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Abstract Contamination of drinking groundwaterwith arsenic is a looming problem
in several countries and has affected millions of people, distributed over some
20 countries, globally including people in West Bengal (India) and Bangladesh.
Continued exposure to Arsenic (‘As’) leads to various disorders and malfunctioning
of renal, reproductive, cardiovascular and respiratory system along with the lethal
effects manifested on skin and epidermal cells. In the review, an effort was made
to incorporate the findings of other investigators and to evaluate the relation among
arsenic metabolism and the consequences of numerous chronic disease. Early indi-
cations/manifestations of arsenicosis is difficult because of the occurrence of non-
specific symptoms in various water-borne ailments. It has emerged that orthodox
drugs used for treating arsenicosis was highly unsatisfactory as they have their own
toxic side effects. In such a scenario, insights to the biological and epidemiological
meanings of arsenic metabolism can help in mitigating the risk of arsenic toxicity
and provide a prospective means for disease prophecy, prevention and control.
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DMAV Dimethylarsinic
DMAIII Dimethyl arsinous
MMAV Monomethyl arsonic
MMAIII Monomethyl arsonous
ROS Reactive oxygen species

1 Introduction

Arsenic is a naturally occurring metalloid that is extensively dispersed on the Earth’s
crust with the chemical symbol (As), atomic number (Z-33) and which is placed
between phosphorus and antimony in group 15 of the periodic table. Arsenic exist
in minerals, usually in amalgamation with sulphur iron and other metals, and also
exist in its elemental form. This metalloid is found in groundwater as it percolates
through rock and soils, air, food-grains and vegetables. It is also released into the
environment by volcanic eruptions and indiscriminate mining. Arsenic in ground-
water is a widespread and alarming problem that tends to be higher in drinking water
drawn from ground sources, such as dug-well and tube-wells, than from surface
water sources such as ponds, lakes or natural reservoirs. The maximum permis-
sible content of inorganic arsenic in ground water as set by the U.S. Environmental
Protection Agency (EPA) is 10 ppb in the USA. But the levels of arsenic in certain
countries like India and Bangladesh have been measured at over 500 ppb (Naujokas
et al. 2013).

Arsenic exist in environment in the form of trivalent arsenite (As3+) or pentavalent
arsenate (As5+). As3+ form in particular is high in drinking water where the condi-
tion is anaerobic while the pentavalent form is predominant in aerobic conditions.
The surge in cancer risk detected in several epidemiological investigations is mainly
due to the occurrence of trivalent arsenic (arsenite) as its pentavalent form in water
is quickly reduced when it enters a cell. The main reason for arsenite to enter a
cell is because it is uncharged at pH 7 which is the normal physiological pH of the
body while arsenate is negatively charged and impermeable to the cell membrane.
Arsenite and arsenate, both the forms are genuine and established human carcino-
gens, but not a true animal carcinogen. In standard assays it was reported that only
arsenite has the ability to cross transplacental barrier and thereby acts as a carcinogen
and also as a co-carcinogen (National Research Council 2000; IARC 2004). It has
been reported that arsenate is transported by the phosphate transporter while arsenite
is transported by aqua-glycoporin 7 and 9 (Huang and Lee 1996; Liu et al 2002).
Efforts till date by both Governmental and non-Governmental establishments in
innumerable countries to provide As-free drinking water to highly contaminated
zones remain exceptionally insufficient. Arsenic enters the human bodies of inno-
cent populations not only through drinkingwater they consume but also through food
and vegetables grown in contaminated soil. The current review attempt to describe
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the latest information on the toxicological aspects of arsenic based on the infor-
mations obtained from PubMed, Science Direct and Google Scholar databases. A
search was made through permutation and combination of keywords such as arsenic,
human and animal toxicity, biological activity, endocrine disruption, carcinogenicity,
genotoxicity, immunological toxicity, neurogenic effects of arsenic, thyro-toxicity,
cardiovascular, musculoskeletal, dermal toxicities, and antinuclear antibody. There
were no language limitations as the articles were carefully studied for information
on the various aspects of toxicity.

