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IntroductIon
The widespread presence of pharmaceuticals in the 

aquatic environment1-5 is due to their extensive use in medi-
cal practices6 and incomplete removal in wastewater treat-
ment plants (WWTP). Pharmaceuticals are designed to tar-
get specific metabolic pathways in humans and animals but 
there is also concern that they may pose a potential risk to 
aquatic organisms7-9 at the low ng/L level. It is also assumed 
that PPCPs could act as pseudo-persistent compounds, be-
cause of their continual discharge into aquatic media via 
WWTP effluents8-10.

Inputs of PPCPs into aquatic systems have led to their 
occurrence in WWTP effluent, river and marine water and 
ground water1-8, 11-16. Much of this work has been conducted 
in West Europe and in North America15,17-20 but very little or 
no data from Eastern Europe or developing countries are 
available.

PPCPs concentrations in the river water are dependent on 
the share of wastewater discharged into the river and there-
fore of the dilution of the wastewater that occurs. Dilution 
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factors are site specific and may vary depending on location 
and season.

Due to dilution and transformation processes, lower con-
centration levels are expected for drugs after they enter the 
aquatic environment21. To obtain detection limits of the or-
der to ng/l range, the enrichment methods and very sensitive 
detection methods are necessary22-25

The absence of data for Eastern Europe is a matter of con-
cern since use patterns and volumes differ from country to 
country. In this part of Europe the majority of wastewater, 
from highly-populated cities and industrial complex zones, is 
still discharged into surface waters without proper treatment 
or after inefficient treatment. In respect to this, it is impor-
tant to determine the environmental occurrence and fate of 
PPCPs in wastewaters and surface waters.

The objective of the present study was to survey the oc-
currence and behaviour of selected PPCPs along the Someş 
River Basin by mass flow analysis. For this purpose, five phar-
maceuticals belonging to different pharmaceutical groups, 

Abstract. The mass flows of selected pharmaceuticals and personal care products (PPCPs) were studied in the aqueous compartment of the river Someş in 
Romania. PPCPs distribution was correlated with wastewater treatment plant effluents in the receiving river water.
Carbamazepine, pentoxyfylline, ibuprofen, diazepam, galaxolide, tonalide and triclosan were determined in wastewater effluents with individual concen-
trations up to 800 ng/L. Caffeine was measured at concentrations up to 43 000 ng/L. Due to the high contamination of WWTP effluents, the receiving river 
was also polluted. The most abundant PPCPs measured in the Someş were caffeine, galaxolide, carbamazepine and triclosan, with concentrations ranging 
from 10 to 400 ng/L. The loads increased significantly after the confluence of the river Somesul Mic with the river Someşul Mare after Dej. The highest 
loads were observed for caffeine (800–2400 g/d), galaxolide (410–860 g/d), triclosan (200–310 g/d) and carbamazepine (170–240 g/d) suggesting 
the discharge of wastewater without proper treatment into the Someş. These results show that the upgrading of the WWTPs in the River Basin is of high 
importance to reduce the effluent load of contaminants into the Someş. 
This study is a first overview of PPCPs along the Romanian stretch of the Someş River.
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two fragrances and one antimicrobial agent were analyzed in 
wastewater effluents and in river waters.

The results should provide support for the improvement 
of the existing WWTPs and therefore minimise their loads 
into the aquatic environment. 

ExpErImEntal

sampling site area and sample preparation

The Someş watershed has 1 800 000 inhabitants in the 
north-west of Romania. The Someş flows from the Central 
to the Northwest of Transylvania. It originates south of Cluj-
Napoca and flows after 370 km into the Tiza in Hungary and 
later into the Danube. The map of the Someş River Basin and 
the sampling locations are shown in Fig. 1. The average flow 
of the river is: 20-25 m3/s at the sampling sites 1-3, 65-70 m3/s 
at the sites 3-5 (after confluence of the river Someşul Mic with 
the river Someşul Mare) and 80-90 m3/s at the sites 6-7 (after 
confluence with Lăpuş River).

