Emerging Contaminants in the Environment
Research by the U.S. Geological Survey
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Source-to-Receptor Research

http://toxics.usgs.gov/regional/emc/

................................................................. 7 Methods
...... s . W DQV9|Opme[lt

o 2 i
-

Sourges &
Pathways

/Environmental
~ Occurrence

Transport
and Fate




Occurrence Databases

Complex mixtures T
in streams, ground water, AR
sources of drinking water &

(ppt-ppb)

Barnes et al., 3 ., 2008, others...
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Environmentally Relevant Databases and Interpretations...

1. U.S. Environmental Protection Agency Contaminant Candidate List

2. Aquatic Toxicology:

Antidepressants at environmentally relevant concentrations affect predator avoidance behavior of larval fathead
minnow (Pimephales promelas)

McGee et al. 20009.

Predator avoidance performance of larval fathead minnows (Pimephales promelas) following short-term exposure
to estrogenic mixtures.

McGee et al., 2008

Impairment of the reproductive potential of male fathead minnows by environmentally relevant exposures

to 4-nonylphenol.
Schoenfuss et al., 2008

Larval exposure to environmentally relevant mixtures of alkylphenolethoxylates reduces reproductive
competence in male fathead minnows.
Bistodeau et al., 2006

=|USGS,




Accurate Source Identification and Quantification

Human Animal

» Wastewater treatment plants » \Waste lagoons, etc.
* Land application

* Processing plants
= Aquaculture

» Land application
« Combined sewer overflows
* Onsite septic systems

o Landfills

« Water reuse £, |
—___%—" Antibiotics in 46 Swine AFOs §
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Mever et al., 2003


http://rds.yahoo.com/_ylt=A9G_Rqy5q_5Fu4kAd1OJzbkF;_ylu=X3oDMTBxZnU2ajFmBHBvcwMxMgRzZWMDc3IEdnRpZANJMDY2Xzg4/SIG=1guh085q7/EXP=1174404409/**http%3A//images.search.yahoo.com/search/images/view%3Fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dtoilet%2526toggle%253D1%2526cop%253Dmss%2526ei%253DUTF-8%2526vm%253Dr%2526fr%253Dyfp-t-501%2526b%253D1%26w=640%26h=480%26imgurl=www2.yarden.ac.il%252Fbloss%252Fpro2000%252Fprojects%252Fnicolet%252Ftoilet.jpg%26rurl=http%253A%252F%252Fwww.pc-facile.com%252Fnews.php%253Fn%253D19257%26size=18.2kB%26name=toilet.jpg%26p=toilet%26type=jpeg%26no=12%26tt=525,219%26oid=2639d28468c6b60e%26ei=UTF-8
http://images.search.yahoo.com/search/images/view?back=http%3A%2F%2Fimages.search.yahoo.com%2Fsearch%2Fimages%3Fp%3Dsmile%26fr%3Dyfp-t-501%26toggle%3D1%26cop%3Dmss%26ei%3DUTF-8%26vm%3Dr&w=956&h=578&imgurl=ezman.cocolog-nifty.com%2Fbungaku%2Fimages%2Fmel_smile_after.jpg&rurl=http%3A%2F%2Fezman.cocolog-nifty.com%2Fbungaku%2Fimages%2Fmel_smile_after.html&size=55.5kB&name=mel_smile_after.jpg&p=smile&type=jpeg&no=11&tt=1,174,938&oid=25f855730a71c8c2&ei=UTF-8
http://images.search.yahoo.com/search/images/view?back=http%3A%2F%2Fimages.search.yahoo.com%2Fsearch%2Fimages%3Fp%3Dsmile%26fr%3Dyfp-t-501%26toggle%3D1%26cop%3Dmss%26ei%3DUTF-8%26vm%3Dr&w=956&h=578&imgurl=ezman.cocolog-nifty.com%2Fbungaku%2Fimages%2Fmel_smile_after.jpg&rurl=http%3A%2F%2Fezman.cocolog-nifty.com%2Fbungaku%2Fimages%2Fmel_smile_after.html&size=55.5kB&name=mel_smile_after.jpg&p=smile&type=jpeg&no=11&tt=1,174,938&oid=25f855730a71c8c2&ei=UTF-8

Source Pathways to the Environment

Soils amended with
biosolids and manures

Concentration (.&g)
Range Median
Carbamazepine 15-1,200 638
Diphenhydramine 32-22.,000 340
Fluoxetine 100-4,700 370
Triclosan 1,170-32,900 10,200

