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Summary of the toxicity assessment of methylene chloride conducted by the Secretary’s 
Scientific Advisory Board on Toxic Air Pollutants 
 
Abstract 
The Secretary’s Scientific Advisory Board on Toxic Air Pollutants (SAB) examined the 
evidence related to the toxicity of methylene chloride (MeCl) in response to a specific request 
made by Secretary Howes to “consider the need for development of one or more short-term 
exposure AALs for methylene chloride, the derivation of which is based on non-carcinogenic 
toxicity endpoints.” The SAB considered a number of endpoints including liver toxicity, 
neurobehavioral toxicity and cardiovascular toxicity. After extensive consideration of the 
available scientific literature and presentations made by toxicologists and interested parties, the 
Board came to the conclusion that cardiovascular toxicity, mediated through metabolism of 
methylene chloride to carbon monoxide and subsequent production of carboxyhemoglobin 
(COHb), was the endpoint of principal concern. It was agreed that COHb levels should be used 
as a biomarker of MeCl effect. The Board members then analyzed the literature and agreed that 
2.0% COHb was the highest level at which no adverse effect was documented. Above that level, 
studies had indicated a decreased time to onset of exercise-induced angina pectoris. Borrowing 
from published data and physiologically-based pharmacokinetic (PB-PK) modeling techniques, 
the Board estimated that continuous exposure to MeCl would result in an increase in COHb 
levels of 0.135% per ppm MeCl. Exposure to 1.5 ppm MeCl would then be sufficient to raise the 
level of COHb in the 95th percentile of the population (background COHb = 1.8%) to the 2.0% 
COHb level. A final safety factor of 2 or 3 was discussed to account for the unknowns in the risk 
assessment as well as the severity of effect. The factor of 3 was chosen by the SAB as this value 
is commonly used by the Board and EPA when human data are used in the assessment of risk.  
 
The final SAB recommendation, using the safety factor of 3, was 0.5 ppm MeCl (1.7 mg/m3). The 
alternative safety factor of 2 would result in a recommendation of 0.75 ppm MeCl (2.5 mg/m3). 
 
Data Assessment 
The following section summarizes the Board’s consideration of a variety of non-carcinogenic 
toxicological endpoints associated with exposure to methylene chloride. The Board carefully 
considered published scientific articles and a number of prepared presentations in arriving at 
their final decision. 
 
Three main non-cancer endpoints of concern were noted by the SAB for methylene chloride: 
liver toxicity, neurobehavioral toxicity and cardiovascular toxicity. The Board reviewed papers 
relating to each endpoint in assessing the relative risk of each effect. 
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Neurobehavioral Toxicity: The SAB considered four papers relating human exposure to 
methylene chloride to neurotoxicological effects1-4. The effects were noted in cognitive tests 
given during or soon after inhalation of methylene chloride and included decreased 
performance on alertness and auditory vigilance tests. Since the measured effects were 
similar in each of the studies considered, the Board looked at the group of papers in toto and 
concluded that the data supported a NOAEL for neurological effects of 100 ppm. It was 
noted that the neurological effects documented are reversible and not severe and may be 
tempered by MeCl tolerance, which can be a factor in longer-term exposures. 
 
Liver Toxicity: Methylene chloride has been the subject of a 2-year bioassay for cancer in a 
National Toxicology Program (NTP) study involving rats and mice. The documentation of 
toxicological effects in these studies is extremely thorough and includes detailed description 
of organ histology. It was noted by the Board that there was lack of evidence for liver 
toxicity, even at tumorigenic doses (2,000 ppm). This evidence would seem to indicate that 
liver effects would be less likely at lower doses of exposure. Other studies examined 
included a 2-year MeCl inhalation toxicity and oncogenicity study conducted in Sprague-
Dawley rats using dose levels of 0-500 ppm MeCl5. This study documented a NOAEL of 200 
ppm, with higher doses resulting in cytoplasmic vacuolization in liver. A study examining 
liver fat content and changes in cytochrome P450 in rats and mice exposed to 25 or 100 ppm 
MeCl was also considered by the SAB6. The effects noted from exposure to 25 or 100 ppm 
were limited to non-specific changes in enzyme levels, which is not considered a severe 
adverse effect. Based on the thoroughness of the NTP study, and the concordance between 
those results and results of other carefully controlled bioassays examining liver effects of 
MeCl exposure, it was concluded that liver toxicity was unlikely to be the most sensitive or 
severe health effect for the purpose of this risk assessment. 
 
