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Abstract 
 

The discharge of pharmaceuticals into the aquatic environment has recently become a 

growing concern, in particularly of substances that have potential of affecting the 

nervous or endocrine systems. They are groups of chemicals that are produced in 

large volumes and they have been found in surface water, drinking water, 

groundwater, sediments and water living organisms. The pharmaceuticals are 

designed to have biological effects in humans but their impact on fish or other 

organisms in the ecosystem are often unknown. Contamination of the aquatic 

environment is mainly a result of untreated wastewater from sewage treatment plants 

(STPs) which are not designed to handle pharmaceuticals. From the STPs there are 

two different routes which these substances might follow (if they are not eliminated 

before): with the effluent water, where they enter the aquatic environment 

immediately, or with the sludge. The sludge can later become an environmental risk 

when used in land filling, due to leakages into ground waters or surface waters after a 

runoff. 

 

Most pharmaceuticals are already biotransformed when they enter the STPs but some 

metabolites still have a biological activity and can in some cases have an even higher 

biological activity than their parent compound. Conjugated metabolites of estrogens 

have also shown a tendency to deconjugate when they enter an STP environment 

which often results into increased concentrations in the effluents. This implies the 

importance of obtaining information of both the parent substance and the metabolites 

to estimate the environmental impact of pharmaceuticals.  

 

This local study concentrates on the environmental fate of five active substances used 

in pharmaceuticals. They are: Fluoxetine, Citalopram, Sertraline, Paroxetine which 

are selective serotonine reuptake inhibitors (SSRI) and Oxazepam which belongs to 

the group benzodiazepines. The gained information showed a discharged of each 

substance into the environment and a tendency of increased concentrations in the 

effluent water compare to the influent water which can be explained by 

deconjugation. SSRI are substances that have been detected in the aquatic 

environment and shown endocrine disrupting effects in water living organisms in 
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particularly Fluoxetine. An environmental risk assessment revealed a moderate to 

high environmental risk for Sertraline, however, more information is needed in order 

to make a complete environmental risk assessment.  
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Introduction  
 

The discharge of pharmaceuticals into the aquatic environment has recently got a 

growing interest world-wide (Löffler et al., 2005; Belfroid et al., 1999; Jones et al., 

2005; Henry et al., 2004). Pharmaceuticals are groups of chemicals used in large 

quantities. The annual sale volume is more than 100 tons per year in Europe 

(European Commission, 2001). The discharge contributes to a constant concentration 

in the environment (Henry et al., 2006). The impact of pharmaceutical residues in 

aquatic environments is usually unknown; however pharmaceuticals with potential of 

disrupting nervous or endocrine systems could affect water living organisms even at 

low concentrations (Löffler et al., 2005; Henry et al., 2004; Fong, 1997).  

 

Pharmaceuticals span a diverse spectrum of physiological and biological properties 

and hence they exhibit many different mode of action (Kümmerer, 2001); when used, 

these compounds may end up in the environment either metabolised or unchanged. 

The biotransformation rate can vary between 0-100% (Kümmerer, 2001); some active 

metabolites have similar activity and function as their parent compound and 

sometimes even more toxic (Bengtsson et al., 2005). This implies the importance of 

obtaining information of both the parent substance and the metabolites to estimate the 

environmental impact of pharmaceuticals. 

 

In the end of 1970s residues of human medical products were detected in the 

environment for the first time; however more recent data show that earlier pollution of 

medical compound is not unrealistic (Jones et al., 2005). In the 1990’s a more 

extensive investigation of the occurrence of pharmaceuticals started, which led to 

more developed analytical techniques. Nowadays, analytic methods are reliable and 

sensitive enough to detect low concentrations of pharmaceuticals in different matrixes 

(Löffler et al., 2005; Belfroid et al., 1999). Recent studies have detected 

pharmaceutical residues in surface water, effluents of sewage treatment plants (STPs), 

drinking water, groundwater, sediments and water living organisms (MPA., 2004; 

European Commission, 2001; Löffler et al., 2005; Jones et al., 2005; Brooks et al., 



 8

2003; Hirsch et al., 1999). This indicates an insufficient elimination of 

pharmaceuticals in STPs (Löffler et al., 2005). 

 

According to currently available data, it is probable to find pharmaceutical residues in 

most urban wastewaters and they are most likely residues after consumption rather 

than discharge from the manufacturing process (Jones et al., 2005). In STPs the 

pharmaceuticals are eliminated by microbial biodegradation but it is hard to predict 

how successful the elimination will be for every substance. Recent studies have 

shown that molecules with high-medium polarity are partially eliminated in the STPs, 

in some cases with a percentage of only 10 to 40% (Jones et al., 2005). Examples of 

polar molecules are conjugated organic compounds. These are metabolites that have 

gone through a phase-II biotransformation to become more water-soluble by 

conjugation with glucoronic acids or sulphate groups (Parkinson, 2001). They are 

unstable and could easily be deconjugated by the enzyme β-glucuridase, produced by 

the micro organisms in the STP environment (Jones et al., 2005, Hirsch et al., 1999; 

Andersson et al., 2006). Studies in Germany and the Netherlands showed that this 

kind of deconjugation might occur when glucuronidated estrogens enter an STP 

environment (Hirsch et al., 1999; Belfroid et al., 1999).  

 

The sludge age could be a variable to consider in the process of elimination and/or 

deconjugation because with a high sludge retention time the growth and survival of 

different organisms are improved. The degree of metabolism can be controlled by the 

sludge loading rate (amount of substances in to the system per sludge amount and 

time unit). The sludge loading rate is determined by the concentration in the inlet, the 

sludge concentration and the hydraulic retention time. (Ek, personl communication, 

2007; Jones, et al., 2005) This might lead to a good biodegradation but also to a high 

ratio of regenerated parent substances of pharmaceuticals.  

 

In the STP process, pharmaceutical compounds might be removed through adsorption 

to solids (sludge) depending on their lipophilicity. This form of removal can be 

predicted by the log Kow of the compound (octanol/water partition coefficient). A log 

Kow < 2.5 means that the substance has a low sorption potential and it is likely to stay 

in the aqueous phase. When log Kow > 4.0 the adsorption potential is high and the 

compound probably stays in the solid phase. Compounds adsorbed to the sludge, not 
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biodegraded before, may later on enter the aquatic environment when the sludge is 

used for application on land, land-filling, due to soil erosion. (Jones et al., 2005) 

 

Pharmaceuticals in the environment – in a Swedish context 

IVL (Swedish Environmental Research Institute) got an assignment from the Swedish 

Environmental Protection Agency to perform a screening study of a list of 

pharmaceuticals. The purpose of the screening was to create a base for further 

decision-making regarding monitoring activities of pharmaceuticals in the 

environment. (Andersson et al., 2006) 

 

Within this project my task was to make environmental risk assessments of the 

pharmaceuticals included in the screening in order to identify pharmaceuticals that 

might cause adverse effects in the environment.     

 

This study followed the path of the pharmaceuticals from the biotransformation in the 

human body and their way between the influent and the effluent water of STPs.  

Environmental risk assessments were made for each pharmaceutical based on local 

sales volumes. Further investigations, in available literature, were performed to find 

out how the substances are biotransformed and their tendencies to regenerate in STPs. 

Residues levels of the substances from effluents were obtained from Stockholm 

Vatten AB.  

 

To limit this study a selection was made among the substances based on amount 

available information, ecotoxicological properties, detected concentrations in the 

environment and sale volumes. The following five active substances were selected: 

Fluoxetine, Citalopram, Sertraline, Paroxetine and Oxazepam.  

 

Fluoxetine, Citalopram, Sertraline and Paroxetine are all included in the 

pharmaceutical group of SSRI, Selective Serotonine (5-hydroxytryptamine, 5-HT) 

Reuptake Inhibitor, and are used as antidepressant agents. They inhibit the reuptake 

serotonin into the neurones, which results in an increased concentration in the synapse 

and the serotonergic neuronal transmission continues. (HSDB website, a.; FASS 

website, a.) 
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Oxazepam is an anti anxiety drug that belongs to a group called Benzodiazepines and 

its activity is to increase the output of GABA (Gamma-aminobutyric acid) in the brain 

which is an inhibitory neurotransmitter in the central nerve system. GABA binds to 

transmembrane receptors that in turn open the ion channels which usually causes 

hyper polarization of the postsynaptic membrane. Except for its use as an active 

substance in pharmaceuticals it is also a metabolite of Diazepam, Prazepam and 

Temazepam. (IARC et al., 1996; FASS website, e.; HSDB website, e.) 

