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Chemicals of Emerging Environmental Chemicals of Emerging Environmental 
Concern: EConcern: Emerging Contaminantsmerging Contaminants

Not Just Pharmaceuticals!Not Just Pharmaceuticals!

Chemicals that:             Chemicals that:             

•• coco--occur  occur  in the environment, & in the environment, & 

•• interactinteract in their effect on organisms.in their effect on organisms.
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Emerging ContaminantsEmerging Contaminants

•• DetergentsDetergents
•• AntioxidantsAntioxidants
•• Fire retardantsFire retardants
•• DisinfectantsDisinfectants
•• FumigantsFumigants
•• FragrancesFragrances
•• Pesticides/          Pesticides/          

RepellantsRepellants

•• Industrial Industrial ChemChem’’ss, , HPVsHPVs
•• Some Metals Some Metals 
•• Biogenic HormonesBiogenic Hormones
•• PhytoestrogensPhytoestrogens
•• Natural antimicrobialsNatural antimicrobials
•• Natural pesticidesNatural pesticides
•• Degradates/       Degradates/       

MetabolitesMetabolites

•• Human & Veterinary PharmaceuticalsHuman & Veterinary Pharmaceuticals
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High densityHigh density of population of population 
and animal production.and animal production.

Present in water at         Present in water at         
subsub--ppb concentrationsppb concentrations

Present in complex  Present in complex  
mixturesmixtures..

Greater levels in streams Greater levels in streams 
than wellsthan wells

National Surveys of National Surveys of 
““SusceptibleSusceptible”” WatersWaters

KolpinKolpin, et al., 2002; Barnes et al., 2008, et al., 2002; Barnes et al., 2008
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DonDon’’t just look in stream waters!t just look in stream waters!

Furlong, et al., 2003Furlong, et al., 2003



Pharmaceuticals and Other Emerging 
Environmental Contaminants

APHA Nov. 10, 2009

Herb Buxton 4

7

Measurement CapabilitiesMeasurement Capabilities
•• Clofibric Acid (Clofibric Acid (BuserBuser 1998)1998)
•• 32 drugs in German WWTPs 32 drugs in German WWTPs ((TernesTernes 1998)1998)
•• 45 drugs in US Rivers (45 drugs in US Rivers (KolpinKolpin et al. 2002)et al. 2002)

•• amphetamines amphetamines 
•• antibioticsantibiotics
•• antidepressants (antidepressants (SSRIsSSRIs))
•• antiphlogistics antiphlogistics 
•• antivirals antivirals 
•• barbituratesbarbiturates
•• betabeta--blockers blockers 

•• Ca channel blockerCa channel blocker
•• contraceptives contraceptives 
•• cytostaticscytostatics
•• fibrates fibrates 
•• glucocorticoids glucocorticoids 
•• muscle relaxantsmuscle relaxants
•• opioidsopioids

8

•• WW Treatment PlantsWW Treatment Plants
•• Domestic Septic Systems Domestic Septic Systems 
•• Land ApplicationLand Application
•• Industrial/Commercial  DischargesIndustrial/Commercial  Discharges
•• LandfillsLandfills
•• Water ReuseWater Reuse

Human Source PathwaysHuman Source Pathways
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•• GrazingGrazing
•• AFOs/AFOs/CAFOsCAFOs
•• Waste lagoons Waste lagoons 
•• Land application Land application 
•• ProcessingProcessing
•• AquacultureAquaculture
•• PetsPets

Animal Source PathwaysAnimal Source Pathways
Manure (kg/day)

Human         1.5
Cow  30
Hog 4
Sheep          1.5
Chicken       0.14
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Hydrologic EventsHydrologic Events

Cedar Rapids, IA

Spring FlushSpring Flush

36 antibiotics36 antibiotics, 21 herbicides,   , 21 herbicides,   
27 degradates, 27 degradates, 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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EC Uptake in OrganismsEC Uptake in Organisms

Plant TissuePlant Tissue
•• OxytetracyclineOxytetracycline in in alfalfaalfalfa

(Kong et al., 2007).(Kong et al., 2007).

•• Oxytetracycline, flumequine Oxytetracycline, flumequine 
& & oxolinicoxolinic acidacid in in bryophytesbryophytes
((DelepeeDelepee et al., 2004).et al., 2004).

•• Trimethoprim inTrimethoprim in carrots & carrots & 
lettucelettuce ((BoxallBoxall et al., 2006).et al., 2006).

•• SulfamethazineSulfamethazine in in corn, corn, 
lettuce, potatoeslettuce, potatoes ((DolliverDolliver, et , et 
al., 2007).al., 2007).

Animal TissueAnimal Tissue
•• FluoxetineFluoxetine in in bluegill, catfish, bluegill, catfish, 

carp, crappiecarp, crappie (Brooks et al., (Brooks et al., 
2005).2005).

•• GemfibrozilGemfibrozil in in goldfishgoldfish ((MimeaultMimeault
et al, 2005).et al, 2005).