Cardiovascular Toxicity: One well-characterized effect of MeCl exposure is the 
endogenous production of carbon monoxide (CO) as a metabolite. CO is capable of being 
bound by circulating hemoglobin (Hb), which results in the production of 
carboxyhemoglobin (COHb). Hb is an extremely important circulating protein responsible 
for oxygen transport and delivery to tissues. The formation of COHb interferes with normal 
oxygen transport by blocking sites of oxygen binding, thus hindering the release of oxygen to 
tissues. This can result in a number of significant adverse health effects including myocardial 
ischemia, impaired consciousness, or death at high enough COHb levels. Individuals with 
impaired blood flow due to coronary heart disease or other obstructive diseases are at an 
increased risk due to an already impaired flow of oxygen to tissues. Since many studies have 
illustrated the ability of MeCl to raise circulating COHb levels2, Board members agreed to 
use COHb as a “biomarker” for MeCl’s cardiovascular effects. 
 
The initial step in the process was to establish a No Adverse Effect Level (NOAEL) for 
COHb. An EPA Office of Air Quality Planning and Standards (OAQPS) staff paper indicated 
that 2.0% COHb would indicate the “lower end of the range of concern”7. Documentation for 
that value was given in a study that examined decreased time to onset of angina in exercising 
male subjects with coronary artery disease8. Controlled exposures to carbon monoxide 
resulted in post-exercise levels of 0.6, 2.0 or 3.9% COHb in the blood of control, low dose 
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and high dose patients, respectively. Individuals in the 2.0% and 3.9% COHb groups 
exhibited significant dose related decreases in both time to onset of angina and time to 
development of ischemic ST-segment changes during exposure. Documentation of ECG ST-
segment changes are an objective measure of effect, and complement the more subjective 
measure of angina. The study results indicate that individuals with a blood level of between 
2.38% COHb (the level measured at the onset of exercise) and 2.0% COHb are at an 
increased risk for myocardial ischemia. The SAB relied upon this study and the OAQPS 
document and references within in agreeing upon 2.0% COHb as a NOAEL value. 
 
Once a NOAEL value was established for COHb, the Board addressed the issue of 
identifying background levels of COHb in the population. Several large-scale 
epidemiological studies were available documenting representative COHb levels in the U.S. 
population9,10. The SAB agreed to focus on the values found in the most recent and 
comprehensive study, involving measurements taken in 3,404 never-smokers between 12 and 
74 years of age10. The study was well designed and included a wide variety of subjects from 
different races, urbanization levels, ages and family incomes. It was agreed that smokers 
would be excluded from the estimation of background COHb levels since they have 
significantly elevated levels of COHb arising from intake of cigarette smoke. The Board 
agreed to use the level of COHb measured in the 95th percentile of the population (1.8%) to 
provide a protective standard for the greatest number of people and to reduce the uncertainty 
in estimating background COHb levels in the population. 
  
