Annexure II

Summary of 5 studies on Arsenic Contamination in West Bengal Carried out by the School of Environmental Studies (SOES), Jadavpur University, Kolkata

	S.No.
	Block/Village
	Size of Sample
	Arsenic Level
	Symptoms

	
	
	
	>10 µg/l
	>50 µg/l
	Skin

Lesions

	1. 
	Rajapur

Village ,

Domkal Dt.
	336 Nos. 

handpumps
	307 Nos.

(91%)
	213 Nos.

(63%)
	

	
	
	3500 residents
	--
	--
	149

	
	
	420 biologic

(hair, urine &

Nail) samples
	389 Nos.

(92.6%)
	
	

	2.
	Jalangi Block
	1916 water

Samples (31% 

of total tubewells)
	77.8%
	51%

17%

(>300 µg/l)

	

	
	
	7221 people in 44

villages
	--
	--
	1488

	
	
	1600 Biologic 

samples
	88%
	
	

	3.
	Murshidabad
	29612 handpump

samples
	53.8%
	26%
	

	
	
	25 lakh 

villagers
	All
	--
	

	
	
	12 lakh

villagers
	--
	All
	

	
	
	3800 Biologic

samples
	95% of

Nail 

Samples

94% of

Urine 

samples
	75% of 

Hair 

samples
	

	4.
	Sagarpura

village
	565 tubewell

samples
	86.2%
	58.8%
	

	
	
	21 villages (ground

Water)
	--
	All samples
	

	
	
	3302 villagers
	--
	--
	679 (20.6%)

	
	
	850 Biologic

samples
	85%
	--
	

	5.
	Murshidabad
	25274 villagers
	--
	--
	4813 (19%)

	
	
	2595 children
	--
	--
	122 (4%)


 Note: Other problems due to Arsenic included susceptibility of pregnant women to spontaneous abortions, still births, pre-mature births, low birth weights, etc. Adults had other problems such as weakness/lethargy, chronic respiratory problems, anemia, etc.  

 Annexure-IV

Patent documents

	S. 

No.
	Title
	Patent Number

	1.
	Process for removing Arsenic from aqueous streams
	US Patent No.: 6,863,825

	2.
	Zirconium-modified materials for selective adsorption and removal 

of aqueous Arsenic
	US Patent No.: 6,824,690

	3.
	System for removal of Arsenic from water
	US Patent No.: 6,821,434

	4.
	Composition and process for removing Arsenic and selenium 

from aqueous solution
	US Patent No.: 6,800,204

	5.
	High efficiency ion-exchange system for removing Arsenic from water
	US Patent No.: 6,706,195

	6.
	Method for simultaneous removal of Arsenic and fluoride from aqueous 

solutions
	US Patent No.: 6,613,230

	7.
	Composition for Arsenic removal from ground water
	US Patent No.: 6,461,535

	8.
	Method and apparatus of the removal of Arsenic from water
	US Patent No.: 6,368,510

	9.
	Process for removal and stabilization of Arsenic and selenium 

from aqueous streams and slurries
	US Patent No.: 6,197,201

	10.
	Zero brine, zero rinse water process for treatment of contaminated 

drinking water for removal of Arsenic
	Pub No. US 2004/0178148

	11.
	Process for removing Arsenic from aqueous streams
	Pub No. US 2004/0144729

	12.
	Treatment of Arsenic-contaminated water using Akaganeite adsorption
	Pub No. US 2004/0262225

	13.
	Manganese/oxygen compound with Arsenic adsorption, Arsenic 

adsorbent, and method of adsorptively removing from aqueous solution
	Pub No. US 2004/0109821

	14.
	Process for the preparation of Arsenic free water, apparatus therefor,

 method for the manufacture of porous ceramics for use in pressure

 filtration to produce Arsenic free water
	Pub No. US 2003/0183579

	15.
	Composition and process for removing Arsenic and selenium 

from aqueous solution
	Pub No. US 2003/0155303

	16.
	Arsenic removal from aqueous media using chemically treated zeolite 

Materials
	Pub No. US 2003/0132155

	17.
	High efficiency ion-exchange system for removing Arsenic from water
	Pub No. US 2002/0125195

	18.
	System and method for simultaneous removal of Arsenic and 

fluoride from aqueous solutions
	Pub No. US 2002/0113023

	19.
	Process and apparatus for the removal of heavy metals, 

particularly Arsenic, from water
	Pub No. US 2002/0036172

	20.
	System and method for removal of Arsenic from aqueous solutions
	Pub No. US 2002/0003116

	21.
	Method and apparatus for the removal of Arsenic from water
	Pub No. US 2001/0052495

	22.
	Method of Arsenic immobilization in crystalline form from water
	Pub No. US 2004/0222162

	23.
	Process for removing Arsenic from acidic aqueous solution
	Pub No. US 2004/0007536

	24.
	Method and system for the determination of Arsenic in aqueous media
	Pub No. US 2003/0030800


Annexure V

Summary of Master Plan Prepared by PHED Directorate of West BENGAL to tackle Arsenic contamination of ground water in  May 2006

