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India ı Statistics 
Å Current Population   -  1.21 billion 
Å Sex ratio - 914 females per 1000 males 
Å 0-25 years - 50% of India's current population 
Å 0-18 years ς пл҈ ƻŦ LƴŘƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ όпул Ƴƛƭƭƛƻƴ ς 

largest in the world) 
Å Urbanization - 29% 
Å Population below the poverty line (national)  - 29% 
Å Under age 5 mortality rate - 76/1000 live births (2006) 
ÅLife expectancy - 63 years (2006) 
Å 3.5 million informed and 10 million  informed drinking 

water sources 



Source: Country profiles of Environmental Burden of Disease ς India, Public Health 
and Environment, WHO, 2009 

Environmental Burden of Disease  



IndiaĴs share of global challenges 

Source: UNICEF, 2007 
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Common IndianĴs habits & perceptions around 
drinking water -  a cause of worry 

Do you filter water before drinking? 

Yes, 15% No, 85% 

From where do you get the water that you 
use for drinking? 

Others, 17% 

Well /tube 

well, 54% 

Lake /Pond, 3% 

Supply water /Govt 

provided; 26% 

Is the same water used for bathing 
/washing clothes and drinking? 

No, 31% Yes, 69% 

How clean is your drinking water? 

Very Clean, 11% 

Clean, 57% 

Not fit, 5% 

OK, 27% 

Source: Tata Chemicals 
Limited, 2008 



Status of water quality affected habitations  
(as on 1/4/2011) 

ÅTotal water quality affected habitations yet to be 
provided safe drinking water = 1,21,501 (about 
60 million) 

ïArsenic affected habitations = 5,339 (4.402 million) 

ïFluoride = 23,512 (14.685 million) 

ïIron = 64,213 (27.115 million) 

ïSalinity = 24,570 (9.377 million) 

ïNitrate = 3,867 (4.406 million) 



Arsenic 
affected habs 

as on 
1/4/2011 

Arsenic contamination shown in 
Rajasthan and Maharashtra is 

incorrect 



Salinity 
affected habs 

as on 
1/4/2011 



Nitrate affected 
habs as on 
1/4/2011 



Other chemical contaminants 
ÅStrontium ς in 13 habitations of Prakasham district  of 

Andhra  Pradesh and concentration varied from 76 ς 
4822 µg/m3  

 

ÅSelenium is found in 11 districts of Punjab and 
concentration up to 560 µg/m3 

 

ÅExcess Uranium found in 4 districts with around 1400 
sources affected and there is possibility of occurrence 
in another 5 districts and concentrations up to 244 
µg/m3 
 
Å15 samples of Canal water shows Uranium content 

between 3 to 56.9 µg/m3 



Over-exploitation 
leading to 
geogenic 

contaminants 
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Fluoride 
Affected habs 

as on 
1/4/2011 



Fluorosis in India 
× 66.62 million people are 
ŀǘ άǊƛǎƪέΣ ƻŦ ǿƘƛŎƘ  an 
estimated 6 million are 
children  below the age of 
14 years 

×More than 3.5 million 
informed and 10 million 
uninformed drinking 
water sources  

× Reported fluoride level in 
India ranges from 0.5 to 
48 mg/l  

×More than 200 districts in 
20 states of India are 
affected by fluoride 
pollution in drinking 
water  
 

Source: Ayoob and Gupta, Critical Review 

in Env Sc. And Tech, 2006 



Handpump ï is this the only solution? 
Solution justified? 



Geogen or manmade disaster?  

