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Wastewater treatment plant

Primary Secondary

Large particles and 

organics
Dissolved organics and 

nutrients as well as 

particles

Sedimentation Biological 

treatment

Separation

Preliminary

Large objects

Raw sewage
Treated effluent

Biochemical oxygen demand (BOD5) 25 mg/L

Chemical oxygen demand (COD) 125 mg/L

Total suspended solids
35 mg/L for more than 10 000 p.e.

60 mg/L for  2 000-10 000 p.e. 

Total phosphorus
1 mg/L for more than 100 000 p. e.

2 mg/L for 10 000 - 100 000 p. e.

Total nitrogen
10 mg/L for more than 100 000 p.e.

15 mg/L for 10 000 - 100 000 p. e.

Urban wastewater 

treatment directive

Screens



Wastewater treatment plant
Sedimentation Biological 

treatment

Separation

Raw sewage
Treated effluent

Screens

Minimum Maximum Average
95

th
 

Percentile
Count

BOD5 mg/L ND 25.6 3.25 7.63 238

COD mg/L 14.7 318 57.4 92.7 244

TSS mg/L ND 94.3 13.2 27.3 249

TN mg/L as N 5.6 11 7.75 10.2 27

TP mg/L as P 0.622 4.97 2.89 4.57 248

Units Low Medium High

BOD5 mg/L 110 190 350

COD mg/L 250 430 800

Total suspended solids mg/L 80 140 260

Total nitrogen mg/L 20 40 70

Total phosphorus mg/L 4 7 12

Total coliforms No./100 mL 106 - 108 107 – 109 107 - 1010

Typical raw sewage characteristics

Budds Farm WwTW Treated Effluent



Advanced treatment for indirect potable water recycling

Reverse Osmosis
Activated carbon

Advanced oxidation 

process (H2O2 + UV)

Treated effluent
To reservoir

Microfiltration

Dissolved compounds 

(nutrients, salts, 

organics …) and 

pathogens

Trace organics and 

pathogens
Particles including 

pathogens
Remove peroxide and 

trace organics



Micro-organisms: seen as the most significant risk

Important parameters for water recycling



Micro-organisms: seen as the most significant risk

Important parameters for water recycling

USEPA (2012)



Important parameters for water recycling



Organic matter

Important parameters for water recycling

Impact Treatment 

Aesthetic: odour and colour

Help micro-organisms growth

Reduce efficiency of disinfection 

systems

Significant removal by conventional 

treatment

Trace organics:

pharmaceuticals, pesticides, personal care products, 

endocrine disrupting compounds (EDCs) and disinfection 

by-products (DBPs)

Advanced treatment required such as RO, advanced 

oxidation processes (AOPs) and/or adsorption



Important parameters for water recycling

Parameters Impact Treatment 

Suspended solids

Turbidity

Aesthetic: odour and colour

Help micro-organisms growth

Reduce efficiency of disinfection systems

Significant removal by conventional treatment

pH Can promote scaling and /or corrosion Adjustment at any stage



Microfiltration

Porous membranes water

mono 

ions

multi

ions viruses bacteria SS

MF

water

mono 

ions

multi

ions viruses bacteria SS

UF

Separation by size exclusion 

(removes things bigger than pore size)

Microfiltration

(0.1-0.5 µm)

Ultrafiltration

(0.01-0.1 µm)



Microfiltration

Why do we use membranes?

Physical barrier to pollutants (effective 

removal of particulate matter and 

pathogens)

Small footprint

Easily automated



Reverse osmosis membranes

Semi-

permeable 

membrane
Water

Saline 

water

Semi-

permeable 

membrane
Water

Saline 

water

Osmosis Reverse Osmosis

Osmotic pressure Applied pressure > 

Osmotic pressure

Osmotic 

pressure (bar)

Process 

pressure (bar)

Sea water 23-32 40-80

Treated effluent 0.4-4 2-17



Reverse osmosis membranes

water

mono 

ions

multi

ions bacteria SS

RO

viruses

Separation by diffusion/selectivity 

Reverse Osmosis

Dense membranes

Commonly used for desalination

Will produce deionised water (>90% removal 

of salts and other dissolved compounds)

