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Executive Summary 
 

The D.2.2 will present the strategies for minimize the PP’s discharge to the 

environmental waters by the evaluating the following issues: 

- identify groups of human pharmaceuticals according to their removal rates by current 

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

(as a update of the D2.1.), 

- assessment of the concentrations of pharmaceuticals in sewage sludge and hence their 

potential contribution to the pollution of environment for sludge reuse or disposal, 

- possibilities to improve the existing technologies, 

- suggestion of different strategies for PP treatment with identification of future requirements 

(suggestions for treatment at the source, even restrictions in use). 

 

In order to sum up, the following statements can be formulated: 

1. PPs belonging the to same therapeutic groups do not show the similar removal. It is 

caused by the fact, that they possess the different chemical structure and/or differ in 

issue/organs action. 

2. Behaviour of the PPs in sewage sludge is the issue, which demands more 

investigations. In most cases there are some single records, which give very general overview 

of the sorption and desorption processes of PPs.  

3. According to the available data, the current municipal STPs are not able to 

guarantee a complete elimination of PPs. However, there are some possibilities of the 

enhancing PPs removal at the existing facilities, the examples were highlighted within D2.2. 

4. Source control and source separation could be implemented in order to reduce or 

minimize the introduction of pharmaceutical compounds to the environment. 
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Introduction 
For several years the presence of PP’s has been investigated in various aqueous 

matrices, such as wastewater, sewage treatment plant effluents, surface water, groundwater 

and drinking water. As it was shown in D1.1 much more than 180 PP’s have been detected in 

different environmental samples. There are numerous sources of pharmaceuticals products in 

the environment. Most human pharmaceuticals are released after excretion from the patient 

or, to a lesser extent, in aqueous waste produced by manufacturing. The amounts of the PPs, 

which reach the sewage systems, could be predictable in some cases (metabolism, dilution), 

or not, like improper storage or disposal of the surplus drugs. Sewage treatment plants may be 

considered as the main point of collection and subsequent release of PPs into the environment. 

Recent data from various research projects in Europe indicate that the normal operation of 

sewage-treatment plants (STP’s) results in only a limited reduction in the overall load of PPs. 

Hence, as much as 80% of the total load of pharmaceuticals entering sewage-treatment plants 

may be discharged into surface waters. 

The D.2.2 will present the strategies for minimize the PP’s discharge to the 

environmental waters by the evaluating the following issues: 

- identify groups of human pharmaceuticals according to their removal rates by current 

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

(as a update of the D2.1.), 

- assessment of the concentrations of pharmaceuticals in sewage sludge and hence their 

potential contribution to the pollution of environment for sludge reuse or disposal, 

- possibilities to improve the existing technologies, 

- suggestion of different strategies for PP treatment with identification of future requirements 

(suggestions for treatment at the source, even restrictions in use). 

 In order to fulfil above-mentioned points, the national and international publications 

were scanned and the most important data (for example occurrence of the PPs in the primary 

and secondary sludge, WWTP configuration, the sludge concentration, sludge treatment 

technologies) were gathered in the excel files. Till now, several databases with scientific 

journals were evaluated (for example, ACS Publications, Directory of Open Access Journals 

(DOAJ), EBSCOhost research databases, ProQuest databeses, ISI Emerging Market, 

ScienceDirectOnSite, SpringerLink database). 

The physico-chemical properties and removal of PPs were summarised and compared 

basing on the output of the D1.1 and D2.1, therefore the references, which were used to 
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collect data within previous deliverables were shown once again. The tables, which show PPs 

elimination, contain rates in the range of –279% to 100%. The negative values could be 

explained by the fact, that during wastewater treatment the sorption and desorption processes 

could be observed (see figure 1) and, also, the recombination of the parent compound could 

occur.  

Figure 1. The PPs elimination processes. 

 

 

1. Removal rates of PPs by current biological sewage 
treatments and links with their physico-chemical 
properties (as a update of the D2.1.). 

