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Sub project: Arsenic in Food-Chain: Cause, Effect and Mitigation under Component – 4 of NAIP

Consortium Partners:

Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, (Lead Center)

Uttar Banga Krishi Viswavidyalaya, Pundibari, Coochbihar.
West Bengal University of Animal and Fishery Sciences, Belgachia, Kolkata.
Indian Veterinary Research Institute, Eastern Regional Station, Belgachia, Kolkata.
Central Inland Fisheries Research Institute, (ICAR), Barrackpore, North 24 Parganas
DN Guha Majumder Research Foundation, Kolkata

OBJECTIVES

I. To study genetics of arsenic tolerance, physiology and transport mechanism in rice.

II. To identify microbes which could be used for soil amelioration.

III. To characterize the path of arsenic in food-chain along with mitigation options.

IV. To determine the adverse effect of arsenic on human health through food-chain.

V. To organize workshop and training programme.

Objective I: To study genetics of arsenic tolerance, physiology and transport mechanism in rice
	Sl.

No.
	Activities
	Plan Year 1 (PY1)
	PY2

	
	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Identification of markers for arsenic uptake in rice
	Differentiation of RIL population for arsenic uptake and identification of polymorphic markers
	Nil
	Nil
	Linkage analysis for the markers with the trait
	Nil
	Nil

	2
	Identification of genes for arsenic transport mechanism in rice


	Understanding pathway of arsenic transport in rice, based on available information on arabidopsis
	Arsenic status in different plant parts
	Nil
	Pathway of arsenic transport in rice


	Arsenic status in different plant parts
	Nil


	Sl. No.
	PY3
	PY4
	PY5

	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Identification of markers for the trait
	Markers for arsenic uptake trait


	Application for patent for the markers
	In silico analysis for candidate genes
	Nil
	Nil
	Validation of candidate genes
	Identified candidate genes
	Publication

(1)

	2
	Pathway of arsenic transport in rice


	Arsenic status in different plant parts 


	Publication (1) 


	-----------
	----------
	-----------
	---------------
	------------
	-----------


Objective II: To identify microbes which could be used for soil/water amelioration
	Sl.

No.
	Activities
	PY1
	PY2

	
	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Isolation and identification of soil and aquatic microorganism capable of  transforming inorganic arsenic to less toxic forms
	Isolation of arsenic resistant microbes from 30 samples*
	Microbes with their arsenic resistance ability
	Nil
	1. Isolation of arsenic resistant microbes from 70 samples

2, Identification of arsenic transforming microbes
	Identified microbes with  their arsenic transformation  ability 
	Identified microbes will be used for arsenic detoxification 

	2
	Determination of methods for  mass production of selected microbes  
	------------
	-----------------
	----------
	-------------------
	---------------
	----------------

	3
	Use of identified microbes for arsenic amelioration in soil/water (Micro-scale study)  
	-------------
	----------------
	----------
	------------------
	---------------
	-----------------


	Sl. No.
	PY3
	PY4
	PY5

	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Identification and characterization of arsenic transforming microbes
	Identified microbes with  their arsenic transformation  ability 
	Identified microbes will be used for arsenic detoxification 
	---------------
	------
	----
	------------
	----------
	------------

	2
	Growth requirements and mass production of microbes 
	Desired quantity of microbes 
	Microbes will be used for arsenic detoxification
	--------------
	------
	-----
	-------------
	------------
	-------------

	3
	-------------
	---------
	---------
	1. Efficient  microbes for arsenic amelioration in soil/water in the field
2.  Identification of a  suitable carrier  material
	Nil
	Nil
	1. Efficient  microbes for arsenic amelioration in soil/water in the field
2.  Identification of a  suitable carrier  material
	Identification of arsenic-transforming microbes and application method  
	1. Application for patent,

2. Publication (1)
3. Delivery to the farmers



· The arsenic transforming bacteria are slow growers. It takes at least 1-2 weeks for single enrichment procedure. For selection of arsenic resistant microbes, at least 2 or 3 such enrichments may be required. Hence for isolation of arsenic transforming microbes from one sample, at least 30-45 days are required, limiting the scope for processing more number of samples.   
Objective III: To characterize the path of arsenic in food-chain along with mitigation options
	Sl.

