
Understanding the Health 
Effects of Environmental PCB 

Contamination 

Alicia Cunningham, MD MPH 
 

Physician Consultant in Environmental Medicine 
Center for Environmental Health 

Massachusetts Department of Public Health 



What are PCBs? 
 Family of chemicals formed 

by attaching one or more 
chlorine atoms to a pair of 
connected benzene rings 

 Depending on the number 
and position of chlorine 
atoms attached, 209 different 
PCB congeners can be 
formed with varying 
toxicologic and chemical 
properties 

 Used in industry for 
insulating and nonflamable 
properties 
 
 



Exposure Pathways 
 
 PCBs are lipophilic and persist in the 

environment, concentrating upward in the 
food chain 

 The primary non-occupational source of PCB 
exposure is fish from contaminated waters 

 Previous occupational exposures at industrial 
plants utilizing PCBs 

 Ongoing occupational exposure through 
maintenance or repair work 
 



Who's at Risk 
 
 Recreational and subsistence fishers who eat 

large amounts of locally caught fish 
 Other populations are also at risk for 

increased PCB exposure 
 The offspring of low income subsistence fishers whose 

mothers ate large amounts of contaminated fish or game 
 Farmers and their families who consume PCB-contaminated 

food via farm-raised beef and dairy cattle  
 People living near incinerators, other PCB-disposal facilities, 

or PCB hazardous waste sites 
  People with compromised hepatic function 

 
 

 



Biologic Fate  
 
 PCBs are stored in adipose tissues 
 The liver is the primary site of PCB 

metabolism 
 The slow metabolism of PCBs leads to 

bioaccumulation 
 
 
 



Physiologic Effects  
 
 Adverse dermatologic, reproductive and 

developmental, endocrine, hepatic, and 
immunologic effects have been 
associated with exposure to PCBs 

 



Dermatologic Effects 
 Chloracne:  acneform 

lesions arising as 
inflammatory response to 
sebaceous gland irritants 

 Can result from dermal 
contact or ingestion 

 Generally indicates 
systemic toxicity 

 Weeks to months after 
exposure 

 No reliable dose-
response model 



Developmental Effects 

 PCBs cross the placenta and enter breast 
milk. 

 Neurobehavioral and developmental deficits 
in newborns exposed to PCBs in utero; 
deficits continue in school-aged children. 

 Deficits occur at PCB levels similar to those 
seen in New Bedford. 

 Breastfeeding still recommended. 



Reproductive and 
Endocrine Effects 

 
Reproductive function can be disrupted 

by exposure to PCBs. More research is 
required. 

 PCBs can mimic or disrupt the action of 
thyroid and/or female sex hormones 
 



Hepatic Effects 
 
 Although liver damage is common in 

PCB-exposed animals, overt 
hepatotoxicity is uncommon in humans 

 Exposure to PCBs can increase serum 
levels of hepatic enzymes and can 
induce microsomal enzyme function 
 



Carcinogenicity 
 
On the basis of results from high-dose 

animal studies, PCBs are considered 
probable human carcinogens (Group 2A 
classification, International Agency for 
Research on Cancer).  
 



Other Effects 

 Additional adverse effects of PCBs 
involve the neurologic, cardiovascular, 
immune, musculoskeletal, and 
gastrointestinal systems 
 



Clinical Evaluation 

 History and Physical Examination 
 Signs and Symptoms 

 Acute Exposure: Chloracne is the only known 
overt sign of PCB toxicity; however, the absence 
of chloracne does not rule out exposure 

 Chronic Exposure:  Signs of chronic exposure to 
PCBs are generally subtle, if present at all 

 
 



Laboratory Tests 
 Direct Biologic Indicators 

 Serum or adipose tissue PCB levels can indicate 
exposure, but they are difficult to interpret clinically 

 The American Academy of Pediatrics (AAP) does 
not recommend testing breast milk for PCBs, and 
encourages breastfeeding in all but the most 
unusual circumstances 

 Indirect Biologic Indicators 
 Elevated hepatic enzyme levels are of limited 

value in diagnosing exposure to PCBs 
 



Treatment and Management 

 Acute Exposure 
No antidote exists for PCB exposure; 

therefore, treatment is symptomatic 
Chronic Exposure 
 The goal of treatment in chronically 

exposed patients is to prevent any 
additional exposure to PCBs 
 



New Bedford Area Research 

 Prevalence studies conducted by 
MDPH and CDC in 1982 and 1991 

 
 Channing Lab Study (New Bedford)        

Ongoing. Cord levels similar to Oswego cohort, 
where positive association found between PCB 
levels and Fagan test. 
 

 

 
 



Additional Current Research 

Ongoing research on 
neurodevelopmental effects 

 The role of specific PCB congeners on 
outcomes 

 Standardizing exposure measurements 
Determining mechanisms by which 

PCBs exert health effects 



Your Role 

 Identify high risk patients (primarily 
women of childbearing ages and young 
children who consume locally caught 
fish AND subsistence fishers in general) 

 Educate and prevent 
 In rare circumstances, evaluate patients 

with acute exposures 



The New Bedford Harbor 
Superfund Site 

U.S. Environmental Protection Agency 
New England Region 



 First some quick PCB history 

- c. 1940 two factories move to New Bedford, begin using PCBs 

-   PCB oil used as an insulator/dielectric fluid in capacitors 

- oily PCB waste discharged to harbor (and sewers) leading to 
very high levels of PCB-contamination in sediments and fish 

- PCBs banned by USEPA in 1977 

- State fishing ban for the harbor area enacted in 1979 due to 
PCB-contaminated local seafood 



The Aerovox facility 

You are here 

Rt 195 



The 1979 state fishing ban 

Aerovox 



Site summary 
 18,000 acre study area 
 Max PCB levels  >100,000 ppm 
 (the highest levels we’re aware of in US) 
 Full scale cleanup began fall 2004 
      -  several targeted cleanups completed    

    previously 
 App. 900,000 cubic yards of sediment (260 

acres) to be removed - one of the larger 
cleanups in the country 

 Cleanup could take 10 to 20 years or more 
depending on funding 



Full scale dredging started 9/04 

Aerovox 



The dredged sediment is pumped to 
this building for dewatering, and sent 
offsite to a licensed landfill 



Human Health Risk 

 Seafood consumption risk is 40 times 
higher than Superfund action levels 
(higher under worst case scenarios). 

