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WATER TREATMENT 
Zerihun Alemayehu 

AAiT 

COURSE CONTENT 

Water Characteristics and Sampling 
Water Quality and Health 
 Introduction to treatment processes 
Sedimentation 
Coagulation and flocculation 
Filtration 
Disinfection 
Miscellaneous treatment processes 
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METHODOLOGY 

Lecture 
Lab exercises 
Field Visit 
Assignments 
Project 
Exam 

WATER CHARACTERISTICS AND 
SAMPLING 
Water Treatment  
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PHYSICAL CHARACTERISTICS OF WATER 

Physical parameters: characteristics of water that 
respond to the senses of sight, touch, taste or 
smell.  
Physical parameters include: 

 Suspended solids  
 Turbidity 
 Color 
 Taste and odor 
 Temperature 
 Conductivity 

 
 

SUSPENDED SOLIDS 

 Source   
 of inorganic or organic particles or of immiscible liquids 
 Inorganic solids clay, silt, and other soil constituents  
 Organic material plant fibers and biological solids (agal 

cells, bacteria, etc)  

 Impacts 
 Aesthetically displeasing and adsorption sites for chemical 

and biological agents.  

 Measurement 
 gravimetric tests - by evaporating a sample to dryness and 

weighing the residue. 
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TURBIDITY 

 Turbidity is a measure of the extent of which light is either 
absorbed or scattered by suspended material in water. 

 not a direct quantitative measurement of suspended solids. 
 Source 

 the erosion of colloidal material such as clay, silt, rock 
fragments, and metal oxides from the soil. Vegetable fibers and 
microorganisms 

 Impact 
 aesthetically displeasing due to opaqueness or milky coloration  
 adsorption sites for chemicals and biological organisms  

 Measurement 
 photometrically by determining the percentage of light of a 

given intensity that is either absorbed or scattered.  
 by a turbidity meter: FTU or NTU 

ELECTRICAL CONDUCTIVITY. 

 The conductivity of a solution depends on the quantity 
of dissolved salts present and for dilute solutions it is 
approximately proportional to the TDS content, given 
by 

          K = conductivity (S/m)/TDS (mg/L) 
 Knowing the appropriate value of K for a particular 

water, the measurement of conductivity provides a 
rapid indication of TDS content. 
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CHEMICAL CHARACTERISTICS OF WATER 

 Water has been called the universal solvent, and 
chemical parameters are related to the solvent 
capabilities of water.  

 Major chemical parameters include: 
 Total dissolved solids,  
 alkalinity,  
 hardness,  
 metals,  
 organics, and  
 nutrients 

 

CHEMISTRY OF SOLUTION 

 Atomic weight - weight (mass) of an atom of an element referred to 
a standard based on the carbon isotope 12C. 

 Molecular weight - total atomic weight of all atoms in a molecule. 
 Molar solution - solution containing the gram molecular weight 

(mole) of the substance in 1 litre, signified by M. 
 Valence (Equivalence)- property of an element measured by the 

number of atoms of hydrogen that one atom of the element can hold 
in combination or displace. 

 Equivalent weight - of an element or radical is its gram molecular 
mass divided by its equivalence. 

 Normal solution - solution containing the gram equivalent weight of 
the substance in 1 litre, signified by N. 
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CALCULATING EQUIVALENTS EXAMPLE 

 How many grams of calcium will be required to combine with 
90 g of carbonate to form calcium carbonate? 

CHEMISTRY OF SOLUTION 

 An equivalent of one substance is chemically equal to an 
equivalent of any other substance. 

 the concentration of substance A can be expressed as an 
equivalent concentration of substrate B 
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DETERMINING EQUIVALENT CONCENTRATIONS 
EXAMPLE 

What is the equivalent calcium carbonate 
concentration of (a) 117 mg/L of NaCl and (b) 2x10-3 
mol of NaCl? 
 

DETERMINING EQUIVALENT CONCENTRATIONS 
EXAMPLE 
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ALKALINITY 

 Alkalinity is defined as the quantity of ions in water that 
will react to neutralize hydrogen ions:  a measure of 
the ability of water to neutralize acids. 

 Due to the presence of bicarbonate, HCO3
-, carbonate, 

CO3
2-, or hydroxide OH-. 

 it provides buffering to resist changes in pH. 
 Measurement: by titrating the water with an acid and 

determining the hydrogen equivalent. And  expressed as 
milligrams per liter of CaCO3.  

ALKALINITY 

 If 0.02 N H2SO4 is used in the titration, then 1 mL of 
the acid will neutralize 1 mg of alkalinity as CaCO3.  

 divided into caustic alkalinity above pH 8.2 and total 
alkalinity above pH 4.5. 

