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ABSTRACT

Environmental Pollution due to heavy metals and toxicants is a direct consequence of their extensive utilization in various
industrial processes. The persistence and nondegradability of heavy metals cause them to bioaccumulate in nature, and
when they come in direct contact with our environment, these hazardous toxicants not only contaminate it severely but
also cause serious threats to human health and agriculture. Therefore, their concentration sometimes increases in feeds,
fodders, water bodies, and tissues of livestock in the vicinity of the industrial areas, leading to metabolic, structural, and
functional changes of different organs of all animals and plants due to their bioaccumulation in several organs mainly in
the liver, kidney, lung, and reproductive organs. Due to increased oxidative stress at cellular levels led by over-production
of reactive oxygen species, exhausts antioxidant defense mechanisms leading to disruption of biologically relevant
molecules, viz.nucleic acid, protein, lipid, and subsequently apoptosis, cell damage, and necrotic cell death. These toxicants
can affect human as well as aquatic biota and also affecting soil productivity, therefore their accumulation cannot be
ignored. Hence there is need to monitor their concentration at every level from time to time and also to generate awareness
among people to combat this serious problem. Formulation of policy guidelines and regulations for the management of
toxicants containing groundwater and routine risk assessment of toxicant-contaminated soils is needed with proper.
Further, advanced approaches such as biotechnology could facilitate in developing microbial genotypes to reduce
deleterious impact of toxicants on environment and public health.
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INTRODUCTION

Problems related to environment have always remained as the major concern for the scientists across the
world. Toxicants pollution is a critical environmental concern that has posed serious threats to human
health and agricultural production Enormous economic development and rapid growth in many fields, such
as agriculture and industry has led more environmental pollution [1]. Environmental pollutants are toxic
substances which enter the environment from both anthropogenic and natural sources. Certain processes
that are used in certain industries such as synthetic industries, coal conversion, and waste burning, result
in hazardous problems for abiotic elements (water, air, and soil) and biotic communities (animals, plants,
and humans) [2]. Heavy metals and pesticides are the major toxicants of the environmental endangering
nature. These environmental toxicants threaten the entire ecosystem, seriously damaging its function and
structure [3].

Heavy metals emission from various sources can contaminate groundwater and surface water, agricultural
soils, and food crops; [2, 43]. Number of scientific study based reports indicated that water, soil, vegetables
and dust have been heavily polluted by lead (Pb), arsenic (As), copper (Cu), chromium (Cr), zinc (Zn) and
cadmium (Cd) near the mining areas Pb, As [4-7] Cu, Cr and Cd are important toxic heavy metals, and have
also been identified as health risks by World Health Organization (WHO) [44, 59, 60].

In many countries of the world, currently waste water is used for agricultural purposes. At least 20 million
hectares of land are irrigated with untreated or partially treated wastewater that poses the highest risk to
the environment and human health [9, 10]. However, the problem is more severe in developing countries
like India where reusing waste water for agricultural purposes is increasing from time to time [Raschid-
Sally L etal 2009]. This leads to the uptake and accumulation of various metals in foods and potential risks
to human health [11, 35, 62].
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Consumption of unsafe concentrations of heavy metals in food may lead to the disruption of biological and
biochemical processes in the human body [12]. These disorders are characterized by gastrointestinal
disorders, stomatitis, tremors, diarrhea, hemoglobinuria, paralysis, vomiting, convulsions, and depression
[39, 13]. Similarly, heavy metals have the ability to disrupt metabolic activity and genetic makeup, or to
affect embryonic or fetal development [14].

Therefore, food safety is an important public health issue, and is necessary to maintain food quality and to
ensure that human beings are safe from food related health hazards [15]. In many urban areas of India, a
large volume of untreated waste water is released into water bodies that are used for irrigation or
agricultural purposes and has significant negative impacts on human health and the environment [50, 16].
Besides these problems, there is no adequate country-wide knowledge base of the public health
implications of heavy metals in foods and drinking water in India.

Thus, this review aimed to determine the public health implications of heavy metals in foods and drinking
water in India that can be crucial to understand its implications, to take the appropriate measures by the
concerned organizations, and to protect the public health and environment.

VARIOUS EFFECTS OF HEAVY METALS

Heavy metals Impacting Human Health

Arsenic (As), cadmium (Cd), chromium (Cr), and nickel (Ni) have all been categorised as group 1
carcinogens by the International Agency for Research on Cancer (IARC) (2012) [26] because long-term
exposure increases the risk of developing various cancers and disrupts the expression of tumour
suppressor genes, damage repair mechanisms, and enzymatic activities that are involved in metabolism
through oxidative damage. [3].

Heavy metals are toxic, persistent, and harmful to human health even at low concentrations of metallic
chemicals with a comparatively high density [19]. Some of these are mercury (Hg), lead (Pb), copper (Cu),
cadmium (Cd), arsenic (As), chromium (Cr), thallium (TI), manganese (Mn), zinc (Zn), and nickel (Ni) [20].
In their lower amounts, some of these metals—Fe, Mn, Cu, and Zn—are necessary for metabolism [21]. The
most frequently encountered heavy metals that have the ability to have harmful effects on human health
are As, Cd, Cr, Co, Pb, Ni, and Zn [22]. However, due to their ease of availability through the food chain,
cadmium and lead have more detrimental side effects on human health [23, 24].