•• Triclosan & MethylTriclosan & Methyl--triclosantriclosan in in 
carpcarp ((LeikerLeiker et al., 2008).et al., 2008).

•• Trimethoprim & TriclosanTrimethoprim & Triclosan in in 
earthwormsearthworms (Kinney et al., 2008(Kinney et al., 2008).).
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•• AntibioticsAntibiotics: Reduced soil microbial activity at : Reduced soil microbial activity at envenv. concentrations (. concentrations (CostanzoCostanzo et et 
al., 2005; Thieleal., 2005; Thiele--Bruhn and Beck, 2005).Bruhn and Beck, 2005).

•• Diclofenac (NSAID):Diclofenac (NSAID): Consumption of diclofenacConsumption of diclofenac--treated meat caused renal treated meat caused renal 
failure in failure in vulturesvultures (Oaks et al., 2004).(Oaks et al., 2004).

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

•• Drug Mixtures 13Drug Mixtures 13: Inhibited growth of human embryonic cells at environmental : Inhibited growth of human embryonic cells at environmental 
levels (levels (PomatiPomati et al., 2006, 2008). et al., 2006, 2008). 

•• FluoxetineFluoxetine: Affected reproduction in freshwater : Affected reproduction in freshwater molluscsmolluscs ---- waterwater--sediment sediment 
exchange (Sanchezexchange (Sanchez--ArguelloArguello et al., 2009).et al., 2009).

•• AntidepressantsAntidepressants: (: (environmental levels)environmental levels) Affected predator avoidance behavior Affected predator avoidance behavior 
of larval fathead minnow (of larval fathead minnow (McGee et al. 2009).McGee et al. 2009).

•• 44--nonylphenolnonylphenol: (: (environmental exposuresenvironmental exposures) Impaired reproductive potential of ) Impaired reproductive potential of 
male fathead minnows. (male fathead minnows. (SchoenfussSchoenfuss et al., 2008).et al., 2008).

•• AlkylphenolethoxylatesAlkylphenolethoxylates: (: (environmental mixtures)environmental mixtures) Reduced reproductive Reduced reproductive 
competence in male fathead minnows (competence in male fathead minnows (BistodeauBistodeau et al., 2006).et al., 2006).

•• Sewage SludgeSewage Sludge: Affected bone homeostasis in sheep (Lind et al., 2009).: Affected bone homeostasis in sheep (Lind et al., 2009).

Ecological EffectsEcological Effects
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Modes of Action with Modes of Action with 
Chemical InteractionsChemical Interactions

•• Endocrine Disruption (biogenic Endocrine Disruption (biogenic 
hormones, synthetic hormones, hormones, synthetic hormones, 
hormone mimics & blockers)hormone mimics & blockers)

•• Antimicrobial Resistance (synthetic Antimicrobial Resistance (synthetic 
antimicrobials, natural antimicrobials, antimicrobials, natural antimicrobials, 
metals, pesticides?)metals, pesticides?)
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Boulder Creek, COBoulder Creek, CO

Endocrine Disruption: A Case StudyEndocrine Disruption: A Case Study

VajdaVajda et al., 2008et al., 2008

<0.8

2.1
1.4

2.9

1.2

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

Boulder 
WWTP

Low-head Dam
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EstrogenicityEstrogenicity of Boulder Effluent & of Boulder Effluent & 
Boulder CreekBoulder Creek

VajdaVajda et al., 2008et al., 2008
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Endocrine Effects in Endocrine Effects in 
Boulder Ck (Boulder Ck (White SuckerWhite Sucker))

VajdaVajda et al., 2008et al., 2008
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Natural Dilution and DegradationNatural Dilution and Degradation
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National Source Water SurveyNational Source Water Survey

Focazio et al., 2008Focazio et al., 2008
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BenottiBenotti et al., 2008et al., 2008

ECs in Finished Drinking Water ECs in Finished Drinking Water 

Conducted by Conducted by 
Southern Nevada Southern Nevada 
Water AuthorityWater Authority

Supported by AWWA Supported by AWWA 
Research Research FndFnd. & . & 
WateReuseWateReuse FndFnd. . 
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Removal in Treatment, NJ FacilityRemoval in Treatment, NJ Facility

StackelbergStackelberg et al., 2004 & 2007et al., 2004 & 2007
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Phillips et al., 2008Phillips et al., 2008

WWTPs Ability To WWTPs Ability To 
Reduce ECsReduce ECs

A    B    C    D
Plant

activated sludge

trickling 
filter
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Human Health Risk?Human Health Risk?

•• Chronic lowChronic low--level exposure.level exposure.

•• Chemical mixtures.Chemical mixtures.

•• NonNon--target Organisms target Organisms 

•• Sensitive subpopulations.Sensitive subpopulations.

•• Can we prioritize chemicals Can we prioritize chemicals 
systematically for effects studies?systematically for effects studies?
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Thank you!Thank you!

And thanks to the many And thanks to the many 
researchers who provided the researchers who provided the 
information presented.information presented.

For more info on USGS EC research:For more info on USGS EC research:
http://http://toxics.usgs.govtoxics.usgs.gov