 

One of the major issues of the D2.2 is making an attempt to establish links between 

removal rates of the PPs and their physico-chemical properties, which were gathered within 

D1.1. There are many models proposed to the assessment of the chemicals biodegradability, 

however usually they were restricted only to the narrow classes of substances. According to 

Hiromatsu et al. (2000) one of the successful methods for predicting the biodegradability of 

organic chemicals is a group contribution method, in which the biodegradability of chemicals 

is related to the functional group or the substructure of chemicals by multiple linear regression 

(MLR) (Niemi et al., 1987; Boethling et al., 1994; Hiromatsu et al., 1997), nonlinear neural 

network (NN) (Tabak and Govind, 1993), artificial intelligence (AI) (Kompare, 1998), 

computer-automated structure evaluation (CASE) (Klopman et al., 1993; Klopman and Tu, 

1997) or partial least squares (PLS) (Loonen et al., 1999). These works show, that the 

functional group such as NO2, halogen, SO3H, CF3 and quaternary carbon give rather strong 

EELLIIMMIINNAATTIIOONN  

Sorption Biological degradation 

Desorption Adsorption Absorption Cometabolism Contribution to 
growth 
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negative effect on biodegradation. On the contrary, the following groups: COOH, OH, ester 

and amide indicates the positive influence on the biodegradation. There are also some groups 

- CH3, NH2, OCH3, ether, aldehyde – with no effect on the biodegradation. Moreover, the 

biodegradability depends on the skeleton group, with which the functional group and/or the 

substructure is bound.  

Generally, it can be stated, that similar skeleton groups bound with the similar functional 

group results in similar biodegradability.  

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. 

 

Antibiotics 

The antibiotics could be divided into at least four chemical structure classes: 

- sulfonamides, 

- pyridines and pyrimidines, 

- quinolones and fluoroquinolones, 

- macrolides. 

Sulfamethoxazole belongs to the sulfonamides group and shows the wide range of the 

removal (see Appendix 1). It could be rather explained by the 

different treatment technologies than physico – chemical 

properties. 

Another group of the antibiotics are 

pyridines and pyrimidines. The 

example of such substance could 

be trimethoprim. The observed 

removal of trimethoprim varies in the wide range, however the 

median is a rather low – 10%. 

Ciprofloxacin and ofloxacin (quinolones and 

fluoroquinolones) show 

elimination, which exceed 

80%, however, the other 

substance of this class, norfloxacin, is removed below 20%. 

 

Fig 2. Sulfamethoxazole 

Fig 3 Trimethoprim 

Fig 4. Ciprofloxacin and ofloxacin 

Fig 5. Norfloxacin



 7 

 

In case of macrolides, the 

wide range of the removal 

also can be noticed. For 

example, the transformation of azithromycin and 

clarithromycin could reach even 90%, whereas 

roxithromycin could be removed in maximum 60% (see 

Appendix 1).  

 

 

Anticonvulsants 

Carbamazepine is the most known and studied anticonvulsant and it is known to be very 

persistent –the removal rate below 20%. The other anticonvulsant 

valproic acid shows very high removal rate (>99%). These two 

compounds, even though they are classified to the 

same therapeutic class, show completely different 

chemical properties (chemical structure, sum-formula 

etc.), therefore their susceptibility to the elimination varies in a large extent 

(see Appendix 1). 

 

Antiinflammatories (Analgesics) 

This is a large group of substances, which differs 

considering physico – chemical properties and the 

elimination during water and wastewater treatment. 

Some of substances are relatively known and 

studied many times (ibuprofen, paracetamol) and 

Fig 6. Azithromycin and clarithromycin 

Fig 7. Roxithromycin 

Fig 8. Carbamazepine 

Fig 9. Valproic acid 

Fig 10. Ibuprofen and paracetamol 

Fig 11. Ketoprofen and indomethacin 
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show high average removal (above 90%), some of them (fenoprofen, 

ketoprofen and indomethacin) are in the “middle range” of elimination 

(range from 40 to 80%) and some of them (diclofenac) are 

characterized by poor removal (median 25%) (see Appendix 1). 

 

bbbb-blockers 

The elimination metoprolol and atenolol is rather poor, 

medians are equal to 10 and 37%, respectively. The 

chemical structure and some physical properties of these 

two compounds are similar. On the other hand, data 

concerning sotalol, show 

higher removal (median 

value 54%), however its 

properties are completely different (see Appendix 1). 