Due to their propensity to damage DNA and membranes, as well as to interfere with protein and enzyme
action, toxic metals have been shown to pose a serious risk to human health., [56-62]. Consumption of
unsafe levels of heavy metals in food may disrupt biological and biochemical processes in the body [25],
leading to a variety of disorders like gastrointestinal disorders, stomatitis, tremors, diarrhoea,
hemoglobinuria, paralysis, vomiting, convulsions, and depression [26]. Additionally, heavy metals have the
capacity to interfere with genetic composition, metabolic function, and foetal or embryonic development.
[27].

Heavy metal effects on cellular mechanism

To comprehend the molecular mechanisms of metal effects, numerous studies have been conducted. The
findings showed a correlation between the biological system and the individual metal characteristics, dose,
and exposure duration. In addition to the oxidative stress that metals cause, they may also have additional
impacts on cellular signalling pathways. They have an immediate impact on a cell's biology through a
variety of mechanisms, such as binding to and activating cell surface transporters and receptors [29, 30],
modulating specific intracellular kinases and phosphatases [31], activating metallothioneins [32, 5] and
specific enzymes [33]; and (d) inducing DNA damage or affecting DNA repair systems [34].

Adverse effects of Industrial toxicants on Agriculture and Soil

Heavy metals can be divided into two categories based on their natural makeup: organic and artificial [34].
For instance, inorganic As is more dangerous than its organic form because its pentavalent inorganic
compound solubilizes in water to create arsenate [6], which causes ground water contamination and has
an impact on people [13]. Heavy metal contamination of the environment has resulted from intensive
anthropogenic activities, including agriculture, and has presented serious issues for the safe use of
agricultural land [Fytianos K., etal 2001]. As a result of mechanical cultivation and the arbitrary use of
agrochemicals like pesticides and fertilisers, farmland soils may become contaminated with both necessary
and unnecessary heavy metals health [18, 24].

Therefore, the safety of food is an important public health concern, and is essential to maintain food quality
and to ensure the safety of human beings from food related health hazards [1, 56] worldwide, namely,in
many urban areas of Ethiopia, a large volume of untreated waste water is released into water bodies that
are used for irrigation or agricultural purposes and has significant negative impacts on human health and
the environment [35].
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Hazardous effects of Bioaccumulation of Toxicants In food chain

A thorough analysis of the soil-rice system in rural and peri-urban regions of the lower Brahamputra valley
in northeastern India for heavy metal pollution and health risks revealed that the paddy soil was acidic,
ranging from strongly acidic to weakly acidic. The Nemerow pollution indicator indicated moderate to
severe pollution. Correlations were found between the Cd and Fe concentrations in rice grains and the
associated soil. Therefore, it was determined that heavy metal pollution in rice poses a threat to customers'
health. [3]

Another study conducted in the Jhansi area identified seasonal variations in the accumulation of heavy
metals in various vegetables and linked these variations to a significant health risk for adult humans. More
than 25 composite samples of soil and vegetables (fenugreek, spinach, eggplant, and chilli) that were
gathered from various agricultural areas were analyzed for their total concentrations of zinc (Zn), lead (Pb),
nickel (Ni), manganese (Mn), copper (Cu), cobalt (Co), and cadmium (Cd). Significant non-carcinogenic
health risks due to exposure to analyzed heavy metals through intake of these veggies were computed, as
well as the transfer factor of heavy metals from soil to analyzed vegetables. According to the statistics,
anthropogenic actions were a significant source of heavy metals in the environment. [19], 23]

It was necessary to look into soil-borne organic contaminants because agricultural areas were transformed
into an industrial corridor under the State Industries Promotion Corporation of Tamil Nadu Limited
(SIPCOT). This research is the first to assess the presence of polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), and organochlorine pesticides (OCPs) in soils from the Mambakkam and
Cheyyar SIPCOT belt along residential, industrial, and agricultural transects. 28 PCBs, 16 PAHs, and OCPs
were all presentin concentrations between 0.3 and 9 ng/g, 33 to 2934 ng/g, and nd-81.4 ng/g, respectively.
The frequent use of residential areas in vector control programmes may have contributed to residential
areas showing greater OCP concentrations than other site types. Low concentrations of DDT isomers and
the -isomer of endosulfan were found, suggesting previous use of these OCPs. High-temperature
combustion and industrial processes may be the main sources of high molecular weight PAHs, according to
principal component analysis, whereas low-temperature combustion processes may be the cause of low
molecular weight PAHs. PCBs in the soil were most likely caused by unreported e-waste combustion
operations in the area. The concentrations of 28PCB and carcinogenic PAHs were higher in industrial
locations. Mean 28PCBs in Mambakkam were considerably higher (p 0.05) than those in Cheyyar, an
emerging industrial corridor (2.7 ng/g). In 75% of the locations, lower chlorinated PCBs (3-Cl and 4-Cl)
made up more than half of the 28PCBs. In industrial areas, PAH total toxic equivalents (TEQs) (total BaPeq)
were discovered to be at their highest levels. PCB-157 made the largest addition to TEQs caused by dioxin-
like-PCBs, followed by PCB-189. [36]

As a connecting connection between biotic and abiotic elements of the terrestrial ecosystem, soil is exposed
to a variety of point and nonpoint sources of pollutants. Irrigation water contamination is one of the most
significant causes of soil pollution, affecting soils all over the world. Due to numerous anthropogenic
activities, irrigation water (both surface and groundwater) is becoming more and more contaminated with
pollutants like metal(loids).Using wavelength-dispersive X-ray fluorescence (WDXRF) spectroscopy, a
study was performed to examine the metal(loid) contents in agricultural soil samples collected from fields
along the banks of rivers Beas and Sutlej flowing through Punjab state of India. Using the Allium cepa root
chromosomal aberration test, the soil samples were also examined for their potential for genotoxicity.
Different regions of Punjab have municipal and industrial effluent contamination of the Beas and Sutlej
waterways. Comparing the soil samples to the reference values provided by various international
organisations, it was discovered that the soil samples had greater concentrations of arsenic, cobalt, and
chromium. The soil samples were found to be heavily contaminated with cobalt and arsenic after pollution
evaluation using various indices, including the index of geo-accumulation, enrichment factor, and
contamination factor. The Allium cepa assay showed that soil samples with greater As and Co contents had
the highestlevels of genotoxicity. Strong positive correlations between the various metal(loid)s were found
through analysis, pointing to shared origins for these metal(loid)s. It is necessary to make efforts to lower
the concentrations of these metal(loid)s in these agricultural soils.[37]