1. Problem of excess arsenic > 0.05 ppm prevailing in West Bengal since 80’s.

2. Health implications due to consumption of excess arsenic  bearing water:-

(a) Hyper pigmentation

(b) Kuralosis 

(c) Weaknesses

(d) Anacmia 

(e) Burning sensation of eyes

(f) Swelling of legs

(g) Lever fibrosis

(h) Chronic lung diseases

(i) Gangrene of toes

(j) Neuropathy

(k) Skin cancer.
Ground water being inexpensive in abstraction, bacteriologically safe and available at the place and time of requirement is used as main source of drinking water in West Bengal.

3.
Earlier detection/ diagnosis:
CGWB’s report:  Occurrence of arsenic in ground water above 0.05 mg/l in parts of West Bengal was in report since 1978.  From clinical sources ST medicine Kolkata and AIIH&OPH the first case of chronical dermotosis was   diagnosed in STM in July, 1983.

· Working Group was constituted by Government of West Bengal in December, 1983 and working group observed that ground water showed presence of arsenic beyond 0.05 mg/l in South 24 pgs. District, North 24 pgs district Nadia, Murshidabad , Malda Burdwan.

4. Strategy:
(a) State Government prepared project costing at Rs.10.82 lakh which was sanctioned by GOI under TM in May 1988 to study nature, extent and causes of arsenic pollution.

(b) Steering Committee with leading professionals in related fields was constituted and the Committee’s report was submitted in June 1991.

(c) State Government constituted another Committee in April, 1992 and its final report was submitted in October, 1994.

Recommendations of Steering Committees were as under:-

(a) Arsenic contamination of ground water of West Bengal is due to geo-morphological reasons.  Arsenic contamination in geological formation is mobilized in ground water due to various environmental reasons.

(b) Arsenic is occurring usually in near surface succession of qualematry   sediments of various thicknesses mainly confined to intermediate aquifer (20 m – 80 m bgl).

(c) Deeper aquifer (third aquifer) is expected to yield arsenic free water which may be tapped for drinking purpose.  The water is invariably required to be tested for Arsenic before use.

(d) The district wise specific suggestions for using water for drinking purposes were as follows:-

i) For Pubasthali / Burdwan district), the deep aquifers below 100 m depth may be tapped.  The deeper aquifers in general are separated from shallow ones containing arsenic rich ground water by thick impermeable clay layers.  

ii) In Nadia, Murshidabad district aquifers below 100 m have not been found to be rich in Arsenic. But in different locations, upper aquifer is separated from lower ones by thin semi permeable sandy/ silty clay.  So utilization of nearby surface water to be  thought of 

iii) Hydrology of Murshidabad, Nadia, North 24 pgs and South 24 pgs district suggests that deeper aquifer tubewells will not be suitable due to absence of thick clay barrier separating “Arsenic” affected aquifer from the deeper aquifer.  Besides, (R.O. Ion Exchange) there is problem of salinity in South 24 pgs. And North 24 Pgs. 

iv) In Malda district, aquifer is limited in 80-90m depth, so only surface water is recommend.  For pied water supply system, arsenic removal plants already introduced in district are recommended (with tool proof sludge disposal facilities).

v) Development and use of treatment units to be fitted with HP and big dia tubewells supporting PWSS is to be taken up side by side. (Sludge disposal facilities to be integrated with the system).

vi) Setting up of laboratories for monitoring and surveillance of ground water on regular basis should be ensured. 

Arsenic contamination being dynamic in nature spreads both horizontally and vertically and, therefore, monitoring of water quality and identification of affected areas on continuous basis is considered to be of high priority. 

It is pertinent to mention that Arsenic Sub-Mission set up by GOI had already recommended to plan for covering affected areas with surface water source depending upon quality of supply and  availability of water.  

5. Constitution of Task Force

State Government constituted Task Force in April, 1995 with experts from various authorities and key institutions namely, CGWB, GSI, Department of Drinking Water Supply, GOI, SWID, Directorate of Health and Family Welfare Department, WBPCB, AIIH&PH, University of Kolkata, Jadavpur University, Kalyani University, B.E. College (Deemed University), UNICEF etc.  Task Force is working in advisory capacity and as state level Consultancy Body for carrying out activities in this regard.

