
PCBs in Building Materials 

Presentation by Dr. Daniel Lefkowitz 



What are PCBs 

Polychlorinated biphenyls 

Domestically manufactured from 1929 - 1979 

Man-made organic chemicals 

Industrial and commercial applications 

Heat stable, fire resistant, good heat transfer 



PCBs are practically fire resistant because of their high flash points (338–716° F).  

 

They form vapors which are heavier than air, but are not explosive.  

 

They have low electrical conductivity, high thermal conductivity.  

 

High resistance to thermal degradation. 



Although no longer commercially produced in the United States, PCBs may be 

present in products and materials produced before the 1979 PCB ban. 



In 1976 (under 40 CFR 761), the Toxic Substances Control Act (TSCA) 

implemented restrictions & prohibitions regarding PCB manufacture, use & 

disposal. 

 

TSCA established ban on production of PCBs effective July 1979,  

with distribution in commerce banned after 1984. 

 

There is currently no requirement for a building owner or property manager to 

conduct air or bulk sampling to determine if PCBs are present or being 

released. 

Toxic Substances Control Act (TSCA) 



 

 

Transformers and capacitors 

Other electrical equipment including voltage regulators, switches, bushings and   

         electromagnets 

Oil used in motors and hydraulic systems 

Old electrical devices or appliances containing PCB capacitors 

Fluorescent light ballasts 

Cable insulation 

Thermal insulation material including fiberglass, felt, foam, and cork 

Adhesives and tapes 

Oil-based paint 

Caulking 

Plastics 

Carbonless copy paper 

Floor finish 

Products That May Contain PCBs  



              Completely Closed Systems 

  
 Electrical transformers  

 Electrical capacitors (including small fluorescent lighting ballasts)  

 Electrical switches, relays and other  

 Electrical cables  

 Electric motors and magnets (very small amounts)  

 

  







 

                          Nominally Closed Systems 
 
 
  

 Hydraulic systems  

 Heat transfer systems (heaters, heat exchangers)  

 

 



Open-Ended Systems  

 
 

 Plasticizers in sealants and caulking material  

 

 Ingredient in paint and other coatings  

 

 Ingredient in ink and carbonless copy paper  

 

 Ingredient in adhesives  

 

 Pesticide extender  

 

 Plasticizer in polyvinyl chloride, neoprene and other artificial rubbers  

 

 Fire retardant in fabrics, carpets, polyurethane foam etc.  

 

 Lubricants (microscope oils, brake linings, cutting oils, other lubricants)  

 



From the 1950s and to Mid-1970s,  

PCBs were Extensively Used in Building Materials. 

 

Elastic (rubber) sealants and caulking material  

 

Sealing of dual glazing windows (“thermo windows”)  

 

Fire retarding paints for steel structures  

 

Weather resistant paint for outdoor surfaces  

 

Floor lacquers and fillers  

 

Floor leveling compounds  

 

Plasticizer in cables  
 



Approximate Usage of PCBs in the US  
(EIP Associates, 1997)  

 
 
Closed system and heat transfer fluids (transformers, capacitors, fluorescent light 

ballasts, etc.): 60%  

 

Plasticizers: 25%  

 

Hydraulic fluids and lubricants: 10%  

 

Miscellaneous uses: 5%  



The PCBs used in these products were chemical mixtures made up of a variety of 

individual chlorinated biphenyl components, known as congeners. 

Congeners 



A PCB congener is any single, unique well-defined chemical compound in the PCB 

category.  

 

The name of a congener specifies the total number of chlorine substituents and 

the position of each chlorine. 



In 1980, a numbering system was developed which assigned a sequential number to 

each of the 209 PCB congeners. 

 

The number and placement of the chlorine atoms on the biphenyl molecule 

determines how the congener is named and dictates its environmental fate and 

toxicity.  

 

 

 
 



Aroclor 

PCBs generally occur as mixtures of congeners; the most common commercial 

mixtures are called Aroclors.  

 

Aroclor names reflect the percent chlorine (by weight) of the mixture. 

 

Aroclor 1242 is 42% (chlorine by weight), with the more chlorinated mixtures 

generally being the most persistent and toxic.  

 

Aroclor 1221 

            1232 

            1242 

            1016 

            1248 

            1254 

            1260 

            1262 

            1268 





PCB CAS Number 

Chemical Abstracts Service #1336-36-3 

Red Box: Flammability Value 1: Must be preheated before ignition can occur 

Blue Box: Health Value 2: Can cause temporary incapacitation or residual injury 

Yellow Box:  Instability Value 0:  Normally stable, even under fire conditions 



 

 

 

 

 

 

 

 

All congeners of PCBs are lipophilic and their lipophilicity increases with 

increasing degree of chlorination.  