The final step in the assessment involved estimating the dose of methylene chloride required 
to produce an increase in COHb levels from 1.8% to 2.0%. Board members agreed to utilize 
available physiologically-based pharmacokinetic (PB-PK) models for MeCl to aid in 
determining the relationship between exposure to MeCl and production of COHb11,12. A 
number of parameters were adjusted to account for variability within the human population, 
including exercise parameters (i.e. increased blood flow and air intake of MeCl) and genetic 
factors (i.e. interindividual differences in metabolism of MeCl). Board members commented 
that up to a fifty-fold difference in metabolic rate for cytochrome P450-IIE1 (CYP2E1) is 
possible between individuals since enzyme activity is sensitive to both exogenous and 
endogenous factors. CYP2E1 is the enzyme responsible for the production of carbon 
monoxide following MeCl intake, and variability in metabolic parameters can increase or 
decrease the effective amount of carbon monoxide produced per unit dose of MeCl. An NTP 
review of the PB-PK model being used indicated that variability in the metabolic rate of 
CYP2E1 could lead to a 35% increase in COHb production over what would be predicted 
using “average” CYP2E1 parameters. In addition, exercise was predicted to lead to up to a 
25% increase in COHb formation through changes in cardiac output, air intake, and blood 
flow11,12. Adjusting the parameters of the PB-PK model to account for exercise and 
metabolic differences, the Board arrived at an estimate of 0.135% increase in COHb per ppm 
MeCl. Thus, to bring the 95th percentile background COHb levels (1.8%) to the level of 
concern (2.0%) would involve exposure to 1.5 ppm MeCl. 
[ (1.5 ppm MeCl) x (0.135% COHb/ppm MeCl)  =  0.2% COHb] 
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A final safety factor of 3 was assigned based on remaining uncertainties and the potential 
severity of effect. A notation in the article examining changes in time to onset of angina 
stated that “subjects were excluded if they could not exercise for at least 3 minutes, if they 
had unstable angina, if they had had a heart attack within 3 months, if they had congestive 
heart failure, if they had valvular heart disease or if they had coronary artery disease surgery 
within 6 months.”8 It was decided that since the test population described mildly diseased 
individuals an additional safety factor was warranted to protect those at higher risk. The use 
of a factor of 3 is consistent with past SAB and EPA actions when human data is used to 
reduce the uncertainty in the data. Use of this factor resulted in the final recommendation of 
0.5 ppm, or 1.7 mg/m3. 
 
 

Conclusion:  
The SAB performed a thorough evaluation of the literature regarding the toxicity of MeCl. In the 
course of their review they determined that cardiovascular effects mediated by the production of 
carbon monoxide and carboxyhemoglobin are the most sensitive and potentially severe effects of 
concern for individuals exposed to MeCl through the air. In deriving their recommendation, the 
Board considered variables such as differences in background COHb levels, metabolic 
parameters and cardiovascular health. Their final recommendation was deemed to be health 
protective for non-cancer endpoints in humans in short-term exposure situations.  
 
The SAB expressed a high degree of confidence in this risk assessment. The extensive review of 
peer-reviewed scientific literature documenting human health effects reduced the uncertainty in 
their final decision, and active participation by industry representatives and other interested 
parties aided in making an especially fair decision. The final decision process included a 
discussion of the use of a final safety factor of 2 or 3 due to the potential severity of effect. The 
latter value was chosen due mainly to the fact it is standard practice of this board and other risk 
assessment bodies.  
 
 
Averaging Time 
The Division of Air Quality recommends that a 1-hour averaging time be applied to the AAL 
guideline to TDI. This recommendation is consistent with the guidelines prescribed by the North 
Carolina Academy of Science that includes 1-hour averaging periods for acute systemic 
toxicants. 
 
 
 
 
 
 
 
 
Calculations: 
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NOAEL = 2.0% COHb 
Background (95th percentile) = 1.8% COHb 
Difference = 2.0% COHb - 1.8% COHb  =  0.2% COHb 
Upper estimate for COHb production from MeCl exposure: (0.135% COHb per 1 ppm MeCl) 
 
X ppm MeCl   =  (0.2% COHb) / (0.135% COHb/ppm MeCl) 
  =  1.5 ppm MeCl 
 
Safety Factor  = 3 
Final Recommendation = 0.5 ppm MeCl   (1.7 mg/m3)
 
 
Alternate Safety Factor  = 2 
Alternate Recommendation = 0.75 ppm MeCl (2.5 mg/m3) 
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