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• Describe and define what 
chemical and microbial 
contaminants in water are and 
how they affect public health

• Describe operational processes of 
potable water treatment

LEARNING OBJECTIVES

PART 2: 
Water Treatment 

Here & Now



• Chemical Contaminants
• Microbial Contaminants
• Water Treatment for Chemical 

Contaminants
• Water Treatment for Chemical 

Contaminants

AGENDA

PART 2: 
Water Treatment 

Here & Now



Metric Conversion



Chemical 
Contaminants

• Common 

Contaminants of 

Concern

• Effects on 

Human Health

• Sources



● Heavy Metals

● Organic Molecules

● Glucose

● Some carcinogens

● pH
● Conductivity

● How well water conducts electricity
● Dependent on dissolved ions and 

temperature

● Hardness

● Calcium and Magnesium

● Turbidity (Color)

Common Contaminants 
of Concern

Chemical & Engineering News

https://cen.acs.org/environment/water/Arsenic-metals-contaminate-Navajo-Nation/97/web/2019/08


Microbial 
Contaminants

• Microbes & 

Pathogens

• Transmission

• Human Health 

Effects & 

Sources



Microbes: To be Pathogenic or not to be? 

Not all microbes are bad!

FUN FACT: Less than half of the cells in your body are 

human (~30 trillion) … they are actually microbes (~39 

trillion)

Pathogenicity: the ability of an infectious agent to cause 

disease.

Opportunistic Pathogen: a pathogen that causes disease 

only when host resistance is impaired.

Infectivity: the ability of an infectious agent to infect.

Toxigenicity: the ability for a pathogen to produce a toxin to 

contribute to development of disease

Virulence: the quantitative ability of an agent to cause 

disease/death



The Microbes Matrix: Water-based v. Waterborne



Microbes: Where did you come from, 
where do you go?

Avenues of environmental contamination

https://link.springer.com/article/10.1007/s12665-016-6189-x


Microbes: 
Where did you come from, where do you go?

Human/Animal exposure

https://www.vectorstock.com/royalty-free-vector/disease-transmission-types-12-vector-32352881


COVID-19 and Water Quality:
Pathogen to Pandemic 

Pathogenicity Vs. Virulence Food-Energy-Water-Pandemic 

intersection

https://www.nytimes.com/interactive/2020/world/asia/china-coronavirus-contain.html
https://www.cepal.org/en/insights/part-played-natural-resources-addressing-covid-19-pandemic-latin-america-and-caribbean
https://www.cepal.org/en/insights/part-played-natural-resources-addressing-covid-19-pandemic-latin-america-and-caribbean


Treatment of 
Chemical 
Contaminants

• Coagulation and 

Flocculation

• Sedimentation

• Granular Media 

Filtration

• Membrane 

Filtration

Cutter Lateral Water Treatment Plant

Off-grid Solar Desalination

https://www.the-journal.com/articles/new-water-plant-completed-in-northwest-new-mexico/
https://nextgensd.com/solar-desalination/


Examples of Water Treatment Systems

Potable 

Water

Non-

Potable 

Water

Coagulation Flocculation Sedimentation

Media 

Filtration/ 

Membrane 

Filtration

Disinfection

Non-

Potable 

Water

Microfiltration Potable 

Water
DisinfectionNanofiltration



Coagulation and Flocculation

Ideal for removing 

suspended solids

Coagulation

• Addition of 

chemicals to destabilize 

particles for flocculation

Flocculation

• Process of bringing 

the particles together so that 

they aggregate into larger 

particles



Sedimentation

The University of Arizona

Occurs after coagulation and 

flocculation

• Very basic process where 

particles settle to bottom of a 

tank because it has very little/no 

flow or disturbance

• The water resides here for time 

periods ranging from 2 to 8 

hours and flocculated particles 

settle out as a sludge.

• Can be used in water treatment 

plants, but also at any scale



Coagulation, Flocculation, and Sedimentation 

Example

EnduraMaxx Fluid Management Innovation

https://bit.ly/3fvDXiD


Granular Media Filtration

• Primarily used for organic 

molecules

• Considered ancient 

technology

• Improves taste

• Can use a variety of 

different media, including 

sand, activated carbon, 

and anthracite (a kind of 

coal)

Fernandes, Ana & Gomes, Henrique & Campello, Eduardo M. B. & Pimenta, 

Paulo. (2017). A Fluid-Particle Interaction Method for the Simulation of Particle-

Laden Fluid Problems. 10.20906/CPS/CILAMCE2017-0139.

https://www.researchgate.net/figure/Examples-of-granular-materials-presenting-the-distinctions-between-them-Images_fig2_321503938
https://www.researchgate.net/figure/Examples-of-granular-materials-presenting-the-distinctions-between-them-Images_fig2_321503938
https://www.researchgate.net/figure/Examples-of-granular-materials-presenting-the-distinctions-between-them-Images_fig2_321503938


Membrane Filtration

• Uses Semipermeable membranes
• Separate constituents based on 

physical properties (ex. size) and 
chemical properties (ex. charge)

• Used for removing dissolved 
contaminants that cannot be 
removed by pervious methods

• Used to remove heavy metals 
and salts

Concentrate

Feed

Permeate Carrier

Active membrane 

layer

Feed/Brine 

Spacer

Product



Membrane Filtration

• Uses Semipermeable membranes
• Separate constituents based on 

physical properties (ex. size) and 
chemical properties (ex. charge)

• Used for removing dissolved 
contaminants that cannot be 
removed by pervious methods

• Used to remove heavy metals 
and salts

Concentrate

Feed

Permeate Carrier

Active membrane 

layer

Feed/Brine 

Spacer

Product



Contaminants removed depend on 
membrane characteristics





Treatment of 
Microbial 
Contaminants

• Size Exclusion

• UV Disinfection

• Chlorine Dose 

and Time

Cutter Lateral Water Treatment Plant

Off-grid Solar Desalination

https://www.the-journal.com/articles/new-water-plant-completed-in-northwest-new-mexico/
https://nextgensd.com/solar-desalination/


Size Exclusion is Inclusive

• ----



UV Disinfection



A Mathematical Approach to Dose and Time

CT = concentration x time

Log inactivation:

Log 2 = 99%

Log 3 = 99.9%

Log 4 = 99.99%

Log 5 = ???

What would Log 5 be in 

percentage(%)?
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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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