
Background Information

Drugs in wastewater
Hundreds of tons of pharmaceuticals are prescribed in the UK every year and after being ingested and metabolised, most are excreted, 
either as the parent compound or a metabolite, into the sewage system.  Some of the compounds may be further degraded through
microbial action within WWTPs, however many studies including Fono, Kolodziej et al. 2006; Kasprzyk-Hordern, Dinsdale et al. 2008; 
Bijlsma, Sancho et al. 2009; MacLeod and Wong 2010; Hernandez, Bijlsma et al. 2011 have detected pharmaceuticals in sewage 
effluent being pumped into the environment at up to µg/L concentrations.

Why Study Enantiomers?
Many drugs, both prescribed and illicit, are chiral.  The enantiomers often have:
• Wide ranging pharmacological effects and/or potencies, e.g. Propranolol S(-) enantiomer is estimated to be one hundred times 

more potent that it’s counterpart at blocking B1 and B2 adrenergic receptors (Kasprzyk-Hordern 2010).  
• Stereoselective metabolism such as in CYP2C19 preferentially metabolising R-Omeprazole resulting in 94% (R) 5-Hydroxy and only 

27% of S-Omeprazole undergoing this metabolism (Andersson and Weidolf 2008).
• Differential Biological persistence.

Why Study Solid Matrices?
There is no method, to the author’s knowledge, which details the extraction and analysis of enantiomeric drugs in solid fractions.  

A successful methodology would provide information on:

•Total aqueous environment burdens.

•Which matrix the drugs are held within e.g. suspended solids, sediments, aqueous 
etc.  

•More accurate calculations for the concentration of some compounds which may 
have been previously been under estimated when only the aqueous fraction was 
analysed. 

•The concentration of pharmacologically active compounds in WWTPs. 

•Stereoselective degradation of the compounds during treatment and after disposal.
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Methods 

Microwave Assisted Extraction
Several methodologies which 
have been previously used to 
extract compounds from solid 
matrices at ng/g concentrations 
were identified, with varying degrees of simplicity, time, cost and 
automation.  Microwave assisted extraction was identified as 
using relatively low solvent volumes, short extraction times in 
comparison to soxhlet or sonication, plus a reduced set up cost 
compared to accelerated solvent extraction

Solid Phase Extraction 
Solid Phase Extraction concentrates 

compounds within a sample.  This 
increases the sensitivity of the overall 

methodology and it also allows for 
smaller samples to be analysed which 

reduces solvent use during extraction and 
matrix effects during analysis.  The 

methodology so far has used 
Oasis HLB cartridges 

which contain 
Hydrophillic-Lipophillic 

Balanced (HLB) 
reversed-phase 

sorbent which is suitable for a 
wide variety of sorbents.  

Chiral LC
Chiral separation will be carried out 
on a Chirobiotic V column (Sigma-
Aldrich), which was selected due to 
the variety compounds previously 
separated.  Preliminary studies 
indicate however that the column 
may be limited to the size and pKa of 
the compounds of interest, see Table 
2. 

MS/MS
The MS/MS will be carried out on a 
Xevo TQD Triple Quadrupole Mass 
Spectrometer (Waters), equipped 
with an electrospray ionisation 
source.
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Taken from 
http://www.sigmaaldrich.com/etc/mediali
b/docs/Supelco/General_Information/t408
131.Par.0001.File.tmp/t408131.pdf.
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Objectives and Timescale of the Project
Action Why? Anticipated Challenges
Development 
and Validation 
of a method to 
extract drugs 
from solid 
matrices such 
as sediments

To date no method has 
been developed which can 
extract and analyse 
enantiomers separately 
from solid matrices.  This 
results in a significant gap 
in our knowledge to date 
concerning the presence 
of drugs in aquatic 
environments.

• This will also include developing a ‘realistic’ 
method for spiking a known concentration of 
drugs on to the matrix, before we can evaluate 
how well the extraction methods works.

Development of 
microcosms to
represent each 
step of 
wastewater 
treatment.

Microcosms will allow for 
real-time data to be 
collected from known 
conditions.  The results 
will provide information 
on any stereoselective 
degradation in varying 
conditions and the 
efficiency of water 
treatment in the removal 
of each enantiomer.

• Replicating the conditions in water treatments 
on a small scale, including logistical challenges 
such as maintaining health and safety standards 
whilst working with microbes.

• Ensuring stable conditions are maintained for 
microbial population to operate without 
constant addition of nutrients or removal of 
waste products.

• Separating liquid and solid matrices prior to 
extraction and analysis and then combining the 
results into meaningful ‘whole’ fraction data.

• Analysis from ‘dirty samples’ can affect LC-
columns and or MS ion suppression.  Matrix 
effects will have to be compensated for when 
integrating peaks.

Development of 
microcosms for 
differing water 
bodies which 
may receive 
effluent.

Regular sampling from 
known conditions will 
allow for an estimation of 
the ad hoc microbial 
action on chiral drugs 
after wastewater 
treatment

• Identifying ‘typical’ conditions.
• All challenges previously listed for WWTP 

microcosms.

Sampling from 
an operational 
waterworks 
and from 
receiving 
bodies

This data can be compared 
to our ‘laboratory scale’ 
treatment works to 
a) see how accurate they 
were b) to identify real 
world stereodegradation 
products and c) identify 
seasonal changes or other 
local variations e.g. 
flooding events.

• Sampling from difficult locations.
• All analysis challenges previously listed for 

WWTP microcosms also apply to these samples.
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An Example of Chiral Analysis of 
Atenolol, Structure Shown.

Aim of this project 

This project aims to investigate the presence 
and degradation of chiral drugs within 
surface water before, during and after Waste 
Water Treatment Plants (WWTPs).  

The project will identify the presence of the 
drugs, their metabolites and breakdown 
products in waste water and assess if 
microbial action, in both receiving waters and 
those used in WWTPs, are preferentially 
degrading some enantiomers or producing 
non-racemic breakdown products within the 
environment.  
This 
enantiomeric 
profiling will 
then be related 
back to any risk 
assessments 
made to the 
environment 
and human 
health. Photo of sewage works from Eutrophiocation&hypoxia, 
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