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Toxicological Review of 

Benzo[a]pyrene 

I. Summary Comments 

General Comments: EPA’s Toxicological Review of Benzo[a]pyrene (CASRN 50 32 8) In Support of 

Summary Information on the Integrated Risk Information System (IRIS) (EPA, 2013) ….does not 

properly identify the hazards associated with benzo(a)pyrene (BaP), does not properly summarize the 

literature on PAH-containing mixtures, and incorrectly associates BaP as the sole or principal causative 

agent in complex mixture toxicity studies. 

EPA (2013) is neither clear, concise, nor easy to follow as recommended by NRC (2011), because 

much of the information in the main document does not match the information provided in the 

Supplemental Information document. The document structure is not ideal if different information is 

presented in different sections. Under such conditions, it is not at all clear what the “key outcomes of 

each step” are. 

“Transparent discussions of weight of evidence” as recommended by NRC (2011) are not presented 

because entire key areas of literature are essentially omitted.  In addition, EPA (2013) ignores the 

literature on ultraviolet light as the major source of human skin cancer by erroneously concluding, 

instead, that BaP is a major cause of human skin cancer. 

EPA’s literature search was deficient, because it omitted the entire literature on coal tar pharmaceutical 

use, which clearly demonstrates that BaP-containing coal tar pharmaceuticals do not cause skin cancer 

in humans. The literature was provided to EPA, who added several sentences that casually referred to 

just three of the many meaningful studies provided, thereby giving no serious consideration to it’s own 

weight of evidence evaluations. EPA’s literature search also omitted the entire literature on human-

mouse skin xenografts, which demonstrates that BaP and other PAHs do not cause skin cancer in 

functioning, viable human skin when skin cancer is seen in the adjacent mouse skin. 

Hazard Identification: The Hazard Identification in EPA (2013) has not “clearly and appropriately 

synthesized” the data for each toxicological effect, because of the over reliance on information about 

complex mixtures and historical data from years ago when industrial hygiene was not practiced in 

industry. Humans are not exposed to BaP alone. By its own admission, EPA agrees that BaP is not 

used in commerce or emitted into the environment from industrial processes. Instead, industrial 

processes and natural processes produce and use complex mixtures which contain PAHs and hundreds 

of related an unrelated compounds. Each of these mixtures has a unique composition with greater or 

lesser quantities of specific PAH compounds, like BaP. 

It is, thus, scientifically inappropriate to base the human health risk assessment of hundreds of differing 

complex mixtures (oils, fuels, coal tars, coal tar pitches, petroleum and coal cokes, petroleum pitches, 

gasoline and diesel exhausts, boiler emissions, fires, etc.) on the basis of one PAH, BaP, which 

happens to be well-studied because it was the first PAH that was available for study in the early 

twentieth century. 
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The document’s hazard identification summary of human skin cancer provides only 

negative or inconclusive information. Of the twelve studies reported by EPA (2013) as evidence that 

BaP causes skin cancer in humans, 7 are negative studies and 5 are irrelevant or inconclusive studies. 

One was a historical review that does not report any epidemiological evidence. The historical summary 

paper correctly reports the well-known case study literature on skin cancer in chimney sweeps in 

England prior to the mid-20th century, but these case reports were unique to England and are not 

relevant to identifying hazards in the 21st century. 

EPA (2013) further cited IARC reports on selected complex mixtures or occupations as the basis for a 

judgment that BaP has been shown to cause skin cancer in humans, but only two of the citations in the 

cited IARC documents are epidemiology studies. Both of these reported no increase in skin cancer risk.  

There are at least two additional negative meaningful epidemiological studies that were not cited. The 

remaining 8 papers cited by IARC are historical case studies that are irrelevant to identifying cancer 

hazards in the 21st century.  

The document’s hazard identification summary of human lung cancer provides little useful information. 

Of the 3 Tier 1 studies reported by EPA (2013) as evidence that BaP causes lung cancer in humans, 

one is negative, one is inconclusive because of methodological issues with the paper, and one was 

positive. Other mixture studies were cited, but there is no evidence reported in those studies that links 

BaP exposure to human lung cancer. Of 9 studies cited, 4 were not significant, 4 were significant, and 1 

did not perform statistical significance calculations. In some, but not all studies, workers in certain high 

temperature environments, such as aluminum production and coke oven facilities, have been shown to 

have increased rates of lung cancer compared to the general population, but the role of BaP versus the 

other hundreds of chemicals to which these workers were exposed is unexplained. 

EPA (2013) further cited IARC reports on selected complex mixtures or occupations as the basis for a 

judgment that BaP has been shown to cause lung cancer in humans. Despite the fact that BaP is not 

listed as a causal agent in these studies, the studies themselves provide only marginal evidence that 

lung cancer was increased in these workers who were exposed to complex mixtures of chemicals. In 

fact, there are twice as many studies cited showing no increased risk of lung cancer than there are 

positive studies. Specifically, of 38 cited studies that were reported to be adequate in quality, 25 were 

negative studies and 13 were positive studies.  

Oral Reference Dose (RfD): It is recommended that EPA revisit the Oral Reference Dose derivation and 

abandon its reliance on the study of Chen et al. (2012). EPA (2013) reviewed a large number of 

available studies, rejected many, derived candidate Point of Departure (POD) doses for several, and 

then rejected all but the POD from Chen et al. (2012) for one endpoint out of over 50 that were 

measured. The Chen et al. (2012) study is problematic because it involved so many comparisons 

between control and test animals that statistical significance by chance cannot be ruled out.  

In addition to the statistical concerns, Chen et al. (2013) cannot be considered a properly designed and 

executed study for several key reasons: 



 

Page 3 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

 The Elevated Plus Maze test is documented to be a subjective test the 

results of which are highly influenced by housing of animals, the scoring method used, the 

construction of the maze, and pre-test manipulation (Hogg, 1996). 

 Housing of animals and periods of resting varied among the animals. Differing periods of resting 

would have affected the rats’ anxiety states, which are the subject of the test. 

 The number of open arm entries is a poor metric for increased or decreased anxiety state. 

According to Hogg (1996), “expression of the open arm data as percentages of the total number 

of arm entries (to give % number of open arm entries; %no) or total time spent (to give % time 

on open arms; %t) on either the open or closed arms corrects for overall changes in exploration 

of the maze and helps to reduce activity-induced artifacts.” Chen et al. (2012) did not normalize 

the data as discussed above and instead reported the raw data as their metric. 

 No information was provided on maze construction. 

 No information was provided on pre-test manipulation. 

 There was high variability in the results of the control animals.  

The Elevated Plus Maze is a test used to measure anxiety in rats. Rats that are anxious avoid entry into 

the open arms of the maze, so increased entries into the open arm measures a reduction in anxiety. 

EPA (2013) reports the same, that the results in the 70 day old females showed “decreased anxiety-like 

behavior.” Given that this test is used in pharmacology laboratories to test the efficacy of anxiety 

reducing drugs, it is unclear why decrease in anxiety is labeled an “adverse effect.”  An RfD for BaP 

should not be based on the definition of this effect in one sex at one time point as an “adverse effect.” 

EPA should reject the Chen et al. (2012) study and rely on the total scientific weight of evidence of the 

other studies presented in the document as noted in the detailed comments. Because BaP is arguably 

the most, well-studied chemical in the history of toxicology, there is no need for a Database Uncertainty 

Factor when deriving the RfD. Using the scientific weight of evidence of one developmental study, four 

reproductive studies and two immunological studies, a reasonable RfD would be 1.6x10
-3
 mg/kg-day.  

Reference Concentration (RfC): It is recommended that EPA revisit the Reference Concentration (RfC) 

derivation. The RfC should not focus on one adverse effect in the Archibong et al. (2002) study, but 

instead consider the scientific weight of evidence from that study and the companion study from the 

same laboratory, Wu et al. (2003). It is important to quantitatively consider both studies from the same 

laboratory because the results from the two studies are complementary and reduce uncertainty in dose-

response assessment, if used together. In Archibong et al. (2002), the LOAEL for pup survival was 25 

ug/m
3
. The NOAEL was undefined and estimated as 2.5 ug/m

3
. However, in the same laboratory one 

year later, the NOAEL for pup survival was reported as 25 ug/m
3
. Clearly, the NOAEL for pup survival is 

somewhere in between 2.5 ug/m
3
 and 25 ug/m

3
 and both studies should be used in the quantitative 
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dose-response assessment.  As noted in the detailed comments, a more reasonable 

RfC that quantitatively considers the scientific weight of evidence is 1x10
-4
 mg/m

3
.  

Oral Slope Factor (OSF): The commenters agree that the studies of Kroese et al. (2001) and Beland 

and Culp (1998) are the best available studies for the assessment of the carcinogenic potency of BaP in 

rodents. The commenters disagree, however, that forestomach tumors are relevant to the assessment 

of human cancer risk, because humans lack a forestomach. When this criticism has been made in the 

past, EPA has responded that its cancer assessment guidelines do not require tumor site concordance. 

EPA has also commented that esophageal tissue is similar in nature to rodent forestomach tissue. In 

this particular case, esophageal tumor results were observed, and dose-response modeling can be 

performed directly on esophageal tumor data. Given that EPA normally uses rodent forestomach tumor 

risk as a surrogate for esophageal tumor risk in humans, the commenters recommend that this 

approximation step be omitted. Instead, EPA (2013) should directly model the esophageal tumor 

incidence in rodents and use those results to make estimates of human risk in esophageal tissues. The 

resulting OSF using the linear extrapolation method is 0.2 (mg/kg-day)
-1
. 

However, the low dose linear extrapolation is not scientifically supported. Plots resulting from EPA’s 

Benchmark Dose Modeling Software show that the data clearly exhibit a threshold and not a linear 

response near the origin. In fact, esophageal, tongue, and larynx tumor incidences are 0% in the 5 ppm 

dose group, explicitly demonstrating a threshold for these effects. Therefore, non-linear dose response 

modeling should be used to derive an OSF for BaP. 

Inhalation Unit Risk (IUR): The Unit Risk (IUR) proposed in EPA (2013) must be abandoned because of 

a number of problems and issues in study design, study reporting, and EPA’s dose-response modeling.  

First, EPA (2013) ignored a companion study from the same laboratory (Pauluhn et al., 1985) that 

contradicts Thyssen et al. (1981). Pauluhn et al. (1985) is only a short abstract, but EPA should have 

obtained the raw data from the authors in the same way that they obtained the raw data from the 1981 

study, which is a short communication which also shows insufficient data for dose-response modeling. It 

is unacceptable to rely on one positive study and totally disregard a negative study especially when the 

negative study uses the same investigators, the same laboratory, the same animals, and the same BaP 

aerosol generation methods.  

A major shortcoming of Thyssen et al. (1981) is that the highest dose exceeded the Maximally Tolerated 

Dose with high mortality due to particle overload and is thus inappropriate for dose-response modeling. 

The use of a salt aerosol of unknown concentration also renders the study unusable for dose-response 

modeling.   

There is also considerable confusion about the dosage, the number of animals and the number of 

tumors in the Thyssen et al. (1981) study. Comparison of the Thyssen paper, the EPA (1990) report, 

and different sections of the EPA (2013) document shows differing numbers of animals and differing 

numbers of tumors depending on the report section and table.  These are two key inputs into dose-

response modeling, and an IUR on the IRIS database cannot be based on an uncertain dataset.  
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Another key element of dose-response modeling is the dose. According to EPA 

(1990): “Data exist for exposure [sic] measured in the actual exposure chambers over the three years 

that the entire experiment was conducted.  Variability of the measurements over time from the 

corresponding nominal value was apparent. Also, the duration and frequency of exposure varied among 

time segments of the experimental period, and animals were exposed only in segments of the entire 

experimental period.” Aside from this unusual situation, there was great variability in the lifetime average 

exposure received by each animal. EPA (2013) acknowledged this fact, but used the average lifetime 

exposure for all animals in an exposure group despite the variability of 26%, which exceeds OECD 

guidelines.  

Careful analysis of the data from Thyssen et al. (1981) reveals that 80-90% of the animals that 

developed tumors received higher than the nominal average dose that was modeled by EPA (2013), so 

the calculated IUR is biased high.  

Many other issues render this study unsuitable for dose-response assessment, so EPA should abandon 

its use. Moreover, this study should not be used in a manner that assumes low dose linearity. 

Regretably, EPA (2013) used the standard default method of assuming linearity even though tumor 

incidence of the lowest dose group was 0%, demonstrating clear evidence of a threshold below which 

no cancer effects are seen.  

If the IUR is not abandoned entirely, it is recommended that EPA clear up the uncertainties associated 

with the numbers of animals and the numbers of tumors. A scientifically credible IUR cannot be based 

on a study for which these facts are unclear. The dose-response data should be re-modeled with group 

doses that match the doses received by the animals that developed tumors rather than the average 

doses for the groups, which are considerably lower than the doses the affected animals received. Lastly, 

dose-response modeling should not use linear extrapolation methods that ignore that obvious threshold 

in the laboratory results.  

Dermal Slope Factor (DSF): The DSF proposed in EPA (2013) is the most problematic and must be 

abandoned, because of a large number of issues that are described in the detailed comments below. At 

a policy level, the DSF should be abandoned, because there is little evidence that humans are at 

increased risk of developing skin cancer following dermal exposure to BaP. EPA (2013) overlooked the 

extensive literature on pharmaceutical users of FDA-approved coal tar ointments and salves. These 

populations have been studied repeatedly over the years by epidemiologists to determine if they 

contract skin cancer at higher rates than the general population, and the studies overwhelmingly and 

consistently show that they do not. EPA (2013) also overlooked the skin cancer experimental literature 

that directly compares human skin to mouse skin. These studies demonstrate that mouse skin is 

sensitive to BaP-induced skin cancer and human skin is not.  The persuasive studies have grafted 

human skin onto mouse backs and then dosed both with BaP and other PAHs known to cause skin 

cancer in the mouse. These studies have repeatedly and reproducibly shown that the functioning human 

skin does not develop skin cancer as does the mouse skin beyond the margins of the grafts.  
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Based on the fact that human skin does not behave like mouse skin when treated 

with BaP, it is unnecessary and incorrect to derive a DSF at all.  In fact, FDA recently reviewed the 

literature on skin cancer and concluded that BaP-containing coal tar products applied dermally to human 

skin did not increase the human risk of skin cancer. If pure coal tar is safe and efficacious as a dermally 

applied pharmaceutical product, it is illogical for EPA to regulate incidental and low level dermal contact 

to coal tar and its component PAHs with a high potency DSF.  

In addition to the global comment noted above, there are many technical flaws and errors in the DSF 

calculation that must be addressed if EPA does not abandon the DSF entirely. These include: 

 Dermal dosimetry in skin painting studies is not amenable to traditional dose-response 

assessment; 

 Relevant studies were omitted; 

 Key studies had inadequate and poorly defined dosimetry; 

 Key studies exceeded the maximally tolerated dose and failed to meet EPA criteria for dermal 

studies; 

 Doses were inappropriately averaged over periods when mice were dead; 

 All but two key studies were dismissed and the DSF was derived from the two studies of 

poorest quality; and 

 EPA’s Benchmark Dose Modeling criterion for goodness of fit of data was ignored and a less 

stringent criterion was used.  

The DSF uses average daily dose as a metric for dose-response modeling as is typical for an ingestion 

or inhalation study. However, dermal exposures are known to be subject to the “depot” effect which 

causes the doses received over time to increase. Thus, the relevant dose of BaP in the skin tissue was 

not the dose given on any specific day. The true and relevant dose to the skin is cumulative and 

increases over time. Erroneously using daily dose to derive a DSF results in a meaningless DSF that is 

artificially high. 

Relevant studies were not considered, including a study from EPA’s own laboratories. The omitted 

studies yield candidate DSFs that are lower than those presented in EPA (2013).  

None of the studies summarized in EPA (2013) pass even the minimum criteria for data quality (i.e. 

Klimish score). For instance, the two studies that EPA chooses for the DSF have the following 

shortcomings: 

 BaP source and purity not defined; 
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 BaP concentration not verified; 

 Delivered dose not quantified; and 

 Skin surface area receiving dose not defined. 

EPA’s own acceptance criteria for dermal studies were not followed for one of the two studies on which 

the DSF is based. EPA (1988) has defined the Maximum Tolerated Dose for a dermal study as a dose 

that does not cause a “marked inflammatory response or ulcerative lesion.” Sivek et al. (1997) clearly 

reported skin lesions inconsistent with these criteria.   

EPA (2013) also performed an unsupported data adjustment by averaging the daily doses given over 

the period of the experiment over an arbitrary 104 weeks even when animals in many studies were dead 

long before this time. For instance, Poel (1959) used C57L mice, which normally live less than 70 

weeks. EPA (2013) calculated the daily dose that these C57L mice would have received as if they had 

been some other strain of mouse and lived to 104 weeks. However, these mice did not live to 104 

weeks. They were all dead after ~60 weeks. There is simply no logic to this “data adjustment.” The 

implications, however, are important. By artificially reducing the dose that was entered into the 

benchmark dose modeling software, the DSF was biased upward. There is no scientific rationale for this 

“data adjustment,” and it must be reversed.  

EPA (2013) also deviated from its own guidance regarding the statistical significance level used to 

determine which model fits were “acceptable fits” to the data. This alpha value is listed in EPA guidance, 

is standard practice, and was used elsewhere in the 2013 document. However, for the DSF, EPA (2013) 

inexplicably deviated from its stated guidance and used a more lenient alpha value, thus classifying 

model results as appropriate fits, when they were not. EPA must re-model these data sets using the 

appropriate statistical criterion.  

In summary, EPA (2013) assessed the literature, chose certain studies while rejecting others of equal or 

superior quality, chose selected data from individual papers rejecting other data from the same paper for 

unknown or for unexplained reasons, derived candidate Point of Departure doses and candidate DSFs 

from selected datasets, and then inexplicably rejected all but two of these doses. This manner of 

selectively using the available data has not been uncommon in the past in the derivation of toxicological 

criteria values. However, this approach of focusing always on worst case datasets does not result in a 

dose-response criterion that reflects the full scientific weight of evidence on a particular chemical and 

hazard. Taking the full scientific weight of evidence into account is quite simple. It is recommended that 

EPA identify all studies that meet data quality criteria and then take the average of the candidate DSFs 

as the proposed DSF. Such an approach is scientifically neutral, takes the full scientific weight of 

evidence into account, and reduces uncertainty by using data from different studies done in different 

laboratories with different strains of mice.  

Lack of Real World Validation: EPA (2013) has not performed any validations to determine if the 

proposed DSF is logical and could possibly be true. EPA (2013) has derived a DSF for BaP that, if 
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finalized in its present form, would drastically reshape the manner in which 

presumed hazardous site investigations and subsequent remediation are performed. If this DSF was a 

true predictive indicator of human skin cancer risk, it would mean that ingesting BaP and BaP-toxic 

equivalents would pose much less risk to human health than incidental dermal contact. It would mean 

that 100% of users of pharmaceutical coal tar products should have skin cancer, when, in fact they do 

not. It would also mean that BaP and BaP-toxic equivalents in soil throughout the US are the cause of 

30% of all human skin cancer, which cannot possibly true. For these reasons, it is therefore 

recommended that EPA abandon the DSF entirely, but if it does not, then any future proposed DSF 

should be subjected to a real world validation to determine if the DSF is scientifically supportable.  

 

II. Specific Comments 

General Charge Questions 

1. NRC (2011) indicated that the introductory section of IRIS assessments needed to be expanded to 

describe more fully the methods of the assessment. NRC stated that they were “not recommending the 

addition of long descriptions of USEPA guidelines to the introduction, but rather clear, concise 

statements of criteria used to exclude, include, and advance studies for derivation of [toxicity values].” 

Please comment on whether the new Preamble provides a clear and concise description of the 

guidance and methods that USEPA uses in developing IRIS assessments. 

COMMENT: No comment due to time constraints.  No comment does not mean tacit agreement. 

2. NRC (2011) provided comments on ways to improve the presentation of steps used to generate IRIS 

assessments and indicated key outcomes at each step, including systematic review of evidence, hazard 

identification, and dose-response assessment. Please comment on the new IRIS document structure 

and whether it will increase the ability for the assessments to be more clear, concise, and easy to follow. 

COMMENT:  

It is noted that much of the information in the main document does not match the information provided in the 

Supplemental Information document. Specifically, many of the dermal Point of Departure doses (Benchmark 

Dose Low10) do not match. The document structure is not ideal if different information in presented in 

different sections. Under such conditions, it is not at all clear what the “key outcomes of each step” are.  

3. NRC (2011) states that “all critical studies need to be thoroughly evaluated with standardized 

approaches that are clearly formulated” and that “strengthened, more integrative, and more transparent 

discussions of weight of evidence are needed.” NRC also indicated that the changes suggested would 

involve a multiyear process. Please comment on USEPA’s success thus far in implementing these 

recommendations. 
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COMMENT:  

“Transparent discussions of weight of evidence” are not presented because entire key areas of literature are 

not discussed at all. These include the coal tar pharmaceutical epidemiology and the human-skin xenograft 

literature. In addition, USEPA (2013) ignores the literature on ultraviolet light as the major source of human 

skin cancer when concluding, instead, that BaP is the major cause of human skin cancer. In addition, 

USEPA (2013) focused throughout the document on one or two studies, excluding all others, instead of 

utilizing the full scientific weight of evidence. In its review of the draft IRIS assessment of formaldehyde, the 

National Research Council (NRC, 2011) has endorsed and instructed USEPA to take into account the full 

scientific weight of evidence when deriving toxicological criteria, rather than focusing on a single study: 

“In principle, identifying the ‘best’ study for general risk assessment purposes is neither feasible nor 

necessary. Inclusion of multiple studies that meet the selection criteria will enhance EPA’s ability to 

examine variability and uncertainty attributable to, for example, different study designs, populations, 

and exposure conditions.” 

“Overall, the committee found little synthesis of the relationships among the identified noncancer 

health effects; it appeared that EPA was driven by the need to identify the best study for each health 

effect rather than trying to integrate all the information.” 

“The NRC Committee to Review EPA's Toxicological Assessment of Tetrachloroethylene (NRC, 

2010) made several recommendations for advancing methodology and promoting applications. 

Further research is needed to study various approaches. Small (2008) discussed a probabilistic 

framework. Given a set of options related to a key assumption (such as mode of action) or a key 

choice (such as cancer end point), a preference score (or prior probability) may be assigned to each 

option. The final risk estimate thus also has a weight or probability attached that combines the 

preference on all options over each assumption or choice. The overarching weight is the result of 

propagation of uncertainty in each assumption or choice and aggregation of all assumptions over 

the risk assessment process tree. The collection of final risk estimates for all permissible 

combinations of assumption and choice forms an empirical distribution. That distribution quantifies 

the full range of variation and uncertainty in the risk estimate. With the full range of variation of risk 

estimates and other information on preference of key assumptions and choices, regulatory policy 

can depend less on a single principal study, a single principal dataset, or a principal end point. The 

risk-management process may use the distributional properties of the risk estimate to choose a final 

risk estimate in the context of all feasible assumptions and choices.” 

Chemical-Specific Charge Questions 

A. Executive Summary 

1. The major conclusions of the assessment pertaining to the hazard identification and dose-response 

analysis have been summarized in the Executive Summary. Please comment on whether the 



 

Page 10 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

conclusions have been clearly and sufficiently described for purposes of condensing 

the Toxicological Review information into a concise summary. 

COMMENT: No comment due to time constraints.  No comment does not mean tacit agreement. 

B. Literature Search Strategy/Study Selection 

1. The process for identifying and selecting pertinent studies for consideration in developing the 

assessment is detailed in the Literature Search Strategy/Study Selection section. Please comment on 

whether the literature search approach, screening, evaluation, and selection of studies for inclusion in 

the assessment are clearly described and supported. Please identify any additional peer-reviewed 

studies from the primary literature that should be considered in the assessment of noncancer and 

cancer health effects of benzo[a]pyrene. 

 

 

COMMENT: 

USEPA’s literature search omitted the entire literature on coal tar pharmaceutical use, which demonstrates 

that BaP-containing coal tar pharmaceuticals do not cause skin cancer in humans. The literature was 

provided to USEPA, and several sentences were added that casually referred to three of the many studies 

provided, but the information was not seriously considered.  

USEPA’s literature search omitted the entire literature on human-mouse skin xenografts that demonstrates 

that BaP and other PAHs do not cause skin cancer in functioning, viable human skin, but skin cancer is seen 

in the adjacent mouse skin. 

C. Hazard Identification 

Synthesis of Evidence 

1. A synthesis of the evidence for benzo[a]pyrene toxicity is provided in Chapter 1, Hazard Identification. 

Please comment on whether the available data have been clearly and appropriately synthesized for 

each toxicological effect. Please comment on whether the weight of evidence for hazard identification 

has been clearly described and scientifically justified. 

COMMENT: 

Inappropriate Focus on Benzo(a)pyrene 
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The entire foundation of this IRIS assessment is that BaP is the only, the major, or the 

most potent PAH of interest in all of the hundreds of naturally occurring and man-made mixtures of PAHs. It 

is not. It is the most studied PAH, but this is mere happenstance. As described in Fifty years of 

benzo(a)pyrene (Phillips, 1983), BaP has been the focus of so much research because it was the first PAH 

to be isolated and crystallized from coal tar in the early part of the twentieth century. In 1930, J.W. Cook 

distilled and fractionated two tons of coal tar pitch, and in 1931 he and his co-workers isolated “about 7 g of 

a yellow crystalline material of melting point 116
o
C.”  Later in 1931, Cook isolated two pure substances from 

this material, the major component melting at 176
o
C and the minor component at 187

o
C. Two chemicals 

were synthesized and found to be identical to the crystals isolated from coal tar. They were BaP and 

benzo(e)pyrene (BeP). Samples of pure BaP were now available for study, and they were widely distributed.  

BaP now has a vast literature because it was the most easily obtainable PAH to study, and because of the 

mounting literature on BaP to which researchers could compare their results.  

Humans are not exposed to BaP alone. BaP is not used in commerce or emitted into the environment from 

industrial processes. Instead, industrial processes and natural processes produce and use complex mixtures 

which contain PAHs and hundreds of related an unrelated compounds. Each of these mixtures has a unique 

composition with greater or lesser quantities of specific PAH compounds, like BaP. Even a seemingly well-

understood mixture like coal tar is not unique. Coal tars differ in composition depending on the source of the 

coal, the configuration of the coke oven or manufactured gas plant in which they are formed, and the time, 

temperature, and pressure conditions to which is it exposed.  

It is, thus, scientifically inappropriate to base the human health risk assessment of hundreds of differing 

complex mixtures (oils, fuels, coal tars, coal tar pitches, petroleum and coal cokes, petroleum pitches, 

gasoline and diesel exhausts, boiler emissions, fires, etc.) on the basis of one PAH, BaP, which happens to 

be well-studied because it was readily available for study.    

In addition to the fact that the different mixtures have different compositions of PAHs which on their own in 

isolation might have a certain risk profile, each complex mixture has a different composition of PAH 

compounds that antagonize each other (API et al., 2010).   

Skin Cancer in Humans 

USEPA (2013) has mischaracterized the weight of evidence that BaP causes skin cancer in humans.  

USEPA (2013) provides a discussion of the evidence that BaP causes skin cancer in humans by reporting 

several studies of workers in industries who were likely exposed not only to BaP, but also other PAHs, and 

many other chemical and non-chemical agents, such as ultraviolet light. Of the twelve studies reported by 

USEPA (2013) as evidence that BaP causes skin cancer in humans, 7 are negative studies and 5 are 

irrelevant or inconclusive studies. One was a historical review that does not report any epidemiological 

evidence. The historical summary paper correctly reports the well-known case study literature on skin cancer 

in chimney sweeps in England prior to the mid-20
th
 century, but these case reports are not relevant to 

identifying hazards in the 21
st
 century. 
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On page 1-52, the document presents the evidence that BaP may cause melanoma in 

humans but ultimately concludes that there is no evidence that it does. Spinelli et al. (2006) and Gibbs et al. 

(2007a, 2007b) are correctly reported as showing no statistically significant increase in melanoma in 

aluminum reduction workers. 

Next, USEPA (2013) cites Brown and Thornton (1957) but provides no data. Brown and Thornton (1957) is a 

historical summary paper that discusses the scrotal cancers in British chimney sweeps reported in a 1755 

medical lecture by Percival Pott. The article also reports several case studies on chimney sweeps:  Henry 

(1946), Hueper (1942), Kennaway (1925), and Kennaway and Kennaway (1937). These are not 

epidemiological studies, and are case reports. Brown and Thornton (1957) discuss the generally recognized 

fact that British chimney sweeps prior to the mid-20th century did have high rates of scrotal cancer, but that 

this was seen in England and not elsewhere.  Scrotal cancers were not seen in chimney sweeps in other 

European countries or the United States. The reasons stated by Butlin (1892) are several:  different type of 

coal, lack of protective clothing and lack of regular bathing. Whatever the reasons, scrotal cancer in chimney 

sweeps has not been observed since before the middle of the 20th century.   

USEPA (2013) then mis-cites the work of Hammond et al. (1976) by reporting a statistically significant 

increase in non-melanoma when no statistically significant increase was seen. USEPA (2013) reports that 

this citation was a study of asphalt workers (roofers). In fact, the authors state that the workers were 

exposed to pitch and asphalt. The study population was not just roofers, as USEPA reports. It was a study of 

roofers and water proofers. USEPA (2013) reports that workers with greater than or equal to 20 years in the 

Union had increased risk of mortality from non-melanoma skin cancer with a standardized mortality ratio 

(SMR) of 4.0 that was statistically significant with a 95% confidence interval on the SMR of 1.0 to 10.9. 

USEPA (2013) has misreported the findings of Hammond et al. (1976). The study, itself, does not report 

confidence intervals, but IARC (2013) presents confidence intervals from the study. The 95% confidence 

interval on the SMR spans 0.82 to 11.69. Thus, the reported increase in skin cancer mortality is not 

statistically significant because of the small numbers. The number of cases was reported as only 3. 

Hammond et al. (1976) also report that their control group, the entire male population of the US, was “not 

ideal.”   

Next, three studies are presented and classified as studies of workers exposed to creosote. Creosote is a 

complex mixture that contains low levels of BaP and other high molecular weight PAHs that have USEPA 

promulgated or proposed Relative Potency Factors. The major constituents of creosote are low molecular 

weight PAHs with no Relative Potency Factors. These three studies, discussed below, provide little credible 

evidence that BaP causes skin cancer in humans.  

Pukkala (1995) performed a survey of 109,000 cancer cases and found 5 cases of nonmelanoma skin 

cancer in a group of “round-timber workers.” The classification of occupations was based on the Nordic 

Classification of Occupations of 1963. In this classification, the category 67 – Woodwork was subcategorized 

into 9 groups as follows: 

 670 Round-timber workers 
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 671 Timber workers 

 672 Plywood makers 

 673 Construction carpenters 

 674 Boat builders 

 675 Bench carpenters 

 676 Cabinet makers 

 677 Woodworking machine operators, etc. 

 678 Wooden surface finishers 

 679 Woodworkers NOS (other woodwork) 

It is clear from the classification scheme that these are not workers in creosote plants. The Farlex dictionary 

defined round timber simply as “felled trees which have not been converted to lumber.” In Finland, the word 

roundwood is simply used to refer to felled trees. The Finnish Statistical Yearbook of Forestry (Finnish 

Forest Research Institute, 2003) uses the word “roundwood” to discuss felled timber. This study is not a 

study of creosote workers. Appendix A of Pukkala (1995) also lists the total number of “round-timber 

workers” as 1,298. There may or may not be any wood treatment facilities in Finland, but it is inconceivable 

that, if there were, there would be enough facilities to keep 1,298 people employed. In conclusion, the 

Pukkala (1995) study has nothing to do with BaP.  

It is not stated that these workers were working in wood treating facilities where wood is impregnated with 

creosote or other wood preserving agents. They are just as likely to be timber or sawmill workers. USEPA 

(2013) correctly reports that the 95
% 

confidence interval on the SIR of 4.62 is (1.51-10.8), but the study is 

irrelevant to drawing conclusions about creosote or BaP. In addition, Pukkala et al. (2009) did not include 

this category of “round-timber workers” in their followup study.  

The statistics are reported correctly from Karlehagen et al. (1992), but USEPA fails to note that the study did 

not control for exposure to sunlight and that the authors did not conclude that there was any correlation 

between creosote exposure and skin cancer.  

These researchers studied the cancer incidence data on 922 timber creosoters at 13 plants in Sweden and 

Norway. Most cancer rates were not elevated compared to national statistics.  Specifically, there was no 

increase in lung cancer, bladder cancer, or other cancers.  However, lip cancer and nonmelanoma skin 

cancer rates were elevated. Of these, the lip cancer rate was not statistically significantly elevated compared 

to national statistics and can be discounted. The nonmelanoma skin cancer rate was statistically significantly 

elevated, and the rate was 2.4 times higher than national rates. This increase has been cited by some, 
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including USEPA, as definitive evidence that creosote does increase the risk of skin 

cancer in humans. However, the study has several significant methodological flaws that must be considered 

when evaluating the significance of the study.  

First, the reported increase is due only to five excess cases compared to the expected number of cases in a 

group of 922 people. More importantly, the study did not control for exposure to sunlight.  According to the 

authors, the excess skin cancers “could probably be attributed to the combination of exposure to creosote 

and sunlight.” This is due partly because the exposed workers had greater contact to sunlight than did the 

control population (national cancer rates) to which worker cancer rates were compared. Specifically, the 

authors stated: “as to the difference in cancer rates between urban and rural areas, the use of national rates 

could well have introduced bias because most of the plants were located in rural areas.” Thus, the five cases 

of skin cancer noted in the study were likely caused by ultraviolet light, which is the major cause of skin 

cancer humans. 

When discussing their results in 1991 before the paper was published, the authors stated: “This study does 

not confirm that exposure to creosote in the wood preserving industry has caused an excess of total cancer 

morbidity. The study indicates, however, that exposure to creosote might increase the incidence of skin 

cancer.” Thus, the authors did not conclude that there was any correlation between creosote exposure and 

skin cancer.   

USEPA (2013) also cites Tornqvist et al. (1986), but this study is not relevant to BaP exposures. These 

authors studied cancer in the electric power industry to investigate the hypothesis that occupational 

exposure to electromagnetic fields might be associated in increased cancer rates. Power linesmen are 

clearly exposed to more sunlight than the normal population, yet there is no mention of the potential effects 

of sunlight. It is a mystery why USEPA (2013) reports a non-significant increase in non-melanoma skin 

cancer in workers exposed to sunlight with no reported risk factors for exposure to BaP as supporting 

evidence for their hypotheses. USEPA (2013) does correctly report that this paper shows no significant 

increase in skin cancer in power linesmen. 

