
 

Comparison of Lung Tumor Formation in Mice and Rats in Two-Year Inhalation Studies 

 

 

Introduction  

 

Since the early 1980s, the United States National Toxicology Program (NTP) has tested the 

tumorigenic/carcinogenic potential of inhaled chemicals or chemical mixtures via whole-body exposures in 

B6C3F1 male and female mice, and via nose-only exposures in F344/N male and female rats. In an attempt to 

evaluate the clinical relevance of the development of rodent lung cancers to the cancer risk experienced by 

occupationally-exposed workers, the question of whether rats and mice develop lung cancers from similar 

inhalation exposures naturally arose. If both mice and rats develop a lung cancer from inhalation of a particular 

chemical, the level of concern that a human would also be placed at risk from an analogous exposure to that same 

agent is heightened. In the comments to follow, a brief review of other researcher’s findings on the level of 

discordance between mice and rats following chemical inhalation is provided. Following the brief review, our 

recent efforts to address the issue of discordant results are presented and discussed. 

          
Mouse Lung Cancers Are Discordant With Rat Lung Cancers and Human Lung Cancers (Literature Review) 

NTP (Moore et al., 2013) performed a review of the bronchioalveolar carcinoma lung tumor type for all NTP 

studies conducted over 30 years and found that the incidence of these lesions (relative to background) is greater in 

female mice than in male mice. Further, NTP (Moore et al., 2013) suggested that female mice may have a limited 

capacity for tumor defense or repair and a greater susceptibility to environmental stressors, and that their tumor 

response may be age-dependent. Thus, due to the sensitivity of female mice, there is a potential for this endpoint 

to over-predict a carcinogenic response in humans. 

In addition, the B6C3F1 mouse strain used by NTP has a frequent background occurrence (17.6-30% in males and 

6.0-11.6% in females) of alveolar/bronchial adenomas and carcinomas (Haseman et al., 1998; Moore et al., 2013). 

In 2015, A. Pandiri published a literature review on the lung tumor concordance between rats and mice reported in 

NTP chronic bioassays. The review stated: 

“In a survey of 580 NTP chronic bioassays, there were only 67 bioassays where the same chemical was tested in 

both mice and rats and at least 1 species had a lung tumor response. Of these 67 bioassays, only 14 (21%) had 

lung tumor site concordance for both rats and mice.” 

It can be seen from Pandiri’s  review that rats and mice are not concordant for lung cancer results 79% of the time. 

1-BP is even further discordant in that only the female mice developed lung cancer.  

Given that the results from the 67 NTP bioassays using both rats and mice only agree in 14% of the cases, the 

question naturally arises, “What about concordance for lung cancer between humans and mice?” In 2014, Daniel 



 

Krewski addressed this question during a presentation at the USEPA State-of-the-Science Workshop on 

Chemically-induced Mouse Lung Tumors with the following slide labelled Table 8: 

 

 

 

 

In D. Krewski’s Table 8, results are shown for cancers associated with exposure to the Group 1 (known human) 

Carcinogens as classified by the International Agency for Research on Cancer (IARC).  Line 1 shows the degree of 

human to experimental animal concordance as expressed by the Kappa statistic for developing cancers of ‘the upper 

aerodigestive tract and respiratory system.’ The degree of concordance for developing these tumors between humans 

and mice is represented by a Kappa value of 0.17 (90% confidence interval -0.2 to 0.53). This degree of concordance 

is considered to be ‘slight.’ In contrast with only the ‘slight’ concordance for humans and mice, the Kappa value for 

humans and rats is 0.51 (90% confidence interval 0.15 to 0.71). This degree of concordance is considered to be 

‘moderate.’ Therefore, the positive lung cancer results for 1-BP occurred in the rodent species that only slightly 

correlates with human cancer occurrence, and were absent in the rodent species with a ‘moderate’ concordance. 

 

 

 

 



 

Why Are Human and Mouse Lung Cancers So Discordant? 

 

Several factors might play a role in the discordance between chemical induction of human and mouse lung cancer. 

Gary A. Boorman from Covance described a series of potentially important differences between the lungs of 

humans and mice in a presentation to the USEPA State-of-the-Science Workshop on Chemically-induced Mouse 

Lung Tumors. First, the gross anatomy of the mouse lung and human lung differ. The right lung of the mouse has 

four lobes, while the left mouse lung has only one lobe. In contrast the right human lung has a lower, middle and 

upper lobe. The left human lung has a lower and upper lobe. There are also significant differences in the 

intrapulmonary airways. The mouse lung displays monopodial branching with 13-17 generations, lacks cartilage 

in the intrapulmonary bronchi, and has none or one respiratory bronchiole. The human lung displays dichotomous 

branching with 17-21 generations, has cartilage in the intrapulmonary bronchi, and possesses several orders of 

respiratory bronchioles. 
  
The following two tables excerpted from GA Boorman’s presentation to the USEPA State-of-the-Science 

Workshop on Chemically-induced Mouse Lung Tumors illustrate an extremely important point – the dominance of 

the Clara cell in the epithelial cells lining the mouse lung. 

 

 

 
 
 



 

 
 
 
 

 
GA Boorman summarized the differences between the mouse and human lung possibly relevant to differences in 

the development of lung cancer. Mice develop a tumor type termed a bronchioloalveolar tumor that arises in the 

periphery of the lung.  The precursor cells for bronchioloalveolar tumors are Type 2 and Clara cells. In the mouse 

lung, benign adenomas are more common than malignant carcinomas. In contrast, human lung tumors tend to 

originate centrally in bronchi, are of basal or bronchial cell origin, and show a very strong association with 

smoking (80-85%). 

 

 

 

 

 

 



 

Albemarle Analysis of the 58 Different Agents Tested in Two-Year Inhalation Studies 

Conducted on Both Rats and Mice by the National Toxicology Program (NTP)  

Species Fraction 

of 58 

Agents 

Causing 

Lung 

Tumors 

Only
1 

Fraction 

of 58 

Agents 

Causing 

Non-lung  

Tumors 

Only
2
 

Fraction of 

Ames Test 

Negative 

Agents 

Causing 

Lung 

Tumors 

 Only
3 

Fraction of  

Ames Test 

Negative 

Agents 

Causing 

 Non-lung 

Tumors 

Only
4
 

Fraction of 

Ames Test 

Positive 

Agents 

Causing  

Lung 

Tumors 

Only
5
 

 

Fraction of 

Ames Test 

Positive 

Agents 

Causing Non-

lung Tumors 

Only
6
 

Fraction of 

Agents 

Causing 

Non-Lung 

Tumors in 

One Species 

Only
7
 

Rats 7/58 34/58 3/58 25/58 1/58 14/58 16/58 

Mice 15/58 10/58 11/58 10/58 6/58 1/58 0/58 

1 – Borderline at 95% significant difference between rats and mice at p-value1 = 0.0588; p-value2 = 0.0549 

2 - Statistically significant difference between rats and mice at p-value1 < 0.0001; p-value2 <0.0001 

3 - Statistically significant difference between rats and mice at p-value1 = 0.0226; p-value2 = 0.0198 

4 - Statistically significant difference between rats and mice at p-value1 = 0.0024; p-value2 = 0.0016 

5- Statistically significant difference between rats and mice at p-value1 = 0.0512; p-value2 = 0.0477 

6 -Statistically significant difference between rats and mice at p-value1 = 0.0003; p-value2 <0.0001 

7 –Statistically significant difference between rats and mice at p-value1 = <0.0001; p-value2 <0.0001 

 

 

Ames Test Result Fraction of Agents Causing 

Lung Tumors in Both 

Rats and Mice
8
 

Fraction of Agents Not Causing 

 Lung Tumors in  Either 

Rats or Mice
9
 

Positive 9/58 1/58 

Negative 5/58 22/58 

8 – No significant difference in Ames positive and Ames negative agents at p-value1 = 0.2543; p-value2 = 0.2501 

9 – Statistically significant difference in Ames positive and Ames negative agents at p-value1<0.0001; 

   p-value2  < 0.0001 

 

 

Species Fraction of Agents Not Causing 

Tumors at Any Site
10

  

Fraction of Agents Causing 

Tumors at Any Site
11

 

Rats 9/58 49/58 

Mice 17/58 41/58 

10 – No significant difference between rats and mice at p-value1 = 0.0751; p-value2 = 0.0703 

11 - No significant difference between rats and mice at p-value1 = 0.0751   p-value2 = 0.0703 

 

Conclusion 

In a 2011 NTP two-year inhalation study, 1-bromopropane caused lung tumors in ‘female mice only.’ For the 58 

compounds tested via inhalation by NTP, there is a high degree of discordance between rats and mice in the 

susceptibility to develop lung tumors. The causation of tumors at anatomical sites outside the lung via the 



 

inhalation route is also discordant in rats and mice. In addition, non-genotoxic organic compounds with octanol-

water partition coefficients that expedite chemical penetration across cellular membranes, and are negative in the 

Ames Salmonella mutagenicity test, readily cause lung tumors in mice only. The weight-of-the-evidence suggests 

that the positive lung tumor results in ‘female mice only’ cannot be demonstrated as relevant to cancer risk in 

occupationally-exposed workers. Taken together, these data suggest that the use of the female murine lung tumors 

as the primary input parameter for the draft USEPA Risk Assessment on 1-bromopropane is inappropriate.  

Summary 

1. Seven compounds caused lung tumors in the lungs of both rats and mice, but did not induce tumors at 

anatomical sites outside the lung. These seven compounds were as follows: tetranitromethane; isobutyl 

nitrite; antimony trioxide; vanadium pentoxide; chromium hexavalent compounds; Trim® VX; and 

molybdenum trioxide. Four of these seven compounds are metals. 