 

 

Information sources and methods 
 

Databases and websites of the medical industries 

In this study some of the information was found at different websites of medical 

industries and databases that focus on medicinal, toxicological and ecotoxicological 

data. The information used for the environmental risk assessments were: 

 

Chemical and physical properties 

Pharmacological activity, biotransformation and excretion 

Ecotoxicological data 

 

Predicted Environmental Concentration (PEC) and Predicted No Effect 

Concentration (PNEC) 

PEC is a theoretically calculated value that is based on maximum daily doses 

(mg/person/day). This value was divided with the amount of water that is used per 

person per day and a dilution factor. PNEC (Predicted No Effect Concentration) is the 

highest concentration where no effect on the aquatic ecosystem is expected. The ratio 

between PEC and PNEC values is a way to estimate the risk. An environmental 

classification according to FASS was used for the ratios: 

 

PEC/PNEC ≤ 0.1, the substance is considered to have an insignificant environmental 

risk. 
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0.1 < PEC/PNEC ≤ 1, the substance is considered to have a low environmental risk. 

 

1 < PEC/PNEC ≤ 10, the substance is considered to have a moderate environmental 

risk. 

 

PEC/PNEC > 10, the substance is considered to have a high environmental risk. 

(FASS website, j.) 

 

PNEC 

The proper way to calculate PNEC is to use the value NOEC (No Observed Effect 

Concentration) for the most sensitive species. When there was lack of information of 

NOEC, EC50 (effect concentration) and LC50 (lethal effect concentrations) were used 

instead. A safety factor between 10-1000 was applied depending on the quality of the 

toxicity data and whether test data was derived from acute or chronic toxicity tests. 

(European Commission., 2003) 

 

PEC 

To estimate PEC, a formula according to the EMEA Note for Guidance on 

Environmental Risk Assessment of Medicinal Products, was used. (FASS website, e.): 

 

10365200tan
10)()/(

91

×××
×⋅

=
−

tsinhabi
yearkgASlgPEC µ  

 
AS is the sold amount of and active substance covering a certain area and in this study 

it represent the Stockholm region where its inhabitants are about 1890000 (SCB 

website). 109 is the conversion factor from kg to µg, 200 is the average volume (l) of 

water used per person and day, 365 refers to the amount days per year and 10 is a 

dilution factor considering the dilution in the recipient. For a worst case scenario 

100% excreted parent substance is considered.  

 

QSAR model 

QSAR (Quantitative Structure-Activity Relationship) models have been utilised in the 

pharmaceutical industry for drug development for decades. The first successful QSAR 

model effort was published by Hansch et al. in 1969 on the quantitative relationship 

between the electronic characteristics and the hydrophobicity of a molecule. QSAR-
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modelling is targeted to predict properties of molecules based on the structural 

features of the molecule. The properties to be predicted could be rather trivial physical 

properties such as boiling point or aqueous solubility, or more complex ones such as 

carcinogenicity or LD50-values. (Furusjö et al., 2007. a.; Furusjö et al., 2007. b.) 

 

Mostly the features of a molecule or class of molecules necessary for the prediction of 

certain sets of properties are called descriptors. The descriptors constitute a 

representation of the molecular structure. Often the descriptors are molecular structure 

features such as atom connectivity, bond lengths, bond angles, molecular volume and 

molecular weight but sometimes also other experimentally measurable molecular 

properties are included such log Kow and pKa-values e t c. (Furusjö et al., 2007. a.; 

Furusjö et al., 2007. b.) 

 

Needless to say, QSAR models based on non-measurable descriptors have the 

advantage of not having to buy, synthesise or purify the molecules of interest. 

Software that enables the 2D drawing of the structure and the consecutive 3D-

rendering of the structure with geometry optimisation is often enough. In the context 

of small organic compounds it has previously been shown that the strictly non-

experimental descriptor-QSAR approach can be successfully applied combined with 

chemometric techniques such as PLS regression (Partial Least Squares), in order to 

retrieve chronic toxicity data. (Furusjö et al., 2007. a.; Furusjö et al., 2007. b.) 

 

The reliability of the received data is seen as the ´membership probability´ and refers 

to the normalised probability that the model can incorporate a particular compound 

within the training set. A probability a value of < 0.1 % can be regarded as an outlier 

and hence not explained by the model. (Furusjö et al., 2007. a.; Furusjö et al., 2007. 

b.) 

 

PNECQSAR 

Chronic toxicity test were made on Daphnia spp and Selenastrum capricorutum for 

the active substances: Fluoxetine, Norfluoxetine (metabolite), Citalopram, 

Desmethylcitalopram (metabolite), Sertraline, Paroxetine and Oxazepam. The lowest 

NOEC values (with a membership probability > 0.1 %) were chosen for a later 
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calculation of PNECQSAR where a safety factor 50 was applied. (European 

Commission, 2003) 

 

Effluent water concentrations 

Estimating the ratio between MEC (Measured Environmental Concentration) and 

PNEC can also give an idea about whether there exist any environmental risks. The 

concentrations that were used in this study are the highest concentration in the 

effluents from the STPs in Bromma and Henriksdal in 2004 or 2005. The data was 

received from Stockholm Vatten AB that is responsible for the two STPs. Available 

data was also found from an STP in Uppsala from the so called Kungsängsverket, for 

2005.  

 

The concentrations were measured in the effluents and therefore they are much higher 

than the concentrations in the recipient. To better reflect the situation in the recipient a 

dilution factor of 10 was applied to these values (European Commission, 2003).  

 

 

The cleaning process of STPs in Stockholm and Uppsala 

 
Stockholm Vatten AB is a company that produce and delivers water in Stockholm and 

are responsible for two STPs in Henriksdal and Bromma. The STP in Henriksdal 

treats wastewater from the central and south part of Stockholm and the STP in 

Bromma takes care of the north and the west part of Stockholm. (Stockholm Vatten 

AB website, a; Stockholm Vatten AB website, b.)  
 

Kungsängsverket is the largest STP in Uppsala and manage wastewater from about 

155 000 people. (Kungsängsverket website, a.)  

 

Mechanical cleaning 

The first process in STPs is the mechanical cleaning where solid particles are 

eliminated and contains three main steps. The first consists of a bar with slits that 

separates big particles. The second step is capturing of small heavy particles by 

having a certain speed in the torrent (sand trap). The third step is sedimentation that 
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can be with or without chemical additions. (Ek, personal communication; Stockholm 

Vatten AB website, c.) 

 

Chemical cleaning 

Chemical cleaning is the process where a salt of metal is added to flocculate 

phosphates which in turn are strongly depended on the pH level in the wastewater. 

The salt can be added before the first cleaning passage, as in Bromma, or both before 

and after the biological cleaning as in the STPs Henriksdal and Kungsängsverket. In a 

following basin the flocculated compounds will sediment, or in the case of after-

precipitation sometimes separated in a sand filter. (Ek, personal communication; 

Stockholm Vatten AB website, c.; Kungsängsverket website, b.)  

 

Biological cleaning 

The aerobic biological cleaning process oxidises organic material by using micro 

organisms. It can be by the suspended processes or bio-film processes. In both cases 

bacteria degrade the organic material and the remains of this process are carbon 

dioxide (CO2), water and a certain amount of intact organic material that will 

sediment in the following basin. This process is supposed to be a very effective way 

of cleaning and can be designed also to remove nitrogenous compounds from the 

water.  With following sludge removal it can also separate suspended material and 

adsorbed compounds. In this cleaning-step many biochemical reactions, 

physical/chemical adsorption and chemical precipitation will occur, although exactly 

which reactions are not well known. (Stockholm Vatten AB website, c.)  

 

The age of the sludge is one of the parameters that affect the biological cleaning. The 

best known example is that different sludge ages are necessary to get nitrification in 

summer and winter, which is the first step in nitrogen removal: 

NH3 + 2O2 → NO3
- + H+ + H2O  

In the summer with water temperature close to 20ºC the responsible bacteria grow fast 

enough to stay in the system with 5 days sludge age or sludge retention time. In 

wintertime, with temperatures below 10ºC, the growth is slow that 20 days sludge 

retention time is necessary. In a similar way, very slow growing bacteria may be able 

to degrade some pharmaceuticals, but can survive in the system just at high SRT. The 

next step in nitrogen removal is denitrification: 
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2NO3
- + 12H+ + 10e- → N2 + 6H2O  

Were the electrons come from oxidation material. 

There are several ways to calculate the sludge age. The usual way is to relate the total 

amount of sludge in the biological cleaning process, with what is withdrawn per day. 

In Henriksdal and Bromma a sludge age would be around 9 days in the summer and 

about 20 days in the winter. (Ek, personal communication. 2007; Stockholm Vatten 

AB website, c.) 

 

Filtration 

Filtration is the final step in the cleaning process and it is an extra step of safety to 

eliminate for example sludge and phosphates that were not captured in the earlier 

steps. (Stockholm Vatten AB website, c.) 

