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Peer reviewers for the acute-duration inhalation MRL in the second draft of the Post-Public Comment Toxicological Profile for 1,3-Butadiene were:

Sherif Abdel-Rahman, Ph.D.

Department of Medicince and Community Health

University of Texas Medical Branch

Galveston, TX

Genevieve Matanoski, M.D., Dr.PH

Bloomberg School of Public Health

The John Hopkins University

Baltimore, MD

Amir Sapkota, Ph.D.

Maryland Institute for Applied Environmental Health

University of Maryland, School of Public Health

College Park, MD

ATSDR would like to thank these scientists for their review of the withdrawn acute-duration inhalation MRL for 1,3-buatdiene which were summarized in the second draft of the toxicological profile for 1,3-butadiene.  ATSDR’s responses to the reviewer’s comments are presented below.  

Review comments provided by Reviewer #1:

The Reviewer agreed with ATSDR’s recommendation to withdraw the acute-duration inhalation MRL for 1,3-butadiene and offered the following comments:

COMMENT:  The authors have not defined what constitutes an acute-duration inhalation exposure that would be used to consider effects in humans.  The document notes that acute central nervous system (CNS) effects, namely narcosis, have been seen in humans and animals with acute high doses of 1,3,-butadiene. These effects were noted in an article by Carpenter 1944 and the doses to the subjects were very high. The document does mention other data indicating probable CNS effects such as vertigo in humans but without further elaboration of these findings or any animal data that might support CNS-mediated outcomes. The circumstances under which these events occur would suggest that the exposure to 1,3-butadiene itself and not its metabolites may be the damaging agent. Both the short duration of exposure to the agent and the rapidity of the onset of narcosis, for example, would suggest the CNS effects may be directly related to the parent chemical. These short term events may occur repeatedly with production of various types of CNS damage. The development of neurological tests has advanced rapidly in the past 65 years since 1944 but there are no comments on any newer literature reporting additional and less severe neurological effects studies that might be associated with 1,3-butadiene exposure in either animals or humans.

RESPONSE:  As defined in several places in the toxicological profile, ATSDR defines acute-exposure as duration of 14 days or less.  Upon re-evaluation of the Carpenter et al. (1944) study; the text in Chapter 2 was revised.  The comment that acute exposure to very high concentrations of 1,3-butadiene resulted in narcosis comes from a secondary source and was deleted from the profile.  Carpenter et al. (1944) performed a psychomotor test of tapping rate and found no alterations in 2 subjects; this information was added to Chapter 2.  No additional studies were identified which reported neurological effects in humans.  A data need for additional studies examining neurological endpoints was added to Section 3.12.2.
COMMENT: The literature on 1,3-butadiene has been focused on the toxicological effects in animals that might support or refute the risks of cancer following exposure. Therefore the reports of studies has emphasized metabolism of the agent and differences in the levels of these metabolites by species. This focus on differences in the risk of cancer based on differences in the levels of metabolites by species has been a major focus of the report. This point is important in cancer outcomes but possibly plays no role in acute duration exposures even if such exposures are repeated. As noted above, If one uses an outcome like narcosis, the timing of the effect is so rapid that the metabolism of the chemical may not play a role in these CNS effects. That should be investigated.

RESPONSE:  ATSDR did not consider the data on potential neurological effects following acute-duration exposure to 1,3-butadiene suitable as the basis of an MRL.  As noted previously, adverse neurological effects were not reported in humans.  In rabbits, anesthesia was observed at very high concentrations (250,000ppm); this concentration also resulted in death.  A less serious LOAEL for neurological effects was not identified.  
COMMENT:  The document does mention episodes of frostbite in workers. That type of injury is usually occurs in maintenance or tank workers who are repairing leaks or opening valves. These activities not only are accompanied by 1,3-butadiene exposures but also inhalation of the vaporized chemical often with narcosis from air exposure and subsequent frostbite from exposure to the liquid which is rapidly volatilizing. As the document indicates, the dermal effects from exposure and the subsequent frostbite are associated with a physical effect from the chemical. The important point is that the circumstances surrounding these events would be accompanied by acute duration inhalation of the chemical and the latter exposures might produce acute and chronic effects on the individuals. Has there been a search of industrial accidents to see if there is information about these events to determine the inhalation level? Has anyone ever followed up these workers to determine whether they experienced any neurological or perhaps reproductive effects from single or repeated acute exposures? Such studies may only exist in the “gray” epidemiologic literature. As noted above, these workers are likely to have repeated exposures to perhaps high doses but the CNS damage is also likely to be cumulative and therefore may be manifest in various neurological or other effects. If data regarding these neurological effects from acute inhalation doses are not available then this is a serious missing piece of literature needed to define acute or chronic CNS or reproductive effects from single or repeated acute inhalation doses of this agent.

