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ABSTRACT 

The toxicity equivalency factor (TEF) method is an interim procedure for estimating the 
toxicological significance of complex mixtures of chemicals. TEFs provide a measure of 
relative potency among chemicals, usually referenced to a particular chemical of known 
toxicity. The method has been developed for several groups of chemicals, however, the method 
is tioc suitable for use with all chemicals. As a result, generalized criteria have been 
developed to determine the applicability of the TEF method. 

INTRODUCTIOH 

The TEF method is a practical tool for risk assessors and risk managers In estimating tbe 

toxicity of complex mixtures of environmental pollutants. TEF schemes have been used widely 

by scientists and regulatory agencies in addressing the 210 chlorinated dibenzo-p-dioxins 

and dibenzofurans (CDDs and CDFs). The method facilitates risk communication by reducing 

Into one number large volumes of data for individual compounds. Multiplication of the 

concentration of a chemical In a mixture by its TEF converts the concentration of that 

congener into an equivalent concentration of a reference chemical. For the CDDs and CDFs. 

the reference chemical is 2.3.7.8-TCDD. One of the most widely used TEF syscems is the 

International Toxicity Equivalency Factor (I-TEF) Method of Risk Assessment for Complex 

Mixtures of Dioxins and Related Compounds (CCMS, 1988a.b). The I-TEF method has been 

officially adopted by numerous nations as the preferred Interim method for CDDs and CDFs 

(U.S. EPA. 1989; KucE et al. 1989a). 

Given the widespread acceptance and acknowledged utility of the TEF method for CDDs and 

CDFs. many have urged the development of TEF methods for other mixtures of chemical 

pollutants. Some of the other groups of chemicals for which TEF approaches have been 
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Environmental Protection Agency partially through Contract Mo. 6B-D9-0166 to Versar. Inc.. it 

has not been subjected to Agency review and therefore does not necessarily reflect the views 

of the Agency and no official endorsement should be inferred. 
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developed include polychlorinated biphenyls (PCBs) and polyaromatic hydrocarbons (PAMsi 

These schemes have been based roughly on the TEF methods for CDDs and CDFs. The u-e of 

consistent criteria for TEF development and assignment of values contributes to the 

credibility of approaches and comparability of differcnt schemes. These criteria also 

facilitate revision of TEF methods as additional toxicity data are generated. 

Although the TEF approach is based on scientific data, the method has only limited 

scientific validation. TEFs for the CDDs and CDFs have been developed using a limited data 

base of in li'o and in vitro toxicity data generated from a variety of toxic 

endpoints In different animals. As a result, there arc acknowledged limitations co TEF 

methods. These limitations are results of both procedural and scientific methodologies used 

to develop che methods and assign the TEF values. In addition, TEF approaches must be 

considered as interim methods because they can and should be revised as more definitive 

toxicity daca are generated on complex mixtures (or their Individual components) Additional 

data can be used (in accordance with the criteria used originally to develop the method! ro 

improve or eventually replace the TEF method with ciethods that measure directly the to>:icity 

of unique chemical mixtures. Accordingly, gcnerallred criteria are necessary to facilirate 

consistency tn TEF development and revision. The criteria described below were developed co 

assist In determining if the TEF approach is sulcable for a complex mixture (group of 

chemicals) (Kutz et al. 19B9b: Versar. 1990). 

CRITERIA FOR DEVELOPMENT OF TEFs 

Because cf the limitations of the TEF method, their development and use should be viewed 

critically or even skeptically. Therefore, it Is Important co determine under what 

conditions one should consider TEFj for complex mixtures. These criteria are Intended -.0 

provide a basic framework for TEF development and not to restrict the procedure In fact 

che relative emphasis given to che different criteria should be made on a c«sc-by-casc basis 

- There should be a demonstrated need for a TEF approach. 

- Any particular set of TEFs should be limited to a sharply defined group C'tamilv) 
of chemicals. 

- A broad, but probably Incomplete, base of toxicity data on the individual member:- •?{ 
the family of chemicals should be developed. 

- The TEF scheme should Identify "an index chemical" whose toxicitv has been 
relatively well characterized. 

