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APPENDIX B 

General Information – PCBs, Metals and Dioxins in Fish and the Environment 

PCBs  
Polychlorinated biphenyls (PCBs) are no longer produced in the United States. The products 
were not single chemicals but mixtures of related chemicals that are still found in the 
environment. Health effects that have been associated with exposure to PCBs include acne-like 
skin conditions in adults and neurobehavioral and immunological changes in children. PCBs are 
known to cause cancer in animals. PCBs have been found in at least 500 of the 1,598 National 
Priorities List sites identified by the Environmental Protection Agency (EPA). PCB 
manufacturing stopped in 1977 because there was evidence that PCB buildup in the environment 
could cause illness (ATDSR 2000).  
 
PCBs are mixtures of up to 209 individual chlorinated compounds (known as congeners). There 
are no known natural sources of PCBs. PCBs are either oily liquids or solids that are colorless to 
light yellow. Some PCBs can exist as a vapor in air. PCBs have no known smell or taste. Many 
commercial PCB mixtures are known in the U.S. by the trade name Arochlor. PCBs have been 
used as coolants and lubricants in transformers, capacitors, and other electrical equipment 
because they don’t burn easily and are good insulators. Products made before 1977 that may 
contain PCBs include old fluorescent lighting fixtures and electrical devices containing PCB 
capacitors, and old microscope and hydraulic oils. 
 
PCBs entered the air, water, and soil during their manufacture, use, and disposal; from accidental 
spills and leaks during their transport; and from leaks or fires in products containing PCBs. 
PCBs can still be released to the environment from hazardous waste sites; illegal or improper 
disposal of industrial wastes and consumer products; leaks from old electrical transformers 
containing PCBs; and burning of some wastes in incinerators. PCBs do not readily break down in 
the environment and thus may remain there for a very long time. PCBs can travel long distances 
in the air and deposit in areas far from their release. In water, a small amount of PCBs may 
remain dissolved, but most stick to organic particles and bottom sediments. PCBs bind strongly 
to soil. Small organisms and fish in water take up PCBs. Other animals that eat these aquatic 
animals as food also take them up. PCBs accumulate in fish and marine mammals, reaching 
levels that may be many thousands of times higher than in water (ATSDR 2001). Between 1969 
and 1976, the Food and Drug FDA and the U.S. Department of Agriculture (USDA) monitored 
PCBs in raw food. They found that fish products clearly contained the highest levels of PCBs 
(ATSDR 2000). Another study found an average PCB concentration of 0.892 parts per million 
(ppm) in 2,901 fish collected between 1972 and 1976 (Duggan et al. 1983) 

 

Metals 

Mercury is the only metal typically found in fish at levels that may cause health effects. 
Therefore, this health consultation only includes general information about mercury/ 
methylmercury. 
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Mercury 
Several forms of mercury occur naturally in the environment. The most common natural forms 
are metallic mercury, mercuric sulfide (cinnabar ore), mercuric chloride, and methylmercury. 
Some microorganisms (bacteria and fungi) and natural processes can change the mercury in the 
environment from one form to another. The most common organic mercury compound that 
microorganisms and natural processes generate from other forms is methylmercury. 
Methylmercury can enter and accumulate in the food chain. Inorganic mercury does not 
accumulate up the food chain to any extent. Methylmercury is of particular concern because it 
can bioaccumulate in certain edible freshwater and saltwater fish and marine mammals to levels 
that are many times greater than levels in the surrounding water (ATSDR 1999). 
 
When small fish eat the methylmercury with their food, it goes into their tissues. When larger 
fish eat smaller fish or other organisms containing methylmercury, most of the methylmercury 
originally present in the small fish will then be stored in the bodies of the larger fish. As a result, 
the larger and older fish living in contaminated waters bioaccumulate the highest amounts of 
methylmercury. Saltwater fish (especially sharks and swordfish) that live a long time and grow 
to a large size tend to have the highest levels of mercury in their bodies. By contrast, plants (e.g., 
corn, wheat, and peas) have low levels of mercury, even if grown in soils containing mercury at 
significantly higher than background levels (ATSDR 1999). 
 
