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451 Florida Street 

Baton Rouge, Louisiana 70801-1765 

Telephone: 919-599-4517 

Facsimile: 225-388-7046; carr.smith@albemarle.com 

 

April 28, 2016 

National Institute for Occupational Safety and Health 

NIOSH Docket Office 

1090 Tusculum Avenue 

MS C-34 

Cincinnati OH 45226-1998 

 

Re: CDC-2016-0003 and docket number NIOSH-057-A 

 

Dear NIOSH: 

As a manufacturer of 1-bromopropane, Albemarle Corporation has sponsored contract toxicology, 

exposure assessment and risk assessment studies on 1-bromopropane potentially relevant to the 

development of Draft Criteria Document for a Recommended Standard: Occupational Exposure to 1-

Bromopropane (1-BP). 

 

Overall Summary of Albemarle’s Comments  

 The basis of NIOSH’s recommended exposure limit (REL) of 0.3 ppm is the consideration of 

the lung tumors seen in ‘female mice only’ from the NTP 2-year inhalation study on 1-

bromopropane (1-BP). 

 NIOSH’s point of departure in the current Draft relys on a murine tumor type from the NTP 

2-year inhalation study on 1-BP that has limited relevance to human cancer risk. 

 There is additional evidence for a non-threshold mode of action for carcinogenicity that 

should be considered. We recommend reconsideration of the BMCL approach assuming a low 

dose linear behavior and extrapolation to a 0.1% response rate, with replacement by a 

classical BMDL approach using the rat skin tumor data as the most relevant point of 

departure. 

 We consider the additionally applied allometric scaling for an inhalation exposure as 

inadequate as differences in metabolic rate are compensated for by differences in breathing 

behavior  and allometric scaling is not applicable to the inhalation route of exposure 

(ECETOC, 2003). Furthermore, as the endpoint is confined to local effects (for both lung 
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tumors in mice and skin tumors in rats), allometric scaling for a systemic metabolic rate is  

inappropriate as well. 

 Assessments of workplace 1-BP exposures not based on recent data are likely to be 

overestimates as manufacturers and their customer chains have been making a concerted 

effort to reduce exposures to 1-BP. 

In summary, the weight-of-evidence suggests that the toxicological endpoint that should be 

employed for the purpose of assessing 1-BP risk to occupationally exposed workers are the 

skin tumors seen in ‘male rats only’ as reported in the NTP 2-year inhalation study. In 

addition, a threshold risk assessment model should be used without application of an 

allometric scaling factor. 

In the following summary and analysis, data will be presented that suggest the following: 1) 1-BP is 

not genotoxic in the Ames Salmonella mutagenicity assay; 2) the development of bronchioloalveolar 

carcinomas (BACs) in the female B6C3F1 mice exposed via inhalation to 1-BP is not related to 

genotoxic processes subject to employment of a non-threshold risk assessment model; 3) sustained 

pulmonary inflammation can contribute to the development of BACs; 4) a threshold model should be 

employed for the risk assessment of 1-BP; 5) 1-BP exposures are declining rapidly in a number of 

workplaces in the United States. 

Background Regarding the Potential Carcinogenicity of 1-Bromopropane 

In 2013, NTP published the results of a 2-year inhalation study on 1-BP conducted on rats and mice. 

Table 1 illustrates the pattern of tumor incidence seen in the NTP two-year inhalation study on 1-BP 

(NTP, 2013). Four categories of animals were exposed: male mice; female mice; male rats; and 

female rats. Dose-related skin neoplasms were observed in male rats only. Neoplasms of the large 

intestine were seen in both male and female rats, but in neither male nor female mice. Lung 

neoplasms were found in female mice only. Although dose-related neoplasms of the skin, large 

intestine and lung were reported, the incidence varied by sex and species.  

Results from NTP 2-Year Inhalation Study on 1-Bromopropane 

Species/Sex Skin Neoplasms Large Intestine 

Neoplasms 

Lung 

Neoplasms 

Male Mice Negative Negative Negative 

Female Mice Negative Negative Positive 

Male Rats Positive Positive Negative 

Female Rats Negative Positive Negative 
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An examination of Table 1 shows that while 1-BP induced cancer in rodents via inhalation for two 

years, the results were not particularly robust regarding the ubiquity of tumor presentation by species 

and sex.  This is especially noteworthy for the most clinically relevant of the reported tumor types – 

the lung cancers seen in female mice only. [The potential clinical relevance of the lung neoplasms is 

based on inhalation being the primary route of exposure in occupationally-exposed workers.] 

Mouse Lung Cancers Are Discordant With Rat Lung Cancers and Human Lung Cancers 

NTP (Moore et al., 2013) performed a review of this 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, USEPA 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: 
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In USEPA’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 (USEPA, 2014). 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 
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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 illustrate an extremely 

important point – the dominance of the Clara cell in the epithelial cells lining the mouse lung. 
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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%). 

 

Potentially Relevant Metabolic Differences Among Mouse, Rat and Human Lung Cells 

 

In addition to the differences in gross and microanatomy between mouse and human lungs that might 

be related to differential susceptibility to chemical carcinogenesis, Pandiri (2015) has reviewed the 

metabolic uniqueness of mouse lung cells: 

 

“…Chemically induced lung tumor incidence in the mouse is slightly more than twice that observed 

in the rat (Table 1). Chemicals such as styrene, naphthalene, coumarin, ethylbenzene, cumene, and 

benzofuran are pulmonary carcinogens only in the mouse but not in the rat (NTP 

1979,1992, 1993, 1999, 2009, 1989; Chan 1992). With the exception of styrene, all these chemicals 

http://tpx.sagepub.com/content/43/1/107.full#T1
http://tpx.sagepub.com/content/43/1/107.full#ref-55
http://tpx.sagepub.com/content/43/1/107.full#ref-55
http://tpx.sagepub.com/content/43/1/107.full#ref-57
http://tpx.sagepub.com/content/43/1/107.full#ref-58
http://tpx.sagepub.com/content/43/1/107.full#ref-59
http://tpx.sagepub.com/content/43/1/107.full#ref-61
http://tpx.sagepub.com/content/43/1/107.full#ref-56
http://tpx.sagepub.com/content/43/1/107.full#ref-9
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are carcinogenic in both rats and mice, but interestingly the lung tumors were observed only in mice 

but not in rats. The unique species specificity of the mouse at least to styrene is mainly due to the 

unique CYP isoform CYP2F2 in the mouse Clara cells compared with CYP2F4 in rats and CYP2F1 

in humans. CYP2F2 is highly efficient in metabolizing styrene to styrene 7,8-oxide (SO) and other 

metabolites. These metabolites are cytotoxic to Clara cells and cause regenerative hyperplasia and 

subsequently result in proliferative lung lesions including neoplasia (Cruzan et al. 2009).” 
 

The production of cytotoxic metabolites via CYP2F2 metabolism of 1-BP has not been examined, but 

1-BP fits the pattern of bronchioloalveolar lung tumor induction in mice but not rats shown by 

styrene and other chemicals. An examination of the datasets for chemicals tested via 2-year inhalation 

bioassay in both rats and mice shows that 1-BP is similar to naphthalene in testing negative in the 

Ames test, positive as a clastogen, and inducing lung tumors in female mice only. 1-BP is also 

somewhat similar to ethylbenzene and cumene in testing Ames negative and producing lung tumors 

in mice but not rats, although male mice were affected by these two chemicals. In addition, 

ethylbenzene and cumene differed from 1-BP in testing negative for clastogenicity. 

 
 

NTP Inhalation Studies Similar to 1-Bromopropane 
 

Chemical Genotoxicity Clastogenicity Route Lung Tumor 

Incidence 

1-

Bromopropane 
Negative Positive in 

chromosome 

aberration 

Inhalation Female mice only 

Naphthalene Naphthalene was not 

mutagenic in any of 

four strains of 

Salmonella 

typhimurium with or 

without induced 

liver S9 enzymes. 

 

Negative 

However, in 

cytogenetic tests 

with cultured 

Chinese hamster 

ovary cells, 

naphthalene 

induced significant 

increases in sister 

chromatid 

exchanges with 

and without 

metabolic 

activation (S9) and 

in chromosomal 

aberrations with 

S9. Naphthalene 

did not induce 

chromosomal 

aberrations in the 

absence of S9 

activation. 

 

Positive 

Inhalation Males: No increase in 

tumor incidence related 

to naphthalene 

administration was 

observed in male mice. 

Females: In the 

incidence of pulmonary 

alveolarbronchiolar 

adenomas was 

significantly greater in 

the high-dose group 

than in the controls 

(5/69, 7%; 2/65, 3%; 

28/135, 21%). One 

other high-dose female 

had an 

alveolarbronchiolar 

carcinoma. The 

combined incidence of 

alveolar/ bronchiolar 

adenomas and 

carcinomas in the high 

dose females was 

http://tpx.sagepub.com/content/43/1/107.full#ref-13
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Chemical Genotoxicity Clastogenicity Route Lung Tumor 

Incidence 

above those for control 

female B6C3Fl mice 

from NTF' feed, water, 

and inhalation studies 

(91/1,166, 7.8%, range 

0%-16%). These lung 

tumors were attributed 

to naphthalene 

exposure. 

Ethylbenzene Negative Negative Inhalation There was some 

evidence of 

carcinogenic activity of 

ethylbenzene in male 

B6C3F1 mice based on 

increased incidences of 

alveolar/bronchiolar 

neoplasms. 

Cumene Negative Negative Inhalation In mice of both sexes, 

cumene caused benign 

and malignant lung 

tumors 

(alveolar/bronchiolar 

adenoma, carcinoma, 

and adenoma and 

carcinoma combined). 

Negative in rats. 

 

 

Evidence Supporting 1-BP Induction of Lung Cancer in Female Mice by Inflammatory Processes  

 

Point One - A Voluminous Literature Supports the Concept That Sustained Inflammation Can 

Theoretically Cause Cancer in Humans  

 

Rudolf Virchow first described the role of inflammation in the development of cancer as early as 

1863. In 2006, my colleagues and I summarized a small subset of this vast body of literature in 

Perspectives on Pulmonary Inflammation and Lung Cancer Risk in Cigarette Smokers (Smith et al., 

2006). The following paragraph is excerpted from Smith, et al., 2006: 

 

Inflammation Associated With Cancer at Other Sites (from Smith et al., 2006) 

 

“In their review of the role of increased cell proliferation in human carcinogenesis, Cohen et al. 

(1991) have summarized clinical conditions characterized by chronic inflammation, increased cell 

proliferation, and increased risk of cancer development. Their list includes phagedenic ulcer of the 

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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skin, reflux esophagitis with Barrett’s esophagus, chronic atrophic gastritis, chronic ulcerative colitis, 

cirrhosis of the liver, cholelithiasis of the gallbladder, and Paget’s disease of the bone. 

 

Ulcerative colitis may represent the most dramatic example of a strong association between chronic 

inflammation and cancer. In patients experiencing inflammation of the entire colon (pancolitis) for 10 

or more years, the relative risk for developing colon cancer as compared with normal controls is 20- 

to 30-fold. Thirty-five years following diagnosis, these relative risks are equivalent to an absolute risk 

of 30% (Ekbom et al., 1990). Fortunately, if initial pathologic examination does not reveal dysplasia, 

the rate of progression to dysplasia and carcinoma is much lower than the 30% figure noted in the 

aforementioned worst-case scenario (Lashner et al., 1990; Nugent et al., 1991).” 

 

Chronic Inflammatory Lung Diseases Associated With Lung Cancer (from Smith et al., 2006): 

 

“There are a number of nonmalignant diseases of the pulmonary system that are characterized by 

extensive inflammation and are associated with small to modest elevations in risk for development 

of lung cancer. These diseases include tuberculosis, emphysema, chronic bronchitis, idiopathic 

interstitial pneumonia/cryptogenic fibrosing alveolitis, systemic sclerosis, silicosis, sarcoidosis, 

chronic Chlamydia pneumoniae, and human Pneumocystis. With the exceptions of emphysema and 

chronic bronchitis, the associated pulmonary carcinomas frequently develop in the absence of 

exposure to chemical mutagens or carcinogens.” 

 

 

Point Two – Degree of Inflammation Increases With Dose of Pro-Inflammatory Stimulus 

 

A large amount of research in this area was performed to explain the causative relationship of lung 

cancer with smoking. From this research some general conclusions on the role of pro-inflammatory 

processes for the development of lung cancer can be drawn.  

Excerpt from: European Respiratory Journal: 

WG Kuschner, A D'Alessandro, H Wong, PD Blanc (1996). Dose-dependent cigarette smoking-

related inflammatory responses in healthy adults. European Respiratory Journal. 9:1989-1994. 

