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Arsenic toxicity: an overview

Abstract

Heavy metals are member of ill-defined subset of elements, weathered from natural
rock formations, widely distributed in the Earth’s crust. Generally, heavy metals
occurred in particulate or dissolved form in soils, rivers, lakes, and seawater and
seafloor sediments. Most of the metals originate from rocks of igneous, sedimentary
or transformed by intense heat and pressure processes. Heavy metals exhibit metallic
properties that mainly include the transition metals, some metalloids, lanthanides and

actinides.'
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Introduction

Arsenic (As) is a heavy metal with a name derived from the Greek
word arsenikon, (meaning=potent). As (Arsenic) is a non-essential,
nonmetallic carcinogenic element, occurs in many environments and
highly toxic to all life forms including plants.? The earth’s crust is an
abundant natural source of arsenic (As). It is present in more than 200
different minerals; the most common of which is called arsenopyrite.
About one-third of the As in the Earth’s atmosphere is of natural origin.
The elements occur in environment in different oxidation states are:
As (V), As (IIT), As (0) and As (-1II). Some of the most commonly
occurring forms of As in the environment include Arsenite (As(I1l)),
arsenate (As(V)), monomethylarsenate, and dimethyl arsenate,’ ¢ out
of these arsenate and arsenite are the main forms present in the soil.”
Inorganic arsenic compounds are formed in the environment, when
arsenic combines with oxygen, chlorine and sulfur. In animals and
plants arsenic combines with carbon and hydrogen to form organic
arsenic compounds. Arsenic cannot be easily destroyed and can
only be converted into different forms or transformed into insoluble
compounds in combination with other elements, such as iron.?
Toxicity of widely distributed metalloid depends on the state of the
arsenic, solubility, duration of exposure and the individual involved.
Most of the anthropogenic activities and natural processes are mainly
responsible for worldwide arsenic contamination.’ In the past decade,
the global input of As to soil by human activities was estimated to
be between 52,000 and 112,000 tons per year.!” Therefore, higher
concentrations of heavy metals have been recorded because of
agricultural and industrial activities. The genesis of heavy metals may
be traced back to 1950s.

One of the most famous cases of heavy metal pollution occurred
in Minamata, Japan in the 1950s. The cause of this disaster has been
traced to the dumping of about 27 tons mercury compounds by the
Chisso Corporation into Minamata Bay during the 1950s and 1960s.
The people of Minamata consumed fish and shellfish from the Bay in
their diet and this lead to an accumulation of toxic methyl mercury
in their bodies. Over 3000 victims have been recognized as having
“Minamata Disease”. The episodes of Minamata and Itai Itai diseases
in Japan have brought to a sharp focus for the far reaching public
health." Most of the essential heavy metals are important constituents
of pigments and enzymes, especially Cu, Ni, Zn, Co, Fe and Mo for
algae and plants; whilst some of the metals, especially cadmium (Cd),
lead (Pb), mercury (Hg) and metalloids such as Arsenic (As), are
toxic in higher concentrations because of disrupting enzyme functions
context to many organic compounds, are not decomposed by the
microbiological activity.'> Most of the heavy metals contaminate
soil, water, vegetables and fruits. A number of commonly assessed

heavy metals in vegetable and soil , are As, Pb , Se, Zn, Cr, Ni, Mo,
Fe, Co, Mn, Cu and Cd. Mainly As (V) and As (1) inorganic forms
of arsenic occur and plant takes up Arsenic as As (V). In plants
arsenic accumulates in the tissues of the different parts of the plants
affecting adversely growth and productivity. Its effects are due to
the suppression of the high-affinity phosphate/As uptake system!'>!
stress, various physiological disorders in plants, inhibition in growth
of the plant'>!®and finally death. As (IIT) reacts with sulthydryl groups
of enzymes and tissue proteins, inhibiting cellular function, causing
death.'”'* As is accumulated mainly in the root system and it causes
many physiological changes,'®!*!* interfere with metabolic processes,
inhibits plant growth, and ultimately reduction of crop productivity.?**!
Arsenic concentration typically varies from below 10 mgkg-1 in non-
contaminated soils? to as high as 30,000 mg kg in the contaminated
soils.” Permissible limit of arsenic in agricultural soils is 20 mg/kg
soil, while 5-ppm arsenic in soil is found toxic to sensitive crops.
Despite its low crustal abundance (0.0001%), As is widely distributed
in nature and is commonly associated with metal ores such as copper,
lead, and gold.>** Different organic and inorganic As compounds
have been identified in the soil-plant environment.?*!* In aerated soils
used for crops such as wheat, maize and most vegetables, mainly As
(V) is present and, as such, is likely to be in the solid phase.

