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INTRODUCTION


In the draft Guidance for Human Health Risk Assessments for Hazardous Substance Sites, the DEP has indicated that analytical data for PCBs in soils should be adjusted using the toxicity equivalency factors (TEFs) as re-evaluated by the World Health Organization in 2005 prior to estimation of exposure point concentrations.  The draft Guidance states that exposure point concentration should be expressed as toxicity equivalents (TEQs) and evaluated as 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD).  See Guidance for Human Health Risk Assessments, p. 14, § 6.2.   DEP appears to have assumed that the WHO TEFs and the Toxicity Equivalence (TEQ) approach provide a reliable assessment of the toxicity of co-planar PCB congeners.  As is demonstrated below, the WHO TEF values for co-planar PCBs do not correctly predict the toxicity of such PCBs, and the TEQ approach is based upon assumptions that are not supported by the evidence.  In addition, there is no validated method for performing the PCB congener-specific analysis required to implement the TEQ approach. 
EXECUTIVE SUMMARY
1. Basic assumptions upon which the TEFs are based do not withstand scrutiny.

· The TEFs assume that there are no differences in the response of humans and rodents to TCDD and PCBs, including PCB 126.  

Repeated investigations have shown that:

(a)  humans are an order of magnitude less sensitive to TCDD than responsive rodents;

(b)  humans are 2-3 orders of magnitude less sensitive to the most toxic PCB --  PCB 126 -- than responsive rodents.

· The TEQ approach assumes that the interactions of dioxinlike chemicals with the AH receptor are additive (i.e., combining such chemicals increases toxicity).

The assumption of additivity ignores competition among molecules to bind with the Ah receptor.  Additivity has not been demonstrated across congeners and endpoints in animal studies.

· The TEFs assume that the dose-response curves for dioxin-like PCBs are parallel to that for TCDD.  

Studies done by EPA's National Toxicology Project indicate that this assumption is invalid.

· The TEFs assume that there is a reliable estimate of the carcinogenicity of TCDD itself, but there is no scientific consensus on that cancer slope factor.

2. Human epidemiological studies do not support the view that that there is a causal association between exposure to PCBs and cancer in humans.  In fact, the epidemiological studies show that PCBs do not cause cancer in humans at environmental or occupational exposures.

3. The TEFs were not developed in accordance with established principles for ensuring the reliability of science, including the principle that a review of a mass of relevant studies should include an exposition of the reasoning that led the reviewers to (1) include some studies and exclude others, (2) to give more weight to some studies than to others, and (3) to reach the conclusions that were drawn.  

II. COMMENTS

1. The WHO TEFs Are Based Upon Assumptions That Are Not Supported By Evidence Or Have Questionable Evidentiary Support.


The accuracy of the TEFs for PCBs, and the reliability of the TEQ approach for evaluating any health risks of PCBs, has not been established.  The TEFs and TEQ approach are based on a number of assumptions that are not well supported by scientific evidence.    The TEFs and TEQ approach assume that:

· There is no difference between species in sensitivity to dioxin and the "dioxinlike" compounds (DLCs); 

· The toxic effects of all the DLCs in a mixture are additive; 

· The shape of the dose-response curve is the same for TCDD and the DLCs; and 

· There is a reliable estimate of the carcinogenic potential of TCDD itself.  

None of these assumptions has merit.  We discuss the assumptions and the state of the relevant evidence below. 

a. The TEFs Fail To Recognize Substantial Evidence That Humans Are Less Sensitive To Dioxin And PCBs Than Other Species
The WHO 2005 TEFs do not vary between species. For example, the TEF for dioxin (2,3,7,8-TCDD) is 1 and the TEF for PCB 126 is 0.1, whether the TEF is applied to rodents or humans. The TEFs are primarily based on studies performed on rodents, and assume that TCDD and each of the listed dioxin-like chemicals has the same potency for humans as for rodents, at least within an order of magnitude. 

Since 2003, the issue of whether the evidence supports the assumption that humans and rodents exhibit essentially the same sensitivity to TCDD and DLCs has been addressed authoritatively in The 2005 World Health Organization Re-evaluation of Human and Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-like Compounds.  Van den Berg et al. (2006). The views expressed by the authors of that report – the scientists who derived the 2005 WHO TEFs -- carry particular weight in interpreting the TEFs and identifying the critical evidentiary issues they raise. On species differences, van den Berg et al. (2006, p. 225-226) state:

Literature data also indicate that the PCB 126 REP [relative effect potency] for enzyme induction in human cell systems, including primary hepatocytes, breast cancer cell lines and primary lymphocytes, may be one or two orders of magnitude lower.  In addition, the apparent binding affinity of 2,3,7,8-TCDD to the human AhR is generally 1/10th that of the AhR of the more sensitive species, but significant variation among individual humans occurs. It has been suggested that on average, humans are among the more dioxin-resistant species, but the human data set is too limited to be conclusive. … Taken together, this information warrants more research into REP values in human systems to establish if the present TEFs based on rodent studies are indeed also valid for humans. [Citations omitted.]

Very similar views on this issue, which is central to the use of TEFs in human risk assessments, were expressed in 2006 by the National Academy of Sciences in its review of US EPA’s 2003 draft Dioxin Reassessment:

Numerous investigators have reported species-specific differences in AHR ligand binding affinity of TCDD, other dioxins, and DLCs. Depending on the system examined, the estimated affinity of binding of TCDD (and related compounds) to the human AHR is about 10-fold lower than that observed to the AHR from "responsive" rodent species and is comparable to that observed to the AHR from "nonresponsive" mouse strains (Roberts et al. 1990; Ema et al. 1994; Poland et al. 1994; Ramadoss and Perdew 2004)

NAS. 2006. p. 81.Ignoring species differences might have been justified ten years ago, but not now.  As the following review of recent literature will show, enough is now known about rodent and human sensitivity to TCDD and dioxin-like compounds that recognition of species differences, particularly that between the rodents on which the studies are typically performed and the humans for whom risk assessments are undertaken, needs to be taken into account.

 In the following review of the recent literature we focus on the differences in the potency of TCDD and PCB 126 for rodents and humans. TCDD is addressed because it is the reference point for the TEFs.  PCB 126 receives special emphasis for two related reasons.  PCB 126 is regarded as the most potent of the PCBs assigned TEFs. PCB 126 has a value half an order of magnitude greater than PCB 169,and at least two and a half orders of magnitude greater than any other PCB with an assigned TEF; thus PCB 126 frequently contributes much of the total dioxin-like toxicity of an environmental mixture. Hence it is considered to be the PCB congener by which people are exposed to the greatest toxic potency, and it dominates the calculation of risk in most human health risk assessments that employ TEFs.  This dominant position, however, is not supported by recent data from studies conducted using human-derived tissue and cell lines. 