- The relative toxicity of conpounds to the "Index chcraical" should be reasonably 
consistent across a variety of toxic endpoints. 

- Available 1,1 vivo results should support predictions made from in rirro test 
results. 

A general additivity (or modest antagonism, but no synergism) of toxicity among -he 
congeners should be demonstrated. 
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There should be some pl.iusible mechanistic explanation av.iilable to rationalize the 
TEF approach. 

- There should be a m.;chani=m Cor gaining consensus and moving toward implementation. 

Although TEF development Is based on United data, good candidate families are chose 

uhich have congener - specific toxicity data tor many different endpoints (both in v i v o and 

iM v i t r o ) and in dlffetenc animal test systems. The credibility of any TEF approach is 

strengthened by a general consistency of relative toxicity for a variety of endpoints. For 

example, in che case where limited carcinogenicity data are supported by subchronic or in 

lin,. test results. For the CDDs and CDFs, there exists a relative dearth of long-term 

data on most of the compounds other than 2,3 7,8-TCDD. In the case of CDDs, CDFs, and PCDs, 

tlie potential effects of long-term chronic exposure are of most concern (cancer, reproductive 

effects, etc.). Toxicity data for most of the other 209 CDDs/CDFs. however, are generally 

av.iilable for short-term toxic effects such as developmental toxicity, thymic atrophy, 

reduced body weight gain, lethality, and Immunomodification. 

For the CDDs and CDFs there Is a growing body ot in vitro data (e.g., enzyme 

induction and cell transformation) which appear to be well correlated with the in v i v c 

biologic.ll effects. Although the mechanism of toxicity of these compounds is not well 

understood, it has been hypothesized that there exist relationships between the abilities of 

CDDs/CDFs :o bind to a cytosolic receptor and induction of enzymes (e g , aryl hydrocarbon 

hydroxylase(AHH)). and the manifestation of toxicity such as thymic atrophy, body weight 

loss, lethality, carcinogenicity, reproductIve/teratogenlc effects, and other toxic 

responses. These findings have been reported by numerous Investigators and demonstrate a 

utility of in v u i - c data in predicting in v ivo biological responses. While the doses 

necessary to elicit the toxic response differs for each toxic endpoint. the relative potency 

of the different CDD/CDF compounds (compared to 2.3.7.B-TCDD) Is generally consistent from 

one endpoint to the other. This general consistency of relative potency for the same 

CDDs/CDFs using different endpoints and animal systems gives added credence to the TEF 

concept for chese comoounds. 

The TEF approach considers a wide range of toxicity data In assigning the factors for 

individual compounds, however, a data hierarchy Is used to give priority to results from 

long-term, whole animal tests such as carcinogenicity. Under Ideal conditions, the 

assessment of toxicity is most accurately accomplished by directly measuring the toxic 

effects of chronic exposure to a chemical mixture. Since these long-term data arc limited 

for most chemicals, short-cetm. whole animal studies (such as reproductive effects) and/oi 

subchronic effects data (thymic atrophy, reduced body weight gain, etc ) are used Acute 

toxicity studies such as lethality are also used In the assignment of TEFs AS stated 
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|)i ..vionMy, ch« enpliasis is pl.iced on in v,vo test dala when they are .ivailable In many 

c.ir.er:. h.jw.'ver. .,i ,., r ,.o enzyme induction data (such as AHH induction) are useful for TEF 

assignment because of tiie strong correlation with the in v i v o biological responses. 

Generally, however, these data are used to confirm and refine che assignmenc of values based 

"n che Nl v i v r - data described .ibove. 

CONCLUSION 

The criteria described have been outlined to assist in future development of TEF schemes 

for groups of environmental pollutants. Although there arc limitations to TEF approaches, 

they serve as practical tools that can be used in exposure and risk assessment processes. 

Given che limitations of the approach, it Is prudent to use a generalized ciiceria to 

strengthen the applicability of the method. The decision criteria provide guidelines for 

.lonsidering the nethod. determining if it is applicable to a group of chemicals, and making 

-ISS ignmeiics of TEF values. 
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