Grab samples were collected from several locations along 
the Romanian river stretch of 250 km, at least 1 km up- and 
downstream of tributaries and effluents of WWTPs entering 
into the Someş. In order to have complete mixing between 
WWTP effluent or tributaries and the sampling point, sam-
ples were taken along the whole width (usually, situated on a 
bridge connecting the shores) and combined to one sample. 
The samples were collected at 10 sites along the 250 km river 
stretch between Cluj-Napoca and Satu Mare in September 
2006. 

analytical methods 

The following analytes were selected: acidic pharma-
ceuticals (ibuprofen), neutral pharmaceuticals (caffeine, car-
bamazepine, diazepam, pentoxyfylline), musk fragrances 
(galaxolide, tonalide) and an anti-microbial compound (tri-
closan).

The samples were acidified with 2N HCL to pH 2 and fil-
tered on a glass fibre filter of 0.45 μm (Whatman, Maidstone, 
England). The detailed SPE procedure is described in an earli-
er paper26. Briefly, analytes were concentrated by solid-phase 
extraction performed on Oasis HLB cartridges (60 mg, Waters) 
and subsequently analysed on a GC/ITMS system, involving a 
Thermo Electron Polaris Q mass spectrometer (operated in EI 
mode to 70 eV) and a Trace GC ultra gas chromatograph.

The TMS derivatives were obtained by reaction with N-
Methyl-N-(trimethylsilyl)-trifluoracetamide (MSTFA, Sigma) at 
700 C for 15 min.

The gas chromatograph was equipped with a capillary 
column HP-5MS (30x0.25mm) with 0.25 μm film thickness. 
The chromatographic conditions are described elsewere26. 

Accuracy was determined by recovery studies. Two repli-
cates were performed using river water spiked with 500 ng/L 
for all compounds. The calculated amount was compared 

with the spiked concentration. The absolute recoveries vary 
between 55 % and 110 %. All standards show a linear range 
from 10 ng/l up to 1000 ng/l. The concentrations of analytes 
in relation to an external calibration were measured and re-
sults were compared to a non-enriched standard solution.

The reproducibility (precision) of the entire method was 
determined using two replicates of wastewater and surface 
water, spiked with different quantities of analytes (in the 
range 100-500 ng/l) prior to extraction. The overall precision 
of the method was indicated by the range of results of dupli-
cates and was lower than 15%. 

Quantification was performed using the corresponding 
labelled internal standards (13C3-Ibuprofen, 13C3-Caffeine, D3-
Tonalide, 13C12-Triclosan, D10-Carbamazepine, D5-Diazepam) 
added prior to enrichment (except galaxolide which was 
measured relative to the tonalide-D10 and pentoxyfylline 
measured relative to D5-Diazepam). 

rEsults and dIscussIons
The studied compounds as well as of the internal stand-

ards are shown in Table 1. The identification of compounds 
and quantification were performed based on diagnostic 
ions. In Fig. 2 ion chromatograms of caffeine, tonalide and 
galaxolide as well as the labelled compounds used as inter-
nal standards are shown. Detection was performed in the 
full-scan mode. The loads calculated for every site, upstream 
and downstream for caffeine, carbamazepine, galaxolide and 
ibuprofen, triclosan are shown in the Fig. 3 and 4 respectively. 
The concentrations of compounds measured in different mu-
nicipal WWTP effluents are shown in Table 2.

neutral pharmaceuticals

Carbamazepine is widely used as antiepileptic and anti-
depressant drug. It has been widely detected in WWTP efflu-
ents, surface waters and groundwaters in Europe and North 
America.

Carbamazepine is fairly persistent and its removal in 
WWTPs is insignificant (< 10%) 3,8,10,13,14, 27-30. Therefore, this 
compound is a good tracer for evaluating whether surface 
water is impacted by contamination from municipal WWTP 
effluents31,32.. 

The concentrations in grab samples of the effluents from 
the WWTPs in Cluj-Napoca, Gherla, Dej, Baia Mare and Satu 
Mare varied between 250 and 800 ng/L. The highest concen-
tration was measured in the effluents of the WWTP in Cluj-
Napoca reflecting the higher number of inhabitants in the 
catchments area of this WWTP.

