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ABSTRACT

Many drugs are found in the aquatic environment and are therefore a cause for 
concern. Low concentrations of active ingredients from human pharmaceuticals reach 
the environment via sewage treatment plants, mainly as a result of excretion. However, 
other routes, such as incorrect disposal and direct releases from manufacture, could also 
be of importance.  

The effects of residual drugs in the environment are not well understood. This thesis 
addresses the issue by using different genomic techniques. The evolutionary 
conservation of 1,318 human drug targets were predicted in 16 species from different 
taxonomic groups. We show that the majority of the drug targets are conserved in 
aquatic vertebrates, while invertebrates and plants lack orthologs to many of the targets. 
The presented predictions can serve as a basis for identifying potentially sensitive (and 
insensitive) species that are used for the environmental risk assessment of 
pharmaceuticals.  

The effects on fish of exposure to a single pharmaceutical (ethinylestradiol) as well 
as a complex industrial effluent that contains high levels of many drugs were explored 
using microarray analysis. We identified two sensitive and potentially robust biomarkers 
of estrogen exposure by performing a meta-analysis that combined our results with data 
from the literature. The identified biomarkers were also used to evaluate the ability of 
different sewage treatment technologies to remove estrogenic substances. Several 
treatment technologies reduced the levels of estrogenic substances, but ozonation was 
required to remove all measured biological effects. The fish that were exposed to a high 
dilution of the industrial effluent showed increased hepatic Cyp1a enzyme activity and 
altered expression of several genes that are involved in the detoxification of chemicals 
and drugs. Although the gene expression pattern did not clearly point to any specific 
group of substances, it could serve as a basis for hypothesizing mechanisms of toxicity 
and possible causative agents in the effluent.  

More research is needed to understand the risks of residual drugs in the 
environment, and the presented results show that genomic approaches are useful for this 
purpose.
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