Dermal contact with inter-tidal sediment 
is 4 times higher than Superfund action 
levels (higher under worst case 
scenarios). 



Northern most part of the site has been remediated 
(recreational and residential shoreline land use) 
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Fish Smart Campaign 

 Targeted Audiences: 
Women of Child-Bearing Age; 
Children; 
 Fishing Population 

 
  (Note that this target audience is consistent 

with MA DPH’s statewide fish advisory for 
mercury and PCBs – for more info go to 
www.mass.gov/dph/beha/beha.htm) 



Campaign Strategy 

 Partnerships: 
 Local Medical Providers – GR, GNBHC 
 Social Service Providers – Immigration 

Assistance Center, Dept. of Transitional 
Assistance 

Marinas & bait shops throughout the area 
 Schools – Gomes Elementary School 



Campaign Tools 

 Posters 
Health Flyers 
Direct Mailer 
 Bus & Public Housing Posters 
Media: radio, cable, print. 
No fishing signs along the shore 



Requested Assistance 

Hanging Posters 
Distributing Health Flyers 
 Inquiring about Fish Consumption 

Habits & Advising Patients 



REPOSITORY TARGET SHEET 
 

US EPA New England 
Superfund Document Management System /  

RCRA Document Management System 
Native Files Target Sheet 

 

SDMS Document ID #: 507929 
 
Site Name:  NEW BEDFORD 
 
File Break: 13.04 
 
File Type(s) Attached (examples: Excel file or .jpg): POWERPOINT 
PRESENTATION 
            
 
Document Type this Target Sheet Represents: 
 
 [  ] Map [   ] Photograph             [   ] Graph/Chart 
 
 [   ] Video [    ] Compact Disc         [ X] Other (Specify  
                   below)   
                                                                                 
 
Description or Comments: 
GR.N04.ppt 
 

To view the attached files, open the “Attachment Panel” 
by clicking on the paper clip -  - at the bottom left of this window. 

 
** Please note to view attachments the software corresponding with  

the specified file type is necessary. ** 
 

 
For any additional assistance please contact the EPA New England Office of 

Site Remediation and Restoration Records and Information Center- 
Telephone (617) 918 1440 
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What are PCBs?

		Family of chemicals formed by attaching one or more chlorine atoms to a pair of connected benzene rings



Depending on the number and position of chlorine atoms attached, 209 different PCB congeners can be formed with varying toxicologic and chemical properties

Used in industry for insulating and nonflamable properties

		





Exposure Pathways

		Chemicals formed by attaching one or more chlorine atoms to a pair of connected benzene rings 

		Depending on the number and position of chlorine atoms attached to the biphenyl ring structure, 209 different PCB congeners can be formed. 

		The chemical and toxicologic properties of PCBs vary from one congener to the next.

		Because of their insulating and nonflammable properties, PCBs were marketed for nearly 40 years as heat exchange and dielectric fluids in transformers and capacitors; hydraulic and lubricating fluids; diffusion pump oils; plasticizers; extenders for pesticides; and as ingredients in caulking compounds, paints, adhesives, and flame retardants. PCBs have also been used in inks and carbonless carbon paper. Commercial PCB products were always mixtures of different PCB congeners and were usually contaminated with small amounts of polychlorinated dibenzofurans (furans) or polychlorinated dibenzodioxins (dioxins). Contamination is a concern because the toxicity of contaminants is generally much greater than that of PCBs. Trade names for commercial PCB mixtures included Aroclor, Askarel, Eucarel, Pyranol, Dykanol, Clorphen, Asbestol, Diaclor, Nepolin, and EEC-18. 

		No known natural sources of PCBs exist.

		 Production of these chemicals was banned in 1977, when their ability to accumulate in the environment and to cause harmful effects became apparent 

		Today, the major source of ambient PCB exposure seems to be environmental cycling of PCBs previously released into the environment. 

		PCBs can be released into the general environment from poorly maintained toxic waste sites; by illegal or improper dumping of PCB wastes, such as transformer fluids; through leaks or fugitive emissions from electrical transformers containing PCBs; and by disposal of PCB-containing consumer products in municipal landfills.

		 PCBs have been found in at least 432 of the 1,467 hazardous waste sites on the U.S. Environmental Protection Agency

		Low levels of PCBs can be found throughout the world. 













Exposure Pathways



		PCBs are lipophilic and persist in the environment, concentrating upward in the food chain

		The primary non-occupational source of PCB exposure is fish from contaminated waters

		Previous occupational exposures at industrial plants utilizing PCBs

		Ongoing occupational exposure through maintenance or repair work





PCBs persist in the environment, concentrating upward in the food chain. 

		PCBs adsorb strongly to soil and sediment. As a result, these compounds tend to persist in the environment, with half-lives for most congeners ranging from months to years. Leaching of PCBs from soil is slow, particularly for the more highly chlorinated congeners, and translocation to plants via soil is insignificant. 



The primary nonoccupational source of PCB exposure is food, especially fish from contaminated waters. 

		In aquatic environments, the high lipophilicity of PCBs causes these compounds to partition out of the water and become preferentially adsorbed to sediments. Although sediment adsorption is useful in preventing the contamination of drinking water supplies, the partitioning of PCBs to sediments plays a role in the tendency of these compounds to become concentrated in aquatic organisms. Bottom-feeding fish ingest and accumulate PCBs from sediment. 