 

Treatment of the sludge 

The sludge from cleaning processes is treated anaerobically and different bacteria 

digest the organic material and during the digestion gases of carbon dioxide (CO2) 

and methane (CH4) are produced. Methane is later used as fuel for the production of 

electrical energy and heat in internal power plants or as fuel for vehicles. The water 

from the sludge is separated by centrifugation and the remaining sludge is stored or 

directly used as fertilizer on land or as covering layers on dumps. Before the use the 

sludge is controlled for not containing substances that could be a risk for the 

environment. (Stockholm Vatten AB website, c.) 

 
Measured concentrations of drug residues in the three STPs  

At present, a project is running for measurements of residues of common drugs in the 

influents and effluents at STPs in Stockholm with numerous tests during 2006 and 

2007. Earlier measurements have been preformed at two occasions over a period of 

two years (2004 and 2005) in Henriksdal and Bromma STP and at one occasion in 

Kungsängsverket STP. The results from 2004 are presented in table 1. 
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Table 1. Concentrations (µg/l) of five active substances in influents (in) and effluents (out) of two 
sewage treatment plants, Henriksdal and Bromma, in the Stockholm region. The samples were taken in 
the beginning of September in 2004.  
 
Active 
substance 

Henriksdal in 
(µg/l) 

Henriksdal out 
(µg/l) 

Bromma in 
(µg/l) 

Bromma out 
(µg/l) 

Diazepam 0.004 0.005 0.002 0.004 
Fluoxetine <0.005 0.061 <0.005 0.036 
Oxazepam 0.260 0.530 0.210 0.430 
Paroxetine <0.005 0.038 <0.005 0.062 
Sertraline 0.006 0.070 0.005 0.037 
(Wahlberg, personal communication. 2006) 
 
 
The MEC values indicate that the pharmaceuticals are not eliminated from the 

effluent water in the two STPs. The concentrations of the pharmaceuticals are higher 

in the effluent water than in the influent. In the STP of Henriksdal the ratio between 

the effluent and influent water concentrations ranges between 1.25 (Diazepam) and 

11.7 (Sertraline). In the STP of Bromma the ratios ranges between 2 (Diazepam) and 

12.4 (Paroxetine). It is obvious that the STP processes, in fact, increases the 

concentrations of the pharmaceuticals, which could be explained by deconjugation of 

their metabolites. 

 

The results from 2005 are presented in table 2.  

 
Table 2. Concentrations (µg/l) of six active substances in influents (in) and effluents (out) of three 
sewage treatment plants, Henriksdal, Bromma and Kungsängsverket,. The two first STPs located in the 
Stockholm region while Kungsängsverket is situated in Uppsala. The samples were taken in the 
beginning of September in 2005. 
 
Active 
substance 

Henriksdal 
in (µg/l) 

Henriksdal 
out (µg/l) 

Bromma 
in (µg/l) 

Bromma out 
(µg/l) 

Kungs. 
in (µg/l) 

Kungs. 
out (µg/l) 

Citalopram 0.110 0.200 0.160 0.140 0.270 0.200 
Diazepam 0.004 0.004 0.003 0.002 <0.005 <0.005 
Fluoxetine <0.010 0.008 <0.010 0.004 <0.020 0.024 
Oxazepam 0.420 0.440 0.370 0.300 0.720 0.490 
Paroxetine <0.003 0.003 0.003 0.002 <0.005 <0.005 
Sertraline 0.013 0.017 no data no data 0.047 0.024 
(Wahlberg C. personal communication., 2006; Landstinget i Uppsala län., 2006) 
 

 

Compared to the year before (2004) there is a small improvement in the STP 

processes. Some of the pharmaceuticals are partly eliminated. In the STP of Bromma 

the removal rates ranges from 19% (Oxazepam) to 60% (Fluoxetine). In Henriksdal 
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STP all changes are within the variance of the analytical methods, except for 

Citalopram.  

 

 

Risk assessment of Fluoxetine 
 

Ever since 1995 Fluoxetine had a stable sale in Sweden and in 2005 the sold amount, 

in defined daily doses (DDD = 20mg), was 15 million. The same year the sales of 

Fluoxetine, in DDD in Stockholm, were 3.2 millions (Apoteket AB unpublished) 

which corresponds to 64.0 kg. (Apoteket AB website, a.; WHO website) 

 

The chemical structure and chemical/physical properties are presented in figure 1 and 

table 3, respectively. 

 
 
 
 
 
 

Figure 1. Molecular structure of Fluoxetine. CAS: 54910-89-3   
(ChemID website, a.) 
 
 
Table 3. Physical and chemical properties of the active substance Fluoxetine (3-Fenyl-N-metyl-3-[p-
(trifluoromethyl)phenoxi]propylamine).  
 
Molecular weight 
(g/mole) 

309.329 ChemID website, a. 

Melting point (deg C) 158.4-158.9  HSBD website, a. 
Log Kow 1.22 Black et al., 2005 
Water solubility (mg/ml) 14  HSBD website, a. 
Henry’s law constant 
(atm-m3/mole) 

8.90×10-8 (estimated) ChemID website, b. 

 
 
Absorption 

After oral administration Fluoxetine is absorbed in the stomach and the intestine. The 

bioavailability of Fluoxetine is not fully known but at least 60 to 80% of an oral dose 

is supposed to be absorbed. In the plasma the protein binding is high, 95%, and the 

apparent volume of distribution can range between 20 and 40 l/kg. (FASS website, a.; 

HSDB website, a.) 
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Biotransformation 

The metabolism (phase-I and phase-II) occurs mainly in the liver by the enzyme 

CYP2C19. Fluoxetine undergoes an N-demethylation and biotransforms into 

Norfluoxetine (figure 2) is the main metabolite and has a similar pharmacological 

activity as the parent compound. A small fraction is biotransformed into 

glucuroninated Fluoxetine and glucuroninated Norfluoxetine. (Micromedex website, 

a.) 

  
Figure 2. Molecular structure of Norfluoxetine, CAS: 56161-73-0, MW: 295.302 g/mole  
(ChemID website, c.) 
 
 
Excretion 

The half-life of Fluoxetine is approximately between 2 and 3 days. About 65% is 

excreted via the kidneys. Between 2.5 and 5 % of the oral dose is excreted unchanged 

and 10% is excreted as Norfluoxetine. About 5% and 9% of a dose is excreted as 

conjugated metabolites, Fluoxetine glucuronide or Norfluoxetine glucuronide, 

respectively. Of one dose 12 % is excreted with the faeces. (HSDB website, a.; 

Micromedex website, a.) 

 

Ecotoxicity 

Ecotoxicological studies on Daphnia spp, Oncorhynchus mykiss, Pseudokirchneriella 

subcapitata, Ceriodaphnia dubia, Oryzias latipes, Daphnia magna, Pimephales 

promelas, Hyalella azteca, Chironomus tentans, Oryzias latipes and Green algae were 

made (table 4).  
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Table 4. Results from ecotoxicological studies of Fluoxetine on Daphnia spp, Daphnia magna, 
Oncorhynchus, Green algae, Pseudokirchneriella subcapitata, Ceriodaphnia dubia, Pimephales 
promela, Hyalella azteca, Chironomus tentans and Oryzias latipes.  
 
Test organism Time of 

exposure 
Endpoint Measure of 

toxicity  
Result 
(mg/l) 

References 

Green algae  not stated not stated NOEC 0.001 Park, 2005 
Ceriodaphnia 
dubia  

7 days reproduction NOEC 0.056 Brooks et 
al., 2003 

Oryzias latipes not stated reproduction NOEC 0.005 Foran et al., 
2004 

Daphnia spp not stated immobility EC50 0.94  FDA-
CDER., 
1996 

Pseudokirchneri-
ella subcapitata 

not stated growth EC50 0.024 Brooks et 
al., 2003 

Ceriodaphnia 
dubia  

48 h mortality LC50 0.234 Brooks et 
al., 2003 

Oncorhynchus 
mykiss  

48h mortality LC50 2.0 Brooks et 
al., 2003 

Daphnia magna 48h mortality LC50 0.820 Brooks et 
al., 2003 

Cerodaphniad 
dubia 

48h mortality LC50 0.51 Henry et al., 
2004 

Pimephales 
promelas  

48h mortality LC50 0.705 FDA-
CDER. 
1996 

 

 

The Mississippi State Chemical Laboratory made a study on Fluoxetine with the 

purpose to investigate its possible environmental fate.  The result showed a potential 

of adsorbing to sediments, to be hydrolytically stable and relatively persistent. (EPA., 

2005) 

 

Fluoxetine and its metabolites have been detected in surface-water and in fish tissues. 

