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Abstracts:

Arsenic (As), a group 15 elements of periodic table, is a heavy metal that becomes
worldwide thread for the great arsenic pollution both in agricultural land and drinking water.
The arsenic salts accumulates the soil particles that cause soil pollution and by heavy rain
fall arsenic enter into ground water and contaminates it that ultimately cause a huge
agricultural pollution by irrigating this contaminated ground water. This arsenic causes a lot
of agricultural damage which can cause economic loss.

For the presence of arsenic plant growth and crop production are redacted and its main
causes are uncontrolled industrialization, excess amount of coal burning and also some
natural cause as volcano.

In this review it is trying to discuss the removal of arsenic by phytoremediation and it is
processed by some plants as sunflower, date, palm, willow, poplar and a grass named
vertiver. These plants can absorb both organic and inorganic form of arsenic by their roots
and convert the toxic arsenic to non-toxic arsenic that is used their metabolism.
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3.1 Introduction:

Arsenic is one of the most effective and pollution causing heavy metals that has become a
matter of great concern to the people in mainly agricultural field because of its fatality to
both crops and human health. Arsenic is a natural contaminant and it can enter in the
agricultural fields by irrigating ground water that in many cases acts as a natural source of
arsenic. In the ground water arsenic is present as a dissolved salt form. The presence of high
concentration arsenic in the ground water is normally connected with the geothermal
environment of volcanic deposits, geothermal systems and basin fill deposits alluvial
lacustrine origin.

In ground water arsenic comes from the oxidative or reductive products of iron oxides or
sulphides and organic matters and present as dissolved form as arsenates or arsenites.
Another source of arsenic in agricultural fields is pesticides because in pesticides arsenic is
used to protect plant from rotten and decay and also as weed killer. But now the arsenic
became a great concern for the cause of effective in crop production and death of plants.
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Fig 3.2: Arsenic affected rice

3.2 Sources:

There are many sources of arsenic in nature that’s why it is abundantly found in agricultural
lands. Many natural incidences can produces arsenic volcanoes, weathering of rocks, natural
oxidation, reduction of metal ions and etc.
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But uncontrolled industrialization and use of huge amount of chemical fertilizers and
pesticides play the major role in arsenic consumption in land. Besides this huge amount of
coal burning, mining can produces a lots of arsenic as their byproduct primarily in the
atmosphere arsenic spread out as arsenic trioxide, then it binds onto the surface of any
particles which are scattered into the ground water level by rain fall and the ground water
became arsenic contaminated.

The three most effective arsenic bio-transformative ways are redox transformation between
arsenic and arsenate, the reduction and methylation of arsenic and bio-synthesis of organo
arsenic compounds. Both natural and artificial sources of arsenic high up the arsenic level
in soil from normal to extreme level that causes severe plant damages and degradation in
crop production.

3.3 Characteristics of Arsenic:

Arsenic is one of the 20th most plentiful minerals in the Earth’s count and it also the position
holder among the 12th most abundant minerals in human body. In all of the natural media
it is found in low concentration.

a. Physical Characteristics:

The three allotropes of arsenic those are most common are grey, yellow and black arsenic
among which grey is the most common. Normally arsenic is formed in two oxidation states
the trivalent state arsenic (l11) and the pentavalent state arsenic (v). Besides this arsenic is
also present in 3 states in arsenides which are alloy like intermettalic compounds. Grey
arsenic is a semimetal but can be converted into semiconductor. The density of gray arsenic
is 5.73g/cm3.

b. Chemical Characteristics:

Arsenic can for content molecules by binding with non-meals. Arsenic is stable in dry air
but it can produce a golden-bronze tarnish upon exposure to humidity that in the end
becomes a black surface layer, and arsenic get heated in atmosphere, oxidation occurs and
produced arsenic trioxide. Arsenic react with metals to form arsenides and however it does
not react with water, alkalis and non-oxidizing acids.

c. Toxicity:

The toxic effect of various forms of arsenic depends on their oxidative states and chemical
structures. When the inorganic forms of arsenic, presenting in soil is taken up and
transported through the food chain it turned out to be toxic. The oxidation state as (V) is less
toxic than As (I11) and mostly present in immobile mineral forms, where As (111) form gets
mobilized into water and enter living cells. Normally plants contains low level of As
(<3.6mg/kg). High concentration of arsenic can cause toxic effect in plant and results
inhibition of seed germination, decrease in plant growth, decrease in crop productivity and
etc. For its high toxic effect arsenic is also called ‘The King of Poison’.
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3.4 Forms of Arsenic in Soil:

In the soil arsenic is found in both organic and inorganic forms where in it inorganic forms
are present as mineral. Arsenic posses about 300 inorganic minerals including arsenates,
sulphides, sulfosalts, arsenates etc.

