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study focuses on modelling pharmaceutical emissions as a key Over-the- disposal .
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We developed an emission model using general practitioners’ — | -
prescription data from the UK National Health Service (NHS) to T = > Fomans
estimate spatial emissions of selected priority pharmaceuticals — data e I Biosolids not applied to

agricultural land

amitriptyline (an antidepressant), rifaximin (an antibiotic), gliclazide
(an anti-diabetic), diclofenac (anti-arthritis), and ibuprofen (an anti-
inflammatory) — to surface waters and solils across Europe.

Model application

Average Percentages of Sludge Applied in Agriculture (2014-2023) in

Emission modelling

Model equations
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Where:
« Ew,wwip: Yearly emission into the river network from WWTPs (kg/year) |
. . Legend
» Moral: Annual consumption of the (parent) API (oral) by human being (kg/year) N DicEff2019(kg/WwTP) ;\ Envhet T [L)‘ffseorfm A
: T T T 0.000 - 0.685 0 7 1854370 740 Kilometers =
e MpdO: Annual consumption of the prodrug (kg/year) A 0,686 42,585 Ll
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o fmet: Fraction of prodrug metabolized into the API 7 e AL € | e

» fpc: Fraction of parent API excreted unchanged or as reversible conjugates o 17000 S

 Mitopi: Annual consumption of the (parent) API (topical) by human (kg/year)
» Fwoft: wash-off rate of topical products

» M: all API (kg/year) including both prescribed and bought over the counter

» Fdiso: the rate of unproper down the drain disposal

o frem: WWTP removal efficiency for the API

o fappi: application rate of sludge to agricultural fields

Data extraction (from UK NHS GP prescribing data)

Aceclofenac Monthly Use (mg/person) in the UK Diclofenac Diethyl Monthly Use (mg/P) in the UK Diclofenac Potassium Monthly Use (mg/P) in the UK
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: Ly [ Discussions and Conclusion
j \ In this study, veterinary usage is not incorporated into the models, as
| | I S none of the studied pharmaceuticals are licensed veterinary medicines in
e e e e e e the UK, and therefore their veterinary use is negligible. Therefore, diffuse
Data processing (the prescribed and those over the counter) emissions to soils are strong!y o_lependent on naflonal policies with
regards to sewage sludge application: those countries that apply more
Diclofenac Use inthe UK (2014-2024) (kg/month) ) _ .
sewage sludge to agricultural land (e.g. the UK) have higher soil
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Calculated vs. measured concentrations The final spatiotemporal emissions are used as inputs to fate and

Topical Pres| Oral Pres | OTC Avg |[Influent Flux| Influent | Effluent |Influent Mean| Influent exposure models to predict average concentrations in surface water and
(mg/person)|(mg/person)|(mg/person)| (mg/person) (Conc.(ug/L)| Conc. (ug/L) (ug/L) Median (ug/L) .

2018 16.6 0.97 18.52 36.08 0.55 0.35 0.64 0.44 soils.

2019 17.59 0.91 19.17 37.67 0.57 0.37 Effluent Mean| Effluent

2020 17.19 0.76 18.2 36.15 0.5 0.35 (ug/L) Median (ug/L) . . : - :
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