The disposal of municipal solid waste (MSW) near to a Ramsar site in Assam, India, may cause ecological
and health risks that need to be evaluated, as well as the degree of soil contamination. Three heavy metals
(HMs), chromium (Cr), manganese (Mn), and zinc, were detected in soil samples (Zn). Different indices
were used to assess the HM pollution amounts and its sources. The findings showed that Cr contamination
was particularly high close to the metal scrap segregation unit within the dump site, but that the ecological
dangers posed by Zn and Mn were generally minimal. While Mn (52.55%) was associated with the
exchangeable fraction, the speciation of Cr and Zn (44.23% and 30.68%, respectively) were associated with
the Fe-Mn oxide bound (F4) fraction (F2). Significant enrichment for Zn and minimal to modest enrichment
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for Mn, respectively, were only found in a small number of sites. The results of the health risk assessment
showed that consuming Cr presented a greater threat to human health.[38]

Genotoxic and mutagenic effects of toxicants

Hazardous substances found in industrial effluents pose a severe risk to both human health and
agriculture. A study on the cytotoxic and genotoxic effects of agricultural soil enriched with hazardous
industrial effluent in Dera Bassi, Punjab, India, found defects in DNA repair in K-12 mutants of Escherichia
coli and chromosomal aberrations as a result of acute toxicity and chromosomal mutagenesis, respectively.
High amounts of organic compounds and heavy metals were found in the soil, respectively, according to
GC-MS analysis and atomic absorption spectrometry. Dichloromethane was discovered to cause DNA
damage at these locations, and mutants lexA and recA had survival rates of 38 and 49%. In the A. cepa assay,
a negative correlation between the mitotic index and soil extract concentration was seen. Growing A. cepa
roots exposed to soil extracts experienced chromosomal abnormalities and changes to the mitotic phases.
The research found that genotoxic and mutagenic substances were present at agricultural sites close to the
industrial area. In order to lessen the toxicity of industrial effluents discharged onto agricultural areas,
appropriate measures should be taken. [35, 45].

Persistent organic chemicals include phenolic compounds (PCs), organochlorine pesticides (OCPs), and
polycyclic aromatic hydrocarbons (PAHs). The most researched environmental compartments involve
contamination of these possibly toxic organic pollutants in soils and sediments. Recent studies on PAHs,
OCPs, and PCs in different soils and sediments in India have been conducted. Similar research was
conducted on these contaminants in soils and sediments from a river flood plain in Delhi, India. Thirteen
prioritised PAHs, four OCPs, and six PCs were examined in a total of fifty-four samples, including twenty-
seven each of soil and sediment. The amounts of PAHs, OCPs, and PCs that were found in soil varied from
473t01132,13 to 41, and 639 to 2112 g/kg, respectively, while their levels in sediments were lower.[ 39,
50]

Heavy metals and other toxicants impact on Food Industries globally

Chemical exposure levels above the maximum allowable amounts have historically had disastrous effects
on developing nations. Toxic chemical substances are mainly affecting the global food industry due to
anthropogenic and natural factors. As a result of chemical contamination at different stages of food
production, food safety is at risk. Pesticides and other chemicals, such as Polychlorinated Biphenyls (PCBs),
are examples of persistent organic pollutants (POPs), which have a long-lasting negative influence on the
environment. The pathways for chemical contamination along the different stages of food production up
until the food enters the consumer are the main focus of the current review. Food contamination can come
from a variety of sources, including the agricultural industry and industrialized areas' pollution of the air,
water, and soil.[30, 31]

An essential minor element for human health and wellbeing is chromium (Cr). As a consequence of
numerous anthropogenic activities over the past few decades, the contamination of both terrestrial and
aquatic ecosystems, particularly with hexavalent chromium [Cr (VI)] form, has increased. Our environment
and natural resources, particularly water and soil, are badly impacted by chromium pollution, which is a
serious danger to the environment. Increased amounts of accumulation in human and animal tissues could
result from excessive exposure, which would be harmful to health. According to numerous studies,
chromium is a toxic element that impairs plant metabolic processes, hinders crop development and yield,
and lowers the quality of vegetables and grains. As a result, the crop producing system, soil, and water must
all be monitored. Chromium in water, soil, and other resources has been under control thanks to the
development of a number of helpful and practical remediation technologies. To maintain a balance between
the environment and wildlife, a sustainable remediation strategy must be used [40-49].

