materials such as sawdust, straw, or garden waste (Lasat, 1999). Animal manure is applied on agricultural sites in two different forms, either in solid form or as slurries. As Cu and Zn level is usually high in the manure, its continuous use can contaminate the soil (Mattigod et al., 1983). It is not necessary to always apply sludge in soil because sludge composition varies in nature that is based on their emission source (Scott and Smith 1995; Fytili and Zabaniotou 2008). Underground fresh water sources are continuously depleted because of excessive use and wastage of water at commercial, industrial and household level. This can also be a source of heavy metals. To fulfill the water requirements for commercial and agricultural level municipal and industrial waste water is recycled through different processes, but at limited scale. According to a survey report 20 million hectares of agricultural land is irrigated with waste water; 60% of food supply is based on agricultural land which contain heavy metals (Chaney et al., 1996).

			Uptake, transportation and toxicity mechanism of Cd in plants

			Many studies have been done on understanding the uptake and receptivity procedure of Cd in different parts of plants (Lin et al., 2007). Entry route of Cd in roots and leaves depends on the assemblage and allocation factors (Song et al., 2016) (Table 5). A lot of researches have been done on Cd conglomeration and reclamation in plants. To detoxify the Cd toxicity from soil special plant species are required. These plants have special cells and vacuole that help in reclamation process. Cadmium enters into the plants in three ways i.e., adsorption, transportation and translocation. Roots are the main source of Cd adsorption. Cadmium adsorption depends on pH, humic acid content and characteristics of adsorbing material. Root hairs at the apex exhibit better capacity for Cd adsorption by increasing the surface area. Cadmium adsorption takes place in the form of cation ions which holds positive charge Cd2+. In plants for adsorption, root hairs are considered as the main part. 

			Transportation mechanism is done by two paths, apoplast and symplast (Lin et al., 2012). Cadmium entry into the plant through root cells mainly takes place through the exchange of ions, the release of organic acids, chelating to metal ions and sequestration to root cells. Type of metals, its mechanism of entry, and plant characteristics provide base for transportation (Sing and Agrawal, 2007; Lin and Aarts, 2012). Factors like soil Cd content, soil pH, organic matter, clay minerals, cation exchange capacity (CEC) and type of fertilizers control Cd presence in soil. Cadmium uptake depends upon soil pH (Pers et al., 2013; Cieslinski et al., 1998). In wheat cultivated soil, air pollution, soil classification and wheat farming influence the cadmium intake. The presence of chloride ion in soil can intensify the uptake mobility of Cd by a wheat plant. The uptake mobility of Cd by a plant can intensify in the presence of chloride ion in soil. Cadmium distribution is always from root to shoot (as diffusion), from higher to lower concentrated parts of plants (Dahlin et al., 2016). 

			There is a possibility that Cd holding capacity of roots elevate as a result of bonding between ions and metallic ions (Szolnoki et al., 2013; Rizwan et al., 2016). Hydroxyl radical, peroxide, superoxide, alpha oxide, reactive oxygen species and presence of highly reactive species are also the reason of Cd uptake in the pants. Cadmium exposure to plants may reduce the plant growth and increase plant stress as a result of malondialdehyde (MDA) production (Table 2). Cadmium toxicity causes membrane injury which is vital part for mineral absorption from soil, as a result of membrane injury it can affect the mineral exchange between soil and plant (Abbas et al., 2017). Cadmium toxicity at higher level affects plants in the form of leaf damage, reduced food production and chloroplast damage (Teng et al., 2007).
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			Figure 2: The toxicity of cadmium and resulting hazards for human health (Godt et al., 2006)
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			Figure 3: The effects of cadmium exposure in the induction of inflammation (Hossein et al., 2020).

