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Wastewater flowrates
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Wastewater sewerage systems:

 Off-site sewerage: with a waterborne sewerage collection and transportation network:

• Separate sewerage system: which separates storm water from sewage, both 
being transported by independent pipeline systems.

• Combined sewerage system: which directs sewage and storm water together 
into the same system. Storm water does contribute to the wastewater
treatment plant (WWTP), and the pipelines have a larger diameter.

 On-site sewerage: latrines and septic tanks.
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Average water consumption
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 Domestic flow is a function of the water consumption. 
 Typical values of per capita water consumption for populations provided with household 

water connections are:

Typical ranges of per capita water consumption
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Factors that influence water consumption
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Typical water consumption in some commercial establishments
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Typical water consumption in some institutional establishments



Average domestic sewage flow calculation
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The average domestic sewage flow calculation is given by:

where:
Qdav= average domestic sewage flow (m3/d or L/s)
Lpcd = per capita water consumption (L/inhab.d)
R = sewage flow/water flow return coefficient

It is important to notice that the water flow to be considered is the flow actually consumed, and not
the flow produced by the water treatment works. The water flow produced is higher than that
consumed due to unaccounted water losses in the distribution system, which can vary typically
from 20 to 50%. Thus in a locality where the loss is 30%, for each 100 m3 of water produced, 30 m3
are unaccounted for and only 70 m3 are consumed. Of this 70 m3, around 80% (56 m3/d) return in
the form of sewage to the sewerage system.



Flow variations
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 Water consumption and wastewater generation in a locality vary throughout the day 
(hourly variations), during the week (daily variations) and throughout the year (seasonal 
variations).



Industrial wastewater flow
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 Water consumption:

• Total volume consumed (per day or month)
• Volume consumed in the various stages of the process
• Internal recirculations
• Water origin (public supply, wells, etc.)
• Internal systems of water treatment

 Wastewater production:

• Total flow
• Number of discharge points (with the corresponding industrial process associated with each point)
• Discharge pattern (continuous or intermittent; duration and frequency) in each discharge point
• Discharge destination (sewerage system, watercourse)
• Occasional mixing of wastewater with domestic sewage and storm water

 Effluent flow measurements must be carried out throughout the working day, to record 
the discharge pattern and variations.
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Specific average flows 
from some industries

∗ Consumption in m3 per unit 
produced or L/d per employee

Source: CETESB (1976), Downing 
(1978), Arceivala (1981), Hosang and 
Bischof (1984), Imhoff &
Imhoff (1985), Metcalf & Eddy 
(1991), Der´ısio (1992)



Wastewater Composition
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Quality parameters

 Domestic sewage contains approximately 99.9% water. The remaining part includes 
organic and inorganic, suspended and dissolved solids, together with microorganisms It is 
because of this 0.1% that water pollution takes place and the wastewater needs to be 
treated.

 The composition of the wastewater is a function of the uses to which the water was 
submitted. These uses, and the form with which they were exercised, vary with climate, 
social and economic situation and population habits.



Main characteristics of wastewater
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The main physical, chemical and biological characteristics of domestic sewage:

Physical characteristics 
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Chemical characteristics 



Prof. M. Saidan 15

Biological characteristics 



Main parameters defining the quality of wastewater
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The main parameters predominantly found in domestic sewage that deserve special
consideration are:

 Solids
 Indicators of organic matter
 Nitrogen
 Phosphorus
 Indicators of faecal contamination



Solids
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 All the contaminants of water, with the exception of dissolved gases, contribute to
the solids load. 

 In wastewater treatment, the solids can be classified according to:

 Classification by size and state
 Suspended solids
 Dissolved solids

 Classification by chemical characteristics
 Volatile solids (organic)
 Fixed solids (inorganic)

 Classification by settleability
 Settleable suspended solids
 Non-settleable suspended solids



Solids: Classification by size
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 Particles of smaller dimensions capable of 
passing through a filter paper of a specific 
size correspond to the dissolved solids, 
while those with larger dimensions and 
retained by the filter are considered 
suspended solids.