 

Hormones 

Hormones are known to be well removed (median above 66%)during wastewater treatment. 

All these compounds can be characterized by the similar physico – chemical properties (see 

Appendix 1).  

 

Tranquilizers 

There is no information concerning removal of tranquilizers. The 

elimination of Diazepam does not exceed 25%. For physico – chemical 

properties see Appendix 1. 

 

X-ray contrast media (CM) 

The observed elimination of the all substances belonged to this 

class of substances shows no removal. One exception is 

Iopromid, the most popular compound, which could be removed 

in some cases even in 100%, however the median of the 

elimination is equal to 50%. What is more, all substances can be 

characterized by the similar physico – chemical properties (see 

Appendix 1). 

 

Fig 12. Diclofenac 

Fig 13. Metoprolol and atenolol 

Fig 14. Sotalol 

Fig 15. Diazepam 

Fig 16. Iopromid 
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Lipid regulators 

Lipid regulators shows a variety of removal 

rates during water and wastewater treatment 

technologies and, what is more, their physico – 

chemical properties also vary in a wide range 

(see Appendix 1). 

 
 

 

2. Assessment of the concentrations of pharmaceuticals in 
sewage sludge and hence their potential contribution to the 
pollution of environment for sludge reuse or disposal. 
 

The important point of the D2.2 is also assessment of the concentrations of 

pharmaceuticals in sewage sludge and hence their potential contribution to the pollution of 

environment for sludge reuse or disposal.  

 The sewage sludge originates from the wastewater treatment processes and it can be 

described as the residue generated during the primary (physical and/or chemical), the 

secondary (biological) and the tertiary treatment. The following basic parameters must be 

controlled in order to decide, what kind of treatment and disposal of the sludge should be 

used: pH levels, alkalinity, organic acid content, the content of heavy metals, pesticides and 

hydrocarbons. Additionally, the energy content of sludge is also crucial for some thermal 

processes. 

The quantity of sewage sludge increased in last years and it can be expected, that this increase 

will be continued (Fig. 18.) (Review of selected waste streams: Sewage sludge, construction 

and demolition waste, waste oils, waste from coal-fired power plants and biodegradable 

municipal waste, European Environment Agency, 2002). Therefore, the issue of the sewage 

sludge treatment and disposal and possibilities of the sorption and desorption of the PPs 

should be a significant point in consideration of the potential contribution to the pollution of 

environment. 

Fig 17. Bezafibrat, gemfibrozil, clofibric acid 
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Fig.18. The total amount of sewage sludge 1992 – 2005.  
 

Before “the final disposal”, the sewage sludge should be treated in the one of the following 

processes (Fytili et al., 2008): 

·  preliminary treatment (screening, comminuting), 

·  primary thickening (gravity, flotation, drainage, belt press, centrifuges), 

·  liquid sludge stabilization (anaerobic digestion, aerobic digestion, lime addition), 

·  secondary thickening (gravity, flotation, drainage, belt, centrifuges), 

·  conditioning (elutriation, chemical, thermal), 

·  dewatering (plate press, belt press, centrifuge, drying bed), 

·  final treatment (composting, drying, line addition, incineration, wet oxidation, 

pyrolysis, disinfection), 

·  storage (liquid sludge, dry sludge, compost, ash), 

·  transportation (road, pipeline, sea). 

 

The basic disposal strategies for municipal sludge are as follows:  

·  simply landfilling (still the most common, 35 – 45% of the sludge produced), 

·  utilized in agriculture (37% of the sludge produced), 

·  utilized in forestry, sulviculture, land reclamation (12% of the sludge produced), 

·  incineration (11% of the sludge produced), 
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·  combustion, wet oxidation, pyrolysis, gasification and co-combustion of sewage 

sludge with other materials (become more and more significant). 

 

One of the significant processes in PPs removal mechanisms and directly link with the 

treatment of the sewage sludge is sorption. Sorption is regarded as being composed by two 

distinct reactions: sorption from liquid to the solids and desorption. Sorption equilibrium is 

reached, when the rate of both reactions is equal. No data is currently available to estimate the 

rate of sorption and desorption (Ternes and Joss, 2007). 

