
PRESENTED BY: Dr. S. Mahabali



Major problem with water 
resources
Although water covers more than 70% of the 
earth’s surface, only around 3% of it is 
freshwater.

By 2030, the global demand for water will have 
exceeded the sustainable supply available by 
40%. 

(https://unstats.un.org/sdgs/report/2022/Goal-06/)

https://www.weforum.org/impact/sustainable-water-management/
https://unstats.un.org/sdgs/report/2022/Goal-06/


• More than a quarter 

of the world’s 

population live in 

water-stressed 

countries, according 

to the United Nations

• Climate change & 

Drought

• Physical vs 

economical water 

scarcity

• Existing freshwater 

solutions like 

desalination plants 

are costly and also 

damage the 

environment.



4x increase in the pace of progress: 829,000 lives saved annually = number 

currently die each year from diseases related to: 
• unsafe water, 

• inadequate sanitation 
• poor hygiene practices.



History of water pollution (story of the US)

1972: with amendments >>>  Clean Water Act





Marking 50 years since the Cuyahoga 
River fire, which sparked US 
environmental action



https://www.starnieuws.com/index.php/welcome/index/nieuwsitem/75725
Na de berichten over vervuiling zijn drie samples getrokken waarvan twee de 
vervuiling met cyanide hebben bevestigd. Bij de eerste sample ging het om een 
cyanidewaarde van 334 mg en bij de tweede 421.42 mg cyanidewaarde. De derde 
sample was negatief.



















COD= Chemical Oxygen Demand







DRINKING WATER
QUALITY CRITERIA 

Water must be free of organisms (microbial criteria)

Most important criteria

Water must be free of  chemical compounds or in concentrations which 
are not harmful to humans

Water must have a good taste, smell and color (organoleptic properties)

WHO 1958: international standards for drinking water



WATER POLLUTION
PARAMETERS (1)

QUANTIFICATION OF OXYGEN

1) BOD: BIOLOGICAL OXYGEN DEMAND

2) COD; CHEMICAL OXYGEN DEMAND

BOD20
5: : Amount oxygen used by micro-organisms for oxidation of the 

biological fraction 

COD: Amount oxygen needed to chemically oxidize the biological and non-
biological fraction 

cBOD (oxidation of  C-compounds)         and
nBOD (oxidation of N-compounds): NH4

+ →  NO3
-



WATER POLLUTION
PARAMETERS (2)

Municipal waste water
COD : 600-1100 mg/l
BOD: 300-500 mg/l

Relationship BOD and COD:

BOD5
20 = 0.65.fb.COD

fb =  fraction of  biodegradable organic matter

*: 1 g COD  gives 0.4 g biomassa
1 g sugar equals 1 g COD equals 1 g bCOD = 0.65 g BOD
1 g synthetic material = 1 g COD = 0 g bCOD = 0 g BOD



WATER POLLUTION
PARAMETERS (3)

3) SS: Suspended solids: particles which can be separated by means of 
centrifugation and filtration

4) Total N: (Kj-N + nitrate & nitrite)

N can occur as organic N, ammonium-N (Kjeldahl-N) and Nitrate & 
Nitrite-N

Municipal wastewater:

NH4
+ -N: 40 – 65 mg/l

Org.-N: 30 – 50 mg/l

NO3
- -N & NO2

- -N: < 2 mg/l



WATER POLLUTION
PARAMETERS (3)

5) Phosphorus, P : inorganic forms, orthophosphate and phosphite

municipal wastewater: 15 – 30 mg/l

euthrophication: start already at low levels of P: 0.01-0.02 mg/l

6) Metals: As, Cr, Cu, Pb, Ni, Ag, Zn, Hg, Cd

As: 

Major sources: erosion of natural deposits; runoff from orchards; and runoff 
from glass & electronics production wastes

Health effects: skin damage and increase risks of getting cancer

Cr: 

Sources: erosion of chromium deposits found in rocks and soils. Chromium-6 is 
produced by industrial processes and manufacturing activities including 
discharges from steel and pulp mills



WATER POLLUTION
PARAMETERS (4)

Cr continued:

Health effects: Cr6+   : very toxic: carcinogenic

Cu:

Sources:  Corrosion of household plumbing systems; erosion of natural deposits

Short term: gastrointestinal distress

Long term: liver or kidney damage, 

Bad taste to water

Pb: household plumbing materials or in water service lines

children: delays in their physical or mental development

adults: long term: development of kidney problems or high blood pressure



WATER POLLUTION
PARAMETERS (5)

Ni: found in many ores as sulfides, arsenides, oxides or silicates; 

Chronic: decreased body weight; heart and liver damage; dermatitis 

Carcinogenic: ? 