 Sometimes the term particulate is used to 
indicate that the solids are present as 
suspended solids. In this context, 
expressions as particulate BOD, COD, 
phosphorus, etc. are used, to indicate that 
they are linked to suspended solids. In 
contrast, soluble BOD, COD and 
phosphorus are associated with dissolved 
solids.



Solids: Classification by chemical characteristics
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 If the solids are submitted to a high temperature (550◦C), the organic fraction is oxidized 
(volatilized), leaving after combustion only the inert fraction (unoxidized).

 The volatile solids represent an estimate of the organic matter in the solids, while the 
non-volatile solids (fixed) represent the inorganic or mineral matter.



Solids: Classification by settleability
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 Settleable solids are considered those that are able to settle in a period of 1 hour. 

 The volume of solids accumulated in the bottom of a recipient called an Imhoff Cone is 
measured and expressed as mL/L. 

 The fraction that does not settle represents the non-settleable solids (usually not 
expressed in the results of the analysis).
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Carbonaceous organic matter
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 The organic matter present in sewage is a characteristic of substantial importance, being the 
cause of one of the main water pollution problems: consumption of dissolved oxygen by the 
microorganisms in their metabolic processes of using and stabilizing the organic matter. 

 The organic substances present in sewage consist mainly of:

• Protein compounds (≈ 40%)
• Carbohydrates (≈ 25 to ≈ 50%)
• Oils and grease (≈ 10%)
• Urea, surfactants, phenols, pesticides and others (lower quantity)

 The carbonaceous organic matter (based on organic carbon) present in the influent sewage 
to a WWTP can be divided into the following main fractions:

 classification: in terms of form and size
 Suspended (particulate)
 Dissolved (soluble)

 classification: in terms of biodegradability
 Inert
 Biodegradable
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 Direct or indirect methods can be adopted for the quantification of organic matter:

• Indirect methods: measurement of oxygen consumption
 Biochemical Oxygen Demand (BOD)
 Ultimate Biochemical Oxygen Demand (BODu)
 Chemical Oxygen Demand (COD)

• Direct methods: measurement of organic carbon
 Total Organic Carbon (TOC)



Biochemical Oxygen Demand (BOD)
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 The main ecological effect of organic pollution in a water body is the decrease in the level of 
dissolved oxygen.

 Similarly, in sewage treatment using aerobic processes, the adequate supply of oxygen is 
essential, so that the metabolic processes of the microorganisms can lead to the 
stabilization of the organic matter.

 This quantification could be obtained through stoichiometric calculations based on the 
reactions of oxidation of the organic matter. If the substrate was, for example, glucose 
(C6H12O6), the quantity of oxygen required to oxidize the given quantity of glucose could be 
calculated through the basic equation of respiration. This is the principle of the so-called 
Theoretical Oxygen Demand (TOD).

 In practice, however, a large obstacle is present: the sewage has a great heterogeneity in its 
composition, and to try to establish all its constituents in order to calculate the oxygen 
demand based on the chemical oxidation reactions of each of them is totally impractical.

 The solution found was to measure in the laboratory the consumption of oxygen exerted by 
a standard volume of sewage or other liquid, in a predetermined time. It was thus 
introduced the important concept of Biochemical Oxygen Demand (BOD).
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 The BOD represents the quantity of oxygen required to stabilize, through biochemical 
processes, the carbonaceous organic matter. It is an indirect indication, therefore, of the 
biodegradable organic carbon.

 Complete stabilization takes, in practical terms, various days (around 20 days or more for 
domestic sewage). This corresponds to the Ultimate Biochemical Oxygen Demand (BODu). 
However, to shorten the time for the laboratory test, and to allow a comparison of the 
various results, some standardizations were established:

• the determination is undertaken on the 5th day. For typical domestic sewage, the 
oxygen consumption on the fifth day can be correlated with the final total 
consumption (BODu);

• the test is carried out at a temperature of 20◦C, since different temperatures 
interfere with the bacteria’s metabolism, modifying the relation between
BOD at 5 days and BOD Ultimate.