The maximum concentrations in surface waters were measured in Canada 0.033-0.099 

mg/l and in Mississippi 0.031-0.076 mg/l. (EPA., 2005; Black et al., 2005) 

 

Fong (1997) tested low concentrations of Fluoxetine on mussels to investigate its 

potential of inducing spawning in zebra mussels. In this test spawning was induced in 

all males and females exposed to 0.015 and 1.55 mg Fluoxetine/l, respectively. 
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Henry et al., (2004) investigated the ecotoxicological effects of Fluoxetine, on 

Cerodaphnia dubia and on frogs. They found neurological effects on fish such as 

uncoordinated swimming, lethargy and lack of response to stimuli, decreased 

aggression and interactions between individuals at exposure levels between 0.6 and 

6.0 mg/l. The sexual development was delayed in fish and in frogs. Frogs had also 

reduced limbs, delays in tail resorption and metamorphosis after chronic exposure to 

Fluoxetine but not at environmentally relevant concentrations. These effects might 

increase predetation, decrease reproductive success which can have an impact on the 

whole population. (EPA. 2005; Black et al., 2005) 

 

Risk estimation 

In the risk estimation PEC and MEC were compared with the two values of PNEC 

based on a literature data and on QSAR modelling. MEC were calculated from the 

data of the effluent water from the STP in Henriksdal 2004 and equals the 

concentration in effluent water divided by a dilution factor 10. The two different 

PNEC are based on NOEC (literature) of 1.0 µg/l (Green algae) with a safety factor of 

10 and on NOEC (QSAR) of 0.006 µg/l (Daphnia spp) with a safety factor of 50, 

respectively. From the QSAR model a NOEC value for the metabolite Norfluoxtine 

was also obtained and has been included in the risk ratio called PEC%/PNECQSAR. 

This value is a sum of two different ratios. The first ratio is between the PEC based on 

the assumption that 5% of the dose enters the recipient as the parent compound and 

the PNEC from QSAR modelling. The second ratio is between the PEC based on the 

assumption that 10% of the dose enters the recipient as Norfluoxetine and the PNEC 

from QSAR modelling. The value of a risk ratio calculated in this way must be 

questioned as the potency and mode of action might differ between Fluoxetine and 

Norfluoxetine. The risk ratios are presented in table 5. 
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Table 5. Predicted environmental concentration (PEC) of Fluoxetine, derived from the sold amount 
(kg) in Stockholm 2005. Measured environmental concentration (MEC) is based on effluent water 
concentration from the sewage treatment plant of Henriksdal 2004 divided by a dilution factor of 10. 
Predicted no effect concentration (PNEC) is based on one no effect concentration (NOEC) that was 
received from a test on Green algae (literature) with a safety factor of 10 and the other from a QSAR 
model based on chronic effects on Daphnia spp with a safety factor of 50. PEC%/PNECQSAR is a sum of 
two different ratios. The first ratio is between the PEC based on the assumption that 5% of the dose 
enters the recipient as the parent compound and the PNEC from QSAR modelling. The second ratio is 
between the PEC based on the assumption that 10% of the dose enters the recipient as Norfluoxetine 
and the PNEC (PNECQSAR, Norfluoxetine) from QSAR modelling. 
 
PEC (µg/l) 0.046 
MEC (µg/l) 0.006 
PEC% (µg/l) 0.0023 
PEC%,Norfluoxetine (µg/l) 0.0046 
PNECliterature (µg/l) 0.1 
PNECQSAR (µg/l) 0.006 
PNECQSAR,Norfluoxetine (µg/l) 0.006 
PEC/PNECliterature 0.46 
PEC/PNECQSAR 7.7 
MEC/PNECliterature 0.06 
MEC/PNECQSAR 1.0 
PEC%/PNECQSAR (total) 1.15 
 
 
The table shows large differences between PEC and MEC and also between 

PNECliterature and PNECQSAR which results in varying risk ratios. PEC/PNECQSAR (7.7) 

and MEC/PNECQSAR (1.0) indicate a moderate environmental risk while 

PEC/PNECliterature (0.46) and MEC/PNECliterature (0.06) indicates a low or insignificant 

environmental risk. The risk ratio PEC%/PNECQSAR (1.15) based on excreted amounts 

indicates a moderate environmental risk.   
 
 
Risk assessment of Citalopram 
 

Since 1992 Citalopram has been the most sold SSRI in Sweden and in 2005 74.8 

million DDD (20 mg / DDD), were sold. Within Stockholm the sold amount reached 

13 million DDD (Apoteket AB unpublished), which corresponds to 262.0 kg. 

(Apoteket AB website, a.; WHO website)   

 

The chemical structure and chemical/physical properties are presented in figure 3 and 

table 6, respectively. 
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Figure 3. Molecular structure of Citalopram. CAS: 59729-32-7            
(ChemID website, d.) 
 
 
Table 6. Physical and chemical properties of the active substance Citalopram, 1-[3-
(Dimethylamino)propyl]-1-(p-fluorofenyl)-1,3-dihydro-5-isobensofurankarbonitril.  
 
MW (g/mole) 324.4 ChemID website, d. 
Melting point (deg C) 182-182  HSBD website, b. 
Log Kow 1.39 Black et al., 2005 

 
 
Absorption 

After an oral administration Citalopram is absorbed efficiently (100%) in the GI tract. 

The bioavailability is between 80 to 100% and the protein binding is about 50%. The 

apparent volume of distribution can range between 12 and 17 l/kg. (Micromedex 

website, b.) 

 

Biotransformation 

Citalopram is biotransformed mainly by the enzymes CYP2C19 and CYP3A4. It is 

primarily metabolised by N-demethylation, deamination and N-oxidation. The 

metabolites are Desmethylcitalopram (primary metabolite), Didesmethylcitalopram 

(figure 4) and Citalopram-N-oxide as well as Propionic acid metabolite. The first 

three metabolites are active as 5-HT reuptake inhibitors but not as selective and potent 

as the parent compound. In vitro studies have shown that Citalopram inhibits the 

enzyme CYP2D6 but is less potent compared to the other SSRI pharmaceuticals 

Fluoxetine, Paroxetine, Sertraline and also the metabolite Norfluoxetine. (FASS 

website, b.; Micromedex website, b.)   
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Figure 4. Molecular structure of Didesmethylcitalopram; CAS: 62498-69-5. MW: 296.3 g/mole  
(ChemID website, e.) 
 

 

Excretion 

The half-life of Citalopram is 33 hours and about 85 % is eliminated through the liver. 

About 12 to 23% of a daily dose is eliminated unchanged and 20% is excreted as 

metabolites where 12% is Desmethylcitalopram (HSDB website, b.; FASS website, 

b.; Micromedex website, b.) 

 

Ecotoxicity  

Ecotoxicological studies were made on Acartia tonsa and Ceriodaphnia dubia (table 

7). 

 
Table 7.  Results from ecotoxicological studies of Citalopram on Acartia Tonsa and Ceriodaphnia 
dubia.  
 
Test organism Time of 

exposure 
Endpoint Measure of 

toxicity  
Result 
(mg/l) 

References 

Acartia tonsa 
 

48 h not stated EC50  4.9 FASS 
website, c. 

Ceriodaphnia 
dubia 

48 h mortality LC50 3.9 Henry et al., 
2004 

 

 

The Mississippi State Chemical Laboratory made a study on Citalopram with the 

purpose to investigate its possible environmental fate.  The result showed a potential 

of adsorbing to sediments, to be hydrolytically stable and relatively persistent. They 

also detected concentrations in effluent waters, up streams and down streams and both 

in water and sediments of the Columbus Wastewater Treatment Plant in Columbus, 

Mississippi. (EPA. 2005) 
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Risk estimation  

In the risk estimation, PEC and MEC were compared with the two values of PNEC 

based on a literature data and on QSAR modelling. MEC were calculated from data of 

the effluent water from Henriksdal STP 2005 and equals the concentration in effluent 

water divided by a dilution factor 10. MEC was chosen from the effluent water of 

Henriksdal year 2005 and has a dilution factor of 10. The two different PNEC were 

based on EC50 (literature) of 4.9 mg/l (Acartia tonsa) with a safety factor of 1000 and 

NOEC (QSAR) 0.004 µg/l (Daphnia spp) with a safety factor of 50, respectively. 

From the QSAR model a NOEC value for the metabolite Desmethylcitalopram was 

also obtained and has been included in the risk ratio called PEC%/PNECQSAR. This 

value is a sum of two different ratios. The first ratio is between the PEC based on the 

assumption that 23% of the dose enters the recipient as the parent compound and the 

PNEC from QSAR modelling. The second ratio is between the PEC based on the 

assumption that 2.4% of the dose enters the recipient as Desmethylcitalopram and the 

PNEC from QSAR modelling. The value of a risk ratio calculated in this way must be 

questioned as the potency and mode of action might differ between Citalopram and 

Desmethylcitalopram. The risk ratios are presented in table 8. 