Ag: intoxication causes discoloration of skin and eyes

Zn: acceptable level is relatively high

Hg:  erosion of natural deposits; discharge from refineries and factories; runoff 
from landfills and  croplands. 

Methylated Hg is of importance: bioaccumulation, biomagnification >> increased 
toxicity

Health effects: include sensory impairment (vision, hearing, speech), disturbed 
sensation and a lack of coordination



Unit of pollution: “vervuilingseenheid: V.E.” (1)

Up to end 1990: I.E. : measure of the amount of oxygen-binding compounds  
discharged on a daily basis per day per inhabitant

1 I.E. equals 180 liters wastewater per person with :
SS: 500 mg/l
BOD: 300 mg/l: 54 g BOD/I.E.dag
COD: 750 mg/l
Kj-N: 55 mg/l

Beginning of 1991: “V.E.”

formula expended with the terms  Total N and P and Heavy Metals.

Dec. 1992: formula further adapted to take ecological effect of pollution into 
consideration



Unit of pollution: “vervuilingseenheid: V.E.” 
(2)

V.E.: N1 + N2 + N3 + Nc

N1: O2-binding compounds and SS

N2: Heavy metals

N3: Nutrients

Nc: Cooling water



Unit of pollution: “vervuilingseenheid: V.E.” (3)

“MILIEUHEFFING OP WATERVERONTREINING” = H

H = n V.E. x T

n= number of V.E.

T= tariff



Autopurification of water (1)

Discharge of wastewater:

•BOD increases → adaptation M.O.:  
evolution of different microbial 
populations → degradation O.M. 
(first order reaction). 

•O2  used by M.O.; sometimes 
O2 near zero: development of 
anaerobic M.O. + production of 
N2, H2S, CH4, H2 gas
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Autopurification of water (2)

Streeter-Phelps equation: gives the relation between the DO concentration and the 
BOD over time and is a solution to the linear first order differential equation

This differential equation states that the total change in oxygen deficit (D) is equal to 
the difference between the two rates of deoxygenation and reaeration at any time.

The Streeter-Phelps equation, assuming a perfectly mixed stream at steady state is 
then

http://en.wikipedia.org/wiki/Deoxygenation


Autopurification of water (3)
Streeter-Phelps equation



Autopurification of water (4)
DO SAGcurve

Critical oxygen deficit

To find the value of the critical oxygen deficit, 
, the Streeter-Phelps equation is combined 
with the equation above, for the critical time, 
. Then the minimum dissolved oxygen 
concentration is (note temperature 
corrections)



Autopurification of water (5)
DO SAGcurve

The distance (x) travelled in a river from a given point 
or waste discharge downstream

to the DOcrit (which is the minimum DO) is found by

xcrit = v * tcrit

v = the flow velocity of the stream



WATER PURIFICATION (1) 
Type of pollution and purification techniques



WATER PURIFICATION (2)
Schematic overview wastewater purification system











GRIDS (1)

WATER PURIFICATION (3): INTRODUCTION TO 
DIFFERENT STEPS 



GRIDS (2)





















FLOTATION (1)



FLOTATION (2) 



























WATER PURIFICATION (3)

See presentations on grids, sand traps, primary 
sedimentation, biological treatment, secondary 
clarifier in separate presentations



WATER PURIFICATION (4)
“slibverwerking” or sludge treatment

SLUDGE TREATMENT: ANAEROBIC FERMENTATION 
DEWATERING

ANAEROBIC FERMENTATION (SEE FIGURE)

4 Steps:
hydrolyse, fermentation (-

acidogenese), acetogenes en 
methanogenesis. Last step>> 
production of biogas.