A sorption or distribution coefficient (Kd) is commonly used to describe this process. The Kd 

value is ratio of the sorbed phase concentration to the solution phase concentration at 

equilibrium (Ternes and Joss, 2007): 

 

SX
X

S

X
K

SS

part
d ×

==  (1) 

X concentration sorbed onto sludge, per unit reactor volume, µg/L, 

Xpart concentration sorbed, per amount of sludge dry matter, µg/gSS, 

Kd solid-water distribution coefficient, L/gSS, 

XSS suspended solids concentration in raw wastewater or production of suspended solids in 

primary and/or secondary treatment per L of wastewater, gSS/L, 

S dissolved concentration, µg/L. 

 

The Kd is usually distinguished for primary sludge and secondary sludge. It is caused by 

different properties of the sludges – the composition and pH of the sludge seems to be crucial. 

 

Antibiotics 

The Kd value for primary sludge and secondary sludge were found only for norfloxacin and 

ciprofloxacin and they were equal to 2.5 and 2.6 L/kgSS for primary sludge, respectively, and 

37 and 26 L/kgSS for secondary sludge, respectively. The changes of the Kd value for primary 

sludge and secondary sludge is caused mainly by different compounds of the sludges. 

According to the literature data, mentioned values of Kd value can not be negligible for theese 

compounds and their elimination is connected with the sorption (see Appendix 2). 

The Kd value for and secondary sludge for sulfamethoxazole, clarithromycin, azithromycin 

and erythromycin is below 0.4 L/kgSS, therefore the sorption processes do not play a main 

role in degradation of mentioned compounds (see Appendix 2). 
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Anticonvulsants 

The Kd value for primary sludge and secondary sludge were found for carbamazepine. The Kd 

value for primary sludge varies from 1 to 57 L/kgSS, for secondary sludge is equal to 1.2 

L/kgSS.  

There are some data concerning concentration of carbamazepine in primary and secondary 

sludge coming from 0,3 g/L and 20 µg/L (see Appendix 2).  

 

Antiinflammatories (Analgesics) 

The Kd for ibuprofen shows the following values: below 20 L/gSS for primary sludge and 

around 7 L/kgSS for secondary sludge. The values of this coefficient for diclofenac for 

secondary sludge is also low (16 L/kgSS), however for primary sludge was indicated at the 

level of 459 L/kgSS (see Appendix 2). 

 

bbbb-blockers 

There is no information regarding sorption of these compounds in the available literature. 

 

Hormones 

A significant higher Kd value was found for ethinylestradiol in primary sludge as well as for 

secondary sludge in comparison to the other examined substances (primary sludge: Kd = 278 

L/kgSS; secondary sludge: Kd = 249 L/kgSS) (see Appendix 2). 

 

Tranquilizers 

There are information concerning diazepam concentration in sludge: onto primary sludge the 

amount of compound was equal to 580 µg/L (Kd = 125 L/kgSS), onto secondary – around 241 

µg/L (Kd = 21 L/kgSS) (see Appendix 2).  

 

X-ray contrast media (CM) 

Available literature delivers data concerning Kd value for iopromide –5 L/kgSS for primary 

sludge and 11 L/kgSS for secondary sludge (see Appendix 2). 
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Lipid regulators 

Kd values determined for clofibric acid indicate, that this compound is not sorbed in 

significant degree onto primary sludge (Kd less than 30 L/kgSS), as well as onto secondary 

sludge (Kd = 4.8 L/kgSS) (see Appendix 2). 

 

It can be concluded, that behaviour of the PPs in sewage sludge is the issue, which demands 

more investigations. In most cases there are some single records, which give very general 

overview of the sorption and desorption processes of PPs.  

According to the literature data, for compounds showing sorption coefficient below 500 

L/kgSS onto primary sludge and 300 L/kgSS onto secondary sludge can be negligible. 

Notwithstanding, during sludge treatment processes compounds with lower Kd values should 

be also taken into consideration, because the sorbed amount do not depend only on the Kd, but 

also on the sludge concentration. Therefore, based on the outcome of the POSEIDON project 

it can be stated, that the limit of the relevance of the sorption coefficient is around 1 L/kgSS. 