Effects of Heavy metals on cellular organelles

Osteochilus vittatus fish from the Nam Kok river near the Sepon gold-copper mine in the Lao People's
Democratic Republic were studied to determine the concentrations of heavy metals and metalloids in
water, sediment, and fish, as well as to assess chromosome aberrations, serum biochemical changes, and
histopathological alterations in O. vittatus. Results showed that Fe, Mn, and Ni in water, As, and Cd in
sediment, In addition, seven different kinds of chromosome aberrations were found in O. vittatus, with a
centromere gap having the most overall aberrations. the overall number of chromosome aberrations, the
number of cells with aberrant chromosomes, and the percentage of aberrant chromosomes. Fish living
close to a gold-copper mine had liver histopathological changes that showed aberrant cytoplasmic
mitochondria, rough endoplasmic reticulum disintegration, and nuclear membrane degeneration. The
findings of this research indicated that O. vittatus fish were adversely affected by heavy metal and metalloid
contaminations from the Sepon gold-copper mine region in terms of chromosomal defects, serum
biochemical changes, and liver histopathological appearances. [52]
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Global agricultural output is constrained by soil arsenic (As) contamination. CO2 amounts in the
atmosphere are rising as a result of anthropogenic emissions. Plant development is accelerated by elevated
CO2 (eC0O2) in both ideal and unfavourable growth environments. The effects of eCO2 (620 ppm) and soil
exposure to arsenic were evaluated in a study to reveal crop-specific interactions, and the effects were
examined at the physiological and biochemical levels. Effects of as exposure (mild and intense treatments,
25 and 100 mg As/Kg soil) on barley (C3) and corn growth, photosynthesis, and redox homeostasis (C4).
At ambient CO2 values, barley was more vulnerable to soil As exposure than maize. More As was
accumulated by barley plants, especially in the roots. Buildup hampered plant development and brought
on oxidative damage in a species-specific manner. As-exposed barley experienced severe oxidative stress
as illustrated by high H202 and protein oxidation levels. Interestingly, eCO2 differentially mitigated As-
induced stress in barley and maize. In barley, eCO2 exposure reduced photorespiration, H202 production,
and lipid/protein oxidation. In maize eCO2 exposure led to an up regulation of the ascorbate-glutathione
(ASC/GSH)-mediated antioxidative defense system. Combined, this work highlights how ambient and
future eCO? levels differentially affect the growth, physiology and biochemistry of barley and maize crops
exposed to soil As pollution.[2]

In a different study, soil and crop samples were taken from 17 locations along the Kali River and the results
showed that the concentrations, distribution, and bioaccumulation of heavy metals in these sources were
Fe >Zn > Mn > Cu > Ni > Pb > Cr > Cd and Mn > Fe > Zn > Mn > Cu > Ni > Pb > Cd, respectively. Except for
Cd, Mn, and Zn, the bioaccumulation factor was 1, which denotes a lower accumulation of metals in plants.
Consumption of agricultural produce may have negative health impacts as a result of low to moderate heavy
metal pollution in Kali River irrigated areas, according to this research. [47]

Due to their prevalence, persistence, and toxicity, heavy metals (HMs) contamination in agricultural soil
areas has caught the attention of the environmental community. Using the geo-accumulation index (Igeo),
pollution index (PI), pollution load index (PLI), enrichment factor (EF), statistical analysis, as well as the
spatial distribution of 15 surface agricultural soil samples, a study was conducted to assess the degree of
HM contamination in the agricultural soils of northern Telangana. The results showed that the
concentration of HMs, including Cr, Cu, Co, Ba, V, As, Ni, Pb, and Zn, had average values that ranged from
Ba, V, Zn, and Cu concentrations were discovered to be significantly above their recommended values, while
the levels of Co, Ni, Pb, Zn, and As are within the predetermined limits According to Canadian soil quality
standards. The greatest Igeo (1.04) showed a severe level of Cu contamination. While the EF indicated
moderate soil pollution from Cr, Co, V, Zn, and As, the calculated PI and PLI indicated low to moderate soil
pollution. Principal component analysis with eigenvalue shows that more than one account for 53.020% of
the total variance, suggesting that anthropogenic activity is the main source of the variance. Four extremely
polluted zones were visible on the spatial distribution maps of HMs in the northern Telangana agricultural
sites of Oni, Yamcha, Bederelli, and Mudhol..[ Adimalla N etal 2019]

A study was conducted to evaluate the health risks connected with the presence of heavy metals in the soil
and food crops (wheat, rice, maize, and mustard seeds) for the inhabitants of Ropar Wetland and its
surroundings. All sediment samples contained significant amounts of cadmium and cobalt, whereas all crop
samples contained significant amounts of cobalt and lead. According to bioconcentration factor (BCF)
analysis, maize cereals are copper hyper-accumulators (BCF = 30.43), whereas maize grains are hyper-
accumulators of chromium (BCF = 17.98) and copper (BCF = 10.91). According to a one-way ANOVA, the
concentration of heavy metals in food crops varied significantly at p 0.05 for various sites, showing that
heavy metals from anthropogenic sources were present in agricultural fields. Cobalt consumption through
all agricultural crops increased non-cancer health risks. In comparison to other heavy metals, cobalt
exposure through all food crops presented a greater risk to residents' non-cancer health. Wheat is the main
food source in the study region, and consumption of wheat grains presented the highest cancer risk due to
chromium. [47]