Approximately 80% of the mercury released from human activities is elemental mercury. It is 
released to the air, primarily from fossil fuel combustion, mining, and smelting, and from solid 
waste incineration. Some 15% is released to the soil from fertilizers, fungicides, and municipal 
solid waste (e.g. from waste containing discarded batteries, electrical switches, or thermometers). 
An additional 5% is released from industrial wastewater to water in the environment (ATDSR 
1999). 
 
With the exception of mercury ore deposits, the amount of mercury found naturally in any one 
place is usually very low. By contrast, the amount of mercury found in soil at a particular 
hazardous waste site because of human activity can be high (over 200,000 times natural levels). 
The mercury in air, water, and soil at hazardous waste sites can originate from both natural 
sources and human activity (ATSDR 1999). 

 

Chlorinated Dibenzo-p-dioxins: General Information 
Chlorinated dibenzo-p-dioxins (CDDs) are a family of 75 different compounds with varying 
harmful effects. CDDs are divided into eight groups of chemicals based on the number of 
chlorine atoms in the compound. A few examples are di-chlorinated dioxin (DCDD), tri-
chlorinated dioxin (TrCDD) and tetra-chlorinated dioxin (TCDD). 2,3,7,8-tetrachlorodibenzo-p-
dioxin (2,3,7,8-TCDD) has four chlorine atoms, one each in the 2, 3, 7, and 8 positions. Chlorine 
can attach to dibenzo-p-dioxins at any or all of eight positions on the dioxin molecule. Only 
molecules with four or more chlorine atoms and with chlorine at the 2,3,7 and 8 positions are 
particularly toxic. 2,3,7,8-TCDD is odorless. Whether the other CDDs are also odorless is 
unknown. CDDs are known to occur naturally; they are also produced by human activities. They 
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occur naturally from the incomplete combustion of organic material, such as from forest fires or 
volcanic activity. CDDs are not purposefully manufactured by industry, except in small amounts 
for research purposes. They are, however, unintentionally produced by industrial, municipal, and 
domestic incineration and combustion processes (ATSDR 1998). 
 
If a person is exposed to CDDs, many factors determine whether they will be harmed. These 
factors include the dose (how much), the duration (how long), and the exposure route (eating, 
breathing, skin contact). Other factors are exposure to other chemicals, age, sex, diet, family 
traits, lifestyle, and state of health (ATSDR 1998).  
 
CDDs are found everywhere in the environment, generally low levels. Most people are exposed 
to very small background levels of CDDs when they breathe air, consume food or milk, or have 
skin contact with CDD-contaminated materials (ATSDR 1998). CDDs enter the environment as 
mixtures containing a variety of individual components and impurities. They tend to be 
associated with ash, soil, or any surface with a high organic content, such as plant leaves. CDDs 
adhere strongly to soils and sediments. Estimates of the half-life of 2,3,7,8-TCDD on the soil 
surface range from 9 to 15 years, whereas the half-life in subsurface soil might range from 25 to 
100 years (Paustenback et al.1992). Sunlight and atmospheric chemicals break down only a 
small portion of the CDDs.  
 
Of the 126 waste sites on the EPA National Priorities List that contain CDDs, 2,3,7,8-TCDD has 
been detected at 91 of them (ATSDR 1998). People living around these sites could be exposed to 
above-background levels of 2,3,7,8-TCDD and other CDDs.  

 

Chlorinated Dibenzofurans: General Information 
Chlorinated dibenzofurans (CDFs) are a family of chemicals containing 1 to 8 chlorine atoms 
attached to the carbon atoms of the parent chemical, dibenzofuran. The CDF family contains 135 
individual compounds (known as congeners) with varying harmful health and environmental 
effects. Of the 135 compounds, those that contain chlorine atoms at the 2,3,7,8 positions are 
especially harmful. Other than for research and development purposes, these chemicals are not 
deliberately produced by industry. Most CDFs are produced in very small amounts as unwanted 
impurities of certain products and processes utilizing chlorinated compounds. Only a few of the 
135 CDF compounds have been produced in large enough quantities that their properties, such as 
color, smell, taste, and toxicity could be studied. The few CDF compounds that have been 
produced in those quantities are colorless solids. They do not dissolve in water easily. There is 
no known use for these chemicals. Most commonly, CDFs enter the body when one eats food 
contaminated with CDFs—in particular, fish and fish products, meat and meat products, and 
milk and milk products. Exposure to CDFs from drinking water is less than that from food 
(ATSDR 1994). 
 
