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Pharmaceuticals belong to a large group of pollutants that are discharged daily 
into our natural waters via municipal wastewater treatment plant effluents. 
This can be damaging to aquatic ecosystems and pollute our drinking water. To 
increase the protection of our waters, we must implement additional treatment 
targeting these compounds. This thesis focuses on the removal of organic 
micropollutants and transformation products from municipal wastewater using 
ozone and activated carbon treatment processes. A combination of 14C-labeled 
and non-radiolabeled organic micropollutants was used to study aspects of 
micropollutant removal from novel perspectives.
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2.1 Conventional wastewater treatment 
The overall purpose of municipal wastewater treatment is to (i) reduce effluent 
levels of biodegradable organic material and nutrients (primarily nitrogen and 
phosphorous) to prevent oxygen deficiency and eutrophication and (ii) lower 
pathogen levels in receiving surface waters.  

Conventional municipal wastewater treatment comprises a combination of 
mechanical, biological, and chemical processes (Figure 1). Mechanical treatment 
entails the removal of particles via screening, grit removal, and primary 
sedimentation. Biological treatment uses bacteria and other microorganisms to 
remove easily biodegradable organics and nitrogen by nitrification-denitrification. 
Phosphorous is commonly removed by chemical precipitation with metal salts but 
can also be removed to various extents through biological treatment, depending on 
the treatment configuration. Suspended solids (or sludge) that are generated in the 
treatment processes due to biomass growth or precipitation are typically removed 
by sedimentation, although several filtration options can be applied. Sludge 
management and disposal (not included in Figure 1) generally involves thickening, 
stabilization, dewatering and subsequent sludge disposal. A large variety of 
wastewater treatment processes exist. Biological treatment is conducted with 
suspended growth processes (activated sludge), attached growth processes (such as 
trickling filters and moving bed biofilm reactors [MBBRs]), or their combination. 

 

Figure 1 
Schematic of typical conventional wastewater treatment, consisting of (i) mechanical treatment, with 
screens, grit removal, and primary sedimentation; (ii) biological treatment with activated sludge or 
biofilm processes; and (iii) chemical treatment with precipitation of phosphorous. Sludge management 
is not included in the overview.  

2.1.1 The need for additional treatment 
Conventional wastewater treatment decreases the total organic micropollutant load 
by approximately 50%, occurring primarily by removal via sorption to sludge or 
biodegradation (Luo et al., 2014). Remaining compounds may show low adsorption 
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