		The resistance of these compounds to biodegradation causes PCBs to become more concentrated as they move upward through the food chain. As a result of this bioconcentration, PCB levels in aquatic organisms can be up to 1 million times higher than their concentration in the aquatic environment. In the National Study of Chemical Residues in Fish conducted between 1986 and 1989 (EPA 1992a, 1992b), the mean concentration of PCBs in bottom-feeding and game fish was 1.9 parts per million (ppm). However, PCB levels as high as 20 ppm have been detected in game fish taken from waters near hazardous waste sites (ATSDR 2000a). 

		Today, PCBs are found mainly in transformers and capacitors manufactured before 1977. Such transformers and capacitors might be found in old industrial equipment (e.g., welding equipment), medical equipment (e.g., x-ray machines), and household appliances (e.g., refrigerators and televisions). The ballasts of older fluorescent light fixtures might also contain PCBs. During normal operation of these lights, the PCBs are entirely enclosed; when the capacitor wears out, however, it can burn or break and leak PCBs.

		Although PCBs are no longer manufactured in the United States, a potential for workplace exposure exists. Workers can inhale or have dermal contact with PCBs during the repair or routine maintenance of older equipment or electrical transformers and during accidents or spills involving PCBs. Exposure can also occur during the disposal of PCB-containing materials at hazardous waste sites. 











Who's at Risk



		Recreational and subsistence fishers who eat large amounts of locally caught fish

		Other populations are also at risk for increased PCB exposure

		The offspring of low income subsistence fishers whose mothers ate large amounts of contaminated fish or game

		Farmers and their families who consume PCB-contaminated food via farm-raised beef and dairy cattle 

		People living near incinerators, other PCB-disposal facilities, or PCB hazardous waste sites

		 People with compromised hepatic function









Who's at Risk

		Recreational and subsistence fishers who eat large amounts of locally caught fish might be at increased risk for exposure to PCBs. 

		Consumption of contaminated sport fish, particularly bottom-feeding species from waters contaminated with PCBs, increases the level of exposure to PCBs 

		There is a direct relationship between serum PCB levels and the quantity of contaminated fish consumed. For example, serum PCB levels ranged from 7 parts per billion (ppb) in Michigan residents who ate no fish to a maximum of 366 ppb in persons who ate an average of 40 kg (88 pounds) of fish per year 

		There is also evidence to suggest that elevations in the serum PCB level are related to historic rather than recent levels of fish consumption

		Many of these are American Indians, ethnic minorities, and immigrant populations

		Other populations are also identified as having either a risk for elevated exposure or increased physiologic sensitivity to PCBs. 

		1. The offspring of low income subsistence fishers mothers who ate large amounts of contaminated fish or wild game while pregnant. 

		Fetuses and neonates are potentially more sensitive to PCBs than are adults because the hepatic microsomal enzyme systems are not fully functional. 

		In addition, infants and young children consume a greater amount of food per kilogram of body weight and therefore have a proportionately greater exposure to PCBs than do adults eating food with the same level of contamination. 

		PCBs are lipophillic and there is placental transfer increasing the body burden. 

		2. Farmers and their families who consume PCB-contaminated food via their own farm-raised beef and dairy cattle. During the 1940s and 1950s, the inside of concrete silos on many farms in the Midwest were coated with sealants containing PCBs. Although most of these silos have been dismantled and removed, the remaining silos represent a potential source of exposure to PCBs

		3. People living near incinerators, other PCB-disposal facilities, or NPL hazardous waste sites where PCBs have been detected. 

		4. Persons with compromised hepatic function might metabolize PCBs less efficiently than healthy persons. 

		Because PCBs are metabolized mainly in the liver, persons with impaired hepatic function might have dimished ability to detoxify these compounds. Persons with incompletely developed glucuronide conjugation mechanisms (Gilbert syndrome or Crigler-Najjar syndrome) fall into this category, as do those with chronic liver diseases such as cirrhosis or hepatitis B. Because they temporarily decrease glucuronide synthesis, hepatic infections can increase a person’s sensitivity to PCBs, as can the use of medications that are potentially toxic to the liver. Similarly, because hepatic function normally declines with age, elderly persons are also more susceptible to the effects of PCB exposure. 











Biologic Fate 



		PCBs are stored in adipose tissues

		The liver is the primary site of PCB metabolism

		The slow metabolism of PCBs leads to bioaccumulation









Biologic Fate 

PCBs are stored in adipose tissues. 

		PCBs are readily absorbed into the body, 

		they are only slowly metabolized and excreted.

		 Animal studies suggest that absorbed PCBs partition between the aqueous and lipid compartments of the body in a biphasic pattern. After first distributing preferentially to the liver and muscle tissue, PCBs are subsequently redistributed to the adipose tissue, skin, and other fat-containing organs. 





The liver is the primary site of PCB metabolism. 

		 PCB metabolism occurs via hydroxylation and conjugation with glucuronic acid and sulfates. Glucuronide and sulfate conjugates are excreted mainly in the urine, whereas hydroxylated metabolites are excreted mainly in the bile. 

		The rate of individual congener metabolism depends on the number and position of chlorine atoms.

		 In general, less-chlorinated isomers are more readily metabolized than are more highly chlorinated congeners. 

		As a result of this preferential metabolism, more highly chlorinated congeners tend to remain in the body longer than do less-chlorinated congeners.

		 Highly chlorinated congeners therefore tend to become more concentrated in adipose tissues, where they are stored in solubilized form. 





The slow metabolism of PCBs leads to bioaccumulation. 

		Excretion of PCBs is very slow, so bioaccumulation occurs even at low exposure levels. 

		As long as exposure continues, a true steady state is never achieved. 

		Background levels of PCBs in human sera are typically <20 ppb and residues measured in human milk have values ranging from 40 to 100 ppb. 

