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Executive Summary 

 
The main objective of the WP 2 entitled “Assessment of limits of the current water treatment 

processes and new developments for the removal of pharmaceutical products (PP’s) from 

water” is to assess the efficiency of elimination of PP’s by conventional treatment processes 

and to identify new treatment processes under development. 

Deliverable 2.1 concerns mainly the comparison of the wastewater and drinking water 

treatment technologies in regard to PPs removal. As a first step, the data concerning 

pharmaceutical compounds removal was collected and set in following order: 

�� Sewage treatment plant (STP) characteristics; 

�� Removal. 

In order to highlight the differences of the crucial parameters impact on the elimination of 

PPs, in the second step, literature data was described according to the following factors: 

sludge retention time (SRT), hydraulic retention time (HRT), reactor configuration, red-ox 

conditions, climatic zones and advanced technologies. 

In case of drinking water the data regarding variety of treatment technologies was 

collected and, likewise in case of wastewater treatment, set in following order: 

�� Process description; 

�� Removal. 

All pharmaceutical compounds found in the available literature data were divided into 

therapeutic groups: antibiotics, anticonvulsants, antiinflammatories (analgesic), b-blockers, 

hormones, tranquilizers, X-ray contrast media and lipid regulators. 

According to the available data concerning wastewater treatment it can be stated, that 

sewage treatment plant (STP) (e. g. conventional activated sludge processes, membrane 

assisted bioreactors) configuration is not a factor, which have the highest impact on the PPs 

removal. It is rather connected with parameters, such as sludge retention time (SRT) and 

hydraulic retention time (HRT), which seem to be the crucial parameters and the visible 
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correlation with the PPs removal rates can be observed. Such correlation was not found for 

the climatic zones, however consumption pattern of PPs in each country or region could have 

significant impact on the chosen compounds elimination. 

In regard to drinking water, it can be concluded, that the ozonation was the most efficient 

treatment technology for the majority of compounds. However, the efficiency depends on the 

reagent dose and combination with other oxidants, pH and presence of OH radicals 

scavengers. 
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Introduction 
 
 Majority of pharmaceutical products (PPs) is at least partially eliminated during 

conventional treatment. However, since the load of pharmaceutical products increases, it is 

crucial to improve the elimination efficiency of these compounds. Identifying so-called flaws 

of the existing technologies gives the opportunity for the future development. 

The main objectives of Deliverable 2.1 are as follows: 

1. Identifying groups of human pharmaceuticals according to their removal rates by current 

biological sewage treatments and trying to establish links with their physico-chemical 

properties; 

2. Comparison of the technologies in regard to PPs removal; 

3. Identification of different PPs removal rates in relation to the regional specificities such as 

climate or most drugs consumption; 

4. Delineation the factors that determine PPs susceptibility to conventional biological 

treatment. 

 

Description of works 
 
 One of the major objectives of D2.1 is the comparison of the wastewater and drinking 

water treatment technologies in regard to PPs removal. As a first step, the data concerning 

pharmaceutical compounds removal was collected and set in following order: 

�  Sewage treatment plant (STP) characteristics – including reactor configuration, sludge 

retention time (SRT), hydraulic retention time (HRT), temperature (or sampling 

season), red-ox conditions, influent and effluent concentration of particular PPs; 

�  Removal – usually described as the difference between influent and effluent 

concentration, however the specification concerning biological transformation and 

sorption onto sludge was given, if the data was available. 

In order to highlight the differences of the crucial parameters impact on the elimination of PPs 

in the second step literature data was divided according to the following factors: 

1. sludge retention time (SRT), 

2. hydraulic retention time (HRT), 

3. reactor configuration, 

4. red-ox conditions, 

5. climatic zones, 



 6 

6. advanced technologies, 

7. consumption rate of chosen compounds recorded in Poland. 

In case of drinking water the data regarding variety of treatment technologies was collected 

and, likewise in case of wastewater treatment, set in following order: 

�  Process description – including reagent combination (e.g. O3/H2O2), reactor volume, 

molar ratio of oxidants (or irradiation in case of UV), medium (e.g. Milli-Q water, 

environmental waters), reagent dose, reaction time, pH, temperature; 

�  Removal – described as the difference between influent and effluent concentration; 

�  Comments – indicating crucial remarks on the treatment. 

All pharmaceutical compounds found in the literature were divided into therapeutic groups: 

antibiotics, anticonvulsants, antiinflammatories (analgesic), b-blockers, hormones, 

tranquilizers, X-ray contrast media and lipid regulators. 

 

1. Wastewater treatment 

1.1. Sludge retention time (SRT) 

 Sludge retention time is defined as the average retention time of sludge flocs before 

they are removed as excess sludge or lost through the effluent. That is the time 

microorganisms have for growth: the lower the sludge retention time, the less time they have 

to double in order to prevent washout of the population. SRT is a crucial parameter in 

wastewater treatment, which determines the biodiversity of the sludge, the amount of 

predominant bacteria in the active biomass and their enzymatic activity. According to the 

literature data 

 three ranges of SRT were chosen: 

�  SRT<10 days – carbon removal; 

�  10<SRT<20 days – nutrient removal; 

�  SRT>20 days – nutrient removal plus sludge stabilization (typical for small STPs). 

 
1.1.1 Antibiotics 

SRT seems not to have significant influence on Sulfamethoxazole and Roxithromycin 

removal (Fig.1.1.1), although slight increase tendency can be observed with longer SRT. 

Overall removal ranges from 0 to 80% and 0 – 90%, respectively. In contradiction, sludge 

retention time above 50 days decreases the removal of the other antibiotic, Trimethoprim to 

less than 10% (Ternes&Joss, 2006). However, with SRT below 20 days the removal of this 
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compound is around 90%. The same situation occurs in case of Clarythromycin; with 

SRT<20 days the removal rate varies from 75 to 90%, while with SRT>50 days the removal 

drops to 10% (Ternes&Joss, 2006). Ciprofloxacin and Ofloxacin are rather highly removed 

within wastewater treatment, although there is only data concerning SRT<20 days available 

(Vieno et al., 2007). The removal of both compounds is above 75%. 