USEPA (2013) correctly reports that Roelofzen et al. (2010), Pittlekow et al. (1981) and Maughan et  al. 

(1980) showed no increased in skin cancer in pharmaceutical coal tar users, but they failed to present 

several other reports on pharmaceutical coal tar users as discussed below.  USEPA (2013) also report 

findings from Stern et al. (1980, 1998) which are irrelevant because the population was a population of 

patients exposed to carcinogenic psoralens. The references to these two studies should be removed.  

The following table summarizes the reports cited by USEPA and provides the actual reported statistical 

significance level of any conclusions if statistical testing was performed.  

 

 

 



 

Page 15 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

Summary of Reports Cited by USEPA (2013) Alleging Human Skin Cancer 

Citation Worker Group 

Studied Effect 

Reported by 

USEPA (2013) 

Statistical 

Significance 

Reported by 

USEPA (2013) 

Actual 

Reported 

Statistical 

Significance 

Spinelli et al. (2006) Aluminum Melanoma Not significant Not significant 

Gibbs et al. (2007a,b) Aluminum Melanoma Not significant Not significant 

Brown and Thornton 

(1957) 

Chimney Sweeps Scrotal cancer Not reported & 

irrelevant   

Not reported 

& irrelevant  

Hammond et al. (1976)  Roofers/Water-proofers Non melanoma 

skin cancer 

Significant  Not significant 

Pukkala (1995) Round-timber workers Non melanoma 

skin cancer 

Significant Not relevant* 

Karlehagen et al. (1992) Creosote wood 

treatment workers 

Non melanoma 

skin cancer 

Significant Not relevant* 

Tornquist et al. (1986) Power linesmen Non melanoma 

skin cancer 

Not significant Not significant 

Roelofzen et al. (2010) Coal Tar 

Pharmaceutical Users 

Non melanoma 

skin cancer 

Not significant Not significant 

Pittlekow et al. (1981) Coal Tar 

Pharmaceutical Users 

Non melanoma 

skin cancer 

Not significant Not significant 

Maughan et al. (1980) Coal Tar 

Pharmaceutical Users 

Non melanoma 

skin cancer 

Not significant Not significant 

Stern et al. (1998) Patients Exposed to 

Carcinogenic Psoralens 

Non melanoma 

skin cancer 

Not reported  Not relevant* 

Stern et al. (1980) Patients Exposed to 

Carcinogenic Psoralens 

Non melanoma 

skin cancer 

Not reported Not relevant* 

* See text 

In sum, there is no credible evidence reported in the above studies that links BaP exposure to human skin 

cancer.  

USEPA (2013) further cited IARC reports that served as the basis for their classifications that certain 

mixtures or occupations are associated with increases in skin cancer and may have some relationship to 

BaP exposures.  

The studies mentioned in USEPA’s Table 1-10 are all IARC documents. Baan et al. (2009), Benbrahum-

Tallaa et al. (2012) and Secretan et al. (2009) are journal summarizations of recent IARC Monographs. They 

are not primary scientific articles.  

The following mixtures or occupations are listed as having “sufficient evidence in humans” or “limited 

evidence in humans” of skin cancer. 

Summary of Mixtures/Occupations Cited by USEPA (2013)  

As Evidence of Skin Cancer in Humans 
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Mixture or Occupation 
IARC Classification 

Sufficient 

IARC Classification 

Limited 

Coal Tar Distillation X  

Creosotes  X 

Mineral oils, untreated or mildly treated X  

Shale Oils  X  

Soot (chimney sweeping) X  

 

Coal Tar Distillation:  Baan et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article presents 

no primary sources. To find the basis for this classification, one needs to consult IARC (2012b) Monograph 

100F. The literature cited is listed below as the basis for the “sufficient” classification. 

 Henry (1946) 

 Letzel & Drexler (1998) 

Neither of these studies was an epidemiological study. They were health surveys. In both cases, they 

describe the skin lesions in workers exposed to extremely high levels of multiple chemicals over long periods 

of time during the early part of the twentieth century when worker hygiene practices were nonexistent.  

IARC (2010b) correctly reports that Henry (1946, 1947) lists skin cancers (cutaneous epitheliomata) from 

many trades, such as coal tar distilling, as well as cotton manufacture, patent fuel manufacture, coal 

gasification, coke oven workers, shale oil refining, and others.  For 1920-1945, the number of tumors for tar 

distillers was listed as 939, but the number of people was listed as 538. Of the lesions, 81% were on the 

head, neck and upper limbs, and 17% were on the scrotum. The tumors noted in the 538 workers were 

attributed to “pitch, tar, and tar-products, not solely to “coal tar” as noted in IARC (2010b).  It is important to 

note that the study gives no exposure information, no information on co-exposures, no information on type of 

tar used in the distillery and no information on any control population. 

IARC (2010b) correctly reports that 151 workers were listed as having squamous cell carcinoma and 98 with 

basal cell carcinoma in a German tar distillery from 1946 to 1996 (Letzel & Drexler, 1998). The study was a 

retrospective survey.  Data were collected retrospectively from insurance records. Workers birth dates varied 

from 1882 to 1960 with a median of 1922. 204 of the workers had started working by 1940. Thus, many of 

the cases were due to exposures received early in the century. More than 77% of the workers were 

employed for more than 20 years (median employment was 32 years).  It is important to note that the study 

gives no exposure information, no information on co-exposures, no information on type of tar used in the 

distillery and no information on any control population. 

USEPA (2013) has mis-cited Baan et al. (2009) and IARC (2010b) by summarizing this classification as 

evidence that “skin cancers are the cancers that have been observed in occupational studies of PAH 

mixtures.” The above two citations were surveys of diseases reported in workers in a specific industry in the 

early days of the last century when worker hygiene practices were negligible. The commenter questions the 

relevance of IARC’s classification of “sufficient evidence in humans for the carcinogenicity of occupational 
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exposures during coal-tar distillation” [during the first half of the twentieth century] {noted 

added} to the allegation that BaP or BaP-containing mixtures at modern day exposure levels and with 

modern hygiene practices have been shown to have caused cancer in any humans.   

Furthermore, IARC (1985, 2010b) does not classify coal tar as having sufficient or even limited evidence that 

it causes cancer in humans. IARC has been careful to only list occupational exposures during coal tar 

distillation as Group 1. (http://monographs.iarc.fr/ENG/Classification/ClassificationsAlphaOrder.pdf). 

Creosotes:  In Table 1-10, USEPA (2013) also stated that the IARC classification that there is limited 

evidence in humans that creosotes have caused cancer is evidence that BaP causes cancer in human skin. 

The current IARC classification is cited in IARC (1987) as follows:  “In a number of case reports, the 

development of skin cancer in workers exposed to creosote is described. One study involved a review of 

3,753 cases of cutaneous epithelioma from 1920 to 1945 and showed that 35 cases (12 of which were of the 

scrotum) had had exposure to creosote. Most cases occurred in workers handling creosotes or creosoted 

wood during timber treatment. A mortality analysis of workers in many occupations indicated an increased 

risk of scrotal cancer for creosote-exposed brickmakers [ref: 1]. “ 

Reference 1 is IARC (1985) and this document provides only five citations that provide any information on 

the potential for creosote oils to cause skin cancer: 

 O’Donovan (1920) 

 Cookson (1924  

 Henry (1947) 

 Henry (1946) 

O’Donovan (1920) is correctly identified by IARC (1985) as a “case report.” The author reported carcinomas 

in 4 heavily exposed creosote workers from 1903-1920 who were exposed for > 20 years (20, 30, > 30 

years, and “always”.) The major commonality among these workers was "the long duration of employment 

that is common before the development of serious lesions." According to the author, other skin lesions were 

present for many years before the tumor developed. The author stated: "in this industry, generally, 

employment is fairly stable; cases of continuous employment from boyhood to old age are not rare, and 

hence continuous exposure is the lot of many workers.” 

Cookson (1924) is another case report. One worker who was exposed for 33 years exposure to creosote in 

a creosote factory, carrying creosoted lumber was reported to have a skin cancer. According to the author, 

the worker was "up to his eyes in creosote," indicating that he was heavily exposed for 33 years.  

Henry (1947) reported 35 cases of skin cancer among 34 workers during the years, 1920-1945. No 

information is provided about co-exposures, exposure conditions, or other important factors. Henry (1947) 
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merely reported that about one person per year in the United Kingdom during 1920-1945 

presented with skin cancer after presumably high level exposure to creosote over a long period of time.  

IARC (1985) lists 9 cases of scrotal cancer from Henry (1946) in brickmakers allegedly exposed to creosote 

oil from 1911-1938, but 8 of those cases were reported in Henry (1947) when he summarized the skin 

cancer data of brickmakers from 1920-1945. Thus, this report presents one case not summarized in Henry 

(1947). 

Thus, the sum total of evidence that coal tar creosote may have caused skin cancer in humans is a total of 

40 case reports over the period 1920-2010, when IARC reviewed the classification. That’s less than one 

case per year. Clearly, the world literature upon which the classification is based is, indeed, limited.  

Furthermore, neither IARC nor USEPA (2013) has cited the well-designed and clearly relevant epidemiology 

study of Wong and Harris (2005). These authors performed a nested case-control study of creosote workers 

from eleven wood treating plants in the United States. The study involved 2,179 workers at 11 plants where 

railroad ties and utility poles were treated with coal-tar creosote. The period of observation was 1979-2001. 

The authors’ conclusion was: “Based on the present investigation and other studies, there was no evidence 

that employment at the 11 wood-treating plants or exposure to creosote-based wood preservatives was 

associated with any significant mortality increase from site-specific cancers or nonmalignant diseases.” 

Melanoma skin cancer was not increased compared to expected levels.” 

Mineral oils, untreated or mildly treated:  Baan et al. (2009) is cited by USEPA (2013) in Table 1-10, but 

this article presents no primary sources. To find the basis for this classification, one needs to consult IARC 

(2012) Monograph 100F. IARC (2012b) has stated that mineral oils are a diverse group of mixtures and that 

it is very difficult to attribute the risk to specific chemical agents. IARC (2012b) does not attribute the 

carcinogenicity of mineral oils to BaP.   

Shale oils:  Baan, et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article presents no primary 

sources. To find the basis for this classification, one needs to consult IARC (2012b) Monograph 100F. IARC 

(2012b) has stated that “Crude shale oils are very complex mixtures, and only a few compounds have been 

identified.” IARC (2012b) does not attribute the carcinogenicity of shale oils to BaP.   

Soot (chimney sweeping):  Baan, et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article 

presents no primary sources. To find the basis for this classification, one needs to consult IARC (2012b) 

Monograph 100F. IARC (2012b) defined the mixture specifically as “soot, as found in occupational exposure 

of chimney sweeps.” The literature cited is listed below as the basis for the “sufficient” classification. 

 Pott (1775) 

 Earle (1808) 

 Butlin (1892) 
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 Henry and Irvine (1936) 

 Henry (1937) 

 Henry (1946) 

 Henry (1947) 

 Evanoff et al. (1993) 

 Pukkala (1995) 

As mentioned above, Pott (1775) was a medical lecture that presented general information about scrotal 

cancer in English chimney sweeps. Earle (1808) was a similar case report. IARC (2012b) has cited the work 

of Butlin (1892) Cancer of the Scrotum in Chimney Sweeps and Others, Lecture II, Why Foreign Sweeps Do 

Not Suffer from Scrotal Cancer. In this lecture, Butlin (1892) states that “sweep’s cancer of the scrotum is a 

disease which is almost unknown in the large European countries and in the United States of America.”  His 

research pointed to differences in coal used in Britain and other countries as well cleanliness of clothing and 

frequency of bathing. The commenter is not disputing that scrotal cancer occurred in chimney sweeps in the 

18
th
 and 19

th
 centuries, but rather that these historical reports have little relevance to making a modern day 

determination about the role of BaP in current human skin cancers due to the extremely large doses that 

these early chimney sweeps received, which have no relevance to modern day exposures.  

Henry (1937) does report that 7% of the cases of scrotal cancer in England and Wales from 1911-1985 were 

in chimney sweeps, but Henry (1946) and Henry (1947) do not report any skin cancer cases for chimney 

sweeps, and “soot” is not listed as a causal agent in any of the reported cases. Again, these data from Henry 

(1937) refer just to British chimney sweeps, and no data are in the literature for chimney sweeps or others 

exposed to soot from any other country, including the United States.  

IARC (2012b) also mentions an epidemiology study of Swedish chimney sweeps who worked from 1917 to 

1980. Evanoff, et al. (1993) specifically evaluated nonmelanoma skin cancer and found no increase in skin 

cancer compared to expected levels in Swedish chimney sweeps. The most recent update to this cohort 

(Hogstedt et al., 2013) also shows no increase in melanoma and non melanoma skin cancer in the cohort of 

chimney sweeps.  

Pukkala et al. (2009) specifically followed 5,498 male chimney sweeps in Denmark, Finland, Norway and 

Sweden and found no excess of nonmelanoma skin cancer. According to IARC (2012b): “Despite the 

classical risk for scrotal cancer in chimney sweeps, studies of this occupational group under modern working 

conditions shows no such excess.”  

IARC (2012b) specifically states that their classification of soot in chimney sweeps is based on history. 

Specifically: “From historical case reports there is sufficient evidence of an increased risk for (scrotal) skin 

cancer among chimney sweeps.” What IARC (2012b) should have concluded is that from historical case 
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reports there was sufficient evidence of an increased risk for (scrotal) skin cancer among 

chimney sweeps in the past, but this is no longer the case under modern working conditions and hygiene 

practices. 

Summary of Discussion on Skin Cancer in Humans:  In conclusion, USEPA (2013) has presented no 

human studies that link exposure to BaP with human skin cancer. The human studies that have been 

presented are studies of worker groups who were exposed to complex mixtures. It is not possible to attribute 

the effects seen in complex mixtures to one compound that may be present at only trace levels in the 

mixture.  

In addition, USEPA (2010) proposed that benzo(c)fluorene, benz[j]aceanthrylene, benz[l]aceanthrylene, 

dibenz[a,h]anthracene, and dibenzo[a,l]pyrene  were all more potent than BaP in causing cancer, mostly 

based on mouse skin studies. Thus, BaP may not be the causal agent in the mixtures cited by USEPA. 

Instead, other PAHs or even non-PAH compounds may be the causal agents in any effects that might be 

seen after exposures to the mixtures.  

More importantly, even if one assumes for the moment that data on coal tar distillation, creosote, and soot 

exposure to chimney sweeps is somehow relevant to evaluating BaP, the human data presented by USEPA 

(2013) and IARC are extremely limited, old, and relevant only to industrial work conditions and hygiene 

practices that no longer exist. There are no modern day epidemiology studies that demonstrate that BaP is a 

cause of human skin cancer in today’s world. 

Furthermore, the Food and Drug Administration (FDA, 2001) concluded: “Upon reviewing the published 

studies, the agency does not find that there is evidence to implicate the use of OTC coal tar containing drug 

products as an independent risk factor for the development of skin cancer.”  

Lung Cancer in Humans  

USEPA (2013) has mischaracterized the weight of evidence that BaP causes lung cancer in humans.  

On page 1-51, the document states three studies, labeled “Tier 1” studies observed increased risk of lung 

cancer with increasing exposure to BaP “although the relative contributions of benzo[a]pyrene and of other 

PAHs cannot be established.” They are erroneously cited in Table 1-11 as “studies of benzo(a)pyrene” 

which they are not. These three studies are not studies of BaP; they are studies of workers in industries 

having exposures to complex mixtures. Each is discussed below. 

 Armstrong and Gibbs (2009) 

 Spinelli et al. (2006) 

 Xu et al. (1996) 
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Armstrong and Gibbs (2009) was a follow up study of 16,431 workers who had worked 

in aluminum smelters in Quebec from 1950 to 1999. Aluminum smelters using the Soderberg process use a 

specific PAH-containing mixtures, petroleum coke and coal tar pitch, as the electrodes in a very high 

temperature (1,000 degrees Centigrade) process to make aluminum.  

In this large group of workers, 514 lung cancers were expected and 677 were observed. The SMR was 

statistically significantly increased, but the lung cancers cannot be attributed to BaP exposure from the 

aluminum manufacturing process. Many of these cancers were, in fact, attributed to cigarette smoking. The 

authors conclude: “…the shape of the exposure-response function and the mode of combination of risks due 

to occupational PAH and smoking remains uncertain.” 

Spinelli et al. (2006) is also a study of 6,423 aluminum plant workers. In this study, a Job Exposure Matrix 

was developed using benzene soluble material and BaP measurements. A total of 2624 personal benzene 

soluble materials measurements and 1275 personal BaP measurements were taken from 1975-2001. The 

data are not useful for making any statements about BaP levels because the samples were collected on 

fiberglass filters and then desorbed with benzene. BaP boils at 495 degrees Centigrade, and the aluminum 

processes run at 1,000 degrees Centigrade, so sampling cassettes were only capturing the particle-bound 

BaP, not the vapor phase BaP. A sampling approach that only captures particle-phase BaP is perhaps 

adequate for some workers, but not potroom workers who are working in areas where the temperatures are 

extremely high.  

These authors found that neither cancer incidence nor cancer mortality was statistically significantly 

increased for lung cancer or cancer of the ororpharynx, nasopharynx, hypopharynx, nose, or larynx. Despite 

the fact that there was no increased lung cancer risk overall in the facilities, a trend of increasing lung cancer 

incidence was reported with increasing doses of particulate BaP, and the trend was statistically significant. It 

is important to note that the only dose category showing a statistically significant increase over the expected 

numbers of lung cancers was the >80 µg/m
3
-years group. This reported “partial” cumulative dose 

underestimates the true dose to which workers were exposed because the vapor phase BaP was ignored.  

Xu et al. (1996) was a nested case-control study of lung cancer in among iron and steel workers. The 

number of lung cancer cases among active and retired employees of the Anshan iron-steel complex was 

610. It is stated that there were 82,867 historical monitoring records for dust and benzo(a)pyrene from 1956 

to 1992. The paper does not report how many of these measurements were dust measurements and how 

many were BaP measurements. These commenters find it implausible that industrial hygienists collected 

thousands of BaP measurements over this period of time. In any case, no information is presented regarding 

the method of sample collection or analysis for BaP. The study also reports: “Since results were similar for 

average total dust and BaP, large particle total dust, and small particle total dust, only results for cumulative 

total dust and BaP are presented here.” It is impossible for the concentration of total dust to equal the 

concentration of BaP in any work place at any time.  

The odds ratio for lung cancer was reported to be statistically significantly elevated in several groups, some 

of which were said to have BaP exposure and some of which were said to have not had BaP exposure. 

These findings are not strong, because the manner in which the odds ratios were calculated are unclear. 
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Table III reports cases and controls and the total number of controls is 643. However, 

the footnote states: “All OR relative to risk for the 172 case and 411 controls subjects who were employed 

only in administrative or low-exposure occupations (nonexposed).” The sum of 172 and 411 is 583, so how 

the odds ratios were calculated are suspect, and any reported increase in odds ratio is uninformative if the 

ratios were calculated incorrectly.  In addition, as reported below, the author’s state that the study used 

1,100 controls; however, no facts about the number and use of controls are consistent throughout the paper.  

 

 

 

95% Confidence Intervals of Odds Ratios in Xu et al. (1966) 

Occupation Groups Ever Worked 
Worked >15 

years 
PAH Exposure? 

Total # of cases 

out of 610  

Smelting & rolling 1.2-2.1* 1.1-2.2*  + (smelting only) 166
1
 

Foundry worker 1.1-2.8* 0.8-2.4** + 48 

Fire-resistant brick 1.0-2.9*** 1.4-5.9* no 43 

Coke oven worker 1.7-7.5* 1.4-8.5* +++ 22 

Total     279 

* Significant; ** Not significant; *** Marginally significant 

1
 The paper does not state if these lung cancer cases were in smelter workers or roller workers. 

In addition to the odds ratios for specific occupational groups, Xu et al. (1996) (see Table IV) calculated odds 

rations for cases and controls with regard to estimated cumulative BaP exposure, but these odds ratios are 

seriously flawed. Regardless of the occupational group, the authors somehow assigned 390 lung cancer 

cases to one of four BaP dose groups: <0.84, 0.85-1.96, 1.97-3.2 and >/= 30 (µg/m
3
-year). First, it makes no 

sense to leave out a group having an exposure of 3.3-30 µg/m
3
-year. This discontinuity is inappropriate.  

More importantly, the use of controls in the odds ratios is totally illogical. Odds ratios in case-control studies 

compare cases (in this case lung cancer cases) with matched controls that have the same characteristics as 

the cases, but without the potential exposures under study. Xu et al. (1996) describe the selection of controls 

as follows:  
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A computerized personnel file, created in 1989, was used to randomly select controls 

from the 196,993 active and retired employees of the iron-steel complex. The file was sorted by birth date, 

and controls were group matched by gender and birth year according to the age and gender distributions of 

these cancers during the time period 1980- 1989. A total of 1,100 controls, each of whom had worked for at 

least 10 years at the complex, were selected for interview. 

This sounds reasonable, but Table IV compares cases in four BaP exposure groups to controls for those 

same groups. Xu et al. (1996) do not explain how the 114 controls for the low BaP dose group were selected 

or how the 117 controls for the high BaP dose group were selected. To further confuse the issue, the 

author’s state: “All OR relative to risk for the 172 case and 411 controls subjects who were employed only in 

administrative or low-exposure occupations (non-exposed). Without thorough understanding of who the 

controls were, the odds ratios are meaningless.  

Furthermore, Table IV shows that the risk of lung cancer is associated with all three exposure metrics: total 

dust, silica dust and BaP. In fact, the risk of lung cancer is reported to be more associated with total dust 

than it is with BaP. Accordingly, no information is presented in this paper about the role of BaP in the 

reported lung cancers in workers at this iron and steel complex. 

Summary of Tier 1 Reports Cited by USEPA (2013) Alleging Human Lung Cancer 

Citation 
Worker 

Group 

Studied Effect 

Reported by USEPA 

(2013) 

Statistical 

Significance 

Reported by 

USEPA 

(2013) 

Actual Reported 

Statistical Significance 

Armstrong and Gibbs 

(2009) 

Aluminum 

workers 

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels  

1. Significant  

 

2. Significant 

1. Significant 

 

2. Significant  

Spinelli et al. (2006) Aluminum 

workers 

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

 

2. Significant 

1. Not significant 

 

2. No association with 

BaP possible, because 

only particulate BaP 

measurements were 

made 

Xu et al. (1996) Iron and 

steel 

workers 

1. Increase in lung 

cancer  

 

 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

 

 

 

2. Significant 

1. Significant, but 

unexplained manner of 

calculating odds ratios 

makes all claims suspect 

2. No association with 

BaP possible, because 

no information provided 

about collection and 

analysis of BaP samples  
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USEPA (2013) also cites Tier 2 studies in Table 1-12. They are erroneously cited in Table 1-12 as “studies 

of benzo(a)pyrene” which they are not. These three studies are not studies of BaP; they are studies of 

workers in industries having exposures to complex mixtures. USEPA (2013) also mischaracterizes the 

studies by stating: “This discussion primarily focuses on epidemiologic studies that included a direct 

measure of benzo[a]pyrene exposure.” Few of these studies made direct measurements of BaP in the work 

environment.  Each is discussed below. 

 Friesen et al. (2009) 

 Olsson et al. (2010) 

 Costantino et al. (1995) 

 Liu et al (1997) 

 Berger and Manz (1992) 

 Hansen (1989,1991) 

 Gustavsson et al. (1990) [actually Gustavsson & Reuterwall (1990)] 

 Moulin et al. (1989) 

 Hammond et al. (1976)  

Friesen et al. (2009) showed no statistically significant increase in lung cancer in 4,316 workers who were 

employed for more than 90 days between 1983 and 2002 at two aluminum plants in Australia. There was no 

statistically significant trend in relative risk for lung cancer with increasing cumulative BaP exposure. BaP 

exposure was estimated using a job exposure matrix based on job classifications and previously collected 

BaP measurements using unreported sample collection and analysis methods.  

Olsson et al. (2010) studied 433 lung cancer cases and 1,253 controls in a study of European asphalt 

workers exposed to bitumen, asbestos, coal tar, crystalline silica, and diesel exhaust. BaP was not 

measured or estimated. According to the authors, semiquantitative exposure estimates were obtained for 4- 

to 6-ring PAHs from an industry Asphalt Workers Exposure Database. No statistically significant increases in 

the odds ratio for lung cancer were found for workers exposed to bitumen fume, PAH or bitumen 

condensate. No statistically significant increases in the odds ratio for lung cancer were found for workers 

exposed to high levels of bitumen fume (inhalation) or bitumen condensate (dermal) as measured by years, 

exposure units, or exposure unit-years. No statistically significant trends were seen as exposure increased. 

No statistically significant increases in the odds ratio for lung cancer were found for workers exposed to coal 

tar as measured by years or exposure units. No statistically significant trends were seen as exposure 

increased. The only statistically significant result found was in this highest cumulative coal tar exposure 
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group when exposure was assessed by unit-years. Three of four groups had no 

statistically significant increase in odds ratio, but the highest group had a small statistically significant result, 

but the trend analysis did not show a statistically significant increase in odds ratio as unit-years increased. In 

summary, Olsson et al. (2010) presented 49 comparisons of odds ratios in this study. Forty-eight of the 

comparisons were not statistically significant, and one was.  

Costantino et al. (1995) reported a statistically significant increase in lung cancer deaths in 5,321 coke oven 

workers. The relative risk increased with increasing number of years as a coke-oven worker. BaP was not 

measured or estimated. Only coal tar pitch volatiles were measured.  

Liu et al. (1997) reported a statistically significant increase in lung cancer in 6,635 carbon electrode workers 

from six carbon electrode companies and one aluminum smelter employed for more than 15 years. IARC 

noted that “this study included an unspecified number of aluminum reduction plant workers in addition to 

carbon electrode manufacturing workers.” When the workers were grouped by no, low, moderate and high 

contact with carbon compounds, the increase lung cancer mortality was significant only in the highest 

exposure group. No historical PAH exposure information was available, and exposure classifications were 

not done on the basis of any chemical concentration data. The groups were defined in an ad hoc manner 

based on the types of processes involved. Benzene soluble compounds and BaP were measured after the 

fact in one of the seven plants. There were 11 high exposure group samples, 3 moderate exposure group 

samples, and 1 plant site sample. BaP concentrations were higher in the high exposure group, but the BaP 

data were not used in any way in the study. USEPA (2013) has incorrectly reported BaP concentrations for 

the “moderate” and “high” exposure groups from the seven facilities over time by inserting the BaP data from 

a limited number of measurements in one plant in one year into a table, misleading the reader into thinking 

that those BaP measurements were linked to the SMRs from those worker groups. This is entirely false.  

Berger and Manz (1992) found a statistically significantly increased rate of lung cancer mortality in 789 coke 

oven workers who worked for more than 10 years in a gas plant and began working from 1900-1989. BaP 

was measured in the plant in 1983, but no trend analysis was performed to determine whether lung cancer 

risk increased with increasing exposure to BaP and BaP exposure levels were not assigned to any groups or 

individuals.  

Hansen (1989, 1991) found a statistically significantly increased rate of lung cancer mortality in 679 asphalt 

workers employed from 1959-1980. Asphalt fume condensate was measured in 35 personal samples. The 

dates, locations, collection method and analytical method were not reported. BaP was determined in 9 of 

these samples. Again, no information is presented regarding the manner in which the samples were 

collected or analyzed. No trend analysis of risk versus BaP level was performed. 

Gustavsson et al. (1990) is a mis-citation in USEPA (2013) Table 1-12. The data presented is from 

Gustavsson & Reuterwall (1990). In this study, 295 gas production workers were studied, and no significant 

increase in lung cancer incidence or mortality was seen in the entire cohort or just those working at the coke 

ovens. BAP was measured in 1964 and 1965 but no trend analysis was performed and the workers were not 

categorized by their exposure level to BaP or any other chemical.  
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Moulin et al. (1989) found no statistically significant increase in lung cancer incidence in 

1,302 carbon electrode workers in one plant or 1,115 carbon electrode workers in a second plant. No 

historical exposure information on BaP was available. Particulate BaP was measured at the time of the study 

in an unknown number of samples. No trend analysis of risk versus BaP level was performed.  

Hammond et al. (1976) found an increased number of lung cancer deaths compared to expected rates for 

pavers and roofers exposed for 20 or more years (22 deaths out of 4,215 workers), but not in workers 

exposed for 9-19 years (99 deaths out of 1,724 workers). No statistical significance testing was done. 

Particulate BaP was measured by an unreported method in 52 samples from 8 roofing job types, but no 

trend analysis was performed.   

Summary of Tier 2 Reports Cited by USEPA (2013) Alleging Human Lung Cancer 

Citation 
Worker 

Group 

Studied Effect 

Alleged by 

USEPA (2013) 

Statistical 

Significance 

Reported by 

USEPA (2013) 

Actual Reported 

Statistical Significance 

Friesen et al. (2009) Aluminum 

workers  

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels  

1. Not Significant  

 

2.Not Significant 

1. Not Significant 

 

2. Not Significant. BaP 

exposures estimated 

from job exposure matrix 

and BaP measurements 

using unreported 

methods.  

Olsson et al. (2010) Asphalt 

workers  

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1.One significant 

& 3 nonsignificant 

results  

2. One 

nonsignificant 

trend with coal tar 

1. One significant & 39 

nonsignificant results  

 

2. Nine nonsignificant 

trends. BaP not 

measured or estimated. 

PAH levels estimated 

from external database. 

Costantino et al. 

(1995) 

Coke oven 

workers 

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

 

2. Significant 

1. Significant  

 

2. No association with 

BaP possible, because 

only Coal Tar Pitch 

Volatiles measured. 

Liu et al (1997) Carbon 

electrode 

manufacture 

1. Increase in lung 

cancer  

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

 

2. Significant 

1. Significant 

 

2. No trend data was 

presented; BaP data 

presented by USEPA is 

from one plant & onetime 

point and not associated 

with the SMR data.  
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Citation 
Worker 

Group 

Studied Effect 

Alleged by 

USEPA (2013) 

Statistical 

Significance 

Reported by 

USEPA (2013) 

Actual Reported 

Statistical Significance 

Berger and Manz 

(1992) 

Coke oven 

workers 

1. Increase in lung 

cancer 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

2. No trend 

information 

presented  

1. Significant 

2. No trend information 

presented; BaP 

measured 10 years 

earlier but not used in 

study.  

Hansen (1989,1991) Asphalt 

workers 

1. Increase in lung 

cancer 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

2. No trend 

information 

presented  

1. Significant 

2. No trend information 

presented 

Gustavsson & 

Reuterwall (1990 

Coke oven 

workers  

1. Increase in lung 

cancer 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Not Significant 

2. No trend 

information 

presented 

1. Not Significant 

2. No trend information 

presented 

Moulin et al. (1989) Carbon 

electrode 

workers 

1. Increase in lung 

cancer 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Not Significant 

 

2. No trend 

information 

presented  

1. Not Significant 

 

2. No trend information 

presented; No historical 

BaP information was 

available.  

Hammond et al. 

(1976)  

Paving 

workers 

1. Increase in lung 

cancer 

2. Lung cancer 

increased with 

increasing BaP 

exposure levels 

1. Significant 

 

2. No trend 

information 

presented 

1. No significance testing 

performed 

2. No trend information 

presented 

 

In sum, there is little credible evidence reported in the above studies that links BaP exposure to human lung 

cancer. Workers in high temperature environments, such as aluminum production workers and coke oven 

workers, have been shown to have increased rates of lung cancer compared to the general population, but 

the role of BaP versus the other hundreds of chemicals to which these workers are exposed is unexplained.  

USEPA (2013) further cited IARC reports that served as the basis for their classifications that certain 

mixtures or occupations are associated with increases in lung cancer and may have some relationship to 

BaP exposures.  

The studies mentioned in USEPA’s Table 1-10 are all IARC documents. Baan et al. (2009), Benbrahum-

Tallaa et al. (2012) and Secretan et al. (2009) are journal summarizations of recent IARC Monographs. They 

are not primary scientific articles.  
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The following mixtures or occupations are listed in USEPA (2013) as having “sufficient 

evidence in humans” or “limited evidence in humans” of lung cancer. 

Summary of Mixtures/Occupations Cited by USEPA (2013)  

As Evidence of Lung Cancer in Humans 

 

Mixture or Occupation 
IARC Classification 

Sufficient 

IARC Classification 

Limited 

Aluminum production  X  

Carbon electrode manufacture  X 

Coal gasification X  

Coal tar pitch (paving and roofing) X  

Coke production X  

Diesel exhaust X  

Indoor emissions from household combustion of 

biomass fuel (primarily wood) 

 X 

Indoor emissions from household combustion of 

coal 

X  

Soot (chimney sweeping) X  

 

Aluminum Production: Baan et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article presents 

no primary sources. The most recent IARC discussion of aluminum production is found in IARC (2012b) 

Chemical Agents and Related Occupations (Volume 100 F). The literature cited is listed below as the basis 

for the “sufficient” classification. 

 Gibbs et al. (2007) 

 Gibbs and Sevigny (2007a,b)  

 Armstrong and Gibbs (2009) 

 Bjor et al. (2008) 

 Spinelli et al. (2006) 

 Friesen et al. (2007) 

 Friesen et al. (2009) 

 Sim et al. (2009) 

 Mur et al. (1987)  5404 

 Moulin et al. (2000) 
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 Romundstad et al. (2000) 

 Rockett and Arena (1983) 5497 

Gibbs et al. (2007) is an earlier report from the same cohort as reported in Armstrong and Gibbs (2009). It is 

not an independent source of information on lung cancer in aluminum workers.  

Gibbs and Sevigny (2007a) is an earlier report from the same cohort as reported in Armstrong and Gibbs 

(2009). It is not an independent source of information on lung cancer in aluminum workers. 

Armstrong and Gibbs (2009) was discussed above. There was a statistically significantly increased risk of 

cancer in aluminum workers.  

Bjor et al. (2008) found a statistically significant increase in lung cancer in 2,264 workers employed for more 

than 0.5 years from 1942-1987 in an aluminum plant in Sweden. There was no statistically significant 

increase in workers there for less than 10 years, but it was significant in workers there for more than 10 

years.  

Spinelli et al. (2006) was discussed above. These authors found that neither cancer incidence nor cancer 

mortality was statistically significantly increased for lung cancer or cancer of the ororpharynx, nasopharynx, 

hypopharynx, nose, or larynx.  

Friesen et al. (2007) is a second report on the same workers and provides no independent information.  

