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Sooners Without Borders builds an eco-latrine 

 

for the 2011 WaTER Conference 

Directors: 

David Sabatini 

Yang Hong 

Robert Knox 

Randy Kolar 

Bob Nairn 

The WaTER Center aims to promote peace by 

advancing health, education and economic 

development through sustainable water and 

sanitation solutions for impoverished regions. 
 

Education: 

Å Two core courses: 

Å Water Technologies for Emerging  

 Regions 

Å WaTER Field Methods 

Å U/G minor in ñWater and Sanitation 

For Emerging Regionsò 

 

Service Learning: 

Å Sooners Without Borders (SWB) 

Å International / domestic projects 

Å Open to all majors 

WaTER Directors with 2011 Water Prize winner 

(above) 

Students in Field Methods course (below) 

The WaTER (Water Technologies for Emerging 
Regions) Center 
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Villagers drink fluoride-impacted water in 

Ethiopia Ą dental fluorosis (above) 

Graduate-Level Research: 

Å Ethiopia ï fluoride mitigation using local materials 

Å Collaboration:  OU, AAU,CRS, MCS, Fluoride Mitigation 

Project-Ministry of Water, OSHO; EAWAG / NEERI 

Å Cambodia - arsenic mitigation using local materials 

Å Bolivia ï treatment wetlands for mine-impacted water 

Å Pakistan, East Africa ï climate change impacts on 

droughts/flooding 

Å Technology / Social entrepreneurship / Behavior change ï 

Å Life-cycle analysis and comparison of water source options 

 

Rainwater storage vessels in 

Cambodia 

The WaTER (Water Technologies for Emerging 
Regions) Center 
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Naturally Occurring Arsenic 



Arsenic in U.S. 
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Source: Igrac International ground water assessment center report nr sp 2004-2 

ÅNaturally Occurring Fluoride 
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Fluoride Exposure 

ÅHealth risks of excess fluoride exposure:  

ÅDental fluorosis, skeletal fluorosis, cognitive 
effects 

ÅPositive effects of low level exposure: 

ÅEarly evidence of lower incidents of tooth 
decay with low level of natural fluoride in water 

ÅGrand Rapids, Michigan - fluoride addition 
since 1945; added to toothpaste in 1950s 

ÅIn 2010, 73.9% of the U.S. population used 
public water that is fluoridated (204.3 million) 

Å1962 USPHS - 0.7 ï 1.2 mg/L in water; more 
recently 0.7 mg/L (recognizing other inputs) 
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Distribution of Fluoride Levels 

http://apps.nccd.cdc.gov/gisdoh/waterfluor.aspx 

9 

http://apps.nccd.cdc.gov/gisdoh/waterfluor.aspx


Fluoride Limits / Exposure 

ÅSafe Drinking Water Act (1974):  

Å1975 - First interim guideline: 1.2 to 2.4 mg/L 

Å1984 - MCL = 4 mg/L (skeletal fluorosis); 
SMCL = 2 mg/L (dental fluorosis) 

Å1990s ï reevaluated and retained standard 

ÅUS population exposed (Total = 10 million) 

Å< 1.2 mg/L:  6.7 million 

Å1.3 ï 1.9 mg/L:  1.4 million 

Å2.0 ï 3.9 mg/L:  1.4 million 

Å> 4.0 mg/L:  0.2 million 
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Fluoride treatment methods 

ïAdsorption 
 

Adsorbents used for fluoride removal in the US are: 

ÅAluminum compounds: Activated Alumina (ὝAl2 O3 
or gibbsite -Al(OH)3) 

ÅLanthanum compounds : lanthanum oxide,  

ÅIron compounds preferably goethite (Ὕ-FeO(OH), 
hematite (Ŭ-Fe2O3) and Iron coated sand 

ÅEarly work used bone char (see below) 

 

ïChemical Precipitation  

ïIon exchange  

ïReverse Osmosis 

ïElectro dialysis / electro coagulation 
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Bone char: 

ÅFull scale fluoride removal plants in mid 1900s 

ÅThe most published was the USPHS plant at 

Britton, South Dakota which operated 1953-1971 

(EPA- National Center for Env. Pub - NSCEP).  

ÅThe reported data indicated that this plant 

removed 5 mg/L fluoride with an average media 

capacity of 450 mg/cu.ft. 