Ultimate Biochemical Oxygen Demand (BODu)
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Various referencess adopt the ratio BODu/BOD5 equal to 1.46. This means that, in the 
case of having a BOD5 of 300 mg/L, the BODu is assumed to be equal to

1.46 × 300 = 438 mg/L.



BOD test 
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 The BOD test can be understood in this simplified way: on the day of the sample collection, 
the concentration of dissolved oxygen (DO) in the sample is determined. Five days later, 
with the sample maintained in a closed bottle and incubated at 20◦C, the new DO 
concentration is determined.

 For example:



Special Case:
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BOD5 = I – F
Where; 

I = initial DO, mg/L
F = final DO, mg/L

What if the F is =0?

Dilution of the sample is required when F = 0.  

If F = 0 we don’t know how much DO would have been used.

For sewage, some practical aspects require 
some adaptations. Sewage, having a large 
concentration of organic matter, consumes 
quickly (well before the five days) all the 
dissolved oxygen in the liquid medium. 

Thus, it is necessary to make dilutions in order 
to decrease the concentration of the organic 
matter, such that the oxygen consumption at 5 
days is numerically less than the oxygen 
available in the sample (the sample is lost if, at 
day 5, the DO concentration is zero, because it 
will not be possible to know when the zero 
concentration was reached)



Dilution
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BOD = (I – F)D

where, D = dilution 

    waterdilution of volumebottle of  volumetotal

bottle of  volume total
D






Example
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Determine the BOD5 for a 15 ml sample that is diluted with dilution
water to a total volume of 300 ml when the initial DO concentration is
8 mg/l and after 5 days, has been reduced to 2 mg/l.

l=8
F=2
D= 300/15=20

BOD5 = (8-2)*20= 120

Remark: The assumption in the dilution method is that the results from
each dilution of a single sample will yield the same BOD value (No Sliding
Scale)

Examples:  9.4      9.5
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Seeding: The addition of active microorganisms that take up oxygen

• May be required in samples that do not have their own,

• it is usually necessary to introduce a seed, containing microorganisms, to
allow a faster start of the decomposition process,

• If seeding is necessary, any BOD that is contributed by the seed must be
subtracted,

     D
Y

XFIFIBOD ''

t 
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Example

Standard BOD test with a 1:30 dilution with seeded dilution water is
run. Both bottles begin at saturation, 9.2 mg/L. After five days, the
bottle with waste has a DO of 2 mg/L, while the DO of the seed = 8
mg/L. Find the BOD5.

     
mg/L 181

03
300

29082.922.9BODt







BOD Kinetics
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Thus the mass balance is:

Rate of DO Accum. = Rate of DO consumed

dz/dt = -r

z = dissolved oxygen, mg/L

Assume that it is a first-order reaction

tk

oezzdtk
z

dz
zk

dt

dz
1

11


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As O2 is used, the amount still to be used is z, the amount already
used is y

L = y + z @ t=0 , y=0 , L=zt=0

Where, L= ultimate demand

)1(

,

11

1

tktk

o

tk

o

eLLeLy

LzezyL

yLz











Where;
y = BOD at any time t
L = ultimate BOD
k1 = deoxygenation constant, day-1



Average k
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Numerical value of the rate constant k depends on:

 Nature of waste

 Ability of organisms in the system to use the waste

 Temperature



Temperature Effect on k
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 The BOD rate constant is adjusted to the temperature of receiving

water using this:

 Where;
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Example 9.8: Find the BOD5 for a waste with an ultimate BOD =

282 mg/L and a k1 = 0.348 /day

 Example 9.8        9.9 

mg/L 50

)e1(mg/L 282

)eL(1y

5*/348.0

tk1











day
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To measure only the carbonaceous oxygen demand, an inhibitor for nitrification 
(nitrogenous oxygen demand, associated with the oxidation of ammonia to nitrate) can be 
added.