Friesen et al. (2009) showed no statistically significant increase in lung cancer in 4,316 workers who were 

employed for more than 90 days between 1983 and 2002 at two aluminum plants in Australia.  

Sim et al. (2009) showed no statistically significant increase in lung cancer in the same cohort as Friesen et 

al. (2009). 

Mur et al. (1987) showed no statistically significant increase in lung cancer in 6,455 aluminum workers who 

worked more than one year in one of 11 plans between 1950 and 1976.  

Moulin et al. (2000) showed no statistically significant increase in lung cancer in 2,133 workers who worked 

more than one year between 1950 and 1994.  

Romundstad et al. (2000) showed no statistically significant increase in lung cancer in 11,103 workers in 6 

aluminum plants who worked more than 3 years between 1953 and 1996. There was no statistically 

significant increase in lung cancer even in worked estimated to have been highly exposed to PAHs.  

Rockett and Arena (1983) showed no statistically significant increase in lung cancer in 21,829 workers in 14 

plants who worked more than five years between 1946 and 1977.  
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Gibbs and Sevigny (2007b) is not cited in the IARC (2012b) text presumably because it 

found no association with estimated BaP exposures and because it found no statistically significantly 

increased risk of lung cancer in workers first hired from 1960-1969 or 1970-1979. A statistically significant 

increase in lung cancer was seen only in workers hired from 1950-1959. The authors conclude: “Cancer 

causes contributing to the large excess of cancer in the cohorts hired before 1950 (lung and bladder) seem 

to be diminishing.”  

Giovanazzi & D’Andrea (1981) is not cited in the IARC (2012b) text presumably because it found no 

statistically significant increase in lung cancer in 494 aluminum pot workers who worked from 1965-1979.  

Carta et al. (2004) is also missing from the IARC text. It showed no increase in lung cancer in 1,152 men 

working for more than one year between 1972 and 1980 in an aluminum smelter.  

Summary: IARC states: “An increased risk for lung cancer has been found in several but not all 

epidemiological studies in the aluminum-production industry. The exposure circumstances, especially levels 

of PAH in aluminum smelters, vary between industrial departments and also depend on the process used. 

However, data are not sufficient to disentangle the cancer risks associated with these different exposure 

situations.” 

 

Carbon electrode manufacture: IARC (2010a) (Volume 92) is cited by USEPA (2013) in Table 1-10. The 

literature cited is listed below as the basis for the “limited” classification. 

 Teta et al. (1987)  

 Moulin et al. (1989)  

 Gustavsson et al. (1995)  

 Liu et al. (1997) 

 Donato et al. (2000)  

 Mori (2002)  

 Merlo et al. (2004) 

Teta et al. (1987) found no statistically significant increase in lung cancer in 2,212 men employed at a 

carbon product department for at least 10 years. 

Moulin et al. (1989) found no statistically significant increase in lung cancer in 1,302 and 1,115 workers in 

two carbon electrode plants.  
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Gustavsson et al. (1995) found no statistically significant increase in lung cancer in 901 

workers at a graphite electrode plant employed for greater than 3 months from 1968 to 1988.  

Liu et al. (1997) reported a statistically significant increase in lung cancer in 6,635 carbon electrode workers 

from six carbon electrode companies and one aluminum smelter employed for more than 15 years. IARC 

noted that “this study included an unspecified number of aluminum reduction plant workers in addition to 

carbon electrode manufacturing workers.” When the workers were grouped by no, low, moderate and high 

contact with carbon compounds, the increase was significant only in the highest contact group.   

Donato et al. (2000) found no statistically significant increase in lung cancer in 1,006 graphite electrode 

workers employed for more than 1 year from 1945-1971.  

Mori (2002) reported a statistically significant increase in lung cancer in 332 workers employed for more than 

1 year at a graphite electrode manufacturing plant from 1951-1974.  

Merlo et al. (2004) found no statistically significant increase in lung cancer in 1,291 workers at a graphite 

electrode manufacturing plant for more than 1 year from 1950-1989. When the cohort was broken down by 

number of years employed, there was no statistically significant increase even in those who worked for more 

than 19 years.  

IARC (2010b) provided this summary which demonstrates that the human data on carbon electrode 

manufacturers is, indeed, limited at best: 

“A study of carbon electrode workers in China showed an excess risk for lung cancer and a positive 

exposure–response relationship between increasing exposure to carbon compounds and lung cancer risk. 

When the study was limited to nonsmokers, the increased risk was still observed. However, the study 

included both carbon electrode workers and pot-room workers in an aluminum smelter, and it is 

questionable how much of the excess risk may be attributed to exposures in carbon electrode manufacture. 

A small study of carbon electrode manufacturing workers in Japan showed an excess incidence of lung 

cancer. A large study of workers at a carbon product department of a plant in the USA showed no excess 

incidence of respiratory cancer and no exposure– response trend in internal analyses. A cohort study of two 

plants in France and two cohort studies from Italy provided no evidence for an increased risk for lung cancer 

associated with carbon electrode manufacture. A small study from Sweden based on only two cases was 

uninformative due to small numbers.” 

Coal gasification: Baan, et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article presents no 

primary sources. The most recent IARC discussion of coal gasification is in IARC (2012b) Chemical Agents 

and Related Occupations (Volume 100 F). The literature cited is listed below as the basis for the “sufficient” 

classification. 

 Doll et al. (1972)  

 Berger & Manz (1992) 
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 Martin et al. (2000) 

 Kennaway & Kennaway (1947) 

 Kawai et al. (1967) 

 Hansen et al. (1986) 

 Wu (1988) 

Doll et al. (1972) is considered by IARC (2010b) as a major source of information on coal gasification 

workers.  IARC (2010) reports that lung cancer was statistically significantly increased in a subset of 1,176 

coal gasification workers who had heavy exposure to coal gas. IARC (2010b) reports a relative risk of 179 

with 95
th
 confidence interval of 146-218 based on 99 cases. Doll et al. (1972) does not present relative risk 

ratios. It only reports the 99 cases of lung cancer in the 1,176 workers.  

Berger and Manz (1992) found a statistically significantly increased rate of lung cancer mortality in 789 coke 

oven workers who worked for more than 10 years in a gas plant and began working from 1900-1989. BaP 

was measured in the plant in 1983, but no trend analysis was performed to determine whether lung cancer 

risk increased with increasing exposure to BaP and BaP exposure levels were not assigned to any groups or 

individuals. 

Martin et al. (2000) is considered by IARC (2010b) as a major source of information on coal gasification 

workers. They reported a statistically significant increase in lung cancer deaths in coal gasification workers 

exposed at the highest of four categories, but there was no statistically significant increase in lung cancer 

risk at the other three exposure levels.  

Kennaway & Kennaway (1947) found an excess in the number of cancer deaths for gas works laborers and 

gas producer men from 1921-1938 in a survey analysis of reported cancer deaths in England and Wales. No 

statistical significance testing was done and 30 occupational groups similarly had higher than predicted 

cancer deaths, including cabinet makers, drivers of horse-drawn vehicles, victuallers, and barmen.  

Kawai et al. (1967) reported a statistically significant increase in lung cancer in 504 workers at a gas plant in 

a steel industry based on 6 cases. However, the expected number of lung cancer deaths in 1,451 person-

years of observation was reported as 0.135 deaths and is clearly wrong.  IARC (2012b) reports a 

nonsensical relative risk of 3,333 and then states: “Precision in the estimation of expected numbers was 

low.” Clearly, this paper must be disregarded because it is erroneous.  

Hansen et al. (1986) reported a statistically significant increase in lung cancer in 47 gas production workers 

employed for more than one year between 1911 and 1970 based on 7 cases in the gasworkers and 6 cases 

in the control group. This study is extremely limited in its scope.  
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Wu (1988) reported a statistically significant increase in lung cancer in 3,107 workers in 

1971 at one of six gasification plants. However, IARC (2010b) states: “The short report does not allow an 

assessment of the validity of the study.” 

The commenters note that little coal gasification has occurred in the United States since natural gas was 

discovered in the 1950’s. The issue of cancer causation in coal gasification workers is a historical issue.  

Coal tar pitch (paving and roofing): Baan et al. (2009) is cited by USEPA (2013) in Table 1-10, but this 

article presents no primary sources. The most recent IARC discussion of coal tar pitch in paving and roofing 

can be found in IARC (2012b) Chemical Agents and Related Occupations (Volume 100 F). The literature 

cited is listed below as the basis for the “sufficient” classification. 

 Kennaway & Kennaway (1947) 

 Kennaway & Kennaway (1951) 

 Hammond, et al. (1976) 

 Milham (1982) 

 Pukkala (1995) 

 Swaen & Slangen (1997) 

 Stern et al. (2000)  

 Schoenberg et al. (1987) 

 Zahm et al. (1989) 

 Morabia et al. (1992) 

 Partanen & Boffetta (1994) 

 Kauppinen et al. (2003) 

Kennaway & Kennaway (1947) found an excess in the number of cancer deaths for pavers, street masons, 

concretors, and asphalters from 1921-1938 in a survey analysis of reported cancer deaths in England and 

Wales. No statistical significance testing was done and 30 occupational groups similarly had higher than 

predicted cancer deaths, including cabinet makers, drivers of horse-drawn vehicles, victuallers, and barmen. 

Kennaway and Kennaway (1951) provides no information on roofers or pavers, so this is a mis-citation by 

IARC (2012). 
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Hammond, et al. (1976) found an increased number of lung cancer deaths compared to 

expected rates for pavers and roofers exposed for 20 or more years (22 deaths out of 4,215 workers) but not 

in workers exposed for 9-19 years ( 99 deaths out of 1724 workers). No statistical significance testing was 

done.  

Milham (1982) reported that “Road Graders, Pavers, Machine Operators and Excavators” had elevated lung 

cancer risk but statistical significance was not presented or discussed.  

Pukkala (1995) found a statistically significant increase in lung cancer risk in asphalt roofers in a national 

survey of 109,000 cases of cancer in Finland. Many other occupational groups had elevated lung cancer 

rates, including lawyers, wholesalers, door-to-door salesmen, and private sector managers.  

Swaen & Slangen (1997) found no statistically significant increase in lung cancer risk in 866 roofers.  

Stern et al. (2000) found a statistically significant increase in lung cancer mortality in a study of 11,144 

members of the United Union of Roofers, Waterproofers, and Allied Workers. These workers were exposed 

to asphalt coal tar pitch, asbestos and fiberglass. Only 13% were exposed to coal tar pitch.  

Schoenberg et al. (1987) found no statistically significant increase in lung cancer mortality in roofers and 

slaters in a case-control study of 763 lung cancer cases and 900 controls in New Jersey.  

Zahm et al. (1989) found no statistically significant increase in lung cancer mortality in roofers or 

pavers/surfacers.material moving equipment operators in a case-control study of 4,431 lung cancer cases 

and 11,326 controls in Missouri.  

Morabia et al. (1992) found no statistically significant increase in lung cancer mortality in roofers and slaters 

in a case-control study in 24 hospitals in nine metropolitan areas in the US.  

Partanen & Boffetta (1994) was a meta-analysis of numerous case-control epidemiological studies. They 

reported a statistically significant increase in relative risk for lung cancer in roofers and “miscellaneous and 

unspecified bitumen/asphalt workers”, but not in highway maintenance workers and pavers.   

Bergdahl & Jarvholn (2003) found no statistically significant increases in lung cancer in 6,150 asphalt paving 

workers. No increases were seen except in the sub-group that started before 1954, and this increase was 

not statistically significantly increased.  

Randem et al. (2003) reported an increase in lung cancer risk in 8,763 asphalt workers who worked for more 

than 3 months, but the risk was higher in those with 0-5 month’s work history than in those with more than 6 

months’ work history. The authors concluded that smoking contributed to the observed increase in risk.  

Stucker et al. (2003) reported that there was no statistically significant increase in lung cancer risk in 15,011 

paving and road construction workers with greater than 6 months on the job.  
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Kauppinen et al. (2003) studied 2,642 bitumen workers, 2,552 building/ground 

construction workers and 382 other workers employed in road paving companies for at least six months 

before 1985. The cancer incidence study also includes temporary workers who worked only 3-6 months. The 

entire cohort of paving workers showed a small statistically significant increase in lung cancer mortality. 

When subgroups were analyzed, bitumen workers did not have a statistically significant increase in lung 

cancer mortality, but the building/ ground construction workers did. 4,815 (85%) of the cohort had no 

exposure to coal tar. Because the majority of the studied workers had no exposure to coal tar, this study 

should be excluded from any analysis of coal tar or coal tar pitch.  

Coke production: Baan, et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article presents no 

primary sources. The most recent IARC discussion of coal gasification is in IARC (2012) Chemical Agents 

and Related Occupations (Volume 100 F). The literature cited is listed below as the basis for the “sufficient” 

classification. 

 Costantino et al., (1995) 

 Wu (1988) 

 Chau et al., (1993) 

 Franco et al. (1993) 

 Sakabe et al. (1975) 

 Swaen et al. (1991) 

 Buck & Reid (1956) 

 Davies (1977) 

 Hurley et al. (1983) 

 Wu-Williams et al. (1993) 

Costantino et al. (1995) reported a statistically significant increase in lung cancer deaths in 5,321 coke oven 

workers. The relative risk increased with increasing number of years as a coke-oven worker.  

Wu, (1988) found a statistically significant increase in lung cancer deaths in 21,995 coke plant workers and 

also in coke oven workers. IARC (2012) reported that the description of methods was “insufficient.” 

Chau et al. (1993) studied 535 coke oven plant workers and reported a statistically significant increase in 

lung cancer mortality in the total cohort and subgroups of workers who (a) were non-exposed and (b) who 

worked near the coke ovens. However, there was no statistically significant increase in lung cancer risk for 
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workers at the coke ovens, themselves. When smoking was considered, the non-

exposed workers smokers and near coke oven smokers had statistically significant increases in lung cancer 

mortality, but the non-smokers did not.  

Franco et al. (1993) found a barely significant increase (1.02-2.65) in lung cancer mortality in 538 coke oven 

workers from two plants who were employed from 1960-1985. Information on confounding exposures such 

as smoking and exposures from previous occupations was not available.  

Sakabe et al. (1975) did not find any statistically significant increase in lung cancer mortality in 2,178 coke-

oven workers in Japan who from 11 companies.  

Swaen et al. (1991) did not find any statistically significant increase in lung cancer mortality in 5,659 workers 

who were employed for at least 6 months at any of three coke oven plants in 1945-1969.  

Buck & Reid (1956) is mis-cited and is actually Reid and Buck (1956). In this study 5 cases of lung cancer 

death were expected and 4 were seen in coke oven workers who were so designated as their last job. When 

men were classified as coke oven workers if they worked at the coke ovens at any time during their 

employment, the expected number of lung cancer deaths was 10 and 14 were observed. Although no 

statistical tests were presented, the authors considered the results to be not significant: “The results 

obtained seem to imply that as far as recent experience in the coking industry goes, there is no great excess 

in cancer mortality in general nor in respiratory cancer in particular, even among the men who have worked 

on the ovens. This finding differs from the results of earlier work on the mortality of workers in the gas 

industry (Kennaway and Kennaway, 1947;: Doll, 1952) which suggested a twofold increase in respiratory 

cancer among men in that industry.” 

Davies (1977) did not find any statistically significant increase in lung cancer mortality in 601 coke oven 

workers who were active in 1954 at one of two plants.  

Hurley et al. (1983) did not find any statistically significant increases in lung cancer mortality in 6,767 coke 

workers from 27 different plants who were active from 1966-1967 when the workers were categorized as 

“oven work,” “part oven-work,” or “non-oven work.”  

Wu-Williams et al. (1993) performed a case-control study of 965 lung cancer cases and 959 controls. They 

did not find any statistically significant increase in lung cancer incidence for women who stated on a 

questionnaire that they had exposures to coke oven emissions. This study is weak because exposure is self-

assessed.  

Diesel exhaust: Benbrahim-Tallaa et al. (2012) is cited by USEPA (2013) in Table 1-10, but this article 

presents no primary sources. The basis of the IARC’s classification of diesel exhaust will be presented in 

Volume 105, which is not yet published.  

Indoor emissions from household combustion of biomass fuel (primarily wood):  Secretan et al. 

(2009) is cited by USEPA (2013) in Table 1-10, but this article has no discussion whatsoever about biomass 
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or wood. This is a mis-citation in USEPA (2013). IARC’s documentation for the limited 

classification for household combustion of biomass fuel (primarily wood) is in IARC (2010) Household Use of 

Solid Fuels and High-temperature Frying (Volume 95). Due to time limitations in preparing these comments 

to USEPA (2013), the cited papers on household combustion of wood could not be reviewed.   

Indoor emissions from household combustion of coal: Secretan et al. (2009) is cited by USEPA (2013) 

in Table 1-10, but this article presents only one primary source: Straif et al. (2006). The IARC discussion of 

indoor combustion of coal is found in IARC (2012) Personal Habits and Indoor Combustions (Volume 100 

E). Due to time limitations in preparing these comments to USEPA (2013), the cited papers on household 

combustion of coal could not be reviewed.   

Soot (chimney sweeping): Baan, et al. (2009) is cited by USEPA (2013) in Table 1-10, but this article 

presents no primary sources. To find the basis for this classification, one needs to consult IARC (2012) 

Monograph 100F. IARC (2012) defined the mixture specifically as “soot, as found in occupational exposure 

of chimney sweeps.” The literature cited is listed below as the basis for the “sufficient” classification. 

 Evanoff et al. (1993)  

 Pukkala (1995)  

 Pukkala et al. (2009) 

 Kennaway & Kennaway (1947) 

 Haldorsen et al. (2004) 

Evanoff et al. (1993) found a statistically significant increase in relative risk of lung cancer mortality and 

incidence in 5,313 Swedish chimney sweeps that we working anytime from 1917 to 1980 when statistics 

were observed for workers who were exposed earlier in time and died on contracted cancer in the 1950s 

through ~1990. However, when only more recent statistics were evaluated, there was no statistically 

significant increase in cancer incidence or mortality compared to expected numbers. Adjustments for 

smoking were only made on the age class level. This study demonstrates that lung cancer in chimney 

sweeps, if associated with soot exposure, is a historical phenomenon. 

Lung Cancer Findings of Evanoff et al. (1993) 

Dates Lung Cancer Mortality Lung Cancer Incidence 

1951-1990 Significant  

1983-1990 Not Significant  
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1958-1987  Significant 

1982-1987  Not Significant 

 

Pukkala (1995) is mis-cited by IARC (2012). Specifically, the IARC document states:  

“Evanoff et al. (1993) conducted large cohort study of Swedish chimney sweeps and found an excess 

of cancer of the lung, bladder, oesophagus and haematolymphatic organs; a study from Finland 

corroborated these findings (Pukkala, 1995).”  

Pukkala (1995) does not corroborate the findings of Evanoff et al. (1993). Table 23 and appendix Table C-15 

list the cancer incidence values for many different occupational groups, and there is no statistically 

significant increase in lung cancer in chimney sweeps.  

Pukkala et al. (2009) performed a cancer registry study of 15 million people born between 1896 and 1960 in 

five Nordic countries. A statistically significant increase in lung cancer was seen in 5,498 chimney sweeps 

who worked from the turn of the century to 1960 in Denmark, Finland, Norway and Sweden based on 212 

observed lung cancer cases. This is not an epidemiological study because no attempt was made determine 

how long a person worked in the self-identified occupational category.  

Kennaway and Kenneway (1947) found no increase in lung cancer in 5,900 chimney sweeps from 1921-

1938 in a survey analysis of reported cancer deaths in England and Wales.  

Haldorsen et al. (2004) is reported in IARC (2012) to have performed a population cancer study with all men 

aged 25-64 in Norway and no statistically significant increase was seen in lung cancer in chimney sweeps.  

Comparison of Information Reported in IARC Monographs to Results of the Cited Studies 

Worker Group  
IARC Reported Results for 

Lung Cancer  

Actual Results for Lung 

Cancer 

Aluminum Production   

Gibbs et al. (2007), Gibbs and Sevigny 

(2007a), Armstrong and Gibbs (2009) 

Significant  Significant 

Bjor et al. (2008) Significant but no trend with 

PAH exposure levels  

Significant but no trend with 

PAH exposure levels 

Spinelli et al. (2006), Friesen et al. 

(2007) 

Not significant, but significant 

trend with estimated BaP 

Not significant; association 

with BaP exposure is not 

possible because only 
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exposure particulate BaP was 

measured; only highest 

estimated BaP group 

statistically significant.  

Friesen et al. (2009); Sim et al. (2009) Not significant  Not significant 

Mur et al. (1987) Not significant  Not significant 

Moulin et al. (2000) Not significant  Not significant 

Romundstad et al. (2000) Not significant  Not significant 

Rockett and Arena (1983) Not significant  Not significant 

Gibbs and Sevigny (2007b) Not cited in text Not significant for those first 

hired 1960-69 or 1970-79 

Significant for those first hired 

from 1950-59 

Giovanazzi & D”Andrea (1981) Not cited in text Not significant 

Carta et al. (2004) Not cited in text Not significant 

Carbon electrode manufacture   

Teta et al. (1987)  Not significant  Not significant 

Moulin et al. (1989)  Not significant  Not significant 

Gustavsson et al. (1995)  Not significant  Not significant 

Liu et al. (1997)  Significant , but  “…it is 

questionable how much  of the 

excess risk may be attributed 

to exposures in carbon 

electrode manufacture.” 

Significant, but the group 

included an unknown number 

of aluminum smelter workers 

Donato et al. (2000)  Not significant  Not significant 
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Mori (2002)  Significant  Significant 

Merlo et al. (2004)  Not significant  Not significant 

Coal Gasification   

Doll et al. (1972) Significant  Relative risk and significance 

level not provided 

Berger & Manz (1992) Significant Significant 

Martin et al. (2000) Significant Significant for highest 

exposure group but not 

significant for other exposure 

groups.  

Kennaway & Kennaway (1947) Significant  Significance level not provided 

Kawai et al. (1967) Significant, but “Precision in 

the estimation of expected 

numbers was low.”  

Paper must be disregarded. 

Expected number of lung 

cancer deaths in 1,451 person-

years of observation was 

reported as 0.135 deaths. 

Hansen et al. (1986) Significant  Significant based on 7 cases in 

gasworkers compared to 6 in 

the controls.  

Wu (1988) Significant but IARC cannot 

evaluate the validity of the 

study.  

Significant but the validity of 

the study cannot be validated. 

Coal tar pitch (paving and roofing):   

Kennaway & Kennaway (1947) Significance not discussed. 

Presented as increased risk.  

Significance level not provided 

and category included workers 

besides pavers. 

Kennaway & Kennaway (1951) Significance not discussed. 

Presented as increased risk.  

Mis-citation. No information on 

roofers, pavers, or any 

occupational groups.  
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Hammond, et al. (1976) Significance not discussed. 

Presented as increased risk.  

Significance level not provided.  

Milham (1982) Significance not discussed. 

Presented as increased risk.  

Significance not discussed in 

Milham (1982)  

Pukkala (1995) Significance not discussed. 

Presented as increased risk.  

Significant 

Swaen & Slangen (1997) Significance not discussed. 

Presented as increased risk. 

Not significant 

Stern et al. (2000) Significance not discussed. 

Presented as increased risk. 

Significant 

Schoenberg et al. (1987) Not significant Not significant 

Zahm et al. (1989) Not significant Not significant 

Morabia et al. (1992)  Not significant Not significant 

Partanen & Boffetta (1994) Significant meta-analysis for 

roofers 

Significant meta-analysis for 

roofers, but not pavers 

Bergdahl & Jarvholn (2003) Not significant Not significant 

Randem et al. (2003) Not significant Significant but risk was greater 

in those with less time working.  

Stucker et al. (2003) Not significant Not significant 

Kauppinen et al. (2003) Significant  Study should be excluded 

because 85% of the cohort 

had no exposure to coal tar 

pitch.  

Coke production   

Costantino et al. (1995) Significant Significant 

Wu (1988) Significant Significant, but IARC (2012) 

states that the methods were 
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“insufficient.” 

Chau et al. (1993) Significant Significant for “near coke 

oven” workers but not for “coke 

oven” workers 

Franco et al. (1993) Significant  

Sakabe et al. (1975) Not significant Not significant 

Swaen et al. (1991) Not significant Not significant 

Buck & Reid (1956) Significant  Not significant 

Davies (1977) Not significant Not significant 

Hurley et al. (1983) Not significant Not significant 

Wu-Williams et al. (1993) Not reported Not significant 

Soot (chimney sweeping)   

Evanoff et al. (1993)  Significant  Significant for 1950’s -1980’s 

Not significant for 1980’s 

Pukkala (1995)  Significant Not significant 

Pukkala et al. (2009) Significant Significant 

Kennaway & Kennaway (1947) No increase No increase 

Haldorsen et al. (2004) Not significant Not significant 

 

USEPA (2013) cites IARC documents that summarized the human evidence of increased lung cancer rates 

in various industry worker populations. Despite the fact that BaP is not listed as a causal agent in these 

studies, the studies themselves provide marginal evidence that lung cancer was increased in these workers 

who were exposed to complex mixtures of chemicals. In fact, there are twice as many studies cited showing 

no increased risk of lung cancer than there are positive studies. Specifically, of 38 cited studies that were 

reported to be adequate in quality, 25 were negative studies and 13 were positive studies.  
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Summary and Evaluation 

2. Does USEPA’s hazard assessment of noncancer human health effects of benzo[a]pyrene clearly 

integrate the available scientific evidence (i.e., human, experimental animal, and mechanistic evidence) 

to support the conclusion that benzo[a]pyrene poses a potential hazard to the developing fetus; the 

nervous system in the developing fetus; the male and female reproductive systems; and the immune 

system? 

COMMENT: No comment due to time constraints. No comment does not mean tacit agreement.    

3. Does USEPA’s hazard assessment of the carcinogenicity of benzo[a]pyrene clearly integrate the 

available scientific evidence to support the conclusion that under USEPA’s Guidelines for Carcinogen 

Risk Assessment (U.S. USEPA, 2005), benzo[a]pyrene is “carcinogenic to humans” by all routes of 

exposure? 

COMMENT:  

As noted in comment C-1, USEPA (2013) has mischaracterized the weight of evidence by indicating that 

BaP causes skin cancer in humans. 

4. Does USEPA’s hazard assessment of the mode of action for carcinogenicity of benzo[a]pyrene clearly 

integrate the available scientific evidence to support the conclusion that a mutagenic mode of action is 

the primary mode of action of benzo[a]pyrene-induced carcinogenicity? 

COMMENT: No comment due to time constraints. No comment does not mean tacit agreement. 

D. Dose-Response Analysis 

Oral Reference Dose (RfD) 

Several hazards were identified for oral exposure to benzo[a]pyrene. Studies and effects within each hazard 

(i.e., developmental, reproductive, and immunotoxicity) were evaluated and the most relevant, informative 

studies and effects were selected for dose‐response analysis, where data were amenable, for consideration 

in deriving an RfD. 

1. Please comment on whether the evaluation and selection of studies and effects for the derivation of 

candidate values to consider for the RfD are scientifically supported and clearly described. Specifically, 
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please comment on the selection of the following studies and effects for dose-

response analysis. Please identify and provide the rationale for any other studies or effects that should 

be considered. 

a. Developmental toxicity: Chen et al. (2012) [neurodevelopmental changes]; Jules et al. (2012) 

[cardiovascular effects] 

COMMENT: 

USEPA (2013) relies exclusively on the study of Chen et al. (2012) for the RfD derivation, but this study is 

flawed in many ways and should be excluded from the RfD derivation process. Both Chen et al. (2012) and 

Jules et al. (2012) are evaluated below and it is recommended that the developmental toxicity endpoint be 

represented by the results of Jules et al. (2012). 

Chen et al. (2012): Chen et al. (2012) performed 72 separate comparison tests in their study of Sprague-

Dawley rats treated with BaP on postnatal day (PND) 5 through PND 11 by gavage in peanut oil. USEPA 

(2013) has focused on just three of these tests that reportedly showed statistically significant results. With 

p=0.05 as the significance criterion, one would expect 4 statistically significant differences due solely to 

chance when so many separate observations are made. The following table lists all of the tested performed 

by the investigators.  

Tests Performed By Chen et al. (2012) 

Test Performed  Subtest Performed  
Number of Observation 
Groups  

Developmental Milestones   

Body weight  PND 5 
PND 6 
PND 7 
PND 8 
PND 9 
PND 10 
PND 11 
PND 36 
PND 71 

Incisor eruption  Day observed 

Eye opening  Day observed 

Fur development  Day observed 

Testis decent  Day observed 

Vaginal opening  Day observed 

Neonatal Sensory and Motor 
Development Tests 

  

Surface righting reflex test 
(track 1 animals) 

 PND 12  
PND 14 
PND 16 
PND 18 

Negative geotaxis test  PND 12 
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(track 2 animals) PND 14 
PND 16 
PND 18 

Cliff aversion test 
(track 1 animals) 

 PND 12 

Forelimb grip strength test 
(track 2 animals)  

 PND 12 

Open-field test Horizontal Movement PND 18 (track 1 animals) 
PND 20 (track 2 animals) 
PND 34 (track 3 animals) 
PND 69 (track 4 animals) 

Open-field test Vertical  Movement, Rearing PND 18 (track 1 animals) 
PND 20 (track 2 animals) 
PND 34 (track 3 animals) 
PND 69 (track 4 animals) 

Elevated plus maze Latency Time of the first entry 
into an open arm 

Male PND 35 (track 3 animals) 
Male PND 70 (track 4 animals) 
Female PND 35 (track 3 animals) 
Female PND 70 (track 4 animals) 

Elevated plus maze Time Spent in the Open Arm Male PND 35 (track 3 animals) 
Male PND 70 (track 4 animals) 
Female PND 35 (track 3 animals) 
Female PND 70 (track 4 animals) 

Elevated plus maze Number of Entries into the Open 
Arms 

Male PND 35 (track 3 animals) 
Male PND 70 (track 4 animals) 
Female PND 35 (track 3 animals) 
Female PND 70 (track 4 animals) 

Elevated plus maze Number of Entries into the 
Closed Arms 

Male PND 35 (track 3 animals) 
Male PND 70 (track 4 animals) 
Female PND 35 (track 3 animals) 
Female PND 70 (track 4 animals) 

Morris water maze Escape Latency Adolescent males 
PNP 36 (track 3 animals) 
PNP 37 (track 3 animals) 
PNP 38 (track 3 animals) 
PNP 39 (track 3 animals) 
Adolescent females 
PNP 36 (track 3 animals) 
PNP 37 (track 3 animals) 
PNP 38 (track 3 animals) 
PNP 39 (track 3 animals) 
Adult males 
PNP 71 (track 4 animals) 
PNP 72 (track 4 animals) 
PNP 73 (track 4 animals) 
PNP 74 (track 4 animals) 
Adult females 
PNP 71 (track 4 animals) 
PNP 72 (track 4 animals) 
PNP 73 (track 4 animals) 
PNP 74 (track 4 animals) 

Morris water maze Number of Times Animal Male PNP 40 (track 3 animals) 
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Crossed Original Platform in 
Probe Test 

Male PNP 75  (track 4 animals) 
Female PNP 40 (track 3 animals) 
Female PNP 75 (track 4 animals) 

Morris water maze Time Spent in the Target 
Quadrant 

Male PNP 40 (track 3 animals) 
Male PNP 75  (track 4 animals) 
Female PNP 40 (track 3 animals) 
Female PNP 75 (track 4 animals) 

 

The rats used in this experiment were used for multiple tests that occurred over seven day periods, so it is 

unclear whether the reported performance on the test was due to BaP exposure or due to the stress and 

strain of the experimental regimen.  

Neurobehavioral Testing in Chen et al. (2012) 

Post Natal Day  Track 3 Rats 

20/group x 4 groups  

Track 4 Rats 

20/group x 4 groups 

Day 34 Open-Field Test  

Day 35 Elevated Plus Maze  

Day 36 Morris Water Maze  

Day 37 Morris Water Maze  

Day 38 Morris Water Maze  

Day 39 Morris Water Maze  

Day 40 Morris Water Maze  

Day 69  Open-Field Test 

Day 70  Elevated Plus Maze 

Day 71  Morris Water Maze 

Day 72  Morris Water Maze 

Day 73  Morris Water Maze 

Day 74  Morris Water Maze 

Day 75  Morris Water Maze 
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Chen et al. (2012) tested male and female rats on eight different occasions in the Morris Water maze test to 

see what their escape latencies were. There was no effect of BaP treatment at any dose on PND 36, 37, 38, 

71, 72, or 73, but there was a reportedly significant effect on days 39 and 74 for both males and females. 

USEPA (2013) totally ignores the fact that in more times than not, no significant differences were seen. They 

focus, instead, on the minority of times when the tests showed significant differences at the p<0.05 level.  

When performing benchmark dose modeling, USEPA (2013) merged the data for the males and females 

despite the fact that the raw data are not presented in the paper to allow group statistics to be calculated. It 

is not reported whether USEPA used PND 39 data or PND 74 data or whether they somehow combined the 

data from adolescent and adult rats. 

USEPA (2013) also focused on the data for the “time spent in the target quadrant” test, again somehow 

merging the male and female data without explanation. Data are presented in the paper separately for male 

PND 40, male PND 75, female PND 40 and female PND 75. It is not reported what specific data were 

modeled and whether data from day 40, day 75 or both days were merged. Again, the information reported 

in the paper does not support the merging of data.   

USEPA (2013) focused in on the results of the elevated maze tests and specifically the number of open 

entries by females at PND 70. The benchmark dose low (BMDL10) from this single test is the basis of the 

USEPA’s proposed RfD. This maze test is a test of anxiety in rodents. If the rodents are anxious or fearful, 

they will avoid the open arms and choose the closed arms compared to control animals.  

No statistically significant differences were seen in the number of entries into either the open or closed arms 

of the maze. On PND 35, there were no differences between treatment groups with regard to their entry into 

either the open arms or the closed arms. However, only on PND 70, the dosed animals (high dose for 

males, middle and high dose for females) entered the open arms more frequently and entered the closed 

arms less frequently. USEPA (2013) reports that this is “decreased anxiety-like behavior.” Given that this 

test is used in pharmacology to test the efficacy of anxiety reducing drugs, it is unclear why decrease in 

anxiety is labeled an “adverse effect.”   

More importantly, this test is well documented to be a subjective test the results of which are highly 

influenced by (1) housing of animals, (2) the scoring method used, (3) the construction of the maze, and (4) 

pre-test manipulation (Hogg, 1996).  

