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Structure of presentation 

This presentation has SIX sections 

 Introduction: Fluorosis – the global disease 

 QCRA - Materials and Methods 

 QCRA -Results 

 IFM mitigation 

 Health Impact 

 Policy Implications and Recommendations 

 

 

 

 



Global Fluorosis Data  

• 200 million people 

worldwide affected 

• Fluorosis is an 

endemic disease in 

17 states in India.  

• 40-70% districts are 

affected in, Madhya 

Pradesh, 

 

 

 

 

 



Fluoride: Health Effects 
 Dental Fluoriosis 

 Skeletal Fluorosis 

 Renal Disorders 

 Neurotoxicity 

 Reduced Thyroid Activity 

 Carcinogenic 

 

Dental Fluorosis 
Skeletal Fluorosis 

Acute Skeletal 

Fluorosis 
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Study Design 
Quantitative Chemical Risk AND Integrated Fluorosis 

Mitigation (IFM) plan 

Sample Size: 3000 participants (2000 children and 1000 adults) in  

 6 villages and 19 schools  
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Policy Impact 



Health based targets and water safety plan 

• Risk assessment (QMRA/QCRA) 

– Hazard Identification 

– Exposure assessment 

– Dose–response assessment (Hazard  

characterisation) 

– Risk characterisation  

• Health based targets/tolerable risk  

• Risk management (HACCP) 

– Operational monitoring and verification  

• Risk communication 

 

 

 

 

 

 

 

 



Hazard Identification 
Identify routes of consumption of fluoride 



Materials and Methods 
• Water and food samples for fluoride content analysed following 

standard AWWA/APHA methods 

Sr. No. Sample Matrix Method 

1 Water/ Wine 10 to 25 ml sample diluted in equal volume 

of TISAB buffer 

2 Tea 10 g dried tea sample poured in 400 ml of 

boiling deionized water; 25 ml of tea liquor 

in which TISAB solution is added 

3 Cereals/Pulses/ 

vegetables/ 

Tobacco 

Sample Dried, Powdered, Sieved, Digested 

with HCl (Conc.); dissolve in citrate buffer 

4 Tooth Paste/ 

Tooth Powder 

~ 0.05 g sample diluted in 25 ml TISAB 

solution boiled; suspension make up with 

distilled water 

 

 

 

 



Tolerable level 

of Risk 
3 

0 

6 

Exposure Assessment – Skeletal Fluorosis 

Hazardous exposure to population 

Dose and health effect 

Skeletal fluorosis 



Exposure Assessment – Dental Fluorosis 

Category Description 

0 The enamel surface is 

smooth 

1 QUESTIONABLE The enamel shows slight 

aberrations  

2 VERY MILD Small, opaque, paper –white 

areas  

3 MILD The white opacity of the 

enamel covers less than 50% 

of the tooth surface. 

4 MODERATE The enamel shows brown 

stain 

5 SEVERE The enamel surfaces are 

badly affected and 

hypoplasia is masked 

 

 

 

 



 

• Tolerable  daily intake (TDI) 

 

• TDI = (NOAEL or LOAEL)/UF 

Where; 
– NOAEL =  no-observed-adverse-effect level 

– LOAEL = lowest-observed-adverse-effect level 

– UF = uncertainty factor (food import) 

 

• Guideline value (GV) derived from TDI  

    

 GV = (TDI x bw x P)/C 

Where; 
– bw = body weight 

– P = fraction of the TDI allocated to drinking-water 

– C = daily drinking-water consumption 

Dose Response  

 

 

 

 



% Fluoride Allocation 
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Fluoride Content in Food and Water 

 

 

 

 