 

 

 

 

 

 

 



Congeners with a lower degree of chlorination are more volatile than those 

with a higher degree. 

 

 

 

 

 

 

 

 

 

 

 
They have very low water solubility.  

 

Vary in consistency from thin, light-colored liquids to yellow or black waxy solids. 

 

They do not crystallize, even at low temperatures. 



Trade Name  Trade Name Owner 

Aroclor  

Chlorextol  

Clophen                       

Dykanol 

Fenclor  

Inerteen                      

Kanechlor                  

Noflamol  

Phenoclor                  

Pyralene                   

Pyranol  

Santotherm 

 

 

 

 Monsanto Company (St. Louis, MO) 

 Allis-Chalmers (Milwaukee, WI) 

 Farbenfabricken Bayer GmbH (Germany) 

 Federal Pacific Electric Co.(Newark, NJ) 

 Caffaro S.P.A. (Italy) 

 Westinghouse Electric Corp. (Pittsburgh, PA) 

 Kanegafuchi Chemical Industry Co.(Japan) 

 Wagner Electric Corporation (Newark, NJ) 

 Prodelec (France) 

 Prodelec (France) 

 General Electric Co. (Schenectady, NY) 

 Mitsubishi-Monsanto (Japan) 
 

 

 

 

 

 

 

 



PCBs were first synthesized in 1881. 

 

 

 

 

 

 

They were subsequently first commercially manufactured in 1927 by the 

Anniston Ordinance Company in Anniston, Alabama. This company changed 

its name to Swann Chemical in 1930. 

 

 

From the earliest days, this company foresaw and marketed PCBs for a wide 

variety of applications. 
 

 

 

 

 

 

 

 



In 1935, Monsanto Industrial Chemical Company of St. Louis, Missouri, 

purchased Swann Chemical. Monsanto continued to manufacture PCBs in Anniston 

and in Sauget, Illinois, through the 1970s. 
 

 

 

 

 

 

 

Great quantities of PCBs were produced in the United States from1929–1979, 

after which time U.S. production was banned due to long-documented and 

numerous toxicological effects from contact with PCBs. 

 

Monsanto produced about 640,000 tons of PCBs (1.2 billion pounds) between 

1935 and1970, about one-half of the total worldwide production. 
 



The Asian PCB-production ended during the 1970s. 

 

The European companies stopped their PCB-production in 1983-84  

(West Germany, Spain, Italy, Czechoslovakia). 

 

The Soviet Union/Russia continued its production until 1990-93.  



US Domestic Plasticizer Sales 
(NIOSH 1975) 
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Health Effects 

PCBs have been demonstrated to cause cancer, as well as a variety of other 

adverse health effects on the immune system, reproductive system, nervous 

system, and endocrine system. 



 

 

 

 

 

 

 

 

 

 

 

 

 

EPA's peer reviewed cancer reassessment concluded that PCBs are probable 

human carcinogens. 

 

EPA is not alone in its conclusions regarding PCBs. 

 

The National Toxicology Program has stated that it is reasonable to conclude that 

PCBs are carcinogenic in humans.  

 

The National Institute for Occupational Safety and Health has determined that 

PCBs are a potential occupational carcinogen. 

 

The International Agency for Research on Cancer has declared PCBs to be 

carcinogenic to humans in 2013. 
 

 

Cancer 



Immune Effects 

 
Studies in animals and humans suggest that PCBs may have serious potential effects 

on the immune systems of exposed individual. 

 

In humans, a recent study found that individuals infected with Epstein-Barr virus had a 

greater association of increased exposures to PCBs with increasing risk of non-

Hodgkins lymphoma than those who had no Epstein-Barr infection.  

 

Since PCBs suppress the immune system and immune system suppression has 

been demonstrated as a risk factor for non-Hodgkin's lymphoma, suppression of the 

immune system is a possible mechanism for PCB-induced cancer. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reproductive Effects 

 
Children born to women who worked with PCBs in factories showed decreased 

birth weight and a significant decrease in gestational age with increasing 

exposures to PCBs.  

 

Studies in fishing populations believed to have high exposures to PCBs also 

suggest similar decreases.  

 

This same effect was seen in multiple species of animals exposed to PCBs, and 

suggests that reproductive effects may be important in humans following exposures 

to PCBs.  



Neurological Effects 

Suggested effects include deficits in neurological development, including visual 

recognition, short-term memory and learning deficits. 



Endocrine Effects 

PCBs have been demonstrated to exert effects on thyroid hormone levels in 

animals and humans.  