 Example : A 200-ml sample of water has an initial pH 
of 10. Thirty milliliters of 0.02 N H2SO4 is required to 
titrate the sample to pH 4.5. What is the total alkalinity 
of the water in milligrams per liter as CaCO3? 
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ALKALINITY 

 Solution: Because each milliliter of 0.02 N H2SO4 will 
neutralize 1 mg of alkalinity, there is 30 mg of alkalinity in 
the 200-ml sample. Therefore, the concentration of alkalinity 
expressed as milligrams per liter will be 
 

HARDNESS 
 Hardness is defined as the concentration of multivalent metallic 

cations in solution.  
 Carbonate hardness temporary hardness  it can be removed by 

boiling water.   
 Non-carbonate hardness  permanent hardnesscannot be broken 

down by boiling the water    
Carbonate hardness Non-carbonate hardness 

Calcium carbonate (CaCO3) Calcium sulfate (CaSO4) 
Magnesium carbonate (MgCO3) Magnesium sulfate (MgSO4) 
Calcium bicarbonate (Ca(HCO3)2) Calcium chloride (CaCl2) 
Magnesium bicarbonate 
(Mg(HCO3)2) 

Magnesium chloride (MgCl2) 

Calcium hydroxide (Ca(OH)2) 
Magnesium hydroxide (Mg(OH)2) 
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HARDNESS 

 Total Hardness (TH)  =  [Ca2+] + [Mg2+] as mg/L of CaCO3 
 Total Hardness (as CaCO3)  = (eq/L of cation charge) x (50g 

CaCO3/Charge eq)  x 1000mg/g 
 Hardness interferes with soaps and detergents and leaves a 

white crusty scale around faucets. 
 

• measured by using spectrophotometric techniques or 
chemical titration  
•Non-carbonate hardness = TH - Alalinity 

METALS 

 All metals are soluble to some extent in water 
 Source: dissolution from natural deposits and 

discharges of domestic, industrial, or agricultural 
wastewaters. 

 Measurement: atomic absorption spectrophotometery 
 Nontoxic Metals: toxic only at high concentration 

 sodium, iron, magnesium, aluminum, copper and zinc. 

 Toxic metals: toxic at very low concentration 
 arsenic, barium, cadmium, lead, mercury, and silver 
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ORGANICS 

 Biodegradable and nonbiodegradable (refractory) 
 Biodegradable Organics: utilized for food by 

naturally occurring microorganisms within a reasonable 
length of time. 
 Includes starches, fats, proteins, alcohols, acids, aldehydes, 

and esters 
 In aerobic (oxygen-present) environment 

Organics + O2  CO2 + H2O + Energy 

 The amount of oxygen consumed during microbial 
utilization of organics is called the biological oxygen 
demand (BOD).  

 

BOD 

The BOD is measured by determining the oxygen 
consumed from a sample placed in an air-tight 
container and kept in a controlled environment for a 
preselected period of time.  

BOD5: In the standard test, a 300 mL BOD bottle is 
used and the sample is incubated at 20oC for 5 days.  

DOI and DOF are the initial and final dissolved-oxygen 
concentrations (mg/L) and P is the decimal fraction of the 
sample in the 300 mL bottle. 



10/13/2010 

12 

BOD CURVE 

BODt = BOD at any time t, mg/L 

BODL = Ultimate BOD, mg/L 

k = a constant representing the rate of BOD reaction 

t = time, d 

 

DILUTION RATIO  

 Max DO initial = 10.0 mg/l 
 Min DO final = 1.0 mg/L 
  we can measure only 9 mg/l 
 Therefore the dilution ratio can be calculated as 
 Expected BOD/9 
 Or if you don’t know the expected, take different 

dilutions and run the test 
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BOD CALCULATION 

A 6.0 mL of sample of wastewater is diluted to 300 mL with 
distilled water in a standard BOD bottle. The initial DO in 
the bottle is determined to be 8.5 mg/L, and the DO after 5 
days at 20oC is found to be 5.0 mg/L. determine the BOD5 
of the wastewater and compute its BODL. Assume that 
k=0.1/d. 

BIOLOGICAL CHARACTERISTICS OF WATER 

 Presence or absence of living organisms in water most 
useful indicators of its quality. 

 Pathogens: organisms capable of infecting, or of 
transmitting diseases to, humans.  
 not native to aquatic systems and usually require an animal 

host for growth and reproduction. 
 Includes: bacteria, viruses, protozoa, and helminthes 

(parasitic worms). 
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PATHOGEN INDICATORS 

 An indicator organism is one whose presence presumes 
(signals) that contamination has occurred and suggests 
the nature and extent of the contaminant(s).  

 Coliforms: group of bacteria that are most important 
biological indicator of water quality and pollution used 
in public health technology.  
 includes two genera: Eschericia Coli and Aerobacter 

aerogenes.  

 The test for these microorganisms is called Total 
Coliform Test. 
 