(Anhydro-)erythromycine shows no dependency on the sludge retention time with high 

(>90%) removal rate for SRT<20 and >50 days (Ternes&Joss, 2006). 
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Fig. 1.1.1 SRT influence on the removal of antibiotics. 
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There is a significant lack of data concerning Norfloxacin and Sulfapyridine. Ternes and 

Joss, for the sludge retention time typical for nutrient elimination, presented removal below 

20% and above 30%, respectively. 

No records of Tetracycline or Clindamycin with SRT data was found. However, these 

antibiotics were found in the STPs’ effluents at concentrations up to 1 mg L-1 (Batt et al., 

2006).  

 
1.1.2 Anticonvulsants 

Carbamazepine is the most studied anticonvulsant, therefore the most of collected literature 

data concerns this compound in particular. Moreover, Carbamazepine is known to be very 

persistent – 43 out of 48 records present the removal rate <20% (Fig. 1.2). Therefore it can be 

stated that SRT has no influence of the removal efficiency of this compound. 

Phenytoin is also poorly eliminated 

in wastewater treatment, with the 

removal efficiency ~40% (Yu et al., 

2006). No dependency on the SRT 

could be estimated, as no data with 

SRT range other than 8 – 10 days is 

available. 

Two other anticonvulsants, reported 

by Yu et al. (2006), Gabapentin and 

Valproic acid shows very high 

removal rate (>99%). However, as 

mentioned above, the data concerns only nutrient removal sludge retention time. 

 

1.1.3 Antiinflammatories (Analgesics) 

Ibuprofen, Ketoprofen and Indomethacin show the removal rates >80% for the sludge 

retention time typical for nutrient removal (Fig. 1.1.3). However, the efficiency of the 

elimination of the compounds seems to drop down with the decrease of the SRT below 10 

days. On the other hand, the elimination observed for SRT>20 is rather complete (Clara et al., 

2005(a); Lishman et al., 2006). On the contrary, Naproxen is better removed with SRT<10 

days (e.g. Lishman et al., 2006) and tends to be more persistent with sludge retention time 

above 20 days (Joss et al., 2005). 
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Fig. 1.1.2 SRT influence on the removal of 
anticonvulsants. 



 9 

Diclofenac is very poorly removed in STPs with SRT<20 days (Fig. 1.1.3). Increase of the 

sludge retention time above 20 days seems to improve the removal efficiency of Diclofenac, 

however the elimination rate is still in the range from 0 to 80%. Only Lishman et al. (2006) 

reported complete removal of this compound. 
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Fig. 1.1.3 SRT influence on the removal of antiinflammatories (analgesics). 
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Nakada et al. (2006) presented data concerning removal rates of Fenoprofen at five STPs 

with sludge retention times  from 3.8 to 8.4 days. In all cases the compound was eliminated in 

the range of 65 – 95%. 

Insufficient data prevents the determination of SRT impact on the removal of some analgesic; 

Yu et al. (2006) reported Acetaminophen to be completely removed with sludge retention 

time between 8 ad 10 days, Jones et al. (2007) presented data concerning Mefenamic acid, 

Paracetamol and Salbutamol – all compounds show very high removal rates (>85%) at SRT 

equal to13 days. 

 

1.1.4 bbbb-blockers 

All compounds studied within this group of PPs show rather average removal rates within the 

SRT up to 20 days (Fig. 1.1.4). No data concerning SRT>20 days is available. In detail, 

Atenolol is been reported to be removed between 60 – 80%, with two records out of ten 
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Fig. 1.1.4 SRT ifluence on the removal of b-blockers. 



 11 

showing the elimination of 37% (Vieno et al., 2007). Acebutolol is usually removed in the 

range of 20 – 60% with fewer records relevant to the lower elimination. On the contrary, 

removal of Sotalol fits in the range of 40 – 80%, with more records regarding the lower 

removal. Additionaly, Sotalol seems to be slightly better removed with SRT between 10 and 

20 days.  

Metoprolol was reported o be the most persistent b-blocker with removal efficiencies of 2 – 

34% (Vieno et al., 2007). 

 

1.1.5 Hormones 

Hormones are known to be well removed during wastewater treatment (Clara et al., 2005a; 

Servos et al., 2005; Lishman et al., 2006; Johnson et al., 2005; and more). However, there is 

data concerning average or low removal, especially for SRT<10 days (Fig. 1.1.5), while 

Kreuzinger et al. (2004b) and Schlüsener (2006) reported even no removal. Altogether, it can 
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Fig. 1.1.5 SRT influence on the removal of hormones. 
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be stated that the longer sludge retention time, the better removal rate of hormones. Among all 

chosen compounds the most persistent seems to be 17aaaa-ethinylestradiol with 12 records out 

of 45 showing the elimination below 40% (Fig. 1.1.5). 

Esperanza et al. (2007) studied the removal of Testosterone, Androstenedione and 

Progesterone at pilot scale STP with SRT equal to 6 days. All compounds were completely 

removed during the treatment. 

There is no data regarding to sludge retention time influence on 16aaaa-hydroxyestroe removal. 

  

1.1.6 Tranquilizers 

Very few data regarding on the 

removal of tranquilizers is available. 

Kreuzinger et al. (2004b) reported the 

elimination of Diazepam at STPs 

with sludge retention times ranging 

from 0.7 to 275 days. In all cases the 

removal rate did not surpass 25% 

with no removal for the SRT equal to 

0.7 days (Fig. 1.1.6). 

 

 

1.1.7 X-ray contrast media (CM) 

Contrast media are known to be the 

most persistent compounds. However, 

the data concerning these PPs is 

strongly limited. Among all CM 

reported to be found in STPs’ 

effluents Iopromide is the only 

compound described in the literature 

in regard to the impact of the sludge 

retention time on the removal. Fig. 