ABSTRACT: The aim of this study was to determine the dose-response relationship between 

cigarette smoke exposure and pulmonary cell and cytokine concentrations in bronchoalveolar lavage 

(BAL). BAL cells and BAL supernatant concentrations of tumour necrosis factor-α (TNF- α), 

interleukin (IL)-1β, IL-6, IL-8, and monocyte chemoattractant protein (MCP)-1 from 14 healthy 

smokers and 16 healthy nonsmokers were quantified. Statistically greater concentrations of 

neutrophils, macrophages, IL-1β, IL-6, IL- 8 and MCP-1 were observed among smokers compared 

with nonsmokers (p≤0.0007 in all cases). Cigarette smoking, categorized ordinally as: less than one 

pack, one pack, or greater than one pack per day, was predictive of BAL macrophages  

(p<0.0001), neutrophils (p=0.015), IL-1β (p<0.001) and IL-8 (p=0.02). We conclude that 

concentrations of macrophages, neutrophils, IL-1β and IL-8 are elevated in the pulmonary 

microenvironment of smokers in a cigarette dose dependent manner. Based on the present findings, 

we would caution against simple analyses that treat current smokers as a homogeneous group and 

which do not account for smoking intensity.” 
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Excerpt from: PLOS ONE: 

 

 “Reza Karimi, Göran Tornling, Johan Grunewald, Anders Eklund, C. Magnus Sköld (2012). Cell 

Recovery in Bronchoalveolar Lavage Fluid in Smokers Is Dependent on Cumulative Smoking 

History.  PLOS One.7:e34232.  

 

Background 

Smoking is a risk factor for various lung diseases in which BAL may be used as a part of a clinical 

investigation. Interpretation of BAL fluid cellularity is however difficult due to high variability, in 

particular among smokers. In this study we aimed to evaluate the effect of smoking on BAL cellular 

components in asymptomatic smokers. The effects of smoking cessation, age and gender were also 

investigated in groups of smokers and ex-smokers. 

Methods 

We performed a retrospective review of BAL findings, to our knowledge the largest single center 

investigation, in our department from 1999 to 2009. One hundred thirty two current smokers (48 

males and 84 females) and 44 ex-smokers (16 males and 28 females) were included. A group of 295 

(132 males and 163 females) never-smokers served as reference. 

Result 

The median [5–95 pctl] total number of cells and cell concentration in current smokers were 63.4 

[28.6–132.1]×106 and 382.1 [189.7–864.3]×106/L respectively and correlated positively to the 

cumulative smoking history. Macrophages were the predominant cell type (96.7% [90.4–99.0]) 

followed by lymphocytes (2% [0.8–7.7]) and neutrophils (0.6% [0–2.9]). The concentration of all 

inflammatory cells was increased in smokers compared to never smokers and ex-smokers. BAL fluid 

recovery was negatively correlated with age (p<0.001). Smoking men had a lower BAL fluid 

recovery than smoking women. 

Conclusion 

Smoking has a profound effect on BAL fluid cellularity, which is dependent on smoking history. Our 

results performed on a large group of current smokers and ex-smokers in a well standardized way, 

can contribute to better interpretation of BAL fluid cellularity in clinical context.” 

 

Point Three - Mice in the NTP 2-Year Inhalation Study on 1-Bromopropane Experienced 

Significant Oxidative Stress 

The precursor cells that are transformed to bronchioloalveolar carcinomas in 1-bromopropane-

exposed female mice experienced a sustained exposure to activated oxygen species as noted below by 

NTP. This sustained exposure to oxygen free radicals can damage DNA via a mechanism 

independent of chemical-specific DNA adduct formation.  
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Below please find section 5.3.2 from the 1-Bromopropane Report on Carcinogens, excerpted in its 

entirety: 

“5.3.2 Oxidative stress due to cellular glutathione depletion could contribute to the carcinogenicity of 

1-bromopropane (Morgan et al. 2011). Although no studies were identified that directly investigated 

the possible role of glutathione levels and oxidative stress in 1-bromopropane–induced 

carcinogenicity, several studies have shown evidence that exposure to 1-bromopropane causes toxic 

effects in the liver and in the reproductive and nervous systems of mice and rats that are associated 

with glutathione depletion and oxidative stress (Huang et al. 2011, Lee et al. 2007a, Lee et al. 2005a, 

Lee et al. 2005b, Lee et al. 2010a, Lee et al. 2007b, Lee et al. 2010b, Liu et al. 2009, Liu et al. 2010, 

Subramanian et al. 2012). A dose-dependent depletion of glutathione by 1-bromopropane was 

reported in mice (Lee et al. 2007a, b), and a role for Cyp2e1 metabolism in this effect was indicated 

by a greater depletion of glutathione in wild-type mice than in Cyp2e1 knockout mice (Garner et al. 

2007). Oxidative stress in rodents exposed to 1-bromopropane is consistent with dose-dependent 

increases in oxidative stress markers (ROS, RNS) in rat cerebellum (Subramanian et al. 2012), 

increased lipid peroxidation in male mice (Liu et al. 2010), and altered expression of oxidative stress 

genes (NQO1 and HO-1) in mice (Liu et al. 2009, Liu et al. 2010) (for more information, see 

Appendix E). 9/25/13 RoC Monograph on 1-Bromopropane 42 Glutathione conjugation is generally 

regarded as a detoxification mechanism (Morgan et al. 2011). Most of the urinary metabolites of 1-

bromopropane are derived from glutathione conjugates, thus, chronic exposure could produce levels 

of metabolites that exceed the amount of glutathione available for conjugation. Glutathione levels 

also may be depleted by oxidative metabolites that inhibit enzymes required for glutathione synthesis. 

Liu et al. (2009) also reported lower hepatocellular glutathione-S-transferase (GST) activity in 

susceptible mouse strains exposed to 1-bromopropane. Lower GST activity could reduce glutathione 

conjugation and increase toxicity. Huang et al. (2011) reported differential expression of several 

proteins in the hippocampus of rats exposed to 1-bromopropane that support the hypothesis that 

oxidative stress plays a role in 1-bromopropane–induced damage. These proteins included HSP60, 

GRP78, DJ-1, GSTA3, and GSTP1. The proteins HSP60, GRP78, GSTA3, and GSTP1 were 

upregulated after 1-bromopropane exposure. HSP60 is a mitochondrial matrix protein induced by 

various kinds of stresses and GRP78 is an endoplasmic reticulum-resident molecular chaperone that 

suppresses oxidative stress. GSTA3 and GSTP1 belong to a family of detoxification enzymes that 

also protect against oxidative stress. DJ-1 has been shown to prevent oxidative stress in age-related 

neurodegeneration and was downregulated after 1 week of exposure. Thus down-regulation of DJ-1 

could result in increased oxidative stress.” 

 

Point Four – Pro-inflammatory Agents Have Been Shown to Induce BAC Tumors in B6C3F1 

Mice 

Example: NTP 2-Year Inhalation Study on Cobalt Sulfate Heptahydrate Demonstrates That Murine 

Bronchioloalveolar Carcinoma Can Be Induced Via K-RAS Transformation by Hydroxyl Radical 
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In August 1998, NTP Tech Report 47 described the results of an inhalation study on cobalt sulfate 

heptahydrate using the same strain of mice employed in the NTP 1-bromopropane inhalation study, 

i.e. B6C3F1.  In both studies, the same bronchioloalveolar carcinoma was observed. This tumor type 

was seen in female mice only in the 1-bromopropane study, and in both male and female mice in the 

cobalt sulfate heptahydrate study. 

The lung neoplasms in the NTP 1998 study were examined for genetic alterations in the K-ras gene.  

The data are consistent with cobalt sulphate heptahydrate exposure in B6C3F1 mice generating 

hydroxyl radicals inducing G to T transversions at the second base of codon 12 within the K-ras gene. 

K-ras oncogene activation is believed to be an important step in the induction of adenocarcinoma 

(Mainardia, et al., 2014). Cobalt sulfate is not a genotoxin. It is a strong pro-inflammatory agent. 

Hydroxyl radicals are generated by inflammatory cells during pulmonary inflammation. 

 

 Evidence Supporting Lack of Ames Samonella Mutagenicity of 1-BP 

The positive but not overwhelming tumorigenicity, elevated the importance of the mode of action 

(MOA) of rodent tumor induction by 1-BP. If 1-BP were genotoxic, the cancer risk to occupationally-

exposed workers would be considered to be higher than the cancer risk if 1-BP was inducing tumors 

via a non-genotoxic mechanism. To better understand the MOA contributing to the reported findings 

on rodent tumorigenicity in the two-year NTP inhalation study, NTP reviewed the potentially 

important role played by the Ames test on page 36 of the NTP Report on Carcinogens (NTP, 2013b): 

“DNA reactivity combined with Salmonella mutagenicity is highly correlated with induction of 

carcinogenicity in multiple species/sexes of rodents and at multiple tissue sites (Ashby and Tennant, 

1991). A positive response in the Salmonella test was shown to be the most predictive in vitro 

indicator for rodent carcinogenicity (89% of the Salmonella mutagens are rodent carcinogens) 

(Tennant, et al., 1987; Zeiger, et al., 1990). Additionally, no battery of tests that included the 

Salmonella test improved the predictivity of the Salmonella test alone…” 

After reviewing the genotoxicity literature on 1-BP, NTP (2013) decided to place great weight on a 

single Ames test conducted at the Eastman Kodak Company in Rochester NY,   submitted in 1980 

and published in 1981 by ED Barber et al. (see Appendix I for a complete copy of the manuscript). 

NTP’s rationale is described in the following excerpt from the RoC (2013) on 1-BP: 

“In summary, the data indicate that 1-bromopropane is a direct-acting mutagen in S. typhimurium, 

because similar findings were observed both with and without the addition of metabolic activation, in 

the only reported study that used appropriate methodology (treatment and incubation in a closed 

chamber) for testing a volatile substance.” 
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Albemarle Internal and Sponsored Research on 1-Bromopropane Mode of Action Regarding 

Tumorigenicity 

Due to the importance of determining the Ames test genotoxicity of 1-BP, and NTP’s reliance on a 

single Ames test more than 35 years old, Albemarle decided to pursue an independent evaluation of 

the Ames activity of 1-BP. Prior to describing and presenting the Albemarle sponsored experimental 

results, I will briefly present Albemarle’s internal Quantitative Structure-Activity Relationship 

(QSAR) results on the genotoxicity of 1-BP. 

 

QSAR Modeling of 1-Bromopropane and 2-Bromopropane (Appendix II) 

The European Chemicals Agency (ECHA) has selected OECD Toolbox as one of the Quantitative 

Structure-Activity Relationship (QSAR) programs proposed for the prediction of the biological 

activity (including toxicity) of a molecule from its chemical structure. OECD Toolbox predicts that 1-

BP will be negative in the Ames test, and it is in fact, negative in the Albemarle-sponsored 

BioReliance 2015 Ames test. OECD Toolbox also predicts that 2-bromopropane should be positive in 

the Ames test, and in fact, 2-bromopropane is Ames positive (CCRIS, 2015). Therefore, the 

BioReliance Ames test results are predicted by QSAR, while the older results from Barber, et al. 

(1981) are not. 

 

Albemarle Contract Studies on Potential Genotoxicity of 1-Bromopropane 

Albemarle undertook mode of action studies on 1-BP because the extant literature had addressed 

insufficiently the volatility and solubility challenges presented by attempting to assay 1-BP for DNA 

damage or mutagenicity. [Both the Ames and in vitro chromosome aberration assays were conducted 

in closed systems that did not allow the escape of volatile 1-BP.] Albemarle’s goal was to conduct a 

study of high technical quality to determine whether or not 1-BP was mutagenic in the most widely 

accepted assays. Toward this goal, Albemarle contracted with BioReliance in Rockville MD because 

of their extensive experience in this area, and dedicated two Ph.D. analytical chemists from the 

Albemarle Process Development Center in Baton Rouge LA to collaborate with BioReliance in 

developing an analytical protocol for detecting 1-BP in the assay buffers (see Appendix IV for 

complete Analytical Protocol).  Excerpts from the results of the collaborative effort between 

Albemarle and BioReliance are as follows: 

 

 

Results of Ames Assays on 1-Bromopropane (Excerpted from Final Report – Appendix III) 

“The test article, 1-bromopropane, was tested in the Bacterial Reverse Mutation Assay using 

Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia coli 

tester strain WP2 uvrA in the presence or absence of Aroclor-induced rat liver S9.  The assay was 
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performed in two phases using the preincubation method.  The first phase, the initial 

toxicity-mutation assay, was used to establish the dose-range for the confirmatory mutagenicity assay 

and to provide a preliminary mutagenicity evaluation.  The second phase, the confirmatory 

mutagenicity assay, was used to evaluate and confirm the mutagenic potential of the test article. 