			Cadmium uptake and distribution in human Body

			Human body is exposed to Cd toxicity directly as well as indirectly; directly through dermal contact and inhalation while indirectly through vegetables and crop consumption (Figure 2 and 3, Table 3 and 4). The Cd moves from soil to plant roots and then become the part of edible parts of the plants. The Cd then becomes the part of human body (Alloway and Steinnes, 1999). About 90% of human exposure to Cd is from cereals and vegetables specially lettuce, cabbage, beets, coriander, radishes, carrots, spinach, parsley and potato. Cadmium intake mechanism in body depends on age, sex, nutrient level, diet composition, exposure duration and exposure dose (Gustin et al., 2018; Akesson et al., 2008). It is observed that people with low hemoglobin level are more vulnerable to Cd exposure and accumulation ratio is 6% higher than the normal ones. So, people with anemia (low hemoglobin level) mostly children and women during menstruation are at risk. Low iron levels provoke the ion carrier protein, which carry Cd into gastrointestinal track. (Godt et al., 2006). Cadmium intake through food is not only limited to plants and cereal consumption, also includes sea food like fish and prawns. Among the sea food, fish is the greatest source of Cd intake because of two reasons: (1) fish contains high Cd level and (2) fish is the greatest food source of people living at coastal areas (Fatima et al., 2019). Cigarette smoke is another source of Cd exposure to lungs as the smoke of cigarette contains two times more Cd. The most important metabolic parameter for Cd uptake is a person’s possible lack of iron. People with low iron supplies have shown 6% higher uptake of Cd than those with a balanced iron stock. This is the main reason for the higher Cd re-absorption in people with anemia and habitual iron deficit, such as children or menstruating women. Low iron blood levels stimulate the expression of DCT-1, a metal ion transporter in the GI tract, serving as a gate for Cd re-absorption. Cadmium toxicity lowers the oxygen level in blood and increases free radicals. Detoxification of these free radicals needs antioxidants. Better food and fruit consumption helps in detoxification mechanism. Cigarette smoke contains high level of Cd because of the use of fertilizers on tobacco plants. Cadmium toxicity level is directly proportional to cigarette smoke (Kim et al., 2010). About 50-70% of Cd is absorbed by the lungs when person smokes which contains Cd. It is observed that in both genders Cd toxicity level is higher in smokers than nonsmokers (Sarkar et al., 2013). One pack of cigarette contains 20 percent 

			Table 2: Sources of Cd in air.

			
				
					
					
					
				
				
					
							
							Sr. No.

						
							
							Sources

						
							
							References

						
					

					
							
							1

						
							
							Factories and industries

						
							
							(Tinkov et al., 2017)

						
					

					
							
							2

						
							
							Inhalation of paint

						
							
							(Genchi et al., 2020)

						
					

					
							
							3

						
							
							Chimneys and steamers

						
							
							(Sardar et al, 2013)

						
					

					
							
							4

						
							
							Fertilizers, detergents and petroleum products

						
							
							(Godt et al., 2006; Bernhoft et al., 2013)

						
					

					
							
							5

						
							
							Ni/Cd Batteries, Plastics, Ceramics, Glasses, Paints and enamels, Cadmium Stabilized Polyvinylchloride (PVC) Products, Cadmium Coated Ferrous and Non-ferrous Products, Cadmium Alloys and Cadmium Electronic Compounds

						
							
							(Nawrot et al., 2006)
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							Smelting, refining and extraction of alloys containing Cd as an impurity

						
							
							(Lamastra et al., 2018)
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							Industrial processes such as nuclear fission and welding etc.

						
							
							(Bernhoft et al., 2013)
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							Solar panels and optical windows

						
							
							(Nawaz et al., 2004)

						
					

				
			

			Table 3: Sources of Cd in soil.

			
				
					
					
					
				
				
					
							
							S.No

						
							
							Sources 

						
							
							References 

						
					

					
							
							1

						
							
							Industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion residues, spillage of petrochemicals, and atmospheric deposition

						
							
							(Wuana et al., 2011)

						
					

					
							
							2

						
							
							Acid rain

						
							
							(Campbell et al., 2007)

						
					

					
							
							3

						
							
							Chemical and biological treatment of industrial and municipal waste 

						
							
							(Herath et al., 2015)

						
					

					
							
							4

						
							
							Metal adulteration in soil 

						
							
							(Jarup et al., 1998)

						
					

				
			

			Table 4: Impacts of Cd toxicity on Plants based upon the target action.
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							Impact

