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Many pharmaceuticals with potentially adverse environmental effects
along with their metabolites have been detected in surface water samples
during the past few decades. As for the Hungarian surface waters, both
the influent treated wastewater and the field monitoring of the sensitive
elements of the aquatic environments regarding the effects of EDCs
(endocrine disrupting compounds) is entirely missing. The primary object
of this study is to estimate and to evaluate the EDCs loads from WWTPs
(wastewater treatment plants) discharges into the Hungarian surface
waters. Data were collected and evaluated on the consumption figures of
the pharmaceutical ingredients and drugs. For the preliminary budgeting
of the EDCs, four types of EDCs were selected as representative
pharmaceutical: paracetamol, diclofenac, estradiol and ibuprofen. To
estimate environmental releases consumption figures of the
aforementioned pharmaceuticals, the annual database of the Hungarian
National Health Insurance was used regarding purchased quantities of
the medicines and the active ingredient contents of these. The human
excretion rate and treatment efficiencies of different types of existing
Hungarian WWTPs were used for calculations to assess final
environmental loads. Estimates on EDCs loads and final environmental
concentrations do not reflect the purchased but unconsumed
pharmaceuticals and the emissions from the unsewered regions. The
assessment of the environmental concentrations of the EDCs in
Hungarian surface waters was based on the annual mean flow rate of the
streams (regarding dilution). Due to insufficient data, the estimates
ignored the accumulating and potentially superponating upstream loads
(Vienna, Bratislava and other large cities for the Danube River).
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The temporary concentration patterns on the consumption were
investigated for the selected pharmaceuticals whose consumption could
show seasonal changes depending on the incidence rate of relevant
illnesses. As Fig.1 shows in the cold seasons the consumption of
diclofenac and paracetamol is increasing, 52% and 54% of these drugs
were purchased in autumn and winter, respectively. In winter, from
November till February, approximately 36.5% of these two medicines
were purchased. For estradiol which is not a drug of seasonal use, these
figures are 49 and 32.5 % respectively.
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To identify the hot-spots in Hungary, calculations were made on the
consumption of the selected pharmaceuticals in each county of Hungary.
On the following map can be seen their annual consumption visualised by
circles. For comparing them, the diameter of the circles corresponds the
consumed quantity. As for the database on the consumption figures, we
have data mostly on the prescribed medicines. Since almost all types of
estradiol containing medicines and the grate number of diclofenac
containing medicines are to be prescribed, the following calculations on
the consumption figures can be a proper base to estimate their
environmental concentrations. Regarding the paracetamol and ibuprofen
consumptions, some magnitude of underestimation is envisaged in the
calculations because the bulk of these pharmaceuticals can be purchased
without medical prescription. For the Danube and Tisza catchments the
following counties found to be hot-spots.
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Based on the former calculations, some WWTPs were selected, which
have as effluent receiving surface water the Danube or the Tisza river.
With the following equation emissions from each relevant county were
calculated and then summarised for the Danube and for the Tisza
catchment. The environmental concentrations are estimated for
Nagytétény, 1629.0 river km (downstream of Budapest) for two scenarios,
and for Baja (the last large city and discharge upstream of the Serbian
state border on the Danube river) and for Szeged (the last large city along
the Hungarian Tisza section). As for the estimated concentration figures,
only the diclofenac is found to be in detectable concentration. As for the
Tisza river, respectively large emissions were identified. The average flow
rate of Tisza is smaller than the Danubian one, therefore the estimated
concentrations for diclofenac and paracetamol are higher than their
estimated concentrations in Danube. For the Danube two scenarios were
compared: the present situation, without the Central WWTP and the
future one with it. Mostly for estradiol, which can be removed particularly
effectively by biological treatment discharges will decrease steeply upon
the operation of the new Central WWTP.
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The paper illustrated that calculations regarding to the ambient
concentration levels of EDC materials could be reliably based on national
drug selling statistics concerning of recipe based pharmaceuticals (i.e.,
diclofenac). The calculations presented however, biased in some respects
particularly the assumptions on the de facto drug consumption figures,
the human excretion rates, and sewerage service related numbers
(serviced fraction of the population, technological removal efficacy etc.).
Upstream discharges (Vienna, Bratislava) were also neglected in this
study. Even these preliminary calculations and predictions could serve as
a basis in pin-pointing hot-spot locations (spatial distribution) along the
river stretch and environmental fate assessment (temporal distribution) as
well. The further development and refinement of the presented
assessment method provides a firm technical basis in designing a cost
effective future monitoring network regarding EDC materials in large
rivers.
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