 

Thyroid hormone levels are critical for normal growth and development, and 

alterations in thyroid hormone levels may have significant implications.  



Non-Cancer Effects 

A variety of other non-cancer effects of PCBs have been reported in animals 

and humans, including dermal and ocular effects in monkeys and humans, and 

liver toxicity in rodents. 

 

 

Elevations in blood pressure, serum triglyceride, and serum cholesterol have 

also been reported with increasing serum levels of PCBs in humans.  



Diabetes and Obesity 



Occupational Exposure 
 

PCB exposures associated with occupational settings have greatly diminished since 

the 1970’s, due to the ban on new uses for PCBs. Since the production of PCBs ended 

worldwide in 1993, new occupational exposure has been confined to four groups of 

workers: 

 

Personnel replacing or repairing transformers and capacitors still containing PCB 

dielectric fluid.  

 

First responders to incidents where a transformer has exploded. 

 

Workers at hazardous waste disposal sites. 

 

The serum levels of workers engaged in sealant removal were 2-10 times higher at the 

end of these activities than they had been one year before. 

 

Workers exposed occupationally while PCBs were still in general use have a body 

burden of PCBs from their former exposure. 

 

A large number of capacitors and transformers filled with PCBs is still in use so potential 

occupational exposure continues.  



Personnel replacing or repairing transformers and capacitors still containing  

PCB dielectric fluid. 

 

 



 

First Responders to Incidents Where a Transformer had Exploded. 

At SUNY New Paltz in 1991, a Westinghouse electrical transformer containing 100 

gallons of polychlorinated biphenyl (PCB) insulation fluid had malfunctioned 

after a car accident two miles from the campus damaged power lines. 



  

 Workers at Hazardous Waste Disposal Sites 



Workers removing old paint, plaster, caulk, or floor finishes  

containing PCBs 



Schools are of particular interest, as the period of extensive school construction 

(about 1950 to 1980) coincides with the time of greatest use of PCBs as plasticizers 

in building materials.  

PCBs in Schools 



PCBs in building materials such as caulks and sealants are a 

largely unrecognized source of contamination in the building 

environment.  



In the USA, it is estimated that the number of schools with PCB in building caulk ranges from 

12,960 to 25,920 based upon the number of schools built in the time of PCB use and the 

proportion of buildings found to contain PCB caulk and sealants. 
  

Review of PCBs in US schools: a brief history, an estimate of the number of impacted schools, and an approach for 

evaluating indoor air samples Robert F. Herrick1 & James H. Stewart1 & Joseph G. Allen1  

 

There has been no systematic survey done in the USA to gauge the number of schools that 

may contain PCB in caulking, sealants, and/or other building materials.  

An estimate can be developed, however, using the number of schools constructed during the 

period when PCB caulking and sealants were in use, and the prevalence of PCBs in building 

materials as estimated by studies in several countries.  

 

Number of PCB-Containing Schools In The USA  



An underestimate of the true number of PCB containing schools is possible because the 

estimate only included newly constructed schools during 1950–1984. 

 

If a school was constructed prior to 1950 but renovated or expanded between 1950 and 

1984, it is possible that PCB-containing materials were used during the renovation, yet this 

school would not be included in the estimate.  

 

Conversely, many of the schools built between 1950 and 1984 that had PCB-containing 

materials may have been renovated after 1984, with some or all of the PCB materials 

removed.  



The 1950 – 1980 time period includes the years of most extensive use of PCB as a 
plasticizer.  
 

The major domestic US PCB producer, Monsanto Company, manufactured 40 
million pounds of PCBs in the USA during 1974.  

 

 

 

 

This was down from the peak production of 85 million pounds in 1970.  

 

 

  



Boston                  24 buildings (24 samples)                     0.56–32,600 ppm               54% positive for PCBs 

Switzerland          1348 samples                                        20–550,000 ppm                 48% positive for PCBs 

Toronto,                95 buildings   (95 samples)                  570–82,090 ppm                 14% positive for PCBs                          

San Francisco       10 buildings (29 samples)                     1–220,000  ppm                 88%  positive for PCBs        

Denmark               27 schools                                             0.1 to >5000 ppm               78% >0.1 ppm 

(Average 8–10 samples per building                                                                              30% >50 ppm 

including sealant, adhesive, paint)       

 

 

 

 

 

 

Surveys of PCBs in Building Caulking and Sealants  



Number of Connecticut Schools Built by Year 



Another 29 schools were renovated between 1950 and 1979, according to 

records from Connecticut’s Department of Administrative Services. 

There are 1,292 schools overseen by the Connecticut State Department of 

Education. 