ÅActivated alumina subsequently became the 

media of choice 

 

Fluoride Adsorbent:  Bone Char 
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Fluoride Cost Information 

 - Membrane systems 

Å200 membrane based treatment systems 

(Bergman, 1995); treatment costs - $0.25/m3; 

ÅWiesner (1994) quotes $0.3-0.4/m3 

ïElectro-coagulation  

ÅIndia ï (Operational cost = $0.38-0.62/m3) (Gosh 

et al., 2008) 

ïReverse Osmosis  

ÅFinland ï (Operational cost = 0.09ú/m3) (Sehn, 

2008) 

ïNano Filtration 

ÅMorocco- (0.212 ú/m3 for 50,000 water 

consumption per capita) (Elzahar et al., 2009) 
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Arsenic in U.S. 
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Arsenic Exposure 

ÅHealth risks of excess arsenic exposure:  

ÅInjures the cardiovascular, gastro-intestinal and 
nervous systems; skin, bladder, lung, liver  and 
kidney cancer 

 

ÅPositive effects? 

Å"studies to date do not provide evidence that 
arsenic is an essential element in humans." 

Å1975: Interim MCL = 50 ppb 

Å2001: MCL lowered to 10 ppb ï effective 2006  

Å3,000 public water systems affected (11 
million people); > $170 million to comply 
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Arsenic Treatment Technologies 

(EPA, 2003) 
 

ÅModifying Existing Coagulation and Filtration. 

ïSystems using iron or manganese oxidation, or ferric 

chloride/ferric sulfate/alum coagulation plus filtration can 

reduce arsenic by 80 to 95% 

ÅCoagulation / microfiltration 

ïReplaces sand filter with microfiltration 

ÅWater Softening with Lime 

ïWater softening can reduce arsenic by 60 to 90% 

ÅActivated Alumina 

ïActivated alumina can remove arsenic by adsorption 

Å Ion Exchange 

ï Activated alumina can remove arsenic by adsorption 
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ÅElectrodialysis Reversal 

ïElectrodialysis - charge specific membranes selectively 
remove charged ions - can remove about 80% of arsenic. 

ÅReverse Osmosis and Nano-filtration Membranes 

ïRO and NF membranes - 90 to 95% arsenic removal. 

ÅPoint of Use and Point of Entry Treatment 

ïUnder the 1996 Safe Drinking Water Act Amendments, 
point-of-use filters are allowed 

ÅCosts versus Community Size 

ïSmaller systems higher costs - economy of scale  

ïSystems serving 3,300 to 10,000 people may have to pay 
as much as $20 a month per household 

ïSmall systems w/o POU ï up to $100 a month  (Taft, 1998); 
w/ POU - $10 ï 20/month (Thomson et al., 2003) 

ïPOU - RO: $300-$1000; Adsorption: $100-$300 (EPA, 2003) 

 

 
 

Arsenic Treatment Technologies 
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Arsenic Case Studies 

Albuquerque, NM Norman, OK 

Andrews, TX 
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Case Study ï Albuquerque, NM   

ÅServes 520,000 people 

ÅGW ï 92 large 

capacity wells 

ÅArsenic > 10 ppb 

ÅOptions: 

ïSelective pumping 

ïBlending 

ïArsenic removal 

demonstration plant 

ïAlternate water source 

(Albuquerque Water Authority) 
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ÅTreatment Options 

ïIon exchange, coagulation/microfiltration (C/MF), activated alumina 

ÅArsenic removal demonstration plant (C/MF) 

ïMinimizes waste generated from IX and AA 

ïChemical flocculation ï ferric chloride  

ïMicrofiltration 

ï$6.3 million (5.2 MGD) 

(Albuquerque Water Authority) 

Case Study ï Albuquerque, NM   
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Albuquerque ï Long-term Plans 

ÅSan Juan-Chama  

ïConcern:  sustainable 

ground water withdrawal 

ïDiverted river water 38 

miles 

ï$400 million dollars ($160 

million ï WTP) 

ï90 MGD ï 90% of water 

(ground water supplement) 

ïDec 5, 2008 in place 
(Albuquerque Water Authority) 

Case Study ï Albuquerque, NM   
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Case Study:  Norman, OK 

Å Norman ï population ~ 100,000 

Å Water source versus time: 

Å Historically ground water, in 1960s Lake 

Thunderbird completed ï surface water 

with ground water supplement in summer 

Å Arsenic concentrations in ground water 

Å 10 to 40 ppb, below old standard 

Å With lowering of standard to 10 ppb: 

Norman abandoned ~ ½ of gw supply 

Å Other water options proved expensive  

Å Pilot test of bayoxide (granular ferric 

oxide) for arsenic removal 
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Thunderbird Supply 

Distributed Groundwater Supply 

Case Study:  Norman, OK 
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ÅAdsorptive Media (Bayoxide® E33)  

ïDry, crystalline granular  
media  
Åhigh capacity for arsenic 

Ålow pressure drop 

Ålong operating cycles ï  
lower costs 

 

ïNSF Standard 61 Approved. 