						
							
							Target

						
							
							Reference

						
					

					
							
							1

						
							
							Elevation of secretion of abscisic acid (ABA)

						
							
							Seeds

						
							
							(Amirjani, 2012)

						
					

					
							
							2

						
							
							Chlorosis, necrosis, tip burn, degeneration of mitochondria, change in vein color from green to red

						
							
							Leaves

						
							
							(Khan et al., 2017; Ahmad et al., 2012)

						
					

					
							
							3

						
							
							Reduce the photosynthetic activity, affect the stomata opening and closing pattern, lessen the crop production

						
							
							Leaves

						
							
							(Sarwar et al., 2014)

						
					

					
							
							4

						
							
							Chloroplast destruction

						
							
							Roots

						
							
							(Rizwan et al., 2016)

						
					

					
							
							5

						
							
							Changes in nutrient uptake, disturbance in structure and function

						
							
							Metabolism

						
							
							(Rizwan et al., 2016)

						
					

					
							
							6

						
							
							Disturbance in nitrogen metabolic activity and cause variations in biogeochemical functioning

						
							
							Metabolism

						
							
							(Khan et al., 2017)

						
					

				
			

			more Cd than contaminated food as it contains 2μg of Cd (Akesson et al., 2009). Tobacco smoke is the main reason of chronic obstructive pulmonary disease (COPD) (Figure 2, Table 6).

			Strategies to control Cd toxicity in plants

			Nowadays environmental pollution is the crucial dilemma at global level. The pollution is not only limited to atmosphere but also it has major concern with other environmental constituents like water sources (surface and ground), soil, vegetation, humans, animals. Cadmium toxicity in plants occurs through soil contamination. Cadmium in the soil is accumulated in root and then spreads in edible parts of plant which is consumed by the humans and animals (Singh et al., 2007; Ghoochani et al., 2018). At present, many techniques are being employed to remediate the Cd pollution from soil. To decontaminate the water many plants species are also being used e.g. Moringa, peanuts, cowpeas, urad, and corn. These plants accumulate the Cd and neutralize its effects (Nand et al., 2012; Wuana et al., 2010). Different chemical methods are being used for cadmium removal such as washing and leaching flushing electro-migration.

			As shown in the (Figure 4) phytoremediation is also one of the techniques that are being widely used for the remediation process. Specific plant species with particular characteristics are used for soil remediation i.e., plants act as the accumulator hub for pollutant. Such photoremediator plans should have expeditious growth and high yield. Almost 450 plant species have been identified for metal accumulation like green liver is used for xenobiotics and heavy metals (Mahajan and Kaushal, 2018; Macek et al., 2000). Phytoremediation is a combination of different techniques e.g, phytoimmobilization, phytostabilization, Phytoextraction, Phytostabilization, Rhizofltration, Phytofiltration (Padmavathiamma and Li, 2007). 
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			Figure 4: Role of phytoremediation in reducing Cd toxicity in soil and water (Mahajin and Kaushal, 2018).

			For Cd accumulation those plants are used which have ability to accumulate the higher concentration of Cd (Rosenfeld et al., 2018). Every plant has its own storage capacity. It is not much difficult task to eliminate the Cd from soil, because it has high mobility as it cannot make stronger bond with other elements and easily pass to other parts of the plant. In 1990’s, Tlaspi caerulescens was the first plant explored as good accumulator of soil Cd because of its hairy root system (Sheoran et al., 2010). (Mahajan and Kaushal, 2018) have shown that garlic has ability to uptake cadmium from soil and transport it to its different parts and minimize the level of Cd in the soil. The phytofiltration is other one technique being used for pollutant removal from an aqueous solution by using plants. In this method the roots and seeds act as the accumulation hub. Plants grown in water, involves chemisorption, complexation, ion exchange, micro precipitation, hydroxide condensation onto the bio-surface, and surface adsorption (Verbruggen et al., 200). According to pollutant type and dose, phytoremediating plants alter their chemical processes for taking up the pollutants from soil or solution (Islam et al., 2015). 