No.
	Activities
	PY1
	PY2

	
	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Determination of arsenic levels in 10 fish ponds / wet lands and fish (400 samples) in the arsenic affected/ unaffected zones

	Status of arsenic contamination in surface water of fish ponds/ wet lands and fishes
	NIl
	Nil
	Status of arsenic contamination in surface water of fish ponds / wet lands and fishes
	Status of arsenic contamination in water and fish
	Nil

	2
	Assessment of health status of fish exposed to arsenic and their proteomic analysis 
	1. Fish physiology, clinical pathology and biochemistry of fish from affected zones, as well as, through controlled laboratory experiment

2. Generation of fish (muscle) tissue 2-D proteome maps 
	Nil
Nil 
	Nil
Nil
	1. Fish physiology, clinical pathology and biochemistry of fish from affected zones, as well as, through controlled laboratory experiment

2. Generation of fish (muscle) tissue 2-D proteome maps (continued)


	1. Report on impact of arsenic on health status of fish 

2. Reference proteome map of fish muscle tissue
	Nil
Nil

	3
	Survey on arsenic status in feed and drinking water used for ruminants and poultry/duck
	Arsenic content in paddy straw, oil cake, drinking water for ruminants and poultry/duck
	Baseline information on arsenic contamination in ruminants and poultry/duck 
	Nil
	Arsenic content in paddy straw, oil cake, drinking water for ruminants and poultry/duck
	Baseline information on arsenic contamination in ruminants and poultry /duck
	1. Development of awareness among stake holders,  

2. Publication (1)



	4
	Effect of arsenic contamination in ruminants and poultry/duck. 
	------
	------
	-----
	-----
	-------
	--------

	5
	Effect of arsenic contamination in laboratory rodent (Albino rat)
	-----
	------
	------
	-----
	-----
	------

	6
	Therapeutic measure to mitigate the effect of arsenic pollution
	-----
	-----
	-----
	----
	-----
	------

	7
	Growing boro rice under deficit irrigation
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain
	Nil
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain
	Nil

	8
	Growing maize under deficit irrigation, as an alternative crop in place of boro rice 
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain
	Nil
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain
	Nil

	9
	Mitigate arsenic status in soil through organic amendments (free of arsenic)
	Organo-arsenic complexation equilibria parameters. 
	Arsenic retention in soil matrix and its release pattern
	Nil
	Organo-arsenic complexation equilibria parameters. 
	Arsenic retention in soil matrix and its release pattern
	1. Recommendation for suitable organic amendments to farmers

2. Publication (1) 

	10
	Studies of sorption-desorption and release of arsenic from soil matrix under the influence of competitive oxyanions like SO4 2-, PO4 3- and NO3 -1.
	------------
	--------------
	---------
	---------------
	---------------
	------------


Objective III: To characterize the path of arsenic in food-chain along with mitigation options (3rd, 4th and 5th plan year)

	Sl. No.
	PY3
	PY4
	PY5

	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Status of arsenic contamination in water of fish ponds / wet lands and fishes
	Status of arsenic contamination in water and fish
	Nil

	-----------
	-----------
	------------
	----------
	----------
	----------

	2
	1. Fish physiology, clinical pathology and biochemistry of fish from affected zones, as well as, through controlled laboratory experiment

2. Generation of fish (muscle) tissue 2-D proteome maps
3. Image analysis and comparison of the proteome maps
	1. Report on impact of arsenic on health status of fish 

2. Selection of unique protein spots for mass spectrometry

	Nil
Nil
	1. Fish physiology, clinical pathology and biochemistry of fish from affected zones, as well as, through controlled laboratory experiment

2. MALADI-MS and LC_MS/MS analysis of selected spots
3. Analysis of MS data with bioinformatics tools
	1. Report on impact of arsenic on health status of fish 

2. Identification of protein spots

3. Revalidation of the proteomic data
	1.  Nil
2.Proteomic biomarkers for monitoring arsenic contamination
3. Nil
	3. Transcriptome analysis
	3. Revalidation of the proteomic data 
	3. Publication (1) 

	3
	-------------
	----------------
	---------
	---------------
	-------------
	------------
	-----------
	---------
	------------

	4
	Study of clinical symptoms, arsenic level in blood, milk, meat, urine, etc., biochemical, haemogram, hormonal and immune status on livestock.
	Record of clinical status 


	Nil
	Study of clinical symptoms, arsenic level in blood, milk, meat, urine, etc., biochemical haemogram, hormonal and immune status in livestock.
	Record of clinical status 


