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Note to students:

This presentation received a 50/50 as graded by me and their fellow students. Keep
in mind, the grade also reflects things you didn’t see (delivery, presentation,
participation, etc.). The content was very good, the chemistry concepts were
explained very well, and the delivery was great. The students really rated this one
high and were impressed that this person chose to do it alone.

Greg
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PCBs General Structure Synthesis of PCBs

Biphenyl + Cl2 + FeCl3  (catalyst)    209 possible
PCB

congeners

Physiochemical Properties

 Individual PCBs are solids at room temp.
 Mixtures are liquids/low melting-point

solids
 High boiling point
 Low conductivity
 Flame retardant

Physiochemical properties (continued)

 Low vapor pressure
 Very low solubility in water
 Soluble in hydrophobic substances

 Lipids
 Oils
 Suspended particles in water

 Chemical stability
 Resistant to chemical & biological degradation
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Physiochemical properties (continued)

 Degree of chloride substitution determines:
Molar mass

 Boiling point
 Vapor pressure
 Fugacity

Molecule polarity
 Solubility in water
 Solubility in lipids

Toxicology

Sample Congener Properties

Persistence in aqueous
environments

 Low water solubility
 High lipid solubility (hydrophobic)
 Low vapor pressure
 High boiling point
 Low fugacity
 PCBs are persistent organic pollutants

(POPs)

Sources of PCBs

 Exclusively anthropogenic
 No natural sources

 Intentional Production
700,000 tons of PCBs produced

(1929-1977)
 Unintentional Production

Byproducts of chemical processes
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Past uses of PCBs

 Insulation of electrical equipment
 Synthetic resins
 Epoxy paints
 Inks and carbonless copy paper
 Hydraulic and heat transfer fluids
 Pesticides
 Other unknown/undisclosed uses

Current allowable uses

 Transformers

 Capacitors

Toxicology

Acute Toxicology

 Coplanar PCBs of greatest concern
 Most toxic PCB:

 3,3’,4,4’,5’-pentachlorobiphenyl
 Similar in size and shape as 2,3,7,8-TCDD
 ~ 1/10th as toxic as TCDD

 PCBs can oxidize to give the potentially more
toxic polychlorodibenzofurans (PCDFs)
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Polychlorodibenzofuran (PCDF)
formation Acute Toxicology (continued)

 Greatest exposure risk:
Electrical industry workers
Chemical processing plant personnel

Chronic Toxicology

 Nonplanar PCBs
Higher abundance relative to coplanar

PCBs
 Greatest human exposure source:

Fish and shellfish consumption
A consequence of bioaccumulation

   Bioaccumulation of PCBs
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Fish Toxicology

 4 ppm PCBs in trout and salmon:
Goiter
 Impaired metabolism
Reproduction problems
Tumors

Fish lip tumor

Laboratory animal tests

 PCB exposure can cause:
Cancers/tumors
Birth defects
Reproductive deficiencies
Liver and gastric tract disorders
Eye/vision degeneration

Human health effects

 PCBs stored in lipid tissues
 Minimal excretion or metabolism

 Effects on laboratory animals may
 correlate to humans.

 Primary concerns:
 Carcinogenic effects
 Reproductive effects
 Cognitive development in children
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Regulation

Regulation of PCBs
 Toxic Substances Control Act (TSCA)
 Clean Air Act

 PCBs are Hazardous Air Pollutants (HAPs)
 Clean Water Act
 Safe Drinking Water Act

 Maximum concentration of 0.5 ppb
 Department of Agriculture

 Protection of food products

Impact on the Great Lakes
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Loading of PCBs

 Loading = the modes by which a chemical
enters a system.

 Chemical of Interest = PCBs
 System of Interest = The Great Lakes

 All five lakes are connected
 Loading of PCBs is not isolated for any one lake

 Main loading mechanism:
atmospheric deposition (~50%)

Great Lakes box model



  

 9

PCBs trend in Lake Superior
PCBs trend in Lake Ontario gull eggs

Trends in Lake Michigan Lake Trout Priority observation sites
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Current Debates

Current Debates over PCBs

 Opinion 1:
 The dangers of PCBs are wildly overstated
 No human deaths directly linked to PCBs
 Regulation and monitoring is expensive

  Opinion 2:
 Biomagnification is a problem
 High relative toxicity per molecule
 Ubiquitous distribution impacts nearly all

environments
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