 

 

3. Possibilities to improve the existing technologies. 
Current municipal Wastewater Treatment Plants are not able to guarantee a complete 

elimination of PPs. Using pre- or post-treatment, such as ozonation, activated carbon, UV 

light or nanofiltration are available solution, however increase the costs. Moreover, especially 

in case of AOPs (Advanced Oxidation Processes) there is a risk of introducing to the 

environment toxic metabolites. Therefore, the major improvement of the existing wastewater 

treatment systems rely on modifications of chosen parameters. It was proven that the removal 

efficiency vary regarding to: 

�  Sludge Retention Time (SRT), 

�  Hydraulic Retention Time (HRT), 

�  Reactor Configuration. 

Basing on the results of D2.1. the following statements might be presented:  

�  The optimum SRT range for which the PPs removal is the most effective is SRT 

typical for the nutrient removal (10 – 20 days), 

�  The optimum range of HRT for PPs elimination during wastewater treatment would be 

from 12 to 25 hours, 
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�  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., 

�  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), 

�  In some cases only slight impact of the reactor configuration could be observed (e.g. 

contrast media), 

�  According to the results of the POSEIDON project, PPs removal rates in a single 

completely stirred reactor is significantly lower compared to the same total volume 

subdivided into cascaded compartments. 

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

according to a variety of treatment technologies. 

 

Due to sorption and desorption processes, which can occur during wastewater sludge 

treatment, the new processes applied for treatment of effluents from digesters should be also 

mentioned. These processes include the single reactor system for high ammonia removal over 

nitrite (SHARON) process, which uses the part conversion of ammonium to nitrite, the 

anaerobic ammonium oxidation (ANAMMOX) process and completely autotrophic nitrogen 

removal over nitrite (CANON) process, which involves nitrogen removal within one reactor 

under oxygen-limited conditions. These processes target the removal of nitrogen from 

wastewaters, however the co-metabolic elimination or sorption process on the extracellular 

polymers could not be excluded.  

 

Moreover, since sewer leakage varies from 5 to 25%, upgrading wastewater treatment alone 

may be insufficient. What is more, in case the sewer capacity is exceeded with stormwater 

overflow, there is an unexpected and uncontrolled discharge of PPs directly to the 

environmental waters. 

 

Therefore, in order to improve the condition of the receiving water and prevent introduction 

of PPs into the environment, simultaneous upgrading of STPs together with enhancing 

removal efficiencies should be done. 
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4. Suggestion of different strategies for PP treatment with 
identification of future requirements (suggestions for 
treatment at the source, even restrictions in use). 
 

Since the 1980s, the occurrence of pharmaceutical products as trace environmental 

pollutants became a serious issue. Until now, more than 90 pharmaceuticals and their 

metabolites, out of 3000 registered in EU (Joss et al., 2006), have been found in the 

environmental waters and sediments. What is more, it can be expected that the amount of PPs 

in the environment will continue to grow. Daughton (2003, Mini-Monograph) mentions the 

following drivers: 

�  increase of per capita consumption, 

�  expanding population, 

�  expanding potential markets, 

�  patent expirations, 

�  new target age groups, 

�  inverting age structure in the general population, 

�  new use for existing drugs. 

Therefore, a wide range of protective/proactive actions should be implemented in order to 

reduce or minimize the introduction of pharmaceutical compounds to the environment 

(Daughton, 2003). 

 

Source control 
 

In spite of the progress, which can be made with respect to improving wastewater, 

sludge or water treatment technologies, there is a wide variety of actions that can be initiated 

in order to minimize the introduction of PPs into the environment. Source control (pollution 

prevention) is one of the solutions to reduce the potential of emerging risks. It focuses mainly 

on the following modes of action: 

– classification of pharmaceuticals, 

– minimizing the introduction of PPs to the environment, 

– targeted therapy instead of prophylactic or empiric consumption of medicine, 

– EU regulations. 
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Classification of PPs could be realised by the organising the compounds according to the 

categories: 

– PPs sharing the same biochemical MOA (mechanism of action), 

– Swedish initiative/model, 

– Ecolabelling. 