2. At the 90% confidence level, mice are statistically significantly more likely to display a lung tumor in the 

absence of tumors at other anatomical sites than are rats, 15/58 as compared with 7/58. 

3. Rats are much more likely than mice to display tumors at sites outside the lungs when the agent did not 

cause a lung tumor, 34/58 as compared with 10/58 (p < 0.0001 for pooled and unpooled results). 

4. In all 34 cases where a rat developed a tumor outside the lungs and did not develop a lung tumor, the 

chemical was not a metal.  

5. All of the 10 compounds that caused tumors at anatomical sites outside the lung, but did not cause lung 

tumors in mice, also displayed the same tumor presentation pattern in rats. The 10 chemicals are as 

follows: propylene glycol mono-t-butyl ether; propargyl alcohol; methyl isobutyl ketone; Stoddard Solvent 

IIC; decalin; furfuryl alcohol; tetrahydrofuran; tetrafluoroethylene; tetrachloroethylene; propylene oxide. 

6. Mice are much more likely than rats to develop a lung tumor following inhalation exposure to an Ames 

negative chemical. This difference is statistically significant at (p = 0.226 pooled test; p = 0.198 unpooled 

test). 

7. Ames negative organic compounds with moderate octanol-water partition coefficients falling within a 

range associated with highly efficient cell membrane penetration frequently cause lung cancer in mice (11 

compounds). Ames negative metallic compounds can cause lung tumors in rats. Not a single organic 

compound that was Ames test negative caused lung tumors in rats alone. 

8. Via the inhalation route, rat and mouse data are extremely discordant regarding the ability to induce 

tumors at organ sites outside the lungs – 16/58 as compared with 0/58. This difference is highly 

statistically significant (p < 0.0001 for pooled and unpooled results).  

9. Five of the seven most potent compounds for inducing tumors in the lungs of rats and mice were metals. 

Introduction 

The NTP website references 60 two-year inhalation studies conducted in both rats and mice on single agents or 

closely-related agents. Two of the 60 inhalation studies were conducted on ‘Cadmium and Cadmium 

Compounds,’ and on ‘Diesel Exhaust Particulates.’  These two studies were omitted from this analysis due to lack 

of results regarding a particular compound. 



 

In each of the 58 two-year rodent inhalation studies analyzed herein, the mouse strain B6C3F1 was used. In 55/58 

studies, the rat strain employed was F344/N. Wistar Han rats were used for the inhalation studies on Trim® VX 

and antimony trioxide. Osborne-Mendel rats were used for the inhalation study of allyl glycidyl ether. 

For three compounds, no Ames test data were available: antimony trioxide; nickel sulfate hexahydrate; and 

indium phosphide. Antimony trioxide had a positive Comet Assay, so that result was considered equivalent to a 

positive Ames test.  

In the vast majority of cases where a benign adenoma in the rodent lung was seen, a malignant bronchioloalveolar 

carcinoma was also detected. Since benign adenomas in rodent lungs are precursors to the development of 

malignant bronchioloalveolar carcinomas, the practice of considering the tumor types as interchangeable for 

counting purposes was followed. In a limited number of cases, the only anatomical site outside the lung that 

developed tumors was the nasal passages. In this analysis, the nasal passages are considered separately from the 

lungs, but it could also be argued that tumorigenicity of the lungs and nasal passages could be combined although 

there are microanatomical and physiological differences between the two anatomic locations. 

To eliminate the introduction of selection bias into this analysis, all positive Ames Salmonella bacterial 

mutagenicity test results reported in the literature, and any statistically significant increase in lung tumor incidence 

over background in an NTP two-year inhalation study were accepted at face value.  

Results 

1. Table X shows 7/58 cases where a compound caused tumors in the rat lung, but not outside the lung. Of 

the seven compounds, four are metals. The seven compounds are as follows: tetranitromethane; isobutyl 

nitrite; antimony trioxide; vanadium pentoxide; chromium hexavalent compounds; Trim® VX; and 

molybdenum trioxide. 

Table X shows 15/58 cases where a compound only caused tumors in the mouse lung, but not outside the 

lung. Of the 15 compounds, seven are metals. The 15 compounds are as follows: cobalt metal; 

tetranitromethane; cobalt sulfate heptahydrate; isobutyl nitrite; antimony trioxide; vanadium pentoxide; 

chromium hexavalent compounds; bis(chloromethyl)ether; Trim® VX; nickel oxide; molybdenum 

trioxide; ozone; vinylidene chloride; naphthalene; divinylbenzene-HP. 

All of the seven compounds that caused tumors in the rat lung, but did not cause tumors at other 

anatomical sites in the rat, also caused tumors in the mouse lung but did not cause tumors at other 

anatomical sites outside the lung. 

2. Further examination of Table X shows that in 34/58 (58.6%) of the compounds tested via inhalation, rats 

did not show a lung tumor, but did show a tumor at another anatomical site outside the lung. In every one 

of these 34 cases, the chemical was not a metal. The 34 chemicals are as follows: 1,3-butadiene; 

trichloroethylene; cumene; dichloromethane; isoprene; nitromethane; chloroprene; 1,2-dibromo-3-

chloropropane; nitrobenzene; chloroethane; naphthalene; ethylbenzene; CIMSTAR; divinylbenzene-HP; 

allyl glycidyl ether; propylene glycol mono-t-butyl ether; tetralin; propargyl alcohol; alpha-methylstyrene; 

methyl isobutyl ketone; Stoddard Solvent IIC; decalin; isobutene; 2-butoxyethanol; furfuryl alcohol; 



 

tetrahydrofuran; tetrafluoroethylene; acetonitrile; hexachlorocyclopentadiene; 2-chloroacetophenone; 

tetrachloroethylene; propylene oxide. 

In contrast with the results for rats, only 10/58 (17.2%) of the compounds tested via inhalation displayed a 

pattern of no lung tumors in mice, but presentation of tumors at other sites outside the lung. The 10 

chemicals are as follows: propylene glycol mono-t-butyl ether; propargyl alcohol; methyl isobutyl ketone; 

Stoddard Solvent IIC; decalin; furfuryl alcohol; tetrahydrofuran; tetrafluoroethylene; tetrachloroethylene; 

propylene oxide. 

All of the 10 compounds that caused tumors at anatomical sites outside the lung, but did not cause lung 

tumors in mice, also displayed the same tumor presentation pattern in rats. 

3. 11/58 agents tested in the NTP inhalation studies using rats and mice were negative in the Ames test and 

showed lung tumors in mice only (Table I). Ten of the 11 chemicals in Table I were insoluble or slightly 

soluble in water, soluble in organic solvents and have moderately hydrophobic log base 10 octanol-water 

partition coefficients of 0.17, 1.85, 2.10, 2.13, 2.42, 2.53, 2.61, 3.15, 3.30, 3.66, and 3.80.  These moderate 

log P (log Kow) values are near the optimum values for penetrating the lipid bilayer membranes of cells. 

These chemicals induce hyperplasia in the airways of mice. Hyperplasia is an increase in the number of 

cells resulting from cellular proliferation. 1-bromopropane is a member of this group of 11 chemicals. 

3/58 agents tested in the NTP inhalation studies using rats and mice were negative in the Ames test and 

showed lung tumors in rats only (Table II). These three agents contain metals, and are not soluble in water. 

When laboratory rats are exposed to inorganic particles to the point that lung overload occurs, both benign 

and malignant tumors may develop. Rats exhibit relatively fast pulmonary clearance of dust and appear to 

retain pulmonary burdens of dust predominantly in macrophages within alveoli. Mice do not experience 

similar particle overload effects. 

   4.  In Table V, 6/58 total NTP studies conducted using rats and mice were positive in the Ames test and 

showed lung tumors in mice only. All six of these chemicals were direct acting Ames mutagens that did 

not require metabolic activation by rat liver S9 to display mutagenicity.  

   5.  Table VI shows a stark contrast with the results from Table V. In Table VI, only 1/58 of the total NTP 

inhalation studies conducted in rats and mice reported an agent that was positive in the Ames test and 

displayed lung tumors in rats only. In addition, this one positive result might be spurious as the maximum 

exposure dose in mice was only ¼ the maximum dose in rats due to lethality of 1,2-epoxybutane in mice.  

   6. 5/58 agents tested in the NTP inhalation studies using rats and mice were negative in the Ames test and 

showed lung tumors in both rats and mice (Table III). 4/5 agents in Table III are powdered metals. One of 

the five, Trim® VX is a water-soluble oil that forms a chemical emulsion. Each of these five agents caused 

inflammation and hyperplasia in the lungs. [It has been noted previously that the Ames test is not a good 

predictor of the tumorigenic potential of metals, with Eurometaux introducing this observation into the 

REACH guidance.] 

7. In Table IV, 9/58 agents tested in NTP inhalation studies conducted in rats and mice were positive in the 

Ames test, and showed lung tumors in both rats and mice. 3/9 of these agents were metals.  



 

8. In Table VII, 22/58 total NTP inhalation studies conducted in rats and mice were negative in the Ames test 

and did not show lung tumors in either rats or mice. Since these 22 agents did not show neoplastic changes 

in the lungs, non-neoplastic changes are not shown for this group of compounds. A  number of these 

agents are either relatively water soluble with log Kow’s of -2.59; -0.38; -0.34; 0.055; 0.28; 0.46; 0.58; 

0.77; 0.83 or extremely hydrophobic with log Kow’s of 4.8; 5.04; and a range of 3.16-7.06 for a multi-

component mixture. Whether these 12 log Kow values falling outside the optimum cellular penetration 

range of about log Kow of 2 reduced their ability to penetrate the lung epithelial cells of the rodents, 

thereby reducing their potential tumorigenicity is unknown. 