 

Of those, roughly 49 percent, or 636 schools, were built between 1950 and 

1979, according to correspondence with school officials and building permit 

records. 



PCB-laden Caulk on Exterior Wall  
Putnam Valley Middle School in Putnam, N.Y. 

 
Caulk contained 10,000 ppm 

  



Benjamin Franklin Elementary School  

Westchester N.Y. 

Built in late 1960's 

 

Caulk contains 19,500 ppm of Aroclor 1254.  



PCB Caulk on Ground 



PCB Caulk Along Door Frame  

Pablo Casals Elementary School (PS 181) 

 Co-Op City, Bronx N.Y.  

(Year 2007) 

 

Caulk contained 6,180 ppm of Arolcor 1254 

  



NY Daily News 



Gordon Hall in Boston 

 Massachusetts  

(Year 2006) 

 

Masonry caulk had 337,256 ppm of Aroclor 1254  





















Are there PCBs and Asbestos in Caulk? 



Masonry Contamination 











PCBs in Paint and Coating 
 

 

 
Used on furnaces, industrial machinery, masonry work. 

 

Specialty paints or coatings could have been used in some schools and other buildings  

built or renovated between about 1950and 1979. 

 

PCBs intentionally added to specialty paints and coatings may occur in high 

concentrations. 

 

Although specialty paints or coatings were not typically used for interior or 

exterior decorative architectural uses, PCBs have been found in paint on walls in some 

schools and other buildings, so all interior and exterior decorative uses of PCB-

containing paint cannot always be ruled out. 





PCBs in Paint and Coating 

By the 1950s, PCBs had become an established part of many exterior and interior 

paints and other coating formulations. 

 

Chlorinated rubber paint was the most common paint to contain PCBs.  

 

Chlorinated rubber gives paint excellent water and chemical resistance, 

elasticity and durability.  

 

Since chlorinated rubber alone made paint too brittle for long-term performance, a 

plasticizer was added.  

 

Until the ban on the manufacture of PCBs, Monsanto's PCB product, Aroclor 1254, 

was the plasticizer of choice when chemical resistance was desired.  

 

PCBs significantly enhance the chemical resistance of the chlorinated rubber.  





No such assessment of possible PCBs in paints and other building materials 

is routinely practiced nor required by law. 

 

For example, during the demolition process, heat is generated that volatilizes 

PCBs.  

 

Work such as torch cutting (or implosion that results in fire) can generate 

toxic PCB-combustion byproducts such as furans, a colorless liquid 

heterocyclic compound that EPA has placed on its Extremely Hazardous 

Substances list.  

PCBs in Paint and Coating 



PCB Light Ballasts 



Remove all PCB-containing fluorescent light ballasts (FLBs).  

 

EPA recommends that non-leaking PCB FLBs be removed and retrofitted as part of 

lighting upgrades or as a stand-alone project.  

 

Leaking PCB FLBs must be removed as required under 40 CFR part 761, subpart D.  

 

New ballasts will have the words “No PCBs” on the label. If it is an older ballast and it 

is not marked – it is probably simplest to dispose of it by assuming it is hazardous 

household waste and using the service your county is required to provide. 

 

The EPA recommends that an experienced contractor or properly trained facilities 

maintenance staff perform the removal, cleanup, and disposal of PCB-containing 

FLBs, light fixtures, and building surfaces.  

 

Consult with your EPA Regional PCB  



FLBs manufactured before July 1, 1979 may contain PCBs. 

 

FLBs manufactured between July 1, 1978 and July 1, 1998 that do not contain PCBs 

must be labeled "No PCBs". 

 

If a FLB is not labeled "No PCBs", it is best to assume it contains PCBs unless it is 

known to be manufactured after 1979. 

 

FLBs manufactured after 1998 are not required to be labeled. 



PCB Light Ballast Disposal 



Light Ballasts in NYC Schools 

 

Removal of PCB containing light ballasts in 800 New York City school buildings. 

 

Estimated cost of $1 billion dollars. 

 

Concern about asbestos in wiring when replacing light ballasts. 





Gym Floor 









PCB Contaminated Ceiling Tile 



PCBs in Air Vent 

Air vents may be contaminated from other sources of PCBs 

 

 



PCBs in Concrete 

Contaminated Concrete Slabs Due to PCB Caulking 

 



Removal of PCB Contaminated Cement 



PCB-containing Mastic 

used to seal the front and back shields of 

univentilator  



Secondary Sources of PCBs 

Secondary Sources of PCBs are created when PCBs in manufactured sources 

(FLB, caulk, paint, floor finish, window glazing, etc.) move into other materials. 

 

Secondary Sources:  Materials that have absorbed and emit PCBs.  

