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Polyhalogenated Organics

Past and future of a problematic group of chemicals

endangering people, birds and microorganisms alike.

© 2007 Johns Hopkins University



1962: Voicing Doubts Based on  Little Data
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1962: A Book Changes the

Political and Environmental

Landscape
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DDT: Poster Child for
Adverse Behaviors of
Polyhalogenated
Organics



Global Transport of Pollutants
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Today’s Chemosphere

• Actual number of chemicals is unknown (=> ∞)

• 26 million organic and inorganic compounds have been documented

• 9 million were commercially available in 2005

• 240,000 are inventoried or regulated by governments worldwide

• >4,800 are produced at quantities of >1 million lbs per year

• 2,800 earmarked for toxicity testing

• Are pesticides still important pollutants?



Extracting Knowledge from the Safe Drinking
Water Act (SDWA): What’s Regulated?



Primary Chemical Contaminants in SDWA

• Chemicals (~80 total)
– Inorganic compounds (16)

• Radionuclides (4 types/groups)
• Elements (14)

– Organic compounds (~53)
• Non-halogenated compounds (12)
• Halogenated compounds (~41)
• Chlorinated compounds (40)
• Pesticides (~24)

⇒ 75% of regulated organic DW contaminants are
chlorinated organics

⇒ 45% are pesticides



Examining Our Relationship With Nature...
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...By Entering the Antiseptic World of...

Triclocarban (TCC)
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For each molecule in water, there are ~105 in octanol (fat) 
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1500 New Antimicrobial Products Since the Year 2000

– Production is increasing

– No benefits from use for

the average consumer

(FDA panel, 2005)

– New risks are emerging

© 2007 Johns Hopkins University Image: Beyond Pesticides



1996: Another Book Appears,

Emphasizing the Risks of

Endocrine Disruption



Antimicrobials: Endocrine Disruption in Frogs

Cell assay: concentrations of as low as 30 ng/L
alter thyroid hormone receptor mRNA expression



http://www.vettorpisani.net/

Antimicrobials: Endocrine Disruption in Mussels



http://www.ealing.gov.uk/

Antimicrobials: Endocrine Disruption in Rats



What’s Next? Do Persistent Antimicrobials Cause
Endocrine Disruption in Humans?



Biocides Are Persistent Environmental Pollutants

Estimated using quantitative structure activity relationship (QSAR) analysis
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Triclocarban Contamination Has Been Detected In All
Baltimore Streams (But Not In All Locations)

Halden & Paull, ES&T
38(18):4849-4855 (2004)© 2007 Johns Hopkins University



Co-Occurrence of TCC and TCS in MD Streams
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Predictions for 85 Streams Across the U.S.

Halden and Paull, 2005, Environ. Sci. Technol., 39(6):1420-1426
© 2007 Johns Hopkins University



Preliminary Results

Model Experimental
      Upstream     Downstream

Number of samples    85 18 18

Detection Frequency    60% 56% 100%

Mean [ng/L]  213          12 ± 15          84 ± 109

Predicted Nationwide Contamination Was
Confirmed Experimentally in 2007

             Sapkota et al. (2007),
Environmental Research
103(1):21-29.
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• Activated sludge WWTP

• 600 ML/D (180 MGD)

• Population served: 1.3 M

Antimicrobials Defy Wastewater Treatment

© 2007 Johns Hopkins University



Process Diagram of Activated Sludge Wastewater
Treatment Plant
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Triclocarban Is Removed From Wastewater...
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...Only to Accumulate in Sludge
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Mass Balance Calculation

M = Mass loading (kg/d)
Q = Flow rate (L/d)
C = Concentration (g/L)
TS = Total solids (%)

WWTP

! 

Mtrans = Q
inf
"C

inf( )# Qeff "Ceff( )# TSdig "Qdig "Cdig( )#Mvol
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Mvol = negligible

ES&T 40(11) 3634-39, (2006)© 2007 Johns Hopkins University



TCC Mass Balance for a Mid-Atlantic Plant

Mass in effluent
Mass in sludge
Mass transformed/lost

21 ± 30%
795 g/d

3 ± 1%
127 g/d

76 ± 30%
2815 g/d

ES&T 40(11) 3634-39, (2006)© 2007 Johns Hopkins University



Triclosan Mass Balance for a Mid-Atlantic
Plant

Heidler & Halden, Chemosphere (2007)
66(2):362-369

2 ± 1%
55 g/d

48 ± 19%
1540 g/d

50 ± 19%
1640 g/d
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Fate of Sludge Produced at the WWT Plant

Beneficial Reuse
95%

Incineration
1%

To Landfill
4%

Heidler et al. (2006) Environ. Sci.
Technol. 40(11) 3634-3639.
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Estimated Mass & Use of Biosolids in U.S.

Land Application
63%Landfills

17%

Other
1%

Incineration
19%

Biosolids Applied to Land, National Research Council of the National Academies, 2002

12.5 Billion dry lb/yr  (125,000 railroad cars) of sludge

© 2007 Johns Hopkins University



Biocide Inputs to Agricultural Soils

~74% to Ag

Triclocarban

Triclosan

~ 105

Kg/year
 to
Ag

Soap

ES&T 40(11) 3634-39, (2006)

Soap

Heidler & Halden, Chemosphere 2007



Antimicrobials in Chesapeake Sediments

© 2007 Johns Hopkins University Miller et al. (unpublished data)



A Look into the Future: More of the Same?

Triclosan & Triclocarban: continuing down the path of polyhalogenated organic mistakes:

• no proven benefit (for most current uses)

• detectable in most U.S. surface waters

• > 1M lbs/year;  production up; >1,500 different products

• toxic to aquatic biota at ng/L level

• accumulate in algae

• endocrine disruptors

• promote cross-resistance to clinically important antibiotics

• contain dioxin & carcinogenic impurities

• degrade to form additional carcinogens

• environmentally persistent

• potentially interfere with the microbial loop (i.e., the environmental cycling of elements by
microorganisms)

• accumulate in sludge and sediment to high ppm levels

• detectable in fish, food, house dust, fetal blood and in

• 97% of U.S. breast milk samples



Lessons (To Be) Learned

• Polyhalogenated organics are incompatible with nature’s principle of cycling of elements

– should be avoided wherever possible

•  A need for beginning to see “waste” as a resource

– e.g., “wastewater” really is raw drinking water; it should be protected from unnecessary
chemical contamination (polyhalogenated organics, metals, etc.)

• Control chemical inputs into the environment more tightly

– evidence of failure to learn from past mistakes

• Pollution prevention is the fastest, most economical and most effective way of improving
environmental and human health

– applies to pesticides, organohalides, pharmaceuticals, personal care products, etc.

• Adopting these lessons will support the microbial loop, assist in wildlife conservation
& protect human health
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