2 Routes of Exposure for Arsenic

The primary routes of entry of arsenic in the body are ingestion and inhalation.
Though dermal exposure can happen in humans, it is not considered a primary route.
In Europe and American alone 80% of arsenic ingestion is through consumption of
meat, fish, and poultry. Various marine organism like fish, bivalve and algae contains
arsenic as arseno-betaine and arseno-choline, which is also called as fish arsenic and
both these forms have low toxicity levels in humans and are rapidly excreted through
urine (ATSDR 2007). Recent studies revealed that a certain form of seaweed contains
a high level of inorganic arsenic (Rose et al. 2007). Bedrock containing arsenic is
primarily responsible to contaminate groundwater and this is a natural phenomenon
which has been reported as leading cause of arsenic toxicity all over the world
including Indo-Gangetic plain. Arsenic in drinking-water has caught attention since
its discovery in the 1990s due to its wide occurrence in well-water in Bangladesh
and parts of India (WHO 2001).

3 Metal Toxicities in Human and Experimental Animal

The detrimental effects of arsenic vary from individual to individual and by the
body metabolism process. Soon after absorption, inorganic arsenic both arsenite
and arsenate are methylated into MMA and DMA in the liver and are excreted
through urine after passing through the kidneys along with unmethylated arsenic
(Vahter 2002; De Loma et al 2018; Skröder et al. 2018). A relative proportion of
metabolites in urine varies significantly within and among population groups. It
has been reported by others that about 10–30% iAs (inorganic arsenic), 10 to 20%
MMA and 60–80% DMA is excreted through urine (Hernandez and Marcos 2008;
Huang et al. 2008; Gonzalez-Martinez et al. 2018). It was estimated that 50–70% of
absorbed pentavalent arsenic (AsV) is rapidly reduced to trivalent arsenic (AsIII),
a biotransformation reaction common in most species. In all experimental animals
specifically rodents, DMA is the main metabolite excreted in urine. The proportion
of methylation varies substantially between species, for example it has been reported
that apes such as the marmoset monkey (Zaris) and chimpanzee do not methylate



326 S. J. Biswas et al.

inorganic arsenic, on the other hand, themarmosetmonkey accumulates arsenic in the
liver (Zakharyan et al. 1996). The rat, has an effective methylation pattern of arsenic
but the formed DMA gets collected in the red blood cells (Lu et al. 2007). Hence, rats
have been shown to excrete lower levels of arsenic through urine. When human and
rodents were exposed to DMA, it was found that about 5% of the dose is excreted
through urine in the form of trimethylarsine oxide (TMAO) (Hughes et al. 2008).
Similar studies conducted by other investigators found that when human subjects
were exposed to quantified doses of inorganic arsenic their rate of excretion surges
with the methylation effectiveness, moreover inter-individual variations were also
noticed in the methylation of arsenic (Bailey et al. 2013). Recent studies on human
subjects exposed to arsenic in northern Argentina have shown that they excrete low
amounts of MMA, on the other hand, children showed a lesser grade of methylation
of arsenic than adults (Concha et al. 1998; Vahter 2007).

4 Some Specific Aspects of Arsenic Toxicities

4.1 Genotoxicities

It has been stated byDulout et al. (1996) that therewas an surge in chromosomal aber-
rations in lymphocytes of people residing in north-western Argentina who consumed
arsenic contaminated drinking water. Ghosh et al. (2006) conducted studies on 422
individuals fromHaringhata and 24 Parganas (N) district ofWest Bengal, concluding
that person showing skin-symptoms were more vulnerable to arsenic-induced toxi-
city and genotoxicity than those persons who do not show any symptoms of arsenic
poisoning. Further, it has been stated that sodium arsenite treatment of rat ovarian
cells results in DNA fragmentation (Akram et al. 2009). It was also revealed by
other workers that children exposed to arsenic from early childhood had increased
telomere length compared to children unexposed to arsenic (Chatterjee et al. 2018).

