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Global total water and fresh water reserves
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The hydrologic cycle
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Discharge: 400 MGD
Maximum Treatment Capacity: 100 MGD




Fresh Water

A Body composition
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A Basic requirements for safe water
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A20c50 liters/capita/day for cooking and basic hygiene



Distribution of US Domestic Household Water Use

Use Gallons/capita/day Percent of total

Toilet flushing 23 40

Body washing 20 37
Drinking 3 5
Laundry 4 7
Dishwashing 4 7
Garden watering 3 5

Car washing 1 2

Total 58 100

All other* 1359

*|rrigation, livestock, commercial, industry, mining, etc.




Access to Water and Sanitation

More people haove occess to safe drinking water and sanita-
tion than ten years ago but population growth has eclipsed
these accomplishments. One sixth (1.1 killion) of the warld
population locks access to improved water supply, two-titth
|2.4 killien) have no improved sanitation. Maost of these

pecple live in Asia and Africa. Rural services lag far behind
urban services.

Water supply Sanitation
Distribution of Distribution of
unserved population unserved population
2% 7% 2% 5%

13%

B3%

80%

Total unserved: 1.1 killion Total unserved: 2.4 billion

] Eumpa O Latin America/Caribbean O akrica B Asia
Source: WHO/UNICEF 2000




Current Water Issues

A Vulnerability of surface water to:
I Drought (not replenished); i.e., lakes, reservoirs
I Diversion of rivers for agricultural and urban use
A Declining groundwater levels
I Failure to replenish
I Compaction of aquifers
| Saltwater intrusion
A Surface water pollution from nonpoint sources
A Groundwater pollution
A Increasing competition for water supplies
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Freshwater Stress

Wator withdrawal as porcentage of 1otal avallable
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Ground Water Contamination
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Point and norpoint sources of surface water
contamination




Classes of Water Pollutants

Oxygen-demanding wastes

Plant and animal material

Infectious agents

Bacteria, viruses, protozoans

Plant nutrients

Fertilizers: nitrates, phosphates

Organic chemicals

Pesticides, detergents

Inorganic chemicals

Acids from coal mine drainage, inorganic
chemicals from steel plants

Sediment from land erosion

Clay silt on stream beds

Radioactive substances

Waste products from mining and
processing

Heat from industry

Cooling water used in steam generation of
electricity




Major causes of stream and river pollution

17% Municipal sources

Nonpoint
sources
65%

9% Industrial sources

6% Dredge and landfill

3% Unknown



Typical Contaminants Found in Raw Water

Typical contaminants found in raw water that need to be removed to
meet specific water quality criteria

Class Groundwater Surface water
. Branches, leaves, algal mats,
Bulky materials None : . 9
soil particles
Microorganisms, trace Clay, silt, organic materials,
Colloidal materials organic and inorganic pathogenic organisms, algae,
material other microorganisms
Class Groundwater Surface water
: : . : Organic compounds,
Dissolved Fe, Mn, hardness ions, inorganic o :
) : tannic acids, harness ions,
materials salts, trace organic compounds

inorganic salts

Dissolved gases

Carbon dioxide, hydrogen sulfide

Immiscible liquids

Oils and greases




Water-borne diseases



Cholera Bacteria

A Cholera(Vibrio cholera)
(infection of the small intestine)

2000 = 140,000 cases in Africa

2007 = Iraq, 22 dead and 4,569 |ll.

2007 = Orissa, India, 2,000 admitted to hospital
2008 = Iraq, 644 cases and 8 dead :
2008 = Vietnam, 377 cases positive, 2,490 cases of acute diarrhoea

Hnny [/ 2y32Qa&8 NBFdASS Ol YL np Ol aSa Lk
2008 = Zimbabwe 96,591 cases and 4,201 dead

2009 = South Africa, 2276 cases, 19 died

2010 = 6400 cases, 52 deaths (due to heavy rainfall and poor sanitation) in Nigeria



Distribution of Cholera in the world




British Empire (1919 AD) at its greatest extent




Botulism

160 foodborne botulism events in USA
with a casatality rate of 4%

Clostridium botulinum



Botulism types:

Most infants (83.4%) had illness cavsed by type A toxin, while 10.7% had illness
caused by type B toxin; and 0.9%% had illness caused by C. butyricum type E toxin.