	Nil
	Study of clinical symptoms, arsenic level in blood, milk, meat, urine, etc., biochemical, hematological, hormonal, immune status and candidate gene mapping of livestock. 
	Record of clinical status and development of biomarker


	Publication (1)

	5

	Study of clinical symptoms, arsenic level in blood and tissues, etc., biochemical haemogram, immune status and candidate gene mapping of rodent.
	Development of biomarker.
	Nil.
	Study of clinical symptoms, arsenic level in blood and tissues, etc., biochemical,haemogram, immune status and candidate gene mapping in rodent.
	Development of biomarker
	1. Patent 
2. Publication (1).
	----
	----
	---

	6
	1. Therapy with different chemicals/antidote in livestock 
2.Therapy with different chemicals/antidote in laboratory rodent


	1. Record of clinical improvement  in arsenic affected livestock
2. Record of clinical improvement  in arsenic affected  laboratory rodent
	Nil
Nil
	1. Therapy with different chemicals/antidote in livestock
2.Therapy with different chemicals/antidote in laboratory rodent


	1. Record of clinical improvement  in arsenic affected livestock
2. Record of clinical improvement  in arsenic affected  laboratory rodent
	Nil
Nil


	1. Therapy with different chemicals/antidote in livestock
2.Therapy with different chemicals/antidote in laboratory rodent
	Establish-ment of therapeutic measures in arsenic affected livestock.
2.Develop ment of therapeutic measures
	1.Develop-ment of awareness and cautions  amongst stake-holders
2. Business consideration in poultry business

3. Publication (1)
4. Mitigation


	7
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain,  


	1. Recommend irrigation practices for boro rice  to farmers in arsenic contaminated areas for bringing down the arsenic loading in rice grain,

2. Publication.(1)
	--------------
	-------------
	--------------
	---------
	---------
	-------------

	8
	Optimum irrigation regime and arsenic content in grain
	Correlation between actual evapotranspiration and arsenic status in grain,  


	1. Recommend irrigation practices for maize as an option in place of boro rice in  arsenic contaminated areas to conserve groundwater resource

2. Publication.(1)
	------------
	----------------
	--------------
	-----------
	----------
	-----------

	9
	--------------
	--------------
	----------
	---------------
	----------------
	--------------
	----------
	-----------
	--------------

	10
	Arsenic retention  and release pattern in soil and its uptake by plants
	Sorption / Desorption status of arsenic on/from soil surface in presence of inorganic oxyanions and uptake by plant subjected to competition
	Nil
	Arsenic retention –release pattern in soil
	Sorption / Desorption status of arsenic on soil surface in presence of inorganic oxyanion
	Nil
	Mechanisms of arsenic retention-release pattern in soil and uptake by plant in presence of competing oxyanions
	Sorption / Desorption status of arsenic on soil surface in presence of inorganic oxyanion
	1. Nutrient management practices in arsenic contaminated areas
2. Publication (1)




Objective IV: To determine the adverse effect of arsenic on human health through food- chain
	Sl. No.
	Activities
	PY1
	PY2

	
	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1.
	Selection of cohorts and pilot study
	Identification and finalization of cohorts. Standardisation of protocols.. Clinical examination of sample subject. Collection of biomarker samples.
	Selection of cohorts and its status.
	Generation of basic informations
	
	
	

	2
	Monitoring arsenic status in diet and drinking water and their effect on human health.


	
	
	
	1. Arsenic intake through diet in 300 persons including 100 controls in 7 villages. 

2. Baseline study of human health in arsenic exposed and unexposed people.

3. Correlation of arsenic exposure through food material and its effect on biomarkers

4.  Offering treatment to study population and ensuring arsenic free water to arsenic exposed people.
	1. Understanding any significant arsenic exposure in humans through diet. 

2. Assessment of indicator of arsenic exposure through diet in biomarkers.


	Knowledge on arsenic exposure through diet in man..

     2.Identification of various disease manifestations and provision of treatment and             

 referral service to the study population.



	3. 
	Follow-up study of health status in humans due to intake of arsenic through diet.


	--------------------
	---------------
	-----------------
	
	
	

	4
	Follow-up study of health status in humans due to intake of arsenic through diet and formulation of new treatment and diet regime for disease management in arsenic exposed people. 


	-----------------
	---------------
	---------------
	------------------
	-------------------
	-----------------


	Sl. No.
	PY3
	PY4
	PY5

	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	3
	1.Analysis and interpretation of health parameters in humans following continued arsenic exposure through diet.