Arsenic is both genotoxic and carcinogenic to human and animals however it
displayed tricky mutagenic potentials in bacterial systems. In bacterial system it
induces DNA damage indirectly by inhibiting DNA repair mechanism. But the exact
DNA repair inhibition mechanism could not be deciphered accurately (Samavarchi
Tehrani et al. 2018). Rossman et al. (1977) had showed that arsenite supresses the
post-replication repair pathway in E. coli. A similar study conducted by Lee-Chen
et al. (1992) onUV irradiatedChinese hamster ovarian cells found that arsenite exerts
its co-genotoxic consequence by preventing DNA repair mechanisms. By single cell
gel (SCG) assay Hartmann and Speit (1996) noticed increased DNA damage in
cells that were treated with sodium arsenite in various concentrations (from 200 to
1500 M) than the control culture. Similar experiments conducted by Schaumloffel
and Gebel (1998), found that there was a significant induction of DNA damage
when the cells were insulted with 0.01 M As (III). Further, when the frequency
of micro-nucleated cells between people exposed to high concentration of arsenic
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in ground water (1312 g/L) was compared with low exposure to arsenic (16 g/L),
it was found that there was a sudden elevation in the frequency of micronuclei
in persons who drank high concentration of contaminated water when compared
to lower groups Warner et al. (1994). Moreover, they were also assured that the
incidence of micro nucleated bladder cells was certainly related with the urinary
content and concentration of arsenic. It was also reported by the same group that
frequencies of micronuclei containing acentric fragments and whole chromosomes
also increased. Two cross sectional studies were conducted byMoore et al. (1997), in
the states of Nevada and Chile to observe the association between arsenic ingestion
and genetic damage in the urothelium and they concluded that amplified levels of
arsenic in drinking water resulted in an increase in micro-nucleated cells in bladder.

4.2 Immunological Toxicities

It was earlier reported that low concentrations of iAs significantly repressed the
action of macrophages and T lymphocytes (T cells), the two immune cell types
involved in controlling infection and tumour development (Soto-Peña et al. 2006;
Lemarie et al. 2006, 2008). As a carcinogenic environmental contaminant inorganic
arsenic exerts immunosuppressive action on human T lymphocytes. A considerable
reduction was found in interleukin-2 (IL2) secretion which is a cytokine and plays
a pivotal role in immunology and also reduces T cell proliferation. It was revealed
that in vivo, treatment of mice with iAs induced thymus atrophy caused by suppres-
sion of many genes which are involved in cell cycle advancement. Further, it also
diminished in vitro proliferation of mitogen stimulated spleenocytes (Nohara et al.
2008; Soto-Peña and Vega 2008). Interleukin 2 (IL2) plays a big role in instigation
of T-cells and progression through cell cycle. iAs-dependant inhibition of periph-
eral T cell proliferation was generally accompanied by repression of interleukin-2
(IL2) exudation (Lemarie et al. 2006, 2008), decreased adhesion of macrophages,
reduced production of nitric oxide (NO) and dwindling chemotactic and phagocy-
totic indices (Sengupta and Bishayi 2002; Bishayi and Sengupta 2003, 2006). It
was reported that people living in areas having groundwater arsenic contaminated
by arsenic had increased antinuclear antibodies (ANA) compared to normal subjects
(Belon et al. 2006). Several investigators have proved earlier that arsenic traverses the
placental barrier, posing a threat to the normal development of the foetus (Rahman
et al. 2009; Ferrario et al. 2009). A study in Bangladesh revealed that arsenic expo-
sure during pregnancy was co-related with increased placental inflammatory reac-
tions, diminished placental T cells, and altered cord blood cytokines. The findings
of this study recommended unfavorable effects of arsenic on immunobiology that
leads to weakened new-born function (Ferrario et al. 2009). Macrophages plays a
vital role in immunological functions, it has been investigated that persons residing in
groundwater contaminated areas showed circularization ofmacrophages, diminished
cellular adhesion, decreased phagocytic activity and expression of proteins such as
CD54 compared to those living in arsenic free areas (Lemarie et al. 2006; Banerjee
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et al. 2009). Some also reported that the ratio ofCD4/CD8decreasedwhen exposed to
iAs, which could indicate immune suppression (Soto-Peña and Vega 2008). Arsenic
also inhibit mitogen stimulated proliferation of SMC (Splenic mononuclear cells)
and PBMC (Peripheral blood mononuclear cells) in broiler chickens. In some inves-
tigations with cat fish, it has been revealed that there was a general increase in the
population of lymphocytes and a sudden decrease in IL4 when contaminated with
arsenic (Ghosh et al. 2007a, b). This group also detected that arsenic inhibits humoral
immunity by supressing primary and secondary antibody forming cells. Further, it
was also stated that arsenic suppressed type IV hypersensitivity, (a delayed type of
response to cutaneous sensitization) in mice, rats and chicken (Savabiesfahani et al.
1998, Patterson et al. 2004; Aggarwal et al. 2008).