This research identified the accumulation of heavy metals (HMs) in various vegetables over time and
concluded that eating such vegetables in Jhansi posed a significant health risk to adults. 28 composite
samples of soil and vegetables (fenugreek, spinach, eggplant, and chilli) gathered from seven agricultural
areas were analyzed for their total concentrations of zinc (Zn), lead (Pb), nickel (Ni), manganese (Mn),
copper (Cu), cobalt (Co), and cadmium (Cd). Significant non-carcinogenic health risks resulting from
exposure to analysed heavy metals through intake of these veggies were computed, and the transfer factor
(TF) of HMs from soil to analysed vegetables was determined. Principal Component Analysis (PCA) and
Pearson's correlation matrix statistical analysis indicated that anthropogenic actions were a significant
source of HMs. The target hazard quotient of Cd, Mn, and Pb for spinach (3.697, 3.509, and 5.539) and
fenugreek (2.161, 2.143, and 2.228, respectively) exceeded unity, showing the high likelihood of non-
carcinogenic health risks if consumed frequently by people. This research strongly recommends ongoing
soil, irrigation water, and vegetable monitoring to prevent unwarranted buildup in the food chain.[19]
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By using Vicia faba L to analyze the physico-chemical properties and phyto-genotoxicity of arsenic (As)
contaminated soil collected from various sites in Lakhimpur, Uttar Pradesh (UP), India, it was discovered
that the soil's pH was slightly acidic to neutral in nature and that it also affected the bulk density (1.18-1.23
gcm-3), particle density (2.51-2.59 gcm-3), and porosity (44-53%). Additionally, it was discovered that the
levels of the minerals nitrogen, phosphorus, and potassium varied from 124 to 165 mgkg-1, 173 to 186
mgkg-1, and 48 to 98 mgkg-1, respectively. In comparison to the water samples of these sites, the soil
samples contained the highest amounts of arsenic. Significant rises in stress metabolites like hydrogen
peroxide (H202), malondialdehyde (MDA), and carbonyl groups in root and shoot of plants made it clear
that soil-borne As was toxic to plants. Reduced mitotic index (MI), higher mitotic depression (MD), relative
abnormality rate (RAR), other chromosomal abnormalities, and micronuclei were also signs of cyto-
genotoxic effects in the root meristematic cells of V. faba. The evaluation of phytotoxicity and cyto-
genotoxicity points out potentially harmful soil characteristics that could impact biota. [20].

In an attempt to assess the contamination status, human health risk, and spatial distribution of heavy
metals in the urban soils from the Medak province in India, results of the study showed that the
concentration of Cr (81-751 mg/kg), Cu (2-180 mg/kg), Zn (25-108 mg/kg), Pb (5-77 mg/kg), Ni (1-50
mg/kg), As (0.4-14 mg/kg), and Cd (0.1-4.2 mg/kg), respectively, was found above their natural
background values. Except for Zn, all other tested heavy metals had a range of moderately to highly
polluted/contaminated in the study area, according to the geo-accumulation index analysis. An analysis of
the spatial distribution pattern suggested that the western regions of Medak had significantly higher soil
heavy metal (Cu, Cr, Zn, and Ni) pollution levels than the central and eastern regions. Because the hazard
index (HI) values for Cu, Cd, Zn, As, Pb, and Ni were below 1, it was concluded that neither children nor
adults in the study area were exposed to any non-carcinogenic risks from these heavy metals in soil.
Children, however, had HI values for Cr that ranged from 3.08E-01 to 2.86E+00, suggesting that they were
a more vulnerable group than adults. Comparatively, the overall carcinogenic risks for Cr are 67.5% and
100%, respectively. [2]

The Sutlej river in Indian Punjab is contaminated by industrial refuse, sewage, and agricultural runoff. A
small section of the river is where the majority of earlier research on metal contamination of water was
conducted. In order to evaluate the spatial and temporal variability of metal contamination in water from
the Sutlej River's entry site in the Indian Punjab to its exit point, a systematic research was conducted.
Through the evaluation of human health risks, the chance of developing cancer was also estimated. Ten
metals (Zn, Cu, Fe, Mn, Ni, Cd, Pb, Co, Cr, and As) were examined in the water samples (between 76 and 91)
taken from the Sutlej River during the pre- (April) and post-monsoon (September-October) seasons of the
years 2017 and 2018. [46]

Conclusion

Since heavy metals and other toxicants are nonbiodegradable and thus persist in the environment, the
aforementioned review research primarily shows various types of industries as sources of various types of
heavy metals and other toxicants and their hazardous effects on environment. Additionally, the buildup of
these toxins in the ecosystem causes them to become biologically more potent in plants and other living
things. Due to the persistent increased oxidative stress caused by the overproduction of reactive oxygen
species at the cellular level and the exhaustion of antioxidant defense mechanisms, bioaccumulation of
these dangerous toxicants occurs in a variety of organs, primarily the liver, kidney, lung, and reproductive
organs. This disruption of biologically relevant molecules, such as nucleic acid, protein, and lipid, results in
apoptosis, cell damage, and necrotic cell death. These toxins can have an impact on human health, aquatic
life, and soil output. In order to combat this serious issue, it is necessary to periodically monitor the
concentration of these toxicants at every stage of the food chain and to raise public awareness about their
presence.

While regulations are present in the majority of established nations, they are absent in developing nations
like India. The permissible level of heavy metals is strictly regulated in the majority of the nations for which
these legal regulations have been found. In the industrial sector, there is a need for strict evaluation of the
efficacy of these regulations as well as enforcement of the currently in place rules. Therefore, this study
sought to ascertain the public health effects of heavy metals in foods and drinking water in India, which can
be crucial to understanding its effects, enabling the concerned organizations to take the proper action, and
safeguarding the public health.