9. Table VIII shows that propylene glycol mono-t-butyl ether is the only chemical tested via inhalation by 

NTP in rats and mice reported to be both Ames positive and lacking lung tumors in either rats or mice, i.e., 

1/58. This result is questionable as the only Ames data available was a single positive result in Ames 

Salmonella strain TA97 without metabolic activation by rat liver S9. 

10. Table IX shows that Ames test data were lacking for 2/58 of the total NTP inhalation studies conducted in 

rats and mice, i.e. nickel sulfate hexahydrate which did not cause lung tumors in either rats or mice; and 

indium phosphide which did cause lung tumors in male and female rats, and in male and female mice. 

11. In Table X, each of the 58 compounds for which data were available were ranked in descending order of 

their potential to induce lung tumors in the lungs of rats and mice. Two out of three substances ranked at 

the highest level of rodent pulmonary tumorigenicity were metals. The compound ranked at the second 

highest level of pulmonary tumorigenicity to rodent lung was a metal. One of two compounds ranked at 

the third highest level of pulmonary tumorigenicity to rodent lung was a metal. In addition, the compound 

ranked at the fourth highest level of pulmonary tumorigenicity to rodent lung was also a metal. Therefore 

5/7 of the most potent compounds for inducing tumors in the lungs of rats and mice were metals. The 

relative tumorigenicity of metals administered via inhalation at high doses to rodents is consistent with the 

carcinogenic role played by chronic inflammation and its attendant oxidative stress. These findings might 

not be relevant at real-world levels of ambient air  exposure to metal dusts that do not produce high 

sustained levels of pulmonary inflammation. 

12. Table X also compares the concordance between rats and mice for each of the 58 compounds tested via the 

inhalation route to induce tumors at organ sites outside the lung. For 26/58 compounds, both rats and mice 

showed development of another tumor type outside of the lung.  That is, there were 26 cases of positive 

concordance for development of tumors outside the lung when tested by the inhalation route. Herein 

follows the unusual result from Table X.  For 16/58 compounds, rats showed tumors outside the lungs 

while similarly tested mice did not show tumors outside the lungs. In contrast, there is a not a single case 

where mice showed a tumor outside the lungs while a similarly tested rat did not show a tumor outside the 

lungs – 0/58 compounds. 

The entire list of the 10 compounds negative in mouse lung but positive at other sites is contained within 

the list of 34 compounds negative in rat lung but positive at other sites. 

13. In Table X, there were seven compounds (7/58) which produced neither lung tumors nor tumors at other 

anatomical sites in either rats or mice. These seven completely negative compounds are as follows: 



 

n n 

diethylamine; isobutyraldehyde; l-epinephrine hydrochloride; CS2 (94% o-chlorobenzalmalononitrile); 

toluene; methyl methacrylate; nickel sulfate hexahydrate. Ames test data were available for 6/7 with the 

exception of nickel sulfate hexahydrate. All of the six Ames tests conducted on these compounds were 

negative. 

14. In Table X, indium phosphide was the only compound that produced lung tumors in male and female rats, 

male and female mice, and at other anatomical sites in both rats and mice. Indium phosphide ranked as the 

most clearly tumorigenic compound to rodent lung of the 58 tested to date via inhalation by NTP. 

Significance Tests on Rat Mouse Scores  

April 3, 2016 

The following tests were applied to assess the statistical significance of the differences in the propor- 

tions. 
 

 

pooled test:  

H0  : p1 − p2 = 0 

 

  ( p̂1 − p̂2 )   

  
1 1 

  
p̂(1 − p̂) + 

1 2 

 

 

 

 

 

unpooled test: 
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Tabulation of results: 

 

 

Analysis of the 58 Different Agents Tested in Two-Year Inhalation Studies Conducted on Both Rats 

and Mice by the National Toxicology Program (NTP) 

 

Species Fraction

 of 

58 Agents 

Causing 

Lung 

Tumors 

Only1 

Fraction of 

58 Agents 

Causing 

Non-

lung 

Tumors 

Only2 

Fraction 

Of Ames 

Test Nega- 

tive Agents 

Causing 

Lung 

Tumors 

Only3 

Fraction of 

Ames Test 

Negative 

Agents 

Causing 

Non-lung 

Tumors 

Only4 

Fraction 

Of Ames 

Test Posi- 

tive Agents 

Causing 

Lung 

Tumors 

Only5 

Fraction of 

Ames Test 

Positive 

Agents 

Causing 

Non-lung 

Tumors 

Only6 

Fraction 

Of Agents 

Causing 

Non-Lung 

Tumors in 

One  

Species 

Only7 
 

 

. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rats 7/58 34/58 3/58 25/58 1/58 14/58 16/58 

Mice 15/58 10/58 11/58 10/58 6/58 1/58 0/58 

z1 -1.89 4.59 -2.28 3.03 -1.95 3.60 4.31 

p-value1 0.0588 < 0.0001 0.0226 0.0024 0.0512 0.0003 <0.0001 

reject 90% yes yes yes yes yes yes yes 

reject 95% no yes yes yes no yes yes 

z2 -1.92 5.08 -2.33 3.16 -1.98 3.82 4.70 

p-value2 0.0549 <0.0001 0.0198 0.0016 0.0477 <0.0001 <0.0001 

reject 90% yes yes yes yes yes yes yes 

reject 95% no yes yes yes yes yes yes 

 



 

Ames Test Result Fraction of Agents 

Causing Lung 

Tumors in Both Rats 

and Mice8 

Fraction of Agents 

Not Causing Lung 

Tumors in Either Rats 

or Mice9 
 

Positive 9/58 1/58 

Negative 5/58 22/58 

z1 1.14 -4.89 

p-value1 0.2543 <0.0001 . 

reject 90% no yes 
reject 95% no yes 

z2 1.15 -5.49 

p-value2 0.2501 <0.0001 

reject 90% no yes 
reject 95% no yes 



 

Species Fraction of Agents  

Not Causing Tumors 

at Any Site10 

Fraction of Agents 
Causing Tumors at 
Any Site11 

 



 

 

 

Rats 9/58 49/58 

Mice 17/58 41/58 

z1 -1.78 1.78 

p-value1 0.0751 0.0751 . 

reject 90% yes yes 
reject 95% no no 

z2 -1.81 1.81 

p-value2 0.0703 0.0703 
reject 90% yes yes 
reject 95% no no 

The scores z1 are the values for the pooled test and the z2 are values for unpooled test. 

The level of significance for 90% confidence is .10 and for 95% is .05 . 

Reject the Null Hypothesis when the p-value is less than the level of significance. 

Reject the Null Hypothesis at the 90% or 95% level of confidence. 
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Table I.  11/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Negative in the Ames Test and 

Show Lung Tumors for Mice Only 
Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Nitrobenzene 

CAS No. 98-95-

3 

RoC 13
th

 

edition 

negative Positive in 

chromosome 

aberrations in 

humans. 

SCEs 

negative in 

vitro 

Slightly soluble 

in water, 

soluble in 

organic 

solvents. Log P 

= 1.85 

Inhalation Positive in male 

mice. Negative in 

female mice and rats 

 

 

 

 

 

. 

Incidences of 

alveolar/bronchiolar 

hyperplasia (a 

presumed 

preneoplastic lesion) 

were significantly 

increased in male mice 

at the mid and high 

doses and in female 

mice at the mid 

Trichloro- 

ethylene  

CAS NO. 79-

01-6 

RoC 13
th

 

edition 

negative Probably 

negative but 

did cause 

SCE 

Slightly soluble 

in water, 

soluble in 

ethanol, 

acetone, diethyl 

ether, and 

chloroform, and 

miscible in oil. 

Log P = 2.61 

Inhalation Clear evidence in 

male and female 

mice; negative in rats 

 

Vinylidene NTP TR negative Negative in Clear volatile Inhalation Incidence of Respiratory 

 



 

 

Chloride  

CAS NO. 75-

35-4 

582, 

August 

2015 

micronucleus liquid, insoluble 

in water, but 

miscible with 

most organic 

solvents. Log P 

= 2.13 

alveolar/bronchiolar 

carcinoma 

significantly 

increased in 12.5 

ppm female mice; 

negative in male mice 

and in rats 

epithelium, 

hyperplasia 

1-

Bromopropane 

CAS NO. 106-

94-5 

NTP TR 

564, 

August 

2011 

negative Positive in 

chromosome 

aberrations 

Slightly soluble 

in water, 

soluble in most 

organic 

solvents. Log P 

= 2.10 

Inhalation Clear evidence in 

female mice; No 

evidence in male mice 

and rats 

Bronchiole, 

regeneration 

Cumene  

CAS NO. 98-

82-8 

NTP TR 

542, 

February 

2009 

negative Probably 

negative but 

did cause 

small 

increase 

micronucleus 

Alkylated 

benzene volatile 

at room 

temperature. 

Log P = 3.66 

Inhalation Clear evidence in 

male and female 

mice; negative in rats 

Bronchiolar 

hyperplasia and 

alveolar epithelial 

bronchiolar metaplasia 

significantly increased 

in mice of both sexes 

Divinylbenzene-

HP 

CAS NO. 1321-

74-0 

NTP TR 

534, 

November 

2006 

negative Negative in 

micronucleus 

Insoluble in 

water and 

soluble in 

methanol and 

ether. Log P = 

3.8 

Inhalation Equivocal evidence of 

carcinogenic activity 

in female mice; 

negative male mice, 

male and female rats 

Bronchiole, 

hyperplasia, atypical, 

alveolar epithelium, 

hyperplasia 

Naphthalene 

CAS NO. 91-

20-3 

NTP TR 

500, 

December 

2000; 

NTP TR  

edition 

negative Positive in 

chromosome 

aberrations 

and SCE 

Not soluble in 

water, soluble 

in organic 

solvents. Log P 

= 3.3 

Inhalation significantly increased 

incidence of benign 

lung tumors 

(adenoma) in female 

B6C3F1 mice 

Nonneoplastic lesions 

attributed to 

naphthalene exposure 

were observed in the 

nose and lungs of mice 

of both sexes. In the 

nose, naphthalene 

exposure was 



 

 

associated with an 

increase in the 

incidence and severity 

of chronic 

inflammation, 

metaplasia of the 

olfactory epithelium, 

and hyperplasia of 

respiratory epithelium. 