1.1.7 shows that SRT<10 days results 

in no removal, while the increase of 

the sludge retention time allows to 

eliminate Iopromide up to 95% (Joss et al., 2005). 
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Fig. 1.1.6 SRT influece on the removal of tranquilizers. 
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Fig. 1.1.7 SRT influence on the removal of X-ray 
contrast media. 
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1.1.8 Lipid regulators 

Lipid regulators shows a variety of removal rates depending on the sludge retention time. 

Both Bezafibrate and Gemfibrozil are removed above 80% with SRT>20 days, well removed 

with sludge age ranging from 10 to 20 days, and poorly removed with SRT<10 days (Fig. 

1.1.8). 

No data is available regarding SRT influence on the removal of Clofibric acid and Fenofibric 

acid. 

 

1.2. Hydraulic retention time (HRT) 

 Hydraulic retention time can be defined as a measure of the average length of time that 

a soluble compound remains in a constructed bioreactor (Wikipedia). Following IUPAC 

Compendium of Chemical Terminology residence time (hydraulic retention time) is the 

average time a particle or volume element of the culture resides in a bioreactor (or other 

device) through which a liquid medium continuously flows. Residence time of the liquid is 

the reciprocal of dilution rate. 

To compare the impact of this parameter three most common ranges were chosen: 

�  HRT<12 hours, 

�  12<HRT<25 hours, 

�  HRT>25 hours. 
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Fig. 1.1.8 SRT influence on the removal of lipid regulators. 
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1.2.1 Antibiotics 

No clear dependency on the HRT impact on the removal of Sulfamethoxazole can be stated. 

However, it seems that the range of 12 – 25 h characterizes the highest removal rate of this 

compound (Fig. 1.2.1). HRT>25 hours represents the elimination either below 20% or above 

60%. Additionally, Clara et al. (2005b) reported no removal of Sulfamethoxazole for 

hydraulic retention time equal to 237 hours.  

Bendz et al. (2005) presented data concerning removal of Trimethoprim at HRT of 15 – 16 

hours. The elimination of the studied compound was approximately 50%. However, that is the 

only record regarding this compound, therefore the establishment of the HRT impact on the 

removal rate is impossible.  

At HRT above 12 hours Roxithromycin proves a variety of removal efficiencies, ranging 

from no removal to 80%. Additionally, HRT below 12 hours results in poor removal, within 

the range of 0 – 30% (Fig. 1.2.1).  
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Fig. 1.2.1 HRT inluence on the removal of antibiotics. 
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Ciprofloxacin and Ofloxacin are highly removed at HRT range up to 25 hours (Fig. 2.1). No 

data concerning hydraulic retention time above 25 hours is available. Moreover, obtained 

information originate from one article by Vieno et al. (2007). 

No data concerning HRT influence on the removal of Azithromycin, Clarithromycin, 

Norfloxacin, Sulfapyridine, Tetracycline and Clindamycin could be found. 

 

1.2.2 Anticonvulsants 

Carbamazepine, like in case of SRT, is 

the most commonly studied compound 

among anticonvulsants (Clara et al., 

2005b; Kreuzinger et al., 2004b; 

Nakada et al., 2006; and more). 

According to the literature data it can 

be stated, that likewise SRT, the 

hydraulic retention time has no 

influence on the removal of 

Carbamazepine. There seems to be a 

slight increase of the removal 

efficiency within the HRT range from 

12 – 25 hours (Fig. 1.2.2), however, the elimination is still insufficient (20 – 40%).   

There is lack of data regarding Valproic acid, Gabapentin and Phenytoin. 

 

1.2.3 Antiinflammatories (Analgesics) 

Paracetamol and Salbutamol were reported to be very degradable (Jones et al., 2007), 

although the data concerned only HRT equal to 13.5 hours. Therefore no precise conclusions 

could be made. 

Ibuprofen is very effectively removed with no dependency on hydraulic retention time (Fig. 

1.2.3). On the contrary, Naproxen shows very good removal rates exceeding 60%, with 

slight, but noticeable increase with longer HRT. Likewise, Diclofenac proves to be more 

susceptible with hydraulic retention time above 25 hours. However, the most commonly 

reported removal rate of this compound fits in the range of 0 – 60% (Fig. 1.2.3). 

On the contrary, Fenoprofen seems to show higher removal rates with HRT<12 hours, while 

at the range of 20 – 95% the elimination pattern is indefinite. 
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Fig. 1.2.2 HRT influence on the removal of 
anticonvulsants 
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Ketoprofen, Indomethacin and Mefenamic acid cover the whole range of the removal rates 
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Fig. 1.2.3 HRT influence on the removal of antiinflammatories (analgesics). 
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for the HRT below 25 hours (Fig. 1.2.3). Therefore it can be stated that HRT has no impact on 

the elimination pattern of these compounds. Though, except from Indomethacin, no data 

regarding longer hydraulic retention time was obtained.  

Urase et al. (2004) reported no removal of Propyphenazone at HRT equal to 1 day. No other 

information regarding this compound was found.  

No data concerning Flurbiprofen and Acetaminophen affiliation with HRT could be 

obtained. 

 

1.2.4 bbbb-blockers 

From 8 to 10 records were found regarding hydraulic retention time impact on the removal of 

Atenolol, Metoprolol, Acebutolol and Sotalol. For all compounds, however, there seems to be 

an increasing tendency of the elimination pattern with lower HRT values (Fig. 1.2.4). Overall 

removal rates are ordered as follows: 0 – 40%, 20 – 60%, 40 – 80% for Metoprolol, 
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Fig. 1.2.4 HRT influence on the removal of b-blockers. 
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Acebutolol and Sotalol, respectively, and concern the HRT<25 hours. With the same value of 

hydraulic retention time Atenolol removal rate ranges from 0 to 80%. However, there is a  

lack of data regarding HRT>25 hours.  

Propranolol and Bisoprolol, although found in the STPs’ effluents (e.g. Bendz et al., 2005; 

Miege et al., 2006) , were not studied according to the HRT impact on their removal rates. 