Specifically, Hogg (1996) states that single housing of the animals from 30 minutes to seven days is 

routinely done by investigators using this test. Chen says that: “Rats were placed in the quiet experimental 

room for a number of 30 min prior to testing.” They do not state whether the animals were in single or 

multiple cages. They also do not state how long the animals were in the quiet room before testing. Given 

that the testing took four hours to complete on any given day, it seems likely that all of the animals were 

brought into the quiet room at the same time and 30 minutes later the testing was started. If this is the case, 

the first group of animals had a 30 minute rest before the test and the other groups had progressively longer 

periods of quiet rest up to several hours. Clearly, differing periods of resting would affect the rats’ anxiety 
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states, which is the subject of the test, and the Chen et al. (2012) is deficient by not 

discussing this issue.  

 

The scoring method used seems to be appropriate with an “entry” being counted if all four paws were in the 

arm. 

The construction of the maze also affects the results. Hogg (1996) states that the addition of ledges or 

raised lips around the edges of the open arms can affect study results. Chen et al. (2012) is silent on this 

issue, but because of its importance, it should have been discussed.  

Pre-test manipulation is critical. According to Hogg (1996), “repeated handling of animals for several days 

before experimentation serves to habituate them to the stresses to which they are commonly subjected 

immediately before plus-maze testing…” and “It would be naïve to assume that animals will respond in the 

same way on exposure to the [elevated plus-maze] EPM irrespective of their manipulations beforehand.”  

 

No information is provided in Chen et al. (2012) about the above factors that affect the anxiety state of the 

rats prior to and during the elevated plus maze test. It is known that the results are highly variable because 

the control animals varied in their responses over the track 3 and track 4 animals: 

Number of Open Arm Entries 

Track 3, adolescent males (PND35)  ~12  

Track 4, adult males (PND70)   ~14 

Track 3, adolescent females (PND35)  ~11 

Track 4, adult females (PND70)   ~10 

Given the small number of open arm entries in a 5 minute period, this variability in the control baseline is 

troubling because it affects the statistical significance testing in an unknown manner.  

In addition, the number of open arm entries is a poor metric for increased or decreased anxiety state. 

According to Hogg (1996), “expression of the open arm data as percentages of the total number of arm 

entries (to give % number of open arm entries; %no) or total time spent (to give % time on open arms; %t) 

on either the open or closed arms corrects for overall changes in exploration of the maze and helps to 

reduce activity-induced artifacts.” Chen et al. (2012) did not normalize the data as recommended by Hogg 

(1996) and instead reported the raw data as their metric. 

“Decreased anxiety-like behavior” should not be considered an appropriate endpoint for RfD derivation 

because many details are not provided in this study about the manner in which animals were handled which 

can affect anxiety levels and because this is not an adverse effect.  
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A developmental toxicity study discussed by USEPA (2013) but not used for dose-

response assessment is Jules et al. (2012). The Jules study is superior to Chen et al. (2012) and should be 

used for RfD derivation. 

Jules et al. (2012): Jules et al. (2012) dosed pregnant Long Evans Hooded rats with BaP at 0.15, 0.30, 0.60, 

and 1.2 mg/kg-day by gavage on embryonic days 14 through 17. According to the authors: “There were no 

significant effects of in utero exposure to B(a)P on the number of pups born per litter or in pre-weaning 

growth curves.” There were no effects on the number of pups per litter or on the body weights of offspring on 

post natal days 0, 3, 5, 7, 9, 11, 13, or 15. Heart rate, systolic blood pressure and diastolic blood pressure 

were measured in the 4-5 animals from the control group and the two highest dose groups but not the two 

lower dose groups. Heart rate is higher in the 0.6 mg/kg-day group and lower in the 1.2 mg/kg-day group, so 

this endpoint cannot be used to define a clear NOAEL or LOAEL. Systolic blood pressure and diastolic blood 

pressure both increase in a dose-responsive manner in the two dose groups, and USEPA (2013) defined the 

0.6 mg/kg-day dose group as a LOAEL for increase in systolic and diastolic blood pressure. Note that the 

NOAEL was likely 0.30 mg/kg-day but this dose group was not studied for changes in blood pressure. 

Benchmark dose modeling was not done for either.  

This study should be rejected for dose-response assessment because key information is missing and 

erroneous data are reported. The study does not define how many animals were tested for blood pressure 

readings. Different facts are reported in different places in the paper, for example: 

(a) “…using littermates from four to five different litters within an experimental group would be sufficient to 

detect a significant difference.” 

(b) “Since the litter is the statistical unit and the sampling was from at least 4 to 5 individual litters with in an 

experimental group…” 

(c) “To assess whether in utero B(a)P exposure affected blood pressure in offspring rats, the systolic blood 

pressure of conscious-nonanesthetized animals (n=5-6/litter/group) was measured on post natal day 53.” 

(d) “Values are expressed as the mean +/- [standard error of the mean] SEM of three separate experiments 

in which blood pressure measurements were averaged from four-five rat offspring.” 

A paper with so many discrepancies in the reporting of critical data should not be used for dose-response 

assessment.  

There are also significant errors in the reporting. On Figure 3, the SEM is shown as a bar above the mean of 

the measurements. Clearly, the SEM increases as one moves from control to low dose to higher dose. In 

Table 3B, however, the SEMs are listed as 1.2, 45, and 2.4 in the same order. Clearly, 45 is an error. In 

addition, in the text the blood pressure for the control group is listed as 131.5 mmHg with an SEM of 5.8 

mmHg. This does not agree with the data in Table 3B which is given as 131.6 +/-1.2. Is the SEM 1.2 or 5.8? 

If the data in table 3B were not SEM, but standard deviation instead, then one can calculate the n for the 
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control group as 23. If they tested 5 per litter times 4 litters, n would be 20. If they tested 

6 per litter times 4 litters, n would be 24. If they tested 5 per litter times 5 litters, n would be 25.  

In conclusion, one cannot determine from this paper if the error values presented are SEM or standard 

deviation (SD) and there is no way to determine how many animals were tested from each litter, how may 

litters were tested, and how many total animals were tested. This information is required to perform 

benchmark dose modeling, so this is apparently the reason that USEPA (2013) is silent on benchmark dose 

modeling and uses a NOAEL/LOAEL approach instead.  

Instead, this paper is perhaps not suitable for use in dose-response modeling, because there is no way to 

independently verify the statistical test results reported by the authors. If, on the other hand, USEPA could 

obtain the raw data from the authors and then independently perform statistical significance testing and 

subsequent benchmark dose modeling, this paper may have greater utility in dose-response assessment of 

BaP.  

b. Reproductive toxicity: Xu et al. (2010) [decreased ovary weights]; Zheng et al. (2010) [decreased 

intratesticular testosterone]; Mohamed et al. (2010) [decreased sperm count and motility]; and Gao 

et al. (2011) [increased cervical hyperplasia]. 

 

 

 

COMMENT: 

USEPA (2013) quantitatively assesses studies by Xu et al. (2010), Zheng et al. (2010), Mohamed et al. 

(2010), and Gao et al. (2011) for the reproductive endpoint and then rejects  Zheng et al. (2010), Mohamed 

et al. (2010), and Gao et al. (2011) to focus the RfD entirely on one endpoint from the study of Xu et al. 

(2010). Each of these four studies is evaluated below, and it is recommended that point of departure doses 

and candidate RfDs be derived from each and then averaged to represent the reproductive endpoint. 

USEPA (2013) should not focus entirely on the one candidate RfD simply because it is the worst case.  

Xu et al. (2010): Xu et al. (2010) observed decreased ovary weights in female Sprague-Dawley rats given 

BaP 5 mg/kg and 10 mg/kg in corn oil intragastically every other day for 60 days. Statistically significant 

decreases in absolute ovary weights were seen at both BaP doses but the ovary/body weight ratio was only 

decreased in the highest dose group.  

With regard to other endpoints, 5 mg/kg-day dose is a NOAEL for reproductive effects as shown in Figure 1 

of the paper, which shows that the control animals and the 5 mg/kg-day animals were identical in their 

estrous cycles. Only at 10 mg/kg-day were significant difference seen between treated animals and controls.  
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The same is seen in Figure 3, which shows the effects of BaP on the ovarian follicle 

populations and corpora lutea in the treated animals after 90 days. There were no differences between 

control animals and animals treated with 5 mg/kg-day BaP. Only 10 mg/kg-day caused any significantly 

different effects.  

USEPA’s benchmark dose modeling of the Xu et al. (2010) ovary weight data resulted in a BMDL10 of 1.49 

mg/kg-day after adjusting for every-other-day dosing. However, 5 mg/kg-day is a NOAEL for other measures 

of reproductive toxicity, and these NOAELs should also be considered in the dose-response modeling.  

Relevant results from Xu et al. (2010) are reported in the table below. 

Results from Xu et al. (2010) 

Reproductive Endpoint NOAEL LOAEL  USEPA (2013) Focus 

Decreased Ovary Weight None 5 mg/kg-day BMDL10 defined as 1.49 

mg/kg-day.  

Estrous cycles 5 mg/kg-day 10 mg/kg-day Not discussed or modeled  

Ovarian follicle populations  5 mg/kg-day 10 mg/kg-day Not discussed or modeled  

Corpora lutea 5 mg/kg-day 10 mg/kg-day Not discussed or modeled  

 

Zheng et al. (2010): Zheng et al. (2010) gave male Sprague-Dawley rats 1 or 5 mg/kg-day of BaP every day 

for 90 days in corn oil via gavage. Intratesticular testosterone levels were not significantly decreased in BaP-

dosed animals at either dose level at day 30. At day 90, the testosterone levels were statistically significantly 

decreased only at the 5 mg/kg-day dose level. Thus, 1 mg/kg-day was a NOAEL for male reproductive 

effects in this study. The results of Zheng et al. (2010) should be included in the RfD calculation. Relevant 

results from this study are presented in the following table.  

Results from Zheng et al. (2010) 

Reproductive Endpoint NOAEL LOAEL  USEPA (2013) Focus 

Intratesticular testosterone levels 

at day 30  

5 mg/kg-day None defined  Not discussed or modeled 

Intratesticular testosterone levels 

at day 90 

1 mg/kg-day 5 mg/kg-day NOAEL defined as POD 
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Mohamed et al. (2010) administered BaP at 1 or 10 mg/kg-day in corn oil by gavage 

daily for six weeks. F1, F2, and F3 offspring were treated in a similar manner and tested for male fertility 

parameters.  There were not statistically significant differences between treated and control animals over the 

generations for testicular morphology. A decrease in the percentage of semininferous tubules containing 

elongated spermatids was significantly different from the controls in the 10 mg/kg-day group. Sperm count 

was significantly lower in the 1 and 10 mg/kg-day groups in the F0 and F1 generations. No effects were 

seen on sperm count in the F3 generation. Sperm motility was significantly lower in the 10 mg/kg-day groups 

in the F0 generation. There were no effects on the sperm motility in the F2 and F3 generations. The LOAEL 

of 1 mg/kg-day for effects on sperm count should be considered in the derivation of the RfD as noted below 

in a comment on RfD derivation.  

c. Immunotoxicity: Kroese et al. (2001) [decreased thymus weights]; DeJong et al. (1999) [decreased 

serum IgM and IgA levels and number of B cells] 

COMMENT: 

USEPA (2013) quantitatively assesses studies by Kroese et al. (2001) and DeJong et al. (1999) for the 

immunotoxicity endpoint and then rejects Kroese et al. (2001) to focus the RfD entirely on one endpoint from 

the study of DeJong et al. (1999). Each of these two studies is evaluated below, and it is recommended that 

point of departure doses and candidate RfDs be derived from each and then averaged to represent the 

immunotoxicity endpoint. USEPA (2013) should not focus entirely on the one candidate RfD simply because 

it results in a worst case RfD. USEPA (2013) should quantitatively consider the entire scientific weight of 

evidence in deriving RfDs.  

Kroese et al. (2001): Kroese et al. et al. (2001) treated 10 male and 10 female Wistar rats for five days per 

week for three months with BaP at doses of 0, 3, 10, or 30 mg/kg-day by gavage in soy oil. In both males 

and females, the highest dose (30 mg/kg-day) is a LOAEL, but USEPA (2013) modeled only the female data 

and not the male data. Relevant results from Kroese et al. et al. (2001) are presented in the following table.  

Results from Kroese et al. (2001) 

Immunological Endpoint NOAEL LOAEL  USEPA (2013) Focus 

Thymus weight, males 10 mg/kg-day 30 mg/kg-day Discussed but not modeled 

Thymus weight, females 10 mg/kg-day 30 mg/kg-day BMDL10 defined as 7.6 

mg/kg-day 

 

Benchmark dose modeling was performed by the commenters on the Kroese et al. (2001) data, and the best 

fitting model for female thymus weight gives a BMDL10 of 7.65 mg/kg-day. Male thymus weight data were 

not amenable to benchmark dose modeling as noted in the following table. It is recommended that the 
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candidate RfD from Kroese et al. (2001) be used quantitatively in RfD derivation as 

noted in comments below. 

Benchmark Dose Modeling of Results from Kroese et al. (2001) 

Immunological Endpoint USEPA (2013) These Comments 

Thymus weight, males Not amenable to BMDM Not amenable to BMDM 

Thymus weight, females BMDL10  = 7.6 mg/kg-day 

(linear model) (USEPA 

rounded down instead of up) 

BMDL10  = 7.65 mg/kg-day 

(linear model) 

 

De Jong et al. (1999): The study by De Jong and colleagues was solely used to define the candidate RfD for 

the immunotoxicity endpoint, and USEPA (2013) focused entirely on one endpoint among many under 

study. This study is evaluated below and appropriate endpoint and quantitative measures of effect are 

recommended.  

De Jong et al. (1999) dosed male Riv:Tox Wistar rats for 35 days with BaP (3,10, 30, or 90 mg/kg-day) by 

gavage in soybean oil for 5 days a week. They made 43 comparisons among the groups, including body 

weight, weights of brain, heart, kidney, liver, thymus, spleen, mandibular lymph nodes, mesenteric lymph 

nodes, popliteal lymph nodes, thymus cortex surface area, cortex to thymus weight ratio, medulla to thymus 

weight ratio, spleen cells (total, B, T, Th, and Ts), bone marrow cells, spleen cell distribution (B, T, Th, and 

Ts), white blood cells, red blood cells, hemoglobin, Ht, MCV, MCH, MCHC, RDW, PLT, Q-index, 

lymphocytes, neutrophils, eosinophils, basophils, monocytes, IgM, IgG, IgA, and IgE . For some of these 

parameters, there were not significant changes seen. Focusing on the immunological endpoints, there are 

an almost equal number of comparisons that we not statistically significantly different from controls as there 

were statistically significant comparisons. Relevant results from De Jong et al. (1999) are shown in the 

following table. 

Immunological Effects in De Jong et al. (1999) 

Not Significant Significant 

Spleen weight Thymus weight 

Spleen B cells Mandibular lymph nodes weight  

Spleen T cells Mesenteric lymph node weight 
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Spleen Th cells Popliteal lymph node weight  

Spleen Ts cells  Thymus cortex surface area  

Spleen T cell distribution Cortex to thymus weight ratio 

Spleen Th cell distribution Medulla to thymus weight ratio 

Spleen Ts cell distribution Total spleen cells 

Circulating neutrophils Spleen B cells* 

Circulating basophils  Bone marrow cells 

Circulating monocytes (no dose-response) Spleen B cell distribution  

Serum IgM (no dose-response)* Circulating white blood cells  

Serum IgG Circulating lymphocytes 

Serum IgE Circulating eosinophils 

 Serum IgA* 

*Chosen by USEPA (2013) for candidate RfD derivation 

The summary of a detailed evaluation of De Jong et al. (1999) is shown in the following table.  

Selected USEPA Immunological Rodent Points of Departure from De Jong et al. (1999) 

Immunological Endpoint NOAEL LOAEL  
USEPA (2013) 

Focus 

Decreased serum IgM No clear NOAEL 

because effects 

exhibited no dose-

response 

No clear LOAEL 

because effects 

exhibited no dose-

response 

NOAEL of 10 mg/kg-

day (Adjusted 

NOAEL of 7.1 mg/kg-

day) defined 

Decreased IgA 30 mg/kg-day  90 mg/kg-day NOAEL of 30 mg/kg-

day (Adjusted 

NOAEL of 21.4 
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mg/kg-day) defined 

Decreased spleen B cells  30 mg/kg-day  90 mg/kg-day NOAEL of 30 mg/kg-

day (Adjusted 

NOAEL of 21.4 

mg/kg-day) defined 

 

USEPA (2013) should exclude the IgM response from the candidate RfD derivation process, because the 

IgM levels are statistically significantly depressed in the 30 mg/kg-day group, but the IgM levels are not 

statistically significantly different from the control group in the 90 mg/kg-day group. There is no clear dose-

response for this effect, so a NOAEL or a LOAEL cannot be derived for this endpoint.  

2. Benchmark dose (BMD) modeling was applied to derive points of departure (POD) for the candidate 

values when possible. Has the BMD modeling been appropriately conducted? Are the benchmark 

responses (BMR) selected for use in deriving the PODs scientifically supported and clearly described? 

When BMD modeling was not possible a NOAEL/LOAEL approach was used to calculate candidate 

values. Please comment on whether these approaches are scientifically supported and clearly 

described. 

COMMENT: 

The commenters agree that the benchmark dose modeling is a reasonable approach when possible. 

According to USEPA (2013), the data of Jules et al. (2012), Zheng et al. (2010), Mohamed et al. (2010), and 

De Jong et al. (1999) were not amenable to benchmark dose modeling. If true, then the NOAEL/LOAEL 

approach is acceptable.   

The commenters disagree with USEPA’s selection of endpoints from a large number of studies and a large 

number of comparisons within some of the studies. For instance, the Chen et al. (2010) study performed 77 

different comparisons, and USEPA (2013) focused on three and then dismissed two of those to put forth one 

comparison from this complex study for candidate RfD derivation.  

3. Please comment on the rationale for the selection of the uncertainty factors (UFs) applied to the PODs 

for the derivation of the candidate values. Are the UFs appropriate, based on the recommendations 

described in Section 4.4.5 of A Review of the Reference Dose and Reference Concentration Processes 

(USEPA, 2002), and clearly described? If changes to the selected UFs are proposed, please identify 

and provide scientific support for the proposed changes. 

COMMENT: 

The commenters agree with the usual Uncertainty Factors, but disagree that all candidate RfD require a 

“Database Uncertainty Factor” of 3. BaP has one of the most complete sets of toxicological data of any 



 

Page 56 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

chemical ever studied by toxicologists. There is no need to account for “database 

uncertainty,” and this factor of 3 should be removed from all RfD derivations.   

4. From the candidate values, an organ/system-specific reference value was selected for each hazard 

(developmental, reproductive, and immunotoxicity). USEPA concluded that these values best 

represented the hazards based on considerations of weight of evidence, uncertainty, and sensitivity. 

Please comment on whether the selection of the organ/system-specific reference value is scientifically 

supported, appropriate for development of a chronic RfD, and is clearly described. Please identify and 

provide the rationale for any other values that should be considered. 

COMMENT: 

The commenters disagree with the manner in which studies with multiple toxicological comparisons were 

mined to find test/control comparisons that gave the lowest BMDL10 or NOAEL. At every step, USEPA 

(2013) chose the worst case rather than consider the overall weight of evidence from within or among 

available studies. For instance, with the data of Xu et al. (2010) an animal point of departure dose of 1.5 is 

chosen for decreased ovary weight, but the higher point of departure doses that result from a focus on 

estrous cycles or ovarian follicle populations or corpora lutea were ignored. Similarly, with De Jong et al. 

(1999), USEPA (2013) ignored a dozen comparisons that showed little or no effects of BaP dosing, but 

focused on the IgM response, which was not appropriate because of a lack of dose-response. Even when 

USEPA (2013) presented three endpoints within that single study for consideration, they ignored the two that 

gave higher points of departure doses. The same worst case focus was used when comparing studies. For 

instance, USEPA (2013) ignored a point of departure dose from Kroese et al. (2001) and chose a point of 

departure dose from De Jong et al. (1999) because the dose from Kroese et al. (2001) was higher.  

Instead of ignoring all of the candidate RfDs except for the one with the lowest point of departure dose, 

USEPA (2013) should, instead, consider and use more of the results from the available studies to compute 

candidate RfDs and then propose as the final RfD an average value from multiple studies. This is the more 

scientifically neutral approach that takes into account the entire scientific weight of evidence. 

In terms of Point of Departure doses, the following table summarizes the above comments and proposes for 

USEPA’s consideration a revised table of Point of Departure Doses for RfDs for three endpoint categories.  

Appropriate Point of Departure Doses for Candidate Reference Doses 

Endpoint Category 
Endpoint 

Subcategory  
Comments Reference 

NOAEL, 

LOAEL or 

BMDL10 

PODHED 

Developmental Neurobehavioral 

Number of Open Arm 

One test in 

one sex on 

one test date 

out of 77 tests 

Chen et al. 

(2011) 

BMDL10 = 

0.09 

0.09* 
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Entries 

 

many of which 

showed no 

effects. Effect 

noted was a 

measure of 

reduced 

anxiety, which 

should not 

have been 

labeled 

adverse. 

 Cardiovascular   Jules et al. 

(2012) 

LOAEL = 

0.6 

0.15 

Reproductive Decreased ovary 

weight 

 Xu et al. 

(2010) 

BMDL10 = 

1.5 

0.37
1
 

 Estrous 

cycles/ovarian follicle 

popoulations.corpora 

lutea 

Ignored by 

USEPA (2013) 

Xu et al. 

(2010) 

NOAEL = 

2.5 

0.61
1
 

 Decreased 

intratesticular 

testosterone at day 

90 

 Zheng et al. 

(2010) 

NOAEL = 

1 

0.24 

 Decreased sperm 

count & motility  

 Mohamed et 

al. (2010) 

LOAEL = 

1 

0.24 

 Cervical epithelial 

hyperplasia 

 Gao et al. 

(2011) 

BMDL10 

=0.37 

0.06 

Immunological Decreased thymus 

weight, females 

 Kroese et al. 

(2001) 

BMDL10 

=7.65 

1.87 

 Decreased serum 

IgM 

Because of no 

dose-

response, this 

endpoint is 

inappropriate  

De Jong et 

al. (1999) 

NOAEL 

=7.1* 

1.73* 
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 Decreased serum 

IgA & Decreased # of 

B cells 

 De Jong et 

al. (1999) 

NOAEL = 

21.4 

5.22 

* Should be excluded from candidate RfD derivation 

 1
 These two PODs should be averaged to give one POD for Xu et al. (2010). 

The summarization of the above table appears below to show the human equivalent PODs for each 

appropriate study within each endpoint category. 

Human Equivalent Point of Departure Doses for Benzo(a)pyrene 

Endpoint Category Reference PODHED 

Developmental Jules et al. (2012)  0.15 

Reproductive Xu et al. (2010) 0.49* 

 Zheng et al. (2010) 0.24 

 Mohamed et al. (2010) 0.24 

 Gao et al. (2011) 0.06 

Immunological Kroese et al. (2001) 1.87 

 De Jong et al. (1999) 5.22 

* Average of two PODs from this study.  

5. The proposed overall RfD was based on neurodevelopmental changes observed by Chen et al. (2012). 

This value was selected based on the confidence in and sensitivity of the reference value. Please 

comment on whether the selection of this RfD is scientifically supported and clearly described. Please 

identify and provide the rationale for any other values that should be considered. 

COMMENT: 

Please see comment above for a discussion of the Chen et al. (2012) study. This study defines decreased 

anxiety in rats as an adverse effect based on the results of testing at one time point in one sex. Rodents 

tested at other time points were not considered. Chen et al. (2012) should be rejected for RfD definition.  
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Instead, USEPA (2013) should use the weight of evidence of the entire data base and 

propose a RfD that is an average value from the available candidate RfDs. The commenters propose for 

USEPA’s consideration that the average of each appropriate Point of Departure dose within each endpoint 

category should be calculated and used as the POD for the category as noted in the following table. 

Candidate Reference Doses for Benzo(a)pyrene 

Endpoint/Reference PODHED Type UFA UFH UFl UFS UFD Composite 

UF 

RfD 

Developmental          

Cardiovascular 

Jules et al. (2012) 

0.15 LOAEL 3 10 10 1 1 300 5x10
-4

 

Reproductive          

Ovary weight, Estrous 

cycles/ovarian follicle 

popoulations.corpora lutea 

Xu et al. (2010) 

0.49 BMDL10 

and 

NOAEL 

3 10 1 10 1 300 1.6x10
-

3
 

Intratesticular testosterone 

Zheng et al. (2010) 

0.24 NOAEL 3 10 1 10 1 300 8x10
-4

 

Sperm count/motility 

Mohamed et al. (2010) 

0.24 LOAEL 3 10 10 10 1 3000 8x10
-5

 

Cervical hyperplasia 

Gao et al. (2011) 

0.06 BMDL10 3 10 1 10 1 300 2x10
-4

 

Immunological          

Thymus weight 

Kroese et al. (2001) 

1.87 BMDL10 3 10 1 10 1 300 6.2X10
-

3
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IgA & Spleen B cells 

De Jong et al. (1999) 

5.22 NOAEL 3 10 1 10 1 300 7.3x10
-

4
 

 

The commenters propose that reasonable RfDs can be derived for each of the three endpoint categories 

defined by USEPA and that the final RfD should be the average of the endpoint RfDs, which is 1.6x10
-3

 

mg/kg-day.  

Endpoint Category Reference Doses for Benzo(a)pyrene and Proposed Average  

Reference Dose 

 

Endpoint Category RfD Average RfD 

Developmental 5x10
-4

  

Reproductive 6.8x10
-4

  

Immunological 3.5x10
-3

  

Average   1.6x10
-3

 

 

Inhalation Reference Concentration (RfC) 

Several hazards were identified for inhalation exposure to benzo[a]pyrene. Studies and effects within each 

hazard (i.e., developmental and reproductive) were evaluated and the most relevant, informative studies 

were selected for dose‐response analysis, where data were amenable, for consideration in deriving an RfC. 

6. Please comment on whether the evaluation and selection of studies and effects for the derivation of 

candidate values to consider for the RfC are scientifically supported and clearly described. Specifically, 

please comment on the selection of the following studies and effects for dose-response analysis. Please 

identify and provide the rationale for any other studies or effects that should be considered. 

a. Developmental toxicity: Archibong et al. (2002) [decreased fetal survival] 

COMMENT: 

Archibong et al. (2002) exposed pregnant F344 rats to BaP (25, 75 and 100 µg/m
3
) on carbon black 

particles via nose-only exposure from gestation day 11 through 20. Fifty-five percent of the particles were 

reported to be less than 2.5 microns in size. Each group contained 10 pregnant dams.  Archibong et al. 

(2002) found that there was no effect of BaP inhalation in female F344 rats on implantation sites or crown-

rump length of pups. There was a statistically significantly reduced number of pups per litter and survival 
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(litter %) and at the 25 µg/m
3 
dose level and a reduction of pup weight (g/litter) at the 75 

µg/m
3 
level.  Benchmark dose modeling was attempted, but it was confirmed that the data as presented 

(means +/- SEM) were not amenable to benchmark dose modeling. The following table summarizes the 

results of Archibong et al. (2002). 

Summary of Results from Archibong et al. (2002) 

Endpoint NOAEL (µg/m
3
) LOAEL (µg/m

3
) 

Implantation Sites 100  None 

Pups per litter 0 25  

Survival (litter %) 0 25 

Pup weight (g/litter) 25 75 

Crown-rump length (mm/litter) 100 None 

Plasma progesterone, day 15 75 None 

Plasma progesterone, day 17 25 75 

Plasma estradiol-17 beta, day 15 75 None 

Plasma estradiol-17 beta, day 17 25 75 

Plasma prolactin, day 15 75 None 

Plasma prolactin, day 17 25 75 

 

However, the results of an almost identical study performed more recently in the same laboratory (Wu et al., 

2003) showed decreased pup survival after BaP inhalation exposure on gestation days 11-20, but in this 

study, the decreased survival was not seen until higher doses. The NOAEL for decreased pup survival was 

25 µg/m
3
 and the LOAEL was 75 µg/m

3
. The Wu et al. (2003) results from the same laboratory with the 

same aerosol generator and nose-only inhalation chambers in the same strain of rats undermines USEPA 

(2013)’s selection of 25 µg/m
3
 as a LOAEL for decreased pup survival. The following table summarizes the 

results of Wu et al. (2003).  

Summary of Results from Wu et al. (2003) 
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Endpoint NOAEL (µg/m
3
) LOAEL (µg/m

3
) 

Survival (Pups/litter) / 

(implantation sites/litter) 

25 75 

 

USEPA (2013) should use a NOAEL of 25 µg/m
3
 for decreased pup survival in deriving candidate RfDs. 

USEPA (2013) rejected this study because the data were presented graphically and not numerically, but this 

is not a reasonable exclusion criterion. The NOAEL is easily determined from the paper, and USEPA (2013) 

used graphically presented data from other papers, such as Chen et al. (2012). 

b. Reproductive toxicity: Archibong et al. (2008) [decreased testes weight and decreased sperm count 

and motility] 

COMMENT: No comment due to time constraints. No comment does not mean tacit agreement. 

7. The NOAEL/LOAEL approach was used to derive the PODs for the candidate values. Please comment 

on whether this approach is scientifically supported and clearly described. 

COMMENT: 

Benchmark dose modeling was attempted, but it was confirmed that the data as presented (means +/- SEM) 

were not amenable to benchmark dose modeling. USEPA (2013) has focused on pup survival as the critical 

endpoint and defined 25 µg/m
3
 as the LOAEL from this study. Later, a standard Uncertainty Factor for 

LOAEL to NOAEL of 10 is applied to derive the candidate RfD based on pup survival. Thus, the inferred 

NOAEL for pup survival is 2.5 µg/m
3
. There are many other endpoints in the study from which to derive a 

NOAEL or LOAEL for dose-response assessment. The commenters recommend that USEPA derive 

candidate RfDs from several endpoints and then average the results to define the RfD so as to take full 

advantage of the weight of evidence from this study upon which USEPA (2013) relies. The recommended 

use of the Archibong et al. (2002) and Wu et al. (2003) studies is shown in the following tables.  

Point of Departure Doses from Archibong et al. (2002) for Reference Dose Derivation 

Endpoint POD adjusted (µg/m
3
) POD Type PODHEC (µg/m

3
) 

Pups per litter 4.2 LOAEL 4.6  

Survival (litter %) 4.2 LOAEL 4.6  

Pup weight (g/litter) 4.2 NOAEL 4.6  

Plasma progesterone, 

estradiol-17 beta  & 

4.2 NOAEL 4.6  
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prolactin (day 17) 

 

Point of Departure Doses from Wu et al. (2003) for Reference Dose Derivation 

Endpoint POD adjusted (µg/m
3
) POD Type PODHEC (µg/m

3
) 

Survival (Pups/litter) / 

(implantation sites/litter) 

4.2 NOAEL 4.6  

 

8. Please comment on the rationale for the selection of the uncertainty factors (UFs) applied to the PODs 

for the derivation of the candidate values. Are the UFs appropriate, based on the recommendations 

described in Section 4.4.5 of A Review of the Reference Dose and Reference Concentration Processes 

(USEPA, 2002), and clearly described? If changes to the selected UFs are proposed, please identify 

and provide scientific support for the proposed changes. 

 

 

COMMENT: 

The commenters agree with most of the Uncertainty Factors but disagree that all candidate RfCs require a 

“Database Uncertainty Factor” of 10. BaP has one of the most complete sets of toxicological data of any 

chemical ever studied by toxicologists. There is no need to account for “database uncertainty,” and this 

factor of 10 should be removed from all RfC derivations.   

9. From the candidate values, an organ/system-specific reference value was selected for the 

developmental hazard. A reference value for the reproductive hazard was not selected due to significant 

uncertainty in deriving the reproductive candidate values. USEPA concluded that the developmental 

value best represented the hazard considering the effect on fetal survival is the most sensitive 

noncancer developmental effect observed following inhalation exposure to benzo[a]pyrene. Please 

comment on whether the selection of the organ/system-specific reference value is scientifically 

supported, appropriate for development of a chronic RfC, and is clearly described. Please identify and 

provide the rationale for any other values that should be considered. 

COMMENT:  

The commenters disagree that the candidate RfD based on pup survival in Archibong et al. (2002) is the 

appropriate dose-response value from that study and also disagree that the companion study of Wu et al. 

(2003) from the same laboratory should be ignored. The Wu et al. (2003) study supports a NOAEL of 25 

µg/m
3
 for the same endpoint versus 25 µg/m

3
 as a LOAEL as determined by USEPA (2013). The 
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commenters recommend that USEPA derive candidate RfDs from several endpoints 

from Archibong et al. (2002) and Wu et al. (2003) and then average the results to define the RfD so as to 

take full advantage of the weight of evidence from these two studies in the same laboratory.    

10. The proposed overall RfC was based on decreased fetal survival observed by Archibong et al., (2002). 

Please comment on whether the selection of this RfC is scientifically supported and clearly described. 

Please identify and provide the rationale for any other values that should be considered. 

COMMENT: 

As discussed above, the selection of one candidate RfC based on one endpoint from the Archibong et al. 

(2002) study does not represent the scientific weight of evidence from the Archibong et al. (2002) study or 

the companion study, Wu et al. (2003) in which the LOAEL for pup survival from the first study was not a 

LOAEL. It was a NOAEL instead. The following table lists the recommended candidate RfDs and the 

average RfD that should be proposed.  

 

Candidate Reference Concentrations for Benzo(a)pyrene 

Endpoint/Reference 
PODHED 

(µg/m
3
) 

Type UFA UFH UFL UFS UFD 
Composite 

UF 

RfD 

(mg/m
3
)* 

Developmental          

Decreased pups per litter  

Archibong et al. (2002) 

4.6 LOAEL 3 10 10 1 1 300 1.5x10
-5

 

Decreased fetal survival 

Archibong et al. (2002)  

4.6 LOAEL 3 10 10 1 1 300 1.5x10
-5

 

Decreased pup weight 

Archibong et al. (2002) 

4.6 NOAEL 3 10 1 1 1 30 1.5x10
-4

 

Decreased plasma 

hormone levels  

Archibong et al. (2002) 

4.6 NOAEL 3 10 1 1 1 30 1.5x10
-4

 

Decreased fetal survival  4.6 NOAEL 3 10 1 1 1 30 1.5x10
-4
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Wu et al. (2003) 

Average Value         1x10
-4

 

   *RfD was converted to mg/m
3
 

In conclusion, the commenters recommend that USEPA (2013) not focus on one adverse effect in the 

Archibong et al. (2002) study, but instead consider the scientific weight of evidence from that study and the 

companion study, Wu et al. (2003) to derive an average RfC of 1X10
-4

 mg/m
3
.  