 

TOTAL COLIFORM TEST 

 Reason for selecting coliforms 
 normally inhabit the intestinal tracts of humans and other 

mammals there presence indicates fecal contamination of 
the water. 

 the number of coliform organisms excreted in the feces 
outnumbers the disease-producing organism by several 
orders of magnitude easier to culture than disease-
producing organisms. 

 survive in natural waters for relatively long periods of time 
without reproduction  there presence assures fecal 
contamination/ there absence means the water is safe.  

 coliform group of organisms is relatively east to culture 
without expensive equipments. 
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TESTING FOR COLIFORMS 

 The Membrane filter method and the multiple tube 
fermentation method 

 The membrane-filter technique: a direct count of 
coliform bacteria.  
 sample is filtered through a membrane, the pores < 0.45 μm. 
 The filter is then placed on selective media. 
 membrane and media are incubated at temperature of 35oC 

for 24 h, 
 Each colony, representing one coliform, is counted 
 The results are reported in number of organisms per 100 mL 

of water. 

MEMBRANE FILTRATION 

 



10/13/2010 

16 

THE MULTIPLE TUBE FERMENTATION 
METHOD 

 based on the fact that coliform organisms can use lactose as 
food and produce gas in the process. 
 A broth containing lactose and other substances which inhibit 

noncoliform organisms is placed in a series of test tubes which are 
then inoculated with a decimal fraction of 1 mL (100, 10, 1.0, 0.1, 
0.01, etc.) of the sample. 

 tubes are incubated at temperature of 35oC for 48 h and inspected 
for development of gas first stage of the procedure is called the 
presumptive test and tubes with gas development are presumed to 
have coliforms present.  

 Confirmed test : using another media called brilliant green bile, is 
then set up to confirm the presence of coliform organisms. 

 A statistical method in conjunction with Table is used to determine 
the most probable number (MPN) to coliform bacteria in 100 mL of 
the water sample. 
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MPN INDEX TABLE 
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DETERMINING THE MPN OF COLIFORMS 

A standard multiple tube fermentation test is run on a 
sample of water from a surface stream. The results of 
the analysis for the confirmed test are shown below. 

 
Size of sample mL  No. positive  No. negative 
10  4  1 
1  2  3 
0.1  1  4 
0.01  1  4 
0.001  0  5 

Determine the most probable number of coliform 
organisms. 

DETERMINING THE MPN OF COLIFORMS  

 Solution 
 Select a series where three tubes each have positive results (not 

necessary, but recommended); use sample sizes 10, 1, and 0.1. 
 Enter Table 1.3 with the number of positive tubes out of five (4,2,1). 

The corresponding MPN is 26 with a range of 12-65 organisms per 
100 mL possible at a 95 percent confidence. 

 Alternate solution 
 Select sample sizes 1.0, 0.1 and 0.01. 
 From Table 1.3, the corresponding MPN is 9 and the 90 percent 

confidence range is 3 through 24. 
 Because the series of samples used is one-tenth of the 10, 1, and 0.1 

sample sizes used in the table, multiply the values by 10. 
Therefore, the MPN of the sample is 90 organisms per 100 mL and 
the 95 percent confidence range is 30 to 240. 
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WATER SAMPLING AND ANALYTICAL METHODS 

 A sample that has to be properly collected, preserved, 
transported, identified and analyzed. 

 Grab sampling and composite sampling. 
 Grab sampling: a single sample collected over a very 

short period of time.  
 only represent the conditions of the water at the particular 

time and location. 
 Not suitable for parameters that change instantly 

 Composite Samples:  grab samples taken at regular 
intervals over the sampling period. 
 more appropriate determine overall or average conditions 

over a certain period of time. 
 

 

GENERAL REQUIREMENTS 

 The sample must be truly representative of the existing 
conditions.  

 The time between collection and analysis should be as short 
as possible for most reliable results. DO, Chlorine residual 
and temperature must be determined immediately.  

 Appropriate preservation techniques should be applied to 
slow down the biological or chemical changes that may occur 
in the time between sample collection and sample analysis. 
This usually involves refrigeration to cool the sample or 
chemical fixing. 

 Accurate and thorough sampling records must be kept to 
avoid confusion as the “what, when, and where” of the 
sample, as well as to satisfy legal requirements. 
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ANALYTICAL METHODS 

 Gravimetric analysis: weighing solids obtained from 
the sample by evaporation, filtration or precipitation. 
 total and volatile solids, suspended solids (SS), and sulphate 

 Volumetric analysis: the measurement of volumes of 
liquid reagent of known strength. 
 alkalinity and acidity 

 Colorimetric analysis: based on the formation of a 
completely soluble product with a stable colour. For low 
concentrations. Turbidity 

 Electrode techniques: pH and oxidation-reduction 
potential (ORP), DO electrodes 