Ethanol (EtOH) was selected as the solvent of choice based on information provided by the Sponsor, 

solubility of the test article and compatibility with the target cells.  The test article formed a clear 

solution in EtOH at approximately 500 mg/mL, the maximum concentration tested in the solubility 

test conducted at BioReliance. 

In the initial toxicity-mutation assay, the maximum dose tested was 5000 µg per plate; this dose was 

achieved using a concentration of 200 mg/mL and a 25 µL plating aliquot.  The dose levels tested 

were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000 µg per plate.  No positive mutagenic responses were 

observed with any of the tester strains in either the presence or absence of S9 activation.  No 

precipitate was observed.  Toxicity was observed at 5000 µg per plate with all Salmonella tester 

strains.  Based on the findings of the initial toxicity-mutation assay, the maximum dose plated in the 

confirmatory mutagenicity assay was 5000 µg per plate. 

In the confirmatory mutagenicity assay, no positive mutagenic responses were observed with any of 

the tester strains in either the presence or absence of S9 activation.  The dose levels tested were 50, 

150, 500, 1500, 2000, 3000 and 5000 µg per plate.  No precipitate was observed.  Toxicity was 

observed at 5000 µg per plate with all Salmonella tester strains.  However, due to technical errors, the 

entire assay was repeated. 

In the retest of the confirmatory mutagenicity assay, no positive mutagenic responses were observed 

with any of the tester strains in either the presence or absence of S9 activation.  The dose levels tested 

were 50, 150, 500, 1500, 2000, 3000 and 5000 µg per plate.  No precipitate was observed.  Toxicity 

was observed beginning at 3000 or at 5000 µg per plate with all tester strains. All studies were 

performed in a closed test system to prevent volatilization, and in addition all dose levels were 

confirmed by analytical determination of the test substance in the pre-incubation medium.  

Under the conditions of this study, test article 1-bromopropane was negative in the Bacterial Reverse 

Mutation Assay.” 

 

Results of In Vitro Mammalian Chromosome Aberration Assay on 1-Bromopropane (Excerpted 

from Final Report – Appendix V) 

“The positive and untreated controls fulfilled the requirements for a valid test. 

Under the conditions of the assay described in this report, 1-bromopropane was concluded to be 

positive for the induction of structural chromosome aberrations and negative for the induction of 

numerical chromosome aberrations in the non-activated and S9-activated test systems in the in vitro 

mammalian chromosome aberration test using human peripheral blood lymphocytes (Roy, 2014).” 
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Putting the BioReliance Results Into Perspective 

In conclusion, in the studies performed by BioReliance 1-BP was not genotoxic in the Ames test, but 

was clastogenic in the in vitro chromosome aberration assay in human peripheral lymphocytes in 

either the presence or absence of metabolic activation. These contrarian results raised the question of 

whether other chemicals displayed the same or a similar overall hazard pattern regarding 

mutagenicity, clastogenicity and tumorigenicity in rodents. Table 2 (below) shows the results for 18 

chemicals where the weight-of-the-evidence suggests that the chemical is negative in the Ames test, 

positive in another genotoxicity assay, and displays dose-related tumorigenicity in rodents (CCRIS, 

2015). Two of the 18 chemicals, allyl isovalerate and furosemide are the most similar to 1-BP in 

overall pattern.  

Allyl isovalerate is a synthetic fragrance and flavoring ingredient. For allyl isovalerate, 1/1 Ames 

tests were negative, 1/1 chromosome aberration assays positive, malignant lymphoma seen in female 

mice, and mononuclear cell leukemia in male rats. IARC (1987) has provided the following 

classifications: “There is limited evidence in experimental animals for the carcinogenicity of allyl 

isovalerate. Allyl isovalerate is not classifiable as to its carcinogenicity in humans (Group 3).” 

Considerably more data are available for furosemide than for allyl isovalerate. For furosemide, 2/2 

Ames tests were negative, 3/3 chromosome aberration assays positive, mammary gland malignant 

mixed tumor/acinar cell carcinoma seen in female mice, and equivocal renal tubular cell 

adenoma/adenocarcinoma and/or cranial meningioma in the male rat. Furosemide is in wide clinical 

usage as a loop diuretic under the brand name Lasix (Mayo Clinic, 2015). The International Agency 

for Research on Cancer (IARC) has evaluated the carcinogenicity data for furosemide (IARC, 1990) 

and has determined that “There is inadequate evidence for the carcinogenicity of furosemide in 

humans. There is inadequate evidence for the carcinogenicity of furosemide in experimental 

animals.” Therefore, 1-BP is somewhat unique in being definitively negative in the Ames test, 

definitively positive in the in vitro structural chromosome aberration assay, and a sufficient 

carcinogen in rodents. 
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Chemicals Displaying Negative Ames Tests, Positives in Other Genotoxicity Assays, and 

Tumorigenicity in Rodent Bioassays (Data from CCRIS 2015) 

Chemical CASRN Carcinogenicity studies Ames 

assay 

Other 

genotoxicity 

Assays 

Alpha-

methylbenzyl 

alcohol 

98-85-1 Renal tubular cell 

adenomas or 

adenocarcinomas 

F344 Rat/male. Negative 

F344 Rat/female; 

B6C3F1 

Mouse/male/female. 

Negative  

(2 

studies) 

Mouse 

lymphoma 

positive (1/1 

studies) 

3-chloro-2-

methylpropene 

563-47-

3 

Forestomach papillomas 

and/or squamous cell 

carcinomas 

F344 Rat/male/female; 

B6C3F1 

Mouse/male/female; or 

Harderian gland adenoma 

BDF1 Mouse/female. 

Positive 

(1/4 

studies) 

Chromosomal 

aberration  

positive (2 

studies; 5/8 

assays) 

Clofibrate 637-07-

0 

Hepatocellular carcinoma 

F344 Rat/male/female; 

CD-1 Mouse 

male/female/negative; 

rasH2 

Mouse/female/negative). 

Also a tumor promoter. 

Negative 

(2 

studies) 

CHL V-79 

negative (1 

study) 

Caffeic acid 331-39-

5 

Forestomach 

papilloma/squamous cell 

carcinoma F344 

Rat/male/female. 

Alveolar cell adenoma or 

adenocarcinoma B6C3F1 

mouse/male; negative/ 

female. (4 studies). Also 

Negative 

(1 study) 

Mouse 

lymphoma 

positive 
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Chemical CASRN Carcinogenicity studies Ames 

assay 

Other 

genotoxicity 

Assays 

a tumor promoter. 

Phenylbutazone 50-33-9 Transitional epithelial 

carcinoma or renal 

tubular cell adenoma or 

adenocarcinoma F344 

Rat/female/male. 

Hepatocellular adenoma 

or carcinoma 

B6C3F1/male; 

negative/female. 

Negative 

(2 

studies) 

Mouse 

lymphoma 

positive (2 

studies) 

Chlorendic acid 115-28-

6 

Alveolar/bronchiolar  

adenoma/carcinoma; 

hepatic 

nodules/carcinoma; 

pancreatic adenoma; 

preputial 

adenoma/carcinoma or 

squamous cell carcinoma; 

endometrial stromal 

polyps; F344 

Rat/male/female. 

Hepatocellular 

adenoma/carcinoma 

B6C3F1 Mouse/male; 

female/negative. 

Negative 

(1 study) 

Mouse 

lymphoma/CHO 

cell positive (4 

studies)  

Methpyrilene 

hydrochloride 

135-23-

9 

Hepatocellular 

carcinoma, sarcoma or 

cholangiocarcinoma F344 

Rat/male/female (2 

studies). No mouse 

studies. 

Positive 

in 1/3 

studies 

Mouse 

lymphoma 

positive (3 

studies). 

1,1,2-

trichloroethane 

79-00-5 Hepatocellular carcinoma 

B6C3F1 Mouse 

male/female. Osborne-

Positive 

in ½ 

studies 

No studies 

located. 
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Chemical CASRN Carcinogenicity studies Ames 

assay 

Other 

genotoxicity 

Assays 

Mendel Rat male/female 

negative. 

Furfural 98-01-1 Cholangiocarcinoma 

F344 Rat/male. Female 

negative. Hepatocellular 

adenoma/carcinoma and 

or forestomach squamous 

papilloma B6C3F1 

Mouse male/female; CD-

1 Mouse female (dermal) 

negative. 

Positive 

in 1/5 

studies. 

Mouse 

lymphoma 

positive (1/1 

studies). 

Methimazole 60-56-0 No carcinogenicity 

studies. Tumor promoter 

only. 

No 

studies 

located. 

No studies 

located. 

Hydroquinone 123-31-

9 

No carcinogenicity 

studies. Tumor promoter 

only. 

Positive 

in 3/3 

studies. 

Chromosome 

aberration 

positive (10/10 

studies). 

Micronucleus 

assay positive 

(1/1 studies). 

Methylphenidate 

hydrochloride 

298-59-

9 

Hepatocellular 

blastoma/adenoma 

B6C3F1 Mouse 

male/female. F344 Rat 

male/female negative. 

Negative 

in 1/1 

studies. 

Chromosome 

aberration 

positive (1/2 

studies). 

Furosemide 54-31-9 Mammary gland 

malignant mixed 

tumor/acinar cell 

carcinoma B6C3F1 

Mouse female. Male 

negative. Equivocal renal 

tubular cell 

Negative 

in 2/2 

studies. 

Chromosome 

aberration 

positive (3/3 

studies). 
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Chemical CASRN Carcinogenicity studies Ames 

assay 

Other 

genotoxicity 

Assays 

adenoma/adenocarcinoma 

and or cranial 

meningioma F344 Rat 

male. Female negative. 

2-mercapto-

benzothiazole 

149-30-

4 

Mononuclear cell 

leukemia and/or 

pancreatic acinar cell 

adenoma F344 Rat/male. 

Pituitary gland 

adenoma/adenocarcinoma 

and or adrenal gland 

pheochromocytoma F344 

Rat/female. Equivocal 

hepatocellular 

adenoma/carcinoma 

B6C3F1 Mouse/male. 

Female negative. 

Positive 

in 1/2 

studies. 

Chromosome 

aberration 

positive (1/1 

studies). 

Monuron 150-68-

5 

Hepatic neoplastic 

nodules/carcinoma and/or 

renal tubular cell 

adenoma/adenocarcinoma 

F344 Rat/male. Female 

negative. B6C3F1 Mouse 

male/female negative. 

Negative 

in 1/1 

studies. 

Chromosome 

aberration 

positive (1/1 

studies). 

Allyl isovalerate 2835-

39-4 

Malignant lymphoma 

B6C3F1 Mouse/female. 

Mononuclear cell 

leukemia F344 Rat/male. 

Negative 

in 1/1 

studies. 

Chromosome 

aberration 

positive (1/1 

studies). 

Ethionamide 536-33-

4 

Thyroid gland tumors 

Mouse unknown 

strain/sex. B6C3F1 

Mouse male/female 

negative. 

Negative 

in 1/1 

studies. 

Chromosome 

aberration 

negative (1/1 

studies). 
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Chemical CASRN Carcinogenicity studies Ames 

assay 

Other 

genotoxicity 

Assays 

Styrene 100-42-

5 

Alveolar 

adenoma/adenocarcinoma 

Mouse unknown strain 

male/female. B6C3F1 

Mouse and F344 Rat 

male/female multiple 

routes of exposure 

negative. 

Positive 

in 1/6 

studies. 

Micronucleus 

positive in ½ 

studies. 

Negative in 

UDS. 

 

 

Comparison of BioReliance Ames Test (2015) With Barber et al. (1981) Ames Test of 1-

Bromopropane 

In 1981, E.D. Barber et al. conducted an Ames Salmonella assay on 1-BP inside of BBL Gas-Pak® 

anaerobic incubation jars to prevent the volatile 1-BP from escaping into the atmosphere. Barber et 

al. report the purity of their 1-BP sample assayed at 99.85%. During the 1-BP manufacturing process, 

the most common impurity produced is the Ames mutagen 2-bromopropane (Armarego and Chai, 

2012). 2-bromopropane has been shown to produce base-pair substitution mutations in a dose-

response manner (Maeng & Yu, 1997). Whether 2-bromopropane contamination affected Barber et 

al.’s results is unknown. Concern over the potential mutagenic effects of 2-bromopropane 

contamination led us to use a 1-BP sample in the current study determined to be 99.99% pure. The 

principle impurities in the current 1-BP sample were isopropyl bromide (65 ppm) and water (27 

ppm). 

