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• Describe disinfection

• Describe operational processes of the 

Solar Nanofiltration Unit

• Detail local social justice needs

• Describe ways to participate in a call to 

action.

Learning Objectives PART 3: 
Disinfection & 
Social Justice
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• Chlorine Disinfection
• Solar Nanofiltration Unit
• Environmental Justice

AGENDAPART 3: 
Disinfection & 
Social Justice



Main Disinfectant in the US is Chlorine

Hypochlorite and Cl2 form 

hypochlorous acid (HOCl) 

Hypochlorous acid kills pathogens! 



Chlorine Residual & Breakpoint Plot 



Hauling Water & Safe Chlorine Use

Chief, K., Vasiliki, V., Trahan, A., Wilberg, F. Water Chlorination: What it is, why you 

should do it, and how it's done. The University of Arizona Cooperative Extension



Cholera & John Snow:
Where would you guess a point source of disease would be? 

(annotate)
Adapted From Hempel, B. 2021 CHEE 514 Unit Operations



Zip Code is the most powerful 

predictor of health. And all 

communities and all zip codes are 

not created equal.
- Dr. Robert Bullard



How to address water quality in off-grid 
communities?

One option: solar powered nano-
filtration!

May effectively remove 
contaminants like uranium and 
arsenic

Does not need to be connected 
to electric grid



Community Scale and Household Scale 
Solar NF Unit



Rejection and Recovery

𝑃𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 =
[𝑁𝑎𝐶𝑙]𝐹𝑒𝑒𝑑 − [𝑁𝑎𝐶𝑙]𝑃𝑒𝑟𝑚𝑒𝑎𝑡𝑒

[𝑁𝑎𝐶𝑙]𝐹𝑒𝑒𝑑
𝑥100

Rejection measures percentage of 

NaCl rejected by the membrane

Recovery measures percentage of 

NaCl recovered in the brine

𝑃𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 =
[𝑁𝑎𝐶𝑙]𝐵𝑟𝑖𝑛𝑒 − [𝑁𝑎𝐶𝑙]𝐹𝑒𝑒𝑑

[𝑁𝑎𝐶𝑙]𝐵𝑟𝑖𝑛𝑒
𝑥100Rejection

Recovery



Food-Energy-Water Security & 
Sovereignty

Alleviating insecurities 
require allocation of 
resources (FEW), 
capital($$), policy support 
and technological 
innovation.

Inputs to natural resource 
resiliency includes 

YOU!



Off Grid Technology with Economic 
Benefits

Cost of hauling water: 
$13.3/100 gal (NNDWR, 2011)

Cost of water with Solar Membrane 
Distillation System: $5.6/ 100 gal

5T-529 
Leupp, AZ

Includes operation and maintenance

Cost of water with Solar 
Nanofiltration: $0.8/ 100 gal

Cost of water in Arizona: 
$ 0.20-0.40/100 gal

Brita Filter:

$29.15/100 gal

NTUA residential:

$0.459/100 gal

LifeStraw:

$36.92/100 gal



What is your experience/knowledge of 
Environmental Justice? 

Environmental justice embraces the 

principle that all people and 

communities have a right to equal 

protection and equal enforcement of 

environmental laws and regulations. 

America is segregated and so is 

pollution. Race and class still matter 

and map closely with pollution, 

unequal protection, and vulnerability.
-Robert Bullard



Environmental Racism
in Georgia

I grew up in a neighborhood where surrounding areas 

subjugated to unclean air and dangerous road conditions 

from nearby factories as nearby land was being sold off to 

large developers and went to undergrad where I witness 

similar circumstances. 



Environmental Racism
in Nogales, AZ

Sprouse, Terry W. 

"Equitable 

Management of 

Mexican Effluent in 

Ambos Nogales." 

Journal of the 

Southwest 45.4 

(2003): 595-610.

https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r
https://go-gale-com.ezproxy4.library.arizona.edu/ps/i.do?p=AONE&u=uarizona_main&id=GALE%7CA115972299&v=2.1&it=r


Environmental Racism in Tucson, AZ



Environmental Racism in Navajo Nation

DOI: 10.1007/s13187-020-01831-0

https://doi.org/10.1007/s13187-020-01831-0


Manhattan Project 
Uranium Mining

1944

U.S. Public Health 
Service 

Radiation 
Poisoning 

Experiments 
1951

Establishment of 
U.S. E.P.A. 

1970

Church Rock 
Uranium Mine Spill 

1979

Navajo Nation 
Superfund site 

1994

Diné Natural 
Resources 

Protection Act 
2005

Gold King Mine 
spill 
2015

Navajo Nation, 
NM, GK Mine 

settlement 
2021

Resiliency Road:

Security, Sovereignty & Reparations

3K-5K Diné people working in mines (1944-1986)

3.9M Tons of Uranium ore mined (1944-1989)