 
Table 8. The predicted environmental effect concentration (PEC) of Citalopram, derived from the sold 
amount (kg) in Stockholm 2005. Measured environmental concentration (MEC) is based on effluent 
water concentration from the sewage treatment plant of Henriksdal in 2005 with the dilution factor 10. 
Predicted no effect concentration (PNEC) are based on an effect concentration (EC50) that was received 
from a test on Acartia tonsa (literature) with a safety factor of 1000 and from a QSAR model based on 
chronic effects on Daphnia spp with a safety factor of 50.  PEC%/PNECQSAR is a sum of two different 
ratios. The first ratio is between the PEC based on the assumption that 23% of the dose enters the 
recipient as the parent compound and the PNEC from QSAR modelling. The second ratio is between 
the PEC based on the assumption that 2.4% of the dose enters the recipient as Desmethylcitalopram 
and the PNEC (PNECQSAR,Desmethylcitalopam) from QSAR modelling. 
 
PEC (µg/l) 0.2 
MEC (µg/l) 0.02 
PEC% (µg/l) 0.044 
PEC%,Desmethylcitalopram (µg/l) 0.0046 
PNECliterature (µg/l) 4.9 
PNECQSAR (µg/l) 0.004 
PNECQSAR,Desmethylcitalopam (µg/l) 0.004 
PEC/PNECliterature 0.04 
PEC/ PNECQSAR 50.0 
MEC/ PNECliterature 0.004 
MEC/ PNECQSAR 5.0 
PEC%/PNECQSAR (total) 12.2 
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The table shows clear differences between PEC and MEC and also PNECliterature, 

PNECQSAR which results in large different risk ratios. PEC/PNECQSAR (50.0) and 

MEC/PNECQSAR (5.0) indicate a high environmental risk while PEC/PNECliterature 

(0.004) and MEC/PNECliterature (0.004) indicates an insignificant environmental risk 

for Citalopram. The risk ratio PEC%/PNECQSAR (12.2) based on excreted amounts and 

indicates a moderate environmental risk.   

 

 

Risk assessment of Sertraline 
 

In the past few years the sold amount of Sertraline has increased and in 2005 the sold 

amount in Sweden reached 4.6 million DDD (50 mg = DDD). The same year the sold 

amount in Stockholm was 8.6 million DDD (Apoteket AB unpublished), which 

correspond to 432.0 kg. (Apoteket AB website. a.; WHO website).  

 

The chemical structure and chemical/physical properties are presented in figure 5 and 

table 9, respectively. 

 

 
Figure 5. Molecular structure of Sertraline. CAS: 79617-96-2 
(ChemID website, f.) 
  
 
Table 9. Physical and chemical properties of the active substance Sertraline, (1S,4S)-4-(3,4-
Diklorofenyl)-1,2,3,4-tetrahydro-N-metyl-1-naftylamin..)   
 
MW (g/mole) 306.24 ChemID website, f. 
Log Kow 1.37 Black et al., 2005 
  
 
Absorption 

After oral administration at least 70% is absorbed in the GI tract. So far, there are no r 

esults available from studies on the bioavailability of Sertraline after oral 
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administration. The protein binding is high, 99%, to both albumin and alpha1-acid 

glycoprotein. (FASS website, e.; HSDB website, c.)   

 
Biotransformation 

The biotransformation occurs in the liver by the enzymes CYP 3A4 and CYP2D6. It 

undergoes primary an N-demethylation and biotransforms into Desmethylsertraline. 

This metabolite has a low biological activity and is further metabolised to its ketones 

and after hydroxylation. The other final metabolites are alcohol- and oxime 

metabolites that are both biologically inactive. The alpha-hydroxy ketone metabolite 

is excreted in the urine and faeces. (FASS website, e.; Micromedex website, c.) 

 

Excretion 

The elimination of Sertraline starts 12-16 hours after oral administration. The half-life 

of the parent compound and the metabolite Desmethylsertraline is 24 hours. Only 12-

14% of Sertraline is eliminated unchanged. After biotransformation, 40-45% is 

eliminated through the kidneys and a similar fraction via the faeces. (HSDB website, 

c.; Micromedex  website, c.) 

 

Ecotoxicity 

Ecotoxicological studies were made on Daphnia magna, Green algae, Pimephales 

promelas and Ceriodaphnia dubia (table 10).  
 
Table 10. Results from ecotoxicological studies of Sertraline on Daphnia magna, Green algae, 
Pimephales promelas and Ceriodaphnia dubia. 
  
Test 
organism 
 

Time of 
exposure 

Endpoint Measure of 
toxicity  

Result 
(mg/l) 

References 

Daphnia 
magna 

48h not stated EC50  0.56  FASS 
website, f. 

Green algae 14 days not stated EC50  0.056  FASS 
website, f. 

Pimephales 
promelas 

96h mortality LC50  0.30  FASS 
website, f. 

Ceriodaphnia 
dubia 

48 h mortality LC50 0.12 Henry et al., 
2004 

 
 

Sertraline and its metabolites have been detected in fish tissues (Black et al., 2005) 
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The Mississippi State Chemical Laboratory made a study on Sertraline with the 

purpose to investigate its possible environmental fate.  The result showed a potential 

of adsorbing to sediments, to be hydrolytically stable and relatively persistent. 

(EPA, 2005) 

 

Risk estimation  

In the risk estimation, PEC and MEC were compared with the two values of PNEC 

based on a literature data and on QSAR-modelling. MEC was calculated from data of 

the effluent water from Henriksdal STP 2004 and equals the concentration in effluent 

water divided by a dilution factor of 10. The two different PNEC are based on NOEC 

(literature) of 0.056 mg/l (Green algae) with a safety factor of 1000 and NOEC 

(QSAR) of 0.006 µg/l (Selenastrum capricorutum) with a safety factor of 50, 

respectively. The value PEC% is based the assumption that 14% of the dose enters the 

recipient as the parent compound. The risk ratios are presented in the following table.  

 
 
Table 11. The predicted environmental effect concentration (PEC) of Sertraline, derived from the sold 
amount (kg) in Stockholm 2005. Measured environmental concentration (MEC) is based on an effluent 
water concentration from the sewage treatment plant of Henriksdal in 2004 with the dilution factor of 
10. Predicted no effect concentration (PNEC) is based on a effect concentration (EC50) that was 
received from a test on Green algae (literature) with a safety factor of 1000 and no effect concentration 
(NOEC) from a QSAR model based on chronic effects on Selenasrtum capricorutum with a safety 
factor of 50. The value PEC% is based the assumption that 14% of the dose enters the recipient as the 
parent compound. 
 
PEC (µg/l) 0.31 
MEC (µg/l) 0.007 
PEC% (µg/l) 0.044 
PNECliterature (µg/l) 0.056 
PNECQSAR (µg/l) 0.00032 
PEC/PNECliterature 5.54 
PEC/ PNECQSAR 968.8 
MEC/PNECliterature 0.125 
MEC/PNECQSAR 22.0 
PEC%/PNECQSAR (total) 137.5 
 
 
The table shows large differences between PEC and MEC and also between 

PNECliterature and PNECQSAR which results in varying risk ratios. PEC/PNECQSAR 

(968.8) and MEC/PNECQSAR (22.0) indicate a high environmental risk while 

PEC/PNECliterature (5.54) and MEC/PNECliterature (0.125) indicate a moderate and an 
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insignificant environmental risk, respectively. The risk ratio PEC%/PNECQSAR (137.5) 

based on excreted amounts indicates a high environmental risk.   
 

 

Risk assessment of Paroxetine 
 
Paroxetine is the least sold substance compare to the other SSRI compounds. In 2005 

the sale was of 13.7 million DDD in Sweden (20 mg = DDD) and the same year in 

Stockholm the sold amount was 2 million DDD (Apoteket AB unpublished), which 

corresponds to 41.6 kg. (Apoteket AB website, a.; WHO website) 

 
The chemical structure and chemical/physical properties are presented in figure 6 and 

table 12, respectively. 

 

Figure 6. Molecular structure of Paroxetine. CAS: 61869-08-7  
(ChemID website, g.) 
 
 
Table 12. Physical and chemical properties of the active substance Paroxetine, (3S,4R)-3-[(1,3-
Bensodioxol-5-yloxi)methyl]-4-(p-fluorofenyl)piperidin. 
 
MW (g/mole) 329.369 ChemID website, g. 
Melting point (deg C) 120-133  HSDB website, d. 
Log Kow 1.37 Black et al., 2005 
Water solubility (mg/ml) 5.4  HSDB website, d. 
 