		Reported levels in adipose tissue range from 1 to 2 ppm. 















Physiologic Effects 



		Adverse dermatologic, reproductive and developmental, endocrine, hepatic, and immunologic effects have been associated with exposure to PCBs





Physiologic Effects 

		Adverse dermatologic, reproductive and developmental, endocrine, hepatic, and immunologic effects have been associated with exposure to PCBs. 



Evidence on the physiologic effects of exposure to PCBs has been obtained from 

		studies of industrial workers exposed to PCB-containing mixtures in the course of their work, 

		two episodes of mass poisoning that occurred in Japan (the 1968 Yusho incident) and Taiwan (the 1979 Yu-Cheng incident), and 

		studies of adults and children exposed to PCBs as a result of consuming contaminated sport fish. 



In the two Asian episodes, exposure to PCBs occurred via the consumption of rice oil that had become contaminated by heat-degraded PCBs during processing. Unlike usual PCB mixtures, the Yusho and Yu-Cheng mixtures were heated in thermal heat exchangers during the cooking process, resulting in contamination of the oil by chlorinated dibenzofurans as well as PCBs. This co-contamination created controversy about the extent to which the physiologic effects observed in the Yusho and Yu-Cheng populations can legitimately be attributed to PCBs, as opposed to the dibenzofuran co-contaminants.









Dermatologic Effects

		Chloracne:  acneform lesions arising as inflammatory response to sebaceous gland irritants

		Can result from dermal contact or ingestion

		Generally indicates systemic toxicity

		Weeks to months after exposure

		No reliable dose-response model





Dermatologic Effects



PCB-induced chloracne can be a sign of systemic toxicity. 

		Chloracne is the only overt effect of PCB exposure in humans. In a person with PCB-induced chloracne, the acneform lesions arise as a result of inflammatory responses to irritants in the sebaceous glands. Chloracne usually begins with the formation of keratin plugs in the pilosebaceous orifices. The resulting inflammatory folliculitis stimulates keratinization of the sebaceous gland ducts and outer root sheath of the hair, leading to the formation of keratin cysts (ATSDR 2000a). 

		The chin, periorbital, and malar areas are most often involved, although lesions might also appear in areas not usually affected by acne vulgaris (e.g., the chest, arms, thighs, genitalia, and buttocks). The most distinctive lesions are cystic and measure from 1 to 10 mm, although comedonal lesions can also be present. The cysts and comedones can become inflamed and secondarily infected, and papules and cysts can be surrounded by edema and erythema.

		Chloracne generally indicates systemic toxicity and can result not only from dermal contact but also from ingestion of PCBs. However, the absence of chloracne does not rule out exposure. No reliable dose-response model exists for chloracne in exposed populations, and the dose-response relationship might be dependent on individual predisposition. Chloracne typically develops weeks or months after exposure. The lesions are often refractory to treatment and can last for years to decades.

		In addition to chloracne, persons in the Yusho population had hyperpigmentation of the skin, conjunctivae, gingivae, and nails. These pigmentation disturbances have also been noted in some PCB-exposed workers.











Developmental Effects

PCBs cross the placenta and enter breast milk.

Neurobehavioral and developmental deficits in newborns exposed to PCBs in utero; deficits continue in school-aged children.

Deficits occur at PCB levels similar to those seen in New Bedford.

Breastfeeding still recommended.



Reproductive and Developmental Effects





Reproductive function can be disrupted by exposure to PCBs, although more research is required to assess this possibility. 

		Recent studies indicate that consumption of PCB-contaminated fish can cause disturbances in reproductive parameters and cause neurobehavioral and developmental deficits in newborns and older children. Prenatal exposure to PCBs from the mother’s body burden, rather than exposure through human milk, is believed to account for the developmental effects of these compounds

		In rhesus monkeys, exposure to PCBs is associated with alterations in the menstrual cycle, decreases in fertility, increases in spontaneous abortion, and a reduced number of conceptions

		Some of these effects have also been reported in human populations. In a study of 626 married couples in Michigan, the relative risk of conception failure (defined as an inability to conceive after 12 months) increased in men but not in women with increasing consumption of PCB-contaminated fish. Some evidence shows that menstrual cycle length can be reduced with increased PCB intake, but no adverse association was found between the duration of fish consumption and time-to-pregnancy in the same population.

		 In a study of 1,820 multigravada women, no significant association was found between low to moderate PCB intake and clinically recognized spontaneous fetal death (ATSDR and EPA 1998). 





Neurobehavioral and developmental deficits have been reported in newborns exposed to PCBs in utero, and these deficits continue in school-aged children.



		The first epidemiologic investigation to demonstrate an association between the amounts of PCB-contaminated fish eaten by pregnant women and behavioral deficits in their newborns was the Michigan Maternal Infant Cohort Study, published in 1984 (ATSDR and EPA 1998). 

		In this study, developmental and cognitive deficits were observed in the children of mothers who had eaten moderate to high amounts of contaminated fish during the 6 years preceding pregnancy and who continued to do so during pregnancy. 

		Developmental effects in this population included statistically significant decreases in gestational age (4.9 days), birth weight (160–190 g), and head circumference (0.6 cm); neurobehavioral deficits included depressed responsiveness, impaired visual recognition, and poor short-term memory. In addition, the infants born to mothers who had eaten the greatest amount of contaminated fish during pregnancy exhibited weaker reflexes, greater motor immaturity, and more pronounced startle responses than infants born to women who had consumed less fish (ATSDR and EPA 1998). 

		Follow-up studies of the children from this cohort have demonstrated that the effects of perinatal exposure to PCBs are persistent.

		 At 4 years of age, these children still had deficits in weight gain, depressed responsiveness, and reduced performance on the visual recognition-memory test. 