RESPONSE:  No additional information was identified on frost bite or possible neurological effects associated with these exposures. As noted in response to previous comments, a need for additional studies examining potential neurological effects was added to Section 3.12.2.
COMMENT:  I am unaware of any neurological or psychological studies that have been conducted in humans following exposure to 1, 3-butadiene.  The authors have reported only one study of neurological effects based on experimental delivery of the chemical to 2 men (Carpenter 1944). If that truly is all that is available with the expertise that has developed in neurological testing over the past 65 years, neurological outcomes would be an important area for further study in the future. 

RESPONSE:  The need for additional neurotoxicity studies following inhalation exposure to 1,3-butadiene has been identified in Section 3.12.2.
COMMENT:  The authors of the document should discuss what is defined as the timing of “acute duration inhalation”, whether it can be single or repeated, and what is accepted as the timing of effects after such exposure. These considerations become important because the speed with which the metabolic products are produced in relation to time of onset of acute effects or the timing of suspected damage will make a major difference in whether mechanisms for metabolite production are relevant or the parent chemical itself may be related to any neurological outcomes of importance. The authors of this document are hampered in their conclusions because apparently very little data exists on the neurological outcomes and mechanisms that might be related to a true acute-duration inhalation effect. The toxicological data as well as the epidemiology data have generally focused on cancer as outcomes. Animal studies have added some information on developmental and reproductive studies as well but little information exists for humans. Therefore the literature does not exist perhaps to fully investigate this problem. Yet the importance of acute and perhaps repeated exposures to possibly high doses of 1,3-butadiene could be important. The chemical is somewhat unusual because of its high volatility and consequent rapid dispersion even after a very high exposure. The document should discuss the lack of information on acute duration inhalation exposures since this is apparently a major and potentially important gap in our scientific knowledge of the effects of inhalation of 1,3-butadiene in humans as well as animals. 

RESPONSE:  ATSDR defines acute-duration exposure as exposure lasting 14 days or less; this definition is provided in several places in the toxicological profile.  The discussion of the data needs in Section 3.12.2 for acute-duration exposure has been expanded to call out the need for studies which examined potential effects of the parent compound, such as neurotoxicity, which may be a more sensitive target for acute exposure in humans.
Review comments provided by Reveiwer #2
The Reviewer agreed with ATSDR’s recommendation to withdraw the acute-duration inhalation MRL for 1,3-butadiene and offered the following comments:
COMMENT:  The Reviewer noted a recent study by Boysen et al. (2012) which monitored pyr-Val hemoglobin adduct levels in 1,3-butadiene workers which adds to the existing weight-of-evidence of interspecies differences in 1,3-butadiene toxicokinetics.
RESPONSE:  This study was added to the profile in Sections 3.4.3 (Metabolism) and 3.8.1 (Biomarkers)
Review comments provided by Reviewer #3:
COMMENT:  The Reviewer noted that withdrawal of the inhalation MRL based on species differences in the metabolism of 1,3-butadiene and the lack of a relevant internal dose metric poses a dilemma because the majority of MRLs are derived based on the relationship between an external or administered dose and resulting adverse outcomes, NOT by relating specific intermediate metabolites with the adverse health outcomes. It is also important to acknowledge that the epoxides, which are the focus of discussion, are known to play a role in the carcinogenesis, but their role in the non-cancer outcomes – which is the focus of MRL – are less clear.   Further, we may not even know the specific individual or combination of intermediate metabolites responsible for the observed adverse outcomes in the vast majority of the cases for which MRLs are derived, as there is always a possibility that an additional “unmeasured” metabolite may be at play. Similarly, there is a lack of data that unequivocally links the observed ovarian atrophy in mice is in fact associated with diepoxide, and not the other metabolites including the monoepoxides.  Therefore, rather than completely withdrawing the MRL, considerations should be given to revising the MRL including:

· Additional approach would be to use the mice data applying a value of 1 for the uncertainty factor for animal to human extrapolation. Since an extensive body of literature on butadiene has documented that mice are much more sensitive than humans, an argument could be made that there is no need for an additional interspecies safety factor. 

· Using a different principal study focused in rats/monkeys to calculate MRL, since mice may not be the most appropriate species in this particular case, and the use of mice data may overestimate the risk in humans. The EPA default assumption about treating humans as the most sensitive test species should be invoked only when there is lack of data, which is not the case here.

RESPONSE:  It is ATSDR’s practice to derive MRLs from the most sensitive animal species when there is a lack of data suggesting species differences in toxicity or toxicokinetic properties.  However, when there are clear data to suggest species differences in metabolism, ATSDR opts to use PBPK or biokinetic modeling and the use of internal dose metrics to adjust for these species differences; in the absence of these models, ATSDR does not consider the database suitable for derivation of MRLs.  In evaluating the available acute inhalation data, ATSDR considered several options, including those suggested by the Reviewer.  The available database for acute exposure is limited to several studies in rats and mice; using the rat data would not negate the issue of species differences because species differences in 1,3-butadiene metabolism have found between humans and rats and there are no data on the mode of action for the observed effects in rats which could be used to identify a relevant internal dose metric.  Using an uncertainty factor of 1 to account for extrapolation from animals to humans could result in an overly conservative MRL; additionally, it is not known if the most sensitive effect in mice (or rats) would also be a relevant sensitive effect in humans.
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