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Groundwater Contaminants 

Fluoride Arsenic Hardness Selenium Uranium Nitrate Iron 



WHO Recommended Level in Drinking Water  

Concentration Range in Groundwater 

Arsenic 

10 ɛg/L 

Fluoride 

1,500 ɛg/L 

Arsenic 

100-500 ɛg/L 

Fluoride 

2,000-10,000 ɛg/L 



February, 1995  



A Contaminated Well in 

Cambodia 



Manifestation of Arsenic Poisoning 

Cambodia Bangladesh India 



LAOS 



Countries with endemic fluorosis due to excess 

fluoride in drinking water, data in 1999 

http://www.unicef.org/wes/files/wf13e.pdf  

http://www.unicef.org/wes/files/wf13e.pdf


Affected People å 500 million 

 

Average Income Ò $2 per day 



KOLAKHURD VILLAGE, 

BHAGALPUR DISTRICT, 

BIHAR, INDIA 

(January, 2012) 

Victims of  severe 

skeletal FLUORISIS  



Bhagalpur, Bihar PHED fluoride removal plant 



Thrown away spent activated alumina 



Defunct Well- Head Units (Pal-Trokkener) in West Bengal, 

India 



RO Unit with an Esteemed Guest 



Directive From The  

Ministry of Rural Development  

Government of India 



DDWS Discourages Supply of RO 

Plant for Safe Drinking 

1. Cost is abnormally high; 

2. Nearly 40-60% of the raw water is 

wasted as reject; 

3. Reject water disposal is a problem 



Fluoride -affected villager in Bagepalli , Karnataka  



RO unit at Yellampalli village in Bagepalli.  







Engineering plan 

ÅWe plan to treat the RO reject water 

using HAIX-Zr adsorbent 

RO unit 

RO inlet 

2500 L/h 

RO 

permeate 

800 L/h 

RO 

reject 

1700 L/h 

Present  
Sent to a drain or 

10200 L of water is 

wasted every day 

An alternative 

Using HAIX-Zr 



Community -based fluoride  

removal system for field trial  



Zirconium Hydroxide  

 

Hydrated Zr(IV) Oxide (HZO)  

Nanoparticles before and after 2 hr. 

Start-up Zirconium Hydroxide 

Hydrolysis 

Rxn. 



C D 

(A) HAIX -Zr beads; (B) Closed-up HAIX-Zr beads; (C)the scanning electron 

microphotograph (SEM) of a sliced HAIX-Zr beads (4000x), scale 10 µm.; (D) SEM-EDX 

of  HAIX-Zr show Zr content 10% by mass 

 

B A 

HAIX-

Zr 



(A) Zr nanoparticle embedded in the polymer, (B) HRTEM show the Zirconium particles 

Zr nanoparticles 

Polymer 

Nano-sized Hydrated Zirconium Oxide (HFO) 

Embedded in Parent Anion Exchange Resins (TEM 

of HAIX-Zr) 