COMPOSITION BIOGAS
Volume-%

CH450-75%
CO225-50%
H2O2-7%
N20-2%H20-1%H2S0-2%



WATER PURIFICATION (5)
“slibverwerking” or sludge treatment

Dewatering of sludge:  20-40 % DS filter cakes (filter press)

Sometimes coagulants/flocculants added

Cakes go to landfill or incineration



Biotechnological methods of wastewater treatment (1)

AEROBIC (ACTIVATED SLUDGE SYSTEMS,  BIOFILM REACTORS)

ANAEROBIC (ANAEROBIC FERMENTATION)

ALTERNATIVE PURIFICATION SYSTEMS; SEPTIC TANKS, EMSCHER 
TANKS, PERCOLATION FIELDS,



Biotechnological methods of wastewater 
treatment (2)

AEROBIC (ACTIVATED SLUDGE SYSTEMS,  BIOFILM REACTORS)

ACTIVATED SLUDGE SYSTEMS



Biotechnological methods of wastewater treatment (3)
ACIVATED SLUDGE SYSTEM

WASTE WATER AERATED  (OPEN OR CLOSED SYSTEM)

THEN SEDIMENTATION AND SLUDGE FORMATION

RETURN SLUDGE (Qr): USE TO INOCULATION OR ENRICH MO

SLUDGEPRODUCTION >>> TIME TO EJECT SOME OF IT! (Qw)



Biotechnological methods of wastewater treatment (4)
ACTIVATED SLUDGE SYSTEMS

LOADING THE SYSTEM



Biotechnological methods of wastewater treatment (5)
ACTIVATED SLUDGE SYSTEMS



Biotechnological methods of wastewater treatment (6)
ACTIVATED SLUDGE SYSTEMS

7. HYDRAULISCHE VERBLIJFTIJD (QH): 1 HOUR UP TO FEW DAYS

8. SLIBLEEFTIJD (Qx): 10 TO 20 DAYS: SLUDGE RESIDENCE TIME

9. SLIBPRODUKTIE (YIELD): 0.4 kg/kg degraded bCOD



Biotechnological methods of wastewater treatment (7)

UASB (UPSTREAM, ANAEROBIC SLUGDE 
BLANKET REACTOR)

AIM: decomposition of organic and 
inorganic matter in the absence of 
molecular oxygen.

• V UPSTREAM: 1 m/hour
• MO: grow on granulates >>       
activated sludge forms 50-100 kg/m3

• OM converted to CH4, CO2

•Advantages over aerobic systems
• less Energy
• reduced costs
• less nutrients (N.P)
• less space required



Biotechnological methods of wastewater treatment 
(8)SEPTIC TANKS EMSCHER OR IMHOFF TANKS 

 0.3 m3 per IE
 sedimentation   +fermentation 

in one chamber

 25 liters per IE (sedimentation tank)
100 l per IE (fermentationtank)

 2 chambers
 higher removal of SS; 50-70%       compared 
to 20-70% (septic tank)



Biotechnological methods of wastewater treatment (9)
“PERCOLATIE VELDEN OF INFILTRATIEBEDDEN” or natural sandfilters

•Aim: clear (diluted) wastewater is percolated through soil and 
subsequently drained, with or without the aid of plants. (enhanced 
microbial degradation)

•Pollutants removed by physical- bio-chemical processes

• Advantage of plants (see course notes, part water, page 51)

•Removal efficiencies: high for BOD, COD, SS, Kj-N, NH4-N, somewhat 
lower for P (see page 52, course notes part water)



Biotechnological methods of wastewater treatment (10)
Water quality before discharge to surface water

(VLAREM II)

pH

MO

BOD

SS
HC

Oil and 
grease



























MASS TRANSFER ZONE AND BREAKTHROUGH POINT

Figure 6.12 is on the next slide



FIGURE 6.12









Voorbeeld: Sorptie van fosfaat aan
een tropische landbouwgrond van 
Cameroon werd bestudeerd door 
middel van het schudden van  
verschillende hoeveelheden fosfor (P) 
opgelost in 50 ml 0.01 M KCl
oplossing (in total 6 bekers). In elke
oplossing zit 1 g bodem of soil. 
Bereken steeds de Cs concentratie in 
mg P/ g bodem. De Cs voor beker 1 
wordt 0.48 mg/g soil. Die voor beker
6 is 2.45 mg/g.

Beker

1
2
3
4
5
6





Cw/Cs






