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Global total water and fresh water reserves

Groundwater
ҍ!ǾŀƛƭŀōƭŜ ŀǘ Ǉƻƛƴǘ ƻŦ ƴŜŜŘ ŀǘ ƭƛǘǘƭŜ Ŏƻǎǘ
ҍ¦ƴǘƛƭ ǊŜŎŜƴǘƭȅ ǿŀǎ ƴƻǘ ǇƻƭƭǳǘŜŘ
Surface water
ҍ¦ǎǳŀƭƭȅ ǊŜǉǳƛǊŜǎ ŜȄǘŜƴǎƛǾŜ ǇǳǊƛŦƛŎŀǘƛƻƴ
Protected runoff
Ocean and brackish waters
ҍ/ƻǎǘƭȅ ǘƻ ŘŜǎŀƭƛƴŀǘŜ



The hydrologic cycle
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Water System Facts for Karachi:
Service Area: 3600 km2

Supply: 600 MGD
Discharge: 400 MGD
Maximum Treatment Capacity: 100 MGD



Fresh Water

ÅBody composition

ҍ.ƻŘȅ όср҈ύΤ ōƭƻƻŘ όуо҈ύΤ ōƻƴŜǎ όнр҈ύ

ÅBasic requirements for safe water

ҍ5ǊƛƴƪƛƴƎΥ нς3 liters/day

ҍaƛƴƛƳǳƳ ŀŎŎŜǇǘŀōƭŜ ǎǘŀƴŘŀǊŘ ŦƻǊ ƭƛǾƛƴƎ ό²Ihύ

Å20ς50 liters/capita/day for cooking and basic hygiene



Distribution of US Domestic Household Water Use





Current Water Issues

ÅVulnerability of surface water to:

ïDrought (not replenished); i.e., lakes, reservoirs

ïDiversion of rivers for agricultural and urban use

ÅDeclining groundwater levels

ïFailure to replenish

ïCompaction of aquifers

ïSaltwater intrusion

ÅSurface water pollution from nonpoint sources

ÅGroundwater pollution

Å Increasing competition for water supplies

ï²ƻǊƭŘΩǎ ŀǾŀƛƭŀōƭŜ ŦǊŜǎƘǿŀǘŜǊ ƛǎ ƴƻǘ ŘƛǎǘǊƛōǳǘŜŘ ŜǾŜƴƭȅ





Ground Water Contamination



Point and non-point sources of surface water 
contamination



Classes of Water Pollutants



Major causes of stream and river pollution



Typical Contaminants Found in Raw Water

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



Water-borne diseases



ÅCholera(Vibrio cholera)

(infection of the small intestine)

2000 = 140,000 cases in Africa
2007 = Iraq, 22 dead and 4,569 ill.
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
нллу Ґ /ƻƴƎƻΩǎ ǊŜŦǳƎŜŜ ŎŀƳǇΣ пр ŎŀǎŜǎ ǇƻǎƛǘƛǾŜ
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
(1990-2000), CDC reported 263 individual cases from 

160 food-borne botulism events in USA 

with a case-fatality rate of 4%





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







Hepatitis A



E. Coli O157:H7



Cryptosporidium parvum

Å obligate intracellular parasite, measuring about 3-5 µm.

Å live in the intestinal tracts of fishes, reptiles, birds, and mammals

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



Rota virus

Å Rotavirusis the most common cause of severe diarrhoea among infants 
and young children

Å The virus is transmitted by the faecal-oral rout. It infects and damages the 
cells that line the small intestine and causes gastroenteritis



Hospitalization worldwide due to Rota virus, 2009





Rota virus replication cycle



Most common bacterial food-borne pathogens

ωCampylobacter jejuniwhich can lead to secondary 
Guillain-Barresyndrome (affect the peripheral nervous 
system and periodontitis(tissues that surround and 
support the teeth).

ωClostridiumperfringensΣ ǘƘŜ ϦŎŀŦŜǘŜǊƛŀ ƎŜǊƳά 

ωSalmonellaspp. - its S. typhimuriuminfection is caused by 
consumption of eggs that are not adequately cooked or by 
other interactive human-animal pathogens 

ωE coli O157:H7 enterohemorrhagicwhich causes 
hemolytic-uremic syndrome (acute renal failure and low 
platelet count).



World Water Day 22 Mar 2010



Simplified flowchart of drinking water 
treatment



Water disinfection requirements

ÅMust destroy bacteria, viruses, and amebic cysts in water 
within a reasonable time despite all variations in water 
temperature, composition, and concentration of 
contaminants

ÅMust not be toxic for humans and domestic animals, 
unpalatable, or otherwise objectionable

ÅMust be reasonable in cost and safe and easy to store, 
transport, handle, and apply

ÅResidual concentration in the treated water must be easily 
and, preferably, automatically determinable

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



Chlorine is the favored disinfectant for water supplies



Inactivation curves of microorganisms following disinfection 

A. Sensitive homogeneous population
B. More resistant homogeneous population
C.Heterogeneous population or one partially

protected by aggregation



Microbial inactivation by chlorine (99.9% of organisms killed)
(The organism, temperature and pH are the same)



Microbial inactivation by chlorine, Ct values
(99.9 % kill, pH = 6.0, T = -5C)



The shortcomings of chlorine

Chlorine does not kill protozoan cysts and some resistant viruses 



Chlorine reaction products

ÅChlorination has the potential of reacting with some organic 
compounds present in the water supply to create 
trihalomethanes(THM; chloroform)

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

ÅWhen 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

ÅTHMs are potentially carcinogenic



Activities permitted for various levels of 
coliform bacteria in water



Wastewater