		At 11 years of age, the children of highly exposed mothers were three times more likely than controls to have low full-scale verbal IQ scores, were twice as likely to lag behind at least 2 years in reading comprehension, and were more likely to have difficulty paying attention 

		Similar developmental and neurobehavioral deficits have been reported in children born to women who were pregnant during the Yusho and Yu-Cheng incidents. Developmental delays were seen at all ages and were greater in children who were smaller in size, had neonatal signs of intoxication, and/or had a history of nail deformities. Follow-up testing indicated that effects on cognitive development persisted for several years after exposure





Reproductive Effects 

		PCB exposures were found to reduce the birth weight, conception rates and live birth rates of monkeys and other species and PCB exposure reduced sperm counts in rats. Effects in monkeys were long-lasting and were observed long after the dosing with PCBs occurred.  

		Studies of reproductive effects have also been carried out in human populations exposed to PCBs. 

		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.











Reproductive and Endocrine Effects



		Reproductive function can be disrupted by exposure to PCBs. More research is required.

		PCBs can mimic or disrupt the action of thyroid and/or female sex hormones





Endocrine Effects





PCBs can mimic or disrupt the action of thyroid and/or female sex hormones. 

		PCBs have been identified as possible environmental endocrine modulators (chemicals that mimic or disrupt the action of naturally occurring hormones) (ATSDR 2000a). The best understood effects of PCB exposure on endocrine function involve disturbances in processes normally mediated by thyroid and female sex hormones. 



The thyroid gland is an unequivocal target of PCBs in rats, and limited but corroborative occupational data indicate a potential for thyroidotoxic effects in humans (ATSDR 2000a). 

		In a Dutch population, elevated PCB levels correlated with lower maternal levels of circulating triiodothyronine and total thyroxine and with higher plasma levels of thyroid-stimulating hormone in infants during the second week and third month after birth. Infants exposed to higher levels of PCBs also had lower plasma levels of free thyroxine and total thyroxine in the second week after birth (ATSDR and EPA 1998).

		 In another study, hypotonia at birth was related to prenatal PCB exposure in infants who also exhibited elevated levels of thyrotropin (AAP 1999). 

		Because thyroid hormones are essential for normal behavioral, intellectual, and neurologic development, it is possible that the deficits in learning, memory, and attentional processes observed in the offspring of PCB-exposed women are partially or predominantly mediated by alterations in hormonal binding to the thyroid hormone receptor

		Some PCB congeners are capable of competing with endogenous hormone for binding to this receptor (AAP 1999), suggesting a possible mechanism of thyroidotoxicity. Hydroxylated PCB metabolites appear to be particularly potent in this regard (ATSDR 2000a). 





		Other subsets of PCB congeners might interfere with the biological effects of estrogen.

		 Depending on the spatial orientation of their chlorine constituents, some congeners exhibit weak estrogenic activity, whereas others act as antiestrogens

		The implications of this activity for human health are not well understood. 

		In the Taiwanese Yu-Cheng population, adolescent males who had been exposed to high PCB levels in utero progressed normally through the Tanner stages but had smaller penises than did controls 

		Girls who were similarly exposed exhibited a growth delay but otherwise normal development at puberty. 

		It is not known, however, whether either of these effects was estrogenic











Hepatic Effects



		Although liver damage is common in PCB-exposed animals, overt hepatotoxicity is uncommon in humans

		Exposure to PCBs can increase serum levels of hepatic enzymes and can induce microsomal enzyme function





Hepatic Effects



Although liver damage is common in PCB-exposed animals, overt hepatotoxicity is uncommon in humans. 

		Histologically documented liver damage is a consistent and prominent finding among PCB-exposed animals; however,

		 no evidence of hepatic dysfunction or overt hepatotoxicity has been seen in PCB-exposed workers (ATSDR 2000a).

		 In the Yu-Cheng population, the incidence of chronic liver disease and cirrhosis was significantly higher than the incidence of these conditions in the general population of Taiwan (ATSDR and EPA 1998). 

		Asymptomatic hepatomegaly has been reported in exposed workers, many of whom had concomitant elevated serum PCB levels. 

		Strong evidence shows that exposure to PCBs can increase serum liver enzyme levels.

		 Some researchers believe that aspartate aminotransferase (SGOT or AST) and gamma glutamyl transpeptidase (GGTP or GGT) are the most sensitive indicators of PCB exposure in humans, and that changes in these enzymes can occur at exposure levels below those at which chloracne appears. 





Exposure to PCBs can increase serum levels of hepatic enzymes and can induce microsomal enzyme function. 

		Increases in urinary porphyrin levels were noted in a study of workers with low-level PCB exposure, an effect that is believed to be secondary to the induction of hepatic microsomal enzymes. Total bilirubin levels exhibit a positive correlation, and serum albumin a negative correlation, with serum PCB levels (ATSDR and EPA 1998). The reported effects of PCB exposure on serum triglycerides and cholesterol have been inconsistent, and are probably related to the partitioning effects of PCBs. Those correlations that have been reported do not appear to be of toxicologic significance because they were observed in persons with normal lipid levels (ATSDR 2000a). In animal studies, reductions in the hepatic storage capacity for vitamin A have also been reported (ATSDR 2000a), but the implications of this finding for human health are not known. 

		Microsomal enzyme induction by PCBs has been observed in the liver of humans and in extrahepatic tissues of animals (ATSDR 2000a). Different PCB mixtures may induce a variety of the CYP (P450) family of enzymes. 

		The set of enzymes induced depends on the particular PCBs in the mixture; sometimes the induced enzymes are similar to those induced by Phenobarbital, other times different distinctive sets of enzymes are induced, and sometimes there is no enzyme induction.

		 Enzyme induction may affect how rapidly both endogenous (e.g. hormones) or exogenous substances (drugs, environmental metabolites, etc.) are metabolized. 











Carcinogenicity



		On the basis of results from high-dose animal studies, PCBs are considered probable human carcinogens (Group 2A classification, International Agency for Research on Cancer). 