A rudimentary understanding of the biological effects of TCDD and dioxin-like compounds is necessary to understand the advances in scientific knowledge that have been achieved in the last decade.  There is agreement that seven dioxins, ten furans, and the twelve coplanar PCBs, collectively referred to as dioxin-like compounds, bind a receptor protein, the aryl hydrocarbon receptor (AhR); this is followed by the induction or turning on of various genes many of which produce enzymes, particularly those in the cytochrome P450 (CYP) family, which includes CYP1A1, CYP1A2, and CYP1B1. 
 These are considered to be among the early key events in the biological sequence or pathway that leads to tumor development in Sprague-Dawley female rats. The hepatic tumorigenicity of TCDD and dioxin-like compounds in some strains of rodents has, of course, been established through feeding studies, but such tests cannot be conducted with humans. As a consequence, in order to compare the biological action of TCDD and dioxin-like compounds in humans to that in rodents, exposure is conducted in cell cultures in vitro, studying in particular the initial key events that lead to toxicological response in vivo. In these tests, immortal human cell lines, typically from the liver, as well as fresh human donor tissue have been treated with the compound under study and the amount of EROD activity or CYP gene expression has been measured and compared to that in similarly treated rat cells. Often the EC50 of the compound, the concentration that is halfway between baseline and maximum response after a given exposure time, is used as a metric for the toxicity or potency of the compound.  The lower the EC50, the more sensitive the test species is to the compound. Recently, the use of microarrays in making these measurements has allowed results to be simultaneously achieved for many more genes than in the past. 

In 1996, Wiebel et al. compared the effect of TCDD on AH hydroxylase induction in rat hepatoma cells, H4IIEC3/T, and human liver-derived HepG2 cells. The human HepG2 cells were found to be twenty times less sensitive than the rat cells.

In 2000, Xu et al. compared the effects of TCDD on CYP1A activity measured by EROD activity, protein, and gene expression in primary cultures of rat and human hepatocytes. They reported that rat hepatocytes generally responded to dioxin at concentrations ten times lower than required for human cells. 

In 2001, Zeiger et al. treated human HepG2 cells and rat cells, H4IIE and rat primary hepatocytes, with TCDD as well as an array of dioxin-like compounds. The EC50 values for induction of EROD activity were compared. The human cells were an order of magnitude less sensitive to TCDD than were the rat cells. 

These studies as well as earlier ones are reported in a 2006 review article by Connor and Aylward that addresses the relative sensitivity of rodent cells and human cells to TCDD. The authors concluded that “human cells have been consistently less sensitive to TCDD for induction of EROD or AHH activity, generally requiring approximately 10-fold higher TCDD concentrations to obtain a half-maximal [EC50] result.”  These studies and this conclusion are consistent with that reached by the National Academy of Sciences, relying on other studies, and set out above :

[T]he estimated affinity of binding of TCDD (and related compounds) to the human AHR is about 10-fold lower than that observed to the AHR from ‘responsive’ rodent species and is comparable to that observed to the AHR from ‘nonresponsive’ mouse strains.

NAS. 2006. p. 81.  Thus, the evidence supports the view that the TEF value should reflect the differential potency of TCDD to rats and humans of an order of magnitude. Given the assumptions that underlie the TEFs, the implication of this correction is that one would anticipate that humans would be at least an order of magnitude less sensitive than rats to the dioxin-like compounds as well.    

 

Turning to the effects of PCB126, in 1996, Vamvakas et al. compared the level of AH hydroxylase and EROD activity in H4IIE rat hepatoma cells, HepG2 human hepatoma cells and MCF-7 human breast cancer cells that had been treated with TCDD and PCBs 77, 126, and 169; all coplanar, dioxin-like PCBs. Rat cells were found to be generally more sensitive to all treatments, in particular, the rat cell line demonstrated dose-dependent increases for both AH hydroxylase and EROD activity for all three PCB congeners; while the human cell lines were unresponsive to PCB 77 and PCB 169. For the TCDD treatment, the AH hydroxylase EC50 for the rats was 6 times lower than that for humans and the EROD EC50 for the rats was 42 times lower than that for humans.  For PCB 126 treatment, Vamvakas et al. (1996) estimated that human cells were 310 and 110 times less sensitive than rat cells for AHH and EROD induction, respectively. 

In the 2001 study already cited, Zeiger et al, treated rat cells and human HepG2 cells with all twelve dioxin-like PCBs: 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, and 189. The EROD activity in the cells was compared. The human cells showed lower sensitivity to EROD induction.  In fact, for eight of the PCB congeners (PCBs 169, 105, 118, 123, 156, 157, 167, and 189), EROD activity could not be induced. For PCBs 77, 81, and 114, the EC50 values for H4IIE rat cells ranged from 3.8 to 47.4 times lower than in the human HEPG2 cells. For PCB 126, which has a WHO2005 TEF value more than two orders of magnitude greater than any PCB with a detected EC50 value, the rat EC50 value was more than 1200 times less than that of the human. 

In 2005, Silkworth et al. compared CYP1A gene expression in fresh hepatocytes from human donors, rats, and rhesus monkeys, and HepG2 human hepatoma cells exposed to TCDD and PCB 126 in culture. EROD activity and CYP1A1 and CYP1A2 mRNA were measured. In the case of PCB 126, the EC50s for both EROD activity and CYP1A1 mRNA but not CYP1A2, in the rat were found to be 2 -3 orders of magnitude lower than in the human cells; indicating that human cells were clearly much less sensitive to this PCB congener than rat cells.   Newer studies, using more precise gene array technology, have demonstrated that EC50s in rats for both CYP1A1, CYP1A2, and mane additional genes are also 2-3 orders of magnitude lower than in humans.  Carlson, et al. (2009) and see below. 

In 2008, Westerink et al. compared CYP1A activity in rat H4IIE cells and human HepG2 cells for an extensive array of chemicals including TCDD and most dioxin-like PCBs. The PCB 126 EC50 for induction was three orders of magnitude lower in rat cells than in human cells. PCBs 77, 114, 123, and 167 similarly elicited much weaker responses in human cells compared to rat cells. In addition, PCBs 105, 118, 156, 157, 169, and 189 did not induce CYP1A activity in the human cells, in some cases at concentrations 3 magnitudes greater than those found effective in rat cells. 

In 2009, Carlson et al. investigated whether the difference in relative potency of PCB 126 between rats and humans, as measured by induction of CYP1A1, was also true for other AHR regulated genes that could be important to toxic effects subsequent to AHR binding. Two species-specific gene microarrays that could test more than 4,000 genes shared by both rats and humans were used to generate dose response models for genes responding to both TCDD and PCB 126. The median PCB 126 EC50 for 47 human genes responding in a dose response manner consistent with the TEF concept was more than 100 times greater than the median for 79 similarly responding rat genes.  Further, the species-specific relative potency of PCB 126 for these genes was estimated. The median relative potency estimate for the human genes was similar to the human hepatocyte-derived potency estimate of 0.003 based on EROD activity developed by Silkworth et al. (2005) while rat genes were consistent with the WHO TEF 0.1 value. This demonstrates that the lower sensitivity of human cells previously observed for both TCDD and PCB126 and the much lower potency of PCB126 relative to TCDD can be extended to many more genes in addition to the CYP genes.