They can’t remove very small uncharged 

inorganic and organic molecules



Staging to increase recovery

Reverse osmosis membranes

First stage Second stage

Concentrate

Permeate

interstage pumping



80% Recovery

~5x Concentration

Feed water

TDS = 3000 

mg/L

Permeate

Concentrate

20% of volume

TDS up to 15000 

mg/L

Concentration

Reverse osmosis membranes



Membrane fouling = reduce flow and/or increase pressure

Membrane operation

undesired adsorption and deposition of material present in the feed on 

the membrane surface

Silica
Calcium

Organics Microorganism

Particulate fouling Inorganic fouling

Organic fouling Biofouling



Fouling control

• Remove material in pretreatment (e.g. particles with MF membrane)

• Control during operation (chemical dosing: disinfection for biofouling and anti-scalant for 

inorganic fouling)

• Remove periodically:

• Physical cleaning (backwash – only for MF/UF)

• Chemical cleaning (acid and alkaline chemicals)

Membrane operation



Backwash from MF

Concentrate from RO

Will contain the compounds rejected by the membranes which would have been discharged with 
the effluent

The risk is associated with the concentration (rapid dispersion needed)

Anything else? 

Chemical cleaning solutions (they have to be neutralised)

Antiscalant

Reject streams



Advanced oxidation processes: Hydrogen peroxide (H2O2) + UV

Polishing steps

Hydrogen peroxide reacts with UV light to form a 

very strong oxidant (OH.) which will decompose 

the trace organics remaining in the water 

Activated carbon

Removal of hydrogen peroxide and any trace 

organics remaining by adsorption



To reduce the corrosivity of the water

• Aggressiveness index

• Ryznar index

• Langelier Saturation Index

Remineralisation

Dosing of salts/minerals

• Carbon dioxide

• Calcium carbonate

• Lime

• Sodium chloride

• Possible disinfection



Trace organics – RO rejection

Impact of molecule size

https://www.sciencedirect.com/science/article/pii/S1383586613
00381X?via%3Dihub 

https://www.sciencedirect.com/science/article/pii/S2214714418301958 

Disinfection 

byproducts

https://app.amanote.com/v4.1.9/research/note-
taking(modal:authentication-modal/modal/login) 

Pesticides

https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-
nitrosodimethylamine-precursors-in 

https://www.sciencedirect.com/science/
article/pii/S0376738814004050?pes=vor
&utm_source=scopus&getft_integrator=
scopus 

Pharmaceuticals

https://www.sciencedirect.com/science/article/pii/S138358661300381X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S138358661300381X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214714418301958
https://app.amanote.com/v4.1.9/research/note-taking(modal:authentication-modal/modal/login)
https://app.amanote.com/v4.1.9/research/note-taking(modal:authentication-modal/modal/login)
https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-nitrosodimethylamine-precursors-in
https://iwaponline.com/wst/article/63/4/605/16161/Occurrence-of-N-nitrosodimethylamine-precursors-in
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus
https://www.sciencedirect.com/science/article/pii/S0376738814004050?pes=vor&utm_source=scopus&getft_integrator=scopus


Hydrogen peroxide/UV

https://www.sciencedirect.com/science/article/pii/S0043135407004976?via%3Dihub 

Example of NDMAPharmaceuticals

https://www.ivl.se/download/18.694ca0617a1de98f4738c9/1628417207067/FULLTEXT01.pdf 

https://www.sciencedirect.com/science/article/pii/S0043135407004976?via%3Dihub
https://www.ivl.se/download/18.694ca0617a1de98f4738c9/1628417207067/FULLTEXT01.pdf


Activated carbon

https://www.sciencedirect.com/science/article/pii/S0048969720351408?via%3Dihub 

https://www.sciencedirect.com/science/article/pii/S0048969720351408?via%3Dihub


Microplastics

https://iwaponline.com/wst/article/88/1/199/95676/A-review-of-microplastic-removal-from-water-and 

https://www.sciencedirect.com/science/article/pii/S0048969723052749 

Definition:
Plastic particles/debris of size ranging from 1 to 5000 
μm and 1–1000 nm are referred to as micro plastics 

(MPs) and nanoplastics (NPs), respectively.

https://iwaponline.com/wst/article/88/1/199/95676/A-review-of-microplastic-removal-from-water-and
https://www.sciencedirect.com/science/article/pii/S0048969723052749


PFAS (“forever chemicals”)

https://www.sciencedirect.com/science/article/pii/S1383586622017166?via%3Dihub 

https://www.sciencedirect.com/science/article/pii/S1383586622017166?via%3Dihub


Energy use

https://www.sciencedirect.com/science/article/pii/S2589914721000396 

https://www.sciencedirect.com/science/article/pii/S2589914721000396
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