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NAIP sub-project on ”Arsenic in Food-Chain: Cause, Effect and Mitigation”

Half yearly progress report (April, 2008 – September, 2008)
Particulars of the sub-project: 
	Sl. No.
	Items
	Information

	1.
	Project Title
	Arsenic in Food-Chain: Cause, Effect and Mitigation

	2.
	Code No.
	NAIP/C-4/1005/2006-07 dated 12.06.2007

	3.
	Component
	Four

	4.
	Project outlay
	Rs. 676.15065 lakh

	5.
	Project period
	May 04, 2007 to March 31, 2012.

	6.
	Date of sanction
	May 04, 2007.

	7.
	Launch workshop
	Held on 05.05.08

	8..
	CIC meeting
	Held on 14.01.08

· All the centers advised to follow PIU guide lines regarding submission of SOE and audit report.
· Except BCKV and DNGMRF other centers have not formed BEC, they advised to form the same.
· Centers advised to contact PIU enlisted audit farms for the audit.

	9.
	CAC meeting
	Held on 21.06.08

· CAC will be held after each 4 months. It will be of two days programme, members will visit the study site.
· Project website has to be launched.
· Each centers report has to be presented be the respective CCPI only.
· Unused fund under equipment head at UBKV has to be transferred to IVRI and DNGMRF for procurement of refrigerated centrifuge and lung function testing machines by IVRI and DNGMRF respectively.

· BCKV center can utilize the left over fund under equipment head for procurement of spare parts of an existing AAS. 


10. Technical Progress
a) October, 2007 to September, 2008

	Sl. No.
	Plan of work (Institute)
	Progress made

	i.
	Base-line survey (All the Institutes)
	Work on base line survey in the endemic and non-endemic area is in progress. Screening of cohort participants through primary survey has already been completed. Arsenic status of the representative tube wells (3.77 to 323.64 ppb), pond water (Below detection level to 8 ppb), sediments (trace to 6.78 mg kg-1) as well as of soil (0.8 to 22.5 mg kg-1) has been analyzed. Food samples have been collected. Health status of arsenic polluted fishes, ruminants, birds and humans have also been assessed. Geographical (Lat.-Long.) position of 134 surface water bodies has been demarcated by using GPS meter. Out of these 53 are scientifically managed. Total area of water bodies in the surveyed villages is 55.69 hectares with annual fish yield of 7.9 ton. Data of 86 water bodies from control zone and 76 water bodies from arsenic contaminated Dakshin Panchpota were also noted and were processed for further study. Drinking water source of 80% of the ruminants is tube well. Only 7% villagers used commercial feed. Total population of cattle, goat, poultry and duck are 124, 51, 103 and 28 respectively.  Base-line study of arsenic exposure and prevalence of arsenicosis cases in all the villages under study has already been conducted.  by 


	ii.
	Fine mapping of rice gene responsible for low or minimal uptake ability of arsenic
(BCKV)
	A mapping population of 102 RILs with 15 diverse rice genotypes is cultivated in arsenic endemic and free areas, Arsenic status in different plant parts of these lines will be estimated at the time of harvest.
Out of 80 SSR, 46 primer pairs showed polymorphism among the parents.

First year study shows that, arsenic status in root, straw and grain of 50 RIL rice lines varies from 71.1 to 181.2, 4.5 to 10.46 and 0.4 to 0.89 mg kg-1. 
Irrigation water and soil arsenic status of the study site are respectively 4.2 and 0.16 ppm.

	
	Variation in uptake of arsenic among different rice cultivars and among different lines under a same cultivar. (BCKV & UBKV)
	BCKV: Grain arsenic status of 12 cultivars varied from 0.223 to 0.890 mg kg-1.

Grain arsenic status of 35 lines each under Khitish, Lalat and Satabdi (major cultivars of the locality with 110-120 days duration) ranged between 0.25 to 0.75, 0.29 to 1.01 and 0.39 to 0.79 mg kg-1 respectively.