In the Someş, the concentrations were relatively constant, 
varying between 20 and 50 ng/L over the whole river stretch. 
Therefore, the concentrations were comparable to other Eu-
ropean rivers. However, the dilution of the wastewater should 
to be considered in order to compare different studies. The 
loads in the Someş varied between 80 g/day in Cluj-Napoca 
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Fig. 1 Sample location on Someş River: 1) Cluj-Napoca, 2) Gherla, 3) Dej, 4) Rus, 5) Jibou, 6) Baia Mare and 7) Satu Mare

Fig. 2 Ion Chromatogram at m/z 197 (Caffeine 13C3, SI), 194 (Caffeine), 243 (Galaxolide, Tonalide) and 246 (Tonalide D3, SI)  
in the time range 17-24
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Fig. 3 Distribution of Caffeine, Carbamazepine and Galaxolide load (g/day) along of Someş River.  The number 1-7 correspond to the sites from Fig. 1

Table 1 Name, CAS number, elemental, structure, molecular mass, and ion used for quantification of the studied compounds

Substance CAS Structure quantification ion
Ibuprofen 15687-27-1 C13H18O2, M=206 163
Caffeine 58-08-2 C8H10N4O2, M=194 194
Galaxolide (HHCB) 1222-05-5 C18H26O, M=258 243
Tonalide (AHTN) 1506-02-1 C18H26O, M=258 243
Triclosan 3380-34-5 C12H7Cl3O2, M=288 288
Carbamazepine 298-46-4 C15H12N2O, M=236 193
Pentoxyfylline 6493-05-6 C13H18N4O3, M=278 221
Diazepam 439-14-5 C16H13ClN2O, M=284 256
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Fig. 4 Distribution of  Ibuprofen and Triclosan load (g/day) along of Someş River

Table 2 Average concentration of compounds in effluent of WWTP from Cluj-Napoca (1). Gherla (2), Dej (3), Baia Mare (4) and Satu Mare (5).

Substance Concentration (ng/l)
WWTP 1 WWTP 2 WWTP 3 WWTP 4 WWTP 5

Ibuprofen 14.1 302.8 340.4 209.98 416.0

Caffeine 27.1 23918.1 42560.1 23337.1 25506.8

Galaxolide 680.4 609.9 774.1 530.4 1597.2

Tonalide 71.3 135.6 38.4 60.4 281.5

Triclosan 209.5 284.2 352.9 299.5 758.1

Carbamazepine 728.7 367.8 774.1 192.8 641.3

Pentoxifylline 30.2 212.1 360.13 153.2 242.3

Diazepam 10.6 29.2 23.9 22.4 17.8
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and increased to around 230 g/day after Someşul Mic and 
Someşul Mare merged.

The increase of the load at Dej is due to the input of the 
Someşul Mare river where wastewater effluents from impor-
tant cities are being discharged (Bistriţa 75 000 inhabitants, 
Năsăud 25 000, Beclean 15 000). 

Downstream of Dej, the load remained constant until 
Rus, decreased to about 180 g/day because of the dilution 
through the Almaş River and increased again to 230 g/day 
after the tributary Lăpuş with the wastewater effluents of 
Baia Mare flew into the Someşul. Assuming a total of 1 000 
000 inhabitants in the Someş catchment area at Satu Mare, a 
discharge of 0.20 mg/person can be estimated. 

Caffeine has been suggested as a potential chemical 
marker for domestic wastewater contamination because of its 
widespread usage in beverages, food and pharmaceuticals33. 
Despite the efficient removal in most WWTPs, caffeine is ubiq-
uitously present in aquatic environment at concentrations up 
to 300 ng/L 1,2,26. Poiger et al.34 reported that the main source 
of caffeine in natural waters is untreated wastewater.

The concentrations of caffeine in the effluents from most 
WWTPs along the Someş River (Table 2) ranged between 24 
000 and 42 000 ng/l, except in the effluent of the WWTP in 
Cluj-Napoca where it was around 30 ng/l. The low concen-
trations in the effluent refer to the efficient removal in this 
WWTP in contrast to the other WWTPs located at the Someş. 
Therefore, the concentrations in untreated or hardly treated 
wastewater were up to three orders of magnitude higher 
than in the treated effluent of the WWTP in Cluj-Napoca. The 
caffeine concentration along the Someş after Cluj-Napoca 
was relatively constant, varying between 230 and 330 ng/L 
and were thus comparable to other European Rivers.

The calculated loads of caffeine along Someş (Table 2) 
were below 600 g/day in the river stretch 1-3 (Someşul Mic) 
and increased up to 2 400 g/day after the confluence with 
Someşul Mare (location 3 at Dej).