Chronic inflammation 

in the lung was 

associated with 

chemical exposure. 

Chloroprene 

CAS NO. 126-

99-8 

NTP TR 

467, 

Sept 

1998 

negative Negative in 

chromosome 

aberrations, 

SCEs, or 

micronucleus 

Practically 

insoluble in 

water, soluble 

in alcohol, and 

miscible with 

acetone, 

benzene and 

ethyl ether. Log 

P = 2.53 

Inhalation Positive in male and 

female mice; negative 

rats 

Increased incidences 

of bronchiolar 

hyperplasia and 

histiocytic cell 

infiltration in the lung 

Ethylbenzene 

CAS NO. 100-

41-4 

NTP TR 

466, 

January 

1999 

negative Negative for 

SCE or 

chromosome 

aberrations 

Practically 

insoluble in 

water but 

soluble in most 

organic 

solvents. Log P 

= 3.15 

Inhalation Some evidence of 

carcinogenic activity  

in male mice; 

negative in female 

mice and rats 

Alveolar epithelial 

metaplasia 

Nitromethane 

CAS NO. 75-

52-5 

NTP TR 

461, 

February 

1997 

negative Negative in 

chromosome 

aberrations, 

SCE, and 

Soluble in 

water, alcohol, 

ether, acetone, 

and dimethyl- 

Inhalation Positive in male and 

female mice. 

Negative in rats. 

Respiratory epithelium 

showed hyaline 

degeneration 



 

 

micronucleus formamide. Log 

P = 0.17 

Isoprene 

CAS NO. 78-

79-5 

NTP TR 

31, July 

1994 

negative Negative for 

SCE or 

chromosome 

aberration in 

vitro. 

Positive in 

vivo in mice 

for SCE and 

micronucleus

. 

Log P = 2.42 Inhalation Positive in male and 

female mice; negative 

in rats 

Alveolar epithelial 

hyperplasia 

The 11 chemicals in Table I are insoluble or slightly soluble in water, soluble in organic solvents and have 

hydrophobic octanol-water partition coefficients of 0.17, 1.85, 2.10, 2.13, 2.42, 2.53, 2.61, 3.15, 3.30, 3.66, and 

3.80.  These chemicals induce hyperplasia in the airways of mice. Hyperplasia is an increase in the number of 

cells resulting from cellular proliferation. 
   



 

 

Table II.  3/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Negative in the Ames Test and 

Show Lung Tumors for Rats Only 

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Gallium 

Arsenide 

 CAS NO. 1303-

00-0 

NTP TR 492 
September 

2000  

negative Negative 

micronucleus 

assay 

Insoluble in 

water. 

Particulate 

aerosols with 

mass mean 

aerodynamic 

diameter 

(MMAD) 1 µm 

Inhalation No evidence male 

rats, Clear evidence 

in female rats, No 

evidence in male and 

female mice 

Atypical hyperplasia, 

chronic active 

inflammation, 

metaplasia in lung 

 

Particle overload 

(mice not as 

susceptible) 

Nickel 

Subsulfide 

 CAS NO. 

12035-72-2 

NTP TR 

453, July 

1996 

negative Positive in 

chromosome 

aberrations 

and 

micronucleus 

Black powder, 

insoluble in 

water, soluble 

in acid. MMAD 

2.0-2.2 µm 

Inhalation Clear evidence in 

male and female 

rats; No evidence in 

male or female mice 

Chronic active 

inflammation, focal 

alveolar hyperplasia 

 

Particle overload 

(mice not as 

susceptible) 

Talc containing 

no asbestos 

fibers  

CAS NO. 

14807-96-6 

NTP TR 

421, Sept 

1993 

negative negative Insoluble in 

water. Finely 

powdered 

hydrous 

magnesium 

silicate, 

MMAD 2.7-3.2 

µm for rats, and 

MMAD 3.3 µm 

for mice 

Inhalation Clear evidence in 

female rats; No 

evidence in male rats, 

or male or female 

mice 

 

 

Chronic 

granulomatous 

inflammation, alveolar 

epithelial hyperplasia, 

squamous metaplasia 

 

Particle overload 

(mice not as 

susceptible) 

The three agents in Table II contain metals, consist of particles, and are not soluble in water. When laboratory 

rats are exposed to inorganic particles to the point that lung overload occurs, both benign and malignant 



 

 

tumors may develop. Rats exhibit relatively fast pulmonary clearance of dust and appear to retain pulmonary 

burdens of dust predominantly in macrophages within alveoli. Mice do not experience similar particle overload. 
   



 

 

Table III.   5/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Negative in the Ames Test and 

Show Lung Tumors in Both Rats and Mice  
Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Trim® VX NTP 591, 

Scheduled 

Peer 

Review 

Date: 

February 

16, 2016 

negative Negative in 

micronucleus 

Forms a 

chemical 

emulsion with 

water. 

Metalworking 

fluid used as a 

lubricant and 

coolant liquid. 

Inhalation There was equivocal 

evidence of 

carcinogenic activity 

of TRIM
®
 VX in male 

Wistar Han rats based 

on the combined 

occurrences of 

alveolar/bronchiolar 

adenoma or carcinoma 

of the lung. There was 

equivocal evidence of 

carcinogenic activity 

of TRIM
®
 VX in 

female Wistar Han 

rats based on the 

occurrences of 

alveolar/bronchiolar 

adenoma of the lung. 

There was clear 

evidence of 

carcinogenic activity 

of TRIM
®
 VX in male 

B6C3F1/N mice based 

on the increased 

combined incidences 

of 

alveolar/bronchiolar 

adenoma or carcinoma 

Lung Male mice: 

alveolar/bronchiolar 

epithelium, 

hyperplasia (3/50, 

7/50, 15/49, 50/50); 

infiltration cellular, 

histiocyte (5/50, 9/50, 

15/49, 49/50); 

inflammation, chronic 

(5/50, 12/50, 16/49, 

50/50); alveolar 

epithelium, 

hyperplasia (3/50, 

3/50, 7/49, 47/50); 

fibrosis (0/50, 2/50, 

5/49, 45/50) 

 

Lung Female mice: 

alveolar/bronchiolar 

epithelium, 

hyperplasia (0/50, 

3/50, 8/50, 45/50); 

infiltration cellular, 

histiocyte (1/50, 4/50, 

15/50, 48/50); 

inflammation, chronic 

(1/50, 6/50, 26/50, 

47/50); alveolar 

http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
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of the lung. There was 

clear evidence of 

carcinogenic activity 

of TRIM
®
 VX in 

female B6C3F1/N 

mice based on the 

increased combined 

incidences of 

alveolar/bronchiolar 

adenoma or carcinoma 

(primarily carcinoma) 

of the lung. 

epithelium, 

hyperplasia (0/50, 

0/50, 2/50, 43/50); 

fibrosis (0/50, 0/50, 

2/50, 42/50) 

Vanadium 

Pentoxide 

 CAS NO. 1314-

62-1 

NTP TR 

507, 

December 

2002  

Negative Negative in 

micro-

nucleus 

Dosed as a 

particulate 

aerosol; an 

odorless, 

yellow to 

reddish brown 

orthorhombic 

crystal; 

insoluble in 

alcohol; is 

slightly soluble 

in water with a 

water solubility 

of 1 g/125 mL, 

and is soluble in 

concentrated 

acid, alkalies 

(forming 

vanadates), and 

acetone  

Inhalation Under the conditions 

of this 2-year 

inhalation study, there 

was some evidence of 

carcinogenic activity* 

of vanadium 

pentoxide in male 

F344/N rats and 

equivocal evidence of 

carcinogenic activity 

of vanadium 

pentoxide in female 

F344/N rats based on 

the occurrence of 

alveolar/bronchiolar 

neoplasms. There was 

clear evidence of 

carcinogenic activity 

of vanadium 

pentoxide in male and 

female B6C3F1 mice 

Exposure to vanadium 

pentoxide caused a 

spectrum of 

nonneoplastic lesions 

in the respiratory tract 

(nose, larynx, and 

lung) including 

alveolar and 

bronchiolar epithelial 

hyperplasia, 

inflammation, fibrosis, 

and alveolar 

histiocytosis of the 

lung in male and 

female rats and mice 

and an unusual 

squamous metaplasia 

of the lung in male 

and female rats. 

Hyperplasia of the 

bronchial lymph node 

http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
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based on increased 

incidences of 

alveolar/bronchiolar 

neoplasms. 

occurred in female 

mice. 

Cobalt Sulfate 

CAS NO. 

10124-43-3 

cobalt sulfate 

heptahydrate 

NTP TR 

471, 

August 

1998 

negative negative Cobalt sulfate is 

a reddish, 

crystalline, 

water-soluble 

powder. It is 

usually 

produced as 

cobalt(II) 

sulfate but can 

also exist in the 

cobalt(III) 

sulfate form 

with a formula 

of Co (SO ) • 

18H O. The 

heptahydrate 

salt 2 4 3 2 is 

reported to have 

a structure of 

[Co(H 2 6 O) ] • 

[H SO ] (Merck 

Index, 1983). 

