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  Medical Toxicology Branch 
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  1020 N Street 
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DATE: January 19, 1999 
 
SUBJECT: COMMENTS ON THE DEPARTMENT OF PESTICIDE REGULATION’S 

DRAFT RISK CHARACTERIZATION DOCUMENT FOR THE ACTIVE 
INGREDIENT BENOMYL 

 
 
 We have completed our review of the draft risk characterization document (RCD) for 
benomyl prepared by the Department of Pesticide Regulation (DPR).  Benomyl is a systemic 
fungicide of the benzimidazole class that is used for the control of a wide-range of fungal 
diseases.  In California, the majority of benomyl is used on almonds, celery, grapes, stone fruits, 
and strawberries.  Benomyl is also used as a seed treatment, for bulb dips and by homeowners on 
garden vegetables/fruits and lawns.  In 1994, 150,000 or more pounds of the active ingredient 
were used in California.  The draft RCD states that benomyl entered the risk assessment process 
because of teratogenicity, oncogenicity, reproductive toxicity, and adverse effects on the liver 
caused by chronic exposure.  Benomyl is a high priority active ingredient under the Birth Defect 
Prevention Act of 1984 (SB 950) and also is a candidate for evaluation under the Toxic Air 
Contaminant Identification and Control Act of 1983 (AB 1807). 
 
 The draft RCD package submitted to the Office of Environmental Health Hazard 
Assessment (OEHHA) consists of the draft RCD (May 26, 1998) prepared by the Medical 
Toxicology Branch and three appendices as well as a summary of toxicology data for benomyl 
(last revised on October 1, 1997).  A draft exposure assessment (November 7, 1996) prepared by 
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the Worker Health and Safety Branch was submitted as appendix A.  Appendix B is an 
oncogenicity dose-response model and appendix C includes the commodity residue values. 
 
 It is not clear from reviewing the draft RCD whether there was a complete search of the 
open literature to identify relevant articles on the toxicology, mechanism of action, and 
pharmacokinetics of benomyl and its major breakdown products.  All pertinent information 
published in the open literature, in addition to information submitted by the registrant, should be 
considered in preparing a risk assessment for any pesticide active ingredient.  If a complete 
search was conducted, and no relevant data were identified, we recommend that this be made 
clear in the benomyl RCD before it is finalized.  We have included some citations to articles 
found in the open literature that might be useful in revising the draft RCD (see attached 
comments). 
 
 The comments that follow are grouped according to the headings used in the RCD.  
Please note that although a comment may appear under a specific heading, its impact may not be 
limited to that specific section; it may have relevance to other sections of the RCD.  Based on 
our review of the draft RCD for benomyl, we feel that the document needs significant revision 
before finalization.  In general, the assumptions and conclusions stated in the draft RCD require 
more scientific support, additional analysis, and more detailed discussion in order to provide a 
complete characterization of the risks posed by the use of benomyl in California.  We would be 
interested in discussing our comments and conclusions with your staff. 
 
 Thank you for the opportunity to comment on the draft RCD for benomyl.  If you have 
any questions about our comments, please contact me or Dr. Michael DiBartolomeis at  
(510) 622-3200. 
 
 
cc: Joan E. Denton, Ph.D., Director, OEHHA 
 Val Siebal, Chief Deputy Director, OEHHA 
 George V. Alexeeff, Ph.D., Deputy Director, OEHHA 

Michael J. DiBartolomeis, Ph.D., PETS/OEHHA 
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bcc: Robert A. Howd, Ph.D. 
Lubow Jowa, Ph.D. 
Melanie A. Marty, Ph.D. 
David W. Rice, Ph.D. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Gary T. Patterson, Ph.D., Chief 
January 19, 1999 
Page 4 

 

GENERAL COMMENTS 
 
 The draft risk characterization document for benomyl includes a summary and critique of 
the data available in DPR’s registration database on the active ingredient and parent compound 
benomyl.  We found the inclusion of summary tables helpful in accessing some of the more 
critical information. 
 

It is not clear from reviewing the draft RCD whether there was a complete search of the 
open literature to identify relevant articles on the toxicology, mechanism of action, and 
pharmacokinetics of benomyl and its major breakdown products.  All pertinent scientific 
information published in the open literature, in addition to information submitted by the 
registrant, should be considered in preparing a risk assessment for any pesticide active ingredient.  
In this regard, the literature on an important public health issue concerning benomyl, the potential 
for benomyl to cause anophthalmia (a birth defect resulting in no eyes), should be discussed (see 
more detailed comment below). 
 
 Of major concern is the omission of a characterization of exposure and risk for the 
predominant breakdown product of benomyl, butyl isocyanate (BIC).  Although the compound is 
identified in the exposure assessment (appendix A) as a breakdown product of benomyl, neither 
release nor exposure to this compound are discussed or quantified despite its high toxicity 
(Pauluhn and Eben, Arch. Toxicol. 66:118-125, 1992).  Page five of appendix A describes this 
chemical as a cholinesterase inhibitor “equivalent in potency to some organophosphates.”  It 
would be more accurate to characterize BIC as a highly irritating volatile organic compound that 
is a potent inhibitor of several important enzymes.  The time-course of release of this potential 
toxic air contaminant after benomyl application and the resulting levels in ambient air cannot be 
determined from the information provided.  We recommend that the draft RCD be revised to 
include a complete discussion and evaluation of the health risk information available regarding 
exposure to BIC from the use of benomyl in California. 

