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LEARNING OBJECTIVES

Describe and define what
chemical and microbial
contaminants in water are and
how they affect public health
Describe operational processes of

~ potable water treatment
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AGENDA

Chemical Contaminants
Microbial Contaminants
Water Treatment for Chemical
Contaminants

Water Treatment for Chemical
Contaminants

‘Here & Now ™
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-
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Metric Conversion

Prefix Abbreviation Scientific notation | Equal to this many
base units

tera 1 x 10" 1,000,000,000,000
giga G I x 107 1,000,000,000
mega M 1 x 10° 1,000,000
kilo k 1 x 10° 1,000
hecto h 1 x 10° 100
deka da 1 x 10 10

Base unit Whatever unit 1 1
deci d 1 x 10! A
centi 1 x 107 01
milli 1x107 001
micro 1x10° 000001
nano 1 x 107 000000001
pico 1 x 10" 000000000001
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Chemical
Contaminants

Contaminants of B == 9
Concern
« Effects on
Human Health
e Sources
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Common Contaminants

WATER FROM of Concern
THIS WELL ® Heavy Metals

IS NOT SAFE RAYLEEUISI/eI
TO DRINK ® Glucose

® Some carcinogens

0 i a1

. wat rhas been teé P -

o exce Navaio 3 s.EPA @ ® Conductivity

A humm drmking wate “for ), ° (i

uranium do 2 ;,&_}_ﬁ How well water .conducts: electricity
- : ® Dependent on dissolved ions and
temperature
® Hardness

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

Microbial -
Contaminants 3 '\

* Microbes &
Pathogens

 Transmission

« Human Health
Effects &
Sources
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Microbes: To be Pathogenlc or not to be?

B
3t TR R,

Not aII microbes are bad!

|
' FUN FACT: Less than half of the cells in your body are
human (~30 trillion) ... they are actually microbes (~39
~ trillion)

adaptability ~ Pathogenicity: the ability of an infectious agent to cause
s - disease.
polyextremotolerance . 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

Ll W P

il B PERTRESNIINSRE S

water treatment,
’-bgrowth within
~distribution systems

of water sources

! contaminaton
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The Microbes Matrix: Water-based v. Waterborne

Water-based pathogens

Waterborne pathoges

Originate in water

Originate in fecal matter

Primarily transmitted by direct water
* contact or inhalation

Primarily transmitted by ingestion

- Not transmitted person-to-person

Transmitted person-to-person

Example diseases: respiratory illness,
| conjunctivitis, Legionellosis, skin and
. wound infections

Example diseases: diarrhea, vomiting, hepatitis,
meningitis, cholera, kidney failure, paralysis,
myocarditis

Example pathogens: Legionella
pneumophila, Pseudomonas aeruginosa,
Naegleria fowleri, Mycobacterium

Example pathogens: norovirus, hepatitis A virus,
E. coli 057:H7, Campylobacter species, Vibrio
cholera, Shigella, Salmonella

~ Monitored via direct source sampling

Monitored via bacterial indicators (i.e., fecal
and total coliforms)

4 Immunocompromised populations more
susceptible to infection and adverse

o ,' outcome

Infections common in immunocompromised
and immunocompetent hosts

e
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Microbes: Where did you come from,

where do you go?

Insufficient wastewater treatment,
pathogens into receiving waters Pathogens from wild
life and humans into

recreational waters

@n)

\ . Storm

D 1 '.
m
water runoff

Leaking sewers
,;mnmnnu ‘

w Apphcatnon of manure

T and sludge gy,

I e

Leakage from
septic tanks
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https://link.springer.com/article/10.1007/s12665-016-6189-x

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

BY AIR @@\

INFECTED \ —— —w» HEALTHY
PERSON PERSON

%‘ BY FOOD  ———

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

Bird flu
MERS Ebola
10 SARS
Spamsh JTH—
1
0.1- @ o

Seasonal flu

: New coronavirus
: Estimated range

Polio

Common cold

COVID-19 and Water Quality:

Pathogen to Pandemic

-
*

!

Deadlier
Fatality rate,
log scale

Smallpox

More contagious —
People infected
by each sick person

Measles

Chickenpox

~ R

Access to drinking water in
order to be able to wash hands
and limit the spread of disease

WATER

: 7, Access to electricity is

fundamental for Protect ecosystems

BIODIVERSITY | to reduce the risk of

hnﬂ::;::';'s";:g ELECTRICITY future zoonoses
hospitals V
Limited movement and > A

AGRICULTURE | ensure the population’s

food security

reduced use of
transportation have
reduced CO, emissions

I To provide food to

MINERALS

Part of essential
production chains and for

5 10

. P X 7w

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

Potable
Water

A
T
i

~— P

Flocculation

Sedimentation

Examples of Water Treatment Systems
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Coagulatlon and Flocculatlon

R GO, 5 SN

ldeal for removing Coagulaﬂon Flocculation
~suspended solids

Coagulation &, Q_)

» Addition of — o — =

chemicals to destabilize
particles for flocculatlon
»--FIOtcuIatlon , .
» Process of bringing :
the particles together so that 2
- they aggregate into Iarger |
partlcles | |