Grain arsenic status of 12 cultivars inversely related (r = -0.65*) with phytate P but directly related (r = 0.6*) with total P content of grain.

	iii
	Arsenic transport mechanism in rice
(BCKV) 
	Yet to start 

	iv
	Isolation of arsenic tolerant microbes from soil and aquatic environments. (BCKV & CIFRI)
	BCKV center has recorded: (i) 70 bacterial isolates, which survive at 100 ppm As3+, (ii) 70 bacterial isolates survive at 10000 ppm As5+ and (iii) 70 Cyanobacteria isolates, which can survive only at 100 ppm As5+. Soil samples were collected from 12 locations of the study site and were exposed to 8 levels of arsenic concentration.



	
	
	CIFRI: Arsenic reducing and oxidizing media formulations have been standardized for isolation of arsenic resistant/ transforming bacteria.  YEM (Yeast Extract Mannitol media) has also been selected for the enrichment of Arsenic reducing bacteria.
44 water and sediment, 3 tube-well drain out sediment and 6 ruminant faecal samples from arsenic affected areas have been enriched in mineral media bases supplemented with citrate as carbon source and As+3 as electron donor, or acetate, bicarbonate and yeast as carbon sources  and As+5 as electron acceptor for isolation of probable arsenic oxidizing  and arsenic reducing bacteria. 

65 such bacteria have been isolated in pure culture and need further study. Presumptive 25 arsenic reducing bacteria and 40 arsenic oxidizing bacteria have been isolated on arsenate (20mM-80mM) and arsenite (30µM-500µM) media respectively. When grown on FTM (Fluid Thioglycollate medium), it was observed that most of the arsenic reducing bacteria are either aerobic or microaerophilic according to their oxygen requirement. Most of the presumptive arsenic reducing and arsenic oxidizing bacteria were enriched in TSB (Tryptic soya broth) before preservation. 

An AAS method has been standardized for measuring arsenic level in culture media. A starch-iodine reduction complex has been under standardization for detection of arsenic reducing/oxidizing bacteria. 
Bacterial cultures are preserved for further study. 


	v. a)
	Suitable irrigation management to reduce arsenic status in biomass and grain of boro rice. 

(BCKV & UBKV)
	BCKV center found that, irrespective of plant parts (root, shoot, leaf and grain) and phenophases, highest arsenic concentration(1.14 – 25.33 mg kg-1) was recorded when the crop was exposed to saturated condition. However arsenic status was at the lowest level 0.77 – 23.1 mg kg-1)  under aerobic conditions (treatments were imposed from 15 to 35 DAT only).
Arsenic status increased with the advancement of the growing period.
Arsenic status of shoot (11 to 13 mg kg-1) was around 50 % than that of root and slightly lower (10 – 14 %) than leaves. Arsenic status in rice husk and grain were 012 – 0.77 and 0.11 to 0.31mg kg-1 respectively. 
No significant change in arsenic status was observed between raw and cooked rice.
Different irrigation regimes were found to be responsible for notable variation (21.7 to 46.3 mg kg-1) in soil arsenic status at harvest.


	V b)
	Suitable irrigation management to reduce arsenic status in biomass and grain of maize. (BCKV)
	Curtail in number of irrigation from 6 to 3, reduced arsenic status in all (root, shoot, leaf and grain) plant parts.
Variation in depth of irrigation from 30 to 50 mm had no impact on crop arsenic status.
From sowing to harvest, there was no significant change in crop arsenic status.

In root, arsenic status ranged from 1.4 to 2.0 mg kg-1.In shoot and leaf, the same ranged in between 0.2 to 0.9 mg kg-1. In grain, the arsenic status was 0.1 to 0.7 mg kg-1. 
In roasted grain, arsenic concentration increased by 2 to 3 times. 


	vi
	Incubation  and pot studies with different organic manure to study the  chemistry of organo-arsenic complexation
(BCKV & BCKV)
	UBKV: Fractionation of Humic and Fulvic acid from soils of contaminated sites and applied organics are in progress.