			Rhizofiltration is also good technique which is based on hydrophonic farming. Hydrophonics is a type of horticulture in which plants and crops usually grow without soil, by using mineral and nutrient solutions in an aqueous solvent. After rising in aqueous solution, hydrophinic plants are shifted at contaminated site area. It works on the same principal as phytoextraction, roots and shoot absorb pollutants including Cd, applicable for heavy metals as well as radioactive metals. Plant preference for rhizofiltration depends on plant structure and root surface area as more hairy roots means more surface area and more contaminants can be removed. Mustard and sunflower act as rhizofilter plants (Mahajan and Kaushal, 2018; Dushenkov et al., 1995; Kumar et al., 2021).

			In the process of phytoextraction toxic metals are ingested by the plants and, transported to different parts of plants where these toxic metals can be extracted by cutting those parts. Sometime it is not useful as much as considered because it can eliminate essential metal along with toxic metals. It can eliminate copper, potassium, phosphorus, nickel, lead, iron as well as boron, cadmium, chromium, mercury and argon. There is one limitation in this remedy; it only gives best result on those sites where toxicity/metal contamination level is low (Padmavathiamma and Li, 2007). These plants should remove metal with great speed in less time, accumulate metals in high concentration, should have fast growth and (4) have capacity to accumulate metals in high amount (Swain et al., 2014). 

			Phytostabilization is also a popular technique for the removal of pollutants from the soil by the use of certain plants which are low budget and easy to apply. Roots act as a sucker and accumulator for Cd in this technique and other toxic metals stuck at root areas. Cadmium suction at root restricts Cd movement into the underground water as well as in aerial parts of the plants. Soil can be reclaimed and vegetation can grow well by using this technique (Cunningham and Berti, 2000). It only works to immobilize the Cd movement in soil rather than to eradicate it (Huang et al., 1997). Phytostabilization shows poor results when affected area is highly contaminated (Tordoof et al., 2000). Similarly, when Cd intake is in its pure form, plants usually die out.

			It has been observed that if a person’s weight is 70kg, 5g of Cd is enough for death. In this case, there is urgent need to save the life by vomiting and stomach cleaning. Stomach cleaning can be done orally (mouth) and nasogastric (nose) by using a tube (Nelson and Hawland, 2019). Another medical treatment 

			Table 5: Impacts of Cd toxicity on plants based upon plant specificity action.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							S. No.

						
							
							Plant species

						
							
							Medium

						
							
							Experimental conditions

						
							
							Duration

						
							
							Cadmium level

						
							
							Effect

						
							
							Reference

						
					

					
							
							1

						
							
							Rice

						
							
							Petri dishes hydroponically

						
							
							Incubator

						
							
							12 days

						
							
							5 mM ofCdCl2

						
							
							Chlorosis of leaves and reduction in the rate photosynthesis.

						
							
							(Hsu and Kao 2007)

						
					

					
							
							2

						
							
							Wheat

						
							
							Nutrient medium

						
							
							Greenhouse

						
							
							2 months

						
							
							1 mg/L ofCdCl2

						
							
							Reduced the root elongation, plant height, production of dry mass and number of tillers/plant.

						
							
							(Zhang et al., 2000)

						
					

					
							
							3

						
							
							Maize

						
							
							Soil medium

						
							
							Pot experiment

						
							
							2.5 months

						
							
							100 mg kg-1 of CdSO4

						
							
							Inhibited root elongation and reduced dry yield and uptake of nutrient.

						
							
							(Shen et al., 2006)

						
					

					
							
							4

						
							
							Tomato

						
							
							Sand culture medium

						
							
							Pot experiment

						
							
							1 month

						
							
							220 ppm of CdSO4

						
							
							Reduced germination of seeds, root elongation and growth of plant.

						
							
							(Baruah et al., 2019)

						
					

					
							
							5

						
							
							Spinach

						
							
							Polluted soil

						
							
							Pot experiment

						
							
							2 months

						
							
							100 mg kg-1 of CdCl2

						
							
							High content of cadmium in leaves and inhibited growth of plant and development.