BOD test: Advantages
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The main advantages of the BOD test are related to the fact that the test allows:

 an approximate indication of the biodegradable fraction of the wastewater;

 an indication of the degradation rate of the wastewater;

 an indication of the oxygen consumption rate as a function of time;

 an approximate determination of the quantity of oxygen required for the biochemical 
stabilization of the organic matter present.

 the design criteria for many wastewater treatment processes are frequently 
expressed in terms of BOD;

 the legislation for effluent discharge in many countries, and the evaluation of the 
compliance with the discharge standards, is normally based on BOD.



Chemical Oxygen Demand (COD)
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 The COD test measures the consumption of oxygen occurring as a result of the chemical 
oxidation of the organic matter. The value obtained is, therefore, an indirect indication of 
the level of organic matter present.

 The main difference with the BOD test is clearly found in the nomenclature of both tests. 
The BOD relates itself with the biochemical oxidation of the organic matter, undertaken 
entirely by microorganisms.

 The COD corresponds to the chemical oxidation of the organic matter, obtained through a 
strong oxidant (potassium dichromate) in an acid medium.

 For raw domestic sewage, the ratio COD/BOD5 varies between 1.7 and 2.4.

Depending on the value of 
the ratio, conclusions can be 
drawn about the 
biodegradability of the 
wastewater and the 
treatment process to be 
employed



COD: advantages and limitations
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The main advantages of the COD test are:

 the test takes only two to three hours;

 because of the quick response, the test can 

be used for operational control;

 the test results give an indication of the 

oxygen required for the stabilization of the 

organic matter;

 the test allows establishment of 

stoichiometric relationships with oxygen;

 the test is not affected by nitrification, giving 

an indication of the oxidation of the 

carbonaceous organic matter only (and not of 

the nitrogenous oxygen demand).

The main limitations of the COD test are:

 in the COD test, both the biodegradable 

and the inert fractions of organic matter 

are oxidized. Therefore, the test may 

overestimate the oxygen to be consumed 

in the biological treatment of the 

wastewater;

 the test does not supply information about 

the consumption rate of the organic matter 

along the time;

 certain reduced inorganic constituents 

could be oxidized and interfere with the 

result.



(BODu/BOD5 and COD/BOD5) Indication
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Relationship between the representative parameters of oxygen consumption:

In samples of raw and treated domestic sewage, the usual ratios between the main 
representative parameters of oxygen consumption (BODu/BOD5 and COD/BOD5) 
indicate the following:

 The ratios can never be lower than 1.0.

 The ratios increase, from the condition of untreated to biologically treated 
wastewater.

 The higher the treatment efficiency, the higher the value of the ratio.



Total Organic Carbon (TOC)
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 In this test the organic carbon is directly measured, in an instrumental test, and not 
indirectly through the determination of the oxygen consumed, like BOD, COD, etc.

 The TOC test measures all the carbon released in the form of CO2. 

 To guarantee that the carbon being measured is really organic carbon, the inorganic forms 
of carbon (like CO2, HCO−3 etc) must be removed before the analysis or be corrected when 
calculated.



Nitrogen

Prof. M. Saidan 44

 Nitrogen is a component of great importance in terms of generation and control of the 
water pollution, principally for the following aspects:

 Water pollution

 nitrogen is an essential nutrient for algae leading, under certain conditions, to the phenomenon of 
eutrophication of lakes and reservoirs;

 nitrogen can lead to dissolved oxygen consumption in the receiving water body due to the 
processes of the conversion of ammonia to nitrite and this nitrite to nitrate;

 nitrogen in the form of free ammonia is directly toxic to fish;
 nitrogen in the form of nitrate is associated with illnesses such as methaemoglobinaemia

 Sewage treatment

 nitrogen is an essential nutrient for the microorganisms responsible for sewage treatment;
 nitrogen, in the processes of the conversion of ammonia to nitrite and nitrite to nitrate 

(nitrification), which can occur in a WWTP, leads to oxygen and alkalinity consumption;
 nitrogen in the process of the conversion of nitrate to nitrogen gas (denitrification), which can 

take place in a WWTP, leads to (a) the economy of oxygen and alkalinity (when occurring in a 
controlled form) or (b) the deterioration in the settleability of the sludge (when not controlled).