&2 |USGS Kinney et al., 2006



Source Pathways to the Environment
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21 herbicides, 27 degradates, 36 antibiotics

in 51 Midwest Streams

Scribner et al., 2003



Reducing Ecological and Human Exposure

Wastewater treatment, drinking water treatment,
natural assimilative capacities of watersheds and aquifers...
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FROM INFLUENT TO EFFLUENT
acetaminophen | ©

bisphenol A
dehydronifedipine
triethyl citrate
cimetidine
diltiazem
sulfathiazole
tetrachloroethene

carbamazepine
diphenhydramine




Reducing Ecological and Human Exposure
Understanding the Assimilative Capacities of Watersheds and Aquifers

Anionic Nonionic
Linearalkylbenzenesulfonate (LAS) Alkylphenolethoxylates (APEQO)
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1991 LAS use = 390 million kg (Modler et al. 1993)
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Reducing Ecological and Human Exposure

Understanding the Assimilative Capacities of Aquifers
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Reducing Ecological and Human Exposure
Understanding the Assimilative Capacities of Watersheds

4-Nonylphenol Biodegradation:

Natural and engineered conditions that
maintain high dissolved oxygen in stream-
sediment pore water favor biodegradation

Natural and engineered
conditions that contribute to
sediment anoxia (e.g. high BOD
in effluent) inhibit biodegradation

4-n-NP Mineralization (%d-")

a2USGS Bradley, et al., 2008



Waste Water Indicators and Tracers

MRI Contrast Agent Comparing Wastewater Chemicals,
Indicator Bacteria Concentrations, and
Bacterial Pathogen Genes as Fecal
Pollution Indicators

-Haack et al., 2008
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Verplanck et al., 2005 Sl


http://www.eadgene.info/Portals/0/Photos/Salmonella source NIAID from wikipedia free use - cropped.jpg
http://rosenblumtv.files.wordpress.com/2007/08/01-coll-dna-knoll-l.jpg

Complex Mixtures and Potential Ecological Effects

Sensitive Ecosystems Receiving Wastewater Effluent

Colorado

lowa

Minnesota

Blazer et al., 2007
Virginia/Maryland/Washington DC

Biological: fish tissue, histopathology, intersex,
microbiological, gene transfer and expression, etc.

Water chemistry: water column, passive samplers,
fate/transport/exposure, assimilative capacity, etc.

=|USGS,



Complex Mixtures and Potential Ecological Effects

On Site - uses actual
stream waters and(or)
wastewater effluent with
controlled photo-period

and temperature
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Complex Mixtures and Potential Ecological Effects

Endocrine Disruption: Elevated Plasma Vitellogenin, Nuptial
Tubercle Expression, Intersex

Reference
NT

Effluent Elevates Plasma Vitellogenin

Treatment

Estrogens — Vitellogenin

2\ISGS Vajda et al., 2008




New Research for 2009 and Beyond

Source Receptor

Method Development: Hormone metabolites, phytoestrogens, pesticide
adjuvants, algal toxins, pharmaceutical degradates, nanoparticles...

Occurrence: Large datasets — 10 years of emerging contaminant data,
national-scale source-water assessments, drinking water...

Sources and Pathways: Animal Feeding Operations...

Fate and Transport. Natural Assimilative Capacities of Watersheds and
Aquifers - National Parks and elsewhere...

Effects: Endocrine disruption, antibiotic resistance, other modes of
action...



New Research for 2009 and Beyond

Complex Mixtures and Potential Ecological Effects

Other Modes of Action

Are estrogenic chemicals related
to immune supression?....

Impacts of antibiotics, resistance
genes, and other contaminants on
indigenous microbiology...




o poultry AFOs. Fate and transport. Ecological

effects.

Analyte List

Antibiotics
and Metabolites
Biogenic/Synthetic Hormones
and Metabolites
Phytoestrogens

Microbial Contaminants and Associated
Genetic Material

Inorganics and other Indicators

ZIISES

8 New Research for 2009

Type of Operation or
Contributing Process

Confined

Pastured
Meat/Dairy/Eggs
Manure Management

Therapeutic/prophylactic
uses of pharmaceuticals

Feed




Thank you

Mike Focazio
mfocazio@usgs.qov

http://toxics.usgs.gov
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