 

 

 

Cancer Risk Estimates 

Oral Slope Factor (OSF) 

Carcinogenicity studies examining oral exposure to benzo[a]pyrene were evaluated and the most relevant, 

informative studies and endpoints were selected for dose‐response analysis, where data were amenable, for 

consideration in deriving an OSF. 

11. The Kroese et al. (2001) and Beland and Culp (1998) studies were selected as the best available 

studies for dose-response analysis. The incidence data for forestomach and oral cavity, liver, 

jejunum/duodenum, kidney, and skin tumors in male and female rats reported by Kroese et al. (2001) 

and forestomach, esophagus, tongue, larynx tumors (alimentary tract) in female mice reported by 

Beland and Culp (1998) were selected for dose-response analysis. Please comment on whether the 

evaluation, selection, and relevance of studies and endpoints for dose-response analysis is scientifically 

supported and clearly described. Please identify and provide the rationale for any other studies or 

endpoints that should be considered. 

COMMENT: 

The commenters agree that the studies of Kroese et al. (2001) and Beland and Culp (1998) are the best 

available studies for the assessment of the carcinogenic potency of BaP in rodents. The commenters 

disagree, however, that forestomach tumors are relevant to the assessment of human health because 

humans do not have forestomachs. When this criticism is made, USEPA typically responds that its cancer 

assessment guidelines do not require tumor site concordance. USEPA also comments that esophageal 

tissue is similar in nature to rodent forestomach tissue. However, in this particular case, esophageal tumor 

results were observed and dose-response modeling can be performed on esophageal tumors rather than 

relying on a surrogate tissue. Given that USEPA normally uses rodent forestomach tumor incidence as a 
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surrogate for esophageal tumor risk in humans, the commenters recommend that this 

approximation step be omitted. Instead, USEPA (2013) should directly model the esophageal tumor 

incidence in rodents and use those results to make estimates of human risk in esophageal tissues. 

Forestomach tumor incidence data overestimates human risk. The forestomach is an organ that holds 

ingested food before entry into the stomach. When BaP-laced rodent food is fed to rodents, the BaP has a 

longer contact time with the forestomach membranes that it does with the membranes of the stomach or 

intestines. Humans do not have a forestomach or other organ that holds food prior to entry to the stomach, 

so BaP in food ingested by humans travels through the esophagus quickly before entering the stomach. The 

contact time of BaP in food with esophageal tissues is fast in both rodents and humans, so tumor incidence 

data from actual rodent esophageal tissue is a much more logical and appropriate data set for estimating 

human risk.  

In conclusion, the commenters recommend that USEPA (2013) base the oral slope factor on esophageal 

tumor data, not data on the rodent forestomach.  

12. BMD modeling was conducted using the incidence of the individual tumor types reported in Kroese et al. 

(2001) and Beland and Culp (1998) in conjunction with dosimetric adjustments for calculating the human 

equivalent doses to estimate the PODs. The candidate OSFs were calculated by linear extrapolation 

from the PODs (i.e., the lower 95% confidence limit on the dose associated with 10% extra risk). Please 

comment on whether this approach is scientifically supported and clearly described. 

COMMENT:  

USEPA (2013) should fully implement the 2005 risk assessment guidelines and not default to a linear low 

dose extrapolation for every OSF calculation. Benchmark dose modeling of the Beland and Culp (1998) data 

using the Multistage Cancer model gives plots that show evidence of a threshold for carcinogenic risk. In the 

case of esophageal cancer, which is the carcinogenic endpoint recommended in these comments, the 

lowest non-zero dose is yields a 0% tumor incidence showing unequivocal evidence of a threshold.   
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The same is true for cancer of the tongue and larynx. When forestomach tumor model plots are observed, 

there is also clear evidence of a threshold, and linear extrapolation overestimates the risk at low doses.  

 

13. The OSF associated with alimentary tract tumors in female mice as reported by Beland and Culp (1998) 

was selected as the recommended slope factor for assessing human cancer risk following oral exposure 

to benzo[a]pyrene. Please comment on whether this selection is scientifically supported and clearly 

described. Please identify and provide the rationale for any other studies or endpoints that should be 

selected to serve as the basis for the OSF. 
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COMMENT: 

The commenters have performed benchmark dose modeling on the data of Beland and Culp (1998) and 

found a BMDL10 of 0.08 mg/kg-day for forestomach tumors which is similar to the USEPA (2013) BMDL10 of 

0.07 mg/kg-day for total alimentary tract tumors. Both result in an estimated oral slope factor of 1 (mg/kg-

day) 
-1

.  However, when the esophageal tumor data (papillomas and carcinomas) was modeled, the BMDL10 

was 0.5 mg/kg-day and the oral slope factor was 0.2 (mg/kg-day)
-1

.  With tongue tumor data, the BMDL10 

was 0.6 mg/kg-day and the oral slope factor was 0.2 (mg/kg-day)
-1

. The oral slope factor should be based on 

esophageal tumors with a value of 0.2 (mg/kg-day)
-1

. 

Inhalation Unit Risk (IUR) 

The benzo[a]pyrene inhalation database for carcinogenicity consists of a lifetime inhalation bioassay and 

several intratracheal instillation studies. The instillation studies were not considered for dose‐response 

analysis because use of this exposure method alters the deposition, clearance, and retention of substances, 

and therefore, is less relevant and informative for the quantitative estimation of inhalation cancer risk 

compared with inhalation bioassays. 

14. The Thyssen et al. (1981) study was selected as the best available study for dose-response analysis as 

it represents the only lifetime inhalation cancer bioassay available for describing exposure-response 

relationships for cancer from inhaled benzo[a]pyrene. The incidence data for tumors of the upper 

respiratory and digestive tracts (pharynx, larynx, trachea, esophagus, nasal cavity, and forestomach) 

reported by Thyssen et al. (1981) were selected for dose-response analysis. Please comment on 

whether the evaluation, selection, and relevance of studies and endpoints for dose-response analysis is 

scientifically supported and clearly described. Please identify and provide the rationale for any other 

studies or endpoints that should be considered.   

COMMENT: 

The commenters agree that Thyssen et al. (1981) is an inhalation study that used inhalation of BaP 

aerosols. However, USEPA (2013) fails to report the study of Pauluhn et al. (1985) in the same laboratory 

with the same Syrian golden hamsters and the same aerosol methods. This study must be considered in the 

derivation of the IUR. Several other studies are available in which intratracheal or intrabronchial instillation 

were used as modes of administration, but such studies are clearly inappropriate for dose-response 

assessment. However, the Thyssen et al. (1981) study is also inappropriate for dose-response modeling and 

should be abandoned. The animals were dosed with BaP adsorbed onto sodium chloride aerosol. The 

method of creating the aerosol is complex. BaP was vaporized in a boiler and passed to a heater. The salt 

aerosol was created by spraying a sodium chloride solution into a boiler and a heater and then mixed with 

the BaP vapors. Then, the mixture was heated and then cooled where the BaP condensed onto the sodium 

chloride particles. The BaP in the air that the animals inhaled was determined by fluorometry.  

The concentration of salt aerosol in the air is not reported. Control animals were exposed to a sodium 

chloride aerosol of 240 µg/m
3
, but the paper does not report why this value was chosen for the control 
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animals. Clearly the dosed animals had much higher levels of total particles in the air 

they breathed than the control animals, because the dosed animals received 2,200 to 46,500 µg/m
3
 of BaP 

plus an unknown amount of salt versus the controls, which received 240 µg/m
3
 of sodium chloride. The 

appropriate control group would have been exposed to at least 9,500 µg/m
3
 of sodium chloride given that the 

low BaP dose group did not exhibit any respiratory tumors.  

Particle overload is a problem with studies that use such high concentrations as 47 mg/m
3
 BaP. For 

reference, the typical levels of BaP in indoor and outdoor air are measured in fractions of nanograms per 

cubic meter, not milligrams per cubic meter. Northcross et al. (2012) measured the BaP level in a car in 

which three cigarettes were smoked over 3 hours without ventilation, and the measurement was 8 ng/m
3
. 

Typical levels in smoker’s houses are less than 1 ng/m
3
. So the experiment performed by Thyssen et al. 

(1981) used exposure levels that were over a million times higher than the levels that would reasonably be 

expected for humans even in environments were BaP levels are higher than usual.  

The levels at which particle overload have been documented in the literature are less than 47 mg/m
3
. As 

reported by Oberdorster (1995), NTP (1993) concluded that particles “…the maximum ability of the 

respiratory tract to clear particles was exceeded at the 6 and 18 mg/m3 exposure levels.” Oberdorster 

(1995) recommended that the TLV for dust (nuisance dust) be lowered from 5 mg/m
3
 to 1 mg/m

3 
to prevent 

particle overload. Levy (1995) reports that several models indicate that particle concentrations of 1-2 mg/m
3 

should be defined as the occupational exposure level for “particles not otherwise classified,” and that the 

ACGIH had recently proposed a TLV of 3 mg/m
3 
to protect against lung overload of particles. Clearly, the 

two highest dose levels used in the Thyssen et al. (1981) study were so high as to have caused particle 

overload, greatly overestimating the actual risk that would be relevant to human exposures are 

concentrations thousands or millions of times lower in concentration.  

Doses that cause particle overload clearly exceed the Maximally Tolerated Dose (MTD), and USEPA 

guidance for carcinogenic risk assessment prohibit USEPA from using data exceeding the MTD for risk 

quantitative assessment purposes. USEPA (2005) states: 

“Animals studies are conducted at high doses in order to provide statistical power, the highest dose being 

one that is minimally toxic (maximum tolerated dose or MTD). Consequently, the question often arises of 

whether a carcinogenic effect at the highest dose may be a consequence of cell killing with compensatory 

cell replication or of general physiological disruption rather than inherent carcinogenicity of the tested 

agent.… If adequate data demonstrate that the effects are solely the result of excessive toxicity rather than 

carcinogenicity of the tested agent per se, then the effects may be regarded as not appropriate to include in 

assessment of the potential for human carcinogenicity of the agent.” 

“In the case of inhalation studies with respirable particles, evidence of impairment of normal clearance of 

particles from the lung should be considered along with other signs of toxicity to the respiratory airways to 

determine whether the high exposure concentration has been appropriately selected (USEPA, 2001a).” 

There is also considerable confusion about the dosage, the number of animals and the number of tumors in 

the Thyssen et al. (1981) study. The following table shows that there is uncertainty about the most basic 
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aspect of any toxicology study, which is the number of animals exposed to the test 

agent. This is due to the manner in which the experiment was performed. According to Thyssen et al. 

(1981), each group started with 24 hamsters each, but if an animal died within the first 12 months, it was 

replaced. It would appear from the data presented in the paper that more animals died within the first 12 

months in the two groups that did not develop tumors (control and lowest BaP dose group). A study in which 

control animals had high mortality is not suitable for dose-response assessment. 

Uncertainty about Number of Animals in Thyssen et al. (1981) 

Test Group 
Thyssen et 

al. (1981)  

USEPA 

(1990) 

USEPA 

(2013) 

Page D-

54  

USEPA 

(2013) 

Table D-

13 

USEPA 

(2013) 

Table D-

14 

USEPA 

(2013) 

Table E-

17 

USEPA 

(2013) 

BMDM 

Control 27* 22 20-30 27* 27 27 23 

Dose 1 27* 24 20-30 27* 27 27 24 

Dose 2 26* 24 20-30 26 26 26 26 

Dose 3 25* 23 20-30 25 34 33 23 

*Effective number of animals; “effective” not defined 

USEPA (2013) creates even more confusion and uncertainty by relying on an earlier USEPA (1990) analysis 

of this study and then disagreeing with their own study and with the published paper about the number of 

animals and disagreeing with themselves about the number of animals in five places within the document 

under review. Knowing the number of animals in each group is not an insignificant piece of information for 

dose-response modeling. For instance, the consensus seems to be that there were 27 animals in the control 

and first dose groups. However, USEPA’s benchmark dose modeling assumed 23 and 24 for some reason.  

Assuming that are less animals than there really were in the two groups that did not get tumors, arbitrarily 

give less weight to zero tumor incidence. This biases the slope and the benchmark to higher potency.  

There is also a total lack of clarity about how many tumors were observed and what the tumor incidences 

were in each group of hamsters. As noted below, there is as much as a 20-30% discrepancy between the 

number of tumor bearing animals in the various groups.  Deviating by 20-30% in tumor incidence renders 

any quantitative dose-response modeling unquantitative and plainly wrong.  
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Uncertainty about Number of Tumor-Bearing Animals in Thyssen et al. (1981) 

Dose Group  

USEPA 

(1990) 

 

USEPA 

(2013) 

Table D-13 

USEPA 

(2013) 

Table D-14 

 

USEPA (2013)  

Table E-17 

Dose 2  Larynx  11 8 11 11 

Dose 2 Pharynx 9 6 9 9 

Dose 3  Larynx  12 13 12 13 

Dose 3 Pharynx 18 14 18 18 

 

The dose given to the hamsters is also highly uncertain. According to USEPA (1990): “Data exist for 

exposure [sic] measured in the actual exposure chambers over the three years that the entire experiment 

was conducted. Variability of the measurements over time from the corresponding nominal value was 

apparent. Also, the duration and frequency of exposure varied among time segments of the experimental 

period, and animals were exposed only in segments of the entire experimental period.” It is highly unusual to 

expose animals for varying periods of time over the course of an experiment.  

Variability in the lifetime average exposure received by each animal was high. For instance, according to 

USEPA (1990), the average lifetime exposure in the middle exposure chamber varied from 0.842 mg/m
3
 

to1.061 µg/m
3
. The most highly exposed hamster received a 26% higher exposure than the least exposed 

hamster. USEPA (2013) has acknowledged this fact: “…weekly averages of chamber concentration 

measurements varied two- to fivefold from the overall average for each group, which exceeds the limit for 

exposure variability of <20% for aerosols recommended by OECD (2009).” 

USEPA (2013) cannot model a group of animals that all received different average lifetime doses, so they 

modeled the average of the average lifetime doses. However, most of the animals with tumors received 

doses higher than the average dose. Specifically, 14 of 16 (88%) tumor bearing animals in the middle dose 

group had a lifetime average dose of BaP higher than the average of 1.01 mg/m
3 
and 15 of 19 (79%) tumor 

bearing animals in the high dose group received a higher average lifetime dose than the average of the 

average lifetime doses, which was 4.29 mg/m
3
. Clearly, calculating a lifetime average dose for each animal 

considering that they were exposed for some of the time and not exposed for some of the time and then 

calculating a grand average for the entire dose group overestimates risk. The animals developing tumors did 

so by receiving higher actual doses than the arbitrary dose assigned to the entire group. USEPA (2013) 
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Table D-4 shows that the benchmark dose modeling was, indeed, performed assuming 

that all animals in each group received an average lifetime concentration of 0, 0.25, 1.01 or 4.29 mg/m
3
 . 

This over estimation of doses leads to unrealistic estimates of risk.   

It is also incorrect to assume that the only metric that matters is lifetime average dose. It is true that doses 

are often adjusted for lack of continuous exposure such as applying a 5/7 factor to doses in experiments in 

which animals are doses 5 days a week. This is a minor adjustment for an experiment in which the animals 

received almost continuous exposure to the test agent. In this case, “animals were only exposed in 

segments of the entire exposure period” (USEPA, 1990).  Furthermore: “Each animal’s lifetime average 

exposure value was obtained by considering the interval that the animal was on test, shown for a few 

animals in Figures 1-3. It was assumed that the exposure was zero for all time periods an animal was not in 

the exposure chamber” (USEPA, 1990).  

NRC (2011) is asking USEPA to be more transparent about how it derives dose-response factors in the IRIS 

program, but the derivation of the Unit Risk for BaP using the Thyssen et al. (1981) data does not meet their 

recommendations. The commenters recommend that USEPA (2013) needs to abandon the effort given the 

poor quality of this study.  

In addition, USEPA (2013) fails to report the study of Pauluhn et al. (1985) in the same laboratory with the 

same Syrian golden hamsters. In this two-year nose-only inhalation study of BaP (2 and 10 mg/m
3
) on 

sodium chloride coated particles, the results were reported as “…few neoplastic alternations were found.”  

Pauluhn et al. (1985) is a one-page report of a significant study that appears to contradict the results of 

Thyssen et al. (1981). USEPA (1990) took the trouble to request all of the detailed data from the 1981 

hamster study, but not the contradictory data from the 1985 study. Before releasing a Unit Risk for BaP 

using the ill-defined data from Thyssen et al. (1981), the data of Pauluhn et al. (1985) should be thoroughly 

evaluated.  

15. BMD modeling was conducted using the overall incidence of the tumors of the upper respiratory and 

digestive tracts reported by Thyssen et al. (1981) to estimate the PODs. Dosimetric adjustments for 

calculating the human equivalent concentrations were not conducted due to the lack of data to inform a 

basis for extrapolation to humans. It was assumed that equal risk for all species would be associated 

with equal concentrations in air; thus, the continuous time-weighted group average concentrations in 

male hamsters were used for the dose-response analysis under the assumption that these are 

representative across species. The candidate IURs were calculated by linear extrapolation from the 

PODs (i.e., the lower 95% confidence limit on the concentration associated with 10% extra risk of tumors 

of the upper respiratory and digestive tracts). Please comment on whether this approach is scientifically 

supported and clearly described. 

 

COMMENT: 
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USEPA (2013) provides a lengthy discussion of the many uncertainties associated with 

its proposed IUR for BaP. These include: 

 Uncertainty and variability in the dose given to each animal 

 Uncertainty in particle size distributions 

 Inability to use its dosimetric model for extrapolating to hamsters to humans 

 Use of a hygroscopic carrier (sodium chloride) 

The inability to use an extrapolation model is because USEPA’s default model is designed for insoluble and 

nonhygroscopic particles. Accordingly, USEPA assumed that average lifetime concentration in air yields 

equal risks between hamsters and humans: “This is equivalent to assuming that any metabolism of 

benzo[a]pyrene is directly proportional to breathing rate and that the deposition rate is equal between 

species.”  

The vast literature on BaP metabolism clearly demonstrates that metabolizing enzymes in the upper 

respiratory tract of rodents differs from humans. This has been studied in great detail with regard to 

naphthalene metabolism in rats in specific regions of the upper respiratory tract. In addition, it is well known 

that the upper respiratory tract morphology of rodents is very different from humans. Thus, it is not credible 

to assume that the risks posed by inhalation of BaP on soluble salt particles is equivalent across species. 

Assuming equal deposition and metabolism overestimates human risk. USEPA’s detailed assessment of this 

critical issue is: “There are no data to support alternatives. Equal risk per μg/m
3
 is assumed.” 

USEPA (2013) has defaulted to assuming a linear extrapolation to zero but the data of Thyssen et al. (1981) 

clearly supports a threshold for cancer. USEPA’s benchmark dose modeling yields a benchmark 

concentration level (BMCL10) of 0.198 mg/m
3
 from an experiment in which animals exposed for a lifetime to 

an estimated 0.25 mg/m
3
 did not develop any laryngeal or pharyngeal tumors at all.  In fact, 0.25 mg/m

3
 is a 

NOAEL for upper respiratory tract tumors in hamsters.  

All of the plots from the Benchmark Dose Modeling Software for models giving fits using USEPA’s criteria 

clearly show the non-linear nature of the dose-response curve. These plots are shown in Appendix A, but 

the plot for the Weibull model is shown here as an example.  
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Thus, it is not appropriate to use linear extrapolation for the data from Thyssen et al. (1981), but if it were 

done using the BMCL10 from USEPA’s benchmark dose modeling, the IUR should be based on the BMCL10 

from the model runs where tumors were considered the cause of death.  

Furthermore, the commenters were unable to re-create the USEPA (2013) reported BMCL10 values. When 

the data were modeled using USEPA’s Benchmark Dose Modeling Software, no model fits were found.  

When the Software was run with the highest dose removed, there were nine good model fits. The average 

BMCL10 was 0.35 mg/m
3
. 

16. The IUR associated with tumors of the upper respiratory and digestive tracts in male hamsters (in which 

the tumors were considered incidental to the death of an animal) as reported by Thyssen et al. (1981) 

was selected as the recommended unit risk for assessing human cancer risk following inhalation 

exposure to benzo[a]pyrene. Please comment on whether this selection is scientifically supported and 

clearly described. Please identify and provide the rationale for any other studies or endpoints that should 

be selected to serve as the basis for the IUR. 

COMMENT: 

USEPA (2013) states that it has no knowledge one way or another whether deaths in the hamsters were 

related to tumors or not. Thyssen et al. (1981) clearly report that survival was greatly reduced from 96%, 

95% and 96% in the first three groups to 60% in the high dose group. Given the high mortality rates 

reported, it is more reasonable to assume that the tumors contributed to the cause of death of this large 

number of animals. As noted above, it is not appropriate to use linear extrapolation for the data from 

Thyssen et al. (1981), but if it were done using the BMCL10 from USEPA’s benchmark dose modeling, the 
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IUR should be based on the BMCL10 from the model runs where tumors were 

considered the cause of death. The BMCL10 would be 0.461 mg/m
3
 and the IUR would be 2 x 10

-4
 (μg/m

3
)
-1
. 

Dermal Slope Factor (DSF) 

Carcinogenicity studies examining dermal exposure to benzo[a]pyrene were evaluated and the most 

relevant, informative studies and endpoints were selected for dose‐response analysis, where data were 

amenable, for consideration in deriving a DSF. 

17. The Roe et al. (1970), Sivak et al. (1997), and Poel (1959) studies were selected as the best available 

studies for dose-response analysis. Several other studies provided supportive information but were 

considered less informative due to incomplete exposure duration information or greater uncertainty 

associated with extrapolating to lower doses. These studies were included in the dose-response 

analysis to help characterize similarities among the studies on a quantitative basis. The incidence data 

for skin tumors in male and female mice were selected for dose-response analysis. Please comment on 

whether the evaluation, selection, and relevance of studies and endpoints for dose-response analysis is 

scientifically supported and clearly described. Please identify and provide the rationale for any other 

studies and endpoints that should be considered. 

COMMENT: 

A dermal slope factor (DSF) should not be derived at all for the many reasons discussed above. In this 

comment, the details of the DSF are discussed. The above listed studies are not the best available studies. 

Several studies were omitted without cause, and several studies were considered less informative because 

of erroneous characterizations of the studies.  

Dermal Dosimetry Not Amenable to Dose-Response Assessment 

Dermally administered BaP dose is not cleared quickly as are oral doses. Instead, the BaP builds up, so the 

whole concept of “daily dose” is erroneous. As each dosing goes by, the amount of BaP in the skin is 

building up as a “depot” or “reservoir” dose. The average daily dose is irrelevant and inappropriate for 

dermal dose-response assessment.  

For instance, Fasano and McDougal (2008) measured the dermal absorption rate of 34 chemicals and 

counted the amount of chemical in skin after the end of the experiment as “absorbed” chemical because of 

the known depot effect.  

Kao et al. (1988) studied BaP penetration in mouse skin in seven different mouse strains in an in vitro 

system. After 16 to 18 hours, almost all of the dose of applied BaP was recovered. Most of the dose was 

present in the skin digest rather than in the receptor fluid showing that it was present within the matrix of the 

skin, forming a “depot” dose.  
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Moody et al. (2007) performed studies in human skin with BaP in an in vitro system. He 

found that after 24 hours, the BaP in acetone, 56% of the applied dose, was not recovered by soap and 

water wash and counted 56% of the dose as “absorbed.” However, 80% of that dose was contained in the 

skin “depot” and had not yet penetrated the skin. In a 42-hour study, 50% was not recovered by a soap and 

water wash and was counted as “absorbed.” As above, 78% of that dose was contained in the skin “depot.”  

Researchers performing dermal penetration studies routinely score the amount of chemical that cannot be 

removed from the skin by a soap and water wash as “dedicated” dose that is considered “absorbed.” This is 

a conservative stance that assumes that even if the chemical has not penetrated the skin by the time the 

dermal experiment was completed, if it had entered the skin deep enough that it could not be easily 

removed, then it should be counted as “absorbed.” The implications for dose-response assessment, 

however, are that repeated doses will increase the depot dose. Thus, the true daily skin dose is much higher 

than the daily administered dose.  

Specifically, OECD (2004) is its OECD Guideline for the Testing of Chemicals: Skin Absorption:  in vitro 

Method states the following:  “The absorbable dose (in vitro) represents that present on or in the skin 

following washing.”  

Further, OECD (2010) in its OECD Guidance Notes on Dermal Absorption, stated:  

“A study duration of more than 24 hours is not recommended because skin tissue can be expected to 

deteriorate. Of course, for some substances, in particular those that are lipophilic, it may take longer for a 

chemical to migrate from a skin depot to the receptor fluid. From a regulatory point of view, however, the 

resulting uncertainty can be readily overcome by including the amount found in the skin as potentially 

absorbed…” 

“Dermal absorption is primarily a diffusion-driven process, and therefore test substance in the lower layers of 

the stratum corneum should be assumed to form a reservoir that may become systemically available, unless 

it can be demonstrated in vivo that absorption is complete and this test substance will remain in the stratum 

corneum until exfoliated (see 7.1.3).” 

“The question of whether to include skin-bound residues is addressed in Section 7.1. For in vitro studies, the 

OECD guideline (OECD 428) defines the ‘absorbable dose’ as ‘that present on or in the skin following 

washing’. A similar approach is recommended for the in vivo studies.” 

In addition to the general information from the dermal penetration literature on PAHs, a Key Study from 

USEPA (2013) directly addresses this issue. Poel (1959) measured BaP fluorescence on the mouse skin 

and found that the BaP persists from one dosing event to another.  

“In our own experiments, fluorescence of the exposed skin has been observed to persist for more than a 

week after a single application of benzopyrene, and comparable fluorescent periods have been observed 

with the more potent agents, 9,10-dimethyl-1,2-benzanthracene (DMBA) and methyl cholanthrene (MCA), 
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on mouse skin. Apparently, the ‘single exposures’ of past experiments were in effect 

exposures of extended duration.”  

Thus, the actual doses the skin received in this and all of the studies cannot be converted to an average 

daily dose by simply taking the doses given twice or three times a week and averaging them over seven 

days as is typical for oral dosing experiments. The doses, instead, persisted and concentrated in the skin as 

each new dose was given. So the actual doses to the skin were much, much greater than those modeled by 

USEPA, rendering the entire concept of dose-response modeling from mouse skin studies impossible and 

USEPA’s proposed DSF incorrect. 

Lastly, USEPA’s Benchmark Dose Technical Guidance Document (USEPA, 2000a) states:  “The data set 

should contain information relevant to dose-response for modeling.” None of the Key Studies provide 

relevant data for dose-response modeling because they ignore the true skin dose at any given point in time.  

Study Selection  

Despite the weight of evidence that humans are not sensitive to chemically induced skin tumorigenesis as is 

the mouse skin and that PAHs build up in mouse skin after repeated dose administrations, USEPA (2013) 

has reviewed the mouse skin literature and chosen ten published papers as Key Studies. They exclude 

several studies by an arbitrary criterion: Study Duration. The excluded studies include: 

 Levin et al. (1977) 

 Nesnow et al. (1983) 

The exclusion criterion is discussed below. More importantly, none of the Key Studies is suitable for dose-

response assessment. Reasons for their unsuitability for dose-response assessment include: 

 Inadequate and Poorly Defined Dosimetry 

 Exceedance of Maximum Tolerated Dose 

Study Duration 

USEPA (2013) chose to perform dose-response modeling only on mouse skin studies that were greater in 

duration than 52 weeks. The unstated rationale for this is most likely that cancer feeding studies are usually 

two years in duration. USEPA (2013) incorrectly assumed this to be the case for mouse skin studies. In 

addition, certain mouse skin studies were designed to be executed for a full 104 weeks or until the animals 

died. However, the high doses used in many studies resulted in early mortality leading to shorter study 

durations. 

For instance, Levin et al. (1977) was dismissed because the study duration was presumably less than 52 

weeks. However, this study was actually 60 weeks in duration. Nesnow et al. (1983), a study performed by 
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USEPA scientists, was also dismissed because it was stated to have been less than a 

year. In fact, Nesnow et al. (1983) dosed their mice for 50-52 weeks. These two studies and other studies 

that were excluded from dose-response modeling should, instead, be included because 104-weeks are not 

required to observe skin tumors in mice. As noted in the table below, tumors were seen by 21 to 53 weeks in 

the studies cited and used by USEPA (2013).  

Summary of Timing of First Tumor Appearance 

Study Cited in USEPA (2013) Average Daily Dose (µg/day) 
First Appearance of Tumors 

(weeks) 

Roe et al. (1970) 0.04 29 

Poel (1959) 0.06 42 

Poel (1959) 0.16 24 

Poel (1959) 0.32 36 

Poel (1959) 1.63 21 

Sivak et al. (1997) 1.4 43 

Grimmer et al. (1983) 1.1 41 (mean – 2 SD) 

Grimmer et al. (1984) 0.97 53 (lower 95
th
 CI) 

 

In addition, many animals died in many of the USEPA-cited studies far earlier than one year, as noted in the 

table below. In the Poel (1959) study, the early mortality is significant. The range of survival in the control 

animals was 29 to 92 weeks with a median survival of 60 weeks. In the highest dose group modeled by 

USEPA (2013), the lifespan ranged from 25 to 82 weeks, with a median value of 56 weeks. So, about half of 

the animals died before one year, and many died by six months.  

 

Summary of Survival Data from Key Studies 

 

Study Cited in 

USEPA (2013) 

Survival Time (weeks) Mortality Rate (%) 

Sivak et al. (1997) 90 in low dose (mean) 

95 in medium dose (mean) 

64 in high dose (mean) 
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Inadequate and Poorly Defined Dosimetry 

Almost all of the studies cited by USEPA (2013) fail to meet the minimal standards for selection of a study 

for use in dose-response modeling, because one cannot determine the actual dose or the effective dose to 

the rodent skin. In addition, most of the studies are old and methods to determine and transfer dose were 

crude.  

Sivak et al. (1997):  The source and purity of BaP was not discussed. Each application consisted of BaP 

dissolved in 50 microliters (µL) in solvent, but there is no discussion of how the 50 µL was delivered and how 

precisely the delivery device delivered 50 µL.  

Poel (1959) 60 in controls (median) 

61 in 0.15 µg group (median) 

65 in 0.38 µg group (median) 

56 in 0.75 µg group (median) 

56 in 3.8 µg group (median) 

39 in 19 µg group (median) 

28 in 94 µg group (median) 

21 in 188 µg group (median) 

23 in 376 µg group (median) 

23 in 752 µg group (median) 

29 in controls (minimum) 

16 in 0.15 µg group (minimum) 

19 in 0.38 µg group (minimum) 

15 in 0.75 µg group (minimum) 

25 in 3.8 µg group (minimum) 

21 in 19 µg group (minimum) 

19 in 94 µg group (minimum) 

6 in 188 µg group (minimum) 

15 in 376 µg group (minimum) 

13 in 752 µg group (minimum) 

 

Habs (1984)  99 in control animals 

93 for dose level 1 

57 for dose level 2 

 

Roe, et al.  (1970)  Dose 1 16% at 43 weeks 

Dose 2 16% at 43 weeks 

Dose 3 14% at 43 weeks 

Dose 4 18% at 43 weeks 

Dose 5 20% at 43 weeks 

Dose 1 30% at 57 weeks 

Dose 2 26% at 57 weeks 

Dose 3 26% at 57 weeks 

Dose 4 26% at 57 weeks 

Dose 5 36 % at 57 weeks 

Schmahl et al. (1977)  Control 18% (unspecified time) 

Dose 1 23% (unspecified time) 

Dose 2 12% (unspecified time) 

Dose 3 19% (unspecified time) 
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The study does not mention the surface area of the dosed area or if the mouse skin was 

occluded or not. The lack of information on the surface area is troubling, for example, because 1 µg/BaP 

onto 1 cm
2
 is a very different effective dose than is 1 µg/10 cm

2
. 

Given that this study was performed in 1997 and did not use “one drop” as their unit of dosing, one can 

surmise that the transfer of 50 µL was performed with a micropipette with reasonable precision. However, 

the surface area is totally unknown and no details are provided on the verification of the concentrations of 

standard BaP solutions over the study period as is required in NTP cancer bioassays.  

Poel (1959):  The source and purity of BaP was not discussed. Each application consisted of a drop of one 

of the prepared solutions applied to the shaved interscapular skin with a blunted 20-gauge needle dropper 

with an assumed transfer rate of 0.0075 mL per drop. For details of dosing, the reader is referred to another 

Poel (1959) study. In this earlier publication, the authors reported that drops were calibrated with a syringe to 

deliver 127 +/- 2.4 drops per mL. Thus, delivered doses were 0.008 mL/drop.  

The study does not mention the surface area of the dosed area or if the mouse skin was occluded or not. 

The lack of information on the surface area is troubling, because 1 µg BaP onto 1 cm
2
 is a very different 

effective dose than is 1 µg/10 cm
2
. 

This 1950-vintage procedure is extremely unquantitative in nature, and it is a certainty that the doses varied 

widely over the many applications that occurred as the weeks went by. This study was typical of those 

carried out in the 1950s and 1960s. Such a study had and has value for hazard identification purposes, but it 

has no value for quantitative dose-response assessment.  

Roe et al. (1970):  This study presented no information whatsoever on BaP purity, concentration verification, 

volume of dose, surface area of dose, or any other details that would be required to qualify a study as 

suitable for dose-response assessment. The study says that “calibrated pipettes” were used.  

Schmidt et al. (1973):  The only information on dosing is that the dose was delivered as a single drop to the 

skin. No information was presented on the mode of delivery, concentration verification, or surface area of 

dose. 

Schmahl et al.  (1977):  This study stated that the doses of BaP were delivered in a 20 µL solution with a 

syringe. No information was presented on BaP purity, concentration verification, surface area of dose, or any 

other details that would be required to qualify a study as suitable for dose-response assessment. 

Habs et al. (1980):  This paper reported that the dose was delivered as a solution in acetone of 20 µL with a 

calibrated Hamilton syringe. No information was presented on concentration verification or surface area of 

dose. 

Habs et al. (1984): This study reported that BaP was >96% with a source provided. The dose was delivered 

as a solution in acetone of 10 µL with a calibrated Hamilton syringe. No information was presented on 

concentration verification or surface area of dose.  
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Grimmer et al. (1983):  Grimmer et al. (1983) reported that the BaP was a solution in 

100 µL acetone:  DMSO (1:3). No information was presented on the mode of delivery, concentration 

verification, or surface area of dose. 

