
U.S. Department of the InteriorU.S. Department of the Interior
U.S. Geological SurveyU.S. Geological Survey

Pharmaceuticals in the Environment: Pharmaceuticals in the Environment: 
What we know and need to knowWhat we know and need to know

Environmental Health SummitEnvironmental Health Summit
November 10November 10--11, 200811, 2008

Herb BuxtonHerb Buxton
USGS Toxic Substances Hydrology ProgramUSGS Toxic Substances Hydrology Program



2

•• Human DrugsHuman Drugs
•• Vet. Drugs Vet. Drugs 
•• AntibioticsAntibiotics
•• HormonesHormones
•• SteroidsSteroids
•• Detergents Detergents 
•• PlasticsPlastics

•• AntioxidantsAntioxidants
•• Fire retardantsFire retardants
•• DisinfectantsDisinfectants
•• FumigantsFumigants
•• FragrancesFragrances
•• Insecticides/ Insecticides/ 

RepellantsRepellants

Chemicals of Emerging Environmental Chemicals of Emerging Environmental 
Concern: Concern: Emerging ContaminantsEmerging Contaminants
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Framing Research QuestionsFraming Research Questions
•• Are Are pharmpharm’’ss entering our environment? entering our environment? 

•• What are the sources (signatures) and are What are the sources (signatures) and are 
there sensitive settings? there sensitive settings? 

•• Do Do pharmpharm’’ss have adverse ecological health have adverse ecological health 
effects? effects? 

•• Do Do pharmpharm’’ss persist to finished drinking water persist to finished drinking water 
and are they a human health risk? and are they a human health risk? 

•• How can we minimize their entry to the How can we minimize their entry to the 
environment or remove them?environment or remove them?
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Are Are pharmpharm’’ss entering our entering our envenv’’tt? ? 

Clofibric Acid found in the North Sea.Clofibric Acid found in the North Sea.

Clofibric Acid
(Cholesterol Drug)

Mecoprop
(Pesticide)

Cl O
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Buser, et al, 1998.Buser, et al, 1998.
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PharmPharm’’ss in Susceptible Settingsin Susceptible Settings

Present in water at            Present in water at            
subsub-

                                            
-ppb conc.ppb conc.’’ss..

Present as complex                            Present as complex                            
mixturesmixtures..

Entering via Entering via human &                           human &                           
animal waste pathwaysanimal waste pathways..

Are Are pharmpharm’’ss entering our entering our 
environment? environment? 

‘’99-’00

National Stream SurveyNational Stream Survey

((KolpinKolpin, et al., 2002), et al., 2002)
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DonDon’’t just look in the water!t just look in the water!

(Furlong, et al., 2003)(Furlong, et al., 2003)
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Human WasteHuman Waste
•• WW Treatment PlantsWW Treatment Plants
•• Land ApplicationLand Application
•• Domestic Septic Systems Domestic Septic Systems 
•• LandfillsLandfills
•• Industrial/Commercial  DischargesIndustrial/Commercial  Discharges
•• Water ReuseWater Reuse

What are the sources?What are the sources?
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Animal WasteAnimal Waste
•• Waste lagoonsWaste lagoons
•• Land application Land application 
•• ProcessingProcessing
•• AquacultureAquaculture

Manure (kg/day)
Human         1.5
Cow  30
Hog 4
Sheep          1.5
Chicken       0.14

What are the sources?What are the sources?
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Wastewater Treatment Plants Wastewater Treatment Plants 

<0.8
2.1 1.4

2.9

1.2

17b-Estradiol in stream water, in ng/L

Boulder Creek, COBoulder Creek, CO

Sensitive Sensitive EnvEnv’’ll Settings?Settings?
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Sensitive Sensitive EnvEnv’’ll Settings?Settings?
Animal Feeding OperationsAnimal Feeding Operations

Meyer et al., 2003Meyer et al., 2003
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Sensitive Sensitive EnvEnv’’ll Settings?Settings?

Concentration (Concentration (μμg/kg)g/kg)
RangeRange MedianMedian

CarbemazepineCarbemazepine 1515--1,2001,200 6868
DiphenhydramineDiphenhydramine 3232--22,00022,000 340340
FluoxetineFluoxetine 100100--4,7004,700 370370
TriclosanTriclosan 1,1701,170--32,90032,900 10,20010,200

Kinney et al., 2006Kinney et al., 2006

Soils amended with Soils amended with 
biosolids and manuresbiosolids and manures

Biosolids from 9 locations across the USBiosolids from 9 locations across the US
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Sensitive Sensitive EnvEnv’’ll Settings?Settings?

Hydrologic EventsHydrologic Events

Cedar Rapids, IA

Spring FlushSpring Flush

21 herbicides, 27 degradates, 21 herbicides, 27 degradates, 
36 antibiotics36 antibiotics in 51 Midwest in 51 Midwest 
StreamsStreams

Midwest Floods, Spring Midwest Floods, Spring ‘‘0808

Scribner et al., 2003Scribner et al., 2003
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Adverse Eco Health Effects?Adverse Eco Health Effects?