 

1.2.5 Hormones 

Most of the data concerning elimination of hormones during wastewater treatment presents 

high removal rates. However, majority of records regards 17bbbb-estradiol, Estriol and Estrone 

(Fig. 1.2.5). These compounds tend to be very well removed at the whole range of hydraulic 

retention time, so no influence of this parameter can be observed. 

In case of 17aaaa-ethinylestrdiol the highest removal rate was obtained with HRT range of 12 – 

25 hours (Urase et al., 2004; Joss et al., 2004). However, no data regarding HRT>25 hours 
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Fig. 1.2.5 HRT influence on the removal of hormones. 
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was found. Therefore, according to the available data it can be stated, that with higher values 

of hydraulic retention time, better removal could be obtained. 

Testosterone, Androsterone and Progesterone were completely removed at HRT equal to 6 

hours (Esperanza et al., 2007). No other information concerning these compounds was found. 

The HRT influence on the removal of 16aaaa-hydroxyestrone was not reported. 

 

1.2.6 Tranquilizers 

No data containing information about HRT of wastewater treatment plants in case of 

Diazepam removal (or any other tranquilizer) was found. 

 

1.2.7 X-ray contrast media 

There is a lack of data regarding 

influence of the HRT on contrast 

media elimination during wastewater 

treatment. However, Carballa et al. 

(2004) and Clara et al. (2005b) 

reported no removal of Iopromide 

with HRT ranging from 2 to 29 hours 

(Fig. 1.2.7). Based on this 

information in can be stated, that 

contrast media tend to be very 

persistent regardless of the hydraulic 

retention time. 

 

1.2.8 Lipid regulators 

Bezaibrate shows the highest removal rate at the HRT<25 hours (Fig. 1.2.8) ranging from 77 

– 100%. The exception is a record presenting the removal of 36%, which was reported for the 

carbon removal WWTP with HRT of 2 hours (Clara et al., 2005b). Lower degradation, equal 

to 54%, was reported also by Clara et al. (2005b) at the HRT of 29 hours. On the contrary, 

hydraulic retention time seems to have no influence on the elimination pattern of Gemfibrozil, 

which in most cases is removed above 60%. Clofibric acid shows a tendency of decreasing 

removal efficiency as HRT increase (Fig. 1.2.8). 
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Fig. 1.2.7 HRT influence on the removal of X-ray 
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1.3. Reactor configuration 

In order to compare the removal efficiencies of reported compounds regarding to the WWTP 

configuration, the following treatments were taken into account: 

�  CASP – Conventional Activated Sludge Processes (N, C, P removal), 

�  CASP-C – Conventional Activated Sludge Processes with carbon removal only, 

�  CASP-P – Conventional Activated Sludge Processes focused on phosphorus removal, 

�  CASP-TF – Conventional Activated Sludge Processes combined with Trickling Filter, 

�  CASP-OD – Conventional Activated Sludge Processes as Oxidation Ditch, 

�  SBR – Sequencing Batch Reactor, 

�  MBR – Membrane Biological Reactor, 

�  FBR – Fixed Bed Reactor, 

�  Lagoon. 
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Fig. 1.2.8 HRT influence on the removal of lipd regulators. 
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1.3.1 Antibiotics 

Poor or no removal of Sulfamethoxazole was reported for CASP, CASP-C and CASP-P (Fig. 

1.3.1). SBR, MBR and FBR seem to be much more effective in the elimination of this 

compound. Similarly, Trimethoprim removal at CASP and CASP-P was rather low. 
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Fig 1.3.1 Reactor configuration influence on the removal of antibiotics. 
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However, there is a lack of data regarding other WWTP configurations, therefore no 

statement could be made. 

Clarythromycin and (Anhydro-)erythromycin have almost the same degradation pattern; their 

elimination at CASP covers the whole range of the removal rates and shows quite poor 

susceptibility of these antibiotics at CASP-TF (Fig. 1.3.1). 

Roxithromycin is hardly removed at CASP-TF and FBR (Fig. 1.3.1). Most of the records 

concerning the elimination of this compound at CASP present rather low removal rates. In 

case of MBR, the degradation pattern seems to head for an increase in degradation of 

Roxithromycin. 

Norfloxacin was reported to be quite persistent compound. Terenes and Joss (2006) show that 

the elimination of this PP at CASP was below 20%. No other data of this compound was 

available. 

There is a very few data regarding Ciprofloxacin and Ofloxacin (Vieno et al., 2007; Ternes 

and Joss, 2006). According to the available data both compounds are removed above 80% and 

60% at CASP and CASP-OD, respectively. 

There is no data concerning the removal of Tetracycline and Clindamycin available, although 

these compounds were found in the WWTP effluents (Batt et al., 2006). 

 

1.3.2 Anticonvulsants 

Carbamazepine is on of the most 

persistent compounds detected in the 

wastewater effluents. Fig 1.3.2 shows 

very low or no removal or all treatments 

found in the literature. Therefore it can 

be stated, that reactor configuration has 

no influence on the removal of 

Carbamazepine. 

Gabapentin and Valproic acid are 

completely removed at CASP (Yu et al., 

2006). Additionally, Yu et al. (2006) 

reported also the removal of Phenytoin at CASP, equal to 44%. Regrettably no other 

treatment was mentioned. 

 

1.3.3 Antiinflammatories (Analgesics) 
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Ibuprofen shows very good removal at CASP, CASP-P, MBR, FBR and Lagoon, within the 

range of 90% to complete removal (Fig. 1.3.3a). Additionally, very high elimination rate was 

reported in case of CASP-TF, exceeding 75% (Stumpf et al., 1999). 

Likewise, Naproxen was reported to be well degraded at CASP-P and Lagoon, and 

eliminated at the medium range at CASP (Fig. 1.3.3a). CASP-TF, MBR and FBR shows 

rather high removal rates, with CASP-TF being the most efficient. 