 
 The draft RCD would be improved with significant editing and reorganization.  For 
example, the document would be enhanced by modifying appendix C (see comments below for 
some suggestions); and including greater detail on the methods, results, and assumptions 
described in the exposure assessment, particularly on the use of the Pesticide Handlers Exposure 
Database and the TAS exposure software.   The tolerance assessment section could be moved to 
precede the risk appraisal section.  In addition, the descriptions of reproductive and 
developmental toxicity studies and the subchronic studies could be combined with observed 
reproductive and developmental toxicity to emphasize the large body of evidence for the 
reproductive and developmental toxicity of benomyl.  The document also needs to be checked 
for spelling errors.  
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Toxicology Profile 
 
 This is a relatively lengthy section that describes in summary format a large amount of 
data on the active ingredient and parent compound benomyl and data for the metabolite methyl 
2-benzimidazolecarbamate (MBC).  The summary of toxicology for benomyl was also included 
which contains summaries of the data submitted for registration.  In some cases there are 
differences in the information presented in the two documents that may lead to questions of data 
interpretation that should either be corrected, or noted and explained in the revised RCD (see 
specific comments below for reproductive toxicity). 
 
Breakdown products and metabolites.  A toxicological profile for butyl isocyanate (BIC), the 
major environmental breakdown product of benomyl, is not included in this section of the draft 
RCD.  We recommend that the draft RCD be revised to include a summary of the toxicity of 
BIC, including the determination of the critical dose (i.e., NOAEL or LOAEL) for risk 
assessment.  Other breakdown products as well as metabolites (see for example the section on 
pharmacokinetics) should also be identified, accompanied by a brief discussion of the known 
toxicology of these compounds.  A flow diagram showing the pathways of benomyl metabolism 
and breakdown in the environment with the chemical structures of the compounds would be a 
good way to address this.  We acknowledge the inclusion on page eight of the two formulae for 
benomyl and the metabolite methyl 2-benzimidazolecarbamate (MBC).  This could be expanded 
to include the other breakdown products and metabolites. 
 
Administered doses.  Information on the actual administered dose of benomyl to laboratory 
animals in dietary, drinking water, or inhalation studies is missing from the summaries of many 
of the experimental studies described in this section.  For example, the FAO (1985) study states 
that the NOEL for body weight loss was 150 ppm, but no calculation was provided as to the 
administered dose level (in mg/kg-day).  Administered dose levels were also not given for 
Sherman (1969b), Sherman (1972b) (rats), Warheit et al. (1989), Barnes et al. (1983), Haskell 
(1972), and others.  Comparing results for the different studies is not possible without knowledge 
of the administered doses and we recommend that the document be revised to provide this 
information to the reader. 
 
Reproductive toxicity.  The 1968 three-generation reproductive study in rats (Sherman, 1968) is 
a pivotal study.  The U.S. Environmental Protection Agency (U.S. EPA) in 1997 based its 
reference dose (RfD) of 0.05 mg/kg-day on the NOEL (5 mg/kg-day) for decreased weanling 
weight at the next highest dose from this study.  The draft RCD concludes that the study is “not 
acceptable under FIFRA guidelines” for risk assessment for inadequate group size and lack of 
feed analysis.  However, Food and Agriculture Code 14022(C) states that “the Director shall 
consider all available scientific data” for the TAC program.  From another relevant study by 
Barnes et al. (1983), a LOEL of 203 ppm (10 mg/kg-day?) for decreases in male reproductive 
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parameters might be identified.  However, the draft RCD selected a NOEL of 28.2 mg/kg-day 
from a different study (Mebus, 1991) on testicular parameters for risk assessment.  The draft 
RCD does not provide enough information to assess the validity of this determination.  Based on 
the information available, we cannot determine if the justification for not using the Sherman 
(1968) and the Barnes et al. (1983) studies for risk assessment is sufficient.  We recommend that 
the RCD be revised to include a detailed description of the study designs and results and a 
summary of U.S. EPA’s determinations and conclusions.  Further justification would likely be 
needed to support the determination that a higher NOEL from another study for comparable 
effects in offspring should be used instead of the lower NOEL in the Sherman (1968) study for 
effects on weanlings.  
 
Genotoxicity.  The inclusion of a large number of genotoxicity studies for benomyl and MBC in 
the draft RCD is noted.   However, the summary of the studies does not accurately describe the 
weight of evidence.  When considering the body of evidence for genotoxicity, a better scientific 
approach would be to weigh the effects from all studies submitted by the registrants and those 
published in the peer reviewed literature, regardless of whether they are “acceptable” according 
to FIFRA or TSCA guidelines.  We agree that the results are mostly negative for the 
mutagenicity of purified benomyl (95% or greater).  However, the results are equivocal for the 
mutagenicity of benomyl of lesser purity (50%) and for the breakdown product MBC.  The 
number of positive studies for chromosomal aberrations for purified benomyl (95% or greater) 
with or without metabolic activation cannot be dismissed, and these data suggest that benomyl is 
genotoxic.  We recommend that the summary paragraph be revised to more accurately reflect the 
results from all studies.  The final conclusion should be revised to read “Considering all of the 
data, the equivocal results in gene mutation testing and the positive results in chromosomal 
aberration tests suggest that benomyl and MBC (or an impurity that is not always present) 
possess some genotoxic activity.” 
 