Cobalt(II) salts 

are 2 5 stable to 

autoxidation in 

air or in 

solution (Smith 

and Carson, 

1981). 

Inhalation Some evidence in 

male rats; Clear 

evidence in female 

rats, male mice, 

female mice 

Exposure to cobalt 

sulfate heptahydrate 

caused a spectrum of 

inflammatory, fibrotic, 

and proliferative 

lesions in the 

respiratory tract of 

male and female rats 

and mice. 



 

 

Molybdenum 

Trioxide  

CAS NO. 1313-

27-5 

NTP TR 

462,  

April 

1997 

negative negative Molybdenum 

trioxide is a 

white or 

slightly yellow t 

o slightly bluish 

powder with a 

boili ng point of 

1155 C, a 

melting point of 

795 C, and a 

specific gravity 

o f 4.50 at 19.5 

C. It is soluble 

in water (0.49 

g/L a t 28 C), 

concentrated 

mineral acids, 

and solutions o 

f alkali 

hydroxides, 

ammonia, and 

potassium 

bitartrate. Its 

vapor pressure 

is less than 10 3 

mm Hg at 600 

C (Merck 

Index, 1989). 

Inhalation Equivocal 

evidence  in male 

rats, some 

evidence of 

carcinogenic activity 

in male mice, some 

evidence in female 

mice 

Exposure of male and 

female rats to 

molybdenum trioxide 

by inhalation resulted 

in increased 

incidences of chronic 

alveolar inflammation, 

hyaline degeneration 

of the respiratory 

epithelium, hyaline 

degeneration of the 

olfactory epithelium 

(females), and 

squamous metaplasia 

of the epiglottis. 

Exposure of male and 

female mice to 

molybdenum trioxide 

by inhalation resulted 

in increased 

incidences of 

metaplasia of the 

alveolar epithelium, 

histiocyte cellular 

infiltration (males), 

hyaline degeneration 

of the respiratory 

epithelium, hyaline 

degeneration of the 

olfactory epithelium 

(females), squamous 

metaplasia of the 

http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
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epiglottis, and 

hyperplasia of the 

larynx. 

 

Nickel Oxide 

 CAS NO. 1313-

99-1 

NTP TR 

451, July 

1996 

negative Negative 

micronucleus

negative 

chromosome 

aberration 

Nickel oxide 

(high 

temperature 

green nickel 

oxide, oxidized 

at 870o-900 ° C 

and heated to 

1,350 ° C; 

Boldt, 1967) is 

an olive gray 

powder with a 

melting point of 

2,090 ° C and a 

density of 7.45 

g/cm 3. It is 

insoluble in 

water and 

soluble in acids 

(USEPA, 1986; 

Merck Index, 

1989). The 

mean values for 

the mass 

median 

aerodynamic 

diameter at 

each exposure 

concentration of 

nickel oxide 

Inhalation Some evidence in 

male and female 

rats; equivocal 

evidence mice; 

negative male mice 

Exposure of rats to 

nickel oxide by 

inhalation for 2 years 

resulted in 

inflammation and 

pigmentation in the 

lung, lymphoid 

hyperplasia and 

pigmentation in the 

bronchial lymph 

nodes, and hyperplasia 

of the adrenal medulla 

(females). Exposure of 

mice to nickel oxide 

by inhalation for 2 

years resulted in 

bronchialization, 

proteinosis, 

inflammation, and 

pigmentation in the 

lung and lymphoid 

hyperplasia and 

pigmentation in the 

bronchial lymph 

nodes. 



 

 

used in these 2-

year studies 

ranged from 2.2 

to 2.6/zm. The 

nickel oxide 

used in these 

studies is only 

one form of 

nickel oxide 

within a larger 

family of 

"oxidic" 

nickels. 

Four of the five agents in Table III are powdered metals. One of the five, Trim® VX is a water soluble oil that 

forms a chemical emulsion.  Each of these five agents caused inflammation and hyperplasia in the lungs.    
  



 

 

Table IV.   9/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Positive in the Ames Test and 

Show Lung Tumors in Both Rats and Mice 

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Antimony 

trioxide 

 CAS NO. 1309-

64-4 

NTP TR 

590 

Positive 

Comet 

Assay in 

mouse 

lung 

tissue 

samples,  

Positive 

micronucleus 

 Inhalation  Some evidence of 

carcinogenic 

activity of antimony 

trioxide in male and 

female Wistar Han 

rats based on 

increased combined 

incidences of 

alveolar/bronchiolar 

adenoma or carcinoma 

in the lung. Clear 

evidence in male and 

female mice 

Antimony trioxide 

dust and fumes have 

been shown to cause 

irritation of the 

respiratory tract and 

mucous membranes. 

Cobalt metal 

CAS NO. 7440-

48-4 

TR 581, 

December 

2014 

positive Negative in 

micronucleus 

 Inhalation Clear evidence in 

male rats, female rats, 

male mice, female 

mice 

Inflammation and 

hyperplasia in all four 

rodent types 

Isobutyl Nitrite 

 CAS NO. 542-

56-3 

NTP TR 

448, July 

1996 

positive Positive in 

SCE and 

chromosome 

aberrations 

 Inhalation There was clear 

evidence of 

carcinogenic 

activity of isobutyl 

nitrite in male and 

female F344/N rats 

based on the increased 

incidences of 

alveolar/bronchiolar 

adenoma and 

alveolar/bronchiolar 
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adenoma or carcinoma 

(combined). There 

was some evidence of 

carcinogenic 

activity of isobutyl 

nitrite in male and 

female B6C3F1 mice 

based on the increased 

incidences of 

alveolar/bronchiolar 

adenoma and 

alveolar/bronchiolar 

adenoma or carcinoma 

(combined) in males 

and females.  

Tetranitro-

methane  

CAS NO. 509-

14-8 

NTP TR 

386, 

March 

1990 

positive Positive 

chromosome 

aberrations 

and SCEs 

-2.05 Inhalation Clear evidence of 

carcinogenic activity* 

of tetranitromethane 

for male and female 

F344/N rats and male 

and female B6C3F1 

mice, based on 

increased incidences 

of alveolarbronchiolar 

neoplasms in both 

species and squamous 

cell carcinomas of the 

lung in rats. 

 

Allyl glycidyl 

ether  

CAS NO. 106-

92-3 

NTP TR 

376, 

January 

1990 

positive Positive in 

SCE and 

chromosome 

aberrations 

 Inhalation Equivocal evidence of 

carcinogenic activity 

in male Osborne-

Mendel rats, no 

evidence in female 

Male mice had 

dysplasia,  both sexes 

had focal basal cell 

hyperplasia of 

respiratory epithelium 

http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF


 

 

rats, some evidence in 

male mice, equivocal 

evidence in female 

mice 

in nasal passages 

Bromoethane 

(Ethyl Bromide) 

CAS NO. 74-

96-4 

NTP TR 

363, 

October 

1989 

positive Positive for 

SCEs and 

negative for 

chromosome 

aberrations 

 Inhalation Some evidence in 

male rats, equivocal 

evidence in female 

rats, equivocal 

evidence in male 

mice. Negative in 

female mice. 

 

1,2-

Dibromoethane 

CAS NO. 106-

93-4 

TR-210, 

March 

1982 

Positive 

–direct 

acting 

mutagen 

Positive in 

SCE and 

DNA binding 

 Inhalation Positive in male and 

female mice and in 

female rats. Negative 

in male rats 

 

Chromium 

Hexavalent 

Compounds 

CAS NO. 

18540-29-9 

 positive positive   Exposure to 

chromium(VI) 

compounds (calcium 

chromate, chromium 

trioxide, or sodium 

dichromate) via 

inhalation or 

intratracheal or 

intrabronchial 

implantation caused 

benign and/or 

malignant lung tumors 

in rats and/or mice 

 

Bis(chlorometh-

yl) Ether and 

Technical Grade 

Chloromethyl 

Methyl Ether 

 positive positive   Exposure to BCME 

by inhalation caused 

lung tumors in rats 

and mice 

 



 

 

CAS NOS. 542-

88-1 and 107-

30-2 

  



 

 

Table V.   6/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Positive in the Ames Test and 

Show Lung Tumors in Mice Only 

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

CIMSTAR 3800 NTP TR 

586, Sept 

2015 

Direct 

mutagen 

E. coli 

but 

negative 

in TA98 

and 

TA100; 

considere

d weakly 

positive 

Negative in 

micronucleus 

in vivo 

Semi-synthetic 

metal-working 

fluid, complex 

mixture of 

chemicals 

Inhalation Some evidence of 

carcinogenic activity 

in female mice. 

Negative male mice 

and rats. 

Increased bronchiole 

hyperplasia, alveolar 

epithelium 

hyperplasia, 

histiocytic cellular 

infiltration 

Ozone NTP TR 

440 

Positive 

– direct 

mutagen 

in TA102 

 Calculated Log 

P = -0.87 

Inhalation There was equivocal 

evidence of 

carcinogenic activity 

of ozone in male 

B6C3F1 mice based 

on increased 

incidences of 

alveolar/bronchiolar 

adenoma or 

carcinoma. There was 

some evidence of 

carcinogenic activity 

of ozone in female 

B6C3F1 mice based 

on increased 

incidences of 

alveolar/bronchiolar 

Increased incidences 

of metaplasia occurred 

in the nose and lung of 

mice exposed to 0.5 or 

1.0 ppm ozone. The 

metaplasia in the nose 

consisted of increased 

thickening and 

extension of the 

squamous epithelium 

in the anterior portion 

of the nasal passage. 

