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Q] College of Engineering
The WaTER (Water Technologies for Emergi
Regions) Center

The WaTER Center aims to promote peace by
advancing health, education and economic
development through sustainable water and
sanitation solutions for impoverished regions.

. Directors:
Education: David Sabatini
A Two core courses: Yang Hong
A Water Technologies for Emerging Robert Knox WaTER Directors Wi(tgbzo?/g Water Prize winrger
Regions Randy Kolar Students in Field Methods course (below)
A WaTER Field Methods Bob Nairn ¥
AU/ G minor in AWater —— : i .
For Emerging Regi‘ ca l ?
&

Service Learning:

A Sooners Without Borders (SWB)
A International / domestic projects
A Open to all majors

Sooners Without Borders builds an eco-latrine Q -

for the 2011 WaTER Conference



Q] College of Engineering
The WaTER (Water Technologies for Emergi
Regions) Center

Graduate-Level Research:
A Ethiopia i fluoride mitigation using local materials

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

Project-Ministry of Water, OSHO; EAWAG / NEERI

Cambodia - arsenic mitigation using local materials
Boliviai treatment wetlands for mine-impacted water
Pakistan, East Africa 1 climate change impacts on
droughts/flooding
Technology / Social entrepreneurship / Behavior change i
Life-cycle analysis and comparison of water source options

To o Do Do I

 cultural assessment /
behavior change

Rainwater storage vessels in Villagers drink fluoride-impacted water in
Cambodia Ethiopia A dental fluorosis (above) 4
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Arsenic In U.S.
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Fluoride Exposure

A Health risks of excess fluoride exposure:

ADental fluorosis, skeletal fluorosis, cognitive
effects

A Positive effects of low level exposure:

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

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

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

A 1962 USPHS - 0.7 1 1.2 mg/L in water; more
recently 0.7 mg/L (recognizing other inputs)




Milligrams/Litre
[[]<0.7 mg/L

B 0.7 to 1.2 mg/L
1.2 10 2.0 mg/L
B >2.0mglL

Based on 2006 National Fluoridation Report

http://apps.nccd.cdc!
—

bov/gisdoh/waterfluor.aspx



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

Q| Fluoride Limits / Exposure

A Safe Drinking Water Act (1974):
A 1975 - First interim guideline: 1.2 to 2.4 mg/L

A1984 - MCL = 4 mg/L (skeletal fluorosis);
SMCL =2 mg/L (dental fluorosis)

A1990s i reevaluated and retained standard

A US population exposed (Total = 10 million)
A< 1.2 mg/L: 6.7 million
A1.37 1.9 mg/L: 1.4 million
A2.07 3.9 mg/L: 1.4 million
A> 4.0 mg/L: 0.2 million




Q| Fluoride treatment methods

I Adsorption

Adsorbents used for fluoride removal in the US are:

AAl umi num compounds: AO; il
or gibbsite -Al(OH),)

ALanthanum compounds : lanthanum oxide,

Al ron compounds pr €Gd0OH) b | Jy
hematite (U-Fe,O;) and Iron coated sand

AEarly work used bone char (see below)

I Chemical Precipitation

I lon exchange

I Reverse Osmosis

I Electro dialysis / electro coagulation




Q| Fluoride Adsorbent: Bone Char

Bone char:

AFull scale fluoride removal plants in mid 1900s

AThe most published was the USPHS plant at
Britton, South Dakota which operated 1953-1971
(EPA- National Center for Env. Pub - NSCEP).

AThe reported data indicated that this plant
removed 5 mg/L fluoride with an average media
capacity of 450 mg/cu.ft.

