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INTRODUCTION

Not only eliminated pharmaceuticals, but also their metabolites may pose a risk to the environment because of their preserved pharmacological
activity which may affect the human health and other organisms living there. Recent studies have confirmed that metabolites are an important class of
pharmaceutical residues in wastewaters. Therefore, the aim of our study was to develop a rapid method for determination and quantification of
selected pharmaceuticals and their metabolites in influent and effluent samples from wastewater treatment plants located across Slovenia.

METHODS 

Samples: Real wastewaters (influent and effluent samples) were collected as 24-hours time-proportional
composite samples from 9 wastewater treatment plants.

Sample preparation method: To 250 mL of wastewater samples, 250 mL of potassium dihydrogen phosphate
buffer (50 mM, pH 7.0) were added. Samples were prepared with solid-phase extraction method using a
semi-automated system SPE-DEX 4790 with HLB Atlantic discs (Horizon Technology, USA). As a rinse solvent,
a mixture of acetonitrile:methanol:isopropanol (2:1:1, v/v/v) was used. Samples were made to a final volume
of 25 mL with the same mixture and aliquots of 2 mL were dried under a gentle stream of nitrogen in water
bath at 50°C and reconstituted with 200 µL 2% formic acid in a mixture of acetonitrile:methanol (1:1, v/v).

Liquid chromatography-tandem mass spectrometry: Afterwards, samples were transferred to autosampler vials with inserts and analysed by an Infinity
1290 UHPLC coupled to 6460 QQQ MS/MS (Agilent Technologies, USA). The chromatographic separation was performed on a Poroshell C18 100 × 3.0 mm
column (Agilent Technologies, USA) by a gradient elution using 0.05% formic acid in water and acetonitrile.

CONCLUSION

The optimized method was successfully validated and applied to wastewater samples. Such a method provides an important insight into
the occurrence and concentration of pharmaceuticals and their metabolites in wastewater. The results indicate that metabolites especially
those with preserved pharmacological activity must be included in future ecotoxicological studies in order to protect aquatic biota.
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Analyte
Linear range

(ng/L)
Determination

coefficient
RSD (%)

(n=6)
LOQ

(ng/L)

caffeine 937.5-31250 0.9988 8.5 937.5

1,7-dimethylxanthine 375-18750 0.9990 3.9 375

salycilic acid 625-18750 0.9997 4.5 625

risperidone 31.25-1250 0.9998 2.1 31.25

paliperidon 1.56-62.5 0.9997 3.4 1.56

enalapril 3.125-187.5 0.9992 3.3 3.125

enalaprilat 3.75-281.25 0.9999 4.3 3.75

ramipril 2.5-150 0.9999 1.9 2.5

ramiprilat 50-2500 0.9988 0.1 50

carbamazepine 5-375 0.9995 14.1 5

licarbazepine 31.25-1250 0.9998 4.5 31.25

verapamil 6.25-187.5 0.9993 0.9 6.25

norverapamil 3.125-46.875 0.9946 5.1 3.125

fluoxetine 281.25-3750 0.9622 4.3 281.25

norfuloxetine 6.25-156.25 0.9993 10.6 6.25

diazepam 6.25-250 0.9969 5.4 6.25

nordiazepam 7.5-750 0.9945 4.8 7.5

oxazepam 25-6250 0.9979 0.2 25

tamoxifen 1.25-25 0.9866 9.1 1.25

4-hydroxytamoxifen 1.875-18.75 0.9748 20.2 1.875

endoxifene 25-625 0.9859 7.9 25

diclofenac 18.75-750 0.9991 8.3 18.75

4-hydroxydiclofenac 125-5000 0.9972 3.0 125

sulfapyridine 12.5-375 0.9989 8.8 12.5

N4-acetylsulfapyridine 12.5-1250 0.9989 3.6 12.5

N4-acetylsulfamethoxazole 31.25-1250 0.9995 5.3 31.25

WWTP
% detected analytes

(n=26 )
% detected metabolites 

(m= 15)
Concentration range 

(ng/L)

A (influent) 73.1 73.3 3.2 - 3830.0

B (influent) 69.2 66.7 14.3 - 4591.6

C (influent) 65.4 60.0 3.4 - 3900.3

A (effluent) 69.2 66.7 11.6 - 4576.3

B (effluent) 57.7 66.7 58.4 - 422.8

C (effluent) 61.5 66.7 7.2 - 69.0

D (effluent) 65.4 73.3 14.7 - 1965.0

E (effluent) 76.9 80.0 7.8 - 228.2

F (effluent) 69.2 73.3 3.0 - 173.6

G (effluent) 61.5 73.3 17.0 - 202.9

H (effluent) 65.4 80.0 11.0 - 70.2

I (effluent) 69.2 80.0 10.8 - 147.3

Table 1: Validation parameters  for selected pharmaceuticals and metabolites.

Table 2: Percentage of detected target analytes and metabolites and their concentration range
(included values above LOQs for all analytes).

RESULTS

Figure 1: Frequency of target analytes in treated effluent samples.
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Figure 2: Average concentrations of detected target analytes in treated effluent samples (included
values above LOQs). Caffeine, 1,7-dimethylxanthine and salycilic acid are shown on the separate
numeric scale. Error bars are expressed as standard deviation.

Validation and application to real samples:

 50 % of target analytes were detected in all effluent samples
 73 % of target analytes were detected in at least 3 effluent samples

 Diazepam, paliperidon, fluoxetine, norfluoxetine and endoxifene
were not detected in any sample.

 The highest average concentrations (> 1 µg/L) were measured for
caffeine, 1,7-dimethylxanthine and salycilic acid.