The metaplasia in the 

lung consisted of 

extension of the 

bronchial epithelium 

into the alveoli of the 
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adenoma or 

carcinoma. Negative 

in rats. 

centriacinar region. 

1,3-Butadiene 

CAS NO. 106-

99-0 

NTP TR 

434, 

May 1993 

Metabo-

lites are 

direct 

acting 

mutagens

in TA100 

Positive in 

chromosome 

aberrations 

Log P = 1.99  Clear evidence in 

male and female 

mice;  negative in rats 

 

Chloroethane 

(ethyl chloride) 

CAS NO. 75-

00-3 

NTP TR 

346, 

October 

1989 

positive 

to 

TA1535 

without 

S9 

 

alkyla-

ting  

agent 

 

 Log P = 1.43 

Chloroethane is 

0.57% (w/v) 

soluble in water 

at 20" C, 48% 

soluble in etlhyl 

alcohol at 21" 

C, and miscible 

with ethyl ether 

 

Inhalation Positive in male mice. 

Negative female mice 

and rats. 

 

Dichloro-

methane 

(Methylene 

Chloride) 

 CAS NO. 75-

09-2 

NTP TR 

306, 

January 

1986 

Positive 

– direct 

acting 

Ames 

mutagen 

TA98 

and 

TA100 

Positive in 

chromosomal 

aberrations 

Log P = 1.25 Inhalation Clear evidence of 

carcinogenicity in 

male and female 

mice; negative in rats 

 

1,2-dibromo-3-

chloropropane 

CAS NO. 96-

12-8 

NTP TR 

206, 

March 

1982 

Positive 

to 

TA1535 

without 

S9 

 Log P = 2.96 Inhalation Positive in male and 

female mice; negative 

in rats 

 

All six of the chemicals that are positive in the Ames test and that cause lung tumors in mice only are direct 



 

 

acting Ames mutagens that do not require activation by S9. 
  



 

 

Table VI.   1/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Positive in the Ames Test and 

Show Lung Tumors in Rats Only  

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

1,2-epoxybutane 

CAS NO. 106-

88-7 

March 

1988 

positive 

 

Direct-

acting 

alkylatin

g agent 

Positive in 

SCE and 

chromosome 

aberrations 

Colorless 

liquid, soluble 

in water, 

ethanol and 

most organic 

solvents 

Inhalation Clear evidence in 

male rats; No 

evidence in female 

rats, or male or female 

mice 

 

The highest exposure 

concentration selected 

for the 2-year studies 

in rats was 400 ppm. 

The highest 

concentration selected 

for the 2-year studies 

in mice was 100 ppm 

because the nasal 

lesions seen at 200 

and 400 ppm were 

considered to be 

potentially life 

threatening 

 

1,2-Epoxybutane 

exposure was 

associated with 

adenomatous 

hyperplasia and 

inflammatory lesions 

of the nasal cavity in 

rats and inflammatory 

lesions of the nasal 

cavity in mice  

 

The negative result in mice is confounded by the maximum dose in mice being ¼ the maximum dose in rats. 
  



 

 

Table VII.   22/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Negative in the Ames Test 

and Show Lung Tumors in Neither Rats Nor Mice 

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Diethylamine 

CAS NO. 109-

89-7 

NTP TR 

566, 

October 

2011 

negative Negative in 

micronucleus 

0.58 Inhalation Negative in rats and 

mice 

 

Tetralin  

CAS NO. 119-

64-2 

NTP TR 

561, April 

2011 

negative Negative in 

micronucleus 

1.67 Inhalation Negative in rats and 

mice 

 

Propargyl 

alcohol 

CAS NO. 107-

19-7 

NTP TR 

552, Sept 

2008 

negative Negative in 

vivo 

micronucleus 

-0.38 Inhalation Negative in rats and 

mice 

 

alpha-

Methylstyrene 

CAS NO. 98-

83-9 

NTP TR 

543, 

November 

2007 

negative Negative 

chromosome 

aberrations, 

positive 

SCEs, 

positive 

micronucleus 

3.48 Inhalation Negative in rats and 

mice 

 

Methyl isobutyl 

ketone 

 CAS NO. 108-

10-1 

NTP TR 

538, 

February 

2007 

negative  1.31 Inhalation Negative in rats and 

mice 

 

Stoddard 

Solvent IIC 

CAS NO. 

64742-88-7 

NTP TR 

519, Sept 

2004 

negative In vivo 

micronucleus 

negative 

Stoddard 

Solvent is the 

most widely 

used solvent in 

the paint 

industry. It is a 

Inhalation Negative in rats and 

mice 

 



 

 

white 

spirit/mineral 

spirit. 

 

Component log 

Kow’s 3.16-

7.06 
Decalin 

 CAS NO. 91-

17-8 

NTP TR 

513, 

January 

2005 

negative Equivocal in 

micronucleus 

4.8 Inhalation Negative in rats and 

mice 

 

Isobutene CAS 

NO. 115-11-7 

NTP TR 

487, 

December 

1998 

Negative Negative 

micronucleus 

2.34 Inhalation Negative in rats and 

mice 

 

2-Butoxyethanol 

CAS NO. 111-

76-2 

NTP TR 

484, 

March 

2000 

negative Negative 

SCEs, 

chromosome 

aberrations,  

0.83 Inhalation Negative in rats and 

mice 

 

Furfuryl 

Alcohol  

CAS NO. 98-

00-0 

NTP TR 

482, 

February 

1999 

negative Positive 

SCEs, 

negative 

chromosome 

aberrations, 

negative 

micronucleus  

0.28 Inhalation Negative in rats and 

mice 

 

Tetrahydrofuran 

CAS NO. 109-

99-9 

NTP TR 

475, June 

1998 

negative Negative in 

SCE, 

chromosome 

aberrations, 

micronucleus 

0.46 Inhalation Negative in rats and 

mice 

 

Isobutyralde-

hyde  

NTP TR 

472, 

negative Positive for 

SCEs and 

0.77 Inhalation Negative in rats and 

mice 

 



 

 

CAS NO. 78-

84-2 

February 

1999 

chromosome 

aberrations 

Tetrafluoroethyl

ene 

 CAS NO. 116-

14-3 

NTP TR 

450, April 

1997 

negative negative 1.21 Inhalation Negative in rats and 

mice 

 

Acetonitrile 

CAS NO. 75-

05-8 

NTP TR 

447, April 

1996 

negative Weakly 

positive SCE 

and 

chromosome 

aberration. 

Positive 

micronucleus 

male mice. 

-0.34 Inhalation Negative in rats and 

mice 

 

Hexachloro-

cyclopentadiene 

CAS NO. 77-

47-4 

NTP TR 

437, 

February 

1994 

negative Negative in 

SCE, 

chromosome 

aberrations, 

micronucleus 

5.04 Inhalation Negative in rats and 

mice 

 

l-Epinephrine 

hydrochloride 

CAS NO. 55-

31-2 

NTP TR 

380, 

March 

1990 

negative Negative in 

SCE and 

chromosome 

aberrations 

-2.59 Inhalation Negative in rats and 

mice 

 

2-

Chloroacetophe

none 

 CAS NO. 532-

27-4 

NTP TR 

379, 

March 

1990 

negative Weakly 

positive in 

chromosomal 

aberrations 

1.93 Inhalation Negative in rats and 

mice 

 

CS2 (94% o-

Chlorobenzalma

lononitrile)  

CAS NO. 2698-

41-1 

NTP TR 

377, 

March 

1990 

Equivoca

l or 

negative 

Positive in 

SCE and 

chromosome 

aberrations 

2.76 Inhalation Negative in rats and 

mice 

 



 

 

Toluene  

CAS NO. 108-

88-3 

NTP TR 

371, 

February 

1990 

negative negative 2.73 Inhalation Negative in rats and 

mice 

 

Methyl 

Methacrylate 

CAS No. 80-62-

6 

NTP TR 

314, 

October 

1986 

negative Positive for 

SCEs and 

chromosome 

aberrations 

1.38 Inhalation Negative in rats and 

mice 

    

Tetrachloroethyl

ene 

(Perchloroethyle

ne) 

 CAS NO. 127-

18-4 

NTP TR 

311, 

August 

1986 

negative negative 3.40 Inhalation Negative in rats and 

mice 

 

Propylene oxide  

CAS NO. 75-

56-9 

NTP TR 

267, 

March 

1985 

negative  0.055 Inhalation Negative in rats and 

mice 

 

  

 

 

 

 

 

 

 



 

 

Table VIII.   1/58 Total NTP Inhalation Studies Conducted in Rats and Mice Are Positive in the Ames Test and 

Show Lung Tumors in Neither Rats Nor Mice 

Chemical Date Ames Test Clastogen Physico-Chemical 

Characteristics 

Route of 

Exposure 

Lung 

Tumors 

Non-

neoplastic 

Findings 

Propylene 

glycol mono-

t-butyl ether  

CAS NO. 

57018-52-7 

NTP TR 

515, 

March 

2004 

Positive in 

TA97 w/o 

S9 

Negative in SCE 

and chromosome 

aberrations; small 

positive 

micronucleus 

 Inhalation Negative in 

rats and 

mice 

 

   



 

 

Table IX.   2/58 Total NTP Inhalation Studies Conducted in Rats and Mice For Compounds Lacking Ames Test 

Data 

Chemical Date Ames 

Test 

Clastogen Physico-

Chemical 

Characteristics 

Route of 

Exposure 

Lung Tumors Non-neoplastic 

Findings 

Nickel sulfate 

hexahydrate 

CAS NO. 

10101-97-0 

NTP TR 

454, July 

1996 

No data Nickel 

sulfate 

hexahydrate 

(500 to 800 

g/mL) was 

tested for 

induction of 

trifluorothym

idine 

resistance in 

L5178Y 

mouse 

lymphoma 

cells. A 

positive 

response was 

observed in 

the absence 

of S9. The 

test was not 

performed 

with S9. 