AActivated alumina subsequently became the
media of choice




Q| Fluoride Cost Information

- Membrane systems

A200 membrane based treatment systems
(Bergman, 1995); treatment costs - $0.25/m3;

AWiesner (1994) quotes $0.3-0.4/m?3
I Electro-coagulation

Alndia i (Operational cost = $0.38-0.62/m?3) (Gosh
et al., 2008)

I Reverse Osmosis

AFinland i (Operational cost = 0.090/m?3) (Sehn,
2008)

I Nano Filtration

AMorocco- (0.212 G/m3 for 50,000 water
consumption per capita) (Elzahar et al., 2009)




Arsenic In U.S.




Arsenic Exposure

A Health risks of excess arsenic exposure;

Alnjures the cardiovascular, gastro-intestinal and
nervous systems; skin, bladder, lung, liver and
Kidney cancer

A Positive effects?

A"studies to date do not provide evidence that
arsenic Is an essential element in humans.”

A 1975: Interim MCL = 50 ppb
A 2001: MCL lowered to 10 ppb i effective 2006

A 3,000 public water systems affected (11
million people); > $170 million to comply




Q] Arsenic Treatment Technologies

(EPA, 2003)

A Modifying Existing Coagulation and Filtration.

I Systems using iron or manganese oxidation, or ferric
chloride/ferric sulfate/alum coagulation plus filtration can
reduce arsenic by 80 to 95%

A Coagulation / microfiltration
I Replaces sand filter with microfiltration
A Water Softening with Lime
I Water softening can reduce arsenic by 60 to 90%
A Activated Alumina
I Activated alumina can remove arsenic by adsorption
A lon Exchange
I Activated alumina can remove arsenic by adsorption




Q] Arsenic Treatment Technologies

A Electrodialysis Reversal

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

A Reverse Osmosis and Nano-filtration Membranes

T RO and NF membranes - 90 to 95% arsenic removal.
A Point of Use and Point of Entry Treatment

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

A Costs versus Community Size
I Smaller systems higher costs - economy of scale

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

- Small systems w/o POU T up to $100 a month (Taft, 1998);
w/ POU - $10 1 20/month (Thomson et al., 2003)

" POU - RO: $300-$1000; Adsorption: $100-$300 (EPA, 2003)
17




Ql Arsenic Case Studies

Albuguerque, NM Norman, OK
Andrews, TX




Ql Case Study T Albuquerque, NM

A Serves 520,000 people

A GW i 92 large
capacity wells

A Arsenic > 10 ppb

A Options:
I Selective pumping
" Blending

I Arsenic removal
demonstration plant

I Alternate water source

(Albuquerque Water Authority

19




Ql Case Study T Albuquerque, NM

A Treatment Options
I lon exchange, coagulation/microfiltration (C/MF), activated alumina

A Arsenic removal demonstration plant (C/MF)
Minimizes waste generated from IX and AA

Chemical flocculation 7 ferric chloride
Microfiltration

' $6.3 million (5.2 MGD)

The Arsenic Removal Demonstration Plant Process

Add Ferric Chloride Microfilter Add Storage Tank
(arsenic particles attach  (screens outenlarged  Sodium Hydroxide - — )
to this substance) arsenic/iron particles) (adjusts pH)

| Well | i Strainer l
Rapid Mixer i, Static Micer

Backwash water Backwash water
(periodically cleans microfilter) & solids,




Ql Case Study T Albuquerque, NM

Albuquerque T Long-term Plans

A San Juan-Chama e—
: PSW /. 26Miles of Tunnels

" Concern: sustainable ALK - — - — - —
ground water withdrawal

" Diverted river water 38
miles g (i
Wb o iquiu
i $400 million dollars ($160 s ook
million 7 WTP)

- 90 MGD 1 90% of water
(ground water supplement)

" Dec 5, 2008 in place

(Albuquergque Water Authority)




@  Case Study: Norman, OK

A Norman 1 population ~ 100,000
A Water source versus time:

A Historically ground water, in 1960s Lake
Thunderbird completed | surface water
with ground water supplement in summer

A Arsenic concentrations in ground water
A 10 to 40 ppb, below old standard

A With lowering of standard to 10 ppb:
Norman abandoned ~ %2 of gw supply

A Other water options proved expensive

A Pilot test of bayoxide (granular ferric
oxide) for arsenic removal
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@  Case Study: Norman, OK

A Adsorptlve Media (BayOX|de® E33)

I Dry, crystalline granular
media
A high capacity for arsenic
Alow pressure drop
Along operating cycles i
lower costs

I NSF Standard 61 Approved.