 

Many actions can be taken in order to minimize the introduction of pharmaceuticals 

compounds to the environment (Daughton, 2003): 

– responsible disposal and product stewardship, 

– incentives (e.g. patent extension), 

– expanded use and mission of reverse distributors (collecting unsold or expired drugs), 

– reducing unused physician samples disposal to the sewer system, 

– improvements to sewage infrastructure, such as converting septic systems to 

municipal, improving capacity ad eliminating the risk of overflow events, 

– responsible reuse, recycling, and donation of previously prescribed, within-date drugs 

(regarding safety, liability and compensation), 

– source separation for the domestic wastes, 

– wastewater recycling. 

 

Targeted therapy instead of prophylactic or empiric consumption of medicine is also one 

of the possibilities to decrease the introduction of pharmaceutical compounds to the 

environment. In case of particular pharmaceutical groups there is a possibility to substitute the 

usage of a compound with the alternative substance or method. Basically, the key is the 

proper use of PPs which may significantly contribute to a reduction of their consumption. 

Ternes and Joss (2007) gives a variety of examples, when the application of PPs needs 

reconsideration. 

Overall conclusions according to Ternes (2007) were: 

– reducing OTC sale especially for the persistent compounds, 

– pursue in involving physicians and dentists in educational programs, 

– involving patients in the therapeutic choice, 

– supporting studies aimed at quantifying the effectiveness of the therapies, 

– limiting the authorization of new pharmaceuticals to products with improved efficacy 

or application range, 



 17 

– improving accompanying non-medical measures (e.g. hygienic, nutritional or 

behavioural measures). 

 

In March 2007 the Proposal for a Directive of the European Parliament and of the 

Council on environmental quality standards in the field of water policy and amending 

Directive 2000/60/EC was presented. The Proposal delineates that “The Commission shall, 

according to article 16(8) of Directive 2000/60/CE, propose emission control techniques 

based on the best available technologies, and environmental practices to be used by the 

Members States for all point sources”. The list of 28 priority substances was proposed, 

including four pharmaceutical compounds: 

�  Amidotrizoate (Diatrizoate), 

�  Carbamazepine, 

�  Diclofenac, 

�  Iopamidol. 

This substances are a subject to identification as possible “priority substances”. “The 

Commission will make a proposal to the Parliament and the Council for their final 

classification not later than 12 months after the entry into force of this Directive, without 

prejudice to the timetable laid down in Article 16 of Directive 2000/60/EC for the 

Commission's proposals for controls”. 

 

 

Source separation 

D2.1. proved that the existing wastewater treatment technologies are insufficient. 

Therefore, there is a strong need for additional treatment, such as the separation and treatment 

of concentrated waste streams at the source. Two aspects determine the applicability of this 

solution: 

1. If the treatment before the dilution in the sewage system is more efficient, 

2. If the losses during the transport via sewer system are to be avoided. 

 

 

Industrial and hospital wastewater 

 

In hospitals a large variety of substances (e.g. pharmaceuticals, radionuclides, solvents 

and disinfectants) are in use for medical purposes such as diagnostics and research. After 
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application, diagnostic agents, disinfectants and excreted by patients non-metabolized 

pharmaceuticals, reach the wastewater. Moreover, hospitals consume an important volume of 

water per day. The minimal domestic water consumption is 100L/person/day, whereas the 

value demand for the hospitals generally varies from 400 to 1200L/bed/day (Gautam et al., 

2007). For example: 

�  United States of America – 968L/bed/day; 

�  France – 750L/bed/day; 

�  Developing countries – 500L/bed/day.  

This important water consumption in hospitals gives significant volumes of wastewater, 

which in turn, may generate risks for aquatic organisms. The most frequent contaminants in 

hospital wastewater are (Emmanuel et al., 2005):  

�  viruses and pathogenic bacteria, 

�  molecules from unused and excreted non-metabolized pharmaceuticals, 

�  organohalogen compounds, such as the halogenated organic compounds adsorbable on 

activated carbon (AOX), 

�  radioisotopes. 

Hospital wastewaters are also responsible for the spread of antibiotic resistance in the 

environment. According to Ternes and Joss (2007) the concentration of antibiotics in hospital 

wastewater in 4 to 100 times higher than in municipal wastewater. The reason is that about 

25% of antibiotics for human application are being used in hospitals (Kümmerer, 2001). 

