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Abstract: Arsenic (As) is recognized as a toxic element and has been classified as a human carcinogen
(group 1) causing skin, lungs and bladder cancers. Arsenic contamination is a worldwide problem
including several parts of India. While As contamination in drinking water has attracted much attention,
plant based foods are also an important source of As. From irrigation water As gets loaded in
agricultural soil and eventually accumulates in food grains and vegetables. Arsenic exists in several
chemical forms and its accumulation and toxic effect to plant strongly depends on its availability and
chemical speciation in soil. The chemical speciation and availability of As in soil is a complex
phenomenon impacted by several edaphic and environmental factors. Both organic and inorganic forms
of As are present in soil. Arsenate[As(V)]and arsenite [As(Il])] are the major soluble inorganic forms of
As and are also the most abundant As species. In aerated/aerobic soil As(V) while in anaerobic soil
As(Ill) is the predominant form. Further, the availability of As(Ill) is generally higher in soil solution
than As(V) because the former is relatively more weakly retained in the soil matrix. Organic As i.e.
methylated forms of As are also present in small amount. However, depending on soil organic matter,
moister and mineral composition they can be in significantly high concentration in some soils. Thus,
availability of As in soil is driven by multiple factors, such as rain fall, temperature, pH, CEC, texture,
Fe oxides & hydroxides, organic matter, sulfur & phosphorus concentration, soil redox conditions etc.
Understanding these factors is important for mitigation of As problem in food through proper soil
amendment or by selection appropriate crop.
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I. INTRODUCTION

Arsenic (As) is ubiquitously present, considered a nonessential metalloid for plants and animals, and poses serious
health hazards to humans. Arsenic hazard has become a global concern due to its severe contamination in many regions
of the world, particularly South-East Asia. Bangladesh and West Bengal in India are the two worst As-affected areas in
world with reference to level of Arsenic and its severity to local population. The WHO permissible limit of As in
drinking water is 10 pg L' [1], while concentrations exceeding even 3000 pg L have been reported from regions of
West Bengal (India) and Bangladesh [2,3]. In these regions millions of people are at risk of As poisoning through
drinking water and food [4,5]. In India the ground water of 17 states and 3 union territories are As contaminated [3].
From irrigation water As gets loaded in agricultural soil and eventually taken up by the cereal crops and vegetables
grown in that soil [6]. While As exposure through drinking water has attracted much attention, plant based foods are
also an important source of inorganic As, which is the more deleterious and carcinogenic form of As[7]. Arsenic
accumulated in the edible parts of crop plants, such as rice, wheat and vegetables pose serious health hazards to
humans. Rice is specifically a problem regarding the entry As into the food chain because it accumulates 10 times more
As than other cereal grains. Further, rice is the major staple food for half of the world and it is a major source of
inorganic As for population based on rice diet, who are not exposed to highly As contaminated drinking water.
However, other staple crops such as wheat also accumulates significant amount of As. Wheat is another most important
staple in India, particularly in northern and north western India. Cereal grains, such as rice and wheat contribute to 57-
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67% of the energy intake in India, particularly in rural areas [8].Arsenic also affect the productivity and nutritional
quality such and minerals and amino acid content, of the cereal grains [9,10,11]. Thus, As contamination pose a threat
to the sustainability of food production and food quality.

The accumulation and toxic effect of As to plant strongly depends on As availability and its chemical form[12]. It has
been reported that the As build up in soil depends on environmental factors, such as rainfall and temperature. Whereas,
the availability of As to plants may strongly depends on edaphic factors such as, soil type, soil pH, total organic matter
etc. Further, it was observed that the level of soil organic matter greatly effects As accumulation and it chemical
speciation in rice [13]. Norton et al. [14] reported high accumulation of As and with higher percentage of organic As
species in soil having high concentrations of organic matter. Therefore, in the following section the common chemical
species of As in soil, factors affecting As speciation in soil and accumulation of As and its species in crops and
vegetables are discussed.

II. COMMON SPECIES OF ARSENIC IN SOIL

The common As species found in water and soil are inorganic arsenate [HAsO,* or As(V)], arsenite [H,AsO3™ or
As(I1I)] and organic As viz., methylarsonic acid [MA(V)] and dimethylarsinic acid [DMA(V)] (Fig. 1). The level of As
in ground water used for irrigation in contaminated areas commonly exceed 100 pgL™ leading to As load over 50
mgKg™"' in soil [9]. Ground water generally contain inorganic As with 50% of each As(V) and As(III)[15]. In soil also
inorganic As(V) and As(Ill)predominate. Under aerobic conditions As(V) is the major species in soil while under
anaerobic conditions As(IIT) dominates. The methylted As species, MA(V) and DMA(V)are also present in soil,
however, in smaller quantity [16,17,18]. However amount of these As species vary greatly in different soils as well as
during the crop growing period. For example, during paddy growth the level of As(III) changes from lower than 20%
during transplant to more than 80% near the harvesting time [10]. On the other hand the soil fertilized with organic
manure contain higher amount of organic As[13] also the soil having past uses of arsenical pesticides and herbicides
contain more organic As [19].