These inorganic forms of arsenic gets methylated at the time of entering into food chain and
produce less toxic organic forms as mono-methylarsine (MMA\), dimethylearsine (DMA)
and trymethylarsine (TMA).

3.5 Effects on Plant and Crops:
a. Effect on Plant Growth:

Presence of Arsenic in agricultural fields can make many disturbances in plant metabolism,
plant growth and crop productivity. Presence of high conc. of arsenic reduces the root
length, sooth length, and number of leaves, leaf area and dry mass of plant. It hampers the
bio-chemical and metabolic process of plant which ultimately causes death of plant.

b. Effect or Photosynthesis:

Arsenic causes negative effect or photosynthetic apparatus. It occurs severe injuries in
membrane of chloroplast and destroys the fundamental photosynthetic process. Besides this
arsenic can retreat the fixation of CO2 and Ps-11 functions.

Besides this contamination of arsenic results in interaction of functional groups of enzymes,
plants water status, replacements of essential ions, reduction of the level of essential amino
acids those ultimately cause in lower fruit production, wilting, curling and necrosis of leaf
blades.

c. Phytoremediation:

Heavy metals as arsenic cannot be destroyed but can be transformed from their one
oxidation state to another. These are various plants that can act as hyper accumulator of
arsenic such as alfalfa, sunflower, willows, poplars and several types of grasses.

It is reported that the mine soil which is an abundantly accumulator of arsenic, can also be
cleaned up by phyremediation. These plants take up arsenic through their roots by active
and passive transport and converted it to nontoxic organic matter that is used in their
metabolism. These plants are low in cost and also available. So they can be easily used for
phytoremediation.

Besides this there are also some microorganisms such as Pseudomonas putida,
Methylibiumpetroleiphilum can synthesize siderophores that act as washing agent of
arsenic. These microbes able to remove upto 92.8% of arsenic from contaminated soil after
five washes.
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Fig 3.4: Effect of arsenic poisoning in the rice
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Fig 3.5: Arsenic affected decay in rice plants

3.6 Conclusion:

Arsenic is one of the toxic chemical elements present in soil in both inorganic and organic
form. It is worstly impact of environment, causes soil pollution, effect on human health.
Arsenic is reacts with other soil element, result poor growth of agricultural crop. It is a
heavy metal has high risk to contaminate groundwater. The toxicity of arsenic is depends
on its oxidative state and chemical structure. There are few eco-friendly and easy
approaches to detoxify arsenic contaminated soil and water. Phytoremediation, a process in
which several plants like willow, poplar, alfalfa, sunflower, corn, date and several grasses
can detoxify arsenic. These plants can accumulate arsenic like heavy metal and absorb it
from environment. So, we can this simple and easily affordable process to improve soil
quality and cleaning up our environment. Pollution free life is healthy and wealthy life.

3.7 References:

1. Abedin MJ, Cottep-Howells J, Meharg AA. Arsenic uptake and accumulation in rice
(Oryzasativa L.) irrigated with contaminated water. Plant Soil. 2002; 240:311-9.

2. Shrivastava A, Barla A, Yadav H, Bose S. Arsenic contamination In shallow
groundwater and agricultural soil of Chakdahablock, West Bengal, India. Front Environ
Sci. 2014; 2:50. D0i:10.3389/Fenvs.2014.00050. The detailed field study on the arsenic
contamination of soil of Bengal Delta Plain (India), had been first reported in this paper.

38



10.

11.

12.

13.

14.

15.

16.

17.

