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Pharmaceuticals (pharma) are extensively used and

introduced into wastewater where inadequate removal leads

to release into surface waters [1]. Hospitals are a key point-

source for pharma entering municipal sewers [2], and rural

hospitals are of concern as subsequent treatment may be

carried out with smaller, less advanced wastewater

treatment plants (WWTP). The possibility of separately

treating hospital wastewater is a current topic of discussion

for water quality regulators and policymakers in the UK, but

more research into hospital discharge and conventional

wastewater treatment techniques is needed.

Introduction

Conclusions

Pharmaceutical and Water Quality Assessment
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Fig. 1: Map of Caithness (Scotland), with study sites Loch Calder drinking water source 

and Caithness General Hospital (Wick) shown. 

Fig. 2: Sampling raw influent at the Wick WWTP (left). Filtered (0.7µm GF) samples (top 

middle), solid phase extraction (bottom middle) and pharma analysis with Triple Quadrupole LC-

MS/MS (top right). TOC-L analyser for organic carbon analysis (right bottom). 

Statistical analysis characterised pharma-

WQ relationships. Principle component

analysis (PCA) split the full dataset into two

PC axes (PC1 27.6%, PC2 18.2%) which

explained the most variation (Fig 5 top).

Pearson’s correlation coefficients (95%

confidence level) were plotted to produce a

correlation matrix (Fig 5 bottom).

• CGH impacts PAR, COD, DOC, K and Zn concentrations in Wick municipal wastewater.

Pharma characterisation is reflective of general A&E services provided at CGH. Dilution by

other waste streams (e.g. kitchen, laundry, estates) is expected to effect pharma

concentrations and WQ, but flow comparisons are needed for quantification.

• Results provided evidence for CGH application to the Alliance for Water Stewardship

standard, and may inform policy on hospital wastewater management.

• This is the first study investigating WQ and pharma in relation to the full water cycle (from

source to final effluent) around a hospital in the UK.

Pharmaceutical Characterisation

This temporally intensive ‘water cycle’ study focused on

Caithness General Hospital (CGH) in Wick, Scotland. The

main objective was to determine hospital impact on pharma

loads entering the local wastewater system, and assess

water quality (WQ) and any associated interactions.

Methods
Samples (2 litres) were collected over a one month period

(Feb 2018) from five sites in Caithness, Scotland for analysis

of 8 target pharma and 36 WQ parameters in:

i. Untreated (Loch Calder) potable water supply (n = 4)

ii. Treated hospital (CGH) tap water (n = 4)

iii. Combined hospital (CGH) discharge (n = 20)

iv. Combined WWTP influent (n = 19)

v. Final WWTP treated effluent (n = 19)

Target compounds:

• Analgesics/anti-inflammatories: paracetamol (PAR), 

diclofenac (DCF) and ibuprofen (IBU)

• Antibiotics: clarithromycin (CLAR) and trimethoprim (TRI)

• Psychiatric drugs: carbamazepine (CBZ) and fluoxetine (FLX) 

• Synthetic hormone: 17α-ethynylestradiol (EE2)

Water Quality Pharma

Pharma were not detected in Loch Calder source water or CGH tap water. PAR and CBZ had

100% detection in all wastewater samples, and EE2 was never detected. Boxplots indicate the

variability of concentrations in the wastewater samples (Fig 3). Maximum concentrations of PAR,

DCF, CLAR and TRI were detected in CGH discharge. Statistically significant differences were

found for PAR*, CBZ* and DCF* between the three wastewater types (* p<0.01).

Fig. 5: PCA biplot (above) which explains >45% 

variation in dataset, with confidence ellipses (at 

95% level). Correlation matrix of the full dataset, 

plotting Pearson’s correlation coefficients (r) 

between pharma and water quality parameters. 

Fig. 3: Boxplots of pharma concentrations, on log scale. Boxes represent the interquartile range, with notches showing median. Whiskers 

show concentration ranges (<3x interquartile range), circles show outliers, * indicate statistically significant difference. 

Water Quality Characterisation

Fig. 4: Boxplots of selected WQ parameters between five sites, with statistical significance 

indicated (p< 0.05*, 0.01**, 0.005***) 

Statistical differences were

found for chemical oxygen

demand (COD), dissolved

organic carbon (DOC),

potassium (K) and zinc (Zn)

between CGH discharge

(CGHdis) and the four other

sample types (Fig 4).

* * ** * ** * *

Between Parameters:

PCA biplot and correlation matrix indicate

significant pharma-WQ correlations:

• CBZ and ammonia-N (NH4), Mn (r > 0.7)

• CBZ and dissolved inorganic carbon 

(DIC), sulphate (SO4), S, Mg, Ca (r > 0.5)

• PAR and COD, total suspended solids 

(SS) and turbidity (turb) (r > 0.5)

Strong pharma-WQ relationships (r ≥ 0.9) 

were not evident. Strong WQ correlations 

were observed between Na and Cl; SS, turb, 

DOC and COD; and Mg, Ca and S. 

Between Sample Types:

PCA ellipses show no variance between

Loch Calder and tap water (overlap), and

no similarity for CGH discharge and

WWTP effluent. Large variance within

WWTP influent and CGH discharge

samples is shown by scattering of points

and size of ellipses.
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