Carcinogenicity



On the basis of results from high-dose animal studies, PCBs are considered probable human carcinogens (Group 2A classification, International Agency for Research on Cancer). 



		The results of epidemiologic studies have raised concerns about the potential carcinogenicity of PCBs.

		 In studies of occupationally exposed workers, increases in the incidence of malignant melanoma and cancers of the liver, gall bladder, biliary tract, and brain have been reported. 

		In persons without known occupational exposure to PCBs, elevations in the serum PCB level have been associated with an increased risk of non-Hodgkin lymphoma (ATSDR and EPA 1998). 

		Because of their estrogenic properties, PCBs have also been proposed as possible inducers of breast cancer; however, the results of epidemiologic studies in PCB-exposed women have been inconsistent (ATSDR 2000a). 

		At present, the weight of evidence from human studies does not support a causal association between PCBs and human cancer (ATSDR 2000a).

		 Limitations in the design of these studies and the inconsistency of results from one population to another make it difficult to ascertain whether the observed effects were causally related to PCB exposure. 

		However, data from animal studies have clearly shown that PCBs cause hepatocarcinomas, pituitary tumors, leukemia, lymphomas, and gastrointestinal tract tumors. On the basis of these data, EPA considers PCBs a probable human carcinogen.





Cancer 

		EPA uses a weight-of-evidence approach in evaluating the potential carcinogenicity of environmental contaminants.

		 EPA's approach permits evaluation of the complete carcinogenicity database, and allows the results of individual studies to be viewed in the context of all of the other available studies. 

		Studies in animals provide conclusive evidence that PCBs cause cancer. 

		Studies in humans raise further concerns regarding the potential carcinogenicity of PCBs. 

		Taken together, the data strongly suggest that PCBs are probable human carcinogens.  



 

		There is clear evidence that PCBs cause cancer in animals. EPA reviewed all of the available literature on the carcinogenicity of PCBs in animals as an important first step in the cancer reassessment. The literature presents overwhelming evidence that PCBs cause cancer in animals. An industry-sponsored peer-reviewed rat study, characterized as the "gold standard study" by one peer reviewer, demonstrated that every commercial PCB mixture tested caused cancer. The new studies reviewed in the PCB reassessment allowed EPA to develop more accurate potency estimates than previously available for PCBs. The reassessment provided EPA with sufficient information to develop a range of potency estimates for different PCB mixtures, based on the incidence of liver cancer and in consideration of the mobility of PCBs in the environment.  

		The reassessment resulted in a slightly decreased cancer potency estimate for Aroclor 1260 relative to the 1987 estimate due to the use of additional dose-response information for PCB mixtures and refinements in risk assessment techniques (e.g., use of a different animal-to-human scaling factor for dose). The reassessment concluded that the types of PCBs likely to be bioaccumulated in fish and bound to sediments are the most carcinogenic PCB mixtures.  

		In addition to the animal studies, a number of epidemiological studies of workers exposed to PCBs have been performed. Results of human studies raise concerns for the potential carcinogenicity of PCBs. Studies of PCB workers found increases in rare liver cancers and malignant melanoma. The presence of cancer in the same target organ (liver) following exposures to PCBs both in animals and in humans and the finding of liver cancers and malignant melanomas across multiple human studies adds weight to the conclusion that PCBs are probable human carcinogens.  

		Some of the studies in humans have not demonstrated an association between exposures to PCBs and disease. However, epidemiological studies share common methodologic limitations that can affect their ability to discern important health effects even when they are present. Epidemiological studies may not be able to detect small increases in cancer over background unless the cancer rate following contaminant exposure is very high or the exposure produces an very unusual type of cancer. 

		It is very important to note that the composition of PCB mixtures changes following their release into the environment. The types of PCBs that tend to bioaccumulate in fish and other animals and bind to sediments happen to be the most carcinogenic components of PCB mixtures. As a result, people who ingest PCB-contaminated fish or other animal products and contact PCB-contaminated sediment may be exposed to PCB mixtures that are even more toxic than the PCB mixtures contacted by workers and released into the environment.  











Other Effects

		Additional adverse effects of PCBs involve the neurologic, cardiovascular, immune, musculoskeletal, and gastrointestinal systems





Other Effects 



Additional adverse effects of PCBs involve the neurologic, cardiovascular, immune, musculoskeletal, and gastrointestinal systems. 

		In southwest Quebec, adults who ate fish from PCB-contaminated waters had significantly greater motor retardation, poorer results on certain tests of memory and attention, and higher scores on a standardized confusion scale than did controls, and these neurologic deficits were directly related to the frequency of fish consumption (ATSDR and EPA 1998). 

		In a study of persons living near a hazardous waste site, the incidence of borderline and definite hypertension was 30% greater among PCB-exposed persons than among controls, and the increases in blood pressure were significantly associated with serum PCB levels (ATSDR and EPA 1998). However, the existing data are insufficient to infer possible cardiovascular toxicity of PCBs in humans (ATSDR 2000a). 

		Immune system effects reported in PCB-exposed populations have included decreases in natural killer cell count, decreases in IgA and IgM antibody levels, alterations in the ratio of helper to killer (CD4+/CD8+) T-cells, and decreases in monocyte and granulocyte counts. In the Yusho and Yu-Cheng populations, the immunosuppressive effects of PCB exposure were associated with an increased incidence of persistent respiratory infection and enhanced responsiveness to mitogens (ATSDR and EPA 1998).

		The immune effects of PCB exposure have been studied in Rhesus monkeys and other animals. It is important to note that the immune systems of Rhesus monkeys and humans are very similar. Studies in monkeys and other animals have revealed a number of serious effects on the immune system following exposures to PCBs, including a significant decrease in size of the thymus gland (which is critical to the immune system) in infant monkeys, reductions in the response of the immune system following a challenge with sheep red blood cells (a standard laboratory test that determines the ability of an animal to mount a primary antibody response and develop protective immunity), and decreased resistance to Epstein-Barr virus and other infections in PCB-exposed animals. Individuals with diseases of the immune system may be more susceptible to pneumonia and viral infections. The animal studies were not able to identify a level of PCB exposure that did not cause effects on the immune system.  