Further Bioremediation represents an emerging technology through which plants and microbes can be
used to remove pollution from soil, water, and other environments. Bioremediation is of very less effort,
less labor intensive, cheap, ecofriendly, sustainable, and relatively easy to implement. Most of the
disadvantages of bioremediation relate to the slowness and time-consumption; furthermore, the products
of biodegradation sometimes become more toxic than the original compound.
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Further A new technique called bioremediation uses plants and microbes to clean up contaminated soil,
water, and other environments. Bioremediation requires very little work, requires less labor, is affordable,
environmentally friendly, sustainable, and generally simple to execute. The majority of bioremediation's
drawbacks are related to its slowness and time requirement. In addition, sometimes the biodegradation's
byproducts become more toxic than the initial compound. Bioremediation may be hampered by irregularity
and incompleteness doubt. Additionally, because there is no measurable endpoint for bioremediation,
performance assessment may be challenging. In order to find more biological solutions for the
bioremediation of metals and other toxicant contamination from various environmental systems, more
research is required to create bioremediation technologies. Furthermore, cutting-edge methods like
biotechnology could make it easier to create microbial genotypes that can biologically use environmental
toxins, lowering their concentration and lessening their harmful effects on the environment

Conflict of Interest

There is no conflict of interest.

REFERENCES

1. Ali, Hazrat, Ezzat Khan, and Ikram Ilahi. (2019). "Environmental chemistry and ecotoxicology of hazardous heavy
metals: environmental persistence, toxicity, and bioaccumulation." Journal of chemistry 20:23-29

2. Ahmad K, Ashfaq A, Khan ZI, Ashraf M, Akram NA, Yasmin S, et al. (2016). Health risk assessment of heavy metals
and metalloids via dietary intake of a potential vegetable (Coriandrum sativum L.) grown in contaminated water
irrigated agricultural sites of Sargodha, Pakistan. Hum Ecol Risk Assess. 22(3):597-610.
10.1080/10807039.2015.1095630

3. Adolf JNP, Azis BS. (2012). Microbiological status of various foods served in elementary school based on social-
economic status differences in Karawachi region. Int Food Res J. 19(1):65-70.

4. AbdElgawad H, Schoenaers S, Zinta G, Hassan YM, Abdel-Mawgoud M, Alkhalifah DH, Hozzein WN, Asard H,
Abuelsoud W. (2021). Soil arsenic toxicity differentially impacts C3 (barley) and C4 (maize) crops under future
climate atmospheric CO2. Journal of Hazardous Materials. 15; 414:125331.

5. Adimalla N, Qian H, Wang H. (2019). Assessment of heavy metal (HM) contamination in agricultural soil lands in
northern Telangana, India: an approach of spatial distribution and multivariate statistical analysis. Environmental
monitoring and assessment. 191(4):1-5.

6. Adimalla N. Heavy metals contamination in urban surface soils of Medak province, India, and its risk assessment
and spatial distribution. Environmental geochemistry and health. 2020 Jan; 42(1):59-75.

7. Arias, Jack A, et al. (2010). "Effects of Glomus deserticola inoculation on Prosopis: enhancing chromium and lead
uptake and translocation as confirmed by X-ray mapping, ICP-OES and TEM techniques." Environmental and
Experimental Botany 68.2 : 139-148.

8. ATSDR Case Estudies in Environmentall. Medicine (CSEM) Lead Toxicity. [accessed on 27 November
2017]; Available online: https://www.atsdr.cdc.gov/csem/lead/docs/CSEM-Lead toxicity 508.pdf

9. Banchhor A, Pandey M, Chakraborty M, Pandey PK. Hazardous Waste Disposal in Stromatolitic-Limestone Terrain
and Hexavalent Chromium Contamination in Chhattisgarh State, India. Journal of Health and Pollution. 2020 Sep
1;10(27).

10. Baruah SG, Ahmed I, Das B, Ingtipi B, Boruah H, Gupta SK, Nema AK, Chabukdhara M. (2021). Heavy metal (loid) s
contamination and health risk assessment of soil-rice system in rural and peri-urban areas of lower brahmaputra
valley, northeast India. Chemosphere. 1; 266:129150.)60.2011.595056.

11. Banfalvi G., editor.(2011). Cellular Effects of Heavy Metals. Springer; New York, NY, USA: Heavy metals, trace
elements and their cellular effects; pp. 3-28.

12. Benin A, Sargent J. (1999). High concentrations of heavy metals in neighborhoods near ore smelters in northern
Mexico. Environ. Health Perspect. 107:279-284. doi: 10.1289/ehp.99107279. ]

13. Bhunia P. (2017). Environmental Toxicants and Hazardous Contaminants: Recent Advances in Technologies for
Sustainable Development.]. Hazard. Toxic. Radioact. Waste. 21:02017001. doi: 10.1061/(ASCE)HZ.2153-
5515.0000366.

14. Chin, Nancy P. (2010). "Environmental toxins: Physical, social, and emotional." Breastfeeding Medicine 5.5: 223.

15. Chung].Y, YuS.D, HongY.S. (2014). Environmental source of arsenic exposure. J. Prev. Med. Public Health.47:253-
257.doi: 10.3961/jpmph.14.036.

16. Fytianos K., Katsianis G., Triantafyllou P., Zachariadis G. (2001). Accumulation of heavy metals in vegetables grown
in an industrial area in relation to soil. Bull. Environ. Contam. Toxicol. 67:423-430. doi: 10.1007/s001280141.

17. Masood, Farhana, et al. (2021). "Cytotoxic and genotoxic assessment of agricultural soils from an industrial
region." Environmental Monitoring and Assessment 193.8: 1-11.

18. Gujre N, Mitra S, Soni A, Agnihotri R, Rangan L, Rene ER, Sharma MP.(2021). Speciation, contamination, ecological
and human health risks assessment of heavy metals in soils dumped with municipal solid wastes. Chemosphere.
1;262:128013)

19. Gupta N, Yadav KK, Kumar V, Krishnan S, Kumar S, Nejad ZD, Khan MM, Alam ]. (2021). Evaluating heavy metals
contamination in soil and vegetables in the region of North India: Levels, transfer and potential human health risk
analysis. Environmental toxicology and pharmacology. 1; 82:103563)

20. Gupta K, Srivastava A, Srivastava S, Kumar A. (2020). Phyto-genotoxicity of arsenic contaminated soil from
Lakhimpur Kheri, India on Vicia faba L. Chemosphere. 1;241:125063.