 Inhalation Negative in rats and 

mice 

 

Indium 

phosphide 

 CAS NO. 

22398-80-7 

NTP TR 

499, July 

2001 

No data Negative in 

micronucleus 

 Inhalation Clear evidence in 

male rats, female rats, 

male mice, female 

mice 

Chronic active 

inflammation in 

mouse lung; atypical 

hyperplasia and 

inflammation in rat 

lung 



 

 

 

 

 

Table X. Relative Ranking by Lung Tumor-Producing Potency of 58 Substances Tested 

Via Inhalation by NTP in Rats and Mice (Cadmium and Cadmium Compounds; and 

Diesel Exhaust Particulates omitted for lack of results regarding a particular 

compound). 

Clear Evidence > Some Evidence > Equivocal Evidence > No Evidence 

Agent Lung 

Tumor 

Rank 

Ames 

+/- 

Clasto-

gen 

+/- 

Log Kow Lung Tumor 

Presentation 

Tumors at 

Other Organ 

Sites 

Indium phosphide 

CAS NO. 22398-80-7 

1 No data negative Not 

applicable 

because 

metallic, not 

soluble in 

water 

Clear evidence in 

male rats, female 

rats, male mice, 

female mice 

Yes – rats 

 

Yes -  mice 

Cobalt metal 

CAS NO. 7440-48-4 

1 positive negative Not applicable 

because a 

metal; only 

ultrafine cobalt 

metal is soluble 

in water 

Clear evidence in 

male rats, female 

rats, male mice, 

female mice 

Yes – rats 

 

No - mice 

Tetranitromethane 

CAS NO. 509-14-8 

1 positive positive -2.05 Clear evidence in 

male rats, female 

rats, male mice, 

female mice 

No – rats 

 

No - mice 

Cobalt Sulfate 

CAS NO. 10124-43-3 

cobalt sulfate 

heptahydrate 

2 negative negative Not applicable, 

soluble in 

water 

Some evidence in 

male rats; Clear 

evidence in female 

rats, male mice, 

Yes – rats 

 

No - mice 



 

 

female mice 

Isobutyl Nitrite 

CAS NO. 542-56-3 

3 positive Positive 

in SCE 

and 

chromo-

some 

aberra-

tions 

2.31 There was clear 

evidence of 

carcinogenic 

activity of isobutyl 

nitrite in male and 

female F344/N 

rats based on the 

increased 

incidences of 

alveolar/bronchiol

ar adenoma and 

alveolar/bronchiol

ar adenoma or 

carcinoma 

(combined). There 

was some 

evidence of 

carcinogenic 

activity of isobutyl 

nitrite in male and 

female 

B6C3F1 mice 
based on the 

increased 

incidences of 

alveolar/bronchiol

ar adenoma and 

alveolar/bronchiol

ar adenoma or 

carcinoma 

(combined) in 

males and females. 

No – rats 

 

No - mice 

http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF


 

 

Antimony trioxide 

CAS NO. 1309-64-4 

3 Positive 

Comet 

Assay 

in 

mouse 

lung 

tissue 

samples

, 

Positive 

micro-

nucleus 

Not applicable 

because a 

metal; not 

soluble in 

water 

Some evidence of 

carcinogenic 

activity of 

antimony trioxide 

in male and 

female Wistar Han 

rats based on 

increased 

combined 

incidences of 

alveolar/bronchiol

ar adenoma or 

carcinoma in the 

lung. Clear 

evidence in male 

and female mice 

No – rats 

 

No - mice 

Vanadium Pentoxide 

CAS NO. 1314-62-1 

4 Neg Neg 

micro-

nucleus 

Not applicable 

because a 

metal; 

dissolves 

slightly in 

water 

Under the 

conditions of this 

2-year inhalation 

study, there was 

some evidence of 

carcinogenic 

activity* of 

vanadium 

pentoxide in male 

F344/N rats and 

equivocal 

evidence of 

carcinogenic 

activity of 

vanadium 

pentoxide in 

female F344/N 

No – rats 

 

No – mice 

 

http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html


 

 

rats based on the 

occurrence of 

alveolar/bronchiol

ar neoplasms. 

There was clear 

evidence of 

carcinogenic 

activity of 

vanadium 

pentoxide in male 

and female 

B6C3F1 mice 

based on increased 

incidences of 

alveolar/bronchiol

ar neoplasms. 

1,2-Dibromoethane 

CAS NO. 106-93-4 

5 Positive 

–direct 

acting 

muta-

gen 

Positive 

in SCE 

and 

DNA 

binding 

1.96 Positive in male 

and female mice 

and in female rats. 

Negative in male 

rats 

Yes – rats 

 

Yes - mice 

Chromium 

Hexavalent 

Compounds  

CAS NO. 18540-29-9 

6 (no 

info re 

rodent 

sex) 

positive positive Not applicable 

because a metal 
Exposure to 

chromium(VI) 

compounds 

(calcium chromate, 

chromium trioxide, 

or sodium 

dichromate) via 

inhalation or 

intratracheal or 

intrabronchial 

implantation 

caused benign 

No – rats 

 

No - mice 



 

 

and/or malignant 

lung tumors in rats 

and/or mice 

Bis(chloromethyl) 

Ether and Technical 

Grade Chloromethyl 

Methyl Ether  

CAS NOS. 542-88-1 

and 107-30-2 

6 (no 

info re 

rodent 

sex) 

Positive 

Alkylat

ing 

agent 

positive -0.38 

Reacts with 

water 

Exposure to 

BCME by 

inhalation caused 

lung tumors in rats 

(benign) and mice 

(carcinoma) 

Ranking 

would 

probably be 

higher if had 

sex info 

 

Yes – rats 

 

No - mice 
Trim® VX 7 negative negative Not applicable 

– complex 

mixture 

There was equivocal 

evidence of 

carcinogenic activity 

of TRIM
®
 VX in 

male Wistar Han 

rats based on the 

combined 

occurrences of 

alveolar/bronchiolar 

adenoma or 

carcinoma of the 

lung. There was 

equivocal evidence 
of carcinogenic 

activity of TRIM
®
 

VX in female 

Wistar Han rats 

based on the 

occurrences of 

alveolar/bronchiolar 

adenoma of the 

lung. There was 

clear evidence of 

No – rats 

 

No -  mice 

http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html


 

 

carcinogenic activity 

of TRIM
®
 VX in 

male B6C3F1/N 

mice based on the 

increased combined 

incidences of 

alveolar/bronchiolar 

adenoma or 

carcinoma of the 

lung. There was 

clear evidence of 

carcinogenic activity 

of TRIM
®
 VX in 

female B6C3F1/N 

mice based on the 

increased combined 

incidences of 

alveolar/bronchiolar 

adenoma or 

carcinoma 

(primarily 

carcinoma) of the 

lung. 

Nickel Oxide 

CAS NO. 1313-99-1 

8 neg Neg 

Micro-

nucleusn

eg 

chromos

ome 

aberra-

tion 

Not 

applicable 

because a 

metal; 

insoluble in 

water 

Some evidence in 

male and female 

rats; equivocal 

evidence mice; 

negative male 

mice 

Yes – rats 

 

No - mice 

Molybdenum 

Trioxide 

CAS NO. 1313-27-5 

8 neg neg Not applicable 

because a 

metal; soluble 

in water 

Equivocal 

evidence  in male 

rats, some 

evidence of 

No – rats 

No - mice 

http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/defs/index.html
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http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
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carcinogenic 

activity in male 

mice, some 

evidence in 

female mice 

Bromoethane (Ethyl 

Bromide)  

CAS NO. 74-96-4 

9 positive Positive 

for 

SCEs 

and neg 

for 

chromos

ome 

aberra-

tions 

1.3 Some evidence in 

male rats, 

equivocal 

evidence in female 

rats, equivocal 

evidence in male 

mice. Negative in 

female mice. 

Yes – rats 

 

Yes - mice 

Nickel Subsulfide 

CAS NO. 12035-72-2 

10 negative positive Not applicable 

because a 

metal; 

insoluble in 

water 

Clear evidence in 

male and female 

rats; No evidence in 

male or female mice 

Yes – rats 

 

No - mice 

1,3-Butadiene 

CAS NO. 106-99-0 
10 positive positive 1.99 Clear evidence in 

male and female 

mice; negative in 

rats 

Yes – rats 

 

Yes - mice 

Trichloro- 

ethylene 

CAS NO. 79-01-6 

10 negative Prob-ably 
negative 
(caused 

SCE only) 

2.61 Clear evidence in 

male and female 

mice; negative in 

rats 

Yes – rats 

 

Yes - mice 

Cumene 

CAS NO. 98-82-8 

10 negative Positive 
(weak) 

3.66 Clear evidence in 

male and female 

mice; negative in 

rats 

Yes – rats 

 

Yes  - mice 

Dichloromethane 

(Methylene Chloride) 

CAS NO. 75-09-2 

10 Positive 

– direct 

acting 

Positive 

in 

chromos

1.25 Clear evidence of 

carcinogenicity in 

male and female 

Yes – rats 

 

Yes - mice 



 

 

Ames 

mutage

n TA98 

and 

TA100 

omal 

aberratio

ns 

mice; negative in 

rats 

Isoprene 

CAS NO. 78-79-5 

10 negative negative 2.42 Positive in male 

and female mice; 

negative in rats 

Yes – rats 

 

Yes - mice 

Nitromethane 

CAS NO. 75-52-5 

10 negative negative 0.17 Positive in male 

and female mice; 

negative in rats 

Yes – rats 

 

Yes - mice 

Chloroprene 

CAS NO. 126-99-8 

10 negative negative 2.53 Positive in male 

and female mice; 

negative in rats 

Yes – rats 

 

Yes - mice 

1,2-dibromo-3-

chloropropane  

CAS NO. 96-12-8 

10 Positive 

to 

TA153

5 

without 

S9 

 2.96 Positive in male 

and female mice; 

negative in rats 

Yes – rats 

 

Yes - mice 

Ozone 11 Positive 

– direct 

muta-

gen in 

TA102 

 Calculated 

Log P = 

-0.87 

There was 

equivocal evidence 

of carcinogenic 

activity of ozone 

in male B6C3F1 

mice based on 

increased 

incidences of 

alveolar/bronchiol

ar adenoma or 

carcinoma. There 

was some evidence 

of carcinogenic 

No – rats 

 

No - mice 

http://ntp.niehs.nih.gov/results/pubs/longTerm/defs/index.html#CARCDEF
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activity of ozone 

in female B6C3F1 

mice based on 

increased 

incidences of 

alveolar/bronchiol

ar adenoma or 

carcinoma. 