Because of the variety and load of hazardous pollutants, wastewater from hospitals requires 

on-site treatment to prevent contaminating the municipal sewer system and environmental 

waters. Additionally, sludge from on-site plants should be managed with the same precautions 

as municipal waste sludge and should not be used as manure, unless properly treated (Gautam 

et al., 2007).  

One of the main environmental problems caused by hospital effluents is due to their discharge 

into the sewer systems without preliminary treatment. Moreover, hospital effluents have 

generally a very weak microbiological load due to the regular use of disinfectants and 

therefore, may have a negative influence on the biological processes of WWTPs, even 

considering their dilution. (Gautam et al., 2007)  

Hospital wastewater could be successfully treated by (Kajitvichyanuku et al., 2006): 

�  photo-Fenton process  

�  reverse osmosis, 

�  activated carbon, 
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�  ozonation, 

�  submerged hollow fiber membrane bioreactor(MBR) (Mahnik et al., 2007), 

�  coagulation/flocculation + filtration + disinfection. 

 

Pharmaceuticals.org (2002) proposed a prototype of a hospital reclamation of highly toxic 

drugs from excreta and other wastes in USA, based on recovering, disposing, and recycling 

these toxic drugs 

 

 

Urine separation 

An example of a technological innovation at the household scale is given by urine 

separation and the recycling of anthropogenic nutrients (nitrogen, phosphorus, and potassium) 

as fertilizer in agriculture (Larsen et al., 2001). Three main arguments for introducing urine 

separation are: 

1. The improvement and, at the same time, simplification of water pollution control 

(because most nutrients and an important fraction of the micropollutants are contained 

in urine); 

2. The possibility of closing the nutrient cycle; 

3. Reducing the plant size and effort required for centralized municipal wastewater 

treatment. 

It is assumed that the majority of pharmaceuticals are excreted via urine in metabolized and/or 

un-metabolized form. However, the metabolites might be conjugated back to the parent 

compound during biological treatment. NoMix technology is realized with minor dilution. 

Therefore, collecting separated urine will allow the elimination of significant amount of the 

total pharmaceutical consumption at a concentration up to 100 times higher than in 

wastewater. Hence, the application of treatments, such as AOPs or nanofiltration, which are 

not feasible for large-scale STPs, would be reasonable and cost effective. 

In Sweden, the suggestion was made to introduce the NoMix technology into public 

buildings, hospitals and home for the retired where the input of drugs via urine is particularly 

high. 

Another solution (Larsen et al., 2001) is using the urine separation for designing the waste 

stream (Fig. 19). Releasing the urine back into the sewer system according to a centrally co-

ordinated strategy would allow achieving the stability and reliability of the nitrification 

process. Bearing in mind, that STPs are designed according to the ammonia peak loads, this 
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solution would also benefit in reducing plant size. Apart from that, obvious reduction of water 

pollution stemming from the discharge of untreated urine via the combined sewer overflow 

would be achieved. This concerns also pharmaceutical compounds. 

 

 Fig. 19. Waste design by means of urine separation technology. (Rauch et al., 2003) 
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Conclusions 
 

The following very general conclusions can be drawn in regard to links between 

removal rates of the PPs and their physico-chemical properties: 

- the PPs belonging the to same therapeutic groups do not show the similar removal. It is 

caused by the fact, that they possess the different chemical structure and/or differ in 

issue/organs action, 

- similar skeleton groups bound with the similar functional group results in similar 

biodegradability, 

- biodegradation of the strong hydrophobic compounds are usually not very high, the removal 

of the such substances are due to sorption on the sludge particles. 

 

 

There exists an information gap concerning PPs concentration in sewage sludges. 

Available literature shows no data on behaviour of the PPs during the sewage sludge 

treatment (preliminary treatment (screening, comminuting), primary thickening (gravity, 

flotation, drainage, belt press, centrifuges), liquid sludge stabilization (anaerobic digestion, 

aerobic digestion, lime addition), etc.). However, it is commonly known, that sorption is one 

of the significant processes in PPs removal mechanisms and directly link with the treatment of 

the sewage sludge. A sorption or distribution coefficient (Kd) is commonly used to describe 

this process and it is distinguished for primary sludge and secondary sludge. The Kd value 

allows, in some extent, to predict the sorption behaviour in Wastewater Treatment Plants. 