 
Absorption 

Following an oral does Paroxetine is completely absorbed. The protein binding is 93 

to 95% depending on the dose and the apparent volume of distribution is 17.4 l/kg. 

(HSDB website, d.; Micromedex website, d.) 

 
Biotransformation 

The metabolism (phase-I and phase-II) occurs mainly in the liver by the enzyme 

CYP2D6 and the most common metabolites are glucuronides and sulphate esters. The 
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biological activities of the metabolites are low and the potential of inhibiting 5-HT 

uptake is only 1/50 of the parent compound. (FASS website, g.; HSDB website, d.) 

 

Excretion  

The half life of Paroxetine varies between 15 and 22 hours and about 65% of a dose is 

excreted as metabolites. The fraction eliminated through the kidneys is 65 to 67% and 

less then 2% is eliminated unchanged. (Micromedex website, d.) 

 

Ecotoxicity 

Ecotoxicological studies have been made on Daphnia magna, micro organisms, 

Lepomis macrochirus and Ceriodaphnia dubia (table 13).  

 
Table 13. Results from ecotoxicological studies of Paroxetine on Daphnia magna, micro organisms, 
Lepomis macrochirus and Ceriodaphnia dubia.  
 
Test organism Time of 

exposure 
Endpoint Measure of 

toxicity  
Result 
(mg/l) 

References 

Daphnia 
magna 

 not stated not stated NOEC 0.49 FASS 
website, h. 

Daphnia 
magna 

48h not stated EC50  
 

2.5 FASS 
website, h. 
 

Micro 
organisms in 
activated 
sludge 

3h not stated EC50  25.0  FASS 
website, h. 

Lepomis 
macrochirus 

96h mortality LC50 
 

1.6 FASS 
website, h. 

Ceriodaphnia 
dubia 

48h mortality LC50 
 

0.58 Henry et al., 
2004 

 
 

The Mississippi State Chemical Laboratory made a study on Paroxetine with the 

purpose to investigate its possible environmental fate. The results indicated low 

adsorption to sediments, hydrolytically unstable and low persistency. (EPA, 2005) 

 

A study made on Zebra mussel showed that low concentrations of Paroxetine can 

induce spawning. (Fong, 1997) 
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Risk estimation 

In the risk estimation, PEC and MEC were compared with the two values of PNEC 

based on a literature data and on QSAR-modelling. MEC were calculated from data of 

effluent water from Bromma STP 2004 and equals the concentration in effluent water 

divided by a dilution factor of 10. The two different PNEC are based on LC50 

(literature) of 0.58 mg/l (Ceriodaphnia dubia) with a safety factor of 1000 and on 

NOEC (QSAR) 0.0016 µg/l (Daphnia spp) with a safety factor of 50, respectively. 

The value PEC% is based the assumption that 2% of the dose enters the recipient as 

the parent compound. The risk ratios are presented in table 14. 

 
Table 14. Predicted environmental effect concentration (PEC) of Paroxetine, derived from the sold 
amount (kg) in Stockholm 2005. Measured environmental concentration (MEC) based on effluent 
water concentration from the sewage treatment plant of Bromma in 2004 with the dilution factor 10. 
Predicted no effect concentration (PNEC) is based on lethal concentration (LC50) that was received 
from a test on Lepomis macrochirus (literature) with a safety factor of 1000 and no effect concentration 
(NOEC) from a QSAR-model based on chronic effects on Daphnia spp with a safety factor of 50. The 
value PEC% is based the assumption that 2% of the dose enters the recipient as the parent compound.  
 
PEC (µg/l) 0.03 
MEC (µg/l) 0.0062 
PEC% (µg/l) 0.0006 
PNECliterature (µg/l) 0.58 
PNECQSAR (µg/l) 0.0016 
PEC/PNECliterature 0.05 
PEC/PNECQSAR 18.8 
MEC/PNECliterature 0.01 
MEC/PNECQSAR 3.9 
PEC%/PNECQSAR (total) 0.38 
 
 
The table shows large differences between PEC and MEC and also between 

PNECliterature and PNECQSAR which results in varying risk ratios. PEC/PNECQSAR 

(18.8) and MEC/PNECQSAR (3.9) indicate a high and a moderate environmental risk, 

respectively. The ratio MEC/PNECliterature (0.01) and PEC/PNECliterature (0.05) indicate 

an insignificant environmental risk. The risk ratio PEC%/PNECQSAR (0.38) based on 

excreted amounts indicates a low environmental risk 
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Risk assessment of Oxazepam  
 

Ever since 1985 Oxazepam had a stable sale in Sweden and in 2005 the sold amount 

of Oxazepam was 13.2 millions of DDD (20 mg = DDD). In Stockholm the sold 

amount was 2.3 millions of DDD (Apoteket AB unpublished), which corresponds to 

45.3 kg. (Apoteket AB website, a.; WHO website) 

 

The chemical structure and chemical/physical properties are presented in figure 7 and 

table 15, respectively. 

 
 

 
  
Figure 7. Molecular structure of Oxazepam. CAS: 604-75-1.  
(ChemID website, h.) 
 
 
Table 15. Physical and chemical properties of the active substance Oxazepam, 5-Fenyl-3-hydroxi-7-
kloro-1H-1,4-bensodiazepin-2(3H)-on.  
 
MW (g/mole) 286.717 ChemID website, h. 
Melting point (deg C) 205-206  ChemID website, i. 
Log Kow 2.24 ChemID website, i. 
Water solubility (mg/ml) 0.02 (estimated) ChemID website, i.  
Henry’s Law Constant 
(atm-m3/mole) 

5.53×10-10 (estimated) ChemID website, i.  

Vapour pressure (mm Hg) 4.2×10-12 (estimated) 
 

ChemID website, i.  

 
 
Absorption 

The absorption after an oral administration is fairly rabidly compared to its parent 

compound Diazepam. The bioavailability is 92.8% and the protein binding ranges 

from 86 to 99%. The apparent volume of distribution varies between 0.6 and 2.0 l/kg. 

(FASS website, i.; HSDB website, e.; Micromedex website, e.) 
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Biotransformation 

The metabolism is mainly occurring in the liver where Oxazepam undergoes a 

glucuronidation. Oxazepam glucuronide (figure 8) is the main metabolite followed by 

6 other derivates that. (Micromedex website, e.) 

 

 
Figure 8. Molecular structure of Oxazepam glucuronide. CAS: 6801-81-6, MW: 462.84 g/mole 
(ChemID website, j.) 
 

 

Excretion 

The biological half-life of Oxazepam is 3 to 21 hours. The excretion path is mainly 

with the urine and about 50% of Oxazepam is eliminated unchanged and less then 

0.1% is eliminated through the bile. (Micromedex website, e.; HSDB website, e.) 

 

Ecotoxicity 

No ecotoxicological study of Oxazepam was found in the literature. 

 

Risk estimation 

In the risk estimation, PEC and MEC are compared with the PNEC obtained from the 

QSAR model (table 16). MEC was calculated from data of effluent water from 

Henriksdal STP 2004 and equals the concentration in effluent water divided by a 

dilution factor 10. The PNECQSAR is based on the value of NOEC 0.23 µg/l (Daphnia 

spp) with a safety factor of 50. The value PEC% is based the assumption that 50% of 

the dose enters the recipient as the parent compound. The risk ratios are presented in 

table 16. 
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Table 16. Predicted environmental concentration (PEC) of Oxazepam, derived from the sold amount 
(kg) in Stockholm 2005. Measured environmental concentration (MEC) is based on effluent water 
concentration from the sewage treatment plant of Henriksdal in 2004 divided by a dilution factor of 10. 
Predicted no effect concentration (PNEC) is based on no effect concentration (NOEC) that was 
received from a QSAR model based on chronic effects on Daphnia spp with a safety factor of 50. The 
value PEC% is based the assumption that 50% of the dose enters the recipient as the parent compound. 
 
PEC (µg/l) 0.033 
MEC(µg/l) 0.053 
PEC% (µg/l) 0.0164 
PNECQSAR (µg/l) 0.0046 
PEC/PNECQSAR 7.17 
MEC/PNECQSAR 11.52 
PEC%/PNECQSAR (total) 3.57 
 
 
The table shows a MEC that is slightly larger than PEC and the risk ratios do not vary 

as much as for the other substances; MEC/PNECQSAR (11.52) and PEC/PNECQSAR 

(7.17) indicates a high and a moderate environmental risk, respectively. The risk ratio 

PEC%/PNECQSAR (3.57) based on excreted amounts indicates a moderate 

environmental risk.   