Characterisation of extracted organics (Humic and Fulvic acids) in terms of  phenolic -OH , COOH group, surface tension, potentiometer and spectrophotometer measurements are in progress.



	vii
	Use of organic amendments to mitigate arsenic intake in rice based cropping system (s)
(BCKV & UBKV)
	BCKV: Arsenic status in locally available organics ranged between 0.29 to 5.91 ppm.

Except flowering stage, in sesame crop highest arsenic concentration was recorded in leaf (4.8 to 13.0 mg kg-1), followed by root (3.0 to 4.8 mg kg-1), shoot (0.22 to 4.7 mg kg-1) and grain (0.1 to 0.2 mg kg-1).

Highest arsenic status in root, shoot and leaf was recorded respectively during flowering, initial and maturity stages.

Single irrigation (30 mm) with tube well water (contains 0.348 ppm total arsenic) resulted in significantly higher (5 to 21%) arsenic status in all plant parts during the entire cropping season over irrigation with pond water (0.03 ppm).

Both irrigation source and organic amendments significantly influenced crop arsenic status only during vegetative and flowering stages.

	
	The role of phosphate in arsenic dynamics in soil-plant system under controlled conditions. (BCKV & UBKV)
	UBKV: Role of phosphate in arsenic transport in soil - plant systems is being continued

	viii
	Quantification of arsenic status in feeds, water consumed by ruminants / birds, milk, egg, meat, fish etc.  
(IVRI &WBUAFS)
	IVRI: Source of feed are straw, grass and oilcake. 

Arsenic status in straw used for cattle feed in endemic area is  9 times higher over the non-endemic areas.

In general, drinking water source for farm animals is tube well. 

Intake of arsenic contaminated (4 mg l-1) drinking water for a period of 45 days caused immunosuppressive for chicken. This was evidenced by lowered lymphocyte proliferation test and NO production by splenocyte.   

WBUAFS:  Standardize the  method for arsenic determination in Milk, meat, egg etc .through HG-AAS. 



	
	Quantification of arsenic status in pond water, sediments and fish
(CIFRI).
	Arsenic status in 75 fish tissue samples (collected from liver, kidney and gill) ranged between traces to 678 ppb. In water (60 samples) and sediment (50 samples) of the ponds it ranged between trace to 90 ppb and traces to 8 mg kg-1 respectively. 

In fish flesh the arsenic level was up to 75 ppb.

Fish tissues were processed and embedded in paraffin wax for histo pathological studies.



	ix
	Standardization of proteomic analysis methods in fish muscle tissue
(CIFRI & IVRI)
	CIFRI: Protein estimation by Lowry’s method and their detailed analysis by different electrophoretic methods like SDS-PAGE, Western Blot have been standardized. 

Foot proteins of Lamellidens marginalis, Pyla globosa, Bellamya bengalensis from arsenic affected/unaffected zones were analyzed for tissue protein profiles by 1- dimensional SDS-PAGE.

The proteins from gastropods, bivalves were analyzed for stress proteins (hsp 70, hsp 90) and tumour-suppressor protein (p53) expression by immune blotting. Western-blot was carried out for analyzing expression profile of tumor suppressor (p53) protein in the fish tissues. p53 was detected in muscle tissue of Labeo rohita collected from ponds in arsenic-affected villages, but was notably absent in the samples  collected from uncontaminated area. 
.  

	
	
	IVRI: In order to study transcription profile of mRNA of stressor protein, the same was amplified by using IVRI designed primer.



	x.
	Assessment of health status of Cohort population and correlation with arsenic exposure through water and food 
(DNGMRF)
	Complete selection of 188 participants (Cohort I: 108; Cohort II: 70 and Cohort III: 10) and pilot study of the three Cohorts.

 Following activities have been performed: 

Clinical examination of 59 participants (34 from Cohort I; 15 from Cohort II and 10 from Cohort III) completed. 

For arsenic exposure assessment through food, 24 hours diet history was taken from all the participants and 456 diet samples were collected.