		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. This finding is consistent with increases in infection with Epstein Barr virus in animals exposed to PCBs. 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. Immune effects were also noted in humans who experienced exposure to rice oil contaminated with PCBs, dibenzofurans and dioxins.  



 

		Joint pain occurs in 11% of workers exposed to PCB-containing mixtures (ATSDR 2000a). This rate is similar to the 10% incidence of unspecified joint pain reported in farm families who consumed beef and dairy products contaminated with PCBs (ATSDR and EPA 1998). However, the cause of joint pain and its association with PCB exposure remain uncertain. 

		Appetite loss has been reported in transformer and electrical equipment manufacturing workers exposed to various PCB-containing mixtures (ATSDR and EPA 1998). Other nonspecific gastrointestinal symptoms experienced by workers exposed to PCBs include nausea, epigastric distress and pain, and intolerance to fatty foods (ATSDR 2000a). 













Clinical Evaluation

		History and Physical Examination

		Signs and Symptoms

		Acute Exposure: Chloracne is the only known overt sign of PCB toxicity; however, the absence of chloracne does not rule out exposure

		Chronic Exposure:  Signs of chronic exposure to PCBs are generally subtle, if present at all







Clinical Evaluation 

History and Physical Examination

		Pertinent information includes 

		occupational histories of all household members 

		sport fish consumption.

		 During the physical examination, 

		physicians should pay particular attention to the skin and hepatic systems. 

		Encountering a patient with PCB toxicity should trigger consideration of whether this is a sentinel event, indicating the possibility of other similarly exposed persons such as co-workers or family members. 





Signs and Symptoms



Acute Exposure 

		Chloracne is the only known overt sign of PCB toxicity; however, the absence of chloracne does not rule out exposure. 

		Acneform lesions do not appear in all severely exposed patients, so the absence of chloracne does not rule out exposure. New cases of chloracne should be reported to the local or state health department. 

		Elevated liver enzymes are the most sensitive indicator of PCB exposure in animals, and alterations in AST (SGOT), GGT (GGTP), bilirubin, and albumin levels have been consistently reported in human epidemiologic studies. Hepatomegaly has also been noted in some PCB-exposed workers. 





Chronic Exposure 

Signs of chronic exposure to PCBs are generally subtle, if present at all. 

		Many people who are chronically exposed to PCBs exhibit no overt signs or symptoms of toxicity.

		 In persons with hepatic involvement, signs of PCB exposure can include weight loss, anorexia, nausea, vomiting, jaundice, and abdominal pain. Headache, dizziness, and edema have also been reported.













Laboratory Tests

		Direct Biologic Indicators

		Serum or adipose tissue PCB levels can indicate exposure, but they are difficult to interpret clinically

		The American Academy of Pediatrics (AAP) does not recommend testing breast milk for PCBs, and encourages breastfeeding in all but the most unusual circumstances

		Indirect Biologic Indicators

		Elevated hepatic enzyme levels are of limited value in diagnosing exposure to PCBs





Laboratory Tests



Direct Biologic Indicators 

		Serum or adipose tissue PCB levels can indicate exposure, but they are difficult to interpret clinically.

		Some researchers believe that PCB levels in the serum and adipose tissues provide a reliable measurement of long-term exposure. Although PCB levels in the serum and other tissues can be measured by many laboratories, there are no standardized techniques for quantifying these compounds, and no reference values against which patient samples can be compared. Because these tests are likely to be inconclusive as well as expensive and time-consuming, analysis of either serum or adipose tissue samples is not recommended unless the exposure has been massive.

		 In all but the most extreme cases, therefore, the diagnostic workup should be limited to liver function tests and dermatologic examination, with skin biopsy of lesions.

		The American Academy of Pediatrics (AAP) does not recommend testing breast milk for PCBs, and encourages breastfeeding in all but the most unusual circumstances. 

		The question of measuring PCB levels most frequently arises in the context of discussions about breastfeeding. Although PCBs accumulate in breast milk, and breast-fed infants might be at additional risk because human milk contains a steroid that inhibits PCB metabolism and excretion (ATSDR 2000a), AAP has concluded that the risks posed by PCBs in breast milk are outweighed by the benefits of breastfeeding in all but the most unusual circumstances. Therefore, AAP does not recommend that breast milk be tested for PCBs. In unusual circumstances, local health department officials who are aware of the PCB problems in the region where high exposures have occurred should be consulted (AAP 1999).





Indirect Biologic Indicators 

		Elevated hepatic enzyme levels are of limited value in diagnosing exposure to PCBs. 

		In the absence of chloracne, liver function tests provide the most consistent evidence of PCB toxicity; however, these tests are of questionable value because they are nonspecific. Also, normal liver enzyme values do not rule out significant exposure; body burden still might be elevated. PCB conjugates can often be detected in urine after exposure, but their analysis is expensive, unreliable, and not recommended.











Treatment and Management

		Acute Exposure

		No antidote exists for PCB exposure; therefore, treatment is symptomatic

		Chronic Exposure

		The goal of treatment in chronically exposed patients is to prevent any additional exposure to PCBs





Treatment and Management



Acute Exposure 

		No antidote exists for PCB exposure; therefore, treatment is symptomatic. 

		Exposed persons should have periodic follow-up examinations with particular attention to hepatic function and dermal lesions. 





Chronic Exposure

		The goal of treatment in chronically exposed patients is to prevent any additional exposure to PCBs. 