 
 
Discussion 
 
In this study it has been shown that all five substances Fluoxetine, Citalopram, 

Sertraline, Paroxetine and Oxazepam are discharged via effluent waters from the 

STPs, Henriksdal and Bromma. Residues of these substances may therefore be 

present in the environment which makes it relevant to include all of them in an 

environmental surveillance programme.  

 

The substances log Kow (<2.5) indicate a low probability of finding them in the sludge 

phase in STPs. Therefore the main path for these pharmaceutical residues into the 

environment is most likely via effluent waters. Although, according to recent research 

presented in the report of EPA (2005), all SSRIs, except Paroxetine, have the potential 

of adsorbing to sediments, Sertraline in particular. Substances like Fluoxetine, 

Citalopram and Sertraline might be recovered in the sludge from STPs, which 

highlights the importance of analysing the sludge before further use in land-filling, to 

not risk a leakage into the environment. 
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Comparisons between the influent and effluent water from the both STPs have further 

shown that these substances have a high tendency of being present in higher 

concentrations in the effluents. An explanation for this could be deconjugation of their 

metabolites during the processes in the STPs or an artefact caused by the analytical 

methods. The removal rate in the two STPs was improved in 2005 compared to 2004 

although only two measurements have been made in total. To exclude the possibility 

that this improvement is a coincidence, further analyses are required, but preliminary 

data from 2006 and 2007 give the same  picture as in 2005 (Ek, personal 

communication, 2007). The removal rate of these substances can also be affected by 

several other factors. For instance, if the sludge is retained for a long time in the 

process this could affect the degree of deconjugation, leading to increased amounts of 

the respective parent substances. The sludge age is varied with the season in order to 

get total nitrification. High influent volumes can lead to a shorter retention time, 

which possibly can lower the degree of deconjugation but may also lead to a lower 

removal rate of the parent substances. If the sewage contains a large amount of 

organic material, the retention time needs to be increased in order to reach an 

acceptable removal rate. (Ek, personal communication, 2007)  

 

To better understand the transitional effects of these pharmaceutical substances in the 

STPs and their high concentration in the effluent waters, a proper investigation 

between each sequential process would be appropriate. This would identify the 

efficiency of substance elimination in each stage. Such results should be considered 

when upgrading an STP site.   

 

The risk estimations 

In the risk estimations, for some substances the difference between PEC, MEC as well 

as between PNECliterature and PNECQSAR were surprisingly big. For example, for 

Sertraline PEC is more than 40 times higher than MEC. An explanation to this big 

difference could be that MEC, which is a measured value, reflects in this study the 

excreted amount of a parent substance in one STP at one specific sampling time. PEC 

is a predicted value, which considers an excretion of 100% parent substance, 

representing a worst case scenario and is based on sales number for a whole year. 

Another explanation could be an efficient elimination of the compound in the STPs. 
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Oxazepam, on the other hand has PEC and MEC values that are similar to each other, 

which supports the regulatory guidelines of PEC calculations. 

 

The two different PNEC values for each substance differ with a factor of 16.7 

(Fluoxetine) to 12900 (Citalopram). This pattern shows that the NOEC values, 

obtained from QSAR modelling, are much lower compared to the NOEC obtained 

from the literature. This contributes to a wide range between risk ratios presented in 

the following table (17) for each substance: 

 
Table 17.  Differences between risk ratios of PEC, MEC, PNECliterature, and PNECQSAR of the 
substances Fluoxetine, Citalopram, Sertraline and Paroxetine. A represents (PEC/PNECQSAR) / 
(MEC/PNECliterture) and B represents (PEC/PNECQSAR) / (PEC/PNECliterature). 
 
Substance A B 
Fluoxetine 2 20 
Citalopram 1250 12900 
Sertraline 5 175 
Paroxetine 195 940 
 

 

The biggest difference between risk ratios can be seen in column B, particularly in the 

case of Citalopram, creating a certain unreliability of the risk ratios. Several factors 

could affect this. The QSAR model has not been tested on pharmaceuticals before and 

maybe the QSAR model overestimates the toxicity of these substances. There were 

however, no difficulties to incorporate the five substances into the QSAR model, but 

their exact biological mode of action in aquatic organisms might not be known. 

 

Another explanation to the observed differences could be the safety factors that were 

applied on the available ecotoxicological data of acute toxicity received from the 

literature. The smallest ranges that can be observed in the table above are for 

Fluoxetine, which might be the outcome when chronic toxicity data already exist.  No 

studies of chronic toxicity were found for the other substances and according to the 

regulatory guidelines a safety factor of 1000 needs to be applied. Pharmaceuticals 

differ in their biological effects and the used safety factor might not be enough to 

extrapolate from acute toxicity to chronic toxicity of each substance. 
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In table 18 a ratio between acute and chronic toxicity is presented for different groups 

of pharmaceuticals as an “ACR range” value, where the tests were made on fish and 

invertebrates. This shows high ratios for some groups like androgens or oestrogen. If 

only acute toxicity data would be available for these groups, a safety factor of 1000 

would be insufficient. In this study the SSRIs have a range of 2.3-13.3 (table 18), 

which would mean that a safety factor of 1000 would overestimate chronic toxicity by 

a factor 50-100.  

 
Table 18. A range between acute and chronic ratios (ACR) for different class of pharmaceuticals based 
on tests on fish and/or invertebrates (n = number of determination). 
 
Class n ACR range 
Androgen 1 1000000 
Anti-androgen 1 3.6 
Anti-depressant (SSRI) 5 2.3-13.3 
Anti-epileptic 1 3108 
Anti-hyperlipoproteinemic 2 >312-1428 
Bone resorption inhibitor 1 43.9 
Cholinergic agonist 1 42.9 
NSAID 8 1.68-1258 
Oestrogen 9 <10-390000 
Topical keratolytic 1 5.9 
X-ray contrast medium 1 1 
B-adrenergic receptor 
blocker 

3 6.8->48600 

(Crane et al., 2005) 
 
 
This table presents results that are based on tests made on fish and invertebrates. It 

does not show what effects these pharmaceuticals might have on other organisms and 

it does not reflect what impact they possibly could have on the entire ecosystem. It is 

possible that the differences between LC50 or EC50 (short time exposure) and NOEC 

(long time exposure) might be even larger, also for the group of SSRI.  

 

Sales amounts 

According to the statistics of Stockholm in 2005 Sertraline had the highest sale 

numbers of the six substances presented in this report. The sold quantity was 

equivalent to 432 kg (Figure 9). Citalopram which was the second most sold, had a 

sales number corresponding to 262 kg. In the past few years the sales in Sweden show 
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a trend where Sertraline and Citalopram are increasing (Figure 10) and since 2000 

Sertraline has been the most sold pharmaceutical of the ones presented in this study. 

 

14% of Sertraline is excreted as the parent compound. In the Stockholm area this 

corresponds to an excreted amount of 60.5 kg. Almost the same amount of Citalopram 

is excreted unchanged (60.3 kg). Thus, the same concentrations of the two 

pharmaceuticals would be expected in the influent water of the STPs. However, in 

2004 Citalopram was found at 8 times higher concentration than Sertraline in the 

influent water in Henriksdal STP. An explanation for this could be a rapid degradation 

of Sertraline and/or a rapid conjugation of Citalopram metabolites in the sewage 

water.  

 

The substances Fluoxetine and Paroxetine had considerably lower sales in Stockholm 

area which would give an excretion of 3.2 kg and 0.8 kg, respectively. 50% of 

Oxazepam is excreted as the parent compound. Although a low sales volume, the 

discharge of Oxazepam to the sewage water is probably larger than that of Fluoxetine 

(22.7 kg). As mentioned before, this observation can partly explain the considerably 

higher levels of Oxazepam in the influent water. 

 

 
 
 
(Apoteket AB unpublished) 
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Figure 9. Sold amount (kg) of Fluoxetine, Citalopram, Sertraline, 
Paroxetine and Oxazepam in Stockholm year 2005. 
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Figure 10. Sold amount (kg) of Fluoxetine, Citalopram, Sertraline, 
Paroxetine and Oxazepam in Sweden from 1995 to 2005. 
(Apoteket AB website, a.) 
 

 

Monitoring priority 

A summary of the risk estimations for all the substances is presented in table 19. The 

table includes excreted amount (kg) of parent substances in Stockholm for the year 

2005. A classification of the substances has also been included based on the available 

information. The purpose of this classification is to rank these substances in priority 

order regarding environmental monitoring. The classes are from 1 to 4, where number 

1 shows the highest priority. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0

500 

1000

1500

2000

2500

3000

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

kg 

Fluoxetine Citalopram Sertraline Paroxetine Oxazepam



 39

Table 19. A summary of the risk estimation and unchanged excreted amounts of Fluoxetine, 
Citalopram, Sertraline, Paroxetine and Oxazepam. The predicted environmental effect concentration 
(PEC), derived from the sold amount defined daily doses (DDD) in Stockholm year 2005; measured 
environmental concentration (MEC) based on the highest effluent water concentrations from the 
sewage treatment plants Bromma and Henriksdal between from the year 2004 or 2005 with a dilution 
factor 10; two types of predicted no effect concentrations (PNECs), based on their NOEC, EC50 or LC50 
from the literature and NOEC values from the QSAR-model, each with a safety factor respectively; the 
excreted yearly amount of unchanged substance (kg) in Stockholm. The substances are classified with 
the importance of environmental monitoring, from nr 1-4, where nr 1 has got the highest priority. 
 