7.6 mg/l fluoride 



Fluorosis 
mitigation 
approaches 

Hazard  

Identification 

Exposure  

Assessment 

Dose Response  

Assessment 

Risk  

Characterisation 



Fluorosis Mitigation Water Solution 

Community 

Household  
Household Level 

Treatment 

Source Substitution 

(Surface water/Dug 

Wells) 

School 
Alternative Water 

Supply/Treatment 

Food  Solution 

Mid Day Meal 

Nutrition 

Supplementation 

+ 

+ 

+ 

IEC Awareness/ 

Creation  

Change in 

Dietary Practice 

Fluorosis Mitigation Measures 

Chakoda 

Calcium ï 32000 mg/kg 

Iron ï 124 mg/kg 

Vitamin C ï 820 mg/kg 



Integrated fluorosis mitigation ı 
Mandla, India (1996-2004) 

ÅAlternative water source 

ÅClose all contaminated hand pumps 

Å<10 Years Children Surgical shoe 

ÅSupplement Calcium, Vitamin C, D3, 

Iron 

ÅDietary Counseling and health 

education 

 



Impact of nutritional intervention on clinical 
and radiological parameters of Knock Knee  

Baseline Post- Intervention 



Impact of nutritional intervention on clinical 
and radiological parameters  

Baseline Post- Intervention 



5ŜǎǇƛǘŜ ƘŀǾƛƴƎ ŀ DƻƻƎƭŜ Ƙƛǘ ǊŜǘǳǊƴ ƻƴ ΨCƭǳƻǊƛŘŜ ǊŜƳƻǾŀƭ 
ǘŜŎƘƴƻƭƻƎȅέ ǿƛǘƘ нΣуплΣллл  ǊŜǎǳƭǘǎΣ 

  
There are more than 23,152 affected habitations and 66 

million persons 

ÅPoor translation of laboratory based developments to 
field or / and  
 
ÅChallenges related to implementation (Rural), operation & 

maintenance and sustainability of technological 
interventions 
 
ÅLack of community ownership/leadership 



 

 

Compilation of drinking water treatment technologies 



Alum 

Coagulation 

(Nalgonda 

Technique) 

Chemical Precipitation  Adsorption  

Alum, lime 

Electrolytic 

Defluoridat-

ion 

Aluminium 

Activated 

alumina 

Ion  

Exchange 

Adsorbents 

. Bauxite 

. Gypsum 

. Quartz 

. Lime 

. Zeolites 

. Clays 

. Sands 

. Coal 

. Red Mud 

. Etc.. 

Ionic Separation 

Reverse 

Osmosis 

Electro- 

dialysis 

Defluoridation Technologies  



Å Fluoride removal by polyhydroxy aluminum species produced by electrolysis 

using aluminium electrode 

Å Suitable for treatment of raw water fluoride level up to 10 mg/L 

Å Simultaneous  reduction in nitrate and bacterial contamination in treated 

drinking water 

Å Aluminium concentration in treated water below the permissible level 

Å Capital cost : 

ï Construction of plant : USD 2000-3000 

ï Electrolytic system :  Solar USD 2000-2500/ Regular power : USD 1000 

Å Operating cost  USD per 10000 liter of treated water 

 

Electrolytic Defluoridation Plant at Dongargaon, 

Chandrapur Dist. (Maharashtra) 

 

¶  Installation year 2002 

¶  Working on Solar power 

¶  Batch Process  

¶  Capacity - 600 lit / Batch   

¶  Fluoride:  

¶Raw water  3.5- 4.6 mg/L 

ÁTreated water : < 0.25 mg/L 

Á  Aluminium consumption - 30 g/m3 of water treated  

 

Electrolytic  Defluoridation 



ÅSalts of calcium and phosphorous to 
reduce the  fluoride  

ÅSuitable for fluoride concentration up 
to 10 mg/L  

ÅFree from interference of anions in 
water  

ÅDoes not affect palatability of water 
unlike the other chemical treatment 
process  

ÅCost of the unit USD : 25-50 

ÅTreatment cost : USD 4-5 per 10,000 
liter (Fluoride ~ 5 mg/L in raw water and 
<1 mg/L in treated water)   

ÅAlready implemented in the field  

 Chemo-defluoridation Technique 



Combination of Electrocoagulation and 
Activated Alumina 