All the current activities on water quality monitoring and surveillance and mitigation of arsenic contamination are being carried out as per recommendations of committee Task Force.

6. WQ M & S

Based on testing of water sources for arsenic, it reveals that “AS” contamination is gradually spreading and the affected areas are increasing.  Extent of spread of such areas with   passage of tune is as under: 
	Sl. NO.
	Date
	No. of affected districts
	No. of affected blocks
	No. of affected villages
	NO. of affected habitations
	NO. of affected municipalities.

	1.
	May 93
	7
	34
	78
	149
	3

	2.
	Sept.  95
	7
	56
	388
	757
	9

	3.
	Dec.97
	8
	61
	1302
	3049
	9

	4.
	Dec.98
	8
	65
	1312
	3067
	9

	5.
	Dec.99
	8
	67
	1550
	3365
	11

	6.
	Dec.2001
	8
	75
	2065
	4244
	11

	7.
	Dec.2002
	8
	75
	2579
	4973
	11

	8.
	Dec.2006
	8
	79
	3235
	6623
	11


7. Magnitude of problems ( Para 5 & 6) 

· Presently, the  risk population in rural areas is around 166.77 lakh out of state’s rural population of 577.35 lakhs.

· In urban areas, risk population is 120.00 lakh out of total states urban population of 224.86 lakh.

· According to 2001 census, total risk population is 286.77 lakh out of total population of 802.22 lakh which is 35.70%.

7.      
Achievement

Programme for testing of all public tubewells in Arsenic- affected 79 blocks of 8 districts has been concluded under Joint venture of PHED and UNICEF. For this purpose, 20 laboratories run by NGOs have been set up in Arsenic-affected blocks of the State.  
District-wise summary is as under:-

	Sl. No.
	Districts
	Total no. of public tubewells
	% of tubewells with Arsenic 0.05 mg/l
	No.of affected  mouzas
	No. of affected habitations

	1.
	Burdwan
	6518
	6.46
	76
	102

	2.
	Hooghly
	2087
	12.22
	41
	91

	3.
	Howrah
	879
	0.34
	3
	3

	4.
	Maldah
	19279
	28.72
	311
	871

	5.
	Murzhidabad
	40593
	30.66
	791
	1218

	6.
	Nadia
	29640
	25.28%
	937
	1945

	7.
	24 Pgs (N)
	25987
	25.76%
	927
	2124

	8.
	24 pgs. (S)
	7284
	6.59
	143
	269

	
	Total 8 districts.
	1,32,267
	25.20%
	 3229 
	6623


MITIGATION MEASURES (ROAD MAP)

1. New HP fitted tubewells in deeper aquifer.

2. Ring wells   at upper aquifers.

3. Arsenic Treatment plant with existing HPs fitted  tubewells (sludge disposal strategy to be spelt out).

4. New Big dia tubewells for deeper aquifer for exiting ground water based PWSS.

5. Arsenic removal plants in existing ground water based PWSS (sludge treatment component to be integrated)

6. New ground water based PWSS (alternate safe source).

7. Surface water based PWSS with river water as source.

8. PWSS with pond water as source.

9. Master Plan :

· Permanent solutions are to be found out.

· Observations on Short-term/ intermediate measures are :
(a) Ringwells are not accepted by people and are prone to bacteriological contamination.

(b) Arsenic Treatment plant attached to HPs tubwells have been found effective as intermediate intervention. Sludge disposal methods are not integrated with treatment plant.  In long run these units have failed to serve the purpose due to O & M and sludge disposal problem. 
(c) Deeper aquifers replacement tubewells in some cases, turned out to be ineffective due to leaching of Arsenic deeper layers from top.
(d) Tube wells of some ground water based PWSS though sunk in deeper “AS” free aquifer showed present of “AS” in due course of time due to leaching action. 
10.
Master Plan is being prepared with following recommendations of Arsenic Task Force 

a) All Arsenic affected villages to be covered by PWSS.

b) Areas covered under existing sort-term and mid-term measures such as ATU attached HP tube wells.  Replacement of tube wells etc. should be integrated within future plan of Action. 
c) Attempts to be made to cover affected areas with surface water schemes wherever possible/ available.

d) Affected areas, which can not be covered under existing / proposed surface water based PWSS to be served from ground water based PWSS.

e) All proposed ground water based new PWSS should be provided with ARP unless safe water aquifer well separate from contaminated aquifer by thick impermeable barrier of clay is available.

f) All existing ground water based PWSS in affected are to be provided with ARP except where safe aquifer well separated from contaminated layer by thick impermeable barrier is available.
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