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Pharmaceuticals and Personal Care Products

PPCPs are a highly
diverse group of
chemicals
Basically all prescription and over-
the-counter drugs
Illicit Drugs
Diagnostic agents
Dietary Supplements
Fragrances, soaps, conditioners,
sunscreens, cosmetics…
Caffeine
Nicotine
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Common Routes of Entry Into the Environment Include

• Wastewater
• Domestic and industrial wastewater, sewer overflows,

septage, and storm water
• Either excreted, rinsed, or purposely flushed

• Municipal landfills
• Leachate to ground water

• Manure, biosolids and pet waste
• Concentrated animal feedlot operations
• Land application then through groundwater or runoff



Science progresses in stages

• Analytical methods had to be
developed to detect PPCPs in
environmental media (e.g., water, soil,
sediment, organisms)

• This is often quite difficult at low
concentrations

• Receiving water concentrations are
typically in the ppt to low ppb range

• Extracting and measuring
contaminants in soils, sediments, and
tissues is more difficult than pure
water.

• The signal is often harder to pick up
given all the extra noise created by the
interferences in the environmental
media.

1 part per billion =

1¢ in $10,000,000 or

1 second in 32 years or

1 drop of gas in the
largest gas tanker truck

1 part per trillion =

1 trillion seconds ago, it
was around 30,000 BC

1 drop of ink divided
into 20 Olympic-size
swimming pools
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Historical Approach



Science progresses in stages, cont.

• Once the chemical
could be detected, its
fate had to be
determined

• Does it rapidly
degrade, persist, or
accumulate?

• Does it pass
through WWTPs?

• Does it bind
readily with soil?

• Does it partition to
the sediment or
biological tissues?
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http://www.s tate.nj.us/dep/wmm/Buxton%20Emerging%20Contaminants%20For%20Posting.pdf
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Science progresses in stages, cont.
Ramierez, A .J. et al., 2009



Science progresses in stages, cont.

• Once a compound could be
detected and something was
known about its fate, research
could begin measuring the
exposure of organisms to the
chemical and determining
what effects could be
observed at environmentally
relevant concentrations

• Studies documenting the
biological effects of PPCPs in
natural systems have only
started being published fairly
recently
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Fate and Effects of PPCPs in the Aquatic Environment

• Field studies are often difficult
to interpret due to the lack of
ability to control many
environmental variables

• Translating the biological effects
of exposure to organisms in
laboratory experiments to
actual environmental effects in
natural systems can be very
difficult as well
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Final Slide

Alistair B.A. Boxall EMBO reports 5, 12, 1110–1116 (2004) doi:10.1038/sj.embor.7400307
http://www.nature.com/embor/journal/v5/n12/full/7400307.html
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Rapid Rate of New Chemical Production

• New chemicals (including
pharmaceuticals) are being
developed and produced at
an unprecedented rate

• Chemical Abstracts Service
registers new chemicals

• It took 33 years for CAS to
register the 10 millionth
compound in 1990. CAS
registered the 40 millionth
compound in November
2008. Nine months later, CAS
registered its 50 millionth
chemical compound
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Potential Revised Approach
• Supplement analysis for

specific commonly used
PPCP compounds with
analyses for indicators of
combined effects for specific
classes of compounds

• Test for overall estrogenicity
(feminizing) or androgenicity
(masculinizing)

• Measure abnormalities in
reproductive tissues

• Measure hormones and
biomarkers in fish serum
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Photographer: Jo Ellen Hinck (vog.sgsu@kcnihj), U.S. Geological Survey
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Types of Biological Effects Observed
PPCPs are capable of producing a wide variety of intentional and
unintentional effects in humans, animals, and plants.

• Direct toxicity (death, reduced growth or reproduction)
• Disruption of the Endocrine System

• Endocrine Disrupting Compounds (EDCs) cause changes in hormone
levels that, depending upon the exposed organism’s stage of
development, exposure to EDCs may cause temporary or permanent
effects

• Suppression of Immune System
• Reduced ability to fend off disease

• Decreased predator avoidance behavior
• Increased Antibiotic Resistance

• Bacterial populations become less susceptible to antibiotics through
repeated sub-lethal exposures




