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CHAPTER 2  

WATER QUALITY AND HEALTH 

 
Addis Ababa Institute of Technology 

Department of Civil Engineering 

Water Treatment  Zerihun Alemayehu 

Some Water Facts 

 Body composition 

 Body, 65% water; blood, 83%; bones, 25% 

Water loss: 1% thirst; 5% hallucinations; 15% death 

 Basic requirements for safe water 

 Drinking: 2–3 liters/day 

Minimum acceptable standard for living (WHO) 

 20–50 liters/capita/day for cooking and basic hygiene 
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Water quality and health 

 Health and aesthetics are the principal motivations for 

water treatment.  

 Contaminated water  waterborne diseases outbreaks 

 Contaminates  Aquatic pathogens, toxic chemicals, 

heavy metals, pesticides. 

 In 1991 the largest cholera epidemic in recent history has 

infected over 800,000 people from Peru to Mexico. 

Water quality and health 

 Drinking water has be safe-free from any health risk. 

 3,900 children die everyday (particularly in Africa and 

Asia) 

 Coliform-free and low-turbidity water is no longer 

sufficient! 

 Treatment technology has improved, addressing all 

contaminants in water including aesthetics quality. 
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Water quality and health 

 But, some treatment technologies may have tradeoffs. 

 Example is chlorination  trihalomethanes(THM; chloroform) 

 Waterborne pathogens include 

  viruses (e.g., hepatitis A, poliomyelitis);  

 bacteria (e.g., cholera, typhoid, coliform organisms);  

 protozoa (e.g., cryptosporidiosum, amebae, giardia); 

  worms (e.g., schistosomia, guinea worm); and  

 toxins (e.g., arsenic, cadmium, numerous organic chemicals).  

 harbors the intermediate stages of many parasites, and vehicle 
for essential stages in the life cycle of many dangerous insect 
vectors, notably mosquitoes and blackflies. 

Classification of water related Diseases 

Class Cause  Examples 

Waterborne Pathogens that originate in fecal material 

and are transmitted by ingestion  

Cholerae, giardiasis, 

salmomellosis, poliomyelitis, 

typhoid, E. coli  

Water-washed Pathogens that originate in feces and are 

transmitted through contact because of 

inadequate sanitation or hygiene  

Infectious eye and skin diseases, 

louse-borne typhus and 

relapsing fever 

Water-based Organisms that originate in water or spend 

part of their life cycle in water and come in 

direct contact with humans in water  

Schistosomiasis, dracunculiasis 

(helminths)  

Water-related Microorganisms with life cycles associated 

with insects that live or breed in water  

Malaria, yellow fever, dengue 

fever, filariasis  
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Diseases in Drinking Water 

 Waterborne disease is: 

  usually acute  

 characterized by gastrointestinal symptoms (e.g., diarrhea, fatigue, 

abdominal cramps) 

 time between exposure and illness ranges two days or less to one or more 

weeks. 

 diarrheal disease 1.8 million people every year die (WHO) 

 In Ethiopia, diarrheal disease is prevalent in communities where there is 

poor sanitation facilities and lack of clean water for drinking, cooking and 

washing.  (mainly in rainy seasons) 

 In 2006 in the Adami Tulu Jido Kombolcha district approximately 11,000 

people have been affected by the diarrhea epidemic 

Pathogenic Organisms 

 Pathogens         Disease-causing organisms 

 Infection: disease causing agent is growing and multiplying 

within the host, who may or may not have symptoms of 

disease. 

 Virulence: ability of pathogens to inflict damage on the 

host. 

 Virulent pathogens implicated in waterborne disease 

include bacteria, viruses, protozoa, algae, fungi, and 

helminthic (parasitic worms). 
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Pathogenic Organisms 

Bacteria 

Organism  Major disease  Primary source  

Salmonella typhi  

Salmonella paratyphi  

Other Salmonella sp.  

Shigella  

Vibrio cholerae  

Pathogenic Escherichia 

coli 

Yersinia enterocolitica  

Campylobacter jejuni  

Legionella pneumophila  

Mycobacterium avium 

intracellulare  

Typhoid fever 

 Paratyphoid fever 

Gastroenteritis(salmonellosis)  

Bacillary dysentery  

Cholera  

Gastroenteritis  

 

Gastroenteritis  

Gastroenteritis 

 Legionnaires’ disease,  

Pontiac fever  

Pulmonary disease   

Human feces  

Human feces  

Human/animal feces  

Human feces 

Human feces,   

Human/animal feces  

 

Human/animal feces 

Human/animal feces  

Warm water  

 

Human/animal feces, 

soil, water  

Pathogenic Organisms 

Enteric viruses  

Organism  Major disease  Primary source  

Poliovirus  

Coxsackievirus  

Echovirus  

Rotavirus  

Norwalk virus and other 

caliciviruses  

Hepatitis A virus Hepatitis 

E virus Astrovirus  

Enteric adenoviruses  

Poliomyelitis  

Upper respiratory disease Upper 

respiratory disease Gastroenteritis  

Gastroenteritis  

 

Infectious hepatitis  

Hepatitis  

Gastroenteritis  

Gastroenteritis  

Human feces  

Human feces  

Human feces  

Human feces  

Human feces  

 