Negative in rats. 

Talc containing no 

asbestos fibers 

CAS NO. 14807-96-6 

12 neg neg Not 

applicable 

Insoluble in 

water 

Clear evidence in 

female rats; No 

evidence in male 

rats, or male or 

female mice 

 

 

Yes – rats 

 

No - mice 

Gallium Arsenide 

CAS NO. 1303-00-0 

12 neg Neg 

Micro-

nucleus 

assay 

Not applicable 

because a metal 
Insoluble in 

water 

 

No evidence male 

rats, Clear 

evidence in 

female rats, No 

evidence in male 

and female mice 

Yes – rats 

 

No - mice 

Nitrobenzene 

CAS NO. 98-95-3 

12 negative positive 1.85 Positive in male 

mice. Negative in 

female mice and 

rats 
 

Yes – rats 

 

Yes - mice 

Chloroethane (ethyl 

chloride) 

 CAS NO. 75-00-3 

12 positive 

to 

TA153

5 

without 

S9 

 1.43 Positive in male 

mice. Negative 

female mice and 

rats. 

Yes – rats 

 

Yes - mice 



 

 

 

alkyla-

ting 

agent 

 

Vinylidene Chloride 

CAS NO. 75-35-4 

12 negative negative 2.13 Incidence of 

alveolar/bronchiol

ar carcinoma 

significantly 

increased in 12.5 

ppm female mice; 

negative in male 

mice and in rats 

No – rats 

 

No - mice 

Naphthalene 

CAS NO. 91-20-3 

12 negative positive 3.3 significantly 

increased 

incidence of 

benign lung 

tumors (adenoma) 

in female B6C3F1 

mice 

Yes – rats 

 

No - mice 

Ethylbenzene 

CAS NO. 100-41-4 

13 neg Neg for 

SCE or 

chromo-

some 

aberra-

tions 

3.15 Some evidence of 

carcinogenic 

activity  in male 

mice; negative in 

female mice and 

rats 

Yes – rats 

 

Yes - mice 

CIMSTAR 3800 13 Direct 

muta-

gen E. 

coli but 

neg in 

TA98 

and 

Neg in 

micro-

nucleus 

in vivo 

Not 

applicable – 

multi-

component 

mixture 

Some evidence of 

carcinogenic 

activity in female 

mice. Negative 

male mice and 

rats. 

Yes – rats 

 

Yes - mice 



 

 

TA100; 

con-

sidered 

weakly 

positive 

Divinylbenzene-HP 

CAS NO. 1321-74-0 

14 negative negative 3.8 Equivocal 

evidence of 

carcinogenic 

activity in female 

mice; negative 

male mice, male 

and female rats 

Yes – rats 

 

No - mice 

Allyl glycidyl ether 

CAS NO. 106-92-3 

15 positive Positive 

in SCE 

and 

chromos

ome 

aberratio

ns 

Solubility in 

water is 14% 

No evidence of 

carcinogenic 

activity in male 

Osborne-Mendel 

rats, no evidence 

in female rats, no 

evidence in male 

mice, no evidence 

in female mice 

Yes – rats 

 

No – mice 

 

Nasal 

passages only 

Propylene glycol 

mono-t-butyl ether 

CAS NO. 57018-52-7 

15 Positive 

in 

TA97 

w/o S9 

Negativ

e in SCE 

and 

chromos

ome 

aberratio

ns; small 

positive 

micronu

cleus 

0.83 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Diethylamine  

CAS NO. 109-89-7 

15 neg Neg in 

micro-

0.58 Negative in rats 

and mice 

No – rats 

 



 

 

nucleus No - mice 

Tetralin 

CAS NO. 119-64-2 

15 neg Neg in 

micronu

cleus 

1.67 Negative in rats 

and mice 

Yes – rats 

 

No - mice 

Propargyl alcohol 

CAS NO. 107-19-7 

15 neg Negativ

e in vivo 

micronu

cleus 

-0.38 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

alpha-Methylstyrene 

CAS NO. 98-83-9 

15 neg Negativ

e 

chromos

ome 

aberratio

ns, 

positive 

SCEs, 

positive 

micronu

cleus 

3.48 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Methyl isobutyl 

ketone 

CAS NO. 108-10-1 

15 neg  1.31 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Stoddard Solvent IIC 

CAS NO. 64742-88-7 

15 neg In vivo 

micro-

nucleus 

neg 

Not 

applicable - 

mixture 

Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Decalin 

CAS NO. 91-17-8 

15 neg Equivoc

al in 

micro-

nucleus 

4.8 Negative in rats 

and mice 

Yes – rats 

 

Yes  - mice 

Isobutene  

CAS NO. 115-11-7 

15 neg Neg 

micro-

nucleus 

2.34 Negative in rats 

and mice 

Yes – rats 

 

No - mice 



 

 

2-Butoxyethanol  

CAS NO. 111-76-2 

15 neg Neg 

SCEs, 

chromos

ome 

aberra-

tions, 

0.83 Negative in rats 

and mice 

Yes – rats 

 

No - mice 

Furfuryl Alcohol 

CAS NO. 98-00-0 

15 neg Positive 

SCEs, 

neg 

chromos

ome 

aberra-

tions, 

neg 

micro-

nucleus 

0.28 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Tetrahydrofuran 

 CAS NO. 109-99-9 

15 neg Neg in 

SCE, 

chromos

ome 

aberratio

ns, 

micronu

cleus 

0.46 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Isobutyraldehyde 

CAS NO. 78-84-2 

15 neg Positive 

for 

SCEs 

and 

chromos

ome 

aberratio

ns 

0.77 Negative in rats 

and mice 

No – rats 

 

No - mice 

Tetrafluoroethylene 15 neg neg 1.21 Negative in rats Yes – rats 



 

 

CAS NO. 116-14-3 and mice  

Yes - mice 

Acetonitrile  

CAS NO. 75-05-8 

15 neg Weakly 

positive 

SCE and 

chromos

ome 

aberratio

n. 

Positive 

micronu

cleus 

male 

mice. 

-0.34 Negative in rats 

and mice 

Yes – rats 

 

No - mice 

Hexachloro-

cyclopentadiene  

CAS NO. 77-47-4 

15 neg Neg in 

SCE, 

chromos

ome 

aberra-

tions, 

micro-

nucleus 

5.04 Negative in rats 

and mice 

Yes – rats 

 

No - mice 

l-Epinephrine 

hydrochloride  

CAS NO. 55-31-2 

15 neg Neg in 

SCE and 

chromos

ome 

aberra-

tions 

-2.59 Negative in rats 

and mice 

No – rats 

 

No – mice 

 

Doses 

considered 

too low. 

2-

Chloroacetophenone 

CAS NO. 532-27-4 

15 neg Weakly 

positive 

in 

chromos

1.93 Negative in rats 

and mice 

Yes – rats 

 

No - mice 



 

 

omal 

aberra-

tions 

CS2 (94% o-

Chlorobenzalmalono-

nitrile 

CAS NO. 2698-41-1 

15 Equivo-

cal or 

neg 

Positive 

in SCE 

and 

chromos

ome 

aberra-

tions 

2.76 Negative in rats 

and mice 

No – rats 

 

No - mice 

Toluene 

CAS NO. 108-88-3 

15 neg neg 2.73 Negative in rats 

and mice 

No – rats 

 

No - mice 

Methyl Methacrylate 

CAS No. 80-62-6 

15 neg Positive 

for 

SCEs 

and 

chromos

ome 

aberra-

tions 

1.38 Negative in rats 

and mice 

No – rats 

 

No - mice 

Tetrachloroethylene 

(Perchloroethylene) 

CAS NO. 127-18-4 

15 neg neg 3.40 Negative in rats 

and mice 

Yes – rats 

 

Yes - mice 

Propylene oxide 

CAS NO. 75-56-9 

15 neg  0.055 Negative in rats 

and mice 

Yes – rats 

(nasal 

turbinates) 

 

Yes – mice 

(nasal 

turbinates) 

 

 



 

 

Nickel sulfate 

hexahydrate  

CAS NO. 10101-97-0 

15 No data Nickel 

sulfate 

hexahyd

rate (500 

to 800 

g/mL) 

was 

tested 

for 

inductio

n of 

trifluoro

thymidi

ne 

resistanc

e in 

L5178Y 

mouse 

lympho

ma cells. 

A 

positive 

response 

was 

observe

d in the 

absence 

of S9. 

The test 

was not 

perform

ed with 

S9. 

Not applicable 

because a metal 
Negative in rats 

and mice 

No – rats 

 

No - mice 
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