Risk Assessment (Hazard Identification) 
 
Selection of NOEL for acute exposure.  A NOEL of 10 mg/kg MBC (15 mg/kg in benomyl 
equivalents) for post-implantation loss observed in a developmental study in rabbits (Feussner, 
1985) was selected for the estimation of acute margins of exposure in the draft RCD.  This was 
based on the fact that there was no significant increase in the number of litters with at least one 
resorption in the 10 mg/kg group (low dose) versus the controls (3/14 compared to 4/16 in the 
controls and the low dose group, respectively).  The number of resorptions, however, in the 10 
mg/kg group (16/119) was significantly increased versus that observed in the controls (3/108).  
The draft RCD supports the conclusion that 10 mg/kg is a NOEL by stating “the best estimate of 
biological effects is obtained using the litter as the unit for comparison.”  This is not sufficient 
scientific justification as to why the litter is a better measure of effects than are the number of 
fetal resorptions.  Additionally, since there is clearly a dose-related trend in the number of 
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resorptions, 10 mg/kg may be a LOEL rather than a NOEL.  We suggest the reevaluation of the 
data comparing the number of resorptions per litter as a function of dose, thus incorporating both 
individual and litter data into the analysis.  If no further justification can be provided for using 
litter data rather then resorption data, we recommend that 10 mg/kg be considered a LOEL and 
the appropriate modification made to the risk assessment. 
 
Selection of NOEL for chronic exposure.  A chronic NOEL of 15 mg/kg-day for hepatotoxicity 
(cirrhosis, fatty liver, increased serum liver enzymes) was identified in a two-year benomyl 
feeding study in dogs (Sherman, 1970).  A lower NOEL of 7.4 mg/kg-day benomyl equivalents 
based on hepatotoxicity (pericholangitis/cholangiohepatitis) was identified in a two-year feeding 
study in rats (Sherman, 1972b).  The latter study, however, was determined in the draft RCD to 
be unacceptable according to FIFRA guidelines due to lack of feed analysis and inadequate 
animal group size.  However, the feed analysis problem appears to have been resolved (see 
Summary of Toxicology Data for Benomyl, 10/1/97).  Furthermore, although the group size was 
36 animals/dose, numbers that might not meet FIFRA guidelines, the size of the study should be 
adequate for risk assessment purposes since toxicity was observed.   
 
 As mentioned above, and on page 39 of the draft RCD, U.S. EPA identified a NOEL of 5 
mg/kg-day based on decreased weanling weights from a three-generation rat reproduction study 
(Sherman, 1968).  The draft RCD selected a NOEL based on hepatotoxicity from a different 
study that is three times higher (and therefore less health-protective) than U.S. EPA’s NOEL.  
The rationale stated in the document is that the “study [from which U.S. EPA selected its NOEL] 
was not acceptable to DPR under FIFRA guidelines because of inadequate group size and lack of 
feed analysis despite demonstrable instability of the test article.”  Although there might be a 
regulatory basis for disregarding these data, the disagreement with U.S. EPA’s selected NOEL 
needs further explanation and justification in the risk assessment.  We reviewed the basis for the 
selection of the NOEL of 5 mg/kg-day by U.S. EPA and conclude that the use of this NOEL for 
risk assessment is not fully justified by the data (there was no effect on weanling weights at the 
highest dose; no dose-response was established).  A comparable scientific explanation should be 
included in this section of the RCD to support the selection of an alternative NOEL.   

 
Based on the available data and the severity of the adverse liver effects found in several 

studies, we recommend that the chronic NOEL for use in the risk assessment for benomyl be 7.4 
mg/kg-day and not 15 mg/kg-day as used in the draft RCD.  We also recommend that a scientific 
explanation for deviation from U.S. EPA’s NOEL be included in the revised RCD. 

 
Oncogenicity.  Based on the summary information provided in the draft RCD, we agree that the 
Wiechman (1982) study is more appropriate for use in risk assessment than the Wood (1982) 
study used by U.S. EPA as the basis for the quantification of benomyl’s carcinogenic potency.  
An additional factor supporting the use of Wiechman (1982) is that the study was conducted with 
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benomyl instead of MBC, which was used in the study by Wood (1982).  However, insufficient 
information was given to verify the accuracy of the human cancer potency factor derived in the 
draft RCD.  The text states that the animal potency (which was verified using the mstage model), 
derived from the data using Global 86 was scaled using the factor: (body weight)3/4.  The animal 
and human body weights used in the draft RCD to perform this calculation were not presented in 
the text (OEHHA assumes that 70 kg and 0.03 kg were used for human and mouse, respectively).  
The default body weight values should be provided in the revised RCD so that the calculations 
can be reproduced. 
 