In sum, the research conducted by Wiebal et al. (1996), Xu et al. (2000), and Zeiger et al. (2001), as well as earlier studies reported in Connor and Aylward (2006), show that human cells are at least ten times less sensitive to dioxin (TCDD) than are rat cells. Next, the work of Zeiger et al. (2001), Silkworth et al. (2005), and Westerink et al. (2008) demonstrates that humans are 2 - 3 orders of magnitude less sensitive to PCB 126 than are rats, as measured by CYP1A induction and associated EROD activity. Finally, Carlson et al. (2009) have presented evidence that the human insensitivity to PCB 126, shown through induction of CYP1A1 and EROD activity, applies to other potential AHR-regulated genes that  respond to both TCDD and PCB 126; however, many of these potential AHR-regulated genes are not shared between the species. This last point is important because it indicates that TCDD and the dioxin-like compounds act on different genes in humans and rodents, and that thus there are differences in the biological systems of the two species.  This evidence contradicts  a fundamental assumption that  the TEFs may properly be applied to these and other mammalian species because the mode or mechanism of biological action is the same regardless of the species under consideration. 

In sum, the evidence does not support either the assumption that TEFs for rodents and humans should be the same or that the WHO TEF of 0.1 for PCB 126 is correct.  The difference in rodent and human sensitivity to TCDD calls into question all the TEFs.  The evidence regarding differences in sensitivity to PCB 126 supports a TEF of 0.0003.

b. The TEFs Fail to Recognize Substantial Evidence That The Interactions of Dioxin-like Compounds Are Not Additive.

The TEQ approach assumes that the toxicities of individual DLCs in a mixture are additive.  The WHO twice has recognized the tenuousness of this assumption.  In the initial publication of the WHO TEFs, the authors stated: “The most important limitation is that the combined toxic effects of the components of a given mixture would be additive, neglecting possible synergism or antagonism.” Ahlborg et al. (1994, p. 1050). In 2005, the expert panel concluded that the available evidence supported the additivity of congeners, but also acknowledged that deviations from additivity are not uncommon. van den Berg et al. (2006, p. 224.).    

Knowledge of the mechanisms by which AhR-active chemicals cause effects suggests that the congeners’ toxicities represented by TEFs should not be additive.  The AhR binds with a variety of molecules.  Whether the AhR binds with a chemical, and the strength of the bond, is a function of the shape of the chemical molecule.  A chemical that binds weakly to the AhR may be replaced by a “competitor” chemical that forms a stronger bond with the AhR, so that the binding is competitive rather than additive (Gray et al, 2006; Safe, 1990; Walker et al., 2005).

The fact that a chemical binds with the AhR does not indicate that it will cause an adverse effect.  In fact, chemicals that bind with the AhR can have a beneficial effect (e.g., triggering a normal physiological response like enzyme induction), an adverse effect (e.g., triggering the events that lead to tumors), or no effect.  The adverse effects caused by chemicals that bind with the AhR can range from minor (e.g., inhibiting the production of cells useful in fighting infection) to major (e.g., causing reproductive disorders).  A chemical that binds to the AhR and causes any effect is called an “agonist.”  A chemical that binds but has no effect (or inhibits a “normal” event) is called an “antagonist.”  The term “antagonist” results from the fact that chemicals that bind with a receptor with no adverse effect compete with agonists for sites on receptors – while an antagonist occupies the site, an agonist cannot occupy it and cause its effect.  Moreover, even agonists can have antagonistic properties.  For example, if an agonist that produces either a normal physiological effect or a minor adverse effect competes for a receptor and blocks it from another agonist that causes a more serious adverse effect, substantial harm has been avoided (Newsted et al., 1995; Walker et al., 1996; 2005).  Agonists that have antagonistic properties are sometimes called “partial” or ”weak” agonists.

This understanding of the AhR mechanism substantially weakens the primary assumption of the TEQ approach that the potencies of individual DLCs in a mixture are additive (i.e., combining DLCs increases toxicity).  Where antagonists are present in concentrations higher than the concentration of agonists, it is difficult for agonists to bind to receptors.  Moreover, partial agonists or incomplete agonists compete with complete agonists for receptor binding sites.  Thus, whenever a human body contains a mixture of complete agonists, partial agonists, and antagonists, the total impact on the body cannot be predicted by the sum of the various agonist concentrations.

Empirical data indicate that some congeners may have antagonistic properties.  For example, Starr et al. (1997) reported that “some PCDFs antagonize AhR-mediated responses including fetal cleft palate, hydronephrosis, immunotoxicity, embryotoxicity and induction of CYP1A1-dependent activities.” Thus, additivity does not appear to be demonstrated generally across congeners and endpoints in animal studies, and the applicability of this assumption to human dose response is even less certain.  In these circumstances, it is unwarranted to assume that the toxicity of dioxin and dioxin-like mixtures can be predicted by multiplying the TEFs for the individual congeners by their respective concentrations in the mixture, and summing the results.

This issue of additivity is further complicated when PCBs are considered.  At sites where PCBs and PCDD/F are both present, PCBs are often present at substantially higher concentrations than are PCDD/F.  In his consideration of the potential additivity of mixtures of these compounds, Safe (1993) concluded that "the TEF approach may significantly overestimate the TEQs for environmental extracts containing PCB, PCDD and PCDF mixtures in which the concentrations of the PCBs were >100-fold higher than the PCDDs and PCDFs."  Other studies have indicated that additivity in PCDD/F and PCB mixtures has not been demonstrated across congeners and endpoints in animal studies (Harper et al., 1995; Safe, 1990; Starr et al., 1997).

c. The TEFs Fail To Recognize Substantial Evidence That The Dose-Response Curves for TCDD and PCBs Are Not Parallel
Because TEFs are used to equate the toxicity of individual congeners to that of TCDD at any dose, the TEQ approach assumes that the dose-response curves for DLCs are parallel to the carcinogenic dose response curve for TCDD.  There are indications, however, that this assumption is not correct (Putzrath, 1997; Pohjanvirta et al., 1995). 

As a part of a National Toxicology Project 2-year rodent carcinogenicity study, Toyoshiba et al. (2004) looked at the effects of TCDD, 4-PeCDF, PCB-126, and a mixture of the three on the activity of two liver enzymes known to be induced by TCDD and DLCs. Toyoshiba, et al. (2004) concluded that the dose-response curves for each of the three compounds and for the mixture were significantly different from one another.

Walker et al. (2005) analyzed cancer incidence data from the same NTP 2-year rodent carcinogenicity study. The dose-response curves were modeled using four different model conditions. When each data set was modeled with parameters that allowed the individual curves to provide an independent optimal fit, none of the resultant dose-response curves was parallel.