Hundred three water samples used by the participants were collected.

With portable ECG machine status of heart has been examined and opinion of heart specialist seeks for each report. 

Blood test and chest X ray done by nearby diagnostic center and reports with comments handed over to the participants.

Two hundred and eighty two patients were examined and treated (including supply of free medicines) during the field visits.

	xi.
	Arsenic status of bio-markers (urine and hair) collected from cohort population.

(DNGMRF) 
	One ninety four hair samples and 370 urine samples were collected from the participants. 

Samples collected from human were sent to the School of Tropical Medicine, Kolkata for laboratory analysis and yet to receive the reports.


11. Physical and Financial Progress

a. Physical (Consolidated):

	Sl. No.
	Plan of work
	Progress made

	i.
	Recruitment of SRF, RA and other supporting staff 
	Research Associates, Senior Research Fellows and other Contractual staff in all the Centers have joined and are doing the assigned work.

	ii.
	Laboratory augmentation
	Completed / Under progress

	iii.
	Procurement of instrument and furniture.
	Installed / Delivered / Booked

	iv.
	Literature survey 
	Collection and compilation of literature, related to the project work, is progressing satisfactorily.

	v.
	Selection of study sites
	In Nadia district the villages namely Ghentugachi, Gontera, Mandalhat and Dakshin Panchpota of Chakdaha Block; Dasdia, Nonaghata and Mitrapur villages of Haringahata Block have been identified under Cohort I and II. Villages under Akna Gram Panchayet of Polba Block in Hoogly district have been selected under Cohort III.

	vi.
	Development of protocols for base-line survey
	Protocols have been developed and used by the Partners during the survey


b. Financial progress (Rs in lakh)
April to September, 2008
	Sl. No.
	Items of Expenditure
	Funds Budgeted
	Fund Received from PIU
	Fund unused during 2007-08
	Fund utilized (approx.)

	A. Recurring Contingency
	
	
	
	

	1.
	TA
	5.00000
	1.34502
	0.96414
	1.10104

	2.
	Workshop/Meeting
	3.00000
	1.36011
	0.38989
	0.43290

	3.
	Contractual Services 
	35.96500
	20.24754
	2.12126
	21.10346

	4.
	Operational Cost
	23.50000
	10.47895
	0.09357
	11.75000

	Sub-total A (1-4)
	67.46500
	33.43162
	3.56886
	3.56886

	B. H.R.D. Component
	
	
	
	

	5.
	Training
	3.00000
	0.00000
	1.00000
	0.00000

	6.
	Consultancy
	0.00000
	0.00000
	0.00000
	0.00000

	Sub-total (5 – 6)
	3.00000
	0.00000
	1.00000
	0.00000

	C. Non-Recurring:
	
	
	
	

	7.
	Equipment
	3.25000
	3.25000
	229.13599
	0.00000

	8.
	Furniture
	0.00000
	0.00000
	3.00045
	0.00000

	9.
	Works (new/renovation)
	0.00000
	0.00000
	3.04391
	0.00000

	10.
	Others (Animal/ Journals/ Books) Publication
	2.00000
	2.00000
	2.00000
	0.00000

	Sub-total ((7 – 10)
	5.25000
	5.25000
	6.51944
	237.18035

	D. Institutional charges
	4.67410
	1.86355
	0.10500
	2.33705

	Grand Total (A+B+C+D)
	80.38910
	40.54517
	241.85421
	36.72445


Consolidated Progress up to September, 2008 (Rupees in Lakh)
	Sl. No.
	Items of Expenditure
	Funds Budgeted
	Fund Received from PIU
	Fund utilized (approx.)

