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Presentation OutlinePresentation OutlinePresentation OutlinePresentation Outline

Issues in assessment of human exposureIssues in assessment of human exposureIssues in assessment of human exposure Issues in assessment of human exposure 
Triclosan/triclocarbanTriclosan/triclocarban

•• Background/usageBackground/usageg gg g
•• Environmental occurrenceEnvironmental occurrence
•• Exposure and epidemiologic dataExposure and epidemiologic data
•• ToxicologyToxicology•• ToxicologyToxicology

Ongoing SUNY Exposure StudyOngoing SUNY Exposure Study
PBDEsPBDEsPBDEs PBDEs 
What do these compounds have in common? What do these compounds have in common? 



Exposure Assessment is Multi-Dimensional
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Triclosan (TCS) and Triclocarban (TCC)Triclosan (TCS) and Triclocarban (TCC)Triclosan (TCS)  and  Triclocarban (TCC)Triclosan (TCS)  and  Triclocarban (TCC)

TCS is a chlorinated TCS is a chlorinated 
ti d ithti d ith

TCC is a similarly used TCC is a similarly used 
ti i bi l ddititi i bi l dditiaromatic compound with aromatic compound with 

functional groups functional groups 
representative of both representative of both 
phenols and ethersphenols and ethers

antimicrobial additive, antimicrobial additive, 
less is known about this less is known about this 
compoundcompound
TCCTCC ith TCSith TCSphenols and ethersphenols and ethers

TCS is a biocideTCS is a biocide--has has 
multiple “nonmultiple “non--specific” specific” 
mechanisms of actionmechanisms of action

TCC coTCC co--occurs with TCS: occurs with TCS: 
similar properties,  similar properties,  
method of disposalmethod of disposal

mechanisms of action mechanisms of action 
and numerous cellular and numerous cellular 
targetstargets
It is an antibacterial usedIt is an antibacterial used

O
ClOH

It is an antibacterial used It is an antibacterial used 
to prevent transmission of to prevent transmission of 
disease causing microdisease causing micro--
organismsorganisms

ClCl
Triclosan (TCS)
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Environmental and Human Health Concerns

Persistent
Environmental

Degradates
(including chloroform)

O ClCl

Cross-resistance
to Antibiotics

Contaminant
O

O

ClCl

TriclosanImpurities
O ClCl

BioaccumulationO ClCl

Endocrine Disruption
Acts as Carcinogen,

Mutagen or
Teratogeng

Courtesy of Dr. Rolf Halden, The Biodesign Institute at Arizona State University



Environmental and Human Health ConcernsEnvironmental and Human Health Concerns

Persistent
Environmental

Degradates
Cl

Cross-resistance
to Antibiotics

?

Contaminant
NH2Cl

H2N Cl

TriclocarbanImpurities
H2N Cl

Bioaccumulation
? ? 

H2N Cl

Endocrine Disruption
Acts as Carcinogen,

Mutagen or
Teratogeng

(Indirectly through metabolites) ?

Courtesy of Dr. Rolf Halden, The Biodesign Institute at Arizona State University



Wastewater Treatment Plants are Principal Wastewater Treatment Plants are Principal 
Sources of Antimicrobials in the U SSources of Antimicrobials in the U SSources of Antimicrobials in the U.S. Sources of Antimicrobials in the U.S. 

EnvironmentEnvironment

Activated sludge WWTPActivated sludge WWTP

600 ML/D (180 MGD)600 ML/D (180 MGD)

Population served: 1.3 M Population served: 1.3 M 
Heidler et al. ES&T 40:3634-9 (2006)



Miller et al. ES&T 2008, 42:4570-76
Environmental Persistence: Empirical Evidence



Miller et al. ES&T 2008, 42:4570-76



Fate of Triclosan in Activated 
Sludge WWTP

2 ±1%
55 g/d

48 ±19%
1540 g/d

50 ±19%
1640 g/dg g

Mass in effluent
Mass in sludge

O
ClOH

g
Mass transformed/lostClCl

Triclosan (TCS)

Heidler & Halden Chemosphere 66(2):362-9 (2007)



Fate of Triclocarban During Activated g
Sludge Treatment

21 ±30%
795 g/d

3 ±1%
127 g/d

76 ±30%
2815 g/d

Mass in effluent
Mass in sludge

H
N

H
N Cl

Mass in sludge
Mass transformed/lost

O
Cl Cl

Triclocarban (TCC)

Heidler et al. ES&T 40:3634-9 (2006)



Occurrence of Antimicrobials
in Estuarine Sediments

Early decreases 
attributable to 
improvements  
in treatment 
technology as a 
result of theresult of the 
Clean Water Act 

Miller et al. ES&T 2008, 42:4570-76. Courtesy of Dr. Rolf Halden, ASU



Environmental Occurrence and  Environmental Occurrence and  
H E D tH E D t

Occurrence:

Human Exposure DataHuman Exposure Data

- Environmental occurrence widespread in both aquatic and 
terrestrial environments (review in Chalew & Halden, 2009)

Human exposure studies:
-Women reporting greater                                                             
personal care product use                                                                
h hi h l l f TCSshow higher levels of TCS                                                               

and/or metabolites in plasma                                                              
and milk (Allmyr et al. 2006)

- National Health and Nutrition Examination Survey (NHANES) 
detected TCS levels in ¾ of samples, levels increased with age 
and higher socioeconomic status (Calafat et al 2008)and higher socioeconomic status (Calafat et al. 2008)