The loads at Dej of the persistent carbamazepine in-
creased 2–3 times. The loads of caffeine, that is well degraded 
in upgraded WWTPs, increased by a factor of 4 downstream 
the WWTP in Cluj-Napoca and this refers to discharges of un-
treated wastewater into the Someş River.

The distribution of load along of Someş River shows that: 
a) the loads of caffeine are proportional to the number of in-
habitants living in the respective catchments; b) the caffeine 
is biodegraded in situ in the segment of slow flow conditions, 
between sites 5 and 6 along 50 km, and c) only the WWTP at 
site 1, in Cluj-Napoca, is working efficiently, the load of caf-
feine being small close to Cluj considering the high popula-
tion (above of 350 000).

After site 3 (Dej), the caffeine load is high due to the dis-
charge of only mechanically treated wastewater or due to 
poor biological treatment from localities situated at Someşul 

Mare as: Bistriţa (75 000 inhabitants), Năsăud (50 000), and 
Beclean (15 000). A high caffeine load was observed at site 
6 (Baia Mare) due to the relatively high number of inhabit-
ants (200 000) and this implies that the WWTP at Baia Mare 
is probable working inefficiently. The contribution of waste-
water from Baia Mare to the caffeine load was 1 000 g/day. 
Considering that after consumption only 10% is excreted 
unmetabolised and knowing the concentration of caffeine 
in commercial products, an average consumption of 90 000 
cups of coffee per day was estimated. This number corre-
sponds to approximately half of the number of inhabitants 
and this consumption is consistent with the real situation in 
this region.

The concentration of pentoxyphylline in the effluent of 
the WWTP Cluj Napoca was low (< 30 ng/l) but in other ef-
fluents (see Table 2) in the concentration ranged between 
150 and 360 ng/l. This behaviour leads to the conclusion that 
this compound is efficiently removed in upgraded WWTPs 
and therefore may be a marker for untreated wastewater. 
The low concentrations measured for pentoxyphylline along 
the Someş River surface water (<LOQ) is impacted. The main 
source of pentoxyphylline in the Someş Valley is probably the 
Hospital Units in Cluj-Napoca.

The concentrations of diazepam (psychiatric drug used as 
tranquilliser) was also always below the LOQ. Other authors 
reported also only trace concentrations of diazepam in riv-
ers13, 21, 26. 

acidic pharmaceuticals

Ibuprofen is a widely used antiphlogistic drug which is 
frequently found in wastewater effluents and surface wa-
ters2,4,25 probably because of the high rates of usage of this 
compound to treat the symptoms of colds, aches and pains, 
or for the treatment of arthritic conditions. In the UK, ibupro-
fen was detected in receiving waters at concentrations of up 
to 5.0 μg·L-1,11.

The concentrations of ibuprofen in the effluent of the 
WWTP in Cluj-Napoca was 14 ng/l but in the effluents of the 
other WWTPs the concentrations ranged between 150 and 
350 ng/L. Ibuprofen is significantly (> 90%) transformed in 
upgraded WWTPs and the relatively high concentrations in 
the effluents downstream of Cluj-Napoca reflect the poor ef-
ficiency of those WWTPs.

The ibuprofen concentrations along the Someş var-
ied between 10 and 60 ng/L. These concentrations are low 
compared to values of 200ng/L reported for USA in surface 
waters35. The loads along the Someş were relatively con-
stant, ranging from 65 to 124 g/d as it can be seen in Fig. 4. 
The loads of ibuprofen decreased slightly (12-25%) in river 
stretches downstream of a WWTP and upstream of the next 
WWTP, e.g. in the river stretches (45-90 km) downstream Cluj-
Napoca-upstream Gherla, downstream Rus- upstream Jibou, 
downstream Jibou-upstream Baia Mare, suggesting a rela-
tively slow elimination in the Someş River.
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musk fragrances

Synthetic musks are often used in cosmetics, perfumes, 
shampoos, detergents, fabric softeners, household clean-
ing products and are therefore discharged quantitatively af-
ter their use into wastewater. There are indications that the 
polycyclic musks which are slowly biodegradable 36,37 are not 
only found in various environmental compartments, but also 
in the aquatic food chain as well as in fatty tissue and moth-
ers‘ milk38.