Walker et al. (2005) also modeled the data sets using parameters that forced the curves to assume the same shape, then conducted a statistical analysis of the error associated with the fit of each model and concluded that the hypothesis that the dose-response curves were all the same shape could not be rejected. The researchers did admit, however, that the statistical power of the tests used to determine whether the null hypothesis could be rejected was rather low, ranging from 0.1 to 0.5.

d. There Is No Consensus on the Cancer Slope Factor for TCDD
The TEQ approach was developed so that TEQ concentrations of dioxins and furans could be summed and used with the empirically-based cancer slope factor (CSF) for TCDD to estimate potential cancer risks.   There is, however, no consensus within the scientific community as to the appropriate CSF for TCDD.

A wide range of CSFs have been proposed for TCDD based on animal studies and using a linear, non-threshold cancer model to extrapolate risks to humans at environmentally relevant doses.  The proposed CSFs have ranged from 9,000 to 156,000 (mg/kg-day)-1, with differences in values resulting largely from the tumor classification scheme and interspecies scaling factor applied (EPA, 1994, 2000; FDA, 1993, 1994; Keenan et al., 1991).  Recently, in two revisions of the draft Dioxin Reassessment, EPA proposed a CSF for TCDD of 1,000,000 (mg/kg-day)-1 based on its evaluation of human epidemiological data (EPA, 2000; 2003), but did not identify and discuss the full range of plausible cancer slope factors for TCDD that could be based on peer-reviewed scientific studies.   

The 2000 draft Dioxin Reassessment was reviewed by EPA’s Science Advisory Board, which could not “reach consensus on a single value for a dioxin potency factor” (EPA, 2001; p. 6).  More recently, the National Academy of Sciences (NAS) completed its review of EPA’s draft Dioxin Reassessment (NAS, 2006).  Among its conclusions, the NAS determined that the available data support a threshold, nonlinear relationship, rather than the default non-threshold linear model that EPA has used historically.  NAS concluded: 

The committee unanimously agrees that the current weight of evidence on TCDD, other dioxins, and DLCs  carcinogenicity favors the use of nonlinear methods for extrapolation below the point of departure (POD) of mathematically modeled human or animal data. 

NAS, 2006, p. 135.  NAS further commented that --

[A] risk assessment can be conducted without resorting to default assumptions.  To the extent that EPA favors using default assumptions for regulating dioxin as though it were a linear carcinogen, such a conclusion should be supported with scientific evidence.

The committee concludes that although it is not possible to scientifically prove the absence of linearity at low doses, the scientific evidence, based largely on mode of action, is adequate to favor the use of a nonlinear model that would include a threshold response over the use of the default linear assumption.  The committee concludes that four major considerations of the scientific evidence support the use of a nonlinear model for low-dose extrapolation.  

NAS, 2006, pp. 85, 100.

The “four major considerations” listed by NAS as supporting a nonlinear relationship rather than the default linear model were that:

· TCDD, other dioxins, and DLCs are not directly genotoxic;

· Receptor-mediated agents have sublinear dose-response relationships;

· Liver tumors are secondary to hepatoxicity; and

· Bioassays provide evidence of nonlinearity.

In light of NAS’s finding that scientific evidence supports the use of a nonlinear model for low-dose extrapolation of the carcinogenicity of DLCs, NAS recommended that EPA "consider the full range of data, including the new NTP animal bioassay studies on TCDD, for quantitative dose-response assessment,” when deriving a new CSF for TCDD using nonlinear methods. NAS. 2006. pp.190-191.

Thus, at present, there is no consensus within the scientific community as to the appropriate CSF for TCDD or the DLCs.  Without a reliable estimate of an appropriate CSF, the TEQ approach cannot be used to reliably estimate potential cancer risk posed by selected PCB congeners.

2. The WHO TEFs Are Not Appropriate For Body Burden Assessments

It has long been recognized that the WHO TEFs are based on intake or dose, and may therefore be limited in their application. As the original WHO expert panel observed:

 “It was recognized that the recommended TEFs have been developed for use in exposure scenarios, i.e., they are intake TEFs.  These values may, or may not, be appropriate for body burden assessments. … Thus, there may be different classes of TEF-values depending upon whether the considerations relate to intake, body burden, or ecological concerns.”

Ahlborg, et al. (1994, p. 1059
In the same vein, the authors of the WHO’s 2005 TEFs stated:

Concern is expressed about the application of the TEF/TEQ approach to abiotic environmental matrices such as soil, sediment, etc. The present TEF scheme . . .  and TEQ methodology are primarily meant for estimating exposure via dietary intake situations because present TEFs are based largely on oral uptake studies often through diet. Application of these “intake or ingestion’”TEFs for calculating the TEQ in abiotic environmental matrices has limited toxicological relevance and use for risk assessment, unless the aspect of reduced bioavailability and environmental fate and transport of the various dioxin-like compounds are taken into account.  If human risk assessment is done for abiotic matrices it is recommended that congener-specific equations be used throughout the whole model, instead of using a total TEQ-basis, because fate and transport properties differ widely between congeners. 
van den Berg, et al. (2006, p. 237)(emphasis added). 
In the NAS (2006) review of EPA’s draft Dioxin Reassessment, NAS reached a similar conclusion to that of Gray et al. (2006) concerning the use of the WHO98 TEFs for evaluating risks based on a body burden metric: 

It remains to be determined whether the current WHO TEFs, which were developed to assess the relative toxic potency of a mixture to which an organism is directly exposed by dietary intake, are appropriate for body burden toxic equivalent quotient (TEQ) determinations, which are derived from the concentrations of different congeners measured in BF [body fat].  If body burdens are to be used as the dose metric, a separate set of body burden TEFs should be developed and applied for this evaluation.  Without these corrected values, the overall TEQs estimated by use of intake TEFs might be substantially in error. [NAS (2006) p. 138] 

The WHO 2005 TEF values do not reflect the corrections recommended by the NAS. 

3. Epidemiological Studies Do Not Support The Carcinogenicity Of PCBs At Environmental Or Occupational Exposures

The TEQ approach ignores the vast body of human epidemiological studies, which indicates that PCBs are carcinogenic to humans only at very high doses, if at all.  More than 50 peer-reviewed, epidemiological cancer studies specific to PCBs have been published over the past 30 years.  Many of those studies involved thousands of workers with occupational exposures far greater than those that would result from environmental exposures.  None of those studies support a finding that PCBs are human carcinogens.  Two review articles, Golden et al. (2003) and Golden and Kimbrough (2009), are particularly noteworthy.

Golden et al. (2003) discusses the findings in  Kimbrough et al.(1999) and Kimbrough (2003) which reported on a cohort of over 7,000 occupationally exposed workers in two GE capacitor manufacturing plants. Kimbrough found no statistically significant increase in deaths due to cancer regardless of degree of exposure to PCBs or length of employment in the plants. Golden also reviewed all of the other human evidence relating to the potential carcinogenicity of PCBs.  This paper concluded that “[a]pplying a weight-of-evidence evaluation to the PCB epidemiological studies can only lead to the conclusion that there is no causal relationship between PCB exposure and any form of cancer.”  A more detailed review of all the relevant human cancer studies involving exposure to PCBs, performed by Golden and Shields (2000) concluded that the weight of the human evidence does not support an association, much less a causal relation, between PCB exposure and any type of cancer.  