	A. Recurring Contingency
	
	
	

	1.
	TA
	10.00000
	3.84502
	3.05285

	2.
	Workshop/Meeting
	4.50000
	2.11011
	0.98024

	3.
	Contractual Services 
	60.68700
	32.60854
	31.34370

	4.
	Operational Cost
	60.50000
	28.97895
	30.25343

	Sub-total A (1-4)
	135.68700
	67.54262
	65.63022

	B. H.R.D. Component
	
	
	

	5.
	Training
	4.00000
	0.50000
	0.00000

	6.
	Consultancy
	0.00000
	0.00000
	0.00000

	Sub-total (5 – 6)
	4.00000
	0.50000
	0.00000

	C. Non-Recurring:
	
	
	

	7.
	Equipment
	280.82900
	280.82900
	43.42861

	8.
	Furniture
	6.65000
	6.65000
	3.64437

	9.
	Works (new/renovation)
	4.00000
	4.00000
	0.95609

	10.
	Others (Animal/ Journals/ Books) Publication
	5.00000
	5.00000
	0.80576

	Sub-total ((7 – 10)
	296.47900
	296.47900
	48.83483

	D. Institutional charges
	9.78010
	4.41655
	4.98705

	Grand Total (A+B+C+D)
	445.94610
	368.93817
	119.45210


12. Implementation status and Issues (if any) in bullets and suggested solutions
	
	Activity
	Status of implementation
	Issue(s)
	Solutions

	Technical
	Clinical examination and investigation of Cohort population and collection of dietary and bio-marker samples.
	Continuing
	Lacking in execution within scheduled timeframe
	Provision of additional manpower (SRF)

	
	Determination of total arsenic status of bulk samples
	Not initiated
	Lack of instrumental facility (Dedicated facilities of AAS)
	Enabling existing AAS with facilities of  hydride generator (FIAS component)

	
	Transpiration is the best indicator of  crop production under water deficit and thus  becomes pertinent  to be taken care of in our study of reducing arsenic load in crops through judicious management of tube well water
	Not able to initiate
	Lack of instrumental facility
	Procurement of Steady State Porometer

	
	Exploring suitable biomarkers for arsenic through histopathological, biochemical and proteomic studies with fish under controlled laboratory condition.
	Not able to initiate
	Lack of manpower
	Provision of additional manpower (SRF)

	
	Exploring suitable biomarkers to predict arsenic pollution in ruminants well in advance than the traditional markers
	Not able to initiate.
	Lack of instrumental facility and fund under operational head.
	Procurement of necessary instruments eg. CO2-Incubator, Laminar Flow, Centrifuge Machine, Deep Freezer, AC, sample digestion vessel. Additional fund under operational head.

	Financial
	
	
	Requirement of additional manpower and instruments
	Sanction of additional fund.

	Procurement
	Procurement of Instruments/Equipment, Furniture 
	Mostly completed
	Due to shortage of time, purchase of foreign equipment could not be made through International Competitive Bidding 
	Both Foreign and Indigenous Equipments has been purchased through National Competitive Bidding. Furniture purchased through National Shopping.

	M&E
	Report generated and CMU formed
	
	

	Safeguards
	Environmental
	Reduce arsenic pollution in irrigation water-soil-plant-animal system.
	

	
	Social
	Improved health status of (i) live stocks, (ii) human, and (iii) economic status of farmers.
	

	Training
	One of the Co-PI attended the MDP workshop on PME at NAARM from 11 to 17 March, 2008.

	Workshop
	CPI, CCPIs and  Finance Officer attended workshops at NAARM during 9 to 10 August, 2007 and 4 to 6 January, 2008.

	
	Finance Officers attended the workshop at New Delhi on 18.01.08.

	Linkage developed
	Scientists and University/ Institute administrators are in touch with Block, Sub- Division and District level administrators and stakeholders.


13. Experience and Lessons learnt: 

Since last couple of years, scientists published research articles on low-arsenic-uptake rice genotypes and the molecular markers linked thereof. In this sub-project, although the RILs available for partial fulfillment of Objective-1 have not been developed exactly on the basis of their contrasting characters relating to arsenic uptake ability, they are showing differential arsenic uptake ability covering a range of 0.24 to 1.48 mg l-1 and would, in turn, will serve our purpose. Nevertheless, it would be better if the rice RILs can be developed through crossing of contrasting parents (already been identified) where the desired differences in arsenic uptake ability is manifested at a greater degree than it has been realized from the present study.

