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The purpose of the memorandum is to provide an explanation for the Toxic Equivalent or TEQ 
approach for expressing environmental data for polychlorinated dioxins (dioxins), polychlorinated 
dibenzofurans (furans), and dioxin-like polychlorinated biphenyls (PCBs), sometimes collectively 
referred to as dioxin-like compounds or congeners, and preparing for the use of those data in 
toxicological studies or risk assessments. 
 
One compound of the dioxin-class of compounds is 2,3,7,8-tetrachlorodibenzo-p-dioxin, also 
sometimes simply called dioxin.  Because this compound has undergone extensive study, its toxicity 
is fairly well characterized and it appears to be one of the most toxic of the dioxin-like compounds, its 
toxicity is used as the reference point for this entire class of compounds.  The toxicity of the other 
dioxin-like compounds is less well characterized, but there have been numerous published studies 
that determined the relative toxicity of many of the dioxin-like compounds, compared to dioxin.  To 
provide a way to measure the relative concern for dioxin-like compounds as compared to dioxin, 
dioxin has been assigned a toxicity equivalence factor (TEF) of 1.  Other dioxin-like compounds are 
given equal or lower TEFs, with the TEF assigned approximately proportional to a compound’s 
toxicity relative to that of dioxin (e.g., a TEF of 0.1 means that the compound is 10-times less toxic 
than dioxin). 
 
The individual TEF values have been set by scientific consensus through organizations such as the 
United Nations World Health Organization (WHO) and the United States National Oceanic and 
Atmospheric Administration (NOAA).  The Massachusetts Department of Environmental Protection 
(MassDEP) has established their own TEFs as well, which were used in the tabulation of the data 
collected by TRC for dioxin-like compounds in soil, except for the dioxin-like PCB congeners for 
which TEFs developed by WHO in 2005 were used because MassDEP has not establish TEFs for 
these congeners. 
 
The TEQ method of dioxin reporting is more meaningful than simply reporting the total 
concentration of a mixture of variously toxic compounds because the TEQ method offers toxicity 
information about the mixture. TEQs are determined by summing the products of concentrations 
and TEFs for each dioxin-like compound as follows: 
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where: 
 

TEQ = Toxic equivalent concentration 
Dioxini = Polychlorinated dioxin congener 
Furani = Polychlorinated dibenzofuran congener 
PCBi = Dioxin-like PCB congener 
TEFi = Toxic equivalency factor 

 
MassDEP has not established standards or background concentrations for individual dioxin-like 
compounds, most likely because it has adopted the TEQ approach. Toxicologists, risk assessors, and 
environmental regulators use TEQ estimates instead of individual congener concentrations to assess 
the toxicity of dioxin-like compounds. For this reason, the dioxin-like compound concentration data 
are presented somewhat differently from other tabulations of concentration data for this project.  
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Summary of Analytical PCB Congener Results for Soil Samples -- April 2010

New Bedford High School

New Bedford, Massachusetts

Notes:

mg/kg - milligrams per kilogram (dry weight) or parts per million (ppm).

EMPC - Estimated Maximum Possible Concentration. An EMPC represents an upper bound on a congener concentration when all criteria for detection of 

    the congener were not met. This value represents the theoretical maximum possible content of dioxins and furans in the sample.

J - Estimated value.

N/A - Not applicable.

NS - No MassDEP standards exist for this analyte.

U - Compound was not detected at specified quantitation limit. When this happens, the result is referred to as a “non-detect,” or “ND.” 

UJ - Estimated non-detect.

Values in Bold indicate the compound was detected.

Values shown in Bold and shaded type exceed one or more of the listed MassDEP Method 1 standards.

Values shown in Bold and shaded type exceed TSCA but are less than the listed Method 1 standards.

PCBs - Polychlorinated Biphenyls.

RC - Reportable Concentration.

TSCA - Toxic Substances Control Act criteria.

TEQ – the Toxic Equivalent concentration (TEQ) for each sample. It is calculated by summing concentration data for all dioxin, furan, and PCB congeners that are 

              believed to harm human health in the same way as the congener commonly referred to as dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin). These congeners are 

              sometimes referred to as “dioxin-like.”  See the TRC memorandum for additional details.

TEQ is calculated for each sample using Toxic Equivalency Factors (TEFs) for each dioxin-like congener defined by MassDEP and the World Health Organization. 

     TEFs are used to mathematically change concentrations of the individual congeners into a single equivalent concentration of dioxin. EMPCs were included in 

     TEQ estimates to avoid underestimating exposure to dioxin-like congeners. Results below detection limits, or “non-detects” (NDs), were included as either 

     ½ the detection limit (referred to as “ND= DL/2”) or by setting the concentration to 0 (referred to as “ND=0”). TEQs change only very slightly when these two 

    different assumptions were used for results below detection limits. The higher TEQ (calculated using the ND=DL/2 assumption) was used to estimate the risk 

     from dioxin-like congeners.

(a) - Calculated by summation of PCB homolog groups.

(b) - Calculated by summation of individual congeners.

* - For reference purposes only.
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