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The Japan Society for Occupational Health (JSOH) is currently evaluating the toxicity 
of the volatile cleaning solvent 1-bromopropane (1-BP) to determine a recommended 
Occupational Exposure Limit (OEL). OELs are set in a conservative fashion to 
optimize worker safety. The lowest level at which a relevant toxicity is measured is 
usually established as the quantitative starting point prior to incorporation of additional 
safety factors. Determination of the appropriate OEL for 1-BP is a challenging task as 
neurotoxicity, carcinogenicity, and developmental toxicity represent potential toxicities. 
The largest human neurotoxicity study evaluated 1-BP workers occupationally 
exposed in China. This study is confounded due to improper application of 128 Hertz 
manual tuning forks for determination of peripheral toxicity by measuring distal latency 
(DL). In the United States, DL for research purposes is measured using an automated 
vibration stimulator, e.g. the CASE IV system. The National Toxicology Program 
(NTP) 2-year inhalation study on 1-BP suffers from interpretability issues due to 
problems in extrapolating bronchioloalveolar lung tumors in mice to pulmonary 
adenocarcinomas in humans.
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An analysis of the entire NTP database previously published by our group 
suggests that intestinal adenomas in female rats are the tumors in the 2-year 
NTP 1-BP inhalation study most appropriate for inclusion in risk assessment. The 
lowest observed adverse exposure limit (LOAEL) for reproductive damage from 
1-BP was determined from three inbred strains of mice. These inbred mouse 
strains are extremely sensitive to 1-BP due to enhanced metabolism and 
production of cytotoxic metabolites not seen in rats or other strains of mice. It is 
problematic to extrapolate these results to humans. The highest quality set of 
data regarding the risk of inhalation to humans is represented by the 
development of intestinal adenomas at 500 ppm following 2-year exposure in 
female rats. These data are the most appropriate starting point for calculation of 
the OEL for 1-bromopropane.
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Tuning Forks Not Used in USA for Peripheral 
Neuropathy Research

• Tuning fork data are not used in the United States as a 
research measure of peripheral neurotoxicity because 
this methodology has been replaced by much more 
quantitative automated methods, e.g., the CASE IV 
System (personal communication with Peter J. Dyck, 
M.D., Director of the Peripheral Nerve Research 
Laboratory at the Mayo Clinic, Rochester MN). 
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Li et al. (2010) Used Problematic 
Measurement Method
• In the Chinese industrial setting where the Li et al. (2010) 

study was conducted, if a tuning fork was to be used as a 
surrogate for state-of-the-art research instrumentation, a 
64 Hz tuning fork needed to be employed rather than the 
128 Hz tuning fork used in the study.
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Three Toxicities of Potential Relevance

• Reproductive and developmental – Based on a specific mouse 
strain with enhanced metabolic production of cytotoxic 
metabolites.  Limited relevance to humans or even other 
rodents [1].

• Neurotoxicity – The most important study, Li et al. (2010) [2], 
suffers from serious methodological errors in assessing 
peripheral neurotoxicity using tuning forks [3].

• NTP 2-year inhalation study – Highest quality and
most relevant study to setting an OEL [4].
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Subject’s Toe to Investigator’s Toe Was Incorrect
• The two persons who conducted the 128 Hz tuning fork 

measurements on the research subjects in Li et al. (2010) 
did not know how to properly conduct the examination by 
moving the vibrating tuning fork from the subject’s toes to 
their own fingers. Instead, the two examiners moved the 
tuning fork from the subject’s toes to their own toes.
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Control Subject Values Are Nonsensical
• The variability of the 128 Hz tuning fork method combined 

with the inexperience of the examiners in conducting the 
measurement resulted in nonsensical values for the healthy 
control subjects lying within the range expected for subjects 
with a severe nerve disorder. 
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Summary of Tuning Fork Study Deficiencies
• Measurements of peripheral nerve damage in Li et al. 

(2010) study are seriously flawed.
• Tuning forks are not used for research studies.
• Incorrect tuning fork was used for clinical assessment.
• Clinical tuning fork measurements are taken toe to finger, 

not toe to toe.
• Reported control values are within pathological, not 

normal healthy range.
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1-Bromopropane is Not Mutagenic but is 
Clastogenic

• 1-Bromopropane was not mutagenic in two replications of a 
GLP closed-system Ames test conducted by BioReliance
under contract to Albemarle [5].  It was clastogenic in an in 
vitro chromosome aberration assay.

• 1-Bromopropane was not mutagenic in two separate Big 
Blue Muta-mouse assays conducted under contract to ICL 
and Enviro Tech International [6].
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Clear Evidence of Neoplasia in NTP 2-Year Study
• NTP 2-year inhalation study reports two different instances 

of “Clear” evidence of neoplasia – bronchioloalveolar
carcinomas (BACs) in female mice and adenomas of the 
large intestine in female rats.

• Adenomas of the large intestine in female rats induced at 
500 ppm should be used in the risk assessment because 
the BACs are not clinically relevant to humans [7].
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Summary of OEL Recommendations

• The NTP 2-year inhalation study conducted in rats and mice is the highest 
quality study for extracting a LOAEL.

• 1-Bromopropane is not mutagenic.
• A threshold model should be used in the risk assessment process.
• Large intestine adenomas in female rats induced at 500 ppm are the more 

appropriate tumor type for inclusion in the risk assessment.
• JSOH based its OEL of 0.5 ppm on the problematic tuning fork study and on 

idiosyncratic reproductive effects seen in non-representative inbred mouse 
strains.

• An OEL of 0.5 ppm as proposed by JSOH should be revisited based upon 
these recommendations.
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