- — Slow.
rotation

~ . 3 " >
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Sedimentation

.V T
Occurs after coagulatlon 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 25 i il SR SR, agPROR Ao 2 N
— g’ [ ;‘ e o b %

S S

—

G

T

SR |

A Yy
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Coagulation, Flocculation, and Sedimentation

Example

Rapid Mixing Gentle Mixing 4
o
=

. ) o ’-‘ ——

| &
* .’ s ?
o W KT

Suspended solids Coagulation Flocculation Sedimentation

=ty R T

e/
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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

- Lo, "1 s SN
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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

.f ! '.. ' .,"
DA B3 RV _ By 5

Uses Semlpermeable membranes
Separate constituents basedon |

3
Feed/Brine |

/ Spacer

chemical properties (ex. charge)
Used for removing dissolved
contaminants that cannot be
removed by pervious methods

rermeate carier [ © Used to remove heavy metals
Q@tévre membrane 5 and salts

':}fﬂ‘““ff"v*} & R T S k"
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Membrane Filtration

AT L i

l’ressure Uses Semipermeable membranes |

Higher =
contaminant | ¢ Separate constituents based on

concentration ” - s
physical properties (ex. size) and
. chemical properties (ex. charge)
yee 4 o« semipermeable ! * Used for removing dissolved
S E R SE . membrane |~ &
5 / ~ _contaminants that cannot be
: | :
| o ~  removed by pervious methods
€ @
: e Used to remove heavy metals
. e Lower F y
contaminant and salts

concentration

-—
e
-~

N

@
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Contaminants removed depend on
membrane characteristics

Classification of Membrane Filtration

MF UF NF RO
(Microfiltration) (Ultrafiltration) (Nanofiltration) (Reverse Osmosis)

Pore size  01~5mm 1~100 mm <(2mm <{Tmm
Suspended
particles ‘
Macromolecules
(Protein) Q

Sugars, ehorat, T =

divalent ions r——— - R .
O S e

. QO
Monovalent ions )

OOO

Water O
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- What is reverse Osmosis (or
nanofiltration)?
o

P P
!
[

OSIMOSIS equilibrium  reverse osmosis
TCWT <TlH P=ATT P>ATT

@THE UNIVERSITY - Rl PN
OF ARIZONA ‘,‘P.'\"~ : _'A o '.-_1 > . . .‘,‘




Treatment of
Microbial

Contaminants

» Size Exclusion

* UV Disinfection

* Chlorine Dose
and Time

i

' { (]
T

= SR e

~ Offgrid Solar Desalination



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

Y

Process Microfiltration Nanofiltration
T 1 1 i Ultrafiltration Reverse Osmosis
Aqueous Milk Proteins  E-Coat Pigment ’ Broth Ceils | l
l o A [ ‘ w® ' i e ~
ed Blood Cells h .
RL"L.‘.d\'L" ‘ Gelatin . | Fat Micelles .(”‘ %‘vﬁ 5 Py .'
\-te L'l Metal lon I Bacterla | e Q, ‘
3 Endotoxin Pyrogen | Activated
"o 3 Ol Emulsion Carbon
Cetent - | e | &* E. col — > o
[daverialy "Dyes Virus n d%:rbye Cryptosporidium A Oil ¥ Proteins <& Small
| | [ | © Macromolecules Compounds
lﬁf{;‘:?") w Gé a/r«.:na Human Hair © Colloids
| | | | [ @ Suspended
Microns 0.001 0.01 0.1 10 10 100 1000 Particles
| | | | |
W 100 200 1,000 20,000 100,000 500,000 {MM 5 MM

| | |
Note: 1 micron (micrometer) = 4 x 10-5 inches = 1 x 104 Angstrom units © 2004 - Koch Membeane Systems
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UV Disinfection

Table 19.3 UV Radiation Advantages and Disadvantages

Advantages Disadvantages

Excellent germicidal qualities Turbidity levels affect UV radiation’s
ability to disinfect, allowing possible
microbial survival

- -

Effectively destroys microorganisms Maintenance includes regular tube ?".: -

cleaning and replacement as needed; i

periodic acid washing removes 5

B chemical buildup 5
% Use in hospitals, biological testing Extremely hazardous to the eyes; s

| facilities, and many other similar requires proper eye protection = ey

locations for sterilization means R >

| effectiveness is well tested a3 'f;'._’:'

Ballast

Water
Qutlet

Wastewater
flow path

Wastewater Disinfection, Washington, DC, 1986, p. 158.)
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A Mathematical Approach to Dose and Time

Required

Ctorlt Combined chlorine

Free chlorine

Chlorine dioxide

UV Light

" o000 T

Hepatitiz A

I@THE UNIVERSITY
OF ARIZONA

Log inactivation:

Log 2 = 99%

Log 3 = 99.9%
Log 4 = 99.99%
Log 5 = ???

What would Log 5 bein
percentage(%)?
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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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This material is based upon work supported by the National Science Foundation under Grant #DGE1735173.

THE UNIVERSITY OF ARIZONA
RESEARCH, INNOVATION & IMPACT

Arizona Institutes
for Resilience

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
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