10.7

0.9

Type A baxin Type B loxin C. bulyricum bype E toxin




Decade of initial outbreak of

type C avian botulism in wild
birds

[ 1900s
[ 1910s
I 1920s
[ 1930s
B 1940s
[ 1950s
1960s

[ 1970s az
I 1980s }
I 1990s

2000s

Countries where type C avian botulism has occurred in wild birds (through 2003)




A famous botulism episode

In June 2007, 8 people contracted botulism
Poisoning in Georgia.
This Caused

Respiratory failure

Blindness

Paralysis




Typhoid(Salmonella typhii)

Person with typhoid fever carry the
bacteria in their blood stream



Incidence of typhoid fever
red = strongly endemic
brown = endemic

grey = sporadic cases



Death Rate for Typhoid Fever
United States, 1900-1960
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Typhoid Deaths
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Hepatitis A

Hepatitis A Risk Areay
T]rm Fever Moderate Risk Area

Hepotitis A Risk Area,/
Tyubeid Fever High Risk Area
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Cryptosporidium parvum

A obligate intracellular parasite, measuring abous gm.
A live in the intestinal tracts of fishes, reptiles, birds, and mammals

A species or strain infecting the respiratory system is not currently
distinguished from the form infecting the intestines



Rota virus

A Rotavirusis the most common cause of severe diarrhoea among infants

and young children
A The virus is transmitted by the faeaaial rout. It infects and damages the
cells that line the small intestine and causes gastroenteritis




Hospitalization worldwide due to Rota virus, 2009




Under-5 mortality rate due to rotavirus disease
per 100,000 population (<5 years of age)

[ ] =10 deaths per 100,000
[ ] 10to 50 deaths per 100,000
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Rota virus replication cycle
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Most common bacterial footborne pathogens

w Campylobactejejuniwhich can lead to secondary
GuillainBarresyndrome (affect the peripheral nervous
system anderiodontitis(tissues that surround and
support the teeth).

w Clostridiunperfringeng G KS bOIF FSUSNAL
w Salmonellaspp.- its S.typhimuriuminfection is caused by

consumption of eggs that are not adequately cooked or by
other interactive humaranimal pathogens

w E coli0157:H7enterohemorrhagiavhich causes
hemolyticuremic syndrome (acute renal failure and low
platelet count).
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Simplified flowchart of drinking water
treatment

DRINKING WATER SOURCE (RAW WATER)
\/

COAGULATION, THEN FLOCCULATION
Chemical treatment to form floc,
which is allowed to settle from water

\/
SEDIMENTATION
\ 4
FILTRATION
To remove remaining solids
v
DISINFECTION
Chlorine to kill microorganisms
\ 4

DISTRIBUTION SYSTEM



Water disinfection requirements

A Mustdestroy bacteria, viruses, aminebiccysts in water
within a reasonable time despite all variations in water
temperature, composition, and concentration of
contaminants

A Mustnot be toxic for humans and domestic animals,
unpalatable, or otherwisebjectionable

A Mustbe reasonable in cost and safe and easy to store,
transport, handle, and apply

A Residuatoncentration in the treated water must be easily
and, preferably, automatically determinable

A Mustbe sufficiently persistent so that the disappearance of
the residual would be a warning of contamination



Chlorine is the favored disinfectant for water supplies

Chlorine
kills microorganisms

Remaining

Chlorine

reacts with chlorine, termed
ammeonia and “free,” is available
other to disinfect any

new input of
microorganisms

substances




Inactivation curves of microorganisms following disinfection

100
A. Sensitive homogeneous population
B. More resistant homogeneous population
[ C. Heterogeneous population or one partially
S protected by aggregation
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Microbial inactivation by chlorine (99.9% of organisms killed)
(The organism, temperature and pH are the same)

Chlorine concentration Inactivation time Ct
(mg/L) (minutes) (concentration x time)

0.5 1.0 0.5

1.0 0.5 0.5

2.0 0.25 0.5




Microbial inactivation by chlorine, Ct values
(99.9 % kill, pH = 6.0, F5C)

Microoraanism Chlorine Inactivation time Ct
9 Conc., mg/L (minutes)
E. coli 0.1 0.4 0.04
Poliovirus 1.0 1.7 1.7
E. histolytica cysts 5.0 18 90
G. lamblia cysts 5.5 100 250
Cryptosporidium >250




The shortcomings of chlorine

Chlorine does not kill protozoan cysts and some resistant viruses

Raw sewage

Treated sewage
Rivers and streams
Reservoirs and lakes

Pristine surface water

-
Ul

Drinking water
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Percent of samples positive for oocysts



Chlorine reaction products

A Chlorination has the potential of reacting with some organic
compounds present in the water supply to create
trihalomethaneqd THM; chloroform)

A Surface water supplies, high in dissolved natural organic
material (humics), are especially vulnerable to THM formation

A When free chlorine is the disinfectant, THM levels are
generally higher in communities using rivers and streams as
their source of drinking water than in communities using wells

A THMs are potentially carcinogenic



Activities permitted for various levels of
coliform bacteria in water

Coliform level per
100 ml of water

Activity permitted

1 coliform or fewer

Water safe for drinking

4 coliforms or more

State must be notified and corrective
measures taken

2,300 coliforms or fewer

Swimming is allowed

10,000 coliforms or fewer

Boating is allowed




Wastewater