Recent Toxicity DataRecent Toxicity DataRecent Toxicity DataRecent Toxicity Data

In vitro studiesIn vitro studiesIn vitro studies In vitro studies 
Ahn et al. (2008): TCC/TCS enhanced the Ahn et al. (2008): TCC/TCS enhanced the 
ability of steroid hormones E2 andability of steroid hormones E2 andability of steroid hormones E2 and ability of steroid hormones E2 and 
testosterone to induce ER*testosterone to induce ER*-- and AR*and AR*--
dependent reporter gene expression dependent reporter gene expression gg
Chen et al. (2008): bioactivity of testosterone Chen et al. (2008): bioactivity of testosterone 
amplified in presence of TCC, duplicated amplified in presence of TCC, duplicated in in 
vivovivo in male rats in male rats 

*ER estrogen receptor, AR androgen receptor



SUNY Study ObjectivesSUNY Study ObjectivesSUNY Study ObjectivesSUNY Study Objectives

1) To measure the body burden of persistent1)  To measure the body burden of persistent 
biocides in pregnant women via 
analysis of urine, and y ,

2)  To characterize fetal in utero exposure by 
examining cord blood levels in theirexamining cord blood levels in their 
newborns



Half SUNY Study Population Born Half SUNY Study Population Born 
Outside the U.S. Outside the U.S. 

Maternal Country of Birth (n=51)

St
Trinidad & 

Tobago

West Indies

Puerto Rico

St. Lucia
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SUNY Methods (1)SUNY Methods (1)

• Design:g
Hospital-based cross-sectional 

• Study population:
Women presenting at prenatal clinic 
and returning to SUNY for deliveryand returning to SUNY for delivery 
– Study period December 2007-present

I l i it i• Inclusion criteria:
All singleton births 



SUNY Methods (2)SUNY Methods (2)

Sample collection:

SUNY Methods (2)SUNY Methods (2)

p
Biological:  umbilical cord blood (serum and plasma), 
mother’s prenatal urine   

TCC TCS and metabolitesD H ld ASU – TCC, TCS and metabolites
– Metals (Hg, Pb, Cd)

• Questionnaire 

Dr. Halden, ASU

Dr. Parsons, 
Wadsworth Lab

– Maternal characteristics
– Product use in the home
– Occupational history– Occupational history 
– Fish consumption
– Folk medicine or cultural practices

Medical records:  
– Maternal and infant information (health and demographic)



Background: Organohalogens (PBDEs)Background: Organohalogens (PBDEs)Background: Organohalogens (PBDEs)Background: Organohalogens (PBDEs)
• Benzene rings with halogen 
t (Cl Fl B I) tt h datoms (Cl, Fl, Br, I) attached

• Lipophyllic

• Many toxicological endpoints

• Classified by the number of 
bromine atoms (4 min, 10 max)

• 209 possible congeners

• Toxicology depends on # 
and position of the bromine 
tatoms

Courtesy of Dr. Julie Herbstman, Columbia University



PBDE Temporal and Geographic TrendsPBDE Temporal and Geographic Trends

[Hites (2004).  Environ Sci Technol 38: 945-956.]



Toxicological Endpoints of PBDEsToxicological Endpoints of PBDEsToxicological Endpoints of PBDEsToxicological Endpoints of PBDEs

Growth Critical period for fetal brain      Growth
Development
C

development beginning 6 weeks

Hyperactivity, learning and memory processing

Cancer
Reproduction
Immunological function
Endocrine disruption (esp thyroid)Endocrine disruption (esp. thyroid)



Potential Thyroid Hormone ModulationPotential Thyroid Hormone Modulation

ClOH
O

ClCl
Triclosan (TCS)( )

•Thyroid hormones are critical for 
normal human brain development

• Prenatal exposure to compounds 
impact thyroid hormones may be 
particularly detrimental to growth 
and development



Exposure DataExposure DataExposure DataExposure Data

Lema et al. (2008) demonstrate alterations ofLema et al. (2008) demonstrate alterations of 
hypothalamic-pituitary-thyroid axis in presence 
of PBDEs

Sensitivity of TH-response to disruption by PBDEs
Turyk et al. (2008) examined serum of 405 adult 
male fisherman for PBDEs, PCBs and various 
hormones

PBDE iti l l t d t T4 d T3 d i lPBDEs positively related to T4 and rT3, and inversely 
related to total T3 and TSH

• (inconsistent with animal studies showing decreases of T4)( g )



Epidemiologic DataEpidemiologic DataEpidemiologic DataEpidemiologic Data

Mazdai et al. (2004) examined total PBDEs andMazdai et al. (2004) examined total PBDEs and 
TH in 12 maternal-fetal pairs

TT4 and FT4, an additive measure
Herbstman et al. (2008) examined PBDEs and 
TH in cord blood serum for 297 newborns in The 
Baltimore Three Study

BDE-100 associated with increased odds of low cord 
TT4TT4
BDE-153 associated with increased odds low cord 
TT4 and FT4 



Future directions in the study Future directions in the study 
f hf hof human exposureof human exposure

T i it fT i it fToxicity of coToxicity of co--exposuresexposures
Placental transferPlacental transfer
Markers of effect (thyroid hormones) Markers of effect (thyroid hormones) 
Epidemiologic dataEpidemiologic dataEpidemiologic dataEpidemiologic data

Occupational cohortsOccupational cohorts
Prospective cohortsProspective cohortsProspective cohortsProspective cohorts
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