						
							
							(Younis et al., 2016)

						
					

					
							
							6

						
							
							Pea

						
							
							Nutrient medium

						
							
							Climate chamber

						
							
							1 month

						
							
							250 μM of CdCl2

						
							
							Reduction in rate of photosynthesis and stomatal density.

						
							
							(Hediji et al., 2015)

						
					

				
			

			of Cd removal is use of ethylene diamine tetra acetic acid (EDTA). Cadmium poisoning treatment is done within 24 hours. Inject 500 mg of EDTA in body with 50mg/kg of glutathione for 2 weeks give good results (Gil et al., 2011). Another medical treatment is the use of Dimercaprol (BAL) in injection form into muscle (Rahimzadeh et al., 2017). It is effective only at first 3 hours of poisoning. Its effectiveness can be enhanced with the medication. Side effects of BAL usage include reduced Cd level in kidney and kidney functioning (Lapus, 2004).

			Conclusion and Recommendation

			It can be concluded that Cd causes adverse health effects on environment, humans, animals, and vegetation (plants, crops). So it is very necessary to avoid the use of contaminated water for drinking and irrigation as heavy metals accumulate in the different parts of vegetables. Some vegetables when used uncooked e.g. lettuce, cabbage, beets, coriander, radishes, carrots, spinach and parsley etc. can transfer Cd into the body. Sludge application on vegetation is the main source of Cd and direct exposure to human body. Similarly, Cd exposure to plants results in chemical interaction between heavy metals and other micro and macro nutrients. Cadmium toleration in plants and humans involve different strategies which are sometime very cheap and effective. To minimize the Cd toxicity in soil, there is need to continuously monitor the land and minimize the long term use of sludge for fertility. On the basis of excellent results, phytoremediation is considered as the most convenient technology for Cd removal. Up till now about 500 plant species have been identified which can serve as a Cd detoxifier at physiological and molecular level. There is an urgent need of environmental management system to reduce the human exposure and lower the Cd level. On the basis of research analysis, it is confirmed that Cd effects on both genders without any discrimination including pregnant women and babies. Smokers are considered more vulnerable to Cd toxicity. At occupational level, Cd exposure can be minimized by the use of personal protection equipment (PPE’s). Moreover, there should be a proper management system for recycling of Cd containing products.
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			This review will help to understand the environmental problems due to Cd toxicity and their management through the employment of different strategies.
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			Table 6: Impacts of Cd on humans.

			
				
					
					
					
					
				
				
					
							
							S. No. 

						
							
							Impact 

						
							
							Target 

						
							
							Reference 

						
					

					
							
							1

						
							
							Cancer 

						
							
							Lungs, larynx, mouth, throat, bladder, liver, pancreas, stomach, cervix

						
							
							(Bernhoft, 2013; Genchi et al., 2020; Nemery, 1990)

						
					

					
							
							2

						
							
							Organ damage 

						
							
							Kidney and liver

						
							
							(Fatima et al., 2019)

						
					

					
							
							3

						
							
							Cancer, osteomalacia, change in genetic material

						
							
							Lungs, breast, bone, placenta, Kidney, bones

						
							
							(Tandi et al., 2004; Bernard and Lauwerys, 1986)

						
					

					
							
							4

						
							
							Disorders in biological functioning

						
							
							Liver

						
							
							(Godt et al., 2007)

						
					

					
							
							5

						
							
							Epigenetic changes, chromosomal abnormalities, mutation in sister chromatid, breakdown of DNA strands, stops cell respiration mechanism, inhibit enzymatic activity

						
							
							Genetic makeup

						
							
							(Zalups and Ahmad, 2002; Filipic, 2012; Joseph, 2012; Rahimzadeh et al., 2017; Patrick, 2003)

						
					

					
							
							6

						
							
							tubular necrosis

						
							
							Kidney

						
							
							(Seixas et al., 1992)

						
					

					
							
							7

						
							
							Cancer and stomach irritation, abdominal pain, sickness, vomiting and diarrhea, throat infection, headaches

						
							
							Prostate, renal, breast and other cancer, stomach irritation, abdominal pain, sickness, vomiting and diarrhea, throat infection, headaches

						
							
							(Council, 2003; Fatima et al., 2019)