Grimmer et al. (1984):  USEPA (2013) cites Grimmer et al. (1984) as a source of data, but the citation is 

incorrect. The cited paper does not concern a mouse skin painting study. USEPA’s data attributed to 

Grimmer et al. (1984) actually comes from Grimmer et al. (1985) (The contribution of polycyclic aromatic 

hydrocarbons to the carcinogenic impact of emission condensate from coal-fired residential furnaces 

evaluated by topical application to the skin of mice). This paper reported that the BaP was a solution in 100 

µL acetone: DMSO (1:3). No information was presented on the mode of delivery, concentration verification, 

or surface area of dose. 

In conclusion, the doses are highly uncertain in all of these studies with no information whatsoever that 

would allow someone to determine if the entire dose in µg BaP was delivered to a small, medium, or large 

area of skin. No information was provided in any report that stock BaP solutions were prepared with some 

frequency or that the concentration did not increase over time as volatile solvents evaporated as the 

solutions were stored. None of these studies meets the minimum standards for a study suitable for dose-

response assessment.  

Exceedance of Maximally Tolerated Dose 

Many of the studies were carried out at doses that exceeded the maximally tolerated dose (MTD). In 

accordance with USEPA (2005) policy, data from experiments performed above the MTD should be 

excluded from quantitative dose-response assessment. Specifically, USEPA (2005) states:  

“In general, while effects seen at the highest dose tested are assumed to be appropriate for assessment, it is 

necessary that the experimental conditions be scrutinized. Animal studies are conducted at high doses in 

order to provide statistical power, the highest dose being one that is minimally toxic (maximum tolerated 

dose or MTD). …If adequate data demonstrate that the effects are solely the result of excessive toxicity 

rather than carcinogenicity of the tested agent per se, then the effects may be regarded as not appropriate to 

include in assessment of the potential for human carcinogenicity of the agent. This is a matter of expert 

judgment, with consideration given to all of the data available about the agent, including effects in other 

toxicity studies, structure-activity relationships, and effects on growth control and differentiation.” 

The Office of Science and Technology Policy (1985) also discuss the MTD: 

“The highest dose currently recommended is that which, when given for the duration of the chronic study, is 

just high enough to elicit signs of minimal toxicity without significantly alterning the animal's normal life span 

due to effects other than carcinogenicity (19). This dose, sometimes called the maximum tolerated dose 

(MTD), is estimated in a subchronic study (usually of 90 days duration) primarily on the basis of adverse 

pathology signs, toxicity, mortality, and pathology criteria. The MTD should not produce toxicity of a severity 

that would interfere with the interpretation of the study. Nor should it comprise so large a fraction of the 

animal's diet that the nutritional composition of the diet is altered, leading to nutritional imbalance.” 
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Further, for dermal carcinogenesis studies, USEPA (1988b) has defined the Maximum 

Tolerated Dose as a dose that does not cause a “marked inflammatory response or ulcerative lesion.” 

USEPA (1988b) specifically stated: 

“It was recommended that a dose level that incites a marked inflammatory response of ulcerative lesion that 

is clearly related to application of the compound should not be used for an MTD.” 

“Microscopic lesions of inflammation, spongiosis, degeneration, dermal edema, and possibly others, must be 

evaluated carefully in the selection of the MTD. If, in the opinion of the pathologist, the severity of such 

lesions might lead to destruction of the functional integrity of the epidermis, these lesions would indicate 

selecting a lower dose for the MTD.” 

Clearly, mortality is not consistent with the MTD. In a few of the studies, mortality was very high. USEPA 

should have excluded at least some of the studies with high mortality, especially when the elevated mortality 

was early in the experiment. Instead of excluding datasets with high mortality, USEPA (2013) biased the 

tumor incidence high by decreasing the size of the animal group to include only animals that were alive at 

the time of the first tumor. If a small fraction of animals died for reasons unrelated to PAH administration, 

then this would be a reasonable statistical approach. However, when mortality is significant compared to 

control group mortality or is unusually high, the data should be excluded entirely from use in deriving DSFs.  

In most cases, despite the fact that animals were dying, the authors of most of the USEPA-chosen studies 

did not make any statements about skin toxicity. The exception is Poel (1959) and Sivak et al.(1997), which 

are the two studies that USEPA has chosen for derivation of the DSF.  

Sivak et al. (1997) reported that skin lesions were seen:  “With respect to skin lesions, Group 24, with the 

highest dose of BaP (0.01%) applied repeatedly, had an incidence of 80% of scabs and sores.”   

Poel (1959) stated that they examined animals for skin lesions, but no observations were reported. However, 

irritation is posited as a causal mechanism for skin tumorigenesis:  “Carcinogenesis is an extreme form of 

reactive hyperplasia to a persistent, physiologically irreparable state of tissue damage or homeostatic 

imbalance, resulting ultimately in malignant overgrowth of cells related to the impaired tissue through 

contiguity or homeostatic mechanisms.” This statement strongly implies that chronic irritation was seen in 

the Poel (1959) study. 

In conclusion, the doses used by Poel (1959) and Sivak (1997) (1.6 µg/day and 1.4 µg/day) were extremely 

high and caused significant toxicity, thus exceeding the MTD. With the exception of Schmidt et al. (1973) 

and Schmahl et al. (1977), all of the other studies for which USEPA performed benchmark dose modeling 

use similar or higher doses as seen in the table below. Thus, it is highly likely that the high dose in all studies 

exceeded the MTD for skin toxicity. 

Summary of Highest Doses in Key Studies 

Study  Highest Dose(s) (µg/day) 
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Study  Highest Dose(s) (µg/day) 

Sivak et al. (1997) 1.4 

Poel (1959) 1.6 

Poel (1960) (SWR) 1.6 

Poel (1960) (C2HeB) 1.6 

Poel (1960) (A/He) 1.6 

Roe et al. (1970) 1.3, 3.9 

Schmidt et al. (1973) (Swiss) 0.6 

Schmidt et al. (1973) (NMRI) 0.6 

Schmahl et al. (1977) 0.9 

Habs et al. (1980) 1.3 

Habs et al. (1984) 1.1 

Grimmer et al. (1983) 2.2, 4.4 

Grimmer et al. (1984) 1.9, 3.9 

 

Few of the investigators made detailed observations about skin irritation and skin toxicity. It is likely that they 

were unconcerned about documenting chronic skin irritation precisely because they expected it. Hundreds of 

mouse skin studies with PAHs and other chemicals have been performed using the two-stage protocol for 

mouse skin carcinogenesis. In this model, a single dose of a test chemical is administered and then daily 

applications of 12-O-tetradecanolyphorbol-13-acetate (TPA) are given to cause chronic skin irritation. 

Studies in which chronic skin irritation occurs may be relevant for hazard identification, but they are not 

relevant for dose-response assessment. For such a purpose, studies must be performed that use doses far 

below the MTD and exhibit no chronic skin lesions, like the “scabs and sores” seen in USEPA’s key study 

(Sivak et al., 1997).  

The National Toxicology Program (NTP, 1996) performed complete carcinogenesis studies of the 

carcinogenic PAH DMBA (2.5 µg/week) in male and female B6C3F1, Swiss (CD-1) and SENCAR mice for 

52 weeks. Observation of skin lesions was a major aspect of the NTP protocol, because “chemicals with 

promotion potential have been reported to cause inflammation and epidermal hyperplasia.” Little irritation or 

ulceration was seen in the B6C3F1 mice of either sex, but >20% incidence of irritation or ulceration was 

seen in the other two strains at 41 to 50 weeks.  

Summary: None of the Key Studies meets the minimum criteria for defining a study upon which to base 

dose-response modeling. USEPA (2003) in its A Summary of General Assessment Factors for Evaluating 

the Quality of Scientific and Technical Information states:  

“When evaluating the quality and relevance of scientific and technical information, the considerations that 

the Agency typically takes into account can be characterized by five general assessment factors, including 

soundness, applicability and utility, clarity and completeness, uncertainty and variability, and evaluation and 

review. Regarding chemical toxicity testing and human health risk assessment, USEPA generally evaluates 

information by weighing considerations that fit within these five assessment factors.  

 Soundness is defined as the extent to which the scientific and technical procedures, measures, 

methods, or models employed to generate the information are reasonable for, and consistent with, the 

intended application. 
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 Applicability and utility are defined as the extent to which the information is relevant 

for the Agency’s intended use. 

 Clarity and completeness are defined as the degree of clarity and completeness with which the data, 

assumptions, methods, quality assurance, sponsoring organizations and analyses employed to generate 

the information are documented. 

 Uncertainty and variability are defined as the extent to which the variability and uncertainty (quantitative 

and qualitative) in the information or the procedures, measures, methods or models are evaluated and 

characterized. 

 Evaluation and review are defined as the extent of independent verification, validation and peer review 

of the information or of the procedures, measures, methods or models.” 

The following table summarizes key information from the key studies that demonstrates that the key studies 

are all inadequately performed and reported and cannot be relied upon for dose-response assessment.   

Summary of Key Studies 

Study Citation 

BaP 

source 

or purity 

defined? 

BaP 

concentratio

n verified? 

Delivered dose 

quantified? 

Skin 

surface 

area 

specified? 

Exceeds 

MTD? 

Doses 

averaged 

over dead 

animals? 

Sivak et al. (1997) No No No (no details) No Noted Yes 

Poel (1959) No No No (one drop) No Noted Yes 

Poel (1960)* (SWR) No No No (one drop) No Likely Not known 

Poel (1960)* 

(C2HeB) 

No No No (one drop) No Likely Not known 

Poel (1960)* (A/He) No No No (one drop) No Likely Not known 

Roe et al. (1970) Source 

identified 

No Yes 

 (calibrated 

pipette) 

No Likely No 

Schmidt et al. 

(1973) (Swiss) 

No No No (one drop) No Not likely No 

Schmidt et al. 

(1973) (NMRI) 

No No No (one drop) No Not likely No 

Schmahl et al. 

(1977) 

No No Possibly (syringe) No Not likely No 

Habs et al. (1980) No No Yes (calibrated 

Hamilton syringe) 

No Likely Yes 

Habs et al. (1984) Yes 

(>96% 

purity) 

No Yes (calibrated 

Hamilton syringe) 

No Likely No 

Grimmer et al. 

(1983) 

No No No No Likely No 

Grimmer et al. 

(1984) 

No No No No Likely No 
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 *Actually Poel (1963) 

Critique of USEPA (2013) Dismissal of Certain Studies 

USEPA (2013) has dismissed certain of the studies as being “considered less informative due to incomplete 

exposure duration information or greater uncertainty associated with extrapolating to lower doses.” The 

following table listed the reasons USEPA (2013) rejects the studies for DSF derivation and presents the 

actual facts. 

Summary of Reasons USEPA (2013) used to dismiss Certain Studies 

Study Citation 
USEPA (2013) Reasons for 

Dismissal 

Actual Facts from the Cited 

Studies  

Poel (1960)* (SWR mice) No characterization of 

survival/exposure duration 

Such information is not necessary. 

Average daily dose was provided. 

Animals were treated “until they died 

or a persistent skin tumor developed.” 

Range and median time-to-tumor 

was reported for each dose group.  

Poel (1960)* (C2HeB 

mice) 

No characterization of 

survival/exposure duration 

Such information is not necessary. 

Average daily dose was provided. 

Animals were treated “until they died 

or a persistent skin tumor developed.” 

Range and median time-to-tumor 

was reported for each dose group. 

Poel (1960)* (A/He mice) Not listed at all  Not listed at all 

Schmidt et al. (1973) 

(Swiss) 

No characterization of exposure 

duration.  

Such information is not necessary. 

Daily dose information was provided. 

Animals were treated until 

“spontaneous death of after sacrifice 

when neoplasms appeared.” 

Schmidt et al. (1973) 

(NMRI) 

No characterization of exposure 

duration.  

Such information is not necessary. 

Daily dose information was provided. 

Animals were treated until 

“spontaneous death of after sacrifice 

when neoplasms appeared.” 

Schmahl et al. (1977) 

(NMRI) 

No characterization of exposure 

duration.  

BaP was administered “until their 

natural death, unless they developed 

a carcinoma at the site of application, 

at which time they were killed.” 

Average daily dose provided. 

Habs et al. (1980) (NMRI)  Higher overall exposure range; 

unclear overall duration of exposure 

Exposure was for the animals’ 

lifetime for all dose groups. Survival 

data shown for all dose groups. 
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Study Citation 
USEPA (2013) Reasons for 

Dismissal 

Actual Facts from the Cited 

Studies  

Habs et al. (1984) (NMRI) No characterization of exposure 

duration for high exposure; high 

response a lowest exposure limits 

usefulness of low-dose extrapolation. 

Exposure reported as “for life” and 

survival time given for all dose groups 

(648 days for low dose and 528 days 

for high dose); low dose gave the 

lowest response. 

Grimmer et al. (1983) 

(CFLP) 

No characterization of exposure 

duration.  

Exposure duration reported as 104 

weeks.  

Grimmer et al. (1984) 

(CFLP) 

No characterization of exposure 

duration.  

Exposure duration reported as 104 

weeks. 

 

In conclusion, USEPA (2013) has focused on two studies as the “best available studies for dose-response 

analysis,” but these two studies are the worst available studies for dose-response analysis because the 

dosimetry was not quantitative and because Maximally Tolerated Doses were clearly exceeded. In addition, 

they dismiss the other available listed studies because they claim information is not available that clearly is 

available. Lastly, USEPA (2013) erroneously rejects for consideration two studies that are of similar or 

superior quality to all of the Key Studies (Levin et al. [1977] and Nesnow et al. [1983]).  

18. BMD modeling was conducted using the incidence of skin tumors reported in the chronic mouse 

bioassays to estimate the PODs. The candidate DSFs were calculated by linear extrapolation from the 

PODs (i.e., the lower 95% confidence limit on the concentration associated with 10% extra risk of skin 

tumors). Please comment on whether this approach is scientifically supported and clearly described. 

COMMENT: 

USEPA (2013) has made many errors in BMD modeling. These comments have demonstrated that dose-

response modeling of repeated dose mouse skin studies has no quantitative significance for human health 

risk assessment and that a dermal slope factor should not be derived. However, given that USEPA (2013) 

has chosen Key Studies and performed dose-response modeling, the specific details of USEPA’s 

quantitative dose-response modeling are evaluated below.  

USEPA (2013) states that they used their Benchmark Dose Software (BDMS) and, in fact, that “all models 

available in USEPA’s Benchmark Dose Software (BDMS) were evaluated.” However, this is not an accurate 

statement. In the Supplemental Information document, USEPA (2013) states: “Except where other software 

is noted, all endpoints were modeled using the U.S. USEPA’s Benchmark Dose Software…” However, for 

the DSF, USEPA (2013) did not use “all models available.” Instead, they selectively used the BDMS as 

noted: “For each endpoint, multistage models [BMDS; (U.S. USEPA, 2012a); v 2.1] were fitted to the data 

using the maximum likelihood method.” So, USEPA (2013) ran selected models, which were only multistage 

models.  

To verify and validate USEPA’s modeling, BDMS version 2.4 (Build 4/1/2013) was run with the data as 

modified from the original reports by USEPA (2013) and also with data as reported in the published papers. 
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Each key study is discussed below, and results from USEPA’s BDMS (2013) are 

compared side-by-side with the modeling results presented in Table 2-11 and Table ES-23.  

For all studies, administered doses were converted to average daily doses using the equation: 

Average daily dose/day = (µg/application) × (number of applications/week ÷ 7 days/week) 

This is standard practice for oral dosing experiments where animals are dosed for 5 days per week and 

averaged by 5/7 to calculate an estimated “average daily dose.” This practice is scientifically incorrect for 

dermal administration of PAHs which are known to be sequestered in skin and form “depot” doses. This 

issue has been discussed above. It invalidates the entire dose-response modeling effort performed in 

USEPA (2013). In fact, there is no way to simply estimate the skin dose of BaP when administered two or 

three times a week in an organic solvent for 52 to 104 weeks. However, in this section of comments, the 

details of USEPA’s dose-response modeling are being addressed. . 

There are two major issues that invalidate the specific details of USEPA’s dose-response modeling. Both are 

discussed below: 

 Data Adjustment 

 Critical Value for Goodness of Fit 

Data Adjustment 

A major “data adjustment” was used in many cases. Lifetime equivalent doses were estimated for study 

groups that were reported to end before 104 weeks by multiplying the relevant average daily doses by 

(Le/104)
3
, where Le is the length of exposure. Note that exposure periods <52 weeks would lead to a 

relatively large adjustment [i.e., (52/104)
3
 = 0.125, or an eightfold lower adjusted dose than the administered 

dose], reflecting considerable uncertainty in lifetime equivalent dose estimates generated from relatively 

short studies. This adjustment was relevant for all dose groups in Poel (1959) and Roe et al. (1970), and the 

highest dose groups in Habs et al. (1980) and in Sivak et al. (1997).  

The USEPA’s dose adjustment is nonsensical. Take the Poel (1959) paper as an example. In this paper, the 

C57L mice did not live to be 104 weeks old as USEPA required. In fact, the known lifespan of the male C57L 

mouse is ~68 weeks (http://www.informatics.jax.org/external/festing/mouse/docs/C57L.shtml). In Poel’s 

laboratory, the control mice had a median lifespan of 60 weeks. USEPA’s approach to dose-response 

modeling was to take the average daily dose that was given to them over their lifetime and then average it 

over 104 weeks to determine what the dose would have been had these animals lived longer than they 

actually do. It is hard to even guess what the rationale for the adjustment was. The practical implications, 

however, are to arbitrarily reduce the actual dose to a smaller dose, that then will be modeled to a lower 

benchmark dose and a higher slope factor.  

Summary of Erroneous Dose Adjustments in USEPA (2013) 

http://www.informatics.jax.org/external/festing/mouse/docs/C57L.shtml


 

Page 88 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

Average Daily Dose (µg/day) USEPA’s Dose Adjustment (µg/day) 

0 0 

0.15 0.05 

0.38 0.16 

0.75 0.24 

3.8 0.80 

 

Similarly, the Roe et al. (1970) experiment was carried out for 93 weeks. The scientists stopped the 

experiment at 93 weeks because of high mortality in the absence of tumors. Figure 1 of Roe et al. (1970) 

shows an actuarial survival curve. The % that would have survived in the absence of neoplasms was 90% at 

week 50, 80% at week 70, 70% at week 85, and 60% at week 90. The animals did not live to 104 weeks, so 

there is no reasonable scientific explanation for USEPA (2013) to take the average daily dose over the 

lifetime of the animals and pro-rate that over 104 weeks.    

The lifetime average dose adjustment used by USEPA is an arbitrary, nonsensical step that erroneously 

lowers the dose to obtain higher dermal slope factors. The dose response modeling done with actual 

average daily doses was performed for these studies by the commenters, and the results are tabularly 

presented below.  

Critical Value for Goodness of Fit 

According to USEPA’s (2000a) Benchmark Dose Technical Guidance Document, the value to be used to 

determine if a model fits the empirical data well, is an alpha value of 0.1, so models with P>0.1 are deemed 

to have adequate fits to the data. Specifically, USEPA (2000a) states:  

“Since it is particularly important that the data be adequately modeled for BMD calculation, it is 

recommended that alpha =0.1 be used to compute the critical value for goodness of fit, instead of the more 

conventional values of 0.05 or 0.01.” 

“The guidance recommends that alpha =0.1 be used to compute the critical value for goodness of fit, instead 

of the more conventional values of 0.05 or 0.01, and that a graphical display of the model fit be examined as 

well.” 

USEPA (2013), on the other hand, has chosen without explanation to deviate from USEPA guidance for 

benchmark dose modeling and instead to use a more lenient alpha value of 0.05 as the critical value for 

goodness of fit. This is not appropriate and is not consistent with USEPA policy. 

Interestingly, USEPA (2013) followed the Benchmark Dose Technical Guidance Document when modeling 

data for the oral RfD as noted:  

“…models for the mean response were tested for adequacy of fit using a likelihood ratio test (BMDS Test 4, 

with χ2 p-value < 0.10 indicating inadequate fit).” (USEPA (2013), page E-1) 
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So, for modeling the oral RfD, USEPA (2013) states that models with a Chi
2 
p-value <0.1 

are an inadequate fit, but for modeling the dermal slope factor, USEPA chose to ignore that guidance and, 

instead, conclude that models with Chi
2 
p-values between 0.05 and 0.1 to be adequate fits. This is 

inconsistent and incorrect.  

BMDS Results 

Benchmark dose modeling was performed several ways to determine the implications of the above policy 

decisions on the BMDL10 determination. Each key study is discussed below. 

Sivak et al. (1987):  USEPA (2013) has averaged the daily dose over the potential lifetime of the animals 

despite the fact that the animals in the highest dose group died by 74 weeks instead of 104 weeks for the 

lower dose group animals. As stated above, it makes no sense scientifically to average the dose over a time 

period when animals are not alive and receiving chemical dosing. Doing so, in effect, artificially reduces the 

dose for modeling and results in a higher BMDL10 and DSF.   

The BDMS was able to recreate USEPA’s BMDL10 from the Multistage 2 model when the erroneous dose 

adjustment and critical value are used, but the data do not fit this model any better than they fit the other 

models. The average value does not differ much from the value reported in USEPA (2013). When using the 

proper average daily dose, the BMDL10 is 0.076 µg/day.  

Sivak et al. (1997) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Lifetime average dose; P>0.05 to define adequate fit 
0.058 

(Multistage 2) 

0.060* 

 

Lifetime average dose; P>0.1 to define adequate fit 
0.058 

(Multistage 2) 

0.060* 

 

Average daily dose; P>0.1 to define adequate fit Not done 
0.076 

(LogProbit) 

* Average of four BMDLs having P>0.1 and AICs of 49 (Multistage 2, Multistage 3, Multistage-Cancer 2, Multistage-

Cancer 3) 

As is typical, USEPA (2013) has merged benign and malignant tumors. However, the malignant tumor 

incidence was lower, and the BMDS was executed to determine the BMDL10 for malignant tumors. The 

value is 0.073 -0.082 µg/day.  

Sivak et al.  (1997) Malignant Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Lifetime average dose; P>0.1 to define adequate fit Not done 
0.082 (Multistage 

Cancer 2) 

Average daily dose; P>0.1 to define adequate fit Not done 0.073* 

* Average of nine BMDLs having P>0.1 and AICs of 44 or lower (Gamma. LogLogistic, LogProbit, Multistage 2, 

Multistage 3, Multistage-Cancer 2, Multistage-Cancer 3, Weibull, Quantal-Linear)  
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Poel (1959):  BMDS using the erroneous dose adjustment and critical value did identify 

the BMDL10 that USEPA (2013) has reported, but it is not the model with the best fit of the data. Two 

BMDL10 values are defined by models that fit the USEPA’s input data better. Furthermore, when P>0.1 is 

used to define an adequate model fit per USEPA guidance, the USEPA-chosen BMDL10 is not defined as 

meeting them minimum criteria for a model fit.  

Poel (1959) Total Tumor Data USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Lifetime average dose; 100% incidence group removed; 

P>0.05 to define adequate fit 

0.078 

(Multistage 3) 

0.16* 

 

Lifetime average dose; 100% incidence group removed; 

P>0.1 to define adequate fit 

Not done 0.16* 

 

Lifetime average dose; 100% incidence group included; 

P>0.1 to define adequate fit 

Not done No fit 

Average daily dose; 100% incidence group removed; P>0.1 

to define adequate fit 

Not done  No fit 

Average daily dose; 100% incidence group included; P>0.1 

to define adequate fit 

Not done 0.216** 

* Average of two BMDLs having P>0.1 and AICs of 187 (logistic and probit) 

**Average of three BMDLs having P>0.1 and AICs of 186-188 (logistic, probit, quantal-linear).  

As noted above, it is entirely erroneous to average the daily doses given to the animals over a longer time 

period than the animals were alive. This unusual practice has no basis in science or logic, but the practical 

implications of this dose averaging is to pretend that the animals received lower doses as noted below. 

Poel (1959) Dose Comparison 

Average Daily Doses 

While Animals Were Alive 

(µg/day) 

Lifetime Average Daily Dose Extending Past 

Animals’ Deaths (µg/day) 

0.000 0.000 

0.064 0.054 

0.163 0.158 

0.321 0.237 

1.629 0.798 

8.143 0.617 

 

There is also no reason to remove the 100% incidence group unless it improves the model fit. As noted 

above, when the proper dose metric is used for dose-response modeling, the inclusion of the 100% 

incidence group improves the fit.  

As is typical, USEPA (2013) has merged benign and malignant tumors. However, the malignant tumor 

incidence was lower, and the commenters performed benchmark dose modeling to determine the BMDL for 

malignant tumors. 
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Poel (1959) Malignant Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; 100% incidence group 

removed; P>0.1 to define adequate fit 
Not done 0.27 (gamma) 

Average daily dose; 100% incidence group 

included; P>0.1 to define adequate fit 
Not done 

0.27 

(LogLogistic) 

 

In conclusion, USEPA (2013) has modeled the data of Poel (1959) and reported a BMDL10 of 0.078 µg/day. 

This BMDL10 is in error. The proper BMDL10 for total tumor incidence is 0.216 µg/day. For malignant tumors, 

the BMDL10 from Poel (1959) is 0.27 µg/day.  

Poel (1960) [actually Poel (1963)]:  The study of Poel (1960) was investigated. First, the study is mis-cited 

as Poel (1960) and published in IARC Monograph 10. In fact, the article is Poel (1963) and it was published 

in National Cancer Institute Monograph No.10. USEPA (2013) reports the data of this paper in Table 1-16 

and reports candidate DSFs from the SWR and the C3HeB mice but not the A/He mice in Table 2-11. 

However, in the Supplemental Information document, the following statement is made and no benchmark 

dose modeling results are presented. 

“For the Poel (1960) studies, all tumors in the highest three dose groups for each of the three mouse strains 

had occurred by week 40. While these observations support concern for cancer risk, as noted above such 

results are relatively uncertain for estimating lifetime cancer risk. In addition, there was no information 

indicating duration of exposure for the mice without tumors; although exposure was for lifetime, it might have 

been as short as for the mice with tumors. Overall, these datasets did not provide sufficient information to 

estimate the extent of exposure associated with the observed tumor incidence. Consequently, the 

experiments reported by Poel (1960) were not used for dose-response modeling.” 

USEPA (2013) is confusing when it comes to Poel (1960) [actually Poel (1963)]. As noted above, the 

Supplemental Document does not list any results, but Table 2-11 of the main document lists a BMDL10 of 

0.11 µg/day for both SWR and C3HeB mice.  

For SWR mice, the BMDS provided seven model fits with P>0.1, and the best fit is a BMDL10 of 0.13 µg/day 

from the LogProbit model. USEPA’s 0.11 µg/day (Multistage 3) is associated with a less robust fitting model.  

For C3H3B mice, the BMDS provided four model fits with P>0.1 with identical fits (P=0.69, AIC=63) and all 

yield a BMDL10 of 0.11 µg/day. USEPA’s 0.11 µg/day (Multistage 1) is one the results of one of these four 

models.  

For A/He mice, USEPA (2013) failed to report the model results altogether. BMDS provided nine model fits 

with P>0.1 with almost identical fits (P=0.88 or 1.0, AIC=16, 18 or 19). The lowest BMDL10 was 1.8 µg/day. 

The average was 1.96 µg/day.  

Poel (1960) [actually Poel (1963)] Total 

Tumor Data 

USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 
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Poel (1960) [actually Poel (1963)] Total 

Tumor Data 

USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

SWR- Average daily dose; P>0.05 to define 

adequate fit 
0.11 0.13 (LogProbit) 

SWR - Average daily dose; P>0.1 to define 

adequate fit 
Not done 0.13 (LogProbit) 

C3HeB - Average daily dose; P>0.05 to define 

adequate fit 
0.11 

0.11(Gamma, Multistage 1, 

Weibull, Quantal-Linear) 

C3HeB - Average daily dose; P>0.1 to define 

adequate fit 
Not done 

0.11(Gamma, Multistage 1, 

Weibull, Quantal-Linear) 

A/He- Average daily dose; P>0.05 to define 

adequate fit 
Not done 1.96* 

A/He- Average daily dose; P>0.1 to define 

adequate fit 
Not done 1.96* 

* Average of gamma, logistic, LogLogistic, LogProbit, Multistage Cancer 2, Multistage Cancer 3, Multistage Cancer 4, 

Probit, and Weibull.  

Roe et al. (1970):  USEPA (2013) modeled the average daily dose data of Roe et al. (1970) using the very 

liberal alpha value of 0.05 as the criterion for an adequate fit. By failing to follow USEPA’s guidance to use 

an alpha value of 0.1, the benchmark dose software finds that all 11 models meet the fit criterion, and 

USEPA chooses the lowest BMDL of 0.39 µg/day as the BMDL10 of choice in Table 2-11. However, this is 

the BMDL with the lowest P value and the highest AIC value, making it the worst BMDL10. ALL other values 

are from models with better fits to the data. If P>0.05 is used as the cut-off value, the best fit comes from the 

LogProbit model, with a BMDL value of 0.73 µg/day. In Table E-23, USEPA (2013) does not use the 

average daily dose, which is the appropriate dose metric. Instead, they use the unjustifiable lifetime 

averaging dose where they assume that dead animals are alive for 104 weeks. With this inappropriate dose 

metric and the inappropriate P>0.05 cut-off value, the benchmark dose model gives eleven model fits. The 

BMDL10 of 0.52 µg/day from the LogProbit model is the best BMDL because the model fit has a higher P 

value and a lower AIC value than the Multistage 2 model. 

Roe et al. (1970) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.05 to define adequate fit 
0.39 (Table 2-11) 

(Quantal-Linear) 

0.73 

(LogProbit) 

Average daily dose; P>0.1 to define adequate fit Not done 
0.73 

(LogProbit) 

Lifetime daily dose; P>0.05 to define adequate fit 
0.48 (Table E-23) 

(Multistage 2) 

0.52 

(LogProbit) 

Lifetime daily dose; P>0.1 to define adequate fit Not done 
0.52 

(LogProbit) 

 

USEPA often removes the highest dose group in performing benchmark dose modeling as it did with the 

data of Poel (1959), but they did not do so here. If the highest dose is removed from the Roe dataset, the fit 

improves and the BMDL10 from the best fitting model is 0.92 µg/day.  
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Schmidt et al. (1973):  Benchmark dose modeling was performed on the Schmidt et al. 

(1973) data, and for Swiss mice, the benchmark dose software provides nine models with P>0.1 with AICs 

of 151, 153, or 155. The best fitting model is the LogProbit model with a BMDL10 of 0.22 µg/day. This is the 

same BMDL10 as the one reported by USEPA (2013) from the Multistage 3 model. For NMRI mice, the 

BMDS gives no best fit model, but nine models had adequate fit, and the average BMDL10 was 0.33 µg/day. 

USEPA’s reported BMDL10 from the Multistage 2 model is the poorest of the fitting models with a lower P 

value and a higher AIC.  

Schmidt et al. (1973) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Swiss – Average daily dose; P>0.05 to define adequate fit 0.22 (Multistage 3) 0.22 (LogProbit) 

Swiss – Average daily dose; P>0.1 to define adequate fit Not done 0.22 (LogProbit) 

NMRI – Average daily dose; P>0.05 to define adequate fit 0.29 (Multistage 2) 0.33* 

NMRI – Average daily dose; P>0.1 to define adequate fit Not done 0.33* 

* Average of Gamma, Logistic, LogLogistic, LogProbit, Multistage Cancer 2, 3, and 4, Probit and Weibull.  

Schmahl et al. (1977):  Benchmark dose modeling was performed on the Schmahl et al. (1977) data, and 

the benchmark dose software provides 11 model fits with the erroneous P>0.05 cut-off and 10 model fits 

with the proper P>0.1 cut-off. USEPA (2013) chose the lowest (most potent) BMDL10 despite the fact that it 

has the highest (worst) AIC value. Clearly, the model with the best fit is the LogProbit model with the highest 

P value and the lowest AIC value, per USEPA guidance.  

Schmahl et al. (1977) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.05 to define adequate fit 0.15 (Multistage 2) 0.24 (LogProbit) 

Average daily dose; P>0.1 to define adequate fit Not done 0.24 (LogProbit) 

 

Habs et al. (1980):  Benchmark dose modeling was performed on the Habs et al. (1980) lifetime average 

data, and the benchmark dose software provides nine models that adequately fit the data using the P>0.1 

cut-off criterion. There is no best fit model, but the models with the highest P values, lowest AIC values, and 

lowest scaled residual include the LogLogistic, LogProbit, and the Probit. The average BMDL10 is 0.24 

µg/day. USEPA (2013) reports 0.24 µg/day as the result of the Multistage 4 model, but one cannot rung a 4
th
 

degree polynomial on a dataset with 4 data points. Table E-23 reports 0.22 µg/day from a Multistage 3 

modeling but BDMS does not give this result.  

Benchmark dose modeling was performed on the Habs et al. (1980) average daily data, and the benchmark 

dose software provides no model fits using the P>0.1 cut-off criterion using all the data. At P>0.05, there are 

six model fits. The model with the highest P and lowest AIC is the LogProbit model, with a BMDL of 0.18 

µg/day. With the highest dose group omitted, BDMS gives eight model fits with P>0.1. The average BMDL10 

from the four models with P=1 and AIC = 85, is 24 µg/day.  

Habs et al. (1980) Total Tumor 

Data 

USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Lifetime daily dose; P>0.05 to define 

adequate fit 

0.24 (Table 2-11) (Multistage 4) 

0.215 (Table E-23) 

0.24 (average of LogLogistic, 

LogProbit and Probit) 
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(Multistage 3) 

Lifetime daily dose; P>0.1 to define 

adequate fit 
Not done 

0.24 (average of LogLogistic, 

LogProbit and Probit) 

Average daily dose; P>0.05 to define 

adequate fit 
Not done 0.24* 

Average daily dose; P>0.1 to define 

adequate fit 
Not done 0.24* 

* Average of Gamma, LogLogistic, LogProbit, and Weibull. 

Habs et al. (1984):  Benchmark dose modeling was performed on the Habs et al. (1984) data, and the 

benchmark dose software provides 11 model fits using either P>0.05 or P>0.1 as the cut-off criterion. 

USEPA (2013) has chosen 0.055 µg/day as the BMDL10 citing the Multistage 1 model. The software’s 

Multistage 2 model gives a virtually identical BMDL10 of 0.06 µg/day but this is only one of six models with 

identical fits, with P=1 and AIC = 48. The average of these six BMDL10 values is 0.068 µg/day.  