4.3 Carcinogenicity

Investigators stated that dimethylarsinic acid (DMA V) administration to rats
promoted for tumor development in various organs (Yamamoto 1995). Further, it
was also observed that when mice were treated with arsenic at a concentration of
10 and 25 ppm in drinking water it resulted in formation of papilloma and carci-
noma respectively and this was due to augmented proliferation of cells. Arsenic
induces DNA damage, produces (ROS)/free radicals which modifies the expression
of protein p21 and p53, which are regarded as tumour suppressors. Further, DMMTA
(V) caused diminished protein expression of tumor suppressor along with enhanced
damage of DNA and production of ROS (reactive oxygen species). Investigators
reported a plausible association between incidence of prostate cancer and exposure
to high concentrations of arsenic (Lin et al. 2013). But the link between exposure to
low concentrations of arsenic and the onset of prostate cancer is unclear, and needs
more epidemiological research. Investigation of pregnant mothers exposed to arsenic
resulted in leukaemia which was reported by Heck et al. (2014). Recently, results of a
20-year retrospective cohort study on hepatocarcinogenesis involving 802 males and
301 females members belonging to 138 communities in Taiwan revealed significant
increase in hepatocarcinogenesis in both genders after exposure to arsenic concentra-
tion above 0.64 mg/L. However, the same group also reported no significant changes
which were lower than 0.64 mg/L (Baastrup et al. 2008). There are a few contradic-
tory reports where investigators found no connection between occurence of bladder
cancer even after exposure to low concentrations of arsenic and smoking (Meliker
et al. 2010). Further confirmation in this area is needed as the group has incapacity to
accurately measure smoking and correctly measure arsenic exposure levels. On the
other hand, few groups also reported that groundwater intake elevates bladder cancer
incidence in a population-based study in New England (Zolot 2016). The reason for
high rates of urinary bladder cancer might be attributed to hindrance/impediment of
the detoxification process, thereby inhibiting repair mechanism of DNA and reduced
essential nutrients levels.
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4.4 Endocrine Effects

It was also reported that presence of arsenic in air was responsible for greater inci-
dence in breast cancer (Khanjani et al 2017). Further, the same group has reported
that emissions of arsenic, lead, andmercury were linked to the prevalence of estrogen
receptor (ER)-positive breast cancer (Vu et al. 2019). The gonadal endocrine system
plays a vital in regulating human reproductive behaviour. Investigation by earlier
researchers showed that arsenic accumulates in the gonadal tissues and induces
profound inhibitory effect on the development of the gonads (Zarooogian and
Hoffman 1982; Shukla and Pandey 1985). Few other investigators reported that
arsenic interacts with few sex hormones and causes inhibition of ovarian steroido-
genesis, spermatogenesis and also impairs testicular function (Chattopadhyay et al.
1999, 2003; Zadorozhnaja et al. 2000; da Silva et al. 2017).Arsenic have also reported
to have negative effects on semen quality and quantity in males (Kim and Kim 2015)
in addition to inducing menarcheal age and abortions in females (Milton et al. 2005;
Sen and Chaudhuri 2008). Chow et al. (2004) reported that after a 48 h exposure to
150 μg/L of AsIII transcription of ERα was repressed while AsIII did not compete
with estradiol. Subsequent studies also revealed that AsIII caused immense toxicity
in estrogen production by interfering with signalling pathways (Watson and Yager
2007). It was also known that AsIII had a high affinity to the sulfhydryl groups of
proteins with the formation of stable cyclic thio-arsenite complexes thereby leading
to glucocorticoid dysfunction and blocking of steroids from binding to glucocorti-
coids. Further studies on the thyroid hormone of fish revealed that 78 hours exposure
to arsenic amplified thyroxine hormone levels in fish larvae. Sun et al. (2017) found
that thyroxine levels in mice, rats increased by 18% on exposure to 50 mg/L AsIII for
10 days. Allen and Rana (2007) reported that treatment of rats with 40 mg per kg of
AsIII enhanced the thyroxine content from 20.1 to 52.0 nmol/L. They concluded that
rodents toughened their metabolism process by elevating thyroxine levels, resulting
in more removal of arsenic from their bodies. This hypothesis was substantiated
by another search which reported elevated levels of thyroxine stimulated arsenic
excretion through urine in rats (Rana and Allen 2006). Other workers also observed
that raised levels of thyroxine modulated rat immune systems, thereby lessening the
unfavorable effects of contaminants by increasing the levels of thyroxine which in
turn helps to decrease the body load of arsenic (Lam et al. 2005).