Diclofenac usually was reported to be quite persistent, taking into consideration CASP and 

MBR, while very low or no removal was reported in case of SBR and FBR (Fig. 1.3.3a). 

Stumpf et al. (1999) show the results of elimination of Diclofenac for CASP-TF to be very 

high, exceeding 75%. 

There is a limited amount of records regarding Fenoprofen removal. Nakada et al. (2006) 

reported the elimination of this compound at the range of 65 – 95% for CASP. On the other 

hand, Urase et al. (2004) shows the removal of Diclofenac for MBR to fit in the range 

between 22 and 92%. 
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Fig 1.3.3a Reactor configuration influence on the removal of antiinflammatories. 
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Ketoprofen was reported to be effectively removed at CASP-TF and CASP-P (Fig. 1.3.3b). 

MBR and CASP shows the variety of the removal rates, ranging from no removal to 100% 

(Lishman et al., 2006; Lindqvist et al., 2005). 

As presented at Fig. 1.3.3b Indomethacin shows either high (>80% for CASP-TF ad Lagoon) 

or average elimination rates (CASP and MBR). 

No data could be found concerning Flurbiprofen. 

 

1.3.4 bbbb-blockers 

Atenolol and Metoprolol were hardly degraded at CASP-P (Fig. 1.3.4) and their elimination 

was rather low at CASP. However, inversely than Metoprolol, Atenolol was eliminated above 

80% at CASP-DO. 

In case of Acebutolol and Sotalol Vieno et al. (2007) reported the removal rate for CASP and 

CASP-OD. Both compounds were quite susceptible during conventional treatment. However, 

their behaviour was significantly different in case of CASP-OD (Fig. 1.3.4).  
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Bendz et al. (2005) reported the elimination of Propranolol at CASP-P to be approximately 

30%. No other data of this compound was available. 

 

1.3.5 Hormones 

Majority of records regarding the removal of hormones shows very good degradability of 

these compounds. That is especially true for 17bbbb-estradiol and Estrone (Fig. 1.3.5) – both 

compounds were eliminated above 80% at MBR, FBR and Lagoon. CASP and CASP-OD 

seems to be also very efficient, however there are records showing average or even poor 

removal of these hormones. 

17aaaa-ethinylestadiol is effectively removed by MBR and FBR (Fig. 1.3.5). Very low removal 

was observed for SBR (Clara et al., 2005a). In case of CASP, this compound fits in the whole 

range of the removal rates, meaning that the elimination depends on the configuration of 

particular facility. The similar situation occurs in case of Estriol and 16aaaa-hydroxyestrone. 

Atenolol

0%

20%

40%

60%

80%

100%
C

A
S

P

C
A

S
P

-P

C
A

S
P

-
O

D

<20 20 - 40 40 - 60 60 - 80 >80

Metoprolol

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-P

C
A

S
P

-
O

D

<20 20 - 40 40 - 60 60 - 80 >80

Acebutolol

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-
O

D

<20 20 - 40 40 - 60 60 - 80 >80

Sotalolol

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-O
D

<20 20 - 40 40 - 60 60 - 80 >80

Fig 1.3.4 Reactor configuration influent on the removal of b-blockers. 
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Yet, approximately 45% of records regarding CASP shows the removal of Estriol at the range 

above 80%.  
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Fig 1.3.5 Reactor configuration influence on the removal of hormones. 
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1.3.6 Tranquilizers 

The only data concerning compounds from this group was given by Kreuzinger et al. (2004b) 

and regarded the elimination of Diazepam at CASP. No removal higher than 25% was 

reported. The lack of data prevents the comparison of different wastewater treatment 

technologies. 

 

1.3.7 X-ray contrast media 

Ternes at al. (2000) reported no 

removal of Diatrizoate, Iomeprol, 

Iopamidol, Iothalamic acid and 

Ioxithalamic acid at CASP. No further 

information according to this 

compounds’ elimination was found. 

Iopromide was hardly removed at 

CASP-C (Fig. 1.3.7), on average 

eliminated by MBR, and quite well 

removed in FBR. In case o CASP it 

can be stated, that Iopromide is rather 

persistent, however there was an 

evidence of the removal rates even above 95% (Joss et al., 2005; Kreuzinger et al., 2004b). 

 

1.3.8 Lipid regulators 

The most efficient technology in eliminating Bezafibrate seems to be MBR, with the removal 

rates above 60% (Fig. 1.3.8). Furthermore, CASP shows rather high degradation of this 

compound (most of the records concern the elimination of more than 80%). Poor degradation 

of Bezafibrate can be observed for CASP-TF and CASP-C.  

On the contrary, MBR is not effective in the removal of Gemfibrozil and Clofibric acid. 

Although there is data concerning the elimination above 80% of Gemfibrozil, the majority of 

records show rather low removal rates (<20%). CASP and CASP-TF are characterized by 

average elimination of both compounds. 

Additionally, Stumpf et al. (1999) presented the removal efficiency of CASP-TF of 

Fenofibric acid to be around 40%. There is a lack of information regarding other treatment 

technologies. 
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To make the statement of the reactor configurations more clear, the table comparing average 

removal rates of particular treatment –  according to each substance – was prepared (TAB 1). 
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Fig 1.3.8 Reactor configuration influence on the removal of lipid regulators. 
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CASP CASP-C CASP-P CASP-TF CASP-OD SBR MBR FBR Lagoon