ITI. FACTORS AFFECTING AS AVAILABILITY AND SPECIATION IN SOIL
It has been found that up to 96% of the Aspoured out in the soil through irrigation water retain in the top soil[10].
However, total retention of arsenic in soil, its availability to plants and its chemical speciation depends greatly on
environmental and edaphic factors.

3.1 Edaphic Factors

Soil properties its chemical and mineral composition, anion adsorption capacity and organic matter play important
role in As adsorption, mobility and chemical speciation. Soil properties includes pH, cation exchange capacity, its
texture and clay content and redox conditions etc. Arsenate and As(III) are interconvertible depending on pH and redox
state of soil. Some elements such as, Fe, S, P and Si are particularly important with respect to As chemistry in soil as
well as in plants. Presence of Fe oxides & hydroxides and phosphorous influence the availability of As because AsV
gets adsorb on these minerals. Si also play role in release As through exchange of As(III) with Si(OH);in Si containing
mineral. Further high organic matter facilitate methylated As species by enhancing microbial action [14].

3.2 Environmental Factors

Among environmental factors rainfall and temperature have greatest impact on As content and speciation in soil. A
significant amount of As loaded through irrigation water may be washed off from the top soil during mansoon flood
depending on soil organic matter and other soil properties. Further, it also reduces the need of irrigation, thus As
loading into the soil. Temperature also plays role in As built up through evaporation, but also though transformation to
volatile As compound by affecting microbial activities. Further, soil warming increases the As availability in the
rhizosphere, particularly in rice [20].
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IV. ACCUMULATION AND SPECIATION OF AS IN CROPS AND VEGETABLES
Crops and vegetable commonly accumulate inorganic As [As(V) and As(III)], however, organic forms particularly

DMA(V) has also been detected in significant amounts. Plants take up As(V) through phosphate transporters [21] and
As(IIDthrough silicon and other neutral molecules transporting aquaporins [22]. Organic As has also been reported to
be transported through aquaporins[23].Among the cereal crops, rice has been found to be most efficient accumulator of
As in the grains due to its physiological and agronomic conditions [12,19]. Though wheat also accumulate significant
amount of As and make a significant exposure route as major staple in many region [24].The average level of As in rice
grain vary from 0.03 to 2.05 mg Kg™' from Bangladesh, 0.11 to 0.46 mg Kg'from The United State and 0.04 to 1.6 mg
Kg'from India. The level of As in wheat ranged from 0.49 to 1.15 mg Kg™' from Bangladesh, 0.01-0.234 mg Kg™' from
India, 0.02 to 0.365 mg Kg'from China and 0.01- 0.50 mg Kg'from England. The level of As in different vegetables
were also found to range from 0.279 to 0.654 mgKg™"' from India and 0.1 to 9.8 mgKg™" from Bangladesh. In addition to
total As concentration the contribution of different chemical species also vary greatly in these food grains and
vegetables as summarized in the Table 1.

V. CONCLUSION
There is considerable variation in soil As depending on the level of As in irrigation water and to a significant extent
to the soil properties and environmental factors. The availability and chemical speciation of As is also governed by
these factor to a great extent which ultimately lead to variable plant uptake and accumulation in edible plant parts as
well as toxicity to the plants. Thus analysis of edaphic and environmental factors will help the identification of the best
soil type suitable for cultivation of suitable crop in As contaminated areas. This will ultimately help to reduce the
arsenic exposure to humans.
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Fig.1: Common arsenic species found in ground water and soil. In ground water inorganic As(V) and As(IIl) are
present in almost equal amount while in soil small amount of MMA and DMA are also present along with inorganic

As.
Table 1: Level of total arsenic and various species in crops and vegetable.
Crop/vegetable Country Total As Inorganic as Organic Refere
(mg/Kg) (mg/Kg) as (mg/Kg) nce
As(V) +As(I1I) MMA DMA

Rice India 0.01-1.6 36-67 4-25 25,26

Rice Bangladesh 0.03-2.05 0.19 0.05 27

Rice China 0.31-0.70 28

Rice Taiwan 0.6 —0.22 0.12 0.06 0.05 25

Rice Vietnam 0.03-0.47 - - - 25

Rice United States 0.11-0.46 0.10 - 0.24 25

Wheat India 0.09-0.234 - - - 24

Wheat China 0.07-0.37 - - - 24

Wheat Pakistan 0.09+0.06- - - - 24
0.317+0.1

Wheat Bangladesh 0.49-1.15 - - - 24

Wheat Europe 0.01-0.5 - - - 24

Potato,Arum, Radish, India 0.279-0.654 - - - 29

Lady’s finger,

Cauliflower, Brinjal

Fruiting vegetables Bangladesh 0.05-9.81 - 0.02-4.56 | 0.00-4.41 30

Root and  tuber | Bangladesh 1.01 -8.41 - 0.10—3.62 | 0.00-3.88 30

vegetables

Leafy vegetables Bangladesh 0.19-3.82 - 0.00-2.70 | 0.00-2.31 30

Potato, Onion, | Nepal 0.25£0.01- - - - 31

Cauliflower, Brinjal 0.58 £0.01
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