In the current experiment, 1-BP was dosed to the bacterial cells in the liquid phase. In Barber et al. 

(1981), the vapor phase exposure was converted to a similar liquid phase exposure prior to bacterial 

cell contact. Barber et al. describe this process on page 43 of their manuscript under the subheading 

“Rate of Movement from Vapor Phase to Liquid Phase,” wherein they state that “The kinetics are 

complex as expected; however the rate of entry into the aqueous phase is rapid when compared with 

the 48-h incubation period.” Therefore, the issue from a dose-response perspective is how much 1-BP 

is delivered over a given time period to the bacterial cells and not whether the initial phase of the 1-

BP is vapor or liquid.  

Furthermore  it is possible that 2-BP was enriched in the atmosphere of the Barber et al. study as the  

2-BP  impurity has a higher vapor pressure, i.e. 216 mm Hg at 25 
o 
C, (29 kPa) 
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(https://pubchem.ncbi.nlm.nih.gov/compound/2-Bromopropane ) versus  6.38 mm Hg (0.85 kPa) at 

25 
o 
C for 1-BP (6.38 mm Hg) (https://pubchem.ncbi.nlm.nih.gov/compound/1-Bromopropane). 

The dose range of 1-BP tested by Barber et al. (1981) was the equivalent of 135-2,490 micrograms 

per plate. In the current Ames assay, the dose levels tested were 50, 150, 500, 1500, 2000, 3000 and 

5000 micrograms per plate. Therefore, the doses tested by Barber et al. (1981) are within the dose 

ranges tested here. This overlap in dose ranges tested reduces the chance that some undetected 

interplay between cytotoxicity and mutagenicity is masking the ability to detect mutagenicity in the 

current assay but allowed detection in the 1981 experiment. 

 

Rejection of BioReliance Ames Test (2015) of 1-Bromopropane For Peer-Reviewed Publication 

Several attempts by Albemarle to co-publish with BioReliance the results of the BioReliance Ames 

Test (Appendices III, IV, V) were rejected by reviewers on the basis that the BioReliance results were 

negative, and the Barber et al. results were positive. Thus, the BioReliance results were considered to 

be in error although being conducted 35 years later, under GLP conditions using OECD Ames Test 

protocol guidelines, and employing a closed system to account for sample volatility. In addition, the 

BioReliance Ames Test result is predicted by QSAR, while the Barber et al. result is not. Therefore, 

Barber et al. remain the only closed system Ames test reported in the literature,  

Several criticisms were raised by reviewers. In no particular order, I will address the reviewers’ 

criticisms. First, the criticism was raised that Barber et al. used a 1-BP vapor, while BioReliance used 

liquid 1-BP. As noted in the text previously, Barber et al. describe in detail that the 1-BP vapor 

dissolved into the liquid phase prior to cellular contact. Therefore, this criticism is not supported by 

the data. 

Second, the criticism was raised that despite the closed system employed by BioReliance, that 1-BP 

had volatilized out of the tubes during sample preparation, thereby leading to concentrations of 1-BP 

insufficient to observe the expected mutagenic response. Despite the low recovery of test article in 

the treatment tubes, toxicity was observed in the assay. In the initial trial, toxicity was observed at 

5000 µg per plate with all tester strains. Since this trial also served as a dose range-finder trial, the 

doses were spaced at half-log intervals (5000, 1500, 500, 150, 50, 15, 5.0 and 1.5 µg per plate). For 

the second trial, the doses were spaced more closely (5000, 3000, 2000, 1500, 500, 150 and 50 µg per 

plate), and toxicity was observed beginning at 3000 or at 5000 µg per plate with all tester strains. In 

all trials, there were no indications of mutagenic activity. The mutagenicity result is valid because the 

test system was exposed up to toxic doses as required by OECD 471 and the recommendations of 

Gatehouse et al. (1994), and Mortelmans and Zeiger (2000). 

Third, the reviewers hypothesized the existence of a narrow dose window where cytotoxicity was not 

masking the Ames mutagenicity. The dose range of 1-BP tested by Barber et al. (1981) was the 

equivalent of 135-2,490 micrograms per plate. In the BioReliance Ames assay, the dose levels tested 

were 50, 150, 500, 1500, 2000, 3000 and 5000 micrograms per plate. Therefore, the doses tested by 

https://pubchem.ncbi.nlm.nih.gov/compound/2-Bromopropane%20)%20versus%20%206.38%20mm%20Hg%20(0.85
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Barber et al. (1981) are within the dose ranges tested by BioReliance. This overlap in dose ranges 

tested reduces the chance that some undetected interplay between cytotoxicity and mutagenicity is 

masking the ability to detect mutagenicity in the current assay but allowed detection in the 1981 

experiment. 

In summary, Albemarle does not know why Barber et al. (1981) got a positive result in the Ames test 

of 1-BP 36 years ago at Eastman Kodak. What we do know, is that a genotoxicity contract laboratory 

conducted an Ames test under closed assay conditions to account for volatility, under GLP and 

OECD guidelines and got a negative result for 1-BP in the Ames test when conducted in two 

independent repeat assays. 

Any experimental result is only applicable within the boundary conditions of the employed protocol. 

Therefore, Albemarle cannot attest that 1-BP is not an Ames mutagen under some other protocol 

outside of OECD recommendations, but only that 1-BP was not positive in the Ames test under the 

experimental conditions used in these repeat assays (Appendices II, III,  IV). 

 

Ames Negative, Bronchioloalveolar Positive NTP 2-Year Inhalation Assays in B6C3F1 Mice Are 

Not Uncommon 

The following table lists several examples of chemicals tested by NTP in 2-year inhalation studies in 

B6C3F1 mice. At least ten chemicals selected from a cursory review of the overall list of inhalation 

NTP final reports displayed a pattern similar to 1-BP, i.e. Ames test negative and positive for 

induction of BAC tumors. 

 

Substance Ames 

Mutagenicity 

Bronchioloalveolar 

Tumor Incidence 

1-Bromopropane 

CAS No. 106-94-5 

 

1 positive in 

closed system 

(Barber et al., 

1981); 1 

negative in 

closed system 

(Wagner, 2015) 

Positive in females 

Chloroprene 

CAS No. 126-99-8 

 

Negative Positive in males 

and females 



23 

 

Substance Ames 

Mutagenicity 

Bronchioloalveolar 

Tumor Incidence 

Cobalt sulfate hepahydrate 

CAS No. 10124-43-3 

 

Negative Positive in males 

and females 

Nitrobenzene 

CAS No. 98-95-3 

 

Negative Positive in males 

Naphthalene 

CAS No. 91-20-3 

Negative Benign adenomas in 

females 

Nitromethane 

CAS No. 75-52-5 

Negative Positive in males 

and females 

Vinylidene Chloride 

CAS No. 75-35-4 

Negative Positive in females 

Molybdenum Trioxide 

CAS No. 1313-27-5 

 

Negative Positive in males 

and females 

Vanadium Pentoxide 

CAS NO. 1314-62-1 

Negative Positive in males 

and females 

TRIM® VX 

 

Negative Positive in males 

and females 

MethylMethacrylate 

CAS No. 80-62-6 

Negative Positive in males 

Ethylbenzene 

CAS No. 100-41-4 

Negative Positive in males 
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Substance Ames 

Mutagenicity 

Bronchioloalveolar 

Tumor Incidence 

Divinylbenzene-HP 

CAS No. 1321-74-0 

Negative Equivocal positive 

males and females 

 

Summary of the evidence of the absence of a genotoxic mode of action for 1-BP: 

When considering all the available results of in vitro and in vivo tests of 1-BP's genotoxicity (see 

Tables 2.4 and 2.5), the majority of those results are negative. For example, seven in vitro bacterial 

mutagenicity (Ames) tests have been performed using 1-BP (Table 2.4). These include recent tests 

conducted by NTP (2011) and BioReliance (Wagner, 2015; see Attachment B). These tests include 

multiple strains, using currently accepted test methods, and both open and closed test systems (due to 

the volatility of 1-BP).  Only one test (Barber et al., 1981) yielded a positive result in the Ames test 

(see discussion above).  

An in vitro mammalian cell gene mutation assay (using L5178Y mouse lymphoma cells) was found 

to be positive with or without metabolic activation. This is suggestive of mutagenic activity; however, 

NTP (2003) noted that the increased mutation frequency was reported at cytotoxic concentrations. 

Thus, these results may be uncertain and should be considered with other genotoxicity data and 

metabolism information (NTP, 2003). 

An in vitro Comet Assay (measuring deoxyribonucleic acid [DNA] damage) was performed with 

human leukocytes from venous blood drawn from one unexposed adult male. A significant increase 

in DNA damage was noted at the highest 1-BP doses (millimolar) (without metabolic activation). 

However, given that cells from only one donor were used, this result cannot be regarded as 

completely reliable.  In the same study, Toraason  et al. (2006) reported that 1-BP did not induce 

DNA damage in vivo. 

An in vitro mammalian chromosome aberration assay (Organisation for Economic Cooperation and 

Development [OECD] Test 473) was performed with human peripheral blood lymphocytes (HPBLs) 

from one unexposed adult female (Roy, 2014; see Attachment B). A positive response was noted 

(both with and without metabolic activation) for structural chromosome aberrations. 

However no increases in the frequencies of micronucleated normochromatic erythrocytes were seen 

in male or female B6C3F1 mice exposed for three months to 62.5 to 500 ppm 1-bromopropane via 

inhalation (NTP, 2011), thus the clastogenicity observed in vitro was not manifested in vivo. 

It is therefore likely that 1-BP may induce a carcinogenic response via another non-mutagenic 

mechanism. For instance, mutations or DNA damage identified in in vitro assays may be due to 
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indirect mechanisms (e.g., cytotoxic exposures or damage to DNA repair genes, which predispose 

cells to background genetic alterations; US EPA, 2005b).  

The tissues in which neoplastic lesions were observed in rodents from the NTP study (skin, intestine, 

and alveolar/bronchial cells) are known to have high cell turnover rates. These neoplasms may have 

resulted from an indirect mechanism such as chronic inflammation and cytotoxicity followed by 

regenerative proliferation, promoting spontaneous mutations (US EPA, 2013, Hernandez et al., 

2009). 

In addition, NTP (2011) and Morgan et al. (2011) noted the presence of inflammatory Splendore-

Hoeppli bodies in multiple tissues of male and female rats (including skin and peritoneum). 

Splendore-Hoeppli bodies are associated with microorganisms (fungi, bacteria and parasites) or 

biologically inert substances, and rats in the chronic bioassay were found to be positive for 

Pseudomonas aeruginosa (NTP, 2011). Thus, exposure to 1-BP in this study may have resulted in an 

increase in the inflammatory reaction caused by an infection, promoting cellular regeneration, which 

can, in turn, lead indirectly to cancer formation  Thus, there are plausible alternative non-genotoxic 

mechanisms for the observed rodent tumors, suggesting that the results from the NTP study may have 

arisen as a secondary effect (e.g., cytotoxicity) from sustained exposure to elevated concentrations, 

rather than a direct mutagenic effect. 

 

Summary of comments regarding the use of  Bronchioloalveolar Carcinomas (BACs) in 1-

Bromopropane (1-BP)-Exposed Female Mice, And a Non-Threshold Mechanism in the Current 

Draft NIOSH proposal of an OEL  for 1-BP 

 A significant body of evidence suggests that reliance on the NTP 1-BP lung cancer data from 

female mice, and the use of a non-threshold model, does not accurately describe lung cancer 

risks to workers occupationally exposed to 1-BP. 

 QSAR modeling predicts that 1-BP is not a genotoxin. 

 Ames tests results on 1-BP in closed systems are mixed with an older test giving a positive 

result and a newer test giving a negative result. 

 An in vitro clastogenicity test was positive, but clastogenicity was not observed in vivo. 

 Based on the most likely route of human exposure, the most clinically relevant tumor type 

observed in the NTP 2-year rodent inhalation study on 1-BP was considered to be BAC in 

female B6C3F1 mice. 

 At least ten other industrial chemicals tested via inhalation by NTP show the same pattern as 

1-BP in that BAC was seen in mice while the Ames test results were negative. 

