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Pharmaceuticals constitute a fundamental part of our society and are in many cases crucial
for health and wellbeing in our everyday life. However, as they are designed to have a
biological effect and to be semi-persistent implies problems if they end up in the environment.
Much focus has therefore been on screening studies and treatment technologies for their
removal. Here we present results from several studies on matrix effects and metabolism in
sewage and sewage sludge to estimate the “true” concentrations of pharmaceuticals and how
this impacts the common understanding of problem and feasible abatement measures.

Objectives

Conclusions

The aim of the study were to investigate the
distribution and fate of pharmaceuticals within WWTPs
as well as in the environment. Specifically following
investigations were targetet
•The role of matrix effects.
•The role of pharmaceutical metabolism.
•The distribution and fate of pharmaceuticals in
sewage sludge, soil and water.

•Common analyses of sewage and sewage sludge
significantly underestimate pharmaceutical
concentrations.
•Analytical interferences are the main cause of observed
increase in concentration of pharmaceuticals from
influent to effluent at WWTPs.
•Pharmaceuticals are retained and eventually degraded in
the surface soil layer and may thus not pose any risk.

Methods

A subset of 24 pharmaceuticals was selected for analyses at two Swedish
WWTPs, Sjölunda and Hendriksdal. The selected substances represent a
commonly studied base set of pharmaceuticals frequently detected in sludge
and water samples from WWTPs. With their wide range of chemical properties
they represent different classes of pharmaceutical substances. Different sample
treatment techniques such as matrix effects, chemical reduction and oxidation
as well as enzymatic cleavage were utilized to elucidate the “true” concentration
of the targeted analytes in the samples.
To study the long term effects of sludge amendment on storage and dispersion
of pharmaceuticals in arable soil, sampling of soil and soil water was performed
in an experimental arable field (Petersborg) in Skåne. Soil water from beneath
the plough layer (0.5 m depth) was sampled by Teflon suction lysimeters in the
sections that had been subjected to sewage sludge amendment. To investigate
the capacity of the soil to retain/immobilize the pharmaceuticals a set of soil
sorption tests were performed. Soil from the investigation area in Petersborg
was packed in 6 mL polypropylene cartridges. One of two cartridges was spiked
with 0.5 g of freeze dried sludge. The second cartridge was spiked with the 24
investigated pharmaceuticals. The cartridges were eluted with maximum 9 times
the soil-column volumes of tap water (9 x 1.5 mL) and eluates were sent for final
determination on a HPLC-MS/MS.

Illustration of the soil sorption test.

Results

Complex wastewater and sludge matrixes can reduce the
recovery during sample preparation and affect the signal during
pharmaceutical analysis. For example, high concentrations of
other organic material in influent wastewater imply that certain
pharmaceuticals are “observed” at lower concentrations than in the
treated effluent wastewater. Some pharmaceuticals, metabolised in
the human body, return to the structure of the parent compound
during the treatment process and, therefore, quantified to larger
extent in effluent wastewater. Some antibiotics interact with free
ions from the matrix and form chelate complex, which result in
reduced recovery and detection.

Soil sorption tests
The near-absence of detectable levels
of investigated pharmaceuticals in
the soil and soil water samples from
the farmland at Petersborg required
complementary soil sorption tests.
Results shown for acidic and basic or
neutral pharmaceuticals showed a general
higher mobility of pharmaceuticals with
acidic chemical properties compared to
pharmaceuticals with basic or neutral
chemical properties.
Results from the soil sorption tests with soil from the sampling site
exposed to a mixture of the 24 pharmaceuticals.

Main findings

The result of the study show that analytical interferences (ion-suppression) due to competition with co-eluting
matrix components during instrumental analysis is the main contributor to the observed increase in concentration of
pharmaceuticals from influent to effluent at WWTPs.
It is also shown that common analyses of sewage and sewage sludge underestimate pharmaceutical concentrations with up
to 49% in influent wastewater and 35% in effluent while misquantification for individual substances can be significant higher.
The sludge used to fertilize the farmland contained 15 of the 24 investigated pharmaceuticals in concentrations between 1.9
to 1000 ng/g dry weights (dw). However, analysis of the lysimetric soil water revealed no detectable levels of the investigated
pharmaceuticals. This implies that the investigated pharmaceuticals are retained and eventually degraded at the surface
of the soil. However, further investigations using representative leaching tests and additional degradation tests need to be
performed in order to fully understand the fate of pharmaceutical residues in soil.

IVL Swedish Environmental Research Institute
www.ivl.se