Epidemiological data.  Available information on benomyl exposures and potential eye 
malformations was not discussed in the RCD.  This subject was introduced into the literature by 
a report on clusters of anophthalmia and microphthalmia (microscopic eyes and blindness) in the 
UK that was associated with exposure to benomyl.  Benomyl was considered a suspect chemical 
because of its similar effects in animal studies.  This attracted public attention and concern that 
culminated in a lawsuit in Florida over microphthalmia in a child born to a woman who reported 
exposure to Benlate in the first trimester.  The verdict found the pesticide manufacturer liable for 
damages.  However, several epidemiological studies, which are apparently more definitive than 
the original report, do not support an association between anophthalmia and benomyl (see, for 
instance, Reprod. Toxicol. 8:397-403, 1994; Brit. Med. J. 308:205, 1994; Brit. Med. J. 308:205-
206, 1994).  This topic should be discussed in the benomyl RCD to acknowledge such concerns 
as expressed in the article by A. Watterson, “Pesticide reproductive health hazards in humans 
and public health policy options: some unanswered questions and undocumented answers arising 
from the benomyl debate,” in J. Public Health Med. 16:141-144, 1994.   
 
Risk Assessment (Exposure Assessment) 
 
Inclusion of 2-[methoxycarbonylamino]-benzimidazole (MBC).  MBC, one of the primary 
metabolites of benomyl, is assumed to be responsible for the majority of toxic effects observed 
following benomyl exposure.  Toxicity data on MBC, after molecular weight adjustment, are 
considered in the draft RCD to be applicable to the assessment of benomyl risks (see page 38 for 
example).  The draft RCD only considers benomyl and MBC derived from benomyl use in the 
exposure assessment.  This would be appropriate if MBC was exclusively a byproduct of the 
metabolism of benomyl.  However, there are other occupational and dietary sources of MBC.  
For example, thiophanate-methyl, another fungicide, is degraded and metabolized to MBC.  
MBC, although no longer registered for use in California, is manufactured and used as a 
fungicide known as carbendazim.  MBC residues from the use of MBC may also contribute to 
the “benomyl/MBC” dietary exposure.  Likewise, MBC residues from the use of compounds 
such as thiophanate-methyl may contribute to both the dietary and occupational “benomyl/MBC” 
exposures.  These potential sources should be discussed and if possible quantified in the 
exposure assessment (e.g., appendix A) and incorporated into the assessment of margins of 
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safety.  If this is not possible due to inadequate data, a discussion on uncertainty should include 
the degree to which this omission would underestimate risks.  
 
Inclusion of other structurally similar fungicides in the exposure assessment.  To complete the 
risk characterization, a discussion regarding any oncogenic potential from other benzimidazole 
compounds would be useful. 
 
Home use exposure assessment.  The text of appendix A states that no exposure assessment was 
performed for this scenario.  However, in the body of the draft RCD, exposure and risk estimates 
are given for this use.  This apparent inconsistency needs to be corrected by continuing to 
include the home use scenario in the RCD and replacing the inconsistent text in appendix A.  The 
rationale given in appendix A for not estimating the exposure for home applications is that it is 
expected that benomyl will not be available for home use within the next two years.  This 
assumption cannot be verified or guaranteed.  Therefore, until the registration for this use of 
benomyl is actually cancelled, we recommend that the home uses of this active ingredient 
continue to be characterized. 
 
Dietary exposure estimates.  Dietary exposure analyses were conducted using Exposure-1 and 
Exposure-4 software.  Little detail regarding the assumptions in using this software was provided 
in the text of the draft RCD and we recommend including a more detailed explanation of the 
assumptions used. 
 
Combined Occupational and Dietary Exposure.  It is not clear why the population subgroup, 
women 20+ years of age, was chosen to estimate the combined exposure.  The rationale provided 
in the draft RCD is that occupational exposures were derived from agricultural workers for this 
subpopulation.  The text suggests, however, that all of the occupational exposures were estimated 
for men, with the exception of field workers.  The legend of Table 15 (which gives the combined 
exposures) also that states a body weight of 75.9 kg was assumed for all work tasks by field 
workers and home gardeners (the activities associated with the greatest exposure).  This is the 
body weight used in the draft RCD for men, not women. This apparent discrepancy needs to be 
clarified. 
 
Risk Assessment (Risk Characterization) 
 
Margins of exposure.  MOE calculations for several scenarios were checked and found to be 
mathematically correct.  As calculated in the draft RCD based on the draft assumptions, exposure 
estimates, and interpretation of the data, all acute MOEs are greater than 100, a level stated in the 
draft RCD as being “the value conventionally recommended to protect people from the toxic 
effects of a chemical.”  However, some MOEs are relatively small (e.g., 200 to 300).  If the acute 
NOEL of 10 mg/kg MBC (15 mg/kg in benomyl equivalents) for post-implantation loss observed 
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in a developmental study in rabbits was selected as a LOEL rather than a NOEL as we 
recommend, these MOEs would be 10-fold lower, or less than 100.  In addition, changes in some 
of the assumptions and approaches used in the exposure assessment could further decrease the 
MOEs.  The same concerns could apply to the chronic MOEs although they are significantly 
higher (all are 3,000 or greater) and the resultant impact would not be as significant for public 
health protection.  We recommend that a quantitative discussion of the uncertainties in 
conducting the risk assessment for noncancer endpoints be included in the revised RCD.  This 
would include a quantification of the impact of using upper-bound rather than average exposure 
calculations in the exposure assessment.  
 