4.5 Neurogenic Effects

Arsenicals are known to harshly affect the nervous system. Long-lasting exposure
to arsenicals is linked to developmental neurotoxicity, neurological complications
and gradual weakening of cognitive progress, learning and reminiscence (Vahidnia
et al. 2007; Tolins et al 2014). Astrocytes are macroglial cells in central nervous
system (CNS) derived from progenitor cells in the neuroepithelium that help form
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the brain’s physical structures. Astrocyes are involved in the exudation or absorption
of neural transmitters and maintain the blood–brain barrier, populate the grey and
white matter of the brain and spine in addition to maintaining the homeostasis of
CNS (Abbot et al. 2006). Arsenicals saturate the blood–brain barrier and astrocytes
are the first to counter them in the brain. Because of their strategical significant
localization and high detoxification potential, astrocytes are the first line of defence
against toxinswhich enters the brain (Dringen et al. 2016).Arsenic prevents alteration
of pyruvate to acetyl coenzyme A thereby blocking the Krebs cycle and inducing
neuropathy (Bjørklund et al 2020). The Agency for Toxic Substances and Disease
Registry (2007) reported that Japanese kids who consumed arsenic-contaminated
milk showed increased perceptive deficits, epilepsy and severe hearing loss.

4.6 Gastrointestinal Effects

Lee and Kissel (1995) stated that intake of 80 mg/kg of organic arsenicals lead to
queasiness, abdominal ache, hyperactive bowel and diarrhoea and concluded that the
gastrointestinal tract was the target for noxiousness following oral administration of
MMA. Further investigations showed that feeding of MMA at a concentration of
72.4 mg/kg/day created pathophysiological situations in the large intestine and an
upsurge in squamous metaplasia of the epithelial columnar absorptive cells in colon
and rectum. Squamous metaplasia was described to exist in the colon of mice when
chronically exposed to 67 mg MMA/kg per day (Gur et al. 1991; Arnold et al.
2003).Clinical manifestation of gastrointestinal irritation, like nausea, diarrhoea and
occasional abdominal pain, were noticed/reported in all cases of chronic ground
water arsenic contamination (Vantroyen et al. 2004; Belon et al. 2007). Chiocchetti
et al. (2019a, b) described that exposure to arsenic III and V lead to production of
ROS (reactive oxygen species) which thereby augmented the release of IL-8. ROS
generated interfere with the proteins in tight junctions such as claudin, occluding and
resulting in barrier function loss of the intestinal epithelium. Clinical investigation
also established liver damage (Liu et al. 2002) and blood tests revealed elevated levels
of hepatic enzymes after arsenic contamination (Belon et al. 2007; Khuda-Bukhsh
et al. 2011). Histological observation of the livers of human exposed to ground
water arsenic contamination revealed hepatic portal fibrosis (Mazumder 2005). Also
chronic exposure to arsenic caused cirrhosis, a secondary effect of damage to the
hepatic blood vessels.

4.7 Musculoskeletal Effects

Arsenic trioxide is often used to treat patients with cancer like promyelocytic
leukaemia but clinical use of As2O3 has been restricted due to increased ill effects
such as cardiotoxicity (Vinetha and Raghu 2019). Investigations on the muscle of tail
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of King prawn (Penaeus latisulcatus) revealed presence of arseno-betaine which is
a water-soluble arsenic constituent. (Maher 1985; Francesconi and Edmonds 1987).
It was also reported that As2O3 inhibits myogenic differentiation by inhibiting Akt-
regulated signalling (Yen et al. 2010), inducing long-term muscle mitochondrial
dysfunction and impaired metabolism (Ambrosio et al. 2014).