Navajo Nation 
EPA 
1995

U.S. & Navajo
EPA 

5 Year Clean 
Up Plan

2008

U.S. & Navajo
EPA 

5 Year Clean 
Up Plan

2014



Reparations Road: Envisioning Resource Equity

Activity 

Rate of 

consumption 

per day 

Per person day 

use (Approx

gallon) 
Drinking 9-10 glasses 0.396301

Handwashing (water off) 4 times 2.113606

Handwashing (water on) 4 times 8.916777

Flushing (low flow) 2 times 5.284016

Flushing (High flow) 2 times 12.15324

Bathing 2 times 63.40819

Shower (5 min.) 1 time 25.09908

Cooking 3 times 1.585205

Washing vegetables fruits 

and utensils
2-3 times 9.511229

Brushing teeth (water off) 2 times 0.528402

Brushing teeth (water on) 2 times 5.284016

Washing clothes 21.13606

Laundry one load 39.89432

Dishwasher 5.019815

Washing dishes by hand 30.11889

Activity

Per person 

day use 

(Approx

gallon)

High Water Use Daily Total 126.354

Conservative Water Use Daily Total 44.51783

Housekeeping Water Use (High) 121.2682

Housekeeping Water Use (Low) 66.0502



Reparations Road: Envisioning Resource Equity

Location

Per 

person 

day use 

(Approx

GALLON)

Per 

person

day use 

(Approx

LITRES)

U.S. Avg 82 310.37

Tucson 112 423.92

Navajo Nation 7 26.49



Water Reparations & Economic Significance

Price per Acre Foot

Water Allocation AFY San Diego ($474) Los Angeles ($111) AZ ($25.38 avg)

Surface water
Little Colorado River 162,900 $77,214,600.00 $18,081,900.00 $4,134,402.00

San Juan River 1,620,000 $767,880,000.00 $179,820,000.00 $41,115,600.00

Groundwater
San Juan Colorado River Basin, 

Utah
81,500 $38,631,000.00 $9,046,500.00 $2,068,470.00

San Juan River Basin, New Mexico 633,000 Diversion $300,042,000.00 $70,263,000.00 $16,065,540.00

327,000 Depletion $154,998,000.00 $36,297,000.00 $8,299,260.00

Total 2,824,400 $1,338,765,600 $313,508,400 $71,683,272

Navajo Nation Water and Wastewater Funding Sources 

https://efcnetwork.org/wp-content/uploads/2019/06/Navajo-Nation-Water-Wastewater-Funds-2019.pdf


Environmental Justice Movement

We acknowledge that 

we are on the original 

homelands of 

indigenous peoples who 

have stewarded this 

land, environmental 

and 

economic justice 

movements since 

time immemorial.

https://www.ienearth.org/regenerativeeconomy/

https://www.ienearth.org/regenerativeeconomy/


Navajo Nation Water Security & Sovereignty



https://videohall.com/p/2071

Native Voices in FEW & STEM

https://videohall.com/p/2071

https://videohall.com/p/2071


Shift to Indigenous Centric Research

The University of Arizona

Quality in research practice requires a shift from the current extractive 

model to studies by and with Indigenous community members.



Individual Within The Whole

Culture, Community and 

Family are all connected by 

the individual.

Identifying your strengths are 

the greatest thing to do 

oneself and others.



There are MANY ways to address 
Environmental Racism

• Have uncomfortable conversations and start a dialogue

• Create maps on areas where we have seen environmental racism
• Identify stakeholders who are already doing the work

• Advocate for Policy
• Contact your Representative 

• Identify stakeholders who are already doing the work
• ID issues, have conversations, protests/lobbying, get public attention, make 

noise!

• How to make our technical skills available to what is already going on in 

the community

• Participate in local issues and give your input:
• Listening and planning sessions

• Chapter House meetings



Indige-FEWSS Team

Karletta Chief

Environmental Science

Robert Arnold
Chemical & Environmental Engineering

Benedict J. Colombi
American Indian Studies

Murat Kacira
Biosystems Engineering

Vasiliki Karanikola
Chemical & Environmental Engineering

Kimberly Ogden
Chemical & Environmental Engineering

Erin L. Ratcliff
Chemical & Environmental Engineering

Valerie Shirley
Teaching, Learning and Sociocultural Studies

Kelly Simmons-Potter
Electrical & Computer Engineering; Optical 
Sciences

Benita Litson and Bryan Neztsosie
Diné College, Land Grant Office

Cara Shopa, Program Coordinator Torran Anderson, Outreach Coordinator



Food Module Authors
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Energy Module Authors
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• Dr. Kelly Simmons-Potter
Module Lead

Electrical & Computer Engineering

• Kyle Boyer
Electrical & Computer Engineering

• Manuelito Chief
Electrical & Computer Engineering

• Frances Willberg
Electrical & Computer Engineering

• Anna Rich 
Material Science & Engineering

• William Borkan 
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Water Module Authors
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Environmental Science
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Chemical & Environmental Engineering
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Chemical & Environmental Engineering
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• Sarah Abney
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• Ciara Lugo
Chemical & Environmental Engineering
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Indigenizing Curriculum 
Contributors

35

• Dr. Valerie Shirley
Teaching, Learning and 
Sociocultural Studies

• Dr. Karletta Chief
Environmental Science

• Torran Anderson
Community Engagement 

Coordinator

• Nikki Tulley 
Environmental Science

• JoRee LaFrance 
Environmental Science

• Marquel Begay 
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This material is based upon work supported by the National Science Foundation under Grant #DGE1735173.

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of the National Science Foundation

The UArizona Indige-FEWSS NSF NRT 
would like to thank you for joining us today!

A NSF funded program in partnership with Diné College.
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