Like the CDDs, if a person is exposed to CDFs, many factors determine whether they will be 
harmed. These factors include the dose (how much), the duration (how long), and exposure route 
(eating, breathing, skin contact). Other factors are exposure to other chemicals, age, sex, diet, 
family traits, lifestyle, and state of health (ATSDR 1994).  
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Chlorinated Dibenzo-p-dioxins and Chlorinated Dibenzofurans  
Chlorinated dibenzodioxins (CDDs) are found in the environment together with structurally 
related chlorinated dibenzofurans (CDFs). 2,3,7,8-TCDD is one of the most toxic and 
extensively studied of the CDDs and serves as a prototype for the toxicologically relevant or 
“dioxin-like” CDDs and CDFs. Based on results from animal studies, scientists have learned 
they can express the toxicity of dioxin-like CDDs and CDFs as a fraction of the toxicity 
attributed to 2,3,7,8-TCDD. For example, the toxicity of dioxin-like CDDs and CDFs can be ½ 
or 1⁄10 or any fraction of 2,3,7,8-TCDD. Scientists call that fraction a Toxicity Equivalent Factor 
(TEF). CDD and CDF exposures are usually reported in Toxicity Equivalency Factors (TEFs). 
CDDs and CDFs are highly persistent compounds—they have been detected in air, water, soil, 
sediments, animals, and foods (ATSDR 1998). 
 
The concentration of chlorinated dibenzodioxins (CDDs) in samples of air, water, or soil is often 
reported as parts per trillion. One part per trillion (ppt) is one part CDD per trillion parts of air, 
water, or soil. For the general population, more than 90% of the daily intake of CDDs, 
chlorinated dibenzofurans (CDFs), and other dioxin-like compounds comes from food—
primarily meat, dairy products, and fish. The actual intake of CDDs from food for any one 
person, however, depends on the amount and type of food consumed and the level of 
contamination.  
 
As stated, CDDs remain in the environment for a long time. Because CDDs do not dissolve 
easily in water, most will attach strongly to small particles of soil sediment or organic matter and 
eventually settle to the bottom of a water body. CDDs might also attach to microscopic plants 
and animals (plankton), which are eaten by larger animals, which are in turn eaten by even larger 
animals. This is known as a “food chain.” Concentrations of chemicals such as the most toxic, 
2,3,7,8-chlorine-substituted CDDs, which are difficult for the animals to break down, usually 
increase at each step in the food chain. This process, referred to as “biomagnification,” is the 
reason why undetectable levels of CDDs in water can result in measurable concentrations in 
aquatic animals. The food chain is the main route by which CDD concentrations build up in 
larger fish, although some fish can accumulate CDDs by eating particle-containing CDDs 
directly off the bottom (ATSDR 1998). Concentrations of dioxins in aquatic organisms can be 
hundreds to thousands of times higher than the concentrations found in the surrounding waters or 
sediments (EPA 1999). Bioaccumulation factors vary among the congeners and generally 
increase with chlorine content up through the tetracongeners and then generally decrease with 
higher chlorine content (EPA 1999).  
   
CDDs bioaccumulate in aquatic organisms, plants, and terrestrial animals. Finfish appear to 
selectively accumulate primarily 2,3,7,8-TCDD and other 2,3,7,8-substituted isomers in their 
tissues (Rappe et al. 1991).  
 
Elevated levels of CDDs have been reported in fish, shellfish, birds, and mammals collected in 
areas surrounding chemical production facilities, hazardous waste sites, incinerators, and 
pulp/paper mills using the chlorine bleaching process. Sometimes these findings have resulted in 
closure of these areas to both commercial and recreational fishing. People who eat food from 
these contaminated areas are at risk of increased exposure to CDDs (ATSDR 1998). 
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Individuals who could be exposed to higher than average levels of dioxins include those who 
ingest food containing higher concentrations of dioxins than are found in the commercial food 
supply. These groups specifically include recreational and subsistence fishers who routinely 
consume large amounts of locally caught fish (EPA 1999). 
 
Lipophilic (fat-loving) chemicals—such as dioxins—accumulate mainly in fatty tissues of fish 
(e.g., belly, flap, lateral line, subcutaneous and dorsal fat, dark muscle, gills, eye, brain and 
internal organs). Therefore, removal of fish internal organs and skin and trimming the fat before 
cooking will decrease exposure. 
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