Habs et al. (1984) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.05 to define adequate fit 0.056 0.068* 

Average daily dose; P>0.1 to define adequate fit Not done 0.068* 

* Average of six BMDLs with P=1 and AIC = 48 (gamma, LogLogistic, LogProbit, Multistage 2, Multistage Cancer 2, and 

Weibull) 

Grimmer et al. (1983):  Benchmark dose modeling was performed on the Grimmer et al. (1983) data, and 

the benchmark dose software provides seven model fits. All models give P value of 0.92 to 1.0, AIC values 

of 225 or 227 and scaled residual values of 0. It is appropriate to average the results of all fitting models. The 

BMDL10 is 0.25 µg/day. USEPA (2013) reports the BMDL10 of 0.21 µg/day from the Multistage 1 model, but 

this model does not fit the data better than other models.  

Grimmer et al. (1983) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.05 to define adequate fit 0.21 (Multistage 1) 0.25* 

Average daily dose; P>0.1 to define adequate fit Not done 0.25* 

* Average of seven BMDLs with P=0.88 to 1 and AIC = 225 or 227 (gamma, LogLogistic, LogProbit, Multistage Cancer 

1,2, Weibull and Quantal-Linear.  

Grimmer et al. (1983) Malignant Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.05 to define adequate fit Not done  0.40 

Average daily dose; P>0.1 to define adequate fit Not done 0.40  

* Average of four BMDLs with P=0.94 to 0.98 and AIC = 223 (gamma, LogLogistic, LogProbit,  Weibull and Quantal-

Linear) 

Grimmer et al. (1984) [actually Grimmer et al. (1985)]: This dataset provides a tumor incidence of 66% in 

the lowest dose group. Such a dataset is unsuitable for benchmark dose modeling and should be removed 

from consideration.  
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BMDL10 Derivation from Studies not Considered Key Studies:  USEPA (2013) has 

failed to consider several papers that are more suitable for dose-response assessment than the studies 

selected as key studies. These studies are discussed below. 

 Cavalieri et al. (1983) 

 Levin et al. (1977) 

 Nesnow et al. (1983) 

Cavalieri et al. (1983):  In this study, BaP was purchased from Aldrich, purified, and recrystallized. Female 

Swiss mice (28 to 30 per dose group) were given 2.2 nmol, 6.6 nmol or 20 nmol of BaP in 20 µL acetone 

twice a week for 48 weeks. Survival in control animals was 57 weeks on average. Survival in dosed animals 

was 55, 58, and 57 weeks for the low, medium and high dose groups.  

Cavalieri et al. (1983) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.1 to define adequate fit Not done 
0.22 (Multistage 

Cancer 2) 

 

Levin et al. (1977):  In this study, BaP was purchased from Sigma Chemical Company. BaP was given to 

groups of 30 female C57BL/6J mice in solutions of 50 µL of DMSO:  acetone (1:3) except for the high dose 

of BaP, which was given as two doses of 50 µL each, 30 minutes apart. Doses were 0.025, 0.05, and 0.10 

micromoles once every two weeks for 60 weeks.  

Levin et al. (1977) Total Tumor Data USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.1 to define adequate fit Not done 0.34 (LogLogistic) 

 

Nesnow et al. (1983): BaP was given to groups of 40 male and 40 female SENCAR mice in 200 µL acetone 

twice a week for 50-52 weeks. Doses were 12.5, 25.2, 50.5, 101 or 202 µg/week.  

Nesnow et al. (1983) Total Tumor Data 
USEPA BMDL10 

(µg/day) 

Correct BMDL10 

(µg/day) 

Average daily dose; P>0.1 to define adequate fit Not done 

1.32 males 

(LogLogistic) 

1.54 females 

(Weibull) 

 

Summary of BDMS Results 

The following table summarizes and compares the BMDL10 values cited by USEPA (2013) and the proper 

BMDL10 values that result from USEPA’s most current BMDS, average daily doses, and a critical value for 

goodness of fit of alpha = 0.1 as specified in USEPA (2000a) guidance.  
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Summary of USEPA BMDL10  Values from USEPA (2013) and  

from de novo Benchmark Dose Modeling  

 

Study 

USEPA BMDL10 

(µg/day) 

Table 2-11 

USEPA 

BMDL10 

(µg/day) 

TableE-23 

Actual BMDL10 

(total tumors) 

(µg/day) 

Poel (1959) 0.078* 0.078* 0.216 

Sivak et al. (1997) 0.058* 0.058* 0.076 

Poel (1960) (SWR) 0.11 Not listed 0.13 

Poel (1960) (C2HeB) 0.11 Not listed 0.11 

Poel (1960) (A/He) Not presented Not listed 1.96 

Roe et al. (1970) 0.39 0.48 
0.73 

0.92 (highest dose removed) 

Schmidt et al. (1970) (Swiss) 0.22 0.22 0.22 

Schmidt et al. (1970) (NMRI) 0.29 0.29 0.33 

Schmahl et al. (1977) 0.15 0.15 0.24 

Habs et al. (1980) 
0.24 

0.44 
0.215 0.24 

Habs et al. (1984) 
0.056 

0.37 
0.056 0.068 

Grimmer et al. (1983) 
0.21 

1.0 
0.21 0.25 

Grimmer et al. (1984)** 

0.48 

Based on MDML 

of 70% 

0.48 

Based on 

MDML of 

70% 

Data unsuitable for modeling  

Cavalieri et al. (1983) Not done Not done 0.22 

Levin et al. (1977) Not done Not done 0.34 

Nesnow et al. (1983) 

Males 
Not done Not done 1.32 

Nesnow et al. (1983) 

Females 
Not done Not done 1.54 

* Values averaged for USEPA’s proposed DSF 

** Actually Grimmer et al. (1985) 

Evaluation of USEPA’s Point of Departure Selection 

USEPA (2013) has presented 15 candidate DSF values and rejects most of them without cause and has 

chosen the two highest candidate DSFs to propose. Averaging the candidate DSFs from Sivak et al. (1997) 

and Poel (1959), they propose 0.005 (µg/d)
-1

 as the DSF for BaP and other potentially carcinogenic PAHs.  

It is not reasonable to omit so much of the data considering that the Sivak et al. (1997) and Poel (1959) 

studies are the two worst possible studies to use for dose-response modeling given that the Maximum 

Tolerated Dose was exceeded in both of these studies. The table below shows the resulting DSF if a totally 

unbiased approach was taken, and the DSF was based on the totality of the data presented in USEPA 

(2013). The geometric mean DSF is 0.002 (µg/d)
-1

 and the arithmetic mean DSF is 0.003 (µg/d)
-1

.  
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Summary of USEPA-Reported PODs and Candidate DSFs 

a
See Appendix E for modeling details. 

b
Unadjusted for interspecies differences. Slope factor=R/BMDLR, where R is the BMR expressed as a fraction. 

c
Adjusted for interspecies differences. Cross-species adjustment of dermal doses is based on allometric scaling using 

the ¾ power of body weight. POD HED (μg/day) = PODM (μg/day) × (BWH / BWM)
3/4

. 
d
High exposure groups omitted prior to dose-response modeling. 

e
Mean of candidate dermal slope factors, male and female combined. Where two results were provided for a given study 

(based on two BMR values), these results these results were averaged before being incorporated into the overall mean. 

As discussed elsewhere, USEPA (2013) should reject the Sivak et al. (1997) and Poel (1959) studies as well 

as the Grimmer et al (1984) study. If these studies are rejected because of exceedance of the Maximum 

Tolerated Dose and, in the case of Grimmer et al. (1984), because the lowest dose displayed a 66% total 

cancer incidence, the geometric mean DSF is 0.002 (µg/d)-1 and the arithmetic mean DSF is 0.002 (µg/d)-1. 

 

 

Mouse 

Strain 

USEPA 

Selected 

Model
a
 

BMR 
BMD 

(µg/d) 

PODM= 

BMDL 

(µg/d) 

Unadjuste

d 

Candidate 

Dermal 

Slope 

Factors
b
 

(µg/d)
-1

 

PODH

ED 

(µg/d) 

Adjusted  

Candidate 

Dermal 

Slope 

Factors
c
 

(µg/d)
-1

 

Male mice 

Sivak et al. (1997) 
C3H/He

J 
Multistage 2° 10% 0.11 0.058 1.7 17.3 0.006 

Poel (1959)
a,d

 C57L Multistage 3° 10% 0.13 0.078 1.3 23.3 0.004 

Poel (1960)
a,d

 SWR Multistage 3° 10% 0.13 0.11 0.91 32.9 0.003 

Poel (1960)
a,d

 C3HeB Multistage 1° 10% 0.16 0.11 0.91 32.9 0.003 

Female mice 

Roe et al. (1970) Swiss Multistage 2° 10% 0.69 0.39 0.25 116.6 0.001 

Schmidt et al. 

(1973) 
Swiss Multistage 3° 10% 0.28 0.22 0.45 65.8 0.002 

Schmidt et al. 

(1973) 
NMRI Multistage 2° 10% 0.33 0.29 0.34 86.7 0.001 

Schmähl et al. 

(1973) 
NMRI Multistage 2

°
 10% 0.23 0.15 0.67 44.9 0.002 

Habs et al. (1980) NMRI Multistage 4
°
 

10% 0.36 0.24 0.42 71.8 0.001 

30% 0.49 0.44 0.69 131.6 0.002 

(Habs et al., (1984) NMRI Multistage 1
°
 

10% 0.078 0.056 1.8 16.7 0.006 

50% 0.51 0.37 1.4 110.7 0.005 

Grimmer et al. 

(1983) 
CFLP Multistage 1

°
 

10% 0.24 0.21 0.48 62.8 0.002 

40% 1.2 1 0.4 299.1 0.001 

Grimmer et al. 

(1984)
a,d

 
CFLP Log-logistic 70% 1.07 0.48 1.5 143.6 0.005 

Geometric Mean
e
 0.29 0.20 0.74 60.05 0.002 

Arithmetic Mean
e
 0.38 0.25 0.89 75.86 0.003 
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Summary of USEPA-Reported PODs and Candidate DSFs Excluding Three 

Studies 

Reference 

 

Mouse 

Strain 

Selected 

Model
a
 

BMR 
BMD 

(µg/d) 

PODM= 

BMDL 

(µg/d) 

Unadjuste

d 

Candidate 

Dermal 

Slope 

Factors
b
 

(µg/d)
-1

 

PODHED 

(µg/d) 

Adjusted  

Candidate 

Dermal 

Slope 

Factors
c
 

(µg/d)
-1

 

Male mice 

Poel (1960)
a,d

 SWR Multistage 3° 10% 0.13 0.11 0.91 32.9 0.003 

Poel (1960)
a,d

 C3HeB Multistage 1° 10% 0.16 0.11 0.91 32.9 0.003 

Female mice 

Roe et al. (1970) Swiss Multistage 2° 10% 0.69 0.39 0.25 116.6 0.001 

Schmidt et al. 

(1973) 
Swiss Multistage 3° 10% 0.28 0.22 0.45 65.8 0.002 

Schmidt et al. 

(1973) 
NMRI Multistage 2° 10% 0.33 0.29 0.34 86.7 0.001 

Schmähl et al. 

(1973) 
NMRI Multistage 2

°
 10% 0.23 0.15 0.67 44.9 0.002 

Habs et al. (1980) NMRI Multistage 4
°
 

10% 0.36 0.24 0.42 71.8 0.001 

30% 0.49 0.44 0.69 131.6 0.002 

(Habs et al., 

(1984) 
NMRI Multistage 1

°
 

10% 0.078 0.056 1.8 16.7 0.006 

50% 0.51 0.37 1.4 110.7 0.005 

Grimmer et al. 

(1983) 
CFLP Multistage 1

°
 

10% 0.24 0.21 0.48 62.8 0.002 

40% 1.2 1 0.4 299.1 0.001 

Geometric Mean
e
 0.31 0.23 0.59 69.51 0.002 

Arithmetic Mean
e
 0.36 0.27 0.68 80.68 0.002 

 a
See Appendix E for modeling details. 

 b
Unadjusted for interspecies differences. Slope factor=R/BMDLR, where R is the BMR expressed as a fraction. 

c
Adjusted for interspecies differences. Cross-species adjustment of dermal doses is based on allometric scaling using 

the ¾ power of body weight. POD HED (μg/day) = PODM (μg/day) × (BWH / BWM)
3/4

. 
 d
High exposure groups omitted prior to dose-response modeling. 

 e
Mean of candidate dermal slope factors, male and female combined. Where two results were provided for a  given 

study (based on two BMR values), these results these results were averaged before being incorporated into the overall 

mean. 

In the following table, the candidate DSFs are presented with (a) the data from Poel (1960) with A/He mice 

included; (b) the data from Cavalieri et al. (1983), Levin et al. (1977) and Nesnow et al. (1983) included; and 

(c) the DSFs that result from benchmark dose modeling using the appropriate alpha value for evaluating the 

goodness of fit and using the BMDL10  from the model with the best fit or, in some cases, the average 

BMDL10  from multiple models with best fits. Note that Nesnow et al. (1983) is a study performed by USEPA 

itself.  The geometric mean DSF is 0.001 (µg/d)
-1
 and the arithmetic mean DSF is 0.001 (µg/d)

-1
. 
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USEPA (2013) needs to clearly state that any DSF that it may finalize in the future is 

focused on dermally absorbed dose and not applied dose. The studies used as the basis for the proposed 

DSF used soluble BaP in solvents that ensured that the BaP was completely absorbed into the skin. Real 

world exposures to BaP and other potentially carcinogenic PAHs are to complex mixtures and matrices that 

would impede the dermal absorption of the BaP.  

Summary of Appropriate PODS and Candidate DSFS from USEPA’s Benchmark  

Dose Modeling Software 

 

a
See Appendix E for modeling details. 

b
Unadjusted for interspecies differences. Slope factor=R/BMDLR, where R is the BMR expressed as a 

fraction. 
c
Adjusted for interspecies differences. Cross-species adjustment of dermal doses is based on allometric 

scaling using the ¾ power of body weight. POD HED (μg/day) = PODM (μg/day) × (BWH / BWM)
3/4

. 
d
High exposure groups omitted prior to dose-response modeling. 

Reference 
Mouse 

Strain 

Selected 

Model
a
 

BM

R 

PODM= 

BMDL 

(µg/d) 

Unadjusted 

Candidate 

Dermal 

Slope 

Factors
b
 

(µg/d)
-1

 

PODHED 

(µg/d) 

Adjusted  

Candidate 

Dermal 

Slope 

Factors
c
 

(µg/d)
-1

 

Male mice 

Poel (1960)
a,d

 SWR LogProbit 10% 0.13 0.77 38.9 0.003 

Poel (1960)
a,d

 C3HeB Multiple Fits  10% 0.11 0.91 32.9 0.003 

Poel (1960)
a,d

 A/He Multiple Fits 10% 1.96 0.05 586.2 0.0002 

Nesnow et al. 

(1983) 
SENCAR LogLogistic 10% 1.32 0.08 394.8 0.0003 

Female mice 

Roe et al. (1970) Swiss LogProbit 10% 0.92 0.11 275.1 0.0004 

Schmidt et al. (1973) Swiss LogProbit 10% 0.22 0.45 65.8 0.002 

Schmidt et al. (1973) NMRI Multiple Fits 10% 0.33 0.30 98.7 0.001 

Schmähl et al. 

(1973) 
NMRI LogProbit 10% 0.24 0.42 71.8 0.001 

Habs et al. (1980) NMRI Multiple Fits 10% 0.24 0.42 71.8 0.001 

Habs et al. (1984) NMRI Multiple Fits 10% 0.068 1.47 20.3 0.005 

Grimmer et al. 

(1983) 
CFLP Multiple Fits 10% 0.25 0.40 74.8 0.001 

Cavalieri et al. 

(1983) 
Swiss 

Multistage 

Cancer 2 
10% 0.22 0.45 65.8 0.002 

Levin et al. (1977) C57BL/6J LogLogistic 10% 0.34 0.29 101.7 0.001 

Nesnow et al. 

(1983) 
SENCAR Weibull 10% 1.54 0.06 460.6 0.0002 

Geometric Mean 0.34 0.29 101.76 0.001 

Arithmetic Mean 0.56 0.44 168.50 0.001 
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Literature Validation of USEPA (2013) BMDL10 Values 

USEPA (2013) has not presented relevant scientific studies that validate the dose-response modeling 

performed by USEPA.  

Higginbotham et al. (1993):  In this study, BaP was studied in mice by repeated dermal application to the 

skin, and no tumors at all were seen. BaP was purified and recrystallized. Doses of 1, 4, or 8 nmol BaP were 

administered twice weekly in acetone to 23 or 24 female Swiss mice for 40 weeks and then observed until 

48 weeks. No carcinomas or papillomas were observed, but in the same experiment high incidences of skin 

tumors were seen for 7,12-dimethylbenz[a]anthracene and dibenzo[a,l]pyrene at similar doses. The average 

daily doses of BaP were 0.07, 0.29, and 0.58 µg/day. The USEPA’s reported models for the Poel (1959) and 

the Sivak (1997) data were used to predict the response that USEPA would predict from the Higginbotham 

et al. (1993) doses. 

Higginbotham et al. (1993) Doses 

USEPA Predicted 

Total Tumor 

Incidence 

(Poel, 1959) 

USEPA Predicted 

Total Tumor 

Incidence 

(Sivak et al., 1997) 

Actual Observed 

Total Tumor 

Incidence 

0.07 µg/day 7% 4% 0% 

0.29 µg/day 27% 52% 0% 

0.58 µg/day 60% 95% 0% 

 

As seen above, the USEPA models do not agree with the Higginbotham et al. (1993) results at all. However, 

when the proper average daily dose and the proper goodness of fit cutoff are used to model the Poel (1959) 

and the Sivak (1997) data, the agreement is better, although both models still overestimate the actual 

observed tumor incidence, which was 0%.  

 

Higginbotham et al. (1993) 

Doses 

Actual BMDS Model 

Predicted Total 

Tumor Incidence 

(Poel, 1959) 

Actual BDMS Model 

Predicted Total 

Tumor Incidence 

(Sivak et al., 1997) 

Actual Observed 

Total Tumor 

Incidence 

0.07 µg/day 0.5% 4% 0% 

0.29 µg/day 7% 39% 0% 

0.58 µg/day 21% 66% 0% 

 

Recommendations 

In conclusion, it is recommended that USEPA (2013) abandon the derivation of a DSF for the many reasons 

discussed above.   

19. Among the three studies considered the most relevant and informative for the DSF, the male mouse 

(reported by Sivak et al., 1997 and Poel, 1959) was more sensitive than the female mouse (reported by 

Roe et al., 1970). Therefore, the DSF associated with skin tumors in male mice was calculated by linear 
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extrapolation from the average of the PODs from the Sivak et al. (1997) and Poel 

(1959) studies. The resulting DSF was selected as the recommended slope factor for assessing human 

cancer risk following dermal exposure to benzo[a]pyrene. Please comment on whether this selection is 

scientifically supported and clearly described. Please identify and provide the rationale for any other 

studies or endpoints that should be selected to serve as the basis for the DSF. 

COMMENT: 

USEPA (2013) has focused on the Sivak et al. (1997) and Poel (1959) studies as the “best available studies 

for dose-response analysis”, but as discussed above, these two studies are the worst available studies for 

dose-response analysis because the dosimetry was not quantitative and because Maximally Tolerated 

Doses were clearly exceeded by evidence of early treatment-related deaths and chronic dermal irritation. In 

addition, they dismiss the other available listed studies because they claim information is not available that 

clearly is available. Lastly, USEPA (2013) erroneously rejects for consideration two studies that are of similar 

or superior quality to all of the Key Studies (Levin et al. [1977] and Nesnow et al. [1983]). 

20. The DSF was adjusted to account for interspecies scaling between mice and humans. This cross-

species adjustment was based on allometric scaling using body weight to the 3/4 power. Under this 

approach, rodents and humans exposed to the same daily dose of a carcinogen, adjusted for BW
3/4

, 

would be expected to have equal lifetime risks of cancer. However, because there is no established 

methodology for cross-species extrapolation of dermal toxicity, several alternative approaches were 

evaluated (see Appendix E of the Toxicological Review). Please comment on whether the selected 

interspecies scaling approach is scientifically supported and clearly described. Also, please comment on 

whether the alternative approaches presented are clearly described and whether any of these 

approaches should be selected as the recommended approach. Please identify and provide the 

rationale for any alternative approach that should be selected. 

COMMENT: 

Clearly, some interspecies scaling between mice and humans must be done if a DSF were to be derived 

using mouse skin tumorigenesis data. The allometric scaling performed by USEPA (2013) does not take into 

account the fact that mouse skin vastly overestimates carcinogenic risks in human skin. These comments 

present documentation to support the scientific weight of evidence judgment that a DSF should not be 

derived from mouse skin studies for several reasons. 

 Humans exposed to high levels of BaP and other potentially carcinogenic PAHs do not develop skin 

cancer. 

 Mouse skin is known to be more permeable to chemicals, including BaP, than is human skin or other 

animal skin. 

 Mouse skin is known to be more sensitive to PAH-induced skin tumorigenesis than is human skin. 
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 PAH-induced mouse skin tumors have a different genetic signature than human skin 

tumors. 

 Dermal dosimetry from mouse skin studies is not amenable to or relevant for dose-response modeling 

for human health risk assessment.  

Each of these issues will be discussed separately below.  

Humans Exposed to High Levels of BaP and Other Potentially Carcinogenic PAHs do Not Develop Skin 

Cancer 

USEPA (2013) reports the results of three epidemiology studies of coal tar pharmaceutical users: Roelofzen 

et al. (2010), Pittlekow et al. (1981) and Maughan et al. (1980). The conclusions of these studies are 

reported correctly: “…high exposure to coal tar treatments was associated with an increased risk of non-

melanoma skin cancer.” However, USEPA (2013) does not cite several other studies that similarly conclude 

that long term, high level application of coal tar to human skin does not increase the risk of skin cancer.  

Roelofzen et al. (2010) performed an epidemiological study on a cohort of 13,200 patients with psoriasis and 

eczema. A total of 8,062 of these patients received coal tar treatments. There was no statistically significant 

increase in overall cancer, skin cancer, internal cancer, or cancer of specific sites, including hematological, 

breast, lung, gastrointestinal, bladder and urinary tract, prostate, or female reproductive organs observed in 

this study. 

Pittelkow et al. (1981) performed a 25-year follow-up on 280 patients with psoriasis who received coal tar 

treatments. There was no increase in skin cancer of the coal tar treated individuals compared to expected 

cancer incidences. The authors stated:  "The results of this study suggest that the incidence of skin cancer is 

not appreciably increased above the expected incidence for the general population when patients are 

treated with coal tar ointments." 

Maughan et al. (1980) performed a 25-year follow-up study on 426 patients who received coal tar ointments 

clinically. The incidence of skin cancer was not increased above the expected incidence for unexposed 

populations. The authors’ conclusion was:  "Our study provides some assurance that the clinical use of coal 

tar products has not significantly altered the frequency of neoplasms from the natural course." "Those 

patients in whom skin cancers developed did not receive tar products any longer while hospitalized than did 

those without skin cancers; nor were they hospitalized more frequently. They did not receive any more coal 

tar than did the others, and many had received less." 

In addition to these three papers, there are several others that reach the same conclusion that are not cited 

by USEPA (2013). Other papers that conclude that the use of coal tar pharmaceuticals does not increase 

the risk of skin cancer include: 

 Mackenna (1959) 
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 Muller and Kierland (1964) 

 Perry et al. (1968) 

 Epstein (1979) 

 Muller et al. (1981) 

 Bickers (1981) 

 Menter and Cram (1983) 

 Alderson and Clarke (1983) 

 Muller and Perry (1984) 

 Lin and Moses (1985) 

 Jones et al. (1985) 

 Torinuki and Tagami (1988) 

 Lindelof and Sigurgeirsson (1993) 

 Bhate et al. (1993) 

 Jemec and Østerlind (1994)  

 Van Schooten and Godschalk (1996) 

 Hannukesela-Svahn et al. (2000) 

Hannukesela-Svahn et al. (2000) performed an epidemiology study of 5,687 Finnish patients with psoriasis. 

Coal tar with ultraviolet light treatment was studied (Goeckerman regimen) and there was no statistically 

significant increase in squamous cell carcinoma or non-Hodgkin’s lymphoma in this study. 

Van Schooten and Godschalk (1996) was a retrospective study that concluded from reviewing the entire 

literature that skin cancer has not been increased in psoriasis patients who have been exposed to 

therapeutically high doses of coal tar. 

Jemec and Østerlind (1994) was a long term follow-up study of 88 patients extensively treated with coal tar. 

All cancers were studied. The authors concluded:  “No overall increased risk of cancer was apparent in this 
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group compared to that of the general population. These data provide further support of 

the safety of coal tar in the management of dermatological disease.” 

The other papers listed above are summarized in the following table.   

 

 

 

 

Summary of Epidemiological Studies and Review Articles on the Use of  

Coal Tar Containing Pharmaceuticals 

 

Author Date Study Population 
Conclusion Of 

Report 

Notes Regarding 

Coal Tar As A 

Risk Factor  

MacKenna 

(Mackenna RMB, 1959, 

Uncomplicated Psoriasis, Br Med 

J, Dec, 1959, 244-1247) 

1959 No specific 

population studied 

Adverse effects 

are rare  

Review article 

concludes that  

coal tar does not 

increase risk of 

skin cancer 

Muller and Kierland 

(Muller SA,  Kierland RR, 1964, 

Crude Coal Tar in Dermatologic 

Therapy, Mayo Clin Proc, 39, 275-

280.) 

1964 123 patients 

treated with  coal 

tar + UV for 38 

years 

No evidence of 

adverse effects 

Concludes that 

coal tar is 

efficacious and 

safe 

Perry et al.  

(Perry HO, Soderstrom CW, 

Schulze RW, 1968, The 

Goeckerman Treatment of 

Psoriasis, Arch Dermatol, 98, 178-

182) 

1968 123 patients 

patients treated 

with  coal tar + UV 

for 38 years 

No evidence of 

adverse effects 

Concludes that 

coal tar is 

efficacious and 

safe 

Epstein 

(Epstein JH, 1979, Risks and 

Benefits of the Treatment of 

Psoriasis, New England J Med, 

300(15), 852-853) 

1979 No specific 

population studied 

Adverse effects 

are rare despite 50 

years of use 

Review article 

concludes that 

coal tar is not a 

risk factor for skin 

cancer. 

Maughan et al. 

(Maughan WZ, Muller, SA, Perry 

HO, Pittelkow MR and O'Brien PC, 

1980, Incidence of Skin Cancers in 

Patients with Atopic Dermatitis 

Treated with Coal Tar, Am Acad 

Dermatol, 3(6), 612-615) 

1980 426 patients with 

atopic dermatitis 

who received coal 

tar/UV therapy 

Skin cancer was 

not increased 

above expected 

incidence for 

unexposed 

populations after 

25 years 

Concludes that 

use of coal tar did 

not increase risk 

of skin cancer 
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Pittelkow et al. 

(Pittelkow MR, Perry HO, Muller 

SA, Maughan WZ and O'Brien PC, 

1981, Skin Cancer in Patients With 

Psoriasis Treated With Coal Tar, 

Arch Dermatol, 117, 465-468.)  

1981 280 psoriasis 

patients who 

received coal 

tar/UV therapy 

Skin cancer was 

not increased 

above expected 

incidence. 

Concludes that 

use of coal tar did 

not increase risk 

of skin cancer 

Muller et al. 

(Muller SA, Perry HO, Pittelkow 

MR, Maughhan WZ, O'Brien PC, 

1981, Coal Tar, ultraviolet Light, 

and Cancer, J Am Acad Dermatol, 

4(2), 234-235.)  

1981 Patients receiving 

coal tar/UV 

treatment 

Skin cancer was 

not increased 

above expected 

incidence for 

unexposed 

populations 

No increase in 

skin cancer; same 

patients as in 

Maughan et al., 

1980 and 

Pittelkow et al., 

1981 

Bickers 

(Bickers DR, 1981, The 

Carcinogenicity and Mutagenicity 

of Therapeutic Coal Tar - A 

Perspective, J Invest Dermatol, 

77, 173-174) 

1981 No specific 

population 

discussed 

Review article 

concludes that 

coal tar is not a 

risk factor for skin 

cancer 

Review article 

concludes that 

coal tar is not a 

risk factor for skin 

cancer 

Menter and Cram 

(Menter A and Cram DL, 1983, 

The Goeckerman Regimen in Two 

Psoriasis Day Care Centers, J Am 

Acad Dermatol, 9, 59-65.) 

1983 300 psoriasis 

patients receiving 

coal tar/UV 

treatment 

No increase in skin 

cancer compared 

to expected rates 

in general 

population 

No increase in 

skin cancer, 

although follow-

up was short. 

Alderson and Clarke 

(Alderson MR, and Clarke JA, 

1983, Cancer Incidence in 

Patients with Psoriasis, Br J 

Cancer, 47, 857-859.) 

1983 8,405 psoriasis 

patients with no 

specific information 

on treatments 

No increase in skin 

cancer compared 

to expected rates 

in general 

population 

Supports 

conclusion that 

coal tar does not 

increase risk of 

skin cancer, 

because many 

patients can be 

presumed to have 

received coal tar 

treatment 

Muller and Perry 

(Muller, S.A. and Perry, H.O. 

1984. The Goeckerman Treatment 

in Psoriasis: Six Decades of 

Experience at Mayo Clinic. Cutis. 

34. 265-269.) 

1984 280 psoriasis 

patients who 

received coal 

tar/UV therapy 

Skin cancer was 

not increased 

above expected 

incidence. 

Concludes that 

use of coal tar did 

not increase risk 

of skin cancer 

Lin and Moses 

(Lin AN, Moses K, 1985, Tar 

Revisited, Int J Dermatol, 24, 216-

218.) 

1985 135,000 psoriasis 

patients 

In a survey of 90 

dermatologists, 

only 3 reported 

skin cancer cases 

in psoriasis 

patients 

Supports 

conclusion that 

coal tar does not 

increase risk of 

skin cancer 
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Jones et al.  

(Jones SK, Mackie RM, Hole DJ, 

Gillis CR, 1985, Further Evidence 

of the Safety of Tar in the 

Management of Psoriasis, British 

Journal of Dermatology, 113, 97-

101.) 

1985 719 psoriasis 

patients receiving 

coal tar therapy 

only (no psoralens, 

cytotoxic drugs or 

UV-B) 

No increase in skin 

cancer seen 

compared to 

general population 

Supports 

conclusion that 

coal tar does not 

increase risk of 

skin cancer 

Torinuki and Tagami 

(Torinuki W, Tagami H, 1988, 

Incidence of Skin Cancer in 

Japanese Psoriatic Patients 

Treated with Either Methoxsalen 

Phototherapy, Goeckerman 

Regimen, or Both Therapies, J Am 

Acad Dermatol, 18, 1278-1281.) 

1988 43  psoriasis 

patients who 

received coal 

tar/UV therapy 

No skin cancers 

reported. 

Supports 

conclusion that 

coal tar does not 

increase risk of 

skin cancer, 

although numbers 

are small and 

follow-up was 

short 

Lindelof and Sigurgeirsson 

(Lindelof B, Sigurgeirsson B, 1993, 

PUVA and Cancer: A Case-

Control Study, Br J Dermatol, 129, 

39-41.) 

 

 

1993 24 PUVA skin 

cancer cases and 

96 PUVA controls 

Evaluated co-

carcinogens with 

PUVA and found 

coal tar was not a 

risk factor 

Coal tar did not 

increase risk of 

skin cancer even 

though its use 

was high. 

Bhate et al.  

(Bhate SM, Sharpe GR, Marks 

JM, Shuster S, Ross WM, 1993, 

Prevalence of Skin And Other 

Cancers in Patients With 

Psoriasis, Clinical And 

Experimental  

Dermatology, 18, 401-4.) 

 

1993 2,247 psoriasis 

patients receiving 

coal tar, psoralens, 

arsenic, 

methotrexate, and 

other therapies. 

No increased risk 

seen due to coal 

tar treatment. 

Coal tar was not 

found to increase 

the risk of skin 

cancer. 

Jemec & Østerlind 

(Jemec G.B.E. and A. Østerlind. 

1994. Cancer in patients treated 

with coal tar: a long-term follow up 

study. J Eur Acad Dermatol 

Venereol 3:153-156.) 

1994 88 patients treated 

extensively with 

coal tar from 1917-

1937.  

No increase in total 

cancers.  

Coal tar was not 

found to increase 

the risk of cancer. 
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Van Schooten and Godschalk 

(Van Schooten, F, Godschalk, R. 

1996. Coal Tar Therapy: Is it 

Carcinogenic? Drug Safety 

15(6):374-377) 

1996 No specific 

population 

addressed 

No clearly 

increased skin 

cancer incidences 

have been 

reported in 

psoriasis patients 

who have been 

exposed to 

therapeutically 

high doses of coal 

tar. 

Supports 

conclusion that 

coal tar does not 

increase risk of 

skin cancer 

because many 

patients can be 

presumed to have 

received coal tar 

treatment. 

Hannuksela-Svahn et al. 

(Hannukesela-Svahn, A., E. 

Pukkala, E. Läärä, K. Poikolainen, 

and J. Karvonen. 2000. Psoriasis, 

its treatment, and cencer in a 

cohort of Finnish patients. The 

Journal of Investigative 

Dermatology114(3):587-590) 

2000 5,687 psoriasis 

patients receiving 

coal tar + UV 

treatment. 

No increase in 

squamous cell 

carcinoma or non-

Hodgkin’s 

lymphoma above 

expected levels.  

Coal tar was not 

found to increase 

the risk of skin 

cancer or non-

Hodgkin’s 

lymphoma. 

Roelofzen et al.  

(Roelofzen, J., K. Aben, U. 

Oldenhof, P. Coenraads, H. 

Alkemade, P. van de Kerkhof, P. 

van der Valk, and L. Kiemeney. 

2010. No increased risk of cancer 

after coal tar treatment in patients 

with psoriasis or eczema. Journal 

of Investigative Dermatology 130: 

953. ) 

2010 13,200 patients 

with psoriasis and 

eczema. 8,062 

received coal tar 

treatments. 

No increase in skin 

cancer or cancer at 

other sites above 

expected levels.  

Coal tar was not 

found to increase 

the risk of cancer. 

 

In addition, USEPA (2013) gives the results of two irrelevant studies:  Stern et al. (1998) and Stern et al. 

(1980). These two studies are irrelevant to the issue of coal tar exposure, because all of the patients in Stern 

et al. (1998, 1980) received 8-methoxypsoralen photochemotherapy (PUVA) treatment. PUVA, itself, is 

known to cause an increased risk of nonmelanoma skin cancer (Stern and Lange [1988] and Gupta et al. 

[1988]). No information is available in these studies on the cancer rates in patients who received only coal 

tar treatments.  

USEPA (2013) has totally missed the point regarding the coal tar pharmaceutical epidemiological literature. 