Endocrine DisruptionEndocrine Disruption

We conducted a 7We conducted a 7--year, whole lake experiment at the year, whole lake experiment at the 
(ELA) in Ontario, Canada, and showed that chronic (ELA) in Ontario, Canada, and showed that chronic 
exposure of fathead minnow to low concentrations  (5exposure of fathead minnow to low concentrations  (5––6 6 
ngng/L) of 17/L) of 17--ethynylestradiol led to feminization of males ethynylestradiol led to feminization of males 
through the production of vitellogenin mRNA and protein, through the production of vitellogenin mRNA and protein, 
impacts on gonadal development as evidenced by impacts on gonadal development as evidenced by 
intersex in males and altered intersex in males and altered oogenesisoogenesis in females, and, in females, and, 
ultimately, a near extinction of this species from the lake.ultimately, a near extinction of this species from the lake.

Kidd et al., 2007Kidd et al., 2007
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<0.8
2.1 1.4

2.9

1.2

17b-Estradiol in stream water, in ng/L

Boulder Creek, COBoulder Creek, CO

Endocrine DisruptionEndocrine Disruption

Adverse Eco Health Effects?Adverse Eco Health Effects?
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•• Diclofenac (nonDiclofenac (non--steroidal antisteroidal anti--inflammatory):inflammatory): Consumption Consumption 
of diclofenacof diclofenac--treated meat caused renal failure in treated meat caused renal failure in vulturesvultures
(Oaks et al., 2004).(Oaks et al., 2004).

•• Antibiotics:Antibiotics: Reduced soil microbial activity at Reduced soil microbial activity at envenv. . 
concentrations (concentrations (CostanzoCostanzo et al., 2005; Thieleet al., 2005; Thiele--Bruhn and Bruhn and 
Beck, 2005).Beck, 2005).

•• Ciprofloxacin, triclosan, Ciprofloxacin, triclosan, TergitolTergitol NP 10:NP 10: shifts in algal shifts in algal 
community structure (Wilson et al., 2003) .community structure (Wilson et al., 2003) .

•• Drug Mixtures 13:Drug Mixtures 13: Inhibited growth of human embryonic Inhibited growth of human embryonic 
cells at cells at envenv. levels (. levels (PomatiPomati et al., 2006).et al., 2006).

Other Ecological EffectsOther Ecological Effects
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DW & human health risk?DW & human health risk?
Pharmaceutical/Antibiotic
Flame retardant/Plasticizer
Fragrance
Pesticide
Plant/Animal steroid
Detergent metabolite
PAHs
Others

StackelbergStackelberg et al., 2004et al., 2004

DrinkingDrinking--Water Treatment, NJWater Treatment, NJ
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Antibiotic ResistanceAntibiotic Resistance

Direct use in orchards.

•• Resistance develops in organisms.Resistance develops in organisms.
•• Environmental transfer of resistance Environmental transfer of resistance 

genes.genes.
•• Multiple resistance. Multiple resistance. 
•• Resistance from non antibiotics.Resistance from non antibiotics.
•• Resistance from chronic lowResistance from chronic low--level                                level                                

exposure?exposure?

Aquaculture
Animal waste lagoons

Human health risk? Human health risk? 
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Pharmaceutical/Antibiotic
Flame retardant/Plasticizer
Fragrance
Pesticide
Plant/Animal steroid
Detergent metabolite
PAHs
Others

DrinkingDrinking--Water Treatment, NJWater Treatment, NJ
StackelbergStackelberg et al., 2004et al., 2004

Reduce entry or remove?Reduce entry or remove?
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Importance of prioritizing chemicals?Importance of prioritizing chemicals?
•• Potential to Enter the Environment. Potential to Enter the Environment. 

Quantities used.Quantities used.
Anticipated environmental behavior.Anticipated environmental behavior.
Pathways for chemical release.Pathways for chemical release.

•• Health significance (Accessing avail. info). Health significance (Accessing avail. info). 
Using all available informationUsing all available information
Mode of Action (mixtures)Mode of Action (mixtures)

•• Ability to measure Ability to measure -- ReliablyReliably. . 
•• Potential as chemical indicators/tracers.Potential as chemical indicators/tracers.
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Chartered May, 2006 under the  Toxics and Risk Chartered May, 2006 under the  Toxics and Risk 
Subcommittee, Committee on the Environment Subcommittee, Committee on the Environment 
and Natural Resources (CENR)and Natural Resources (CENR)

Developing a research strategy that :Developing a research strategy that :
•• Defines our current understanding,Defines our current understanding,
•• Defines & prioritizes research needs, and Defines & prioritizes research needs, and 
•• Describes a plan for federal collaboration to address Describes a plan for federal collaboration to address 

those needs.those needs.

Interagency Pharmaceuticals in theInteragency Pharmaceuticals in the
Environment Work GroupEnvironment Work Group
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Participating AgenciesParticipating Agencies
•• EPA*EPA*
•• FDA*FDA*
•• USGS*USGS*
•• FWSFWS

CoCo--Chairs: Chairs: 
•• H. Zenick, EPA, H. Zenick, EPA, 
•• S. Fitzpatrick, FDA, S. Fitzpatrick, FDA, 
•• H. Buxton, USGSH. Buxton, USGS

•• CDCCDC
•• NIEHSNIEHS
•• USDAUSDA
•• NOAANOAA
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Science to Guide Research Science to Guide Research 
and Inform Stewardshipand Inform Stewardship
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Thank you!Thank you!

http://http://toxics.usgs.govtoxics.usgs.gov
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