 Fluoxetine Citalopram Sertraline Paroxetine Oxazepam 
PEC (µg/l) 0.046 0.2 0.31 0.03 0.33 
MEC (µg/l) 0.006  0.02 0.007 0.0062 0.053 
PNECliterature (µg/l) 0.1  4.9  0.056  0.58  no data 
PNECQSAR (µg/l) 0.006 0.004 0.00032 0.0016 0.0046 
PEC/PNECliterature 0.46 0.04 5.54 0.05 no data 
MEC/PNECliterature 0.06 0.004 0.125 0.01 no data 
PEC/PNECQSAR 7.7 50.0 968.8 18.8 7.17 
MEC/PNECQSAR 1.0 5.0 22.0 3.9 11.52 
Excreted 
amount parent 
substance in 
Stockholm (kg) 
year 2005 

3.2 60.3 60.5 0.8 22.7 

Monitoring 
priority  

2 4 1 3 2 

 
 
Among the five substances, Sertraline has the highest environmental risk ratios and 

the largest amount of excreted parent substance. The ratio PEC/PNECliterature exceeds 

1 which means that the concentration in the environment should be considered as a 

risk. Therefore Sertraline is the most important substance to monitor in the 

environment. 

 

As mentioned earlier Fluoxetine has the potential to disrupt endocrine functions in 

aquatic organisms. Studies have shown that Fluoxetine can induce spawning in 

molluscs, delays sexual development in fish, delay development and metamorphosis 

in frogs and affects fish behaviour. These facts can not be ignored in the risk 

evaluation. The risk ratio PEC/PNECliterature of Fluoxetine, does not show an 

environmental risk, although this risk ratio is higher compared to that of Citalopram 

and Paroxetine. As a consequence of these facts Fluoxetine is considered as number 

two in priority for monitoring. 
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Ecotoxicological studies of Oxazepam are needed in order to make a complete 

environmental risk assessment. This substance has shown high PEC and MEC and it 

was only possible to compare them with PNEC values received from the QSAR 

model. Although, it would be very interesting to do comparisons with 

ecotoxicological data gained from laboratory studies. With a lack of this type of 

information an environmental impact cannot be excluded. Therefore, Oxazepam is 

also considered as number two in priority for monitoring. The monitoring must 

continue at least until sufficient information about its toxicity is available.  

 

What differentiate Citalopram from Paroxetine are the higher sales numbers, larger 

excreted unchanged amounts and the higher persistency in sludge. However, studies 

have shown that Paroxetine have potential of inducing spawning in molluscs at low 

concentrations. The risk ratios MEC/PNECliterture is higher for Paroxetine compare to 

Citalopram. For these reasons Paroxetine has been given number three and 

Citalopram number four in monitoring priority. 

 

A general conclusion that can be made form this study is that more information is 

needed to find out the environmental fate of these pharmaceuticals. Studies of their 

metabolites should also be made based on the fact that they might still have a certain 

biological activity, which could also be observed in the data obtained from QSAR 

modelling. Pharmaceutical residues that are present in the environment need to be 

analyzed in order to find out if they are potential environmental problems. 

 

The most complex problem related with this new research area, concerns the large 

variation within the group of pharmaceuticals i.e. and their different metabolic 

pathways and the biological activity. Toxicity studies of the most common used 

pharmaceuticals are time consuming and expensive, and that is another problem. One 

solution could be to use alternative methods such as the QSAR modelling used in this 

study. This model has not been tested on pharmaceuticals before and this study 

indicates that if redesigned, it will be a useful, complementing tool in forthcoming 

studies.    
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Web recourses 

 

Apoteket AB. Sale statistics in Sweden: 

a. http://www2.apoteket.se/NR/rdonlyres/2AAC60FD-BA94-447B-98E3-

7A64D995FF45/0/Inlev19852005.pdf 070507 

 

ChemID Plus Advanced: 

Fluoxetine: 

a.http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&acti

onHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&T

XTSUPERLISTID=054910893  

 

b.http://chem.sis.nlm.nih.gov/chemidplus/jsp/common/PhysicalProperties.jsp 

 

c. Norfluoxetine: 

http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&actio

nHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&TX

TSUPERLISTID=056161730 

 

d. Citalopram: 

http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&actio

nHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&TX

TSUPERLISTID=059729338 

 

e. Didesmethylcitalopram: 

http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&actio

nHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&TX

TSUPERLISTID=062498695 

 

f. Sertraline: 

http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&actio

nHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&TX

TSUPERLISTID=079617962 
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nHandle=default&nextPage=jsp%2Fchemidheavy%2FResultScreen.jsp&responseHa
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RING=&DC_SEARCH_FIELD=&DC_SEARCH_DIRECTION=&ROW_NUM=0 

 

Oxazepam: 

h.http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&acti

onHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&T

XTSUPERLISTID=000604751  

 

i.http://chem.sis.nlm.nih.gov/chemidplus/jsp/common/PhysicalProperties.jsp  

 

j. Oxazepam glucuronide: 

http://chem.sis.nlm.nih.gov/chemidplus/ProxyServlet?objectHandle=DBMaint&actio

nHandle=default&nextPage=jsp/chemidheavy/ResultScreen.jsp&ROW_NUM=0&TX

TSUPERLISTID=006801816 

 

FASS 

a. Fluoxetine: 

http://www.Fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20040607010815&

DocTypeID=5#IDE4POF4UAPRVVERT1 

 

b. Citalopram: 

http://www.Fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=19921023000083&

DocTypeID=5#IDE4POF7UASEQVERT1 

 

c.http://www.fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20020222000330&

DocTypeID=5#IDE4POF7UASEQVERT1 

 

d.http://www.fass.se/LIF/produktfakta/substance_products.jsp?substanceId=IDE4PO

F7UASEQVERT1 
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e. Sertraline: 

http://www.Fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20040607011621&

DocTypeID=5#IDE4POFGUAZALVERT1 

 

f.http://www.fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20040607011621&

DocTypeID=5#IDE4POFGUAZALVERT1 

 

g. Paroxetine: 

http://www.Fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20011102000281&

DocTypeID=5#IDE4POF9UATBKVERT1 

 

h.http://www.fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=20011102000281&

DocTypeID=5#IDE4POF9UATBKVERT1 

 

i.Oxazepam:http://www.Fass.se/LIF/produktfakta/artikel_produkt.jsp?NplID=199002

02000113&DocTypeID=3 

 

j. Environmental classification of pharmaceuticals in www.fass.se- guidance for 

pharmaceutical companies, January 2007. 

http://www.Fass.se/LIF/lakarbok/lakemedelhalsa_artikel.jsp?articleID=76074 

 

Hazardous Substances Data Bank (HSBD)  

a. Fluoxetine: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~dzfHxd:1 

b. Citalopram: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~2yjkMg:1 

c. Sertraline: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~3KiO7q:1 

d. Paroxetine: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~n8pPcP:1 

e. Oxazepam: http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~YcxUgw:1 

 

Kungsängsverket: 

a. http://www.uppsala.se/uppsala/templates/StandardPage____32882.aspx . 

 

b.http://www.uppsala.se/upload/Dokumentarkiv/Externt/Dokument/Bostad_o_byggan

de/kungs.pdf . 
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Micromedex 

a. Fluoxetine: 

http://www.thomsonhc.com.ezproxy.its.uu.se/hcs/librarian/ND_PR/Main/SBK/26/PF

PUI/BeLD2c1urV0x2/ND_PG/PRIH/CS/D6C0BB/ND_T/HCS/ND_P/Main/DUPLIC

ATIONSHIELDSYNC/41BE4E/ND_B/HCS/PFActionId/hcs.common.RetrieveDocu

mentCommon/DocId/2389/ContentSetId/31#all 

 

b. Citalopram: 
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PUI/BeLD2c1urYh1A/ND_PG/PRIH/CS/D6C0BB/ND_T/HCS/ND_P/Main/DUPLI
CATIONSHIELDSYNC/41BE4E/ND_B/HCS/PFActionId/hcs.common.RetrieveDoc
umentCommon/DocId/1439/ContentSetId/31#all 
 

e. Oxazepam: 
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