Forms of nitrogen under different conditions
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TKN can be subdivided in a soluble fraction (dominated by ammonia) and a particulate 
fraction (associated with the organic suspended solids − nitrogen participates in the 
constitution of practically all forms of particulate organic matter in sewage).
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In a watercourse or in a WWTP, 
the ammonia can undergo 
subsequent transformations:

In the process of nitrification
the ammonia is oxidized to 
nitrite and the nitrite to nitrate. 

In the process of denitrification
the nitrates are reduced to 
nitrogen gas.
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 Ammonia exists in solution in the form of the ion (NH4
+) and in a free form, not ionized 

(NH3), according to the following dynamic equilibrium:

 The relative distribution has the following values, as a function of the pH values.



Phosphorus
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 Total phosphorus in domestic sewage is present in the form of phosphates, according to the 
following distribution:

 inorganic (polyphosphates and orthophosphates) – main source from detergents and other 
household chemical products.

 organic (bound to organic compounds) – physiological origin.

 Phosphorus in detergents is present, in raw sewage, in the form of soluble polyphosphates or, 
after hydrolysis, as orthophosphates. 

 Orthophosphates are directly available for biological metabolism without requiring conversion to 
simpler forms. 

 The forms in which orthophosphates are present in the water are pH dependent, and include 
PO4

3−, HPO4
2−, H2PO4

−, H3PO4.

 Another way of fractionating phosphorus in wastewater is with respect to its form as solids:

 soluble phosphorus (predominantly inorganic) – mainly polyphosphates and orthophosphates 
(inorganic phosphorus), together with a small fraction corresponding to the phosphorus bound to 
the soluble organic matter in the wastewater

 particulate phosphorus (all organic) – bound to particulate organic matter in the wastewater
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Physical–chemical characteristics of raw domestic sewage
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Characteristics of industrial wastewater
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 The generalization of typical industrial wastewater characteristics is difficult because of 
their wide variability from time to time and from industry to industry.

The following concepts are important in terms of the biological treatment of industrial 
wastewater:

 Biodegradability: capacity of the wastewater to be stabilized through biochemical processes by 
microorganisms.

 Treatability: suitability of the waste to be treated by conventional or existing biological processes.
 Biodegradable organic matter concentration: BOD of the wastewater, which can be: (a) higher than 

in domestic sewage (predominantly biodegradable organic wastewater, treatable through biological 
processes), or (b) lower than in domestic sewage (predominately inorganic or unbiodegradable
wastewater, in which there is less need for BOD removal, but in which the pollution load can be 
expressed in terms of other quality parameters).

 Nutrient availability: biological wastewater treatment requires a balanced equilibrium between the 
nutrients C:N:P. This equilibrium is usually found in domestic sewage.

 Toxicity: certain industrial wastewaters have toxic or inhibitory constituents that can affect or 
render biological treatment unfeasible.



Pollutants of importance in industrial wastewaters
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 Industrial effluents, depending on the type of the industrial process, can contain in greater 
or lesser degrees, the various pollutants:

a) Metals: the main implications of metals are:

 Toxicity to human beings and other forms of plant or animal life, as a result of the 
discharge or disposal of wastewaters to receiving water bodies or land.

 Inhibition to the microorganisms responsible for the biological treatment of wastewater.

 Heavy metals can be understood as those that, under certain concentrations and 
exposure time, offer risks to human health and the environment, impairing the activity 
of living organisms, including those responsible for the biological treatment of 
wastewater.

 The main chemical elements that fit into this category are: Ag, As, Cd, Co, Cr, Cu, Hg, Ni, 
Pb, Sb, Se and Zn. These elements may be naturally found in soils or waters in variable 
concentrations, but lower than those ones considered toxic to different living organisms. 
Among these, As, Co, Cr, Cu, Se and Zn are essential to organisms in certain small 
quantities, while others have no function in biological metabolism, being toxic to plants 
and animals.