According to the literature data, for compounds showing the sorption coefficient below 500 

L/kgSS onto primary sludge and 300 L/kgSS onto secondary sludge can be negligible. In case 

of the sludge treatment processes,the limit of the relevance of the sorption coefficient is 

around 1 L/kgSS, because of the much higher concentration of the sludge. Taking into 

consideration, that there are single records concerning sorption and desorption processes of 

many PPs and that landfilling is the most common strategy for sludge disposal (35 – 45%), it 

can be concluded, that there is strong need for further investigation concerning behaviour PPs 

during treatment of sludges. 

 

According to the available data, the current municipal STPs are not able to guarantee a 

complete elimination of PPs. However, there are some possibilities of the enhancing PPs 

removal at the existing facilities: 



 22 

- the optimum SRT range within 10 – 20 days, 

- the optimum range of HRT for PPs elimination varies from 12 to 25 hours. 

Additionally, the pre- or post-treatment in some cases is effective, e.g. reverse osmosis, 

however, removed pollutants are concentrated in the waste stream, which also must be treated 

itself; the treatment by means of AOPs can lead to creation toxic by-products. 

 

 

Source control and source separation should be implemented in order to reduce or 

minimize the introduction of pharmaceutical compounds to the environment in the following 

cases: 

 - if the treatment before the dilution in the sewage system is more effective, 

 - if the losses during the transport via sewer system are to be avoided. 

 

The figure 20 shows the general overview of the different strategies and their influence 

on the wastewater treatment plant performance. A wide range of protective actions could be 

implemented in order to reduce or minimize the introduction of pharmaceutical compounds to 

the environment (for example classification of pharmaceuticals, targeted therapy instead of 

prophylactic or empiric consumption of medicine). Furthermore, the source separation 

implemented for domestic or hospital wastewater, aimed to elimination of PPs, would also 

reduce the concentration of pharmaceuticals in influents to the WWTPs. These actions would 

have an impact on the performance of the WWTP, because of the minimizing of the PPs load 

in the raw wastewater, what could be crucial point in the face of new regulation. The project, 

concerning environmental quality standards in the field of water policy, was presented in 

March 2007 and includes some PPs (Amidotrizoate (Diatrizoate), Carbamazepine, 

Diclofenac, Iopamidol) among the priority substances.  
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Production / Distribution / Use  

Municipal wastewater  Hospital wastewater  

Wastewater treatment plant  

Unsold and/or 
expired drugs 

�  targeted therapy instead of prophylactic or empiric  
consumption of medicine, 

�  EU regulations, 
�  ecolabelling,  
�  Swedish initiative/model. 

SOURCE CONTROL 

�  leakage 
prevention 

�  overflow control 
�  improvements of 

infrastructure 

SOURCE CONTROL 
Sewer system 

�  SRT (10 – 20 days)  
�  HRT (12 – 25 hours)  

SOURCE CONTROL Parameters con trol  

�  photo -Fenton 
process  

�  reverse osmosis, 
�  activated carbon, 
�  ozonation, 
�  MBR 
�  coagulation/floccu

lation + filtration + 
disinfection.  

SOURCE SEPARATION  
Pre-treatment 

Urine separation  

SOURCE SEPARATION 

Urine separation  

SOURCE SEPARATION 

�  EU regulations  
�  Responsible sludge reuse and disposal 

Minimizing the introduction of PPs to the environme nt  

Receiving 
waters 

�  responsible 
disposal and 
product 
stewardship, 

�  reverse 
distribution.  

SOURCE CONTROL  

Use / Disposal  

Fi

gure 20. Different strategies devoted to reduction the discharge of PPs to the environment and 

their influence on the wastewater treatment plant performance. 
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Annex 1 - Removal rates of PPs and their physico-chemical properties 
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Annex 2 – Sorption and concentrations of PPs in sewage 
sludge  
 
Antiinflammatories 

 



 49 

 
Analgesics 

 
 
 
Antibiotics 

 



 50 

 
Anticonvulsants 

 
    
    
bbbb-Blockers 

 
 
 



 51 

 
Lipid regulators 

 
 
 
Tranquilizers 

 
 



 52 

 
Contrast media 

 