Cancer risks.  Risk calculations for several scenarios were checked and found to be 
mathematically correct.  Most of the estimated cancer risks exceed 1 x 10-6, several do so by an 
order of magnitude (e.g., 14 x 10-6 for wine grape field workers).  As for the noncancer effects 
assessment, we recommend that a quantitative discussion of the uncertainties in conducting the 
cancer risk assessment for benomyl be included in the revised RCD.   
 
Risk Appraisal 
 

The risk appraisal is a predominantly qualitative discussion of the uncertainty in the risk 
assessment for benomyl.  The current discussion addresses several areas of uncertainty 
associated with the selection of a NOEL and the assessment of exposure.  Nevertheless, we 
recommend that this section be revised considering our recommendations for additional 
uncertainty analysis as noted in our comments above.    
 
Use of gloves for residential exposures.  Although the majority of the subjects in the surrogate 
study used to estimate exposure to benomyl from home uses did not wear gloves, it was assumed 
for the purposes of this risk assessment that the home users of benomyl wear gloves.  A more 
health-protective approach (which also is apparently more consistent with the study) to use when 
data do not exist on the general population is to assume that home users would not be wearing 
gloves.  We recommend that the exposures be recalculated based on the assumption that persons 
would not wear gloves during home use of benomyl, or that data on both conditions be provided.  
 
Federal Food Quality Protection Act.  The requirement of the FQPA to account for potential pre- 
and post-natal developmental toxicity and the completeness of the database with respect to 
exposure and toxicity to infants and children was discussed in the draft RCD.  The document 
further points out that the regulatory endpoint used in the RCD for calculating MOEs for daily 
exposure is based on a developmental endpoint.  No decision is made, however, with regard to 
whether an additional safety factor/margin of safety needs to be considered for the protection of 
infants and children from toxicity due to benomyl exposure.  This is a science-based decision and  
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should be resolved in the risk assessment.  We determine from the data reviewed in the draft 
RCD that based on the FQPA criteria, an additional 10-fold uncertainty factor would be justified.   
 
Potential endocrine effects (mechanism of action of female reproductive effects) and cumulative 
and aggregate exposure (degree of underestimation by not including aggregate or cumulative 
exposures) need to be addressed in greater detail in this section of the RCD.  In addition, other 
relevant studies on developmental effects of benomyl should be discussed (Ellis et al., Teratog. 
Carcinog. Mutagen 7:357-375, 1998; Ellis et al., Teratog. Carcinog. Mutagen 8:377-391, 1988; 
Hoogenboom et al., Curr. Eye Res. 10:601-612, 1991; Kavlock et al., Toxicol. Appl. Pharmacol. 
62:44-54, 1982; Sherman et al., Toxicol. Appl. Pharmacol. 32:305-315, 1975; Zeman et al., J. 
Toxicol. Environ. Health 17:405-417, 1986).  
 
Illness Reports.  The relationship of exposures, as estimated in the draft exposure assessment, 
and the illnesses as separately documented in DPR’s pesticide illness surveillance program and 
reported on page six of the draft RCD, is not clear.  Information given by Koehler and Moye 
(1995) on airborne insecticide residue may be of significance.  We recommend reviewing this 
paper and including a discussion about the relationship between exposures and documented 
illness reports in the revised RCD.  Alternatively, a statement in this section stating that based on 
the occurrence of illness attributed to benomyl exposure, the MOEs calculated in the RCD might 
be underestimated for some exposures under certain conditions of primarily occupational use.   
 
Tolerance Assessment 
 
 It is not clear how the tolerance assessment was performed.  For example, a range of 
MOEs for several commodities is presented for “each population subgroup.”  Population 
subgroups are not defined in this section however.  It should be clarified as to whether these are 
the same population subgroups used for the dietary assessment presented earlier in the document. 
We note that MOEs were less than 100 for several commodities including apples, grapes, 
oranges, pears, peaches, and pineapples. 
 