		Initial treatment of chloracne is based on cessation of exposure, good skin hygiene, and dermatologic measures commonly used for acne vulgaris

		If chronic exposure has occurred as a result of consuming contaminated fish or game, the patient should be informed of the tendency for PCBs to accumulate in the body with continued exposure and counseled about the importance of minimizing further exposure. In areas with a known PCB problem, state and local public health or natural resources departments typically issue advisories specifying the bodies of water or hunting areas where fish and game are likely to be contaminated with PCBs and listing the species and size of fish or game that are of concern. 

		Because PCBs are hepatotoxins, history of exposure to other potentially hepatotoxic agents should be obtained. To minimize the risk of hepatic damage, patients should be encouraged to avoid exposure to other hepatotoxins, including medications with known hepatotoxicity, ethanol, and chlorinated solvents. 

		The offspring of mothers who ate large amounts of contaminated fish or wild game while pregnant. Fetuses and neonates are potentially more sensitive to PCBs than are adults because the hepatic microsomal enzyme systems that facilitate the metabolism and excretion of PCBs are not fully functional. In addition, infants and young children consume a greater amount of food per kilogram of body weight and therefore have a proportionately greater exposure to PCBs than do adults eating food with the same level of contamination 

		AAP encourages breastfeeding in all but the most unusual circumstances











New Bedford Area Research

Prevalence studies conducted by MDPH and CDC in 1982 and 1991



Channing Lab Study (New Bedford)        Ongoing. Cord levels similar to Oswego cohort, where positive association found between PCB levels and Fagan test.









		Most studies rely on total PCBs as a measure of exposure

		Toxic Equivalents 

		Although all dioxin-like compounds are thought to act in the same way, they are not all equally toxic. Their different toxicities may be due to their unique properties of absorption, distribution, metabolism, and elimination in a body and/or strengths of binding to the Ah receptor. Therefore, the health risk of each congener is assessed by rating their toxicities relative to TCDD, the most potent of the dioxins. TCDD is assigned a value of "1" and each of the 17 toxic dioxins/furans and 12 PCBs is assigned a "toxicity factor" that estimates its toxicity relative to TCDD. The resulting estimates are called toxic equivalency factors (TEFs), which have been recently updated by the World Health Organization. The toxic equivalency (TEQ) is determined by multiplying the concentration of a dioxin congener by its toxicity factor. The total TEQ in a sample is then derived by adding all of the TEQ values for each congener. While TCDD is the most toxic form of dioxin, 90% of the total TEQ value results from dioxin-like compounds other than TCDD. 

		The TEQ system is not perfect, but it is a reasonable way of estimating the toxicity of a mixture of dioxin-like compounds. There is good experimental support for the assumptions that underlie the TEQ system. TEQs make it possible to take toxicity data on TCDD, a compound about which our knowledge is vast, and estimate toxicity for other compounds about which much less is known

		Tetrachlorodibenzo-p-dioxin (TCDD) 

		2,3,7,8 Tetrachlorodibenzo-p-dioxin (TCDD) is a dioxin variant, or "congener" (see below), with four chlorine atoms on each molecule. It is the most potent form of dioxin and serves as the standard against which the toxicity of other dioxin congeners and other dioxin-like substances are measured

		











Additional Current Research

		Ongoing research on neurodevelopmental effects

		The role of specific PCB congeners on outcomes

		Standardizing exposure measurements

		Determining mechanisms by which PCBs exert health effects









Your Role

		Identify high risk patients (primarily women of childbearing ages and young children who consume locally caught fish AND subsistence fishers in general)

		Educate and prevent

		In rare circumstances, evaluate patients with acute exposures









The New Bedford Harbor Superfund Site

U.S. Environmental Protection Agency

New England Region







 First some quick PCB history

-	c. 1940 two factories move to New Bedford, begin using PCBs

-  	PCB oil used as an insulator/dielectric fluid in capacitors

		oily PCB waste discharged to harbor (and sewers) leading to very high levels of PCB-contamination in sediments and fish

		PCBs banned by USEPA in 1977

		State fishing ban for the harbor area enacted in 1979 due to PCB-contaminated local seafood









The Aerovox facility

You are here

Rt 195







The 1979 state fishing ban

Aerovox







Site summary

		18,000 acre study area

		Max PCB levels  >100,000 ppm



	(the highest levels we’re aware of in US)

		Full scale cleanup began fall 2004



	     -  several targeted cleanups completed 	  	   previously

		App. 900,000 cubic yards of sediment (260 acres) to be removed - one of the larger cleanups in the country

		Cleanup could take 10 to 20 years or more depending on funding









Full scale dredging started 9/04

Aerovox









The dredged sediment is pumped to this building for dewatering, and sent offsite to a licensed landfill







Human Health Risk

		Seafood consumption risk is 40 times higher than Superfund action levels (higher under worst case scenarios).

		Dermal contact with inter-tidal sediment is 4 times higher than Superfund action levels (higher under worst case scenarios).









Northern most part of the site has been remediated

(recreational and residential shoreline land use)
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But local seafood will remain contaminated for some time
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Fish Smart Campaign

		Targeted Audiences:

		Women of Child-Bearing Age;

		Children;

		Fishing Population





  (Note that this target audience is consistent with MA DPH’s statewide fish advisory for mercury and PCBs – for more info go to www.mass.gov/dph/beha/beha.htm)







Campaign Strategy

		Partnerships:

		Local Medical Providers – GR, GNBHC

		Social Service Providers – Immigration Assistance Center, Dept. of Transitional Assistance

		Marinas & bait shops throughout the area

		Schools – Gomes Elementary School









Campaign Tools

		Posters

		Health Flyers

		Direct Mailer

		Bus & Public Housing Posters

		Media: radio, cable, print.

		No fishing signs along the shore









Requested Assistance

		Hanging Posters

		Distributing Health Flyers

		Inquiring about Fish Consumption Habits & Advising Patients
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