Sources of contamination and the effects on human health by

metals
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b) Toxic and dangerous organic compounds:

 Toxic and dangerous organic compounds, even though they usually do not represent a concern 
in domestic sewage, may be of concern in municipal wastewaters that receive industrial 
effluents.

 When wastewaters containing toxic organic compounds are disposed of in the receiving water 
body without adequate treatment, severe damage may occur, both to the aquatic life and to 
human beings, who use it as a source of water supply.

 Most of these compounds are very slowly biodegraded, persisting in the environment for a 
long period.

 These compounds are able to penetrate the food chain and, even if they are not detectable in 
the receiving body, they may be present in large quantities in the higher trophic levels, owing 
to their bioaccumulation characteristics.

 Besides, since wastewaters have a complex composition and normally contain more than one 
organic pollutant, synergistic effects may take place (the combined effect may be higher than 
the sum of the individually exerted effects).
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 Several dangerous pollutants are volatile because of their low solubility, low molecular 
weight and high vapor pressure. Therefore, they may be transferred to the atmosphere in 
open units in the WWTP, such as aeration tanks, equalization tanks and clarifiers, and also 
pumping stations. If adequate control means are not taken, their volatilization represents a 
potential health risk to the population and workers who are frequently exposed to it. 

 The structural integrity of the sewerage collection system is also affected, because many 
compounds are corrosive, inflammable and explosive (methanol, methyl-ethylketone, 
hexane, benzene, among others).

 Other pollutants are adsorbed and concentrated in the biological flocs in the treatment 
process, and might cause inhibition to sludge digestion or generate sludge with dangerous 
characteristics which, if not adequately disposed of, could contaminate groundwater.

 Consequently, the treatment plant effluent may still contain these pollutants and, when 
discharged into the receiving body, may cause damages to the aquatic life and human 
beings.
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 The main sources of organic 
compounds are: 

 Chemical and plastic industries, 
 mechanical products, 
 pharmaceutical industries,
 pesticide formulation, 
 cast houses and steel industries, 
 oil industry, 
 laundries and lumber industries.

 The most commonly found organic 
pollutants in industrial effluents are: 

Phenol, methyl chloride, 1,1,1-trichloroethane, 
toluene, ethyl benzene, trichloroethylene,
tetrachloroethylene, chloroform, bis-2-ethyl-
hexyl phthalate, 2,4-dimethyl phenol, 
naphthalene, butylbenzylphthalate, acrolein, 
xylene, cresol, acetophenone, methyl-sobutyl-
acetone, diphenylamine, aniline and ethyl 
acetate.



Relationship between load and concentration
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 Per capita load represents the average contribution of each individual (expressed in terms of 
pollutant mass) per unit time. 

 A commonly used unit is grams per inhabitant per day (g/inhab.d). 
 For example, when the BOD contribution is 54 g/inhab.d, it is equivalent to saying that every 

individual discharges 54 grams of BOD on average, per day.
 The influent load to a WWTP corresponds to the quantity of pollutant (mass) per unit time. 

In this way, import relations are
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 The concentration of a wastewater can be obtained through the rearrangement of the 
same dimensional relations:



Example
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Population equivalent
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 Population equivalent (PE) is an important parameter for characterizing industrial 
wastewaters. 

 PE reflects the equivalence between the polluting potential of an industry (commonly in 
terms of biodegradable organic matter) and a certain population, which produces the same 
polluting load. 

 For instance, when an industry is said to have a population equivalent of 20,000 habitants, it 
is the equivalent to saying that the BOD load of the industrial effluent corresponds to the 
load generated by a community with a population of 20,000 inhabitants. 

 The formula for the calculation of population equivalent based on BOD is:

 In the case of adopting the value frequently used in the international literature for the 
per capita BOD load of 54 gBOD/inhab.d, PE may be calculated by:



Example
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Characteristics of the wastewater from some industries

Prof. M. Saidan 62



Prof. M. Saidan 63



Example
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A slaughterhouse processes 30 heads of cattle, Estimate the characteristics of the effluent.
Adopting an average value of 3.0 kgBOD/cattle slaughtered

1.777 Inhab