Guideline Value 

Guideline Value (mg/l) with increasing intake of 

fluoride through water 

2.18 2.36
2.75

3.14
3.54
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DALY (Disability Adjusted Life Years)  

for Fluorosis 

• DALY calculation to determine priority areas of 

intervention 

• DALYs per 1000 persons  

– dental fluorosis : 7.5 

– skeletal fluorosis (<40 years) : 111.8 

– skeletal fluorosis (>40 years): 62.1  

– Total : 181.3/1000    

 

 

 

 

 



OR 

Fluoride in water   

Fluoride in food   

Overall  fluoride  
intake   

Identification of skeletal and  
non - skeletal fluorosis   

Nutritional status   

Identification of dental  
fluorosis   

QCRA   

High fluorosis risk   
DAILY >100/1000 Persons   

Water management   

Defluoridation of  
drinking water   

   Nutritional supplement   

Low fluorosis risk   
DAILY < 10/1000 Persons   

Moderate fluorosis risk   
DAILY 10 - 100/1000 Persons   

  
  

Defluoridation of  
drinking water   

Water  
management   
  

Nutritional supplement 
  

  

Nutritional supplement   
  

Dilution   
technique   

Grey water  
reuse   

Rain water  
harvesting   
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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 Risk Management 

Chakoda 

Calcium – 32000 mg/kg 

Iron – 124 mg/kg 

Vitamin C – 820 mg/kg 



Risk Management – schools 

 

 

 

 



Risk Management – community 

based wisewater management 



Risk Management – Community based Water Supply 



Dental Fluorosis Results - Dhar 

 

 

 

 



Dental Fluorosis Results - Jhabua 

 

 

 

 



WSP Demonstration 

Scaling Up 
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Bureau of Indian Standards 

Rolling Revision of WHO GDWQ 

NDWQMS programme 

UNICEF 

SOLUTION  

 

 

 

 



Health based targets and Policies in India 

 National Environment Policy, 2006 

  “specific considerations for setting ambient standards in each 

category of location includes the reductions in in potential 

health risks (morbidity and mortality combined in a single 

measure – DALY) to the exposed population --- of achieving 

proposed ambient standards (Page 32) 

 Report of the Working Group on Environment and Environmental 

Regulatory Mechanism or 11th Five Year Plan  

 Emphasis on health risk assessment (Section 4.4) 

 

 

 

 



Unit Costs per 1000 people 

 

 

 

 

Item Description Cost USD 

Rainwater ferrocement tank 

with fittings 

50,000lt 5,000 ($ 10 per 1m3) 

Borehole Deep bore (>100m) 15,000 

Fluoride Dilution 2,000lt tank + 32mm GI pipe 

for rain water and 15mm GI 

pipe for groundwater 

1,000 

Pumping mechanism Borehole / Rainwater tank 5,000 

QCRA Per village/school 1,000 

BCC/C4D Per village/school 1,000 

Nutrition intervention Seeds / tools 5,000 

Project support costs 10% 3300 

Unit cost – USD 363 36,300 



Conclusion 
Four Conclusions 

1. To control fluorosis total daily consumption from all 
exposure routes (water and food) must be considered,  

2. Fluoride analysis from food and water samples 
equaled a maximum consumption of 7.8mg/l in food 
and 3.7mg/l in water 

3. GV for age group <18 years and >18 years were 1.7 
mg/l and 1.9 mg/l  

4. IFM (water and nutrition intervention) resulted in a32% 
reduction in the number of dental fluorosis cases and a 
drastic reduction in skeletal ailments 

 

 

 

 



THANK YOU  - 

sgodfrey@unicef.org 

For further information: 
 

 

 

 

 

 

 

 

 

 

www.washresources.wordpress.com 

 

 

www.imta.gob.mx/tyca 

 

www.neeri.res.in 

 

mailto:sgodfrey@unicef.org
http://www.washresources.wordpress.com/
http://www.imta.gob.mx/tyca
http://www.neeri.res.in/


“Defluoridation reduces fluoride in water, 

Integrated Fluorosis Mitigation (IFM) 

reverses fluorosis in humans” 
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