Polycyclic musks show a high affinity for particles and have 
been described to occur as ubiquitous contaminants39,40. The 
most widely used polycyclic musks are galaxolide (HHCB) and 
tonalide (AHTN). An elimination of at least 50% for galaxolide 
and tonalide in WWTPs is seen, mainly due to sorption onto 
sludge.30,37,41,42

Buerge et al. have shown that galaxolide and tonalide are 
two potential anthropogenic markers for domestic wastewa-
ter in surface waters42.

The concentrations of galaxolide and tonalide in the efflu-
ents of the different WWTPs in the Someş catchment ranged 
between 500-700 and 40-130 ng/L, respectively (Table 2). Tak-
ing into account the number of inhabitants living in the catch-
ment area of the WWTP in Cluj-Napoca (around 350 000) and 
comparing it to the other WWTP (with much smaller popula-
tion living in the respective catchment area), it can be seen 
that similar concentrations of galaxolide were measured in 
the effluents. Because of the bad working conditions of these 
WWTPs (WWTP 2-7) the wastewater is only mechanically treat-
ed and the wastewater is discharged without or with only poor 
biological treatment to the receiving water.

The load of galaxolide measured in the river stretch be-
tween location 1 and 3 (Someşul Mic) was around 250g/day 
and went up to 700g/day at site 3 (Dej) after Someşul Mic and 
Someşul Mare merge into the Someşul. At locations 3 and 7, 
the difference of the loads between down- and up-stream 
of the cities is significant, leading to the conclusion that this 
compound is strongly removed, probably mainly due to sorp-
tion 47,53 (favoured by slow flowing conditions of the Someş). 
Tonalide was detected above the LOQ only shortly after the 
discharge of wastewater downstream of the WWTP at con-
centrations ranging between 20-34 ng/l. The low concentra-
tions of tonalide are in agreement to its strong sorption36.

antimicrobial agents

Triclosan is a widely used biocide, used as a disinfect-
ant in personal care products such as skin creams and hand 
soaps43,44. It is ubiquitously present in the aquatic environ-
ment18. It has been shown that triclosan is efficiently elimi-
nated in WWTPs, with removal rates  up to 99%44  and sig-
nificantly adsorption to sewage sludge43. During the summer 
season, direct phototransformation appears to be a major 
elimination pathway of triclosan in surface waters45.

The concentrations in WWTP effluents varied between 200 
and 350 ng/L and the loads in the Someş increased along the 
river. The lower concentrations detected at site 1 (Cluj-Napoca) 
again support the conclusion that the WWTP in Cluj-Napoca 
(site 1) was working more efficiently than the other WWTPs. At 
site 3, the load increased to 250 g/day by contribution of Someşul 
Mare River, which receives mainly poorly, treated wastewaters. 

The transport in the Someş caused a decrease of triclosan 
in river stretches downstream of a WWTP and upstream of the 
next WWTP (e.g. stretches downstream Rus- upstream Jibou, 
downstream Jibou-upstream Baia Mare) probably mainly due 
to direct photo-transformation, although sorption to the sed-
iment may also play a significant role.

conclusIons
1) This study has established an overview of the mass 

flows of five pharmaceuticals, two polycyclic musks and one 
disinfectant (triclosan) in the river Someş. The usage patterns, 
as well as the concentrations and loads, are comparable to 
those in other European countries and in North America. 

2) The calculated loads showed at every site downstream 
site 3 (Dej), a significant increase of triclosan, carbamazepine, 
galaxolide and caffeine. This suggests that the WWTPs, at lo-
cations 3–7, are inefficient and the wastewater is discharged 
into the river without proper treatment. 

3) The efficiency of wastewater treatment varied strongly, 
from very efficient WWTPs to very poor WWTPs. Therefore, it 
is crucial that several WWTPs in the Someş Valley watershed 
need to be improved in order to reduce the discharge of con-
taminants into the Someş River. 

4) In this study, the loads along the Someş River can be 
classified in three groups:

The loads of caffeine and galaxolide ranged between •	
200-2400 g/day and significantly different loads were cal-
culated up- and down-stream of WWTPs 
The loads group of carbamazepine and triclosan were •	
relatively constant along the river and the loads varied 
between 100-250 g/day. 
The loads of ibuprofen were below 100 g/day and very •	
constant along the river.

5) Pharmaceuticals may be used as anthropogenic markers 
for domestic wastewater contamination of surface waters. 
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