Present Scenario Of Biofertilizers Use In Agriculture And Aquaculture

In the areas with long history of use of arsenic elevated groundwater for irrigation in
winter, the Agricultural lands have been affected severely with arsenic, up to 54 mg/kg.
Yu WH, Harvey CM, Harvey CF. Arsenic in groundwater in Bangladesh: a
geostatistical and epidemiological framework for Evaluating health effects and
potential remedies. Water Resources. 2003;39:1146—62. D0i:10.1029/2002WR001327.
Vaughan GT. The environmental chemistry and fate of arsenical Pesticides in cattle tick
dip sites and banana plantations. CSIRO, Division of Coal and Energy Technology
Centre for Advanced Report Chemistry. Investigation CET / LHIRI 148, Sydney,
Australia; 1993.

Roy Chowdhury T, Basu GK, Mandal BK, Biswas BK, Chowdhury UK, Chanda CR,
et al. Arsenic poisoning in the Ganges delta. Nature. 1999; 401:545-6.

Srivastava S., Suprasanna P. and D’Souza S.F. (2012). Mechanisms of Arsenic
Tolerance and Detoxification in Plants and their Application in Transgenic Technology:
A Critical Appraisal. Int J phytoremidiation, 14(5), 506-517.
https://doi.org/10.1080/15226514.2011.604690.

Mandal A., Purakayastha T.J., Patra A.K. and Sanyal S.K. (2012). Phytoremediation of
arsenic contaminated soil by Pterisvittata I. I. Influence of phosphatic fertilizers and
Repeated harvests. Int J phytoremidiation, 14(10), 978-

995. https://doi.org/10.1080/15226514.2011.649433.

Kumar D., Singh V.P., Tripathi D.K., Prasad S.M. and Chauhan D.K. (2015). Effect of
Arsenic on Growth, Arsenic Uptake, Distribution of Nutrient Elements and Thiols in
Seedlings of Wrightiaarborea (Dennst.) Mabb. Int J phytoremediation, 17(2), 128-134.
https://doi.org/10.1080/15226514.2013.862205.

Masscheleyn P.H., Delaune R.D. and Patrick Jr W.H. (1991). Effect of redox potential
and pH on arsenic Speciation and solubility in a contaminated soil. Environmental
science & technology, 25(8), 1414-1419.

Bhattacharyya R, Chatterjee D, Nath B, Jana J, Jacks G, Vahter M. High arsenic
groundwater: mobilization, metabolism and mitigation—an overview in the Bengal
Delta Plain. Mol Cell Biochem. 2003; 253:347-55.

CGWB. High incidence of arsenic in groundwater in West Bengal. Government of
India: Central Ground Water Board, Ministry of Water Resources; 1999.

Emett MT, Khoe GH. Photochemical oxidation of arsenic by oxygen and iron in acidic
solutions. Water Res. 2001; 35(3):649-56.

Heikens A. Arsenic contamination of irrigation water, soil and crops in Bangladesh:
risk implications for sustainable agriculture and food safety in Asia. UN FAO report.
2006. 1-46.

Cao X., Ma L., Shiralipour A. and Harris W. (2010). Biomass reduction and arsenic
transformation during Composting of arsenic-rich hyperaccumulatorPterisvittata L.
Environ SciPollut Res., 17(3), 586-594.

Nath B, Berner Z, Chatterjee D, BasuMallik S, Stueben D. Mobility of arsenic in West
Bengal aquifers conducting low and high groundwater arsenic. Part Il: comparative
geochemical profile and leaching study. Appl Geochem. 2008; 23:996-1011.

Zhao EJ, Ma JF, Meharg AA, McGrath SP. Arsenic uptake and metabolism in plants.
New Phytol. 2009; 181(4):777-94.

Yang LS, Peterson PJ, Williams WP, Wang WY, Hou SF, Tan JA. The relationship
between exposure to arsenic concentrations in drinking water and the development of
skin lesions in farmers from Inner Mongolia, China. Environ Geochem Health. 2002;
24:293-303.

39



Key Notes on Agriculture Chemistry and Soil Science

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34,

Walsh LM, Sumner ME, Keeney R. Occurrence and distribution of arsenic in soils and
plants. Environ Health Perspect. 1977; 19:67-71.

Roy Chowdhury T, Uchino T, Tokunaga H, et al. Survey of arsenic in Food composites
from an arsenic affected area of west Bengal, India. Food Chem. Toxicol. 2002;
40(11):1611-1621.