 Other industrial chemicals including styrene are known to induce BACs in mice but not in 
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rats. Styrene has been shown to be metabolized to cytotoxic metabolites via the enzyme 

CYP2F2 found in murine Clara cells, i.e., precursor cells to BACs. Humans possess fewer 

Clara cells, and the equivalent human isoenzyme does not metabolize Styrene to the toxic 

metabolites. It is plausible that a similar mode of action is present for 1-BP. 

 An initiating event in transforming normal precursor lung cells to bronchioloalveolar 

carcinomas is a K-ras mutation. 

 K-ras mutation has been shown to occur in B6C3F1 from exposure to hydroxyl radicals 

associated with oxidative stress from pulmonary inflammation caused by inhalation of cobalt 

sulfate heptahydrate. 

 The Clara cells of the female mice in the 1-BP NTP inhalation study were exposed to high 

levels of oxidative stress. 

 BACs might be developing in female B6C3F1 mice due to oxidative stress from chronic 

pulmonary inflammation induced by inhalation of 1-BP. 

 Lung tumors in mice show a poor correlation with chemically-induced lung cancers in 

humans. 

 The expected human cancer risk associated with exposure to real-world workplace levels of 1-

BP are not well predicted by induction of BAC in female mice by cytotoxic and/or pro-

inflammatory levels of 1-BP. 

 Inflammation-induced lung cancer requires a much higher exposure to a pro-inflammatory 

chemical than induction of pulmonary carcinoma via exposure to a DNA-reactive genotoxic 

chemical. 

 

Workplace Exposures to 1-Bromopropane Are Declining Rapidly 

We noted that the exposure information used in the NIOSH Draft is based on relatively old data. 

In May 2015, Gradient Corporation collected recent workplace exposure data for Albemarle 

Corporation as part of a study on a Hazard Air Pollutant petition. The Gradient 1-BP exposure study 

demonstrated that workplace 1-BP levels have been declining rapidly in several occupational sectors. 

The following section provides a brief summary of some of Gradient’s observations regarding the 

changing 1-BP workplace.  
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Exposure Assessment for the Dry Cleaner Industry 

 

Following approval as a substitute for ozone depleting chemicals, 1-BP has been used since 2007 in 

the dry cleaning industry as a temporary substitute for perchloroethylene (“PERC”).  In 2007, 

existing dry cleaning machines could be readily converted to use 1-bromopropane. The useful 

lifespan of a dry cleaning machine is estimated at approximately 15 years.  As dry cleaning machines 

using 1-BP have aged out of service, they have been replaced with dry cleaning machines employing 

petroleum-based solvents. Current estimates are that less than 40 dry cleaner operations in the US still 

use any type of 1-bromopropane-based solvent. 

Within two years, less than 15 dry cleaning machines using 1-BP will be in service in the entire 

United States (communication with Envirotech). 

In the State of New York, not a single dry cleaning machine uses 1-BP. In addition, the New York 

Department of Environmental Conservation (NYDEC) prohibits the use of 1-BP as a dry cleaner 

solvent.  See, Approved Alternative Solvents for Dry Cleaning, 

http://www.dec.ny.gov/chemical/72273.html.  

 

Exposure Assessment for the Spray Adhesives Industry 

1-BP has been used as a carrier for glue in the foam furniture business. In recent years, the use of 1-

BP in the adhesive industry has declined steadily. For example, only a few foam furniture facilities 

still use 1-BP-containing adhesives, and those that still employ 1-BP have reduced their usage 

significantly.  The use of 1-BP in the foam furniture industry will be completely phased out in the 

near future.     

USEPA has proposed listing 1-BP as an unacceptable substitute for ozone depleting substances when 

used in adhesives or aerosol solvents.  Protection of Stratospheric Ozone:  Listing of Substitutes for 

Ozone-Depleting Substances—n-Propyl Bromide in Adhesives, Coatings, and Aerosols, 72 Fed. Reg. 

30168 (May 30, 2007).  USEPA could eliminate the use of 1-BP in adhesives or aerosol solvents as 

an acceptable substitute for ozone depleting substances via finalizing this rulemaking, 

 

Exposure Assessment for the Industrial Metal Cleaning Industry 

 

The Superior Tube Corporation (STC) facility in Collegeville, Pennsylvania is one of a few United 

States manufacturers of small-diameter, high-quality, fabricated metal tubing (narrow tubes).  The 

following excerpt was submitted on May 15, 2015 on Albemarle’s behalf in response to the 

aforementioned Hazardous Air Pollutant petition. The excerpt is notable in describing exposure 

issues related to the narrow tube industry, and also in illustrating the general point that industries 

across the US are in the process of reducing 1-BP exposures.  

http://www.dec.ny.gov/chemical/72273.html
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“The narrow tube industry is unique in that narrow tubes are used in specialty products 

including implanted medical devices such as heart stents, nuclear power generating equipment, and 

advanced military aircraft and naval vessels.   The degreasing process is an important factor to ensure 

product quality and function in harsh environments (human implantation, radiation exposure, etc.), 

and is directly related to ensuring metallurgical integrity.  Obviously, product failure (or out-of-

dimension or specification product) is not an acceptable outcome for narrow tubes due to the ultimate 

end uses of the narrow tubes.   

The unique characteristics of the narrow tube industry was recognized in the National Air 

Emission Standards for Hazardous Air Pollutants:  Halogenated Solvent Cleaning Rule (the 

“Halogenated Solvent Rule”) when the narrow tube industry was exempted from the NESHAP 

standard in spite of a 70 in a million cancer risk, due to the special circumstances associated with 

narrow tube manufacturing.  The original Halogenated Solvent Rule mandated that companies, such 

as STC, subject to the rule select various techniques and devices to reduce TCE emissions 

(collectively “NESHAP compliant control techniques”).  When STC eliminated the use of TCE in its 

operations by converting to nPB,
1
 it was no longer subject to the original Halogenated Solvent Rule.     

The original Halogenated Solvent Rule was amended as part of the residual risk analysis 

required under the Clean Air Act.  As a result of that rulemaking, EPA segregated the narrow tube 

manufacturing process from standard industrial degreasing operations, and exempted narrow tube 

manufacturing from the new provisions of the Halogenated Solvents Rule, due to the narrow tube 

industry’s special circumstances.  EPA’s rationale for exempting the narrow tube industry is provided 

in the preamble:     

 ‘4. Rationale for Our Decisions Regarding Continuous Web Cleaners and Halogenated 

Solvent Cleaning Machines at Narrow Tube Manufacturing and Aerospace Facilities. 

The requirements set forth in this final rule are not applicable to continuous web cleaning 

machines, halogenated solvent cleaning machines that are associated with the narrow tubing 

manufacturing industry, and aerospace manufacturing and maintenance industry and facilities. 

The requirements of the 1994 NESHAP and its subsequent amendments (where relevant) 

remain applicable to all the continuous web and halogenated solvent cleaning machines 

associated with the above-noted facilities.  We received comments from these three sectors on 

the proposal, in response to the NODA, and in subsequent meetings with representatives of 

these industries. They submitted information that stressed the unique nature of their cleaning 

operations, the technical infeasibility, the uncertainty of our original cost estimates, the 

processes involved, including review of their process changes by other federal agencies such 

as FDA and FAA (see Section IV.A. for additional discussion), and the difficulty they would 

experience in complying with the proposed emission limits within the proposed timeframe.  

Based on new information they provided in response to the NODA, including new cost 

                                                           
1
 During the 2007-2008 timeframe, STC converted its operations from TCE to nPB.  Although state 

regulators and legislators, as well as environmental citizen groups reportedly advocated for this 

change, STC voluntarily performed the conversion to reduce its environmental footprint, based on 

documents in the PA DEP’s files as well as documents publicly released at that time by STC. 
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information, we reanalyzed the costs for each of these three sectors and estimated the annual 

cost effectiveness of complying with emission limits they provided in comments. 

 

* * * 

For the narrow tube manufacturers, we estimated an MIR of 70-in-a-million with an annual 

cancer incidence of 0.08 at their baseline level of emissions.  Based on comments from this 

industry indicating that they could reasonably accomplish a 10 percent reduction in their 

current emission levels within a three-year compliance time, we developed risk and cost 

estimates for that level of reduction. We have estimated that the MIR would decrease to 

approximately 60-in-a-million with very little change expected in the annual cancer incidence. 

The annual cost effectiveness for complying with an overall 10 percent reduction in total 

emissions limit would be a cost of over $3,600/ton with total annualized costs of nearly 

$700,000. 

 

* * * 

In summary, we are adopting no changes to the 1994 NESHAP, under CAA Section 112(f) 

for the halogenated solvent cleaning machines used by the 

above-noted specific industry sectors (i.e., aerospace, narrow tube manufacturers, and the 

facilities that use continuous web cleaning machines) because the current level of emissions 

control called for by the existing NESHAP both reduces risk to acceptable levels and provides 

an ample margin of safety to protect public health. Further, additional standards are not 

necessary to prevent adverse environmental effects. The finding regarding an ‘‘ample margin 

of safety’’ is based on a consideration of the relatively small reductions in health risks likely 

to result from the feasible emission reductions we evaluated, the additional costs required to 

achieve further control, the lack of technically feasible control options for these sectors, and 

the time required to comply with any requirements.’ 

 

72 Fed. Reg. at page 25146-7 (May 3, 2007) 

EPA relied upon the unique circumstances identified in comments submitted by the narrow 

tube industry, as follows:  ‘They submitted information that stressed the unique nature of their 

cleaning operations, the technical infeasibility, the uncertainty of our original cost estimates, the 

processes involved, including review of their process changes by other federal agencies such as FDA 

and FAA (see Section IV.A. for additional discussion), and the difficulty they would experience in 

complying with the proposed emission limits within the proposed timeframe.’ 

  EPA identified the factors that led to exclusion of the narrow tube industry as follows:  ‘the 

relatively small reductions in health risks likely to result from the feasible emission reductions we 

evaluated, the additional costs required to achieve further control, the lack of technically feasible 

control options for these sectors, and the time required to comply with any requirements.’   

All of those unique circumstances identified in the Halogenated Solvents Rule for the narrow 

tube industry are applicable with respect to Superior Tube’s use of nPB, which has been documented 

by the Pennsylvania Department of Environmental Protection (DEP).
2
  DEP has evaluated the control 

                                                           
2
   See, DEP Review Memos dated 2010 and 2012.   
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technology that Superior Tube has installed on its vapor degreasers.  DEP repeated the unique nature 

of STC’s business, manufacturing narrow-diameter tubing, as a process that ‘has critical applications 

in numerous products including life-saving heart stents, nuclear power generating equipment, and 

advanced military aircraft and naval vessels.’ DEP also discussed the technical infeasibility of 

additional control, concluding that ‘There is no other narrow tube manufacturer in the country that are 

[sic] using nPB to degrease narrow tube and collecting and controlling emissions with a regenerative 

carbon adsorption system.  . . .  All of the vapor degreaser companies [in the narrow tube industry] 

were in agreement that nPB and carbon adsorption systems are not compatible because of the 

acidification of nPB during the carbon regeneration cycle.  . . .  Based on these findings, . . . the 

combination of sub-zero cooling coils and STC’s operating procedures for minimizing solvent carry-

out are BAT for Vapor Degreaser 661 while using nPB.’  Although thermal oxidation was identified 

as a technically viable option if designed properly, DEP reported that ‘the Capitol cost is $1,656,000 

and the annualized control cost for a thermal oxidizer and acid scrubber is over $44,000 per ton of 

VOC controlled, and redesigning the system to capture and route all nPB emisions to the oxidizer 

would cost over $17,000 per ton of VOC controlled.’  Accordingly, DEP concluded that ‘a thermal 

oxidizer with an acid gas scrubber system is not a cost effective control option.’  DEP also 

determined that control using a thermal oxidizer without a scrubber would result in environmental 

harm greater from bromic acid emissions than the benefits gained from the reduction of nPB 

emissions.  Importantly, DEP concluded that ‘Although not subject to NESHAP, these systems 

essentially meet NESHAP control requirements.   In keeping with STC’s expressed intention to 

minimize nPB emissions, STC will install a sub-zero cooling coil system in Vapor Degreaser 661.’  

Similarly, DEP concluded that STC’s “coil” Degreaser 6836 minimizes nPB emissions 

because it is a cold degreasing unit and ‘operating the coil degreaser in accordance with good 

operating practices and recovering solvent vapors from the coil degreaser exhaust through the use of 

the unit’s integrated solvent condensing unit is BAT for Coil Degreaser 6836.’  DEP evaluated other 

control options.   