Appendix A, Exposure Assessment Prepared by the Worker Health and Safety Branch 
 
Use of the “Pesticide Handlers Exposure Database” to estimate exposure data.  Several  
limitations regarding the use of the Pesticide Handlers Exposure Database are given in the 
document and together they provide strong support for not using the Pesticide Handlers Exposure 
Database for exposure estimation.  For instance, the physical properties of the pesticide are not 
included as selection criteria for the database.  This is an important limitation of this approach 
since physical properties of a chemical (e.g., vapor pressure) can significantly influence 
occupational exposure.  Also in the document, an exposure study with benomyl is briefly 
discussed, but dismissed due to limitations of study duration and patch size (Everhart and Holt,  
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1982).  The use of exposure data from a benomyl study in humans (with appropriate adjustment) 
would appear to be better than using the exposure data from the Pesticide Handlers Exposure 
Database and we recommend evaluating exposures based on the human study.  Another option is 
to provide exposure estimates based on both approaches, and weighing the advantages and 
disadvantages of each approach.  A new study that has been published since the completion of 
this exposure assessment in 1996 would be useful to incorporate (Heokstra et al., J. Occup. 
Environ. Med 38:775-781, 1996).  Whichever approach is used, estimates of the range and 
distribution of occupational exposures will be necessary to characterize the potential for adverse 
effects. 
Dermal absorption.  Estimated dermal absorption in the RCD is dependent exclusively on the 
results of the Belasco et al. (1981) study in rats.  Also briefly discussed in the draft RCD is a 
benomyl dermal absorption study in humans which was used by U.S. EPA in their special review 
of benomyl (Jegier, 1964).  The Belasco results are used in the draft RCD in preference over 
U.S. EPA’s approach because the draft RCD assumes a longer contact rate and total body 
exposure.  However, since the draft RCD assumes a 10% absorption rate, it is not clear how the 
results compare with U.S. EPA’s estimate for benomyl dermal uptake.  Since U.S. EPA’s results 
are based on humans and not on rats, it is also not clear why the Belasco study in rats was used in 
preference to a human study.  We recommend providing scientific justification for the approach 
used in the draft RCD. 
 
Variability of exposure.  Only average occupational exposures are addressed in the draft RCD.   
No discussion of the range and distribution of exposures is given.  The draft document states on 
page 54 that this is due to the use of the Pesticide Handlers Exposure Database for estimating 
exposures.  Output from the Pesticide Handlers Exposure Database gives 95% confidence limits 
on the mean.  The draft RCD also states that these confidence intervals “may not represent an 
accurate expression of their (exposure rate) variability” (appendix A, page nine).  However, there 
is no accompanying discussion justifying this assumption.  We believe that the variability within 
each of the experiments in PHED provides adequate information to estimate a typical variability 
for occupational exposures.  We recommend that the draft RCD be revised to include a 
quantitative estimate of the variability of exposure, including upper-bound estimates. 
 
Discussion of Uncertainty.  As in previous exposure assessments for active ingredients, the draft 
exposure assessment for benomyl contains a section on appraising the factors influencing 
exposure assessment (pages 16-18).  This section states that several factors used to estimate 
exposure are “conservative (tend to overestimate the value of concern).”  The conclusion in this 
section states that “These factors are operating in the occupational exposure assessment for 
benomyl and as they are multiplicative, the result is significant overestimates of Absorbed Daily 
Dosage for the various work tasks.  The maximally exposed individual is adequately represented 
by mean estimates of exposure when all of the ‘hidden’ conservatism built into estimates of  
 
exposure via the dermal route are considered.”  The text provides four examples of assumptions 
that are predicted to overestimate exposures.  There is no discussion of the assumptions used in 
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the assessment that might underestimate the exposure levels.  Secondly, while difficult to do, no 
attempt was made to quantify the level of uncertainty for any of the factors. This section, taken 
as a whole, results in an emphasis on the potential overestimation, but is not balanced by a 
discussion of the potential underestimation.   
 

The presentation of scientific support for the assumptions and concepts presented in this 
section is minimal and not quantifiable.  As a result, this section describing uncertainty, which is 
an important component of a risk characterization, is not supported with a scientific analysis of 
the existing data and data gaps and may bias the reader into believing only one perspective.  We 
recommend that this section be deleted from the draft exposure assessment and that a more 
inclusive and scientifically neutral discussion of uncertainty for the exposure and risk assessment 
be included in the main RCD where uncertainty is discussed (page 51). 
 
Appendix C: Commodity Residue Values 
 
 This appendix appears to be incomplete, as it ends mid-sentence on page six.  DPR staff 
informed us that this was not a mistake and that the appendix is a copy of a portion of another 
document.  Therefore, we have apparently received the complete appendix.  We recommend that 
the appendix be modified to avoid confusion. 
 
 Women of childbearing years and pregnant women are included in the dietary exposure 
analysis, and women of 20+ years are apparently included in the dietary plus occupational 
combined analysis.  Since the major acute toxicity endpoint of concern is developmental toxicity, 
and other adverse effects of benomyl include teratogenicity and reproductive toxicity, these 
individuals when employed as mixers and loaders, applicators, and field workers represent a 
potentially sensitive subpopulation.  This risk assessment should specifically address potential 
risks from dietary, occupational, and combination exposure to benomyl for both groups of 
potentially sensitive subpopulations. 
 
SPECIFIC COMMENTS 
 
Main Risk Characterization Text 
 
Page 1.  Under “Acute Toxicity,” the four-hour median lethal atmospheric concentration of 
benomyl is presumably 2 mg/L or 2 g/m3, not 2 g/L, since the limit test concentration for particle 
studies is 5 mg/L. 
 