2.Assessment of body burden of arsenic and indicators of arsenic exposure through diet in biomarkers.


	Understanding effect of arsenic in diet on :

a. Progressing of disease manifestation in arsenicosis patients.

b. Appearance of new symptoms in previously arsenic exposed and unexposed people. 


	1. Knowledge on natural history of human health following arsenic exposure through     diet 

2.Publication (1)


	----------
	-----------
	--------
	--------
	---------
	--------------------

	4
	-------------------
	-----------------
	--------------
	Observation on the effect of treatment and diet modification on health effect of arsenic through diet.


	Identification of effective treatment and diet regime.


	Nil
	Observation on the effect of treatment and diet modification on health effect of arsenic through diet.


	Identification of effective treatment and diet regime.


	1. Knowledge on natural history of human health following arsenic exposure through diet. 

2. Recommendation of treatment and diet regimes to the medical profession and health policy makers.

3.  Publication (1).




Objective V: To organize workshop and training programme
	Sl. No.
	Activities
	PY 1
	PY 2

	
	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Developing awareness about arsenic pollution among people 
	Training of 50 people   
	50 trained personnel
	Awareness
	Training of 50 people   
	100 trained personnel
	Awareness


	Sl. No.
	PY 3
	PY 4
	PY 5

	
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome
	Deliverables
	Output
	Outcome

	1
	Training of 50 people   
	150 trained personnel
	Awareness
	Trained 50 people   
	200 trained personnel
	200 trained personnel for developing further awareness and disseminating tested technologies to combat arsenic toxicity in endemic areas at large
	--------------
	-------------
	-----------


Environmental and Social Impact Assessment

A. Environmental Safeguard: Activities, Issues, Anticipated level of impacts and Mitigation Measures

	Sl. No.
	Activities
	Issues
	Anticipated level of impacts
	Mitigation Measures

	
	
	
	Positive
	Negative
	

	1
	Identification of markers for arsenic uptake in rice
	Minimise arsenic status in rice grain
	Moderate (Scale 3)
	
	

	2
	Identification of genes for arsenic transport mechanism in rice
	
	
	
	

	3
	Isolation and identification of soil and aquatic microorganism capable of  transforming inorganic arsenic to less toxic organic forms
	Convert arsenic from more toxic to less toxic forms
	Moderate (Scale 3)
	
	

	4
	Determination of methods for  mass production of selected microbes  
	
	
	
	

	5
	Use of identified microbes for arsenic amelioration in soil/water (Micro-scale study)  
	
	
	
	

	6
	Determination of arsenic levels in 10 fish ponds / wet lands and fish (400 samples) in the arsenic affected/ unaffected zones
	Reduce arsenic pollution in irrigation water-soil-plant-animal system
	Moderate (Scale 3)
	
	

	7
	Assessment of health status of fish exposed to arsenic and their proteomic analysis 
	
	
	
	

	8
	Survey on arsenic status in feed and drinking water used for ruminants and poultry/duck
	
	
	
	

	9
	Effect of arsenic contamination in ruminants and poultry/duck. 
	
	
	
	

	10
	Effect of arsenic contamination in laboratory rodent (Albino rat)
	
	
	
	

	11
	Therapeutic measure to mitigate the effect
	
	
	
	

	12
	Growing boro rice under deficit irrigation
	
	
	
	

	13
	Growing maize under deficit irrigation, as an alternative crop in place of boro rice 
	
	
	
	

	14
	Mitigate arsenic status in soil through organic amendments (free of arsenic)
	
	
	
	

	15
	Studies of sorption-desorption and release of arsenic from soil matrix under the influence of competive oxyanions like SO4 2-, PO4 3- and NO3 -1.
	
	
	
	

	16
	Monitoring arsenic status in diet and drinking water and their effect on human health.
	Human health through food-chain
	Moderate (Scale 3)
	
	.

	17
	Follow-up study of health status in humans due to intake of arsenic through diet.
	
	
	
	

	18
	Follow-up study of health status in humans due to intake of arsenic through diet and formulation of new treatment and diet regime for disease management in arsenic exposed people. 
	
	
	
	


B. Social Safeguard: Activities, Issues, Anticipated level of impacts and Mitigation Measures

	Activities
	Issues
	Anticipated level of impacts
	Mitigation Measures

	
	
	Positive
	Negative
	

	All the activities listed above 
	Improvement of human health through understanding of path of arsenic in the food-chain and controlling it
	Impact will be positive only 
	
	

