Therefore, DEP has already concluded that if nPB were listed as a HAP, no additional controls 

would be required for STC, and there would be no further reductions in health risks. Under these 

unique circumstances, even if nPB were listed as a HAP, there would be no reduction in health 

risks. It is our further understanding that STC continues to research methods to further reduce its 

emissions 

The production processes and methods of operation used by STC and other members of the 

narrow tube industry are typically subject to direct regulation by the Food and Drug Administration 

(FDA) and other regulatory bodies.  Process changes, including modifications to manufacturing 

methods or materials such as chemicals, are subject to a lengthy and expensive re-validation testing 

process.“ 
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Overall Summary of Albemarle’s Comments Regarding CDC-2016-0003 and docket number 

NIOSH-057-A; NIOSH Draft Criteria Document for a Recommended Standard: Occupational 

Exposure to 1-Bromopropane (1-BP) 

 

The basis of NIOSH’s recommended exposure limit (REL) of 0.3 ppm is the consideration of the 

lung tumors seen in ‘female mice only’ from the NTP 2-year inhalation study on 1-bromopropane 

(1-BP). 

 

NIOSH’s point of departure in the current Draft is relying on a murine tumor type from the NTP 

2-year inhalation study on 1-BP that has limited relevance to human cancer risk. 

 

There is additional evidence for a non-threshold mode of action for carcinogenicity that should be 

considered. We recommend reconsideration of the BMCL approach assuming a low dose linear 

behavior and extrapolation to a 0.1% response rate and replacement by a classical BMDL 

approach using the rat skin tumor data as the most relevant point of departure. 

 

We consider the additionally applied allometric scaling for an inhalation exposure as inadequate 

as differences in metabolic rate are compensated for by differences in breathing behavior and 

allometric scaling is not applicable to the inhalation route of exposure (ECETOC, 2003). 

Furthermore as the endpoint is confined to local effects (this is the case for both lung tumors in 

mice and skin tumors in rats), allometric scaling for a systemic metabolic rate is inappropriate as 

well. 

 

Assessments of workplace 1-BP exposures not based on recent data are likely to be overestimates 

as manufacturers and their customer chains have been making a concerted effort to reduce 

exposures to 1-BP. 

 

In summary, the weight-of-evidence suggests that the toxicological endpoint that should be 

employed for the purpose of assessing 1-BP risk to occupationally exposed workers are the skin 

tumors seen in ‘male rats only’ as reported in the NTP 2-year inhalation study. In addition, a 

threshold risk assessment model should be used without application of an allometric scaling 

factor. 
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Albemarle appreciates greatly the opportunity to provide comments regarding the NIOSH Draft 

Criteria Document for a Recommended Standard: Occupational Exposure to 1-Bromopropane (1-

BP). If you require any additional information, please use the contact information at the top of this 

letter. 

 

Sincerely, 

 

Carr J. Smith, Ph.D., DABT 

Toxicology Advisor, Albemarle Corporation
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Appendix I. Ames Test Relied Upon by NTP Expert Panel in Evaluating 

Genotoxicity of 1-Bromopropane 
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Summary 

 
We have designed a closed, inert incubation system for testing the 

mutagen icity of volatile compounds. The containment properties of 
this system have been investigated using carbon-14 labelled 1,2-
dibromoethane. The recovery of this solvent was about 95% following a 
48-h incubation at 37°. Using the Ames Salmonella/microsome 
mutagenicity assay we have determined the mutagenic potency of 10 
common halogenated alkane solvents. Of these 10 compounds, only 
1,2-dibromoethane and l-bromo-2-chloroethane give positive results in 
the standard test procedure, whereas 7 of the 10 give positive results in 
the closed system. The specificity observed for reversion of the tester 
strains and the lack of any significant effect of added rat-liver "S9" 
fractions suggest that these haloalkanes are direct-acting "base-pair" 
type mutagens. The mutagenic poten cies of the 7 positive compounds 
range from 0.001 revertants per nanomole for 1,2-dichloroethane to 



 

12 

 

0.172 revertants per nanomole for 1,2-dibromoethane. A minimum or 
threshold response level for each material has been calculated. 

  
 

The Ames Salmonella/microsome assay is widely used as a screening 
test for the detection of chemical mutagens and potential carcinogens 
(McCann et al., 1975). The standard test (Ames et al., 1975) involves 

the plating of about 108 histidine requiring mutants along with an 
amount of the chemical being tested and a mammalian (usually rat liver) 
metabolic system (S9). The number of his+ revertants is counted after a 
48-h incubation at 37°. Because of the tempera tures at which the 
plates are prepared (45° ) and incubated (37° ), volatile chem icals 
cannot be assayed by the standard method (Brem et al., 1974; McCoy 
et al., 1978). Thus, studies on volatile materials have been carried out by 
contain ing the test chemicals in closed systems of known volume 
(Baden et al., 1976; 
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Bartsch et al., 1975b; Bridges, 1978; Jongen et al., 1978; McCoy et al., 
1978; Rannug et al., 1978; Simmon, 1977). In several cases, vapor phase 
concentra tions of the substances have been verified analytically using 
gas-liquid chroma tography (Baden et al., 1976; Bartsch et al., 1975a,b; 
Russell et al., 1980) and, in at least one instance, measurements of the 
aqueous phase have been per formed (Bartsch et al., 1979). In such 
systems, dose-response phenomenon have been observed, and reported 
as revertants per plate versus ppm in the vapor state. Thus, for the most 
part, the true mutagenic potency (based upon the amount in the 
aqueous phase) of these materials is not known. 

To overcome these limitations, we have designed a chemically inert, 
closed incubation system for glass petri dishes that allows vapor-phase 
head space sam pling. Gas-liquid chromatographic analysis of changes 
in vapor-phase chemical concentrations and direct analysis of aqueous 
samples allows calculation of the amount of chemical dissolved per 

plate. The system has been evaluated using 14C-labelled 1,2-
dibromoethane as a test solvent and we present mutagenicity studies on 
9 other volatile haloalkanes. 

 

Materials and methods 

 
M utagenicity tester strains 

Salmonella typhimurium tester strains used in this work were TA1535, 
TA1537, TA1538, TA98 and TAlOO. The organisms were kindly 
supplied by Dr. Bruce Ames of the University of California, Berkeley. 
Their genotypes and sensitivity to  chemical reversion have been 
previously described (Ames et al., 1975). 

 
Reagents 

KH2P04 , NaNH 4P04 , MgS04 and citric acid were all products of 

Matheson Coleman and Bell of Norwood, Ohio. Dextrose and all of 
the halogenated alkanes used in these studies (see Table 5) were 
products of Eastman Organic Chemicals, Rochester, NY. L-Histidine 
and D-biotin were obtained from Sigma Chemical Company, St. Louis, 
MO. Nutrient broth and agar used in making the bacterial growth plates 
were purchased from Grand Island Biological Company (Gibco), Grand 
Island, NY. "Noble agar", used in the preparation of the top agar for 
plating was a product of Difeo Laboratories, Detroit, MI, as well as 
NADP and glucose 6-phosphate, used to make "S9 mix" (Ames et al., 
1975). The 9 000 X g (S9) fraction from ArochlorR-induced rat livers 
was purchased from Litton Bionetics, Inc., Kensington, MD. All 
chemicals used in these stud ies were reagent or microbiological grade. 
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M utagenicity testing 
The apparatus used in testing is shown in Fig. 1. The 3.4 1pyrexR 

containers were fabricated by the Glass Shop of the Eastman Kodak 
Research Laborato ries. The circular tops were cut from 1/2 inch 
thick teflonR stock and drilled and threaded to accommodate the 
valve and septum assemblies shown. The stainless steel racks, 
designed to accommodate up to a maximum of twelve 100- mm pyrexR 
petri dishes were fabricated from 1/16" stock. The top hold-down 
clamps were purchased from Fisher Scientific (Rochester, NY) and were 
origi- 
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Fig. 1. A schem1...ic drawing of one of the containers used to 

perform these mutagenicity studies. 

 

 

 

 
nally designed for BBL Gas-PakR anaerobic incubation jars. 

The Viton 747R 0-rings (1/8" cross-section X 5 1/8" inside diameter), 
avail able from Parker Hannifin Corporation, Lexington, KY were 
used to insure a good seal between the container and the top. Septa 
were cut from a sheet of 1/16" Viton 747R material. 

The containers were assembled with the bleed valve open and 
autoclaved just prior to mutagenicity testing. 

Test plates were prepared as follows: 0.2 ml of an overnight growth 
culture (Ames et al., 1975) of each strain was mixed with 2.0 ml of top 
agar containing 

20 µM L-histidine and 20 µM biotin. Where indicated, 0.5 ml of "$9 
mix" (Ames et al., 1975) was added. The  components were mixed and 
rapidly poured onto a plate containing 30 ml of Vogel-Bonner Medium 
E (Vogel and Bonner, 1956) with 2.0%  glucose and 1.5% agar. The 
molten mixture was evenly distributed over the surface by tipping the 
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plate and it was then allowed to solidify at room temperature for approx. 
30 min. 

The plates, prepared as described above, were uncovered, inverted and 
placed into the stainless steel rack in a Baker Class II Type II laminar 
flow hood (Baker Company, Sanford, MA). A plate containing 30 ml of 
sterile, distilled water was introduced in each container for GLC analysis 
of dissolved solvent concentrations. The racks, filled with plates, were 
placed into the containers and the containers were then sealed and a 
partial vacuum was drawn on each 
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using an aspirator. A predetermined  amount of the test substance was 
intro duced through the septum using a Hamilton syringe. 

After determining visually that the liquid material had vaporized, 
air was re-introduced into each container through a disposable 
milliporeR filter assem bly attached to the open bleed valve. After 
several minutes, the filter was removed and the valve opened briefly 
to insure that the pressure inside each container was equal to ambient 
pressure. The containers were removed from the laminar flow hood and 
incubated for 48 h at 37°. A Biostir Model VI mul tiple magnetic stirrer 
was used to provide continuous slow magnetic stirring of the atmosphere 
inside each container. A container with no chemical added was used as a 
negative control to determine spontaneous reversion rates. 

After the 48-h incubation the containers were sampled for GLC 
analysis (see next section) and the number of revertants per plate was 
determined using a Quebec Dark Field Colony Counter (American 
Optical Corporation). 

Response data (see Table 4) were evaluated by looking for increases 
in num ber of revertants per plate over negative control values (see 
Table 1). Mutagenic potencies in units of revertants per nanomole, were 
obtained by linear-regres sion analysis of the linear portion of the dose-
response curve. A negative response is defined as the lack of any 
significant increase in revertants at con centrations including those 
producing toxicity on the test plates. 

2 additional plates per strain were prepared daily and used as 
positive con trols for the mutability of that strain in the presence and 
absence of the 89 mix. The positive control chemicals and 
concentrations used are found in Ta ble 1. 

When revertants were observed in an experiment involving one of the 
halo alkane solvents (Table 5), 10 colonies from each container were 
picked and streaked onto minimal medium plates as a check for possible 
epigenetic "rever sion." All grew well and it was therefore concluded 
that the effects represented true genetic reversion of the tester strains. 

 

 

TABLE 1 

SPONTANEOUS  REVERSION  RATES  AND  POSITIVE  

CONTROL  RESULTS  OBSERVED  DURING THESE 

STUDIES (n = 24) 

  

Strain S9  Spontaneous Positive  

controls (µg/plate)

 Revertants/plate revertants (mean ± 

S.D.) 
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(mean  ± S.D.) 
 

TA15

35 

 20 

± 

4.6 Methyl-N-nitro-N' -

nitrosoguanidine, 2.0 
148 ± 

101 

 
 + 19 

± 
4.3 2-Aminoanthracene, 2.5 267 ± 

122 

 
TA15

37 

 6 

± 

1.7 9-Aminoacridine, 75 265 ±   

77 

 
 + 9 

± 

2.6 2-Aminoanthracene, 2.5 402 ± 

144 

 
TA15

38 

 8 

± 

2.4 Picrolonic acid, 200 72 ±   

29 

 
 + 21 

± 
6.3 2-Aminoanthracene, 2.5 495 ± 

195 

 
TA98  38 

± 

5.7 ICR-191, 3 170 ±   

72 

 
 + 38 

± 
5.7 2-Aminoanthracene, 0.6 .415 ± 

107 

 
TAlO

O 

 85 

± 

10.2 Methyl-N-nitro-N' -

nitrosoguanidine,  O.75 
285 ±   

43 

 
 + 96 

± 
11.5 2-Aminoanthracene, 0.6 678 ± 

237 
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Gas-liquid  chromatography  (GLC) 
GLC analyses were performed using a Varian Model 3700 

instrument equipped with a CDS 111 data analysis system. 
Separations were performed using a 0.1% SP-1000 column on 80/100 
Carbopack CR support obtained from Supelco, Inc., Bellefonte, PA. 
Typical conditions were as follows: injection port maintained at 
150°C, detector at 150°C, column at 120°C; nitrogen car rier gas flow 
at 30 ml/min. Head-space vapor samples of 50-500 µl were with 
drawn through the septa of test containers using a Hamilton gas-tight 
syringe. After all vapor-phase analyses were completed, the containers 
were opened and the aqueous samples were quickly removed and 
placed into 3-ml capped vials leaving little or no air space. Both vapor 
and aqueous samples were analyzed by 
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Fig. 2. GLC standard response curves for several of the 

haloalkane solvents in both vapor phase (A) and aqueous phaae 

(B). Vapor-phase standards were prepared by volatilizing a 

measured quantity of the liquid into an empty, evacuated 

container (Fig. 1) and equilibrating to ambient pressure following 

vaporization. 100-µl vapor samples were withdrawn and 

injected for analysis as described in Methods. Aqueous stan 

dards were prepared by introducing a measured quantity of the 

compound into a closed container filled with distilled water. 