Therefore, in such soils, As in groundwater used for irrigation is
quickly adsorbed by iron hydroxides and becomes largely unavailable
to plants. In anaerobic soil conditions such as occur in flooded
paddy fields, Arsenic is mainly present as As (III) and is dissolved
in the soil-pore water (the soil solution) .’ It is thus more readily
available to plant roots. The literature about the accumulation of
heavy metals in food plants shows that both leafy and nonleafy
vegetables are good accumulators of heavy metals. Reports shows
that bioaccumulation pattern of heavy metals in nonleafy vegetables
was leaf>root=stem>tuber and these heavy metals may manipulate
the nutritional values, thus heavy metals have strong influence on
nutritional values. Therefore, plants grown on metal-contaminated
soil are nutrient deficient and consumption of such vegetables may
lead to nutritional deficiency in the population particularly living
in developing countries which are already facing the malnutrition
problems.?434445 Arsenic can find its way into the grains of plants,
such as rice and wheat, and into vegetables and fruit plants®*3? through
irrigation with As contaminated water. Rice is the major crop in areas
where severe arsenic contamination occurs® it has been reported to
accumulate up to 2 mgkg'! Arsenic in grains* and up to 92 mgkg™' in
straw.® The diet of many rice consumers is, therefore, under threat
from Arsenic contamination.”’ Regarding the route of human exposure
to arsenic, rice has been considered as a potentially important source/
route in populations with rice based diets.*® Incidences of arsenic
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contamination in rice grains has also been reported in different rice
varieties tested in Bangladesh. Arsenic levels ranging between 0.04
and 0.92mg/kg in rice samples obtained from 299 markets in 25 (of
64) districts across Bangladesh; the samples included several different
rice varieties from irrigated and rainfed land and from areas with high
and low-As tube well water.”’

Most common symptoms in As-stressed plants are alteration
of adenosine triphosphate (ATP), chlorophylls and photosynthesis
system by arsenic (As) pollution, interveinal necrotic®®!* and whitish
chlorotic symptoms.*® Arsenic damages the chloroplast membrane
and disorganizes the functions of integral photosynthetic process.'> A
significant decrease in pigment synthesis due to the lack of adaptive
adjustments of pigment synthesis to high As levels and reduced rate
of CO2 fixation and functional activity of photo system II (PSII) are
observed in plants growing under As stress conditions.”> Heavy metals
at toxic levels have the capability to interact with several vital cellular
biomolecules such as nuclear proteins and DNA, leading to excessive
augmentation of reactive oxygen species (ROS). This would inflict
serious morphological, metabolic, and physiological anomalies
in plants ranging from chlorosis of shoot to lipid peroxidation and
protein degradation*” as well as physiological disorder of rice (Oryza
sativa L.) characterized by sterility of the florets / spikelet’s leading to
reduced grain yield.*"'* Another one of the most widespread important
problems is Arsenic contamination of ground water found in many
countries throughout the world due to leaching of naturally occurring
As into drinking water aquifers. The sources of As include both
natural i.e. through dissolution of As compounds absorbed onto pyrite
ores into the water by geochemical factors*** and anthropogenic
(through use of insecticides, herbicides, and phosphate fertilizers and
from the semiconductor industry) processes. Arsenic contaminated
water contains arsenous acid and arsenic acid or their derivatives.
These are merely the soluble forms of arsenic near neutral pH and
are extracted from the underlying rocks that surround the aquifer.*¢
Arsenic (As) poisoning from drinking water has been called the
worst natural disaster in the history of mankind.” However, the worst
As contamination conditions encountered in Bangladesh and West
Bengal (India) have been created due to natural processes.*s A 2007
study found that over 137 million people in more than 70 countries
are affected by arsenic poisoning of drinking water.*” The problem
becomes serious health concern after mass poisoning of water in
Bangladesh. The acceptable level as defined by WHO for maximum
concentration of arsenic in safe drinking water is 0.0 lmg/L. WHO has
defined the areas under threat are: seven of the twenty districts of West
Bengal have been reported to have ground water arsenic concentration
above 0.05mh/L.*

In Bihar ground water in 13 districts has been found to be
contaminated with arsenic with quantities exceeding 0.05mg/L. All
these districts are situated closet to large rivers Ganga and Gandak.®
Arsenic also finds its way into the food chain, e.g. into rice, through
irrigation practices using contaminated ground water.?® An estimated
200 million people worldwide are exposed to arsenic concentrations
in drinking water that exceed the recommended limit of 10 pg/I°! as
set out in the guidelines of the World Health Organization (WHO).%

Conclusion

A report of 2015 indicates arsenic as potent carcinogen and is
known to cause cancer of the skin, lung, kidney, bladder, and liver.*¢
It has been reported that if exposure occurs over a brief period time
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symptoms may include vomiting, abdominal pain, encephalopathy
and watery diarrhea that contains blood. Long term exposure can
result in thickening of the skin, darker skin, abdominal pain, diarrhea,
heart disease, numbness and cancer.>® The majority of this exposed
population lives in southern Asian countries such as Bangladesh,
Cambodia, India, Nepal and Viet Nam.>*
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