BEPLS Vol 12 [10] September 2023 525|Page ©2023 Author


https://www.atsdr.cdc.gov/csem/lead/docs/CSEM-Lead_toxicity_508.pdf

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Preeti Adatiya

Grund S.C,, Hanusch K., Wolf H.U. (2005). Ullmann’s Encyclopedia of Industrial Chemistry. Wiley-VCH; Weinheim,
Germany: 2005. Arsenic and Arsenic Compounds.

Hang X.,, Wang H., Zhou ], Ma C., Du C,, Chen X. (2009). Risk assessment of potentially toxic element pollution in
soils and rice (Oryza sativa) in a typical area of the Yangtze River Delta. Environ. Pollut. 157:2542-
2549.doi: 10.1016/j.envpol.2009.03.002

Hashemi M, Salehi T, Aminzare M, Raeisi M, Afshari A. (2017). Contamination of toxic heavy metals in various foods
in Iran: a review. ] Pharm Sci Res. 9(10):1692-1697.

Hite AH. (2013). Heavy metal and rice: A call for regulation. Nutrition. 29:353-354. doi: 10.1016/
j.nut.2012.10.001. ]

Ikem, Abua, and Nosa O. Egiebor. (2005). "Assessment of trace elements in canned fishes (mackerel, tuna, salmon,
sardines and herrings) marketed in Georgia and Alabama (United States of America)." Journal of food composition
and analysis 18.8: 771-787.

International Agency for Research on Cancer (IARC) IARC Monographs on the Evaluation of Carcinogenic Risk to
Human. Volume 100C International Agency for Research on Cancer; Lyon, France: 2012.

Jain, Shruti, et al. (2018). "Tracing the role of plant proteins in the response to metal toxicity: a comprehensive
review." Plant signaling & behavior 13.9: e1507401..

Jaishankar M, Tseten T, Anbalagan N, Mathew BB, Beeregowda KN. (2014). Toxicity, mechanism and health effects
of some heavy metals. Interdiscip Toxicol 17(2):60-72. doi: 10.2478/intox-2014-0009.

Keraita B, Abaidoo RC, Beernaerts I, Koo-Oshima S, Amoah P, Drechsel P, et al. (2012). Safe re-use practices in
wastewater-irrigated urban vegetable farming in Ghana. ] Agric Food Syst Community Dev. 2(4):147-58
10.5304/jafscd.2012.024.004.

Kumar B, Verma VK, Mishra M, Kakkar V, Tiwari A, Kumar S, Yadav VP, Gargava P. (2021). Assessment of persistent
organic pollutants in soil and sediments from an urbanized flood plain area. Environmental Geochemistry and
Health.7:1-8.)

Kumar V, Bhatti SS, Nagpal AK. (2021). Assessment of Metal (loid) Contamination and Genotoxic Potential of
Agricultural Soils. Archives of Environmental Contamination and Toxicology. 81(2):272-84.)

Lambert M, Leven BA, Green RM.(2000). New methods of cleaning up heavy metal in soils and water. Environmental
science and technology briefs for citizens. Manhattan: Kansas State University; 2000.

Liu H.Y., Probst A, Liao B.H. (2005). Metal contamination of soils and crops affected by the Chenzhou lead/zinc
mine spill (Hunan, China) Sci. Total Environ. 339:153-166. doi: 10.1016/j.scitotenv.2004.07.030.

Marsh G.M., Esmen N.A.,, Buchanich ].M,, Youk A.O. (2009). Mortality patterns among workers exposed to arsenic,
cadmium, and other substances in a copper smelter. Am. J. Ind. Med. 52:633-644. doi: 10.1002/ajim.20714.
Meena MK, Singh AK, Prasad LK, Islam A, Meena MD, Dotaniya ML, Singh H, Yadav BL.(2020). Impact of arsenic-
polluted groundwater on soil and produce quality: a food chain study. Environmental Monitoring and Assessment.
;192(12):1-8)

Nuttall J.R., Oteiza P.I. (2012)., Zinc and the ERK Kinases in the Developing Brain. Neurotox. Res. 21:128-141.
doi: 10.1007/s12640-011-9291-6.

Obiri S. (2007). Determination of heavy metals in water from boreholes in Dumasi in the Wassa west district of
western region of Republic of Ghana. Environ. Monit. Assess. 2007; 130:455-463. doi: 10.1007/s10661-006-9435-
y.
Pais [, Jones ].B.(1997)1. The Handbook of Trace Elements. Saint Lucie Press; Boca Raton, FL, USA.

Prabu PC. Impact of heavy metal contamination of Akaki River of Ethiopia on soil and metal toxicity on cultivated
vegetable crops. Electron | Environ Agric Food Chem. 2009;8(9):819-820.

Prasad S, Yadav KK, Kumar S, Gupta N, Cabral-Pinto MM, Rezania S, Radwan N, Alam ]. Chromium contamination
and effect on environmental health and its remediation: A sustainable approaches. Journal of Environmental
Management. 2021 May 1; 285:112174.)

Pula B., Domoslawski P., Podhorska-Okolow M., Dziegiel P. (2012). Role of Metallothioneins in Benign and
Malignant Thyroid Lesions. Thyroid Res. 5:26.doi: 10.1186/1756-6614-5-26.