In the 2009 review article Golden and Kimbrough reviewed an additional 15 articles that had been published since 2003. The review was done using EPA's 2005 Cancer Risk Assessment Guidelines and a method endorsed by ATSDR. None of the studies changes the conclusion drawn in 2003: “the weight of evidence does not support a causal association for PCBs and human cancer.”  The authors found no evidence that PCBs would result in human cancer at the level of environmental or occupational exposures.

All of this information indicates that application of the TEQ approach to PCBs would lead to human health risk assessments that seriously exaggerate risk.

4.
There Is No Validated Method For Performing The PCB Congener Analysis Required To Use The TEQ Approach For PCBs.
The TEF methodology, by definition, requires analysis of individual DLC compounds, including the "dioxinlike", co-planar PCB congeners.  The only method of which we are aware that purports to analyze the co-planar PCB congeners is EPA Method 1668B --Chlorinated Biphenyl Congeners in Water, Soil, Sediment, Biosolids, and Tissue by HRGC/HRMS (Nov. 2008)
.  That method was developed for "wastewater, surface water, soil, sediment, biosolids and tissue matrices", but states that "[o]ther applications and matrices may be possible, which may or may not require modifications of sample preparation, chromatography, etc."  Method 1668B, p. 1.   As discussed below, Method 1668B has not been validated as called for by EPA's Agency Policy Directive No. FEM-2005-001, Ensuring the Validity of Agency Methods – Methods Validation and Peer Review Guidelines (2005) (hereinafter "Validation Policy") or FEM Document No. 2005-01, Validation and Peer Review of U.S. [EPA] Chemical Methods of Analysis (hereinafter "Validation Guidance").   

An interlaboratory variability study of Method 1668A conducted for EPA by qualified labs in 2003-2004 (hereinafter "EPA study") indicates that the Method is highly problematic. Almost half of the labs that submitted data to EPA were not able to produce data that EPA regarded as usable.  Method 1668A Interlaboratory Validation Study Report (Nov. 2008)(hereinafter "EPA Report"), pp. 9-10.
  That fact should have prompted EPA to consider whether this Method can be implemented correctly and consistently by different labs.  Instead, EPA simply disregarded the results from the labs whose data EPA regarded as unusable, and proceeded to analyze the data from the remaining six labs that EPA deemed to be usable.  Regulated entities, of course, do not know which labs produced usable data, and therefore have at least a 50% chance of hiring a laboratory that will not produce usable data, let alone correct data.

To the extent that EPA regarded data obtained in the EPA Study as usable, that data does not demonstrate that Method 1668A attained the goals set forth in EPA’s Validation Policy [data must be "suitable for its intended purpose (i.e., yields acceptable accuracy for the analyte, matrix and concentration range of concern)"]
 or has the "method reproducibility" required by EPA’s Validation Guidance.
  Instead, the EPA Report identifies many problems with the "usable" data, including:

· Extreme differences in the recoveries obtained by the labs.  Figure 4-1 on p. 14 of the EPA Report shows recoveries ranging from almost 0% to more than 100% for concentrations of PCB congeners in wastewater in the 0 to 2000 pg/L range, and from 60% to more than 100% for concentrations in the 2000 to 3000 pg/L range – the ranges that are targeted by Method 1668A.  If EPA had included data from all 11 labs that submitted data, the differences in recoveries might have been even greater. 

· Unexplained, higher than expected variability at both high and low concentrations of PCBs in wastewater.  EPA Report, Fig. 4-3.  The higher variability is consistent with the large differences in the minimum and maximum recoveries in Table 4-3.  In fact, the EPA Report states, “The variability is somewhat higher than expected at the higher concentrations, with RSDs of approximately 40%.  The reason for these higher than expected RSDs is not known.” Section 4.5.1.2. Again, if EPA had included data from all 11 labs that submitted data, the differences in recoveries might have been even greater.

· Inability to calculate recoveries of congeners from tissue and biosolids samples, because the true congener concentrations in those samples were unknown.  EPA Report at 14.  Consequently, EPA cannot determine the accuracy of Method 1668A for those matrices.

· Insufficient calibration data "to permit revision of the QC acceptance criterion for calibration linearity” (EPA Report, Sec. 5.1) and to calibrate verification data (EPA Report Sec. 5.2), which limits EPA's ability to evaluate fully the performance of Method 1668A.

· Precision that is "proportional to concentration" (EPA Report, Sec. 6), meaning that Method 1668A is less precise for lower concentrations of PCB congeners – the concentration ranges actually targeted by Method 1668A – than for higher concentrations.  

Presumably in recognition of these and other problems, the EPA Report does not state or claim that the Method yields acceptable accuracy for PCB congeners in the matrices and concentration ranges of concern, with adequate precision and reproducibility across labs.  Indeed, the EPA Report says only that "[t]his study demonstrated that PCB congeners can be measured in water, biosolids, and tissue in multiple laboratories using EPA Method 1668A." EPA Report, p. 23(emphasis added)  Even if that is true, the fact that PCBs "can be measured" does not mean that Method 1668A measures PCBs with the requisite precision, accuracy and reproducibility.   Consequently, unless and until a validated method for analyzing soil, sediments and other matrices for individual, co-planar PCB congeners is developed, the TEQ approach can not be implemented reliably for PCBs.
 

5.
The Development Of The WHO TEFs Has Not Followed Established Practices For Ensuring Scientific Reliability and Clarity 


Among the core principles of science is the precept that observations and experiments must be replicable to be reliable and trustworthy.  For other scientists to attempt replication, the authors of the original study must describe their  method,  materials and reasoning in detail.  Further, in critical review work, the authors must explain clearly the reasoning that led them to include some studies and exclude others, and to place weight on one experimental result but not another, so that other  scientists can make a fair judgment as to whether the evidence has been properly assessed. One of the functions of peer review is to assure that these principles and standards are met.

Development of the WHO TEFs has not conformed to these fundamental principles.  The scientists who developed and updated the WHO TEFs have  provided little rationale for considering some studies and not others.  They have not provided sufficient detail on how they evaluated and weighed the studies from which the TEFs were derived. They have provided opinion, with virtually none of the reasoning that would make the opinion replicable.