						
					

					
							
							8

						
							
							Abnormalities in organs

						
							
							Liver, kidney, lungs, testes, prostate, heart, skeletal system, nervous system and immune system

						
							
							(Nawrot et al., 2010)

						
					

					
							
							9

						
							
							Failure in organ functioning

						
							
							Kidney 

						
							
							(Orr and Bridges, 2017; Sabolic et al., 2010; Godt et al.,2006; Boonprasert et al., 2011; Swaddiwudhipong et al., 2012; Akesson et al., 2012; Jarup et al.,1995)

						
					

					
							
							10

						
							
							Itai-Itai disease

						
							
							Bones 

						
							
							(Genchi et al., 2020; Sarkar et al., 2014; Nordberg et al., 2014; Kaewnate et al., 2012; Akesson et al., 2009).

						
					

					
							
							11

						
							
							Shortness of breath loss of smell ability (anosmia) and coryza and hyaline, dyspnoea and wheezing, chest pain and precordial constriction, lower the hemoglobin level, damage to immune cells, DNA 

						
							
							Lungs and immune system

						
							
							(Nawrot et al., 2010; Ganguly et al., 2018; Council, 2003; Nawrot et al., 2010; Ebrahimi et al., 2020)

						
					

					
							
							12

						
							
							High blood pressure, atherosclerosis, cholesterol blockage in arteries, cardiac arrest, heart attack, coronary artery disease, and stroke

						
							
							Blood and heart disease

						
							
							(Peters et al., 2010; Tellez et al., 2013; Nawrot et al., 2010; Tinkov et al., 2018; Wang and Wie, 2014)

						
					

					
							
							13

						
							
							Disturbance in biological process of reproductive organs, stops production of progesterone and testosterone, reduction in sperm production, density and volume, immature gamete formation

						
							
							Reproductive system and placenta 

						
							
							(Folar, 2009; Godt et al., 2006; Fery et al., 1993; Henson and Chedrese, 2004; Rahimzadeh et al., 2017; Thompson and Bannigan, 2008; Pizent et al., 2012; Goyer et al., 1992; Wing et al., 1992; Jarup et al., 1998)
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Abstract | Cadmium (Cd) is highly toxic metal which naturally exists in environment in small proportion
but continuously increasing due to anthropogenic activities. The rapid increase in population is putting
pressure on urbanization, agriculture and industrialization which have resulted in gradual increase in Cd
level. It is released from industries as an impurity and pollutes soil, water and air in different ways. High
solubility in water increases its mobility in the soil ecosystem. The use of sludge and chemical sprays on crops
increase the Cd contamination besides some other heavy metals. Through nutrient cycling, it is taken up
from the soil to plants and finally becomes the part of human body which warrants serious health concerns.
Cadmium causes mild to severe effects on plants, animals and environmental health. Humans are exposed to
cadmium through food, water intake, inhalation (cigarette) and dermal contact which then produces heart
disease, kidney failure, lung cancer, orthopedic disease, nervous system failure, low immunity level, mental
retardation and growth retardation. Different environmental friendly and low cost biological remedies
are used nowadays to control Cd toxicity such as phytoremediation phytostabilisation, rhizofilteration,
phytoextraction. This review paper has summarized the impact of Cd on soil, plants and humans and strategies
to remove or minimize its toxicity by applying some low cost and environmental friendly techniques.
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Introduction tion. Cadmium ranges in earth crust between 0.1 to

0.5 ppm, in marine Because of high environmental

admium is highly toxic element abundantly

found in nature, and an important component
of earth layer (crust) including soil, water, air, under-
ground soil, mines, plant tissues, animal tissues, and
ores. Cadmium may cause adverse effects on human,
animal and plants health especially when its concen-
tration exceeds the limit due to continuous produc-

and human health concerns, a lot of research has been
done over the past 50 years. Sources of Cd emission
are both natural and anthropogenic (manmade). To-
tal Cd emission from natural sources ranges from
10-50% (Morrow ez al., 1995; Nawrot et al., 2006).
Mining activities are the biggest source of Cd emis-
sion in environment and contaminate soil, air, water
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