Sulfamethoxazole x x n.a. n.a. n.a. xxx xxx xxx n.a.
Trimethoprim x n.a. xx n.a. n.a. n.a. n.a. n.a. n.a.
Clarythromycin overall n.a. n.a. x/xx n.a. n.a. n.a. n.a. n.a.
Roxythromycin x n.a. n.a. x n.a. n.a. xx x n.a.
(Anhydro-)erythromycin overall n.a. n.a. x/xx n.a. n.a. n.a. n.a. n.a.
Ciprofloxacin xxx n.a. n.a. n.a. xxx n.a. n.a. n.a. n.a.
Ofloxacin xxx n.a. n.a. n.a. xxx n.a. n.a. n.a. n.a.
Norfloxacin x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Sulfapyridine xx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Carbamazepine x n.a. x n.a. x x x x n.a.
Gabapentin xxx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Valproic acid xxx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Phenytoin xx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Ibuprofen xxx n.a. xxx xxx n.a. x xxx xxx xxx
Naproxen xx/xxx n.a. xxx xxx n.a. n.a. xxx xx/xxx xxx
Diclofenac x/xx n.a. n.a. xxx n.a. x x/xx x xxx
Fenoprofen xxx n.a. n.a. n.a. n.a. n.a. xx/xxx n.a. n.a.
Ketprofen overall n.a. xxx xxx n.a. n.a. overall n.a. xxx
Indomethacin xx n.a. n.a. xxx n.a. n.a. xx n.a. xxx

Atenolol xx n.a. x n.a. xxx n.a. n.a. n.a. n.a.
Metoprolol x n.a. x n.a. x n.a. n.a. n.a. n.a.
Acebutolol xx n.a. n.a. n.a. x n.a. n.a. n.a. n.a.
Sotalol xx n.a. n.a. n.a. xxx n.a. n.a. n.a. n.a.
Propranolol n.a. n.a. x n.a. n.a. n.a. n.a. n.a. n.a.

17a-ethinylestradiol overall n.a. n.a. n.a. n.a. x xx/xxx xxx n.a.
17b-estradiol xxx n.a. n.a. x xxx xx xxx xxx xxx
Estrone xx/xxx overall n.a. n.a. overall xx xxx xxx xxx
Estriol xx/xxx n.a. n.a. overall xx/xxx xx xxx n.a. n.a.
16a-hydroxyestrone overall n.a. n.a. overall n.a. n.a. n.a. n.a. n.a.
Testosterone xxx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Androstenedione xxx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Progesterone xxx n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Diazepam x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Diatrizoate x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Iohexol x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Iomeprol x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Iopamidol x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Iopromide overall x n.a. n.a. n.a. n.a. xx xx/xxx n.a.
Iothalamic acid x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Ioxithalamic acid x n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Bezafibrate xx/xxx x n.a. xx n.a. n.a. xxx n.a. n.a.
Gemfibrozil xx n.a. n.a. xx n.a. n.a. x/xxx n.a. xxx/x
Clofibric acid x/xx n.a. n.a. x n.a. n.a. overall n.a. n.a.
Fenofibric acid n.a. n.a. n.a. xx n.a. n.a. n.a. n.a. n.a.

x  - very low or no removal
xx  - average removal

n.a. - data not available

xxx - good or very good removal
overall - removal range from 0 - 100%

Hormones

Tranquilizers

X-ray contrast media

Lipid regulators

Antibiotics

Anticonvulsants

Antiinflammatories

bbbb -blockers

TAB 1. Comparison of the reactor configuration impact on the removal of PPs. 
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1.4. Red-ox conditions 

 There is a lack of data regarding red-ox conditions influence on the removal of 

pharmaceuticals – in most cases the treatment takes place in overall conditions (including 

aerobic, anoxic and anaerobic). 

 

1.5. Climatic zones 

 Comparison of the data on the removal of PPs concerning countries from Europe, 

North and South America, Asia and Australia revealed no influence of the climatic zone on 

the PPs elimination efficiency (data not shown). It is more likely that the removal rates of 

pharmaceutical compounds depends on their consumption pattern, therefore as a next step this 

data will be analyzed. 

 

1.6. Advanced technologies 

 
 In addition, advanced technologies were taken into account including O3, MnO2, TiO2, 

TiO2/UV, ClO2. However, only few records regarding advanced oxidation processes were 

found. As can be seen at Fig. 1.6.1, majority of substances is very susceptible to ozonation. 

The only exception is Diatrizoate with the reported removal rate ranging fro 0 to 36% (Ternes 

et al., 2003). 
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Fig. 1.6.1 Removal of PPs by means of ozonation. 
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In case of other AOPs the only information regarding removal could be found for hormones 

(Ternes et al, 2003) and Iomeprol (Doll et al., 2005). Except from contrast medium, both 

substances were eliminated at very high rates (Fig. 1.6.2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.7. Consumption of PPs 

 Consumption pattern (data obtained from Kamsoft and prepared by M. Stopa) of 

chosen PPs tends to increase (Fig. 1.7.1). However, the data regards the amount of money 

spend on pharmaceutical packages with no information on the amount of an active substance 

nor the price of the package.  

Because of the lack of data, trying to establish links between consumption patterns and the 

removal rates of  PPs regarding EU countries is still in progress. 
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Fig. 1.6.2 Removal of PPs by means of Advanced 
Oxidation Processes (AOPs). 
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2. Drinking water 
  

Second part of the report on the limitations of treatment processes on the removal of 

pharmaceutical compounds was comparison of drinking water facilities. However, this part of 

work is still under preparation. Therefore, only some general remarks are presented within 

this Deliverable. 

 

2.1 Antibiotics 

Sulfamethoxazole is reported to be very well removed by ozonation with reagent dose above 

0.2 mg O3 L
-1 (Huber and Canonica, 2003). Nano- and ultrafiltration was not efficient in the 

removal of this antibiotic. 

Fig. 1.7.1 Consumption pattern of chosen PPs in Poland. 
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Reyes et al. (2006) studied the elimination of Tetracycline using a combination of UV and 

TiO2. No significant differences were observed between efficiency of 1 g L-1 and 0.5 g L-1 of 

TiO2 – in both cases the removal exceeded 85%. 

Ofloxacin was completely degraded by means of UV/TiO2 with 20 mg of O2 and pH=3, 

which increases adsorption potential of this compound. 

 

2.2 Anticonvulsants 

According to Huber and Canonica (2003) Carbamazepine is a fast-reaction pharmaceutical, 

with no dependency on pH. However, with lower doses of O3 the removal efficiency decrease 

significantly. Molinari et al. (2006) reported complete removal of Carbamazepine by 

UV/TiO2. The adsorption advantage is related to the solubility of the drug; at pH around 3 and 

11 Carbamazepine was completely soluble, therefore adsorption percentage on TiO2 particles 

was low. 