After 20 min of rapid magnetic stirring, 1-µl samples were 

injected directly into the gas chromatograph for analysis. 
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TABLE 2 

RECOVERY  OF  [14c]l,2-DIBROMOETHANE  BY  LIQUID-SCINTILLATION  COUNTING 

 

Contain

er 

Amount Recovery after 48-h 

incubation (percent of dose) 

 
number 
a (CH2)iB

r2 

added 

 

Vapor Water c Agar d 

 

Plastic 

 

0-

Ring 

 

Septu

m 

 

Total 

 

 (mg) b       
1 5.06 74.3 - - - 4.8 0.08 79.2 
2 9.25 71.6 - - - 4.6 0.07 76.3 
3 13.59 84.5 - - - 6.0 0.09 90.6 

Water  e Agar f 

4 4.84 22.8 82.2 77.9 - 1.8 0.07 106.9 102.6 
5 9.35 15.0 85.1 69.1 - 1.5 0,05 101.6 85.6 
6 13.48 18.3 87.3 69.5 - 1.6 0.08 107.3 89.5 
7 13.55 5.7 17.5 14.5 87.4 0.4 0.05 111.0 108.0 

  

a Containers 1-3 were incubated without added plates. 11glass plates were added to containers 

4-7 before incubation: 10 contained 30 ml of agar and 1contained 30 ml water. Container 7 

was identical to 4--6 except the plates were plastic instead of glass. 
b Determined by differential weighing. 
c Recovery based on amount found 

in distilled water samples. d 
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Recovery based on amount found in 

weighed agar samples. 

e  Total based  on amount 

found in water samples. f  

Total based  on amount found 

in agar samples. 
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direct injection. Standard curves were prepared for each compound 
using the same containers as used for the mutagenicity assays. Linear 
responses were ob tained in all cases. Representative data are shown in 
Fig. 2. 

 
Liquid -scintillation counting (LSC ) 

LSC analyses were performed using a Packard Tri-Carb 2660 liquid-
scintilla tion counter. Ready-to-Use IIR liquid-scintillation fluid, an 
Eastman Organic Chemicals product, was used throughout. Liquid samples 
were counted by dilu tion into 20 ml of scintillation fluid. Vapor 
samples were prepared by bubbling the vapor through the fluid in  a vial 
covered  securely with teflonR  tape and then capped without removal of 
the tape. Agar-plug samples were counted by immersion in the 
scintillation fluid as were solid samples such as pieces of the 0-ring and 
septum material (see Table 2). 

 

Results 

 
Recovery of  [ 14C] 1,2-dibromoethane 

To investigate the properties of the containment system, an 

experiment was performed using [14C]l,2-dibromoethane (spec. 
act. 55.7 µCi/mmole). As described in Table 2, weighed amounts of 
the radioactive solvent were intro duced into 7 test containers. 3 
containers (numbers 1-3) had no test plates and served as controls. 
Experimental containers (number 4-7) contained 11plates each. 1plate 
contained 30 ml of water, whereas the remaining 10 contained 30 ml 
of agar. In container number 7, plastic plates were substituted for the 
glass plates used in number 4, 5 and 6. Initial vapor samples were 
taken from con tainers 1-3 and anyzed by both GLC and LSC. All 
containers were then incu bated for 48 h at 37° with continuous slow 
magnetic stirring. After incubation, vapor samples were withdrawn 
from all containers and analyzed by GLC and LSC. Each container was 
then opened. Petri dishes were quickly removed from the racks and 
cylindrical agar samples (approx. 5 mm diameter) were taken and 
immediately immersed into preweighed scintillation vials containing 
20 ml of Ready-to-Use II. Vials were re-weighed before counting to 
obtain the net 

 

TABLE 3 

RECOVERY    OF   c 14C]l,2-DIBROMOETHANE     BY   GAS-LIQUID   

CHROMATOGRAPHY 
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Container a numberAmount 

(CH2)2Br2 a 

added (mg) 

Recovery after 48-

h incubation 

(percent of dose) 

 

 Vapor Water Total 

1 5.06 74.3  74.3 2 9.25 76.2  76.2 
3 13.59 74.3  74.3 
4 4.84 28.6 82.4 111.0 
5 9.35 25.1 56.7 81.8 
6 13.48 25.4 79.2 104.5 
7 13.55 5.7 10.0 15.7 b 

a See Table 2 for explanation. 

b Low recovery due to the amount sequestered in plastic plates. See 

Table 2. 
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TABLE 4 

MUTAGENICITY DATA FOR 10 COMMON SOLVENTS 

  

Compound µmoles His+ revertants 

per plate b per plate a 
TA1535 TA98 TAlOO 

-- 
-S9 +S9 -S9 +S9 -S9 +S9 

 

1,2-

Dibromomethan

e 

14.10 2 064 2 406 382 440 3380 3 360 
 28.20 4134 4 692 546 576 5 280 5 340 
 56.41 5 298 4 524 580 744 5840 6 940 
 111.76 6 528 8 046 876 998 8 440 8 680 
Bromoethane 4.6 - 5 12 45 64  
 10.6 38 110 18 26 273 250 
 20.3 124 930 8 35 1090 1960 
 38.5 2 566 3 690 60 45 3130 3050 
 68.0 8 808 - 30 25 3 960 7 390 
Iodoethane 1.6 20 17 25 40 118 118 
 2.4 22 40 29 48 119 134 
 5.9 128 212 18 35 416 530 
 13.3 746 1720 15 40 1420 1970 
 27.1 2 910 4 590 16 36 2 380 2 960 
1-Bromopropane 1.1 22 23 71 71 153 127 
 2.3 30 31 51 53 174 102 
 4.9 63 104 57 61 - 236 
 9,0 364 - 70 69 527 486 
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40 

 

 20.3 1768 1584 81 67 1616 1556 
1-Bromo-2-

<ihloroethane 
1.6 172 214 54 92 166 174 

 3.0 341 408 52 44 248 235 
 4.7 374 500 72 66 354 422 
 6.8 654 636 51 78 456 430 
 8.1 973 720 67 57 446 472 



 

 

TABLE 4 (continued) 

  

Compound µmoles His+ revertants 

per plate b per plate a 

TA1535 TA98 TAlOO 

    

-S9 +S9 -S9 +S9 -S9 +S9 

 

 

1-Bromobutane 

 

10.0 

 

169 
 

227 

 

27 
49 240 284 

 15.8 285 326 16 49 384 444 
 28.0 588 520 19 32 636 748 
 36.3 T T T T 700 (T) 622 (T) 

 42.1 T T T T T T 

1,2-
Dichloroethane 31.8 73 75 24 41 131 132 

 63.1 126 150 29 62 165 189 

 128.2 221 222 18 63 207 259 

 231.8 404 444 33 37 368 366 

1,1,2-
Trichloroethane 

12.7 9 14 26 40 70 106 
 21.9 7 8 30 28 81 106 

 41.2 8 9 15 30 72 66 

 80.9 2 4 T 22 21 34 

 158.9 T T T T T T 

1-Chlorobutane 1.9 - 10 14 24 - 78 
 4.0 - 13 17 16 45 75 

 8.5 - 11 13 33 69 63 

 15.0 - 10 10 14 74 77 

 32.7 - 6 (T) 9 (T) 18 (T) 45 (T) 20 
Carbon 
tetrachloride 

4.7 39 42 23 44 - 111 
 5.7 - 34 22 34 88 106 
 10.2 19 40 - 42 100 87 

 12.3 38 38 7 31 10 6 

 18.4 12 15 32 27 7 2 



 

 

a Determined by GLC analysis of 

distilled water samples. b 

Spontaneous revertant numbers 

given in Table 1. 

T, toxicity as determined by 

absence of background lawn. 
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TABLE 5 

MUTAGENICITY,  DISTRIBUTION   COEFFICIENTS,  BOILING   POINTS,  PURITIES   AND  

STRUCTURES   OF  10  COMMON  HALOALKANES  LISTED  IN ORDER OF DECREASING 

MUTAGENICITY  FOR TAlOO 

0""" 

 

Chemical 

name 

Structure Purit

y a 
Boili

ng 

Kn Mutagenicity (Rev./nmole) c 
  

(%) poin
t 

(Wt/Vol.)
Aq  

(°C)  TA1535 TA98 TAlOO 

(Wt/Vol.)Vap b 

-59 +S9 -S9 +S9 -59 +S9 

  
H  H 
I   I 

1,2-Dibromoethane Br-C-C-Br 99.89 132 35.2 0.146 0.165 0.018 0.0180.173
 0.172 

I I 
H  H 
H  H 
I I 

Bromoethane Br-C-C-H 98.97 39 5.5 0.185 0.131 Neg. Neg. 0.103 0.118 
I I 
H  H 

H  H 
I I 

Iodoethane I-C-C-H 99.43 71 4.2 0.134 0.191 Neg. Neg. 0.093 0.116 
I I 
H  H 
H  H  H 
I   I I 

1-Bromopropane Br-C-C-C-H 99.85 71 2.9 0.113 0.089 Neg. Neg.0.0820.088 
I   I I 
H  H  H 



 

 

H  H 
I I 

1-Bromo-2-chloroethane Br-C-C-Cl 98.39 107 24.0 0.107 0.084 Neg. Neg0.055 0.073 
I I 
H  H 
H  H  H   H 
I   I   II 

1-Bromobutane Br-C-C-C-C-H 94.12 101 2.1 0.021 0.018 Neg. Neg, 0.0190.024 
I   I   II 
H  H   H  H 



 

 

 

 

TABLE 5 (continued) 

  
Chemical name Structure Purity a Boiling KoMutagenicity (Rev./nmole) c 

(%) point (Wt/Vol.)Aq 
(OC) TA1535 TA98 TAlOO 

(Wt/Vol.)Vap b 

-SS +89 -S9 +89 -S9 +89 

  
 

H  H 
I  I 1,2-Dichloroethane Cl-C-C-Cl 99.98 84 26.7 0.002 0.002 Neg. Neg.0.0010.001 
I I 
H  H 

Cl   
H 
I I 

1,1,2-Trichloroethane H-C-C-Cl 98.0 112 34.1 Neg. Neg. Neg. Neg.Neg.Neg. 
I I 
Cl   
H 
H  H  H  H 
I  I  II 

1-Chlorobutane Cl-C-C-C-C-H 99.7 78 1.4 Neg. Neg. Neg. Neg. Neg.Neg. 
I  I  II 
H  H  H  H 
Cl 
I 

Carbon tetrachloride Cl-C-Cl 98.5 77 0.71 Neg. Neg. Neg. Neg.Neg.Neg. 
I 
Cl 

  

a Determined from GLC analysis. 



 

 

b K D values for each compound were calculated from GLC analyses of vapor and aqueous 

phase concentrations after 48-h incubation at 37°. Each value is an aver- age from at least 5 

containers. 
c Mutageniclties were obtained from linear regression analysis of the data in Table 4. The data were 
plotted and only those on the linear portion of the response 
curve were included in the analysis. 
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weight of the agar sample being analyzed. Samples were also taken 
from the water dishes and counted in the same manner. 2-cm 
samples of the 0-ring and the complete septum from each container 
were counted using the same scintil lation cocktail. Several pieces 
of plastic from the plates in container 7 were broken off with 
forceps, weighed and counted. 

The results describing the recovery of 1,2-dibromoethane are found 
in Tables 2 (LSC) and 3 (GLC). 