The lack of adherence to these fundamental principles has pervaded the WHO TEF process.  The 1993 WHO TEFs were developed during an "expert consultation" of  12 experts, two observers, and WHO staff.  Ahlborg, et al. (1994), p.1050. Approximately 1200 articles on PCBs were culled, without explanation, to 146 articles that were considered useful for developing a data-base for determining TEFs.  These articles were analyzed, and the data included in the final data base were selected from 57 articles, manuscripts and personal communications using the following criteria : 

· At least one PCB congener was studied

· TCDD or a PCB-reference (PCB 77, 126, or 169)also studied in the same experiment or

· TCDD or a PCB-reference (PCB 77, 126 or 169) studied with the same experimental design and by the same authors in another experiment

· Endpoints were affected by TCDD or the PCB-reference (PCB 77, 126, 169). 
Ahlborg et al., 1994 (p. 1051).   

The requirement that PCBs be studied on a congener basis and that such studies include or be tied to a study of TCDD is understandable when the aim is to look at relative potencies, but the reality is that the criteria listed above exclude from consideration a great deal of the established literature on PCBs. Two broad areas of PCB analysis are entirely excluded: studies that examined PCBs on an Arochlor basis rather than a congener basis, and studies that focused on PCBs without reference to TCDD.  An excellent example of the effect of these exclusions is to consider the basis on which EPA established the IRIS values for PCBs.  All of the animal feeding studies that EPA relied on involved doses of Arochlors – the commercial mixtures of PCBs actually manufactured, marketed and used in the United States --  rather than individual congeners. US EPA, IRIS, Polychlorinated biphenyls (PCBs) (CASRN 1336-36-3).  The authors of the WHO TEFs  did not consider this evidence, thereby ignoring the entire basis on which EPA has assessed the health risk of PCBs.  Similarly, the epidemiological studies obviously do not reflect exposure to a single congener, and also were ignored by the authors of the WHO TEFs.  The WHO's consideration only of a limited body of experimental studies does not represent the “best available science” on the toxicity of  PCBs. 

These and other deficiencies have persisted through the latest iteration of the WHO TEFs.  For that update, the WHO expert panel used a “combination of . . .  unweighted REP distributions, expert judgment and point estimates to re-evaluate TEFs.”  van den Berg et al. (2006).   Certain TEFs were “extensively re-evaluated.” Id.  For each TEF value, however, only a one-paragraph explanation of the expert panel’s analysis and conclusion is provided.

The expert panels that developed and updated the TEFs have consistently failed to provide sufficient information to replicate their analyses.   Consequently, the expert panels’ work cannot be peer reviewed in the usual manner.  Only the results of the work can be tested against the broader evidentiary material available. As we have shown, such testing demonstrates critical flaws in the assumptions on which the TEFs are premised. The TEQ approach should be abandoned for assessing PCB toxicity or, at a minimum, modified to reduce the toxicity assigned to PCBs, particularly PCB 126.  

III. CONCLUSION

The evidence presented above leads to one conclusion:  The TEQ approach does not work for PCBs. That is not surprising, because, as demonstrated above, the TEFs for PCBs are deeply flawed values that are not based on a transparent, objective examination of all available, relevant scientific data.  The TEFs are not the best available science for PCBs, and should not be used by DEP to assess the risks of PCBs. At minimum, DEP should reduce the TEF value for PCB 126 by two to three orders of magnitude to reflect humans’ demonstrated, reduced sensititivity to TCDD and PCB 126 as compared to rodents.

IV. REFERENCES

Ahlborg, U.G., G.C. Becking, L.S. Birnbaum, A. Brouwer, H.J.G.M. Derks, M. Feely, G. Golor, A. Hanberg, J.C. Larsen, S.H. Safe, C. Schlatter, F. Waern, M. Younes, and E. Yrjanheikki.  1994.  Toxic equivalency factors for dioxin-like PCBs.  Chemosphere 28(6):1049-1067.

Carlson, E. A., C. McCulloch, A. Koganti, S.B. Goodwin, T.R. Sutter,  and  J.B. Silkworth. 2009. Divergent transcriptomic responses to aryl hydrocarbon receptor agonists between rat and human primary hepatocytes. Toxicol. Sci. Advanced Access.
Connor, K.C. and L.L. Aylward.  2006. Human response to dioxin:  Aryl hydrocarbon receptor (AhR) molecular structure, function, and dose-response data for enzyme induction indicate an impaired human AhR.  J. Toxicol. Environ. Health Part B: Critical Reviews. 9:147-171.

Ema, M.,  N. Ohe, M. Suzuki, J. Mimura, K. Sogawa, S. Ikawa, Y. Fujii-Kuriyama. 1994.  Dioxin binding activities of polymorphic forms of mouse and human arylhydrocarbon receptors. J Biol Chem. 269(44):27337–27343. 

EPA.  1994.  Health assessment document for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds.  U.S. Environmental Protection Agency, Office of Research and Development, Washington, DC.  EPA/600/BP-92/001c.  August.

EPA.  2000.  Exposure and human health reassessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds.  Part III.  Integrated summary and risk characterization for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds.  Environmental Protection Agency.  SAB Review Draft EPA/600/P-00/001Bg.  September.

EPA.  2001.  Dioxin Reassessment – an SAB review of the Office of Research and Development’s Reassessment of dioxin.  U.S. Environmental Protection Agency, Science Advisory Board, Washington, DC.  EPA-SAB-EC-01-006.  May.

EPA.  2003.  Exposure and human health reassessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds. December.  National Academy of Sciences (NAS) Review Draft. National Center for Environmental Assessment.  www.epa.gov/ncea/dioxin.

EPA.  2005.  Guidelines for carcinogen risk assessment.  Risk Assessment Forum.  U.S. Environmental Protection Agency, Washington, D.C.  EPA/630/P-03/001B.  March.

Food and Drug Administration (FDA).  1993.  Report of the quantitative risk assessment committee.  Subject: FAP OT4192, Update: Upper bound lifetime carcinogenic risks from exposure to dioxin congeners from foods contacting bleached paper products with dioxin levels not exceeding 2 ppt.  January 27.

Food and Drug Administration (FDA).  1994.  Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans in bleached food-contact paper products; response to referral for action by the Environmental Protection Agency and Request for Comment.  Federal Register 59(70):17384-17389.  April 12.

Golden, R., J. Doull, W. Waddell, and J. Mandel.  2003. Potential human cancer risks from exposure to PCBs: A tale of two evaluations. Critical Reviews in Toxicology 33(5):543–580. 

Golden, R. and P.G. Shields.  2000.  Technical Report:  A weight-of-evidence review of the human studies of the potential cancer effects of PCBs.  April 10.  

Golden, R. and R. Kimbrough.  2009. Weight of evidence evaluation of potential human cancer risks from exposure to polychlorinated biphenyls: An update based on studies published since 2003. Crit Rev. Toxicol. 39(4), 299-331.

Gray, M.N., L.L. Aylward, and R.E. Keenan.  2006.  Relative cancer potencies of selected dioxin-like compounds on a body burden basis: Comparison to current Toxic Equivalency Factors (TEFs).  J. Toxicol. Environ. Health 69: 907-917.