4.8 Cardiovascular Effects

High arsenic concentration in drinking water is associated with an increased preva-
lence of stroke. However, there are contradictory reports on the association between
low concentration of arsenic in water and stroke. Ersbøll et al. (2018) conducted
a study by taking into consideration 57,053 individuals from two major cities in
Denmark. He found that 2195 individuals had incidence of stroke. The results
proposed that the presence of arsenic even in small concentration in drinking water
instigated high rate of stroke. Similar results were also revealed by another study
conducted by the same group which concluded that there could be some associa-
tion between the risk of myocardial infarction and low concentration of arsenic in
drinking water (Milton et al. 2017; Monrad et al. 2017). Other investigators reported
that chronic exposure to low-level iAs (inorganic arsenic) in drinking water was
linked with amplified risk of coronary disease (James et al. 2015; Wade et al. 2015;
Moon et al 2017). It is thus established that people with the highest concentration of
arsenic in urine are more prone to cardiovascular disease compared to a population
with low concentration of arsenic in urine.

4.9 Dermal Effects

There are several reports on the carcinogenicity of arsenic carried out in numerous
countries such as Argentina, India, Taiwan, Bangladesh and Chile,where drinking
water holds more than 150 ppb of arsenic (IARC 2012).

An investigation conducted by Haque et al. (2003) stated that ground water
contaminated with high levels of arsenic induces skin cancer but this study was
limited to few districts of West Bengal. Few external changes of chronic exposure
observed through naked eyes includes pigment changes on the skin, hyperkeratosis,
hyperpigmentation and patchy hyperpigmentation which may lead to malignancy.
Mee’s lines which crisscrosses the nails are effects of severe or long term exposure
to arsenic (Sharma et al. 2016). Patchy hyperpigmentation is commonly visible in
axillae, groin, nipples, temples and neck (Dastgiri et al. 2010). “RainDrop syndrome”
which is the appearance of dark brown patches present over the chest, back, and
abdomen has often been visible in inhabitants who regularly consumed 400 μg/L or
more arsenic in drinking water (ATSDR 2007).
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4.10 Metabolic Effects

Sattar et al. (2016) investigated arsenic’s influence on the disintegration of carbo-
hydrates and the enzymes that participates in carbohydrate breakdown and glucose
homeostasis. Once arsenic enters amammalian body it is gathered in the liver, kidney
and pancreas and shows detrimental effects on glucogenesis, gluconeogenesis by
alterating and weakening the key enzymes involved in metabolism. Variation of
hepatic glucose homeostasis has a major role in the pathobiology of diabetes. It
is known fact that organisms have developed a complex system for the interaction
of enzymes such as, Superoxide dismutase (SOD), Glutathione-s-tranferase (GST),
catalase and myeloperoxidase. These enzymes are involved in the counteraction of
both endogenous and exogenous oxidative stress. This array of Phase I and Phase II
enzymes work stepwise to maintain a low ROS levels in the body (Wang et al. 1997;
Banerjee et al. 2010). These investigators studied the effects of arsenic exposure on
the human population from Murshidabad district and the concomitant levels of both
enzymes. They reported that the activity of both enzymes was appreciably high in
subjects exposed to arsenic compared to normal populations. They concluded that
chronic arsenic exposure augmented the activity of serum catalase and myeloperox-
idase due to which ROS activity increased thereby resulting in a huge amounts of
DNA damage. Other investigators evaluated the association between arsenic expo-
sure and antioxidant enzyme defence and oxidative stress in aquatic vertebrates i.e.
Salmo trutta, and their investigation concluded that arsenic bioaccumulation induced
lipid peroxidation and interfered with the antioxidant defence system (Greani et al.
2017).