These papers must be considered when summarizing the weight of evidence that BaP may cause skin 

cancer in humans. It is clear from decades of mouse skin painting experiments that repeated dosing of BaP 

and BaP-containing mixtures that BaP dissolved in organic solvents and repeatedly painted onto the shaved 

backs of mice can cause the formation of skin tumors on the mouse skin. This fact is not in dispute. 

However, these observations are not relevant to human health.  
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The reasons why such observations are likely to have little if any relevance to human 

health are numerous. 

 Organic solvents dry skin and make it more permeable to large molecules like BaP. 

 Mouse skin is more permeable than human skin to organic chemicals. 

 Complete carcinogenesis with BaP in mice requires repeated dosing over 50 to 100% of the animal’s 

lifetime. 

 Mouse skin is more sensitive to BaP carcinogenesis than is human skin. 

 Co-administration of multiple PAHs that are known to cause cancer in mouse skin is inhibitory. 

In fact, humans are not exposed to BaP in organic solvents every day or several times a week, for 30 to 70+ 

years. However, some people would be potentially at risk of BaP-induced skin cancer if mouse skin is a 

good predictor of human skin. These would be people who are intentionally treated with coal tar 

pharmaceutical products that are high in BaP and other PAHs that have been shown to cause skin cancer in 

mouse skin. According to the National Psoriasis Foundation, 2.2 percent of the American population has 

psoriasis. This is 7.5 million Americans.  

A high percentage of these Americans are treated by their dermatologists with coal tar pharmaceuticals. 

Coal tar has been a mainstay of psoriasis treatment for more than 100 years. Because this patient 

population is exposed to high doses of BaP for many years, the population has been well-studied. Unlike 

many animal carcinogens for which human epidemiological data are unavailable, this class of chemicals has 

been well studied. Coal tar pharmaceutical users have been studied by trained epidemiologists, and the 

results of the studies are uniformly negative. That is, no increase in skin or other cancers has been seen 

despite the fact that some studies have included up to 8,000 patients, and follow-up periods exceed 25 

years.  

There is not one published study that has reported an increase in cancer risk among coal tar pharmaceutical 

users. Studies by Stern and colleagues (Stern et al., 1980, 1998) have been cited as studies showing 

increases in skin cancer risk, but these studies are irrelevant. They are studies of populations receiving 

primarily psoralen + UV (PUVA) treatments. A few of these individuals also received coal tar treatments, but 

because of the confounding primary exposure to PUVA, these studies cannot be used to draw any 

conclusions about the effects, if any, of coal tar treatment.  

Mouse Skin is Known to be More Permeable to Chemicals, Including BaP than is Human Skin or Other 

Animal Skin 

BaP permeates mouse skin with greater efficiency than it does human skin, so the mouse skin is more 

sensitive to BaP-tumorigenesis by virtue of greater absorption.  
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Potter et al. (1999) stated:  “mouse skin is more penetrable compared to human skin…” 

Wester and Maibach (1989) noted that rodent skin is more permeable to chemicals than is human skin. The 

mouse is 139 times more permeable to paraquat and the hairless mouse is 1,500 times more permeable to 

paraquat. The order of skin permeability was listed as mouse > guinea pig > goat > rabbit > horse > cat > 

dog > monkey > weanling pig > man. This is due in part to skin thickness. Hairless mouse skin stratum 

corneum is two times thinner than the human and mouse skin stratum corneum is three times thinner.  

OECD (2010) stated:  “Data show that rat, mouse and rabbit skin are generally more permeable than human 

skin…” 

Urano et al. (1995) stated:  “Since the number of hair follicles/cm
2
 of mouse skin is much greater than that of 

human skin and the keratin layer (stratum corneum) of human skin is thicker than that of mouse skin, slower 

absorption of carcinogens from hair follicles and slower penetration through the stratum corneum in human 

skin as compared to mouse skin must be considered.” 

Reifenrath et al. (1984) stated:  “Previous studies have shown that the skin of densely haired animals (mice, 

rats, rabbits, guinea-pigs) tended to be highly permeable, while the permeability properties of the skin of the 

pig, monkey, and dog were more comparable to that of man (Marzulli et al., 1969; McCreesh, 1965; Tregear, 

1964).” 

Mouse Skin is Known to be More Sensitive to PAH-Induced Skin Tumorigenesis than is Human Skin 

Elegant experiments were done by Graem (1986), Urano et al. (1995), Soballe et al. (1996) and Atillasoy et 

al. (1997) that show that human skin grafted onto the backs of mice is susceptible to ultraviolet light induced 

tumorigenesis, but not PAH induced tumorigenesis.  

Graem (1986):  Human skin grafts on NC nude mice were exposed to two topical applications of 1 mg of 

DMBA in 50 µL of acetone and/or to applications of 10 µg of TPA in 50 µL of acetone. Tumors did not 

appear in the central portions of any of the grafts, but epidermal tumors were seen in 34.9% of DMBA 

treated animals at the graft border. These tumors were from mouse tissue, not human tissue by assessing 

human blood group B-like antigen and histological staining with bisbenzimide. • 

Urano et al. (1995) investigated chemical carcinogenesis in human skin using human skin xenografts 

transplanted to CB-17 SCID mice. 20 µL of 200 nmol DMBA or 300 nmol BaP in acetone was topically 

applied to human skin grafted onto mice once per week for 25 to 27 weeks. Both DMBA and BaP plus UV 

irradiation and alternate applications of the carcinogens in combination with UV radiation failed to produce 

tumors. All treatments induced skin papillomas in the host mouse skin adjoining the grafted human skin. 

Urano et al. (1995) states: “These results indicate that susceptibility of human skin to these carcinogenic 

stimuli is much lower than that of mouse skin." "DMBA induced papillomas in allogenic CD4 mouse skin 

xenografts transplanted to SCID mice..., indicating that the failure of DMBA to induce tumors in human skin 

xenografts is not due to any damage in association with the transplantation." 



 

Page 110 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

Soballe et al. (1996) studied the effects of DMBA, DMBA + UVB, DMBA + UBV + 

phorbal ester, and UVB alone in human skin grafted onto CB17 SCID mice. The grafted skin survives 

indefinitely with characteristic human architecture and immunological phenotype and is stable for the life 

span of the host. DMBA treatment alone caused murine carcinomas in 1 of 16 animals (6%) and zero 

tumors in human skin. UVB treatment alone caused murine carcinomas in 17 of 38 treated animals (45%) 

and zero tumors in human skin. DMBA plus UVB treatments caused 13 murine carcinomas in 56 animals 

(23%) and 2 human carcinomas in 56 animals (3.6%). The authors concluded that their studies demonstrate 

that “commonly used rodent models may significantly overestimate the human carcinogenic potential of 

tested agents.” 

Atillasoy et al. (1997) was studying the chronic effects of UV light on human skin by grafting human skin onto 

RAG-1 mice. Mice were treated with UV light alone, DMBA alone, or DMBA + UV light. No papillomas or 

carcinomas were seen in the RAG-1 mouse xenografts at all.  

Kurtz et al. (2004):  Kurtz and colleagues found that weekly applications of 200 µg DMBA in 200 µL acetone 

for six weeks or a single dose of 200 µg DMBA followed by twice weekly applications of TPA (10 µg/200 µL 

acetone) for six weeks caused 100% incidence or papillomas in adjacent mouse skin on human skin 

xenografts in CD-17 SCID mice. No papillomas were seen in the identically treated human skin on the 

xenografted SCID mice. The human skin grafts were viable after 10 weeks. According to the authors:  “In 

general, our present findings suggest that commonly used rodent models could overestimate the 

carcinogenic potential of agents for humans.” The authors also conclude that the human skin xenograft 

model has value for the study of human carcinogenesis. 

These commenters noticed that these papers were missing from USEPA’s bibliography on BaP and brought 

them to USEPA’s attention. These papers are important because they present another line of evidence that 

informs the weight of evidence that human skin is resistant to the skin tumorigenesis that is seen with BaP 

and other PAHs in mouse skin models. 

USEPA’s response to provision of these four papers was to entirely ignore Graem (1986), Soballe et al. 

(1996), and Atillasoy et al. (1997). They included two sentences on Urano et al. (1995), but then dismissed 

the findings by stating:  “However, it is unclear that this human skin xenograft model preserves the 

physiological and morphological properties of human skin in vivo (Kappes et al., 2004).” Thus, USEPA 

(2013) has dismissed the entire human skin xenograft literature in one sentence.  

USEPA (2013) correctly reports the conclusions of the work by Kappes et al. (2004). They concluded that 

human skin grafted to SCID mice do not completely preserve physiological or morphological properties after 

six months. However, one paper does not define the weight of evidence for any specific topic. Furthermore, 

the studies of Graem (1986) and Atillasoy et al. (1997) did not employ SCID mice.  

More recent literarture was obtained and evaluated to determine the weight of evidence regarding the utility 

of human skin grafted onto mice for the study of human skin carcinogenesis and other dermatotoxicity.  
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Anna et al. (2007):  This paper discusses the results of data from human skin xenograft 

studies without qualification when summarizing the state of the knowledge about the etiology of human skin 

cancer. The authors performed a literature review of the mechanism of melanoma and concluded that 

human skin xenografts are a superior model compared to mouse skin models.  

Athar and Kopelovich (2011):  This paper discusses the results of data from human skin xenograft studies 

without qualification when summarizing the effects of a specific agent (rapamycin) in the treatment and 

prevention of nonmelanoma skin cancer.  

Das et al. (1986):  Das and colleagues used a human skin xenograft model to show that human skin 

“maintains its major histological features” and “reserves its metabolic capacity.” They state that xenografts 

are useful model systems. 

Balmain and Harris (2000):  This paper concludes that mouse skin tumors have a different genetic signature 

than do human UV-induced tumors.  

Hachiya et al. (2009):  The authors used a human skin xenograft model with ICR-SCID mice to study UV 

exposure on human skin. They concluded that their “skin xenograft model recapitulates premature 

photoaged skin and provides a comprehensive tool with which to assess the deleterious effects of UVB 

irradiation.” And “our results suggest that human skin xenograft on SCID mouse is a promising 

photodamaged skin model.” Finally, they conclude:  “Our skin model recapitulates premature photoaged skin 

and provides a comprehensive tool with which to assess the deleterious effects of UVB irradiation.” 

Haftek et al. (1981):  The authors used a human skin xenograft model with athymic “nude” BALB/C mice to 

study morphological and immunological characteristics of human skin. They concluded that immunological 

properties and keratinization patterns were maintained in the grafts. “These data confirm that the method of 

grafting human skin on to congenitally athymic nude mice provides an excellent human skin model in 

subjects other than human beings. Grafted human skin shows no degenerative alternations by morphology, 

as has been established previously.” 

Kim et al. (1992):  These authors demonstrated that human skin grafts onto SCID mice maintained a specific 

disease phenotype and is a useful model for further study.  

Nomura et al. (1997):  These authors used human skin xenografts on SCID mice and were successful in 

inducing skin cancer and actinic keratosis from long term UVB exposure in human skin. The authors 

concluded that human skin xenografts are a useful model of human cancer.  

Richmond and Su (2008):  Richmond and Su summarized the use of mouse xenograft models including 

mouse skin models for human cancer therapy and concluded that the xenograft models are “excellent for 

predicting drug response in human tumors.”  

Morton and Houghton (2007):  These researchers reviewed the literature and concluded that xenograft 

models have “for the past two decades, constituted the major preclinical screen for the development of novel 
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cancer therapeutics. Despite limitations, these models have identified clinically 

efficacious agents, and remain the ‘workhorse’ of the pharmaceutical industry.” 

Zaidi et al. (1992):  Zaidi and colleagues studied human skin grafted onto female Balb/c (nu/nu) athymic 

mice. They found that the grafted human skin was capable of metabolizing activity. Specifically, the grafted 

human skin could metabolize N-nitrosodimethylamine to active metabolites that were able to react with DNA. 

The authors concluded that xenografts have utility for skin carcinogenesis research, specifically that 

“systems using normal human tissues provide opportunities to study effects of a variety of agents on human 

cells maintained and exposed under normal physiological conditions.” 

Reed and Manning (1973):  These authors demonstrated that full thickness grafts of human skin could be 

maintained on congenitally athymic (nude) mice for their entire lifetime.  

In conclusion, it is clear that the scientific weight of evidence is that human skin xenograft systems in which 

human skin is grafted onto mouse skin in various mouse strains maintain human characteristics and have 

great value for the study of human skin tumorigenesis.  

PAH-induced Mouse Skin Tumors Have a Different Genetic Signature than Human Skin Tumors 

Balmain and Harris (2000) have reviewed the literature and summarized the scientific weight of evidence on 

carcinogenesis in mouse versus human cells in a paper entitled Carcinogenesis in mouse and human cells: 

parallels and paradoxes. This paper is not cited by USEPA (2013). Balmain and Harris (2000) state that 

mice are more sensitive to carcinogenic agents than humans. Specifically, they state: 

“Why should there be such an apparent speeding up of the whole process of carcinogenesis in mice? 

Although the mutation frequency is thought to be similar in mouse and human cells, cells of rodent origin are 

in general much easier to transform in culture, either by treatment with exogenous chemicals or by 

oncogene transfection. It has been speculated that the difference may be due to less efficient DNA repair, 

poorer control of genetic stability, or altered control of gene expression through processes such as DNA 

methylation (for review, see ref. 27).” 

Balmain and Harris (2000) present compelling evidence that human skin tumors contain evidence of 

initiating mutations in the p53 tumor suppressor gene. Similar p53 mutations are seen in the mouse skin 

tumors caused by UV exposure. However, they are not initiating mutations and are, rather, promoting 

mutations, because, for instance, p53 null mice do not develop skin tumors unless initiated by chemical 

agents. The authors present evidence that p53 mutations in the mouse skin induce tumor progression, not 

tumor initiation. The work of Roop (Greenhalgh et al., 1996) is presented by Balmain and Harris (2000). 

These researchers found that mice with activated ras genes normally develop skin papillomas, but if they are 

crossed with p53 null mice, no papillomas form. Thus, the ras mutation is an initiating mutation. Other 

evidence is presented showing that PAH-initiated mouse skin tumors show mutations induced in the H-ras 

gene and that the H-ras mutations are initiating. In conclusion, PAH-induced mouse skin tumors have a 

different Mode of Action than do human skin tumors.  
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Balmain and Harris (2000) also presents a hypothesis that BaP may cause p53 

mutations in the lung, so different substances can have different targets in different tissues and even in in 

different target cells within a tissue (Brown et al., 1998). However, the literature strongly suggests that a 

required event in mouse skin tumorigenesis by BaP and other PAHs is an initiating mutation in H-ras. H-ras 

mutations have not been reported in human skin tumors. Instead, p53 mutations are implicated in the 

initiation of human skin cancer, which is caused by ultraviolet light.  

USEPA (2013) discusses the fact that BaP induced mutations have been seen in K-ras, H-ras, and p53 

targets in various tumor types. The only target mentioned in the skin, is H-ras (Chakravati et al., 1995; Wei 

et al. 1999), which is consistent with the literature summary of Balmain and Harris (2000). USEPA (2013) 

discusses p53 as a potential target for BaP in the lung, but there is no mention whatsoever of p53 being 

associated with human skin tumors. In fact, there is no discussion of the analysis genetic defects in human 

skin tumors whatsoever.  

Recommendations 

Because the recent human epidemiology shows that humans exposed to BaP and other potentially 

carcinogenic PAHs in coal tar pharmaceuticals do not get skin cancer, because human-mouse skin 

xenograft studies show that human skin is not sensitive to PAH-induced skin tumorigenesis as is mouse 

skin, because mouse skin is more permeable to PAHs than human skin, and because twice or thrice weekly 

doses to mouse skin forms an ever increasing skin depot of BaP, any dose-response modeling of mouse 

skin tumorigenesis results requires a very complicated inter-species scaling approach. Such an approach 

would require complex modeling to take into account the following factors: 

 Greater skin permeation of BaP in mouse skin versus human skin 

 Lesser DNA repair activity in mouse skin versus human skin 

 Greater promotional mechanisms in mouse skin versus human skin 

 Greater sensitivity of mouse skin to chemically induced tumorigenesis versus human skin 

 Different mode of action of mouse skin tumorigenesis and human skin tumorigenesis 

 Complex dosimetry which takes into account the fact that twice and trice weekly doses to the mouse 

skin do not clear and instead form an ever increasing skin depot doseOther Issues 

A. Lack of Real World Validation 

1. Sunlight is the Generally Recognized Cause of Human Skin Cancer 

Elmets and Athar (2011) stated:  “The vast majority of [non-melanoma skin cancers] NMSCs are caused by 

excessive exposure to UV radiation. In contrast to the stabilized or declined incidences of most other 



 

Page 114 of 140 

 

Comments on the 

Toxicological Review of 

Benzo[a]pyrene 

cancers, the rate of NMSCs continues to rise (2,3). The reasons for this rise relate, at 

least in part, to increased time people have for outdoor recreational activities, more frequent use of artificial 

light sources by the lay public for cosmetic purposes, and the increasing proportion of aging individuals in 

the general population. NMSCs are becoming more frequent in younger people as well.” 

Balmain and Harris (2000) have concluded that UV light is the major cause of human skin cancers:  “There 

seems little doubt, given the epidemiological and molecular evidence that has now accumulated, that the 

culprit for skin cancer induction is indeed UV light.” 

In addition, Balmain and Harris (2000) explain in detail in their review article that PAH-induced skin tumors in 

mouse skin have an H-ras mutation signature whereas human skin cancers have a p53 mutation signature, 

showing that PAHs are not causally related to human skin cancers.  

It is clear that most skin cancer in humans is caused by UV exposure. However, the DSF proposed by 

USEPA (2013) would predict that much skin cancer is caused by BaP and the other potentially carcinogenic 

PAHs. USEPA (2013) has not performed even the most cursory real world validation of the proposed DSF to 

see if it makes any logical sense. The following estimates using standard USEPA risk assessment 

assumptions the population risks posed by (a) touching soil, (b) using coal tar pharmaceuticals, and (c) 

touching food. 

2. Humans Exposed to High Levels of BaP and Other Potentially Carcinogenic PAHs do Not Develop Skin 

Cancer 

As noted in Comment 20.1, extensive epidemiological literature is available on a special population of 

people who use BaP-containing coal tar pharmaceutical products to treat psoriasis, atopic dermatitis and 

other skin conditions. These individuals have exceedingly high skin doses of BaP and they have been well-

studied. No increases in skin cancer are seen.  

In an externally peer reviewed risk assessment report, ICF Consulting (ICF, 2000) estimated that the 

average total lifetime exposure of coal tar to patients in the Pittelkow et al. (1981) study of individuals being 

treated for skin conditions with coal tar pharmaceuticals was 254 grams of absorbed PAHs from coal tar. 

The average daily dose over the lifetime is 254 grams / (70 years * 365 days/year) = 9.9 mg coal tar per day. 

The BaP-TE content of coal tar can be taken from Culp et al. (1998). The BaP-TE for two coal tar samples 

was 2,696 ppm and 3,965 ppm. The average is 3,331 ppm or 0.003331. The BaP-TE content of the average 

daily dose of the coal tar pharmaceutical users can be estimated as (9.9 mg coal tar) x (0.003331 BaP-

TE/coal tar) = 0.033 mg BaP-TE per day (33 µg BaP-TE per day).  

Assuming the USEPA proposed DSF is correct, the estimated lifetime excess risk of cancer is 1.65E-01. In 

these studies of thousands of coal tar pharmaceutical users, a risk of 2 in 10 would have easily been 

detected, but no increases in skin cancer were seen. Assuming USEPA’s proposed RPFs, the daily dose 

increases to 330 µg BaP-TE per day. Assuming the USEPA proposed DSF is correct, the estimated lifetime 

excess lifetime risk of cancer is 0.8. The proposed DSF is not validated by these real world observations. 
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3. Human Skin Tumors do Not have the Same Mutational Signature as do Mouse Skin 

Tumors Induced by B(a)P and other PAHs 

As noted in Comment 20.4 above, the weight of evidence points to mutations in the H-ras gene as initiating 

events in mouse skin tumorigenesis caused by PAHs, such as BaP, but no H-ras mutations are seen in 

human skin cancers. If BaP was a cause of human skin tumors, then the BaP-signature would be seen in 

those tumors. The proposed DSF is not validated by the real world observations that human skin tumors do 

not carry a BaP or other PAH mutational signature.  

4. The proposed DSF is Over 100 Times More Potent Than the Proposed OSF  

The proposed DSF does not pass even a simple test of logic. If the DSF were true, then the risk posed by 

ingesting BaP would be inconsequential compared to touching it. This simply is not logical.  

5. The Proposed DSF Would Predict a Skin Cancer Epidemic Due to the Ubiquitous Presence of BaP and 

other PAHs in the Environment 

Risk assessment calculations using the proposed DSF indicate that high levels of skin cancer caused by 

potentially carcinogenic PAHs should be seen in the population.  

Touching Soil:  The average level of BaP-TE in soil in urban areas (Bradley et al., 1994; USGS, 2003; 

EPRI, 2003, 2004, 2008) is about 3 mg/kg, but levels of BaP-TE at some sites far exceed this value. BaP-TE 

levels near roads, railways, highways, parking lots, and other places can exceed 3 mg/kg BaP-TE.  

USEPA (2010) has proposed changes to the RPFs used to calculate BaP-TE levels. According to Magee et 

al. (2012), BaP-TE for coal tar, urban soil, and food will increase by a factor of 10 to 20 based on the known 

PAHs present, and a factor of far greater when and if concentrations for additional PAHs, which are not 

current analytes, are added to the BaP-TE calculation. Accordingly, it is assumed for this risk assessment 

calculation that urban soil contains on average 30 mg/kg BaP-TE. The true level when this RPF document is 

finalized may be higher.  

The lifetime excess cancer risk, assuming the DSF is correct, is 2.1E-02 for the general population assumed 

to be exposed to 30 mg/kg BaP-TE. According to the United States Census, about 80% of the United States 

Population of 350 million lives in urban areas, so the exposed population is 280 million. It is assumed that 

the remaining 20% of the population living in non-urban areas is exposed to soil containing BaP-TE at levels 

of 5 mg/kg. Their excess lifetime cancer risk would be 3.6E-03.  

The pro-rated excess lifetime cancer risk for touching soil in the United States for the urban and non-urban 

population is 1.8E-02. The lifetime risk of contracting skin cancer is 0.2. So, if USEPA’s proposed DSF is 

true, then BaP in soil is the cause of 8% of all skin cancers. This is not the prevailing view of dermatologists, 

who have concluded that exposure to ultraviolet light is the cause of almost all skin cancers.  
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Touching Coal Tar Pharmaceuticals:  In an externally peer reviewed risk assessment 

report, ICF (2000) estimated that the average total lifetime exposure of coal tar to patients in the Pittelkow et 

al. (1981) study of individuals being treated for skin conditions with coal tar pharmaceuticals was 254 grams 

of absorbed PAHs from coal tar. The average daily dose over the lifetime is 254 grams / (70 years * 365 

days/year) = 9.9 mg coal tar per day. The BaP-TE content of coal tar can be taken from Culp et al. (1998). 

The BaP-TE for two coal tar samples was 2,696 ppm and 3,965 ppm. The average is 3,331 ppm or 

0.003331. The BaP-TE content of the average daily dose of the coal tar pharmaceutical users can be 

estimated as (9.9 mg coal tar) x (0.003331 BaP-TE/coal tar) = 0.033 mg BaP-TE per day (33 µg BaP-TE per 

day). Assuming USEPA’s proposed RPFs, this value increases to 330 µg BaP-TE per day. Assuming the 

USEPA proposed DSF is correct, the estimated lifetime excess lifetime risk of cancer is 0.8.  

The National Psoriasis Foundation states that 2.2% of the population of the United States has psoriasis. Add 

atopic dermatitis/other disorders and the fraction would be higher. Assuming 2.2% have psoriasis or other 

skin conditions, the population that may use coal tar pharmaceuticals is 7.7 million people. If one assumes 

that 10% of them use coal tar pharmaceuticals, the exposed population is 0.77 million people.  

Touching Coal Tar Based Shampoos:  ICF (2000) also derived a dose of 5 µg of coal tar absorbed per 

day from coal tar shampoo use. Assuming the average BaP-TE content of coal tar from above, 3,331 ppm, 

the dose of BaP-TE from coal tar shampoo use can be estimated as 5 µg/day x 0.003331 = 0.0167 µg/day. 

Assuming USEPA’s proposed RPFs, this value increases to 0.167 µg BaP-TE per day If the proposed DSF 

were true, the estimated excess lifetime cancer risk would be 8.35E-04. 

Nielsen (1999, as cited in ICF 2000) polled 40,000 households and found that 3,180 had purchased coal tar 

shampoo (7.95% of people surveyed.) Assuming that 7.95% of the population uses coal tar shampoos, the 

exposed population is 27 million people.  

Estimation of Skin Cancer Cases:  In this simple screening population risk assessment, it can be easily 

estimated that the DSF, if it were a true predictor of human health risk, would predict thousands of cases of 

cancer just from several of many hundreds of dermal exposures that people have to BaP and other 

potentially carcinogenic PAHs. Estimates of skin cancer are presented in the table below. 

Summary of Estimates of Skin Cancer Cases from Selected Exposures to  

Potentially Carcinogenic PAHS 

 

Dermal Exposure to BaP 

Excess 

Lifetime 

Cancer Risk 

Number of 

People 

Exposed 

Number of 

Lifetime 

Cases 

Lifetime 

Risk* 

Contact with urban soil  2.14E-02
1
 280 million 5,992,000  

Contact with non-urban soil 3.57E-03
1
 70 million 249,667  

Use of coal tar pharmaceuticals 8.0E-01
2
 0.77 million 623,700  

Use of coal tar shampoos 8.4E-04
3
 27 million 22,545  

   6,887,912 0.02 

*Number of lifetime cases/350 million population 
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1
 Assumes exposures from USEPA Regional Screening Level calculations (USEPA, 2012): 

surface area of 5700 cm
2
 for adult and 2800 cm

2 
for child, dermal absorption factor of 0.13, dermal adherence of 0.1 

mg/cm
2
 and 0.2 mg/cm

2
 for adult and child, and assuming 70 years exposure. BaP-TE soil concentration assumed to be 

3 mg/kg x 10 to account for increased RPFs per USEPA (2010). 

2
 Assumes lifetime average absorbed dose of coal tar is 9.9 mg/day per ICF (2000). BaP-TE concentration assumed to 

be 3,331 ppm per Culp et al. (1998) x 10 to account for increased RPFs per USEPA (2010). 

3
 Assumes lifetime average absorbed dose of coal tar is 0.0059 mg/day per ICF (2000). BaP-TE concentration assumed 

to be 3,331 ppm per Culp et al. (1998) x 10 to account for increased RPFs per USEPA (2010). 

 

Based on the 2013 population of the United States, the excess lifetime skin cancer risk caused by dermal 

contact with potentially carcinogenic PAHs is estimated to be at least 0.02. The lifetime risk of contracting 

skin cancer is 0.2. 

Assuming that USEPA’s proposed DSF is correct, the above three common dermal exposures (soil, 

pharmaceuticals, and shampoo) leads to an estimated lifetime cancer risk of 0.02. The only conclusion that 

can be drawn from this exercise is that USEPA (2013) believes that potentially carcinogenic PAHs causes 

10% of all skin cancer in the United States. If all dermal exposures to all worker groups and the general 

population were quantitated and summed, it is likely that the proportion of human skin cancer attributed to 

potentially carcinogenic PAHs assuming USEPA’s proposed DSF were correct, would approach 100%.  This 

estimate based on EPA’s proposed DSF ignores that fact that dermatologists know what causes most skin 

cancer, and that is exposure to ultraviolet light.  

6. The Estimated RSL is Lower than the Levels of BaP and BaP-Toxic Equivalents in Food 

The estimated RSL in soil assuming the USEPA (2013) proposed toxicity values is 3.5 µg/kg (ppb). This 

level of BaP-Toxic Equivalents is similar to or less than the level of BaP-TE in common foods. The European 

Food Safety Authority reported the levels of many PAHs in foods in EFSA (2008).  The upper bound on the 

mean level of BaP-TE in food throughout Europe is 1.3 to 9.8 µg/kg assuming current or proposed (USEPA, 

2010) Relative Potency Factors.  

Forsberg et al. (2012) measured PAHs in smoked fish smoked different ways and found that the BaP-TE 

ranged from 9-27 µg/kg using the current RPFs and 21-64 µg/kg using the proposed RPFs. Ova and Onaran 

(1998) also measured PAHs in smoked fish and found that BaP-TE concentrations ranged from 2.4 to 4.6 

µg/kg in fish and 3.90 to 10.2 µg/kg in eels using current and proposed RPFs respectively.  

Djinovic et al. (2008) measured PAHs in smoked meats of various types. BaP-TE concentrations ranged 

from 1.6 to 217 µg/kg in smoked bacon using current and proposed RPFs respectively. BaP-TE 

concentrations in other smoked meats were comparable.  

Many other papers can be cited that show that the estimated RSLs assuming the proposed toxicity factors 

would be lower than the BaP-TE levels in many foods.  
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B. Lack of Discussion of Policy Implications 

USEPA (2013) has not thought ahead about the implications of these proposed toxicity values. The most 

striking implications of the proposal are due to the proposed DSF. If this DSF, which is shown above to be 

scientifically incorrect on many counts, were released, it would be used in the next update of the Regional 

Screening Levels (RSLs). The RSLs are widely used throughout the country as screening levels and also as 

de facto clean up levels, despite the fact that the RSL guidance manual states that they should not be used 

as cleanup levels.   

The RSL for BaP, which is used as the indicator for all potentially carcinogenic PAHs with USEPA Relative 

Potency Factors, is currently 0.02 mg/kg for residential soil and 0.2 mg/kg for industrial/commercial soil.  

These RSLs are already lower than the background levels of PAHs in many localities. Although cleanup is 

required in some jurisdictions to a 1x10
-6
 excess lifetime cancer risk level, in many jurisdictions, the target 

risk level for waste site cleanups is 1x10
-5

. Even with this target risk level, the de facto cleanup levels for 

potentially carcinogenic PAHs are 0.2 mg/kg for residential land use and 2 mg/kg for industrial/commercial 

land use as BaP-Toxic Equivalent (BaP-TE) concentrations. These levels are lower than typical urban 

background levels for BaP-TE.  

So, the current toxicity factors and the current risk assessment methods and procedures already dictate that 

soil cleanups are required for soils that are not higher in potentially carcinogenic PAHs than soils throughout 

the country in areas not affected by waste sites or waste releases.  

The proposed DSF would cause the RSLs to drop to 0.0035 mg/kg or 3.5 parts-per-billion for residential land 

use and 0.031 mg/kg or 31 parts-per-billion for industrial/ commercial land use. The implications of these 

values are staggering. All sites in the entire country will be screened in for site investigations and risk 

assessments, and cleanups will be required for all residential and commercial properties in the entire country 

and perhaps national parks and wilderness areas which are affected at an increasing frequency by forest 

fires which leave PAHs in the soils. 

In addition, all sites regardless of the nature of the released constituents will become “PAH sites” because of 

the ubiquitous nature of PAHs in the environmental from both natural and anthropogenic sources.  

Additionally, all sites that have been remediated, even if they were not “PAH sites” will be re-opened when 

the Five Year Reviews compare the post-remediation data to the new criteria driven entirely by the new DSF 

for BaP.  

In conclusion, the proposed DSF (2013) BMDL10 Valuesis scientifically flawed as discussed in previous 

sections of these comments, and it should be abandoned.   

Summary of Proposed Toxicity Factors 
 

Toxicity Factor  Existing Proposed Difference 
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[a] There is no IUR in USEPA’s IRIS database, but the USEPA Regional Screening Levels use this IUR, which was 

derived by the State of California. This value is not used by all USEPA programs. 

[b] The oral cancer slope factor is used as a surrogate for the dermal pathway. 

[c] The Draft Toxicological Review of Benzo(a)pyrene indicates the proposed dermal slope factor is 0.005 (µg/day)
-1

. 

DSF listed above assumes 70 kg adult.  

Summary of Proposed Regional Screening Levels 

Regional Screening 

Level  Existing Proposed Difference 

Residential Soil   RSL 
[a]

 
0.015 mg/kg (ca) 0.0035 mg/kg (ca) 4x lower 

Industrial Soil RSL 0.21 mg/kg (ca) 0.031 mg/kg (ca) 7x lower 

Residential Ambient Air 
RSL 

[a]
 

0.00087 µg/m
3
 (ca) 0.0019 µg/m

3
 (ca)* 2x higher 

Industrial Ambient Air 
RSL 

0.011 µg/m
3
 (ca) 0.0088 µg/m

3
 (nc) 2x lower 

Tapwater RSL 
[a]

 0.0029 µg/L (ca) 0.022 µg/L (ca) 7x higher 

Fish Tissue RSL 0.00043 mg/kg (ca) 0.0032 mg/kg (ca) 7x higher 

[a] RSL based on cancer risk includes adjustment for early-life susceptibility.  

(ca) = RSL is based on a cancer risk level of 1 x 10
-6

   

(nc) = RSL is based on a hazard quotient of 1. 

* If a risk level of 1 x 10
-5

 is used to calculate the carcinogenic RSL, the non-cancer RSLs would be lower than the 

cancer RSLs. 

These proposed toxicity values will have wide ranging implications for all USEPA and state environmental 

regulatory programs, not just CERCLA and RCRA soil remediation programs. All USEPA programs rely on 

the IRIS database as the basis of their regulations: air, water, waste management, etc. A partial list of the 

rules and regulations that will be affected by this proposal includes: 

 CAA Maximum Achievable Control Technology Standards  

Inhalation Unit Risk 
None  

(0.0011 (µg/m
3
)
-1 [a]

) 
0.0005 (µg/m

3
)
-1

 2x less potent 

Oral Cancer Slope Factor 7.3 (mg/kg-day)
-1

 1.0 (mg/kg-day)
-1

 7x less potent 

Dermal Cancer Slope 
Factor 

None  
(7.3 (mg/kg-day)

-1
 

[b]
) 

350 (mg/kg-day)
-1 [c]

 48x more potent 

Oral Reference Dose None 0.0003 mg/kg-day -- 

Inhalation Reference 
Concentration 

None 0.000002 mg/m
3
 -- 
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 CAA New Source Performance Standards 

 CAA National Ambient Air Quality Standards 

 CAA Title V Operating Permits 

 CAA New Source Review Construction Permit Program  

 CAA Prevention of Significant Deterioration Permit Program  

 CWA Maximum Contaminant Levels 

 RCRA Waste Classification 

 SARA Title III Reporting  
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