14. Innovations tried: 
· Assessment on arsenic contamination status in fish through 2 – D proteome maps.
· Grow summer rice in aerobic condition to reduce arsenic status in rice grain without significant decrease in yield.

· Imposition of varying depth of irrigation for maize crop.
· Sole impact of food-chain on arsenicosis status of humans.

15. Missed Opportunities: 

· Failing in full utilization of sanctioned fund within the financial year (2007-08) 
· Seeking revalidation under respective heads (as per the SOE) in compliance with the admissible norms of PIU-NAIP
16. Plan for the rest of the project on the basis of approved project proposal, experience and lessons learnt 

	Sl. No.
	Activity
	Study period

	
	
	2008-09
	2009-10
	2010-11
	2011-12

	1.
	Base line survey in the rest area of the study site.
	(
	
	
	

	2.
	Arsenic status of all the crops at harvest in the sequence under different toposequences in endemic and arsenic free areas, as well as arsenic status of food materials available in the local market.
	(
	(
	(
	(

	3.
	Arsenic status of rice leaves, emerging from the stubbles and weeds (different families) in the crop fields and irrigation channels.
	(
	(
	(
	(

	4.
	Arsenic status of autumn and winter rice (major varieties cultivated by the farmers) at harvest.
	(
	(
	(
	(

	5.
	a) Source and arsenic status of crop seed, organics, spawn, etc.

b) Arsenic status of grain and straw of recombinant inbreed lines of rice.
	(
	(
	(
	(

	6.
	Identification of polymorphic molecular markers for the gene regulating arsenic uptake in rice. 
	(
	(
	(
	(

	7.
	Mapping the traits responsible for minimal or zero uptake ability of arsenic in rice.
	
	(
	(
	(

	8.
	Studying arsenic transport mechanism from root to grain of rice plant. 
	(
	(
	(
	

	9.
	Identification of genes responsible for arsenic transport mechanism in rice
	
	(
	(
	(

	10.
	Isolation and identification of soil and aquatic microorganism capable of transforming inorganic arsenic to less toxic forms
	(
	(
	(
	(

	11.
	Rumen microbiological study for the cattle and goat.  
	(
	(
	
	

	12.
	Determination of methods for mass production of selected microbes  
	
	
	(
	(

	13.
	Use of identified microbes for arsenic amelioration in soil/water (Micro-scale study)  
	
	
	
	(

	14.
	Determination of arsenic levels in water of fish ponds / wet lands and fish.
	(
	(
	
	

	15.
	Effect of arsenic contamination in ruminants and poultry/duck
	(
	(
	
	

	16.
	Assessment of health status of fish, ruminants, poultry etc.  exposed to arsenic and their proteomic analysis
	
	(
	(
	(

	17.
	Effect of arsenic contamination in laboratory rodent (Albino rat)
	(
	(
	(
	

	18.
	Therapeutic measure to mitigate the effect of arsenic pollution on ruminants etc.
	
	
	(
	(

	19.
	Rain water harvesting and conjunctive use of harvested rain water during dry seasons.
	(
	(
	(
	

	20.
	Phenophase wise arsenic status of soil and dry season crops (mustard, wheat and vegetables) grown under integrated (harvested rain water and ground water) irrigation management
	(
	(
	(
	(

	21.
	Growing summer rice under deficit irrigation 
	(
	(
	(
	

	22.
	Growing maize under deficit irrigation, as an alternative crop in place of summer rice
	(
	(
	(
	

	23.
	Mitigate arsenic status in soil through organic amendments (free of arsenic)
	(
	(
	
	

	24.
	Solubility diagram of arsenic system under different background of pH and eH
	(
	(
	
	

	25.
	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.
	
	(
	(
	(

	26.
	Monitoring arsenic status in diet and drinking water and their effect on human health.
	(
	(
	(
	(

	27.
	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
	(
	(
	(
	(


