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Attachment A: Photos and Fish Descriptions 
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Attachment B: 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. 2,3,7,8-
TCDD is odorless. Whether the other CDDs are also odorless is unknown. CDDs occur 
naturally; but human activities also produce them. They occur naturally from the incomplete 
combustion of organic material, such as from forest fires or volcanic activity. Industry does not 
purposefully manufacture CDDs, except in small amounts for research purposes. However, they 
are unintentionally produced by industrial, municipal, and domestic incineration and combustion 
processes (ATSDR 1998). 

Many factors determine whether harm will occur or not to someone exposed to CDDs. These 
factors include the dose (how much), the duration (how long) and how the exposure occurred. 
Additional factors include whether or not a person was exposed to other chemicals, as well as 
that person’s age, sex, diet, family traits, lifestyle and state of health (ATSDR 1998).  

CDDs are found everywhere in the environment, albeit at 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 materials contaminated with CDDs (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, 91 include sites 
where 2,3,7,8-TCDD was detected.(ATSDR 1998). People living around these sites could be 
exposed to above-background levels of 2,3,7,8-TCDD and other CDDs. CDDs can enter the 
body when one breathes contaminated air, eats contaminated food, or has skin contact with 
contaminated soil or other materials. The most common way CDDs can enter the body is by 
eating food contaminated with 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 
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especially harmful. Other than for research and development purposes, industry does not 
deliberately produce these chemicals. Industry produces small amounts of CDFs as unwanted 
impurities of certain products, and during 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. Those few CDF compounds 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, many factors determine whether harm will occur to a person exposed to CDFs. 
These factors include the dose (how much), the duration (how long) and how a person is exposed 
to the chemicals. Other factors include exposures to other chemicals, their age, sex, diet, family 
traits, lifestyle and state of health (ATSDR 1994).  

Chlorinated Dibenzo-p-dioxins and Chlorinated Dibenzofurans  

Chlorinated dibenzodioxins (CDDs) occur 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). Toxicity 
Equivalency Factors (TEFs) usually report CDD and CDF exposures. 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 dibenzo dioxins (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. That said, however, the actual intake of CDDs from 
food for any one person would depend 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. CDDs might also attach to microscopic plants and animals 
(plankton). In turn, larger animals eat these plants and animals, and then yet even larger animals 
eat them. We call this process 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 
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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).  

Elevated levels of CDDs have been reported in fish, shellfish, birds, and mammals collected in 
areas surrounding chemical production facilities, hazardous waste sites, and pulp and 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). 

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 amount 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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