Harper, N., K. Connor, M. Steinberg, and S. Safe.  1995.  Immunosuppressive activity of polychlorinated biphenyl mixtures and congeners: nonadditive (antagonistic) interactions.  Fundamental and Applied Toxicology 27:131-139.

Keenan, R.E., D.J. Paustenbach, R.J. Wenning, and A.H. Parsons.  1991.  A pathology re-evaluation of the Kociba et al. (1978) bioassay of 2,3,7,8-TCDD: Implications for risk assessment.  Journal of Toxicology and Environmental Health  34:279-296.

Keenan, R.E. 2000. Applying dioxin TEQs for PCBs. Presentation of comments on behalf of the Polychlorinated Biphenyls Panel of the American Chemistry Council, the Utility Solid Waste Activities Group, and the National Electrical Manufacturers Association to the U.S. EPA Science Advisory Board, Dioxin Reassessment Review, Arlington, VA, November 1.  

Keenan, R.E. 2001. Dioxin TEQs overstate the carcinogenic potency of PCBs.  Public hearing testimony to the Executive Committee of the U.S. EPA Science Advisory Board, Washington, D.C. May 15. 
Keenan, R.E., J.M. Hamblen, J.B. Silkworth, M.N. Gray, P.O. Gwinn, and S.B. Hamilton.  2003. An empirical evaluation of the potency of dioxin toxic equivalents (TEQs) in several PCB mixtures.  2003.  Organohalogen Compounds 65:312-315. Proceedings Dioxin 2003 – the 23rd International Symposium on Halogenated Environmental Organic Pollutants and Persistent Organic Pollutants, Boston, Massachusetts, USA.  August 24-29.

Kimbrough, R. D., M.L. Doemland, and  M.E. LeVois.  1999.  Mortality in male and female capacitor workers exposed to polychlorinated biphenyls.  Journal of Occupational and Environmental Medicine  41:161-171.

Kimbrough, R., M. Doemland, J.Mandel.  2003.  A mortality update of male and female capacitor workers exposed to polychlorinated biphenyls.  J. Occup. Environ. Med.  45:271-282.

National Academy of Sciences (NAS).  2006.  Health risks from dioxin and related compounds: evaluation of the EPA reassessment.  Committee on EPA's Exposure and Human Health Reassessment of TCDD and Related Compounds, National Research Council of the National Academies.  Washington, DC.

National Toxicology Program (NTP). 2006a. NTP Technical Report on the Toxicology and Carcinogenesis Studies of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) (CAS No. 1746-01-6) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 521), National Toxicology Program.  April.

National Toxicology Program (NTP). 2006b. NTP Technical Report on the Toxicology and Carcinogenesis Studies of 3,3'4,4',5-Pentachlorobiphenyl (PCB 126) (CAS No. 57465-28-8) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 520), National Toxicology Program.  January.

National Toxicology Program (NTP). 2006c. NTP Technical Report on the Toxicology and Carcinogenesis Studies of 2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) (CAS No. 57117-31-4) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 525), National Toxicology Program.  September.

National Toxicology Program (NTP). 2006d. NTP Technical Report on the Toxicology and Carcinogenesis Studies of a Mixture of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) (CAS No. 1746-01-6), 2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) (CAS No. 57117-31-4), and 3,3'4,4',5-Pentachlorobiphenyl (PCB 126) (CAS No. 57465-28-8) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 526), National Toxicology Program.  September.

National Toxicology Program (NTP). 2006e. NTP Technical Report on the Toxicology and Carcinogenesis Studies of 2,2',4,4'5,5'-Hexachlorobiphenyl (PCB 153) (CAS No. 35065-27-1) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 529), National Toxicology Program.  May.

National Toxicology Program (NTP). 2006f. NTP Technical Report on the Toxicology and Carcinogenesis Studies of a Binary Mixture of 3,3',4,4'5-Pentachlorobiphenyl (PCB 126) (CAS No. 57465-28-8) and 2,2',4,4'5,5'-Hexachlorobiphenyl (PCB 153) (CAS No. 35065-27-1) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 530), National Toxicology Program.  August.

National Toxicology Program (NTP). 2006g. NTP Technical Report on the Toxicology and Carcinogenesis Studies of a Binary Mixture of 3,3',4,4'5-Pentachlorobiphenyl (PCB 126) (CAS No. 57465-28-8) and 2,3',4,4'5-Pentachlorobiphenyl (PCB 118) (CAS No. 31508-00-6) in Female Harlan Sprague-Dawley Rats (Gavage Studies) (NTP TR 531), National Toxicology Program.  November.

Newsted, J.L., J.P. Giesy, G.T. Ankley, D.E. Tillitt, R.A. Crawford, U.W. Gooch, P.D. Jones, and M.S. Denison.  1995.  Development of toxicity equivalence factors for PCB congeners and the assessment of TCDD and PCB mixtures in rainbow trout.  Environmental Toxicol. Chem. 14(5):861-871.

Pohjanvirta, R., M. Unkila, J. Linden, J.T. Tuomisto, and J. Tuomisto.  1995.  Toxic equivalency factors do not predict the acute toxicities of dioxins in rats.  European J. Pharmacol., Environ. Toxicol. Pharmacol. 293:341–353.

Poland A, D. Palen, E. Glover.  1994.  Analysis of the four alleles of the murine aryl hydrocarbon receptor. Mol Pharmacol. 46(5):915–921.
Putzrath, R.M.  1997.  Estimating relative potency for receptor-mediated toxicity: reevaluating the toxicity equivalence Factor (TEF) model.  Regulatory Toxicology and Pharmacology 25:68-78.

Ramadoss, P. and G.H. Perdew.  2004.  Use of 2-azido-3-[125I]iodo-7,8-dibromodibenzo-p-dioxin as a probe to determine the relative ligand affinity of human versus mouse aryl hydrocarbon receptor in cultured cells.  Mol. Pharmacol. 66(1):129-136.

Roberts, E. A., K.C. Johnson, P.A. Harper, and A.B. Okey.  1990.  Characterization of the Ah receptor mediating aryl hydrocarbon hydroxylase induction in the human liver cell line Hep G2. Arch. Biochem. Biophys. 276:442-450.  

Safe, S.H.  1990.  Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), dibenzo-furans (PCDFs), and related compounds:  Environmental and mechanistic considerations which support the development of toxic equivalency factors (TEFs).  Crit. Rev. Toxicol. 21(1):51-88.

Safe, S.H.  1993. Development of bioassays and approaches for the risk assessment of 2,3,7,8-tetrachlorodibenzo-p-dioxin and related compounds.  Environmental Health Perspectives 101(supplement 3):317-325.

Silkworth J.B., A Koganti, K. Illouz, A. Possolo, M. Zhao, and S.B. Hamilton. 2005. Comparison of TCDD and PCB CYP1A induction sensitivities in fresh hepatocytes from human donors,  Sprague-Dawley rats, and rhesus monkeys and HepG2 cells. Toxicological Sciences 87(2): 508-519.  

