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Introduction  

As conventional wastewater treatment plants (WWTPs) are not able to remove many 

recalcitrant organic compounds (i.e. many pharmaceuticals), these compounds are found in 

effluent wastewater, which thus might have undesired effects in aquatic ecosystems. As post 

treatment for WWTPs, advanced oxidation processes exhibit high removal effectiveness for 

pharmaceuticals compared with activated sludge (AS) and adsorption treatment, e.g., 

activated carbon, but, degradation by-products with higher toxicity are often generated by the 

reactions and high cost of operation and maintenance is inevitable.  

Moving bed biofilm reactor (MBBR) is an approach that has been developed with focus on 

nitrogen removal since the 1980s and consists of a tank filled with plastic carriers covered by 

biofilm, which move freely and utilize the whole tank volume for biomass growth. MBBR 

has been applied for treating of municipal wastewater and industrial wastewater (Biswas et al. 

(2014); Dvořák et al. (2014)). Previous studies have demonstrated that MBBR has the ability 

to degrade many pharmaceuticals better than AS (Falås et al. (2012); Escola-Casas et al. 

(2015)).  

WWTPs are subjected to cope with changing operational parameters that affect the treatment 

performance, such as the total organic carbon (TOC) concentration in the bioprocess tanks.  

Generally, there are two competing types of biodegradation of micro-pollutants in wastewater 

treatment: Catabolic and Co-metabolic degradation. In this study, addition of humic acids 

(HAs) was used to simulate different levels of hardly degradable carbon to investigate how 

co-metabolism of pharmaceuticals could be induced in biofilms. 

Material and Methods  

Stock solution of pharmaceuticals dissolved in methanol consisted of antibiotics, blood 

pressure regulators, analgesics, antidepressants and contrast media was dosed to Erlenmeyer 

flasks and different concentrations of HAs dissolved in effluent wastewater were introduced 

into the flask. Three carriers with fully developed biofilms or carriers without biofilm (as 

controls) were placed into the Erlenmeyer flasks. The flasks were placed on a mechanical 

shaker and incubated over two weeks.  
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Results and Conclusions 

Concentrations of pharmaceuticals over time were fitted by first-order degradation kinetic (
kteCC  )( 0 ), which was obviously suitable for the four compounds shown in figure 1. 

Different concentrations of HA measured as DOC had clear effects on the degradation of 

pharmaceuticals by MBBR, but the effects are compound specific. For the selected four 

compounds, generally, removal rate constants have a tendency to increase with increasing 

initial concentrations of HA from 4.4 to 30.0 mg/L. Apparently more dissolved organic 

matter stimulates a higher production of enzymes in the biofilm are which then have more 

capacity to metabolize the micro-pollutants by co-metabolism degradation.  

 

Figure 1 Left: First-order fitting of concentrations of selected pharmaceuticals in batch incubations of MBBR 
under different humic acid concentrations; Right: Rate constants of selected pharmaceuticals in batch 
incubations of MBBR under different humic acid concentrations. Legend of 4.4 mgC/L (no biofilm) in left of 
figure was used new carriers covered without biofilm, label of X axis of control in right of figure represents 
reactor at 4.4 mgC/L was used new carriers.  
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