Combination of UV with H2O2 resulted in very effective removal of Carbamazepine (Vogna 

et al., 2004). He experiment was performed in the presence of humic acids, which decreased 

reactivity of studied compound. Te reason is that humic acids act as OH radicals scavengers. 

Vogna et al. also confirmed, that Carbamazepine is non-pH dependent. 

 

2.3 Antiinflammatories (Analgesics) 

Ibuprofen is very effectively removed by means of O3/H2O2 with O3 dose above 3.7 mg L-1 

(Zwiener et al., 2000). It is significant, that satisfactory degradation efficiency was obtained 

when the applied ozone concentration was equal to the DOC value of the studied river water. 

Huber and Canonica (2003) compared the efficiency of ozonation with and without H2O2. As 

could be predicted, using O3/H2O2 combination increased the removal of Ibuprofen about 

approximately 40%. 

Boyd et al. (2003) showed the removal of Naproxen by means of coagulation/flocculation, 

combined with O3 and Cl2. Complete elimination of this compound was achieved. Moreover, 

Molinari et al. (2006) reported 100% removal of Naproxen by means of UV/TiO2 

combination. 

Diclofenac was effectively removed by ozonation with O3 doses above 0.5 mg O3 L
-1 (Huber 

and Canonica, 2003). Combining the process with H2O2 resulted in complete degradation of 

the compound (Zwiener and Frimmel, 2000). In turn, Vogna et al. (2004) examined the 

efficiency of UV and UV/H2O2 on the removal of Diclofenac. This compound can be 

degraded either by dechlorination or mineralization. In case of the combined process most of 
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the UV radiation was absorbed by H2O2 and photolysis of Diclofenac was not a main 

contributing reaction pathway. However, in the absence of H2O2 photolytic substrate decay 

and chloride release were markedly slowed down.  

 

2.4 bbbb-blockers 

No data regarding this group of PPs could be found. 

 

2.5 Hormones 

Zhang et al. (2005) reported the removal of Estrone (E1) and 17bbbb-estradiol (E2) by means of 

granular activated carbon (GAC) in comparison with other adsorbents. Adsorption capacity of 

GAC was decreased with an increase in adsorbent concentration an by the presence of 

surfactants or humic acids. Moreover, the adsorption of E1 and E2 on the corbonaceus 

adsorbent is more rapid than on GAC. In both cases, pH seemed to be an important parameter, 

as the elimination rate increased at pH above 8. 

Nano- and ultrafiltration was presented in case of 17aaaa-ethinylestradiol and Estriol removal 

(Yoon at al., 2006). For both methods the elimination rate was rather poor and did not exceed 

40 – 60%. 

Progesterone, Testosterone and Androstenedione were effectively eliminated by means o 

nanofiltration and poorly or not removed by ultrafiltration (Yoon et al., 2006). 

 

2.6 Tranquilizers 

Diazepam removal varied from 24 to 65% using 2 mg O3 L
-1 (Huber and Canonica, 2003). In 

case of ultrafiltration no removal was reported, however nanofiltration resulted in the 

elimination from 20 – 90% (Yoon et al., 2006). 

 

2.7 X-ray contrast media 

Doll et al. (2003) studied the removal of Iomeprol by means of UV/TiO2. The results varied 

from 12 – 80%, which can be explained with the usage of different UV lamps: Hombikat 

UV100 was more effective for photocatalytic oxidation o Iomeprol than P25. Similar results 

were obtained for Iopromide.  

Kim et al. (2007) reported very high removal of Iopromide using granular activated carbon 

(GAC). The advantage of this treatment technology is that low concentrations of organic 
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matter in lake or river water results in less competition for the binding of particles to activated 

carbon. 

 

2.8 Lipid regulators 

Huber et Canonica (2003) presented the influent of ozone dose on the removal of Bezafibrate. 

Doses from 0.1 – 2 mg O3 L
-1 were examined. Satisfactory elimination was achieved with 0.5 

mg O3 L
-1. This results were confirmed by Dantas et al. (2007). Moreover, combining O3 with 

H2O2 results in very high removal, exceeding 95%. 

In case of Clofibric acid combination of UV and TiO2 was reported to be highly efficient 

(Molinari et al., 2006; Doll et al., 2003). According to Molinari, adsorption advantage can be 

related to the drug solubility in water and increase with the decrease of pH. On the other hand, 

Zwiener and Frimmel (2000) compared the efficiency of Clofibric acid removal from Milli-Q 

water and river water by means of O3/H2O2. However the removal of this compound was 

quite low for Milli-Q water (~46%), it decreased significantly in the river water (12% of 

removal) This could be explained with the presence of radical scavengers, which compete 

with pharmaceuticals for OH radicals. On the other hand, higher concentrations of O3/H2O2 

increase the degradation kinetics of Clofibric acid. 

Andreozzi et al. (2003) reported very high removal of this compound using UV and 

UV/H2O2. However, the elimination was performed in Milli-Q water as a medium, therefore 

the results from the environmental waters could vary. 

Yoon et al. (2006) treated river water with ultra- and nanofiltration to measure the removal of 

Gemfibrozil. None of this technologies was able to eliminate the compound effectively.  
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Conclusions 
 

1. Wastewater treatment 

SRT 

According to the available data it can be stated, that PPs can be divided into three major 

groups: 

�  Compounds with the optimum SRT range for which their removal is the most 

effective, e.g.: the majority of antibiotics and antiinflammatories is well removed with 

SRT typical for the nutrient removal (10 – 20 days); 

�  Compounds on which SRT has no impact and are characterized by: 

o very low removal rates (anticonvulsants), 

o average removal rates (� -blockers), 

o satisfactory removal rates (majority of hormones); 

�  Compounds with visible influence of SRT on their removal rate, e.g. lipid regulators. 