4.11 Hematologic Effects of Arsenic

Severe or chronic arsenic intoxication leads to bone marrow depression which
is manifested as pancytopenia initially. People suffering from arsenicosis often
suffer from anaemia, eosinophila, leukopenia and thrombocytopenia. The above
finding indicates that most studies were conducted on rural populations in India and
Bangladesh who have low socioeconomic status. The anaemia varies from a normo-
cytic or macrocytic condition with basophilic stippling being located on peripheral
blood smears (Kyle and Pearse 1965; Selzer and Ancel 1983; Heck et al. 2008). It
was reported by different agencies that chronic arsenic exposure or acute exposure to
gaseous form of arsenic i.e. arsine gas causes intravascular haemolysis. (NRC 2000,
2001; IARC 2004).
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5 Effects on Plants

Arsenic contamination hinder critical biochemical and metabolic progressions that
results in plant death. A significant reduction in plant height was noticed with
increasing arsenic loads in irrigation water (Majumder et al. 2019). Arsenic exposed
seedlings ofCicer arietinum andOryza sativa revealed remarkable stunted growth of
roots and shoots (Malik et al. 2011; Vromman et al. 2013). Arsenic also suppresses
the quantity of leaves, leaf surface area, and the fresh and dry mass of plants. Arsenic
also induces chromatid and chromosomal aberrations in plants (Wu et al. 2010;
Ghiani et al. 2014; Aksakal and Esin 2015) in addition to an increase in the occur-
rence of micro-nuclei in peripheral root tip cells of both Zea mays and Vicia faba
(Duquesnoy et al. 2010).

6 Arsenic Mitigation and Management

Though arsenic calamity was reported in the early eighties truemitigation progressed
slowly (Johnston et al. 2014) and hence the burden on public health remains very
high. Flanagan et al. (2012) estimated that arsenic contamination alone could affect
19–20 thousand people annually in Bangladesh at >50 μg/L concentration levels.
In a situation of very inadequate mitigation success, the challenge is to improve,
enhance, develop and boost a sustainable and economic option that the public can
adopt, install and maintain themselves. There are two main methods to eliminate
arsenic from the water; one, to find an alternative source of arsenic free water and
two,removal of arsenic from water through use of chemicals. It is known that water
from deep wells with depths of more than 200 m is arsenic-free but what limits this
process is the expense involved drawing it which most communities cannot afford.
A few months after installation high amounts of metals like Mn and Fe often can
cause intolerable taste and stains leading to discontinuation. Another option is the
introduction of surface water bodies such as ponds and rivers after antimicrobial
treatment which is also expensive and not feasible under certain climatic conditions
(during rainy season). Rainwater harvesting can be implemented in areas known for
arsenic contaminated ground water. A critical limitations to implementing rain water
harvesting is the high installation cost and inequal rainfall over the year (Ahmed and
Rahman 2003; Islam et al. 2011). Removal of arsenic by adsorption is considered
a suitable option due to its simple operational procedure, less costs, sludge free
operation, and regeneration and reusability of the adsorbents. Orthodox medicines
such as di-mercapto succinic acid (DMSA), diethylene triamine pentaacetic acid
(DTPA) and British Anti Lewisite (BAL) have been ineffective so far to treat patients
suffering from arsenicosis, further they have a fluctuating efficacy and harmful side
effects, hence there is a necessity for alternative agents which are cheap and can
easily be procured by common masses (Chou et al. 2002; Belon et al. 2007; Biswas
et al. 2019). People living in the ground water contaminated areas should be made
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aware to take nutritional diets with high amounts of folate, antioxidant and proteins.
This natural silent calamity in the Indo-Gangetic plain especially in the region of
Bengal and Bangladesh requires a sustainable solution.

7 Conclusion

Of all the heavymetal poisonings arsenic poisoning has received prominent attention
especially in the Indo-Gangetic plain. Toxicity reports of arsenic arewell documented
and numerous molecular and cellular mechanisms have been proposed to explain
arsenic’s toxicological profile. To avoid risk it is recommended that people living
in arsenic contaminated ground water areas undergo regular check-ups for arsenic
levels in their blood and urine. Parents should educate their children to make them
aware of arsenic-related toxicity and treatment strategies (which at times may not be
effective due to the genetic makeup of individual, environmental factors and diet).
The review summarizes the various aspects of arsenic toxicity is intended to serve
as a reference to researchers involved in elucidating mechanism of toxicity and is
intended to serve as a refrence for researchers involved in studying the mechanism of
arsenic toxicity, provide results for the betterment of human-kind and conservation
of biodiversity.
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