Human feces  

Human feces  

Human feces  

Human feces  
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Pathogenic Organisms 

Protozoa and other organisms  

Organism  Major disease  Primary source  

Giardia lamblia 

Cryptosporidium parvum  

 

Entamoeba histolytica 

Cyclospora cayatanensis 

Microspora Acanthamoeba 

Toxoplasma gondii  

Naegleria fowleri  

 

Blue-green algae  

 

Fungi  

Giardiasis (gastroenteritis) 

Cryptosporidiosis 

(gastroenteritis)  

Amoebic dysentery  

Gastroenteritis  

Gastroenteritis  

Eye infection  

Flu-like symptoms  

Primary amoebic 

meningoencephalitis 

Gastroenteritis, liver damage, 

nervous system damage 

Respiratory allergies  

Human/animal feces  

Human/animal feces  

 

Human feces  

Human feces  

Human feces  

Soil and water  

Cats  

Soil and water  

 

Natural waters  

 

Air, water?  

Pathogenic Organisms: Bacteria 

 Single cells shaped like rods, spheres or spiral structures.  

 Salmonella  

 cause gastrointestinal illness (e.g., diarrhea) 

 typhoid (S. typhi) and paratyphoid fevers (S. paratyphi) (infect 

only humans) 

 Typhoid fever: enteric fever  abdominal pain and bowel 

disturbances. 

 3% of typhoid patients chronic carriers. 

 Chloramphenicol is effective treatment  



10/25/2010 

7 

Pathogenic Organisms: Bacteria 

Salmonella  

Pathogenic Organisms: Bacteria 

 Vibrio cholerae. V. cholerae 

  causes cholera, an acute intestinal 

disease with massive diarrhea, 

vomiting, dehydration, and other 

symptoms.  

 Death may occur within a few hours 

unless medical treatment is given.  

 protected water supplies, control of 

sewage discharges, and water 

treatment 
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Pathogenic Organisms: Viruses 

 Viruses: infectious and reproduce only within living host 

cells.  

 Enteric viruses:  

 hepatitis A, Norwalk virus and rotavirus  excreted in the 

feces of infected individuals may contaminate drinking water  

 infect the gastrointestinal or respiratory tracts, 

 wide range of illness: diarrhea, fever, hepatitis, paralysis, 

meningitis and heart disease.  

 

Pathogenic Organisms: Viruses 

 Hepatitis A 

 causes infectious hepatitis:  inflammation 

and necrosis of the liver.  

 average incubation period is 28 days. 

 Symptoms: fever, weakness, nausea, 

vomiting, diarrhea, and sometimes 

jaundice.  

 Hepatitis A is effectively removed by 

coagulation, flocculation, and filtration. 
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Pathogenic Organisms: Protozoan 

 single-celled microorganisms 

 transmitted through water as cysts and oocysts 
(dormant/resistant) resistant to normal drinking water 
chlorination. 

 Giardia lamblia 

 cause giardiasis: gastrointestinal disease  

                   diarrhea, fatigue, and cramps. 

 Colonisation of the gut inflammation, reducing the gut's 
absorptive capability. 

 Infection dose:10 cysts or fewer 

Giardia lamblia 
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Pathogenic Organisms: Helminths 

 The life involve two or more animal hosts( can be human) 
human/animal waste  contaminate water 

 disrupt nutrient absorption  weakness and disease. 

 Schistosomiasis (bliharzia or bilharziasis) 

 caused by trematodes -flatworms or flukes (genus Schistosoma).  

 two life-cycle stages: a sexual stage in mammals and an 
asexual stage in freshwater snails.   

 skin eruption at the site of entry, fever, diarrhea, and other 
symptoms, depending on the tissues affected; cirrhosis of the 
liver is common.  

 

Health Effects of Chemicals 

 Toxicology: study of the adverse effects of chemicals on 

living organisms 

 Chemicals can cause  

 deleterious effects as well as changes  

 adverse health effects- immediate or delayed  or may be 

reversible  

 Response to exposure chemical dose or exposure level.  

 Dose-response relationship: the higher the dose, the more 

significant the effect 
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Health Effects of Chemicals: Terms 

 Toxic: Causing a deleterious response in a biologic system, 
seriously disrupting function, or producing death.  

 Carcinogenic : Causing or inducing uncontrolled growth of 
aberrant cells into malignant  tumors.  

 Genotoxic: Causing alterations or damage to the genetic 
material in living cells, such as deletions of portions of or entire 
chromosomes. 

 Mutagenic: Causing heritable alteration of the genetic material 
within living cells.  

 Teratogenic: Causing nonhereditary congenital malformations 
(birth defects) in offspring. 

Inorganic contaminant effect 

 Present in natural waters, in contaminated source waters, 

or, from contact of water with piping or plumbing 

materials.  

 From distribution and plumbing systems: Lead, copper, zinc, 

and asbestos 

 Carcinogens: arsenic, lead, and cadmium 

 adverse health effects at higher doses: chromium, copper, 

manganese, molybdenum, nickel, selenium, zinc, and sodium 

 sodium and barium high blood pressure.  
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Organic contaminant effect 

 Three major sources:   

 the breakdown of naturally occurring organic materials,  

 domestic and commercial activities, and  

 reactions that occur during water treatment and transmission.  