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




@  Case Study: Norman, OK

A pH Control is Critical to Performance
(pH where Bayoxide Is positive and arsenate Is negative)

50 — 14
45 == Start-up and Optimization
O .
2 40 Period - 12
o

O ! ! ! 2

Q) Q) Q)

S S S 3
& ) N x4
-—\\/ell-Head = Product Water o = nH




@  Case Study: Norman, OK

Operation and Maintenance Cost
Cost Per 1,000 Gallons Treated

$5.00 e,

%
$4.00 $4.47
$3.00

$2.00

$1.00 .
$0.00 .

Arsenic Treatment T-Bird Treatment OKC Water

26




Q

2060 Norman Water Plan

A Collective treatment
I Locate high arsenic clusters
I Realize economies of scale

A Other constituents

I Chromium, selenium - future regulations?
I Robust treatment methods

A Considering alternate sources

I Augment Lake Thunderbird
A Water from SE OK (50 to 100 miles)
A Indirect waterreusei hi ghly treated wast

I Purchase water from Oklahoma City (treated, untreated)

27




Q| Monitoring Requirements - Norman

A Arsenic / fluoride

I Frequency - quarterly (4x per year) to
once every 3 years depending on past

I If long history of non-detects less often

A Pathogens

I Total coliform rule T 70 samples
throughout the distribution system each
month




Ql Case Study T Andrews, TX

A Population ~ 11,000

A Ground water from the Ogallala Aquifer
I arsenic ~ 30 ppb
A Treatment Options
I Community system: $11 M capital; $5 M yearly O&M

i Household (drinking water): $3 M capital; $0.5 M O&M,;
Pilot scale study ongoing (40 homes)

7




Ql Case Study T Andrews, TX

A Interim solution i City Hall taps for treated water

A One of roughly 900 cities (out of original 3,000)
still pursuing compliance to arsenic rule:
I Mostly small (<10,000 or even 1,000)
I Can apply for extension (up to 9 years i 2015)

I Affordability measure 1 2.5% of U.S. median household
income ($1200/year or $100/month)




%Federal Funding — Water/Wastewater [ # 3%

A Water Pollution Control Act (1956) i wastewater
treatment plants

I Federal cost share i 55%

A Clean Water Act (1972) i
i Cost share increased to 75% s o 1" “
m lm

A More recently (wastewater) ’m
I 198171 cost share dropped to 55%

I 19871 cost share phased out; transitioned to state-
administered, federally financed lower rate loans i must
be repaid

A Drinking Water State Revolving Fund (1997)

I Federally financed reduced interest loans T repaid
I Bonds - initial (capital) money, repay with fee increaseg




Q| Lessons Learned

-'\w.

A People affected (> 10 million for As/Fl) ,m iil "m 1
I Most costly for smallest communities | 1 \
| Standards i health, costs, detection, etc.

A Solution of choice
i Depends on local conditions, preferences g~
i Evolves overtimei cost s Z, k
A Funding scenarios

I Initially subsidized, then low cost loans

A Subsidy could be federal, state (in emerging
regions NGOs), etc.

I Consider capital, O&M, monitoring costs




Sustainable Solutions

Anthropology / Anthr_opology /
Behavior Change Behavior Change

s . _ Engineering /
"gw:f; 'rnS/ Business / Social Water

Techriologies Entrepreneurship Technologies

Business / Social
Entrepreneurship

(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

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

IR
Deadline Notification
International March 15 April 15

Domestic USA April 1 May 1
Limited number of international travel

scholarships will be available!

Go to “Conference” page at OU

for more information .
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