 

HRT 

Likewise in case of sludge retention time, all studied compounds can be divided into two 

groups according to the HRT influence on their removal rates: 

�  Compounds with the optimum HRT, which results in the highest elimination rate, e.g.: 

o Antibiotics – HRT<12 hours, 

o Antiinflammatories – HRT>12 hours, 

o Lipid regulators – 12<HRT<25 hours; 

�  Groups of compounds with no impact of HRT on their removal rate, characterized by: 

o very low or no removal (e.g. contrast media, anticonvulsants), 

o very high removal (e.g. majority of hormones). 

Therefore the optimum range of hydraulic retention time for PPs elimination during 

wastewater treatment would be from 12 to 25 hours. 

 

Reactor configuration 

According to the obtained data, several statements could be made: 

�  For CASP and MBR there is the whole range of removal rates. Therefore, the 

elimination of PPs depends rather on parameters like SRT, HRT, flow rate etc. 
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�  There is no impact of reactor configuration on some compounds removal, which are 

characterized by: 

o low or no removal (e.g. anticonvulsants), 

o very high removal (e.g. majority of hormones), 

o in some cases only slight impact of the reactor configuration could be observed 

(e.g. contrast media). 

Lack of data limits proper comparison of the removal efficiencies of most compounds 

according to a variety of treatment technologies. 

 

Red-ox conditions 

No data regarding the influence of red-ox conditions on the removal of PPs could be found. 

 

Climatic zones 

No influence of the climatic zones on the removal of PPs was observed. It is more likely that 

the removal rates of pharmaceutical compounds depends on their consumption pattern. 

 

Advanced technologies 

General remarks on the removal of PPs with advanced technologies was given. Further details 

will be delivered within D2.1. 

 

2. Drinking water treatment 

In most cases ozonation was the most efficient treatment technology. However, the efficiency 

depends on: 

�  reagent dose and combination with other oxidants (e.g. H2O2); 

�  pH – in most cases, with exception of e.g. Carbamazepine; 

�  presence of OH radicals scavengers; 

In case of UV the only parameter deciding of the efficiency of the photocatalysis, except from 

combination with other processes, seems to be a type of UV lamp. 

Granular activated carbon is the most effective in relation to compounds with high sorption 

efficiencies based on their hydrophobicity.
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Annexes 
1. SRT influence on the removal of PPs. 

2. HRT influence on the removal of PPs. 

3. Reactor configuration influence on the removal of PPs. 

 

 

 

 

 

 



 53 

Appendix 1. SRT influence on the removal of PPs. 

 

 

SRT - Sulfamethoxazole

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 
da

ta
  

(2
4 

re
co

rd
s)

<10 10 - 20 >20

SRT - Trimethoprim

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

3 
re

co
rd

s)

<10 10 - 20 >20

SRT - Clarythromycin

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

5 
re

co
rd

s)

<10 10 - 20 >20

SRT - Roxythromycin

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

24
 r

ec
or

ds
)

<10 10 - 20 >20

SRT - Ciprofloxacin

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

12
 r

ec
or

ds
)

<10 10 - 20 >20

SRT - Ofloxacin

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

10
 r

ec
or

ds
)

<10 10 - 20 >20

Fig. 1.1.1 SRT influence on the removal of antibiotics. 



 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SRT - Carbamazepine

0

10

20

30

40

50

60

70

80

90

100

<20 20 - 40 40 - 60 60 - 80 >80

Removal [%]

P
er

ce
nt

ag
e 

of
 li

te
ra

tu
re

 d
at

a 
  

  
 (

48
 r

ec
or

ds
)

<10 10 - 20 >20

Fig. 1.1.2 SRT influence on the removal of 
anticonvulsants. 
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Fig. 1.1.3 SRT influence on the removal of antiinflammatories (analgesics). 
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Fig. 1.1.4 SRT ifluence on the removal of b-blockers. 
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Fig. 1.1.5 SRT influence on the removal of hormones. 
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Fig. 1.1.6 SRT influece on the removal of tranquilizers. 
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Fig. 1.1.7 SRT influence on the removal of X-ray 
contrast media. 
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Fig. 1.1.8 SRT influence on the removal of lipid regulators. 
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Appendix 2. HRT influence on the removal of PPs. 
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Fig. 1.2.1 HRT inluence on the removal of antibiotics. 
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Fig. 1.2.2 HRT influence on the removal of 
anticonvulsants 
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Fig. 1.2.3 HRT influence on the removal of antiinflammatories (analgesics). 
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Fig. 1.2.4 HRT influence on the removal of b-blockers. 
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Fig. 1.2.5 HRT influence on the removal of hormones. 
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Fig. 1.2.7 HRT influence on the removal of X-ray 
contrast media. 
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Fig. 1.2.8 HRT influence on the removal of lipd regulators. 
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Appendix 3. Reactor configuration influence on the removal of PPs. 
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Fig 1.3.1 Reactor configuration influence on the removal of antibiotics. 
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Fig 1.3.2 Reactor configuration influence on the 
removal of anticonvulsants. 
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Fig 1.3.3a Reactor configuration influence on the removal of antiinflammatories. 
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Fig 1.3.3b Reactor configuration influence on the removal of antiiflammatories. 
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Fig 1.3.4 Reactor configuration influent on the removal of b-blockers. 
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Fig 1.3.5 Reactor configuration influence on the removal of hormones. 
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Fig 1.3.7 Reactor configuration influence on the removal 
of  X-ray contrast media. 

Bezafibrate

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-C

C
A

S
P

-T
F

M
B

R

<20 20 - 40 40 - 60 60 - 80 >80

Gemfibrozil

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-T
F

M
B

R

La
go

on

<20 20 - 40 40 - 60 60 - 80 >80

Clofibric acid

0%

20%

40%

60%

80%

100%

C
A

S
P

C
A

S
P

-T
F

M
B

R

<20 20 - 40 40 - 60 60 - 80 >80

Fig 1.3.8 Reactor configuration influence on the removal of lipid regulators. 