ïMedia is non-hazardous and can be landfilled (no 
sewer connection for regenerant disposal). 

 

 

Case Study:  Norman, OK 
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Å  pH Control is Critical to Performance 
(pH where Bayoxide is positive and arsenate is negative) 
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Case Study:  Norman, OK 
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Operation and Maintenance Cost 
Cost Per 1,000 Gallons Treated 

Case Study:  Norman, OK 
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ÅCollective treatment  

ïLocate high arsenic clusters 

ïRealize economies of scale  

ÅOther constituents 

ïChromium, selenium - future regulations? 

ïRobust treatment methods 

ÅConsidering alternate sources 

ïAugment Lake Thunderbird 

ÅWater from SE OK (50 to 100 miles) 

ÅIndirect water reuse ï highly treated wastewater Ÿ watershed 

ïPurchase water from Oklahoma City (treated, untreated) 
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Case Study:  Norman, OK 

2060 Norman Water Plan 
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Monitoring Requirements - Norman 

ÅArsenic / fluoride 

ïFrequency - quarterly (4x per year) to 

once every 3 years depending on past 

data (more often as approach standard) 

ïIf long history of non-detects less often 

ÅPathogens 

ïTotal coliform rule ï 70 samples 

throughout the distribution system each 

month 
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Case Study ï Andrews, TX  

ÅPopulation ~ 11,000 

ÅGround water from the Ogallala Aquifer  

ïarsenic ~ 30 ppb 

ÅTreatment Options 

ïCommunity system: $11 M capital; $5 M yearly O&M 

ïHousehold (drinking water):  $3 M capital; $0.5 M O&M; 

Pilot scale study ongoing (40 homes) 
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Case Study ï Andrews, TX  

ÅInterim solution ï City Hall taps for treated water 

ÅOne of roughly  900 cities (out of original 3,000) 

still pursuing compliance to arsenic rule: 

ïMostly small (<10,000 or even 1,000) 

ïCan apply for extension (up to 9 years ï 2015) 

ïAffordability measure ï 2.5% of U.S. median household 

income ($1200/year or $100/month) 

30 



Federal Funding – Water/Wastewater 

ÅWater Pollution Control Act (1956) ï wastewater 

treatment plants 

ïFederal cost share ï 55% 

ÅClean Water Act (1972) 

ïCost share increased to  75%  

ÅMore recently (wastewater) 

ï1981 ï cost share dropped to 55%  

ï1987 ï cost share phased out; transitioned to state-

administered, federally financed lower rate loans ï must 

be repaid 

ÅDrinking Water State Revolving Fund (1997) 

ïFederally financed reduced interest loans ï repaid 

ïBonds - initial (capital) money, repay with fee increases 
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Lessons Learned 

ÅPeople affected (> 10 million for As/Fl) 

ïMost costly for smallest communities 

ïStandards ï health, costs, detection, etc. 

ÅSolution of choice 

ïDepends on local conditions, preferences 

ïEvolves over time ï costs Ź, availability ŷ 

ÅFunding scenarios 

ïInitially subsidized, then low cost loans 

ÅSubsidy could be federal, state (in emerging 

regions NGOs), etc. 

ïConsider capital, O&M, monitoring costs 
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Sustainable Solutions Implementation 

Model 
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(a) Integrated  / sustainable water solutions (b) Disciplinary feedback / advances 
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The University of Oklahoma  

International WaTER 
Conference  

and  

International Water Prize  
Award Ceremony  

Sept. 23 -25, 2013  
Norman, Okla., USA  

 
 

 

Limited number of international travel 

scholarships will be available! 
Go to “Conference” page at OU WaTER Center 

for more information 

Abstract 

Deadline 

Acceptance 

Notification 

International March 15 April 15 

Domestic USA April 1 May 1 

Two plenary speakers & conference track devoted to fluoride/arsenic mitigation 
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Questions? 
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