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Why worry about pharmaceuticals?

Pharmaceuticals in widespread use for humans, 
agricultural animals, aquaculture, pets

Often excreted in active form or as active metabolites

Found in WWTP influents, effluents, sludge, surface 
water, ground water, drinking water, fish, etc

Often >ng/L concentrations

Designed to have effects at low concentrations

Some (i.e. EE2) known to affect fish at ng/L in lab

Reasonable suspicion of contributing to intersex, etc.



The data deficit

The question: which drugs are likely to have detrimental 
effects at environmental concentrations

>2000 drugs approved for use in US

Little/no concentration or ecotox data for vast majority

Chemical analysis expensive 

Chronic ecotox data even more rare + expensive

Too expensive to thoroughly study all drugs soon

Some subjectively of more concern than others

Need rational way to ‘triage’ drugs for further work



An informatics guided approach

Break problem down into components based on:
- different data sets involved
- different routes into environment
- different likely modes of environmental impact

Break out / order:
- Human retail prescription
- Human OTC 
- Human institutional
- Agricultural animals
- Aquaculture
- Companion animals



An informatics guided approach
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An informatics guided approach

Calculate likely worst case scenario for each drug

Assume most likely toxicity is mechanism based

- physical properties unlikely cause of tox at ng/L

Predict highest likely environmental concentration (PEC)

- public data on usage, ADME, physical properties

- estimate excretion, dilution, partition between matrices

- ‘worst case’ fudge factors to fill data gaps (raise PEC)

- assume some (~10%) flushed unchanged in every case

Concentrations as human dose equivalents per volume



An informatics guided approach

Predict ‘no effect’ concentration for fish (PNEC)

- public data on ADME, MOA, MOTox for many

- mostly mammalian data

- consider molecular/physiological conservation

- ‘worst known case’ fudge factors (lower PNEC)

Ratio PEC/PNEC used to rank drugs for study

Semi-quantitative w/ subjective components

Focuses efforts on likely dangers and key uncertainties

Updateable data matrix can feed alternative scorings



An informatics guided approach



An informatics guided approach



Additional considerations

Poster child is ethynylestradiol (EE2):
- ecological concentrations known to cause effects in lab

- only part of total EDC activity

- any remediation would likely aim more broadly

- widely prescribed with frequent and regular use

- unusually potent with well conserved MOA

- designed to block critical species function (repro)

- how many other drugs fit this mold?



Additional considerations
Carbamazepine hard to explain:
- usage stats not that high (not in top 200 lists)
- only 2-3% excreted unchanged
- main metabolite is active, but not looked for
- chronic high dose administration
- very stable in environment?
- perhaps the most ubiquitous drug in environment
- survives drinking water treatment
- but not very potent; what about drug combos?
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