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A typical urban stream
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No wastewater treatment plant upstream



A rapidly growing global industry

Global pharma market is expected to expand to more than US
$1 trillion by 2014, driven largely by Pharmerging markets

us
Size: US$360-390bn
CAGR 09-14: 3-6 %

Global market
2014 Size: US$1,130-1,160bn
CAGR 09-14: 5-8 %

Top 5 Europe
Size: US$170-200bn

CAGR 09-14: 1-4 %

“"Pharmerging” Markets
Size: USS$260-290bn
CAGR 09-14: 14-17 %
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Japan
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Rest of World
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How do drugs get into aguatic ecosystems?

Septic field
Marketplace -

Use and disposal

CSOs/lea
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Pharmaceutical and Livestock and

personal care product veterinary use

manufacturing Wastewater
treatment plants

Biosolids/Sludge disposal



Your Pharmaceutical Footprint:

Where do we get our drugs from?

A. Individual B. Multiple Samples
Samples from from WWTPs NY1,
23 WWTPS NY2, and NY3

across the US

Streams in New York that
have pharmaceutical
manufacturing facilities
have much higher
concentrations of PPCPs
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Your Pharmaceutical Footprint:

Where do we ge‘t‘our drugs from?

Ciprofloxacin
2 Concentration=

‘ 32 mg/L

Typical dose= 250-750

% 1L of river water
(Larsson et al. 2007)

Pharmaceutical manufacturing
plants release waste into one
wastewater treatment plant



Global treatment of wastewater

UN estimates that only 10% of the world’s
wastewater is treated

* Untreated sewage enter US surface waters
via CSOs and leaking infrastructure

* 40% of global population resides in coastal
areas and 80-90% of sewage discharge in
coastal zones is raw and untreated

* Estimated 200 million farmers grow crops
in human wastes (Report from IWMI) and
the WHO estimates that 10% of the world
relies on this source of food



Our rivers and lakes on drugs?
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Invertebrates

Spiders

Leaves

Image courtesy of C.V Baxter



Measuring effects of drugs on streams using multiple scales of
inquiry: from bottles to ecosystems

Relevance

Control/Replication

Large-scale

~~ .« Controlled additions
Downstream of
WWTPs and
Artificial gradients
streams
Small-scale
field exposure
Laboratory
incubations
Single
species
LC50s
> Rosi-Marshall and

Spatial scale (ecological complexit
P ( & g V) Royer, Ecosystems 2012



Small-scale field exposure: New method

Pharmaceutical diffusing substrates

PN OIS .,‘
.PPCP compounds ,GrOSS
Primary
Production
Heterotrophic
biofilms : AT
- Respiration
Microbes .5/
on Leaves
Compound Medical Use
Caffeine Stimulant
Cimetidine Antihistamine (heartburn)
Ciprofloxacin Antibiotic
Diphenhydramine Antihistamine (allergens)
Metformin Antidiabetic

Ranitidine Antihistamine (heartburn)




Pharmaceuticals can influence ecosystem

[ ]
function
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The responses vary by compound.
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Consistent responses among seasons and

streams

3 seasons in NY
1 seasoninIN
1 seasonin MD

Respiration of
heterotrophic biofilms

Respiration response ratio

Rosi-Marshall et al. 2013, Eco Apps



Diphenhydramine can influence bacterial

community structure

Pseudomonas sp.
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Artificial streams

* |ncreases scale, duration
of experiments, and
ecological complexity

e Allows for examination
' of various endpoints and
organisms




Effects of a PPCP on aguatic invertebrates

Tagamet® - H, histamine antagonist that prevents secretion of stomach acid

Cimetidine was approved by the FDA in 1977 and was the first drug ever to reach more than 1
billion dollars a year in sales.

Histamine activates photoreceptors, olfactory receptors, and stomatogastric neurons (which
control the motion of gut and foregut) in invertebrates

These activities can be blocked by administration of antihistamines (Claiborne and Selverston
1984, Hardie 1988, Wachowiak 2002, Christie et al. 2004).

Degraded
during human
163,000 kg/yr use 86,390

Excreted by

humans to WWTP

U=
~14% of sales, end@g%u X o8
wwtnentora orage @ _—

(Anderson et al. 2004)



Effects of a PPCP on an aquatic invertebrate
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Effects of a PPCP on aguatic invertebrates

Long-term chronic exposure to 4 concentrations
of cimetidine
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Had reproducing populations of invertebrates in
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Effects of triclosan on riverine microbial

communities

Triclosan: a generalized antimicrobial (bacteria, fungi and algae)
 Patentedin 1966
* Nearly half of soaps in US contain triclosan

* Triclosan has been detected in surface waters, sediments,
fishes, dolphins, human urine and breastmilk

What are the effects of triclosan

on ecosystem structure and function? “

Image from Dr
et al 2013 ES




Effects of triclosan on riverine microbial communities

Added triclosan in realistic concentrations to
streams with active algal and bacterial Seeeto 0 Control m Triclosan
communities
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Triclosan Exposure Increases Triclosan Resistance and Influences
Taxonomic Composition of Benthic Bacterial Communities

Bradley Drury,T John Scott,” Emma J. Rosi-Marshall,* and John J. KellyT'*

J’Department of Biology, Loyola University Chicago, Chicago, Illinois, 60660, United States
llinois Sustainable Technology Center, Champaign, Illinois, 61820, United States
§Cary Institute of Ecosystem Studies, Millbrook, New York, 12545, United States




Effects of triclosan on riverine microbial

communities

Increase bacterial resistance over time

This was evident after only 7 days and continued to increase until day 34

Examined the composition of bacterial communities with
16S rRNA tag pyrosequencing analysis

Significant change in the bacterial communities in response to triclosan additions
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“Natural” environmental releases:

point sources

* Take advantage of release of PPCPs in the
environment

 WWTPs, combined sewer overflows,
sludge applications, artificial treatment
wetlands, etc.



Influence of wastewater effluent and triclosan
on bacterial communities

e Conducted research in Chicago, IL
Examined the microbial communities and function downstream of

two wastewater treatment plants
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Resistant Bacteria
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Natura

environmental releases:

point sources

* Measured triclosan, triclosan resistance, and
bacterial composition
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Triclosan concentrations in sediments
correlated with resistant bacteria

Composition shifted in the field and some
shifts were similar to shifts seen in artificial
stream experiment

However, in another study we found that
sewage discharges homegenize bacterial
species composition (Drury et al. 2013 AEM)



Measuring effects of drugs on streams using multiple scales of
inquiry: from bottles to ecosystems

Relevance

Control/Replication
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Our rivers and lakes on drugs?

Spiders

Leaves

Image courtesy of C.V Baxter