Babula P, Adam V, Opatrilova R, et al. Uncommon heavy metals, Metalloids and their
plant toxicity. Environ. Chem. Lett. 2008; 6(4):189-213.

Hettick BE, Canas Carrell JE, French AD, et al. Arsenic: a Review of the Element’s
Toxicity, Plant Interactions, and Potential Methods of Remediation. Journal of
Agricultural and Food Chemistry. 2015; 63(32):7097—7107.

Ratnaike RN. Acute and chronic arsenic toxicity. Post grad Med J. 2003; 79(933):391-
396.

Kainth GS. Arsenic poisoning in drinking water: Huge Public-Health Problem — OpED.
Eurasia Review. 2015. http://www.who.int/mediacentre factsheets /fs372/en/.

Meharg AA. Arsenic in rice-understanding a new disaster for South-East Asia. Trends
Plant Sci. 2004; 9(9):415-417.

Emamverdian A, Ding Y, Mokhberdoran, F, et al. Heavy metal stress and some
mechanisms of plant defense response. The Scientific World Journal. 2015; 18.
Rahman MA, Hasegawa H, Rahman MM, et al. Straight head disease of Rice
(Oryzasativa L.) induced by arsenic toxicity. Environ Exper Bot.2008; 62(1):54-59.
Juhasz AL, Naidu R, Zhu YG, et al. Toxicity tissues associated with Geogenic arsenic
in the groundwater-soil-plant-human continuum. Bull Environ ContamToxicol. 2003;
71(6):1100-1107.

Cozzolino V, Pigna M, Di Meo V, et al. Effects of arbuscularmycorrhizal Inoculation
and phosphorus supply on the growth of LactucasativaL.. And arsenic and phosphorus
availability in an arsenic polluted soil under no sterile conditions. Appl Soil Ecol. 2010;
45(3):262-268.

Mondal P, Majumder CB, Mohanty B. Laboratory based approaches for Arsenic
remediation from contaminated water; recent developments. J Hazard Mater. 2006;
137(1):464-479.

Sanyal S. K., Gupta S. K., Kukal S. S. and Jeevan Rao K. 2015. Soil degradation,
pollution and amelioration. In State of Indian Agriculture-Soil (eds. H. Pathak, S. K.
Sanyal, and P. N. Takkar), pp. 234-266. National Academy of Agricultural Sciences,
New Delhi.

Mukhopadhyay D., Mani P.K. and Sanyal S.K. 2002. Effect of phosphorus, arsenic and
farmyard manure on arsenic availability in some soils of West Bengal. Journal of the
Indian Society of Soil Science 50, 56-61.

GuhaMazumder D. N., Haque R., Ghosh N., De B. K., Santra A., Chakraborti D. and
Smith A. H. 1998. Arsenic levels in drinking water and the prevalence of skin lesions
in West Bengal, India. International Journal of Epidemiology 27, 871-877.
Mukhopadhyay D. and Sanyal S. K. 2004. Complexation and release isotherm of
arsenic in arsenic-humic/fulvic equilibrium study. Australian Journal of Soil Research
42,815 -824.

Srivastava S., Shukla Arvind K., Sanyal S. K. and Sharma Y. K. 2017. Arsenic Toxicity:
A Threat to Mankind. ICAR-AICRP on Micro & Secondary Nutrients and Pollutant
Elements In Soils and Plants, Department of Botany, University of Lucknow, Bulletin
No. 4.

40



Present Scenario Of Biofertilizers Use In Agriculture And Aquaculture

35. Sinha B. and Bhattacharyya K. 2011. Retention and release isotherm of arsenic in
arsenic—humic/fulvic equilibrium study. Biology and Fertility of Soils 47, 815-822.
DOI 10.1007/s00374-011-0589-6.

36. Basu B., Kundu M., Hedayatullah M., Kundu C. K., Bandyopadhyay P., Bhattacharya
K. and Sarkar S. 2015. Mitigation of arsenic in rice through deficit irrigation in field
and use of filtered water in kitchen. International Journal of Environmental Science and
Technology 12, 2065-2070. DOI 10.1007/s13762-014-0568-1.

37. Scullion J. (2006). An Overview of the Organic Contaminants. Naturwiss, 93, 51.

41