 
 
Pages 7 to 9, “Environmental Fate.” In the draft RCD, methyl 2-benzimidazolecarbamate is 
stated to be “… the principal degradation product....”  However, the volatile toxicant butyl 
isocyanate (BIC) is formed as a breakdown product in equimolar quantities with methyl 2-
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benzimidazolecarbamate.  Therefore, it is important that both degradation products be evaluated.  
At the very least, the rate of formation and release of BIC after field use should be discussed 
here.  The reference list does not include “McNally, 1990b” cited on page nine.  In addition, it is 
not clear how it was determined that “the half-life of benomyl degrading to MBC was 3 days,” 
because the references which were identifiable appear to have assayed pesticide residues as 
combined benomyl and MBC (see the exposure assessment, page 13); this should be clarified.  
Other references to the rates of degradation which may be of value to the discussion include: 
Calmon and Sayag, J. Agric. Food Chem. 24:311-314 and 314-317, 1976; Chiba and Veres, J. 
Agric. Food Chem. 29:588-590, 1981; Li and Nelson, Bull. Environ. Contam. Toxicol. 34:533-
540, 1985; Monico-Pifarre and Xirau-Vayreda, JAOAC 73:553-556, 1990; Zweig et al., J. Agric. 
Food Chem. 31:1109-1113, 1983.   
 
Pages 10 and 11.  Dermal exposure appears to have been estimated from urinary excretion of 
total benomyl-derived products in 10 hours in a rat study.  If so, it is not clear how this 
corresponds to the time course of exposure and elimination of a dermal dose in humans, 
particularly because of the lag time after dermal absorption before the chemical is metabolized 
and excreted.  The urinary elimination half-life after intravenous administration in the cited rat 
experiment is relevant data, but it is not clear whether the half-lives cited refer to plasma t1/2 or 
urinary excretion t1/2.  The dermal absorption value used in the exposure assessment (10%) 
appears to be a more valid approximation of total dermal exposure than the maximum value 
mentioned here (3.5%), although this cannot be determined from the data provided.  The 
evaluation is hindered by the statements “After 4 hours of dermal exposure, the amount absorbed 
was…” and “After 10 hours of dermal exposure the amount absorbed was…” because, according 
to the experimental description provided, the values actually refer to the amount excreted, not 
absorbed.  This should be clarified, and corrected as appropriate.  
 
Page 12.  The draft RCD states that “None of the dermal irritation nor sensitization studies were 
acceptable to DPR under FIFRA guidelines.”  This appears to represent data gaps in the acute 
toxicity information for benomyl.  Summaries of the available studies were not included in the 
draft RCD and therefore there is not enough information to determine exactly why the studies 
were unacceptable to DPR and whether the data indicate acute toxicity concerns for human 
exposure.  The draft RCD should be revised to include a summary of the available data as well as 
a discussion of the impact the missing or “unacceptable” data would have on the risk 
characterization.  It is also not clear how appropriate labels, use instructions, or mitigation 
measures could be developed without these data for acute toxicity.  The discussion should also 
address these issues. 
 
 
Page 13 and reference section.  The Carter and Laskey study is dated 1982 in the draft RCD but 
1972 in the summary of toxicology data (page nine).  This error should be corrected.  In addition, 
the Goldman et al. study is not summarized in the summary of toxicology data.  For this study, 
the RCD should provide the dose level at which FSH was elevated. 
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Page 14.  For the Carter et al. (1984) study the dose levels associated with the reduced sperm 
counts and the increased diffuse hypospermatogenesis should be specified in the RCD (this 
information cannot be obtained from the summary of toxicology data).  There is an apparent 
contradiction between the draft RCD and the summary of toxicology data for the description of 
Dashiell (1978).  The draft RCD states there was no significant effect on testicular weight and 
the summary of toxicity data states there was a reduction.  These limitations and contradictions 
deserve clarification, and if in error, a correction made.  The Hess et al. (1991) study that is 
summarized in the draft RCD is not summarized in the summary of toxicity data; we recommend 
that the summary of toxicity data document be revised to include this study.  
 
Page 27.  The summary paragraph for reproductive toxicity states that the parental female NOEL 
is 234 mg/kg-day, whereas it is stated as 210 mg/kg-day in the summary of the study at the 
bottom of the page.  In the third paragraph under “Dietary – Rat,” third line, doses are stated as 
gm/kg-day rather than mg/kg-day.  These apparent errors should be corrected. 
 
Page 38.  The first paragraph states that MBC “is the principal product of toxicological concern.” 
This statement has not yet been substantiated, since the toxicity of BIC has not been discussed.  
Radice et al. (Toxicology 123:135-142, 1997), which is not referenced in this RCD, discuss the 
comparative toxicity of MBC and BIC in vitro, concluding that “benomyl activity on some 
cytochrome P450 isoenzymes is the result of a balance between the action of the single 
metabolites” (MBC and BIC).  Helmann and Laryea (Toxicology 61:161-169, 1990) conclude 
that the toxicological effects of benomyl cannot be accounted for solely by effects of MBC, 
except on the testis.  The apparent presumption that BIC is not toxicologically relevant should be 
supported with appropriate citations and discussion. 
 
Page 38.  In the third paragraph, regarding hepatotoxicity of a single dose of benomyl, reference 
to a study on the effects of a single dose on liver enzymes without apparent hepatotoxicity may 
be relevant (Dalvi, Toxicology 71:63-68, 1992). 
 
Page 41.  The exposure assessment assumes 30-day/year exposures for all tasks instead of the 
specific number of days for each occupational exposure used in the exposure assessment 
prepared by the Worker Health and Safety Branch.  The rationale for these differences should be 
discussed. 
 