 

Dust 

Paint 

Masonry 

Furniture Foam 

Ceiling Tiles 

Floor Tiles 

Carpet 

Laminates 



PCB-Contaminated Soil 

Soil contaminated particularly from exterior caulks and sealants. 

 

In general, although not in all cases, higher concentrations of PCB-contaminated 

soils are found closest to building. 

Sampling results showed soil contaminated with PCBs. 

Sampling yielded 34 ppm of PCBs. 

19 ppm of Aroclor 1254 

15 ppm of Aroclor 1260 



Exposure Routes 

Dietary and inhalation are the greatest sources in the general public. 

 

Inhalation through off-gassing into the air from both manufactured sources and 

secondary sources. 

 

Ingestion of PCB-containing dust. 

 

Hand to mouth ingestion of residues on building surfaces.  



PCB Blood Levels 

People occupying these buildings, including students, teachers and staff of schools, 

residents, or workers in contaminated buildings have been shown to have elevated 

serum PCB levels.  

 

Lower weighted congeners elevated in occupants of PCB contaminated 

buildings. 

 

Blood Analysis:  PCB serum analysis 

 

 

 

 

 

AXYS Analytical 

 

2045 Mills Road West 

Sidney, British Columbia, 

Canada V8L 5X2 

(250) 655-5800 



      In buildings with PCB-containing building materials, room temperature, cleaning 

and ventilation influence PCB levels in the indoor air.  

 

      Low chlorinated and more volatile congeners will reach higher concentrations in the 

air than higher chlorinated and less volatile congeners.  

       

PCB molecules are adsorbed on surfaces and dust in the building and PCB 

molecules diffuses from the primary source to the adjacent building materials.  

 

Both inhalation and other routes of exposure from dust and surfaces are possible in 

the indoor environment 

PCBs in Air 



Air Samples Taken from Identical Locations 10 days Apart 









Most renovation and demolition projects typically have proceeded without 

consideration of the potential presence of PCB-containing building materials.  

 

The discovery of PCB-contaminated building materials after a renovation or 

demolition of a building has commenced, however, often results in extensive 

delays and millions of dollars of added costs. 

Renovation and Demolition Projects 



 

 

With the recent publicity regarding PCBs in schools and other sensitive 

settings, and with increased testing requirements being imposed by 

disposal facilities, the potential presence of PCBs in building materials and 

the risks and liabilities related to any contamination found needs to be 

considered by owners and contractors side-by-side with the issues of 

lead-based paint and asbestos before buildings are sold, renovated, or 

demolished. 

  

If PCB-containing building materials are suspected, early planning can 

significantly reduce compliance costs and delays. 

Risks and Liabilities 



Do I Test Building Materials for PCBs? 

There is no mandate to test materials or air. 
 
Do not ask?  Building owners might not want to test  
because of costs involved if PCBs above regulated  
levels are found.  
 
 
Construction costs are most impacted because  
renovation and demolition processes result in  
disturbing and disposal of PCB building materials. 
 
Materials above regulated levels involve TSCA regulations 
and requirements on:  
 
Proper Handling 
Removal 
Transport and Disposal 
 
These requirements significantly affect the cost and schedule of impacted 
construction projects, especially if not anticipated. 
 
 
 
 



Hartford Superintendent Calls for New Building to Replace  

Contaminated Clark School   

Year 2016 



The State Office Building at Binghamton 

In 1981, a transformer explosion in the basement of the building spewed toxic 

PCBs throughout the entire building. 

 

Cleanup efforts cost a $53 million. 



SUNY New Paltz PCB Contamination 

Over $36 Million Remediation Cost 



The issue of PCBs in buildings requires attention.  

 

There is unequivocal evidence showing that PCBs are common in building materials, and causing 

PCB contamination of the building environment.  

 

Airborne PCB levels in excess of health-based guidelines have been frequently measured in 

buildings.  

 

In addition to exposure by inhalation, children and workers are at particular risk of exposure by 

touching contaminated materials.  

 

People occupying these buildings, including students, teachers and staff of schools, residents, or 

workers in contaminated buildings have been shown to have elevated serum PCB levels.  

 

PCBs are a known hazard that are likely to still be impacting thousands of buildings. 

 

The potential presence of PCBs in building materials and the risks and liabilities related to any 

contamination found needs to be considered by owners and contractors side-by-side. 

Concluding Remarks 



That’s all Folks! 



Dr. Daniel Lefkowitz 

914-245-8671 

dlefko7107@optonline.net 

www.pcbinschools.org 

Contact Information 

http://www.pcbinschools.org
http://www.pcbinschools.org