Silkworth, J.B., and R.E. Keenan.  2005. The TEQ approach ignores empirical evidence regarding PCB toxicity and substantially over-predicts risks.  Invited speaker to the National Academy of Science, Third Meeting of the Committee on EPA’s Exposure and Human Health Reassessment of TCDD and Related Compounds, Washington, DC.  March 21. [Copy enclosed]
Starr, T.B., T.R. Zacharewski, T.R. Sutter, S.H. Safe, W.F. Greenlee, and R.B. Connolly.  1997.  Concerns with the use of a toxicity equivalence factor (TEF) approach for risk assessment of “dioxin-like” compounds.  Organohal. Comp. 34:91–94.

Toyoshiba, H., N.J. Walker, A.J. Bailer and C.J. Portier.  2004.  Evaluation of toxic equivalency factors for induction of cytochromes P450 CYP1A1 and CYP1A2 enzyme activity by dioxin-like compounds.  Toxicol. Appl. Pharmacol. 194(2):156-168.

Van den Berg, M., L. Birnbaum, A.T.C. Bosveld, B. Brunstrom, P. Cook, M. Feeley, J.P. Giesy, A. Hanberg, R. Hasegawa, S.W. Kennedy, T. Kubiak, J.C. Larsen, F.X. R. van Leeuwen, A.K. Djien Liem, C. Nolt, R.E. Peterson, L. Poellinger, S. Safe, D. Schrenk, D. Tillitt, M. Tysklind, M. Younes, F. Waern, and T. Zacharewski.  1998.  Toxic equivalency factors (TEFs) for PCBs, PCDDs, PCDFs, for humans and wildlife.  Environmental Health Perspectives 106(12):775-792.

Van den Berg, M., L.S. Birnbaum, M. Denison, M. De Vito, W. Farland, M. Feeley, H. Fiedler, H. Hakansson, A. Hanberg, L. Haws, M. Rose, S. Safe, D. Schrenk, C. Tohyama, A. Tritscher, J. Tuomisto, M. Tysklind, N. Walker, and R.E. Peterson.  2006.  The 2005 World Health Organization reevaluation of human and mammalian toxic equivalency factors for dioxins and dioxin-like compounds.  Toxicological Sciences 93(2):223-241.

Vamvakas, A., J. Keller, and  M. Dufresne.  1996.  In vitro induction of CYP 1A1-associated activities in human and rodent cell lines by commercial and tissue-extracted halogenated aromatic hydrocarbons. Environ. Toxicol. Chem. 15(6):814-823. 

Walker, M.K., P.M. Cook, B.C. Butterworth, E.W. Zabel, and R.E. Peterson.  1996.  Potency of a complex mixture of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners compared with 2,3,7,8-tetrachlorodibenzo-p-dioxin in causing fish early life stage mortality.  Fundamental and Applied Toxicology 30:178-186.

Walker, N. J., Crockett, P. W., Nyska, A., Brix, A. E., Jokinen, M. P., Sells, D. M., Hailey, J. R., Easterling, M., Haseman, J. K., Yin, M., et al.  2005.  Dose-additive carcinogenicity of a defined mixture of ‘‘dioxin-like compounds’’.  Environ. Health Perspect. 113:43–48.

Westerink, W. M., J.C. Stevenson, and W.G. Schoonen.  2008.  Pharmacologic profiling of human and rat cytochrome P450 1A1 and 1A2 induction and competition. Arch. Toxicol. 82(12):909-921. 

Wiebel, F. J., M. Wegenke, and F. Kiefer. 1996.  Bioassay for determining 2,3,7,8-tetrachlorodibenzo-p-dioxin equivalents (TEs) in human hepatoma HepG2 cells. Toxicol. Lett. 88(1-3):335-338. 

Xu, L., A.P. Li,  D.L.Kaminski, and M.F. Ruh.  2000. 2,3,7,8 tetrachlorodibenzo-p-dioxin induction of cytochrome P4501A in cultured rat and human hepatocytes. Chemico-Biological Interactions 124(3):173-189. 

Zeiger, M., R. Haag, J. Hockel, D. Schrenk, and H.J. Schmitz.  2001.  Inducing effects of dioxin-like polychlorinated biphenyls on CYP1A in the human hepatoblastoma cell line HepG2, the rat hepatoma cell line H4IIE, and rat primary hepatocytes: Comparison of relative potencies. Toxicol. Sci. 63(1):65-73. 
�It is important not to confuse adjustments that need to be made to TEFs on the basis of species differences and changes to TEFs that might be suggested on the basis of individual variability. These two sources of possible  adjustment are conceptually distinct.  In this particular case, the changes needed to account for species differences are much greater than those that might be suggested to address individual variability.  Silkworth (2005 p. 14) ("[F]indings that sensitivity differences, measured by either threshold or EC50s, span over three orders of magnitude between human and rat cells, but only vary by a factor of about ten among the human samples, suggest that species differences are a more significant source than individual differences for the uncertainty in risk estimation.")


�  Evidence indicates that when CSFs for the TEQ in PCB mixtures are calculated, the CSFs are not equal to the CSF for TCDD in either rodents or humans.  In fact, the CSFs for the TEQ component within each type of commercial PCB Aroclor mixture varied over a 24-fold range (Keenan, 2000; Keenan, 2001; Keenan et al., 2003; Silkworth and Keenan, 2005).  This violates a basic premise of the TEQ approach: that a given dose of TEQ has equal biological potency irrespective of the chemical mixture that makes up the dose (Van den Berg, et al., 1998).  





� �HYPERLINK "http://www.epa.gov/waterscience/methods/method/files/1668.pdf"�http://www.epa.gov/waterscience/methods/method/files/1668.pdf�.





� �HYPERLINK "http://www.epa.gov/waterscience/methods/method/files/1668Ato1668B-valdiation.pdf"�http://www.epa.gov/waterscience/methods/method/files/1668Ato1668B-valdiation.pdf� .





� Agency Policy Directive No. FEM-2005-001, Ensuring the Validity of Agency Methods – Methods Validation and Peer Review Guidelines (2005) (hereinafter "Validation Policy"), p.1





� Validation and Peer Review of U.S. [EPA] Chemical Methods of Analysis (FEM Document Number 2005-01)(hereinafter "Validation Guidance"), p. 11.


� Although EPA made changes to Method 1668 as a result of the interlaboratory study, EPA has not  demonstrated that the changes are sufficient to correct the problems encountered in the EPA study.


� For example. Van den Berg et al. (2006) recognized that the REP estimates for the mono-ortho PCB congeners (spanning 4-5 orders of magnitude) may be based upon poor studies utilizing PCB preparations contaminated with other, more potent DLCs. Nonetheless, the WHO panel apparently agreed that these congeners have some AHR agonist activity, and arbitrarily set the TEFs for all mono-ortho PCBs to 0.00003 (Van den berg et al., 2006).  The use of these subjectively determined mono-ortho PCB TEF values in estimating overall TEQ is not reliable.
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