 
Page 43.  For dietary exposure assessments, benomyl residue levels exceeding tolerance values, 
if any, appear to have been arbitrarily excluded from the evaluation.  We recommend that all 
values found be included in the exposure calculations.   
 
Page 51 (draft RCD) and page 18 (appendix A).  The draft RCD suggests that the toxic effects of 
benomyl are highly dependent on plasma levels and that dermal exposures experienced by 
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humans which lead to lower plasma levels would be less hazardous to experimental animals than 
oral exposures (of the same absorbed dose) which result in higher peak plasma levels.  This is 
not necessarily true, in that it presumes knowledge of the mechanism(s) of action of benomyl.  It 
is not clear, for example, how sensitive the carcinogenic effects would be to peak plasma blood 
level.  The statements in the RCD should  discuss the influence of peak blood levels only on 
identified toxic effects and mechanisms that are demonstrated to depend on peak blood levels.  In 
addition, the presumption as stated in the third paragraph that the pattern of blood levels after 
dietary exposure in humans would more closely approximate dietary exposures in the rat than 
gavage exposures depends on the human consumption pattern.  The draft RCD assumes for acute 
dietary exposures that only one food is likely to contain a high level of a chemical on any 
particular day.  It is likely that this one food would be eaten at a single meal rather than smaller 
amounts during multiple meals as would be the case for feed consumption in the rat dietary 
exposures.  We conclude that acute dietary exposures in humans are more like a gavage than 
dietary exposures in rats.  We recommend that the discussion be modified to be more consistent 
with the dietary consumption patterns of humans rather than rats. 
 
Page 54, first paragraph.  We believe as discussed above that it is possible to infer a typical 
variability among occupational exposures from the PHED database, which should be discussed 
here.  However, the statement that the average value represents the exposure of 50% of the 
workers should also be modified.  Assuming a normal distribution, half the workers would have 
exposures equal to or lower than the average, while half would have exposures equal to or 
greater than the average.  It would be appropriate to discuss the fact that exposures are often log-
normally distributed, so that a few workers may have very high exposures. 
 
Page 55, top line and first full paragraph.  It is stated that the dietary exposure calculations 
assume exposure to “the maximum residue levels.”  This should be revised to state “the residue 
at the tolerance levels.”  This is because values obtained over the tolerance are discounted in the 
draft RCD for dietary exposure calculations and therefore the maximum residues are not used. 
 
Appendix A, Exposure Assessment Prepared by the Worker Health and Safety Branch 
 
Page 5.  The first paragraph under “Dermal Absorption” states exposure values in µg/cm2 of 
active ingredient which conflict with the doses mentioned.  This appears to be because a 50% 
formulation was used, and the values actually refer to the formulation, not the active ingredient. 
 
In the next paragraph, the cited reference, U.S. EPA 1979, is not included in the list of 
references.  These problems should be corrected.  In the last paragraph, the discussion of the 
effects of butyl isocyanate as an enzyme inhibitor could be improved by referring to effects on 
more physiologically relevant enzymes and tissues (Dive et al., Biochem. Pharmacol. 36:3731-
3738, 1987; Kucera et al., J. Environ. Sci. Health B 30:779-799, 1995; Pauluhn and Eben, Arch. 
Toxicol. 66:118-125, 1992; Pauluhn et al., Exp. Pathol. 40:197-202, 1990; Radice et al., 
Toxicology 123:135-142, 1997; Staub et al., Chem. Res. Toxicol. 11:535-543, 1998).  
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Page 6.  In the first paragraph, the descriptions of studies on benomyl disposition are vague.  
Rather than saying that the impression that rapid conversion of benomyl to MBC “may be due to 
a laboratory artifact,” the applicable studies and the conversion rates should be discussed at 
length.  Rate of production and release of BIC formed in the conversion of benomyl to MBC is 
one of the critical unresolved issues of this exposure assessment and the RCD as a whole.  It 
would also be useful to discuss how an assay method which involves converting benomyl to 
MBC and assaying the total (as stated on pages 13 to 15) can distinguish between benomyl and 
MBC to support the statements here about benomyl half-life.  For example, there might be an 
initial selective extraction. 
 
Page 11.  To the extent that BIC can be present in the initial formulated mixture and released into 
the air during application, it would be useful to discuss how effective the worker exposure 
mitigation strategies would be in protecting against BIC exposure.  More information is required 
on rate of formation and potential concentration of BIC at this stage to support any estimates on 
worker exposures to BIC (and to MBC). 
 
Page 18.  It is not clear why the discussion of “the effect” of benomyl is considered to be “highly 
dependent on plasma level,” considering that several toxic effects are relevant, and the 
mechanism of action was not discussed for any of them.  We suggest that the evidence 
supporting this statement be supplied.  The conclusion that “The maximally exposed individual 
is adequately represented by mean estimates of exposure when all the “hidden” conservatism 
built into estimates of exposure via the dermal route are considered” has not been supported by 
the data provided.  Rather than using “hidden” conservatism, it would be better if the exposure 
assessment provided a straightforward discussion of the exposure parameters and their 
variability. 
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