Rahimi, Ebrahim. "Lead and cadmium concentrations in goat, cow, sheep, and buffalo milks from different regions
of Iran." Food chemistry 136.2 (2013): 389-391

Ruma MM, Sheikh AU. (2010). Reuse of wastewater in urban farming and urban planning implications in Katsina
metropolis, Nigeria. Afr ] Environ Sci Technol. 2010;4(1):028-033.

Raschid-Sally L, Jayakody P. Drivers and characteristics of wastewater agriculture in developing countries: results
from a global assessment. Colombo: International Water Management Institute (IWMI); 2009

Selvaraj S, Gaonkar O, Kumar B, Cincinelli A, Chakraborty P. (2021). Legacy persistent organochlorine pollutants
and polycyclic aromatic hydrocarbons in the surface soil from the industrial corridor of South India: occurrence,
sources and risk assessment. Environmental Geochemistry and Health. ; 43(5):2105-20.)

Setia R, Dhaliwal SS, Kumar V, Singh R, Kukal SS, Pateriya B. (2020). Impact assessment of metal contamination in
surface water of Sutlej River (India) on human health risks. Environmental Pollution.1; 265:114907.

Sharma S, Nagpal AK, Kaur I. (2018). Heavy metal contamination in soil, food crops and associated health risks for
residents of Ropar wetland, Punjab, India and its environs. Food chemistry. 30;255:15-22.

Singh K.B., Maret W. The (2017). Interactions of Metal Cations and Oxyanions with Protein Tyrosine Phosphatase
1B. BioMetals 30:517-527. doi: 10.1007/s10534-017-0019-9.

Singh N, Yarla NS, Siddiqi NJ, de Lourdes Pereira M, Sharma B. (2021). Features, Pharmacological Chemistry,
Molecular Mechanism and Health Benefits of Lemon. Medicinal Chemistry. 1; 17(3):187-202.

BEPLS Vol 12 [10] September 2023 526|Page ©2023 Author



Preeti Adatiya

50. Singh G, Patel N, Jindal T, Ranjan MR. (2021). Heavy Metal Contamination in Soils and Crops Irrigated by Kali River
in Uttar Pradesh, India. Bulletin of Environmental Contamination and Toxicology. 107(5):931-7.

51. Sobha K, Poornima A, Harini P, Veeraiah K. (2007). A study on biochemical changes in the fresh water fish, Catla
catla (Hamilton) exposed to the heavy metal toxicant cadmium chloride. Kathmandu Univ ] Sci Eng Technol;3(2):1.
doi: 10.3126/kuset.v3i2.2890.

52. Soulivongsa, Latsamy, Bundit Tengjaroenkul, and Lamyai Neeratanaphan.(2020). "Effects of contamination by
heavy metals and metalloids on chromosomes, serum biochemistry and histopathology of the bonylip barb fish
near Sepon gold-copper mine, Lao PDR." International Journal of Environmental Research and Public Health 17.24
1 9492.

53. Sun H.F, LiYH, Ji Y.F, Yang L.S, Wang W.Y,, Li H.R. (2010). Environmental contamination and health hazard of
lead and cadmium around Chatian mercury mining deposit in western Hunan Province, China. Trans. Nonferrous
Metal. Soc. China. 20:308-314.doi: 10.1016/S1003-6326(09)60139-4.

54. Tadesse M, Tsegaye D, Girma G. (2018). Assessment of the level of some physico-chemical parameters and heavy
metals of Rebu river in oromia region, Ethiopia.MOJ Biol Med. 3(4):99-118. doi:10.15406/
mojbm.2018.03.00085.

55. Qian Y., Castranova V., Shi X. (2003). New Perspectives in Arsenic-Induced Cell Signal Transduction.J. Inorg.
Biochem.;96:271-278. doi: 10.1016/S0162-0134(03)00235-6.

56. Weldesilassie AB, Amerasinghe P, Danso G. Assessing the empirical challenges of evaluating the benefits and risks
of irrigating with wastewater. Water Int. 2011; 36(4):441-54. 10.1080/025080

57. Witkowska D, Stowik ], Chilicka K. (2021). Heavy Metals and Human Health: Possible Exposure Pathways and the
Competition for Protein Binding Sites. Molecules. 26(19):6060

58. World Health Organization (WHO) Evaluation of Certain Food Additives and Contaminants (41st Report of the joint
FAO/WHO Expert Committee on Food Additives) WHO; Geneva, Switzerland: 1993. (WHO Technical Report Series).
No. 837.

59. World Health Organization (WHO) Codex Maximum Level for Cadmium in Cereals. Pulses and Legumes. WHO;
Geneva, Switzerland: 2003

60. World Health Organisation (WHO) Action Is Needed on Chemicals of Major Public Health Concern. [(Accessed on
27 November 2019)]; Public Health Environ. 2010:14.

61. Yeung Ruth MW, Morris ]J. (2001). Food safety risk: consumer perception and purchase behavior. Br
Food. 103(3):170-186 doi: 10.1108/00070700110386728.

62. Zia MH, Watts MJ, Niaz A, Middleton DR, Kim AW. (2017). Health risk assessment of potentially harmful elements
and dietary minerals from vegetables irrigated with untreated wastewater, Pakistan. Environ Geochem
Health. 2017;39(4):707-728. doi: 10.1007/s10653-016-9841-1.

CITATION OF THIS ARTICLE

Preeti Adatiya. Bioaccumulation of Heavy metals and chemical Toxicants from industries, a serious threat to
environment and human. Bull. Env.Pharmacol. Life Sci., Vol 12 [10] September 2023: 519-527

BEPLS Vol 12 [10] September 2023 527|Page ©2023 Author