The data in Table 2 show that we were able to recover an 

average of about 95% of the carbon-14-labelled 1,2-dibromoethane 

after the 48-h incubation at 37°C. The recoveries were consistently 

higher for those containers with agar plates (number 4-7) than for 

those without any plates (number 1-3). This dif ferences probably 

reflects a greater loss of material when no aqueous phase is 

available to dissolve the solvent inasmuch as a similar pattern is 

noted in Ta ble 3 for the GLC results. 

The amount of labelled solvent remaining in the vapor phase at 48 
h for con tainers 4---6 was about 15-20% of the amount added with 

the remaining 80- 85% being found in the aqueous phase. The 
percentages are independent of the initial amount added and 

therefore demonstrate a constant partitioning of the solvent between 
vapor and aqueous phases.  From these data, a distribution 

coefficient (Kn) defined as weight/volume in the aqueous phase 

divided by weight/volume in the vapor phase can be calculated 
(Baden and Simmon, 1980; Fishbein, 1976; Sato and Nakajima, 

1979). The average value of Kn calculated from Table 2 for 1,2-
dibromoethane is 35.2; indicating that, at equilibrium, this solvent 

prefers the aqueous phase over the vapor phase by a factor of 35. Kn 
values for all the haloalkanes tested in this study appear in Table 

5 and range from 0.71 for carbon tetrachloride to 35.2 for 1,2-
dibromoethane. 

Several other conclusions can be drawn from the data in Table 2. 

First less than 5% of the total amount of added 1,2-dibromoethane is 
recovered in the vitonR 0-ring and septum, confirming that this 
material is relatively inert with respect to this haloalkane. Second, 
the recovery for the aqueous phase is con sistently higher by about 
20% for water than for agar samples.  As a first approximation, 
then, distilled water is a good model for an aqueous agar plate. The 
advantage of using distilled water samples rather than agar samples 
is the ease of assay by GLC, which is our routine analytical method. 

Third, a signifi cant change in the distribution of 1,2-dibromoethane 
was observed when plas tic plates were substituted for glass plates 
(container 7). The plastic plates account for almost 90% of the 
added solvent  with the remainder divided between vapor and 
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aqueous phases. The Kn value (as defined above) calculated from the 
agar and vapor recoveries in container 7 drops significantly to a value 
of about 25, indicating that the plastic competes more effectively 
with the aqueous phase than the vapor phase. Bridges (1978) has 
observed about a 3-fold increase in the mutagenicity of dichlorovos 
in E. coli in a similar experi ment using glass as opposed to plastic 
plates. The results presented in Tables 4 and 5 in this report were all 
obtained using glass plates. 

Table 3 shows recovery data obtained for 1,2-dibromoethane by 
gas-liquid chromatography. Recoveries for the aqueous and vapor 
phase samples from all containers are in good agreement with the 
corresponding ones in Table 2 except the aqueous phase recovery  
from container 5. The total recovery for 
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container 7 does not include the amount sequestered in the plastic 
plates. We conclude from these results that GLC analysis is capable of 
providing us with an accurate picture of the distribution of solvent at 
equilibrium. 

 
Rate of mouement from  uapor phase to liquid phase 

The kinetics of entry of solvents from the vapor phase into the 
aqueous phase are of interest because the relationship between the actual 
dissolved con centration and mutagenicity may be time-dependent. 
Simmon (1977) for example, has demonstrated for several compounds 
that the number of Salmo nella revertants increases with time of 
exposure. We therefore, determined the rate of disappearance of 2 
solvents from the vapor phase and results are shown in Fig. 3. The 
kinetics are complex as expected; however the rate of entry into the 
aqueous phase is rapid when compared with the 48-h incubation period. 

 
M utagenicity of  10 common haloalkane soluents 

Cumulative results from daily positive and negative control 
experiments are given in Table 1. The negative control data are in good 
agreement with those recently found in an interlaboratory survey (de 
Serres and Shelby, 1979) and with those originally presented by Ames 
et al. (1975). 

Mutagenicity data for 10 common halogenated alkanes are presented 
in Ta ble 4 along with actual dissolved concentrations using our system. 
Mutagenici ties expressed as revertants/nmole and some physical 
properties of each com pound are summarized in Table 5. 

Of the 10 solvents tested, 3 had no effect on any tester strain -
namely 1,1,2-trichloroethane, 1-chlorobutane and carbon 
tetrachloride. All 3 were tested at concentrations high enough to 
produce observable toxicity to the 
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Times  (min ) 

Fig. 3. The rate of disappearance of 2 haloalkane solvents from the  

vapor  phase into bacterial growth plates within  the closed system. 

The solvents were vaporized  in a separate container and 11of 

saturated air was introduced into the system. GLC analyses of  the 

vapor phase were performed at the times indi cated. The initial 

vapor concentration is defined as lOO'JI> for each solvent whereas 

the amount remaining after 24-b incubation (25° C) is defined as 

zero percent. 
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tester strains. The remaining 7 gave positive results for strains 
TA1535 and TAlOO and among these only 1,2-dibromoethane was 
positive fo strain TA98. We have, as yet, found no haloalkane that will 
revert TA1537 or TA1538. 

The presence of the rat-liver S9 metabolic fraction was not essential 
for the mutagenicity of any of these compounds (Tables 4 and 5). This 
observation is in agreement with the data of Rosenkranz (1977), 
Simmon (1977) and Jongen et al. (1978) who likewise found that the S9 
metabolic fraction was not essen tial for the activity of haloalkanes. 
Recently de Meester et al. (1980) have shown for vinyl chloride that 
plates containing S9 mix enhanced the reversion rate of plates 
containing Salmonella but no S9 mix when the 2 were incubated in the 
same desiccator. This observation strongly suggests that volatile muta 
genic metabolites formed by S9 can be transported via the vapor phase. 
Their results, however, showed greatly diminished numbers of 
revertants on plates without S9 as compared to plates with S9, whereas 
our data show about equal 

 

 

TABLE 6 

MINIMUM  DETECTABLE  VAPOR  CONCENTRATIONS  (/3 = 

0.05), ppm WITH N = 5 REPLICATES 

  

Compound

 TA1

535 

1,2-Dibromoethane 1.7 

Bromoethane 10.5 

Iodoethane 13.4 

1-Bromopropane 31.2 

1-Bromo-2-i:hloroethane4.0 

1-Bromobutane 223.8 

1,2-Dichloroethane 171.7 

TA98 TAlOO 

 

24.8 4.3 

43.4 

59.8 

106.

5 

17.1 

581.

4 

983.

2 

1,1,2-Trichloroethane

 N.

D.a 

1. Chlorobutane

N.D. 

Carbon tetrachloride

 N.

D. 

N.

D. 

N.

D. 

N.

D. 

N.D. 

N.D. 

N.D. 
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gni. 

  
 

Min. detectable ppm = Minimum  significant rev/plate b 
(Kn) (1.2) (rev./nmole) 

 

a N .D., no detectable 

mutagenic activity. b 

Formula derived as 

follows: 

(

i

) 

((rreevv..//npmlatoel)e) = nmo1eIP1ate necessary to produce minimum 

si fi'cant revertant 

number. 

 
(nmole/plate) [M.W .(ng/nmole)] (103 ml/I) 

(ii) (30 ml/plate) (l06 ng/mg)= nmole/plate corrected to mg/I 
in aqueous phase. 

. (mgJl)AQ 
(iii) Kn = mg/I In vapor phase. 

 

. [(mg/l)vap] [23.3 I/mole] 
(iv) [M.W. (mg/mmole)] (103 mmole/mole) = ppm In vapor phase. 

 

(v) Combining (i)-(iv): 

 
M'    d t   t bl (Min. sig. rev./plate)(M.W.) (103)(23.3) 
m.   e ec a   e ppm = (rev./nmole)(30)(106)(Kn)(M.W.)(103) 
= 

[Min. sig. rev./plate] 

(Kn)(l.2)(rev./nmol

e) · 
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numbers for both types (Tables 4 and 5). In addition, we have done 
experi ments in which no 89 mix was included on any plates in a 
container and have observed the same mutagenicity results as in the usual 
test configuration. Thus, we feel that our results cannot be attributed to 
the presence of volatile muta genic metabolites. 

 
Threshold levels for activity 

The lower limits of detection of the system for the 10 haloalkanes 
tested are given in Table 6. These limits depend upon the following 
factors: (1) the back ground reversion frequency of the tester strain in 
question and the standard deviation of this "spontaneous reversion rate" 
(see Table 1), (2) the number of replicates used in the determination, (3) 
the -risk, or chance of drawing a con clusion that is incorrect, which 
one is willing to accept (0.05 in our case), (4) the distribution 
coefficient of the solvent under test and (5) its mutagenic po tency in 
revertants per nanomole. Knowledge of factors 1, 2 and 3 above allows 
the calculation, from Student's t-test tables, of the minimum significant 
num ber of revertants per plate for each strain. Once these figures are 
known, calcu lation of minimum detectable ppm (vapor phase) can be 
done using the equa tion in Table 6. 

It is interesting to note that in every case, TA1535 is the most 
sensitive responding strain. This is due to the relatively low 
background reversion fre quency observed for this strain. The lower 
detection limit for 1,2-dibromo ethane is significantly less than its 
current TLV (American Conference of Gov ernment Industrial 
Hygienists) whereas that for 1,2-dichloroethane exceeds its TLV. 

 

Discussion 

 
We report the development and application of an apparatus which 

allows the quantitative study of the distribution and mutagenicity of 
volatile test chemi cals. The containment system is made up of 
materials which are chemically inert with respect to halogenated 

hydrocarbons. The data in Tables 2 and 3 for 14C-labelled 
dibromoethane indicate that: (1) the system is able to contain about 
95% of the added 1,2-0ibromoethane over a 48-h incubation at 37° , (2) 
there exist only 2 significant compartments for this solvent - namely 
vapor phase and aqueous phase, (3) the concentrations in these phases 
can be success fully determined by GLC analysis, and (4) the use of 
plastic plates significantly perturbs the distribution of solvent within the 
container. 

A chemical introduced into the system distributes in a characteristic 
and definable manner that allows evaluation of its mutagenic potency 
in units of revertants/nmole. These potency figures can be used to 
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compare and rank this group of compounds among themselves 
(Matheson et al., 1978) and perhaps with other compounds as well. 
Meselson and Russell (1977) have found a direct correlation between 
mutagenic potency in this test and carcinogenic potency in rodents; 
however, the generality of this concept has been questioned (Ashby 
and Styles, 1978). 

In Table 5 we see that 1,2-0ibromoethane was the most active 
compound ob 
served in this study. Iodoethane, bromoethane and 1-bromopropane are of 
similar 
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potency followed by l-bromo-2-chloroethane and 1-bromobutane 

which are also similar in their activity with strain TAlOO. 1,2-

Dichloroethane was very weakly positive and 1,1,2-trichloroethane, 1-

chlorobutane, and carbon tetrachloride were negative in the test. The 

mutagenic potency of three 1,2-dihaloethanes has 
recently been reported by Tan and Hsie (1980) for their CHO/HGPRT 
muta genicity  assay  and they  find dibromo > bromo-chloro > 
dichloro  ethane with 
a ratio of 100 : 6 : 1. We find the mutagenic potency to be in the 

same order in the Salmonella assay with a ratio of 100 : 37 : 0.6 for 
these three 1,2-dihalo ethanes. Strains TA1535 and TAlOO are 

efficient detectors of mutagenicity for these compounds whereas 
strains TA1537 and TA1538 did not respond to any of the 10 

haloalkanes tested. Strain TA98 responds only to 1,2-

dibromoethane. This general pattern of specificity and the 
independence of the results on the presence of the rat-liver S9 

fraction leads to the conclusion that these com pounds are direct-
acting base-pair mutagens. The fact that halolakanes are mu tagenic 

in the absence of added rat-liver fractions has been demonstrated in 
a number of studies (Brem et al., 1974; McCoy et al., 1978; Russell 

et al., 1980; Simmon, 1977) as well as the present study. However, 
the interpretation of this finding requires a great deal of caution in 

light of the data of Rannug et al. (1978) who have shown that 

addition of glutathione and glutathione transfer ase greatly 
increased the mutagenicity of 1,2-dichloroethane and also the recent 

observation by Green (1980) that Salmonella strain TAlOO is able 
to metab olize dichloromethane to the oxidized species CO and 

C02 • The reactivity of the compounds given in Table 5 suggests 

that brominated compounds are more strongly mutagenic than their 
chlorinated analogs - compare 1,2-dibromo ethane with 1,2-

dichloroethane and 1-bromobutane with 1-chlorobutane. Also it 
would appear from the 3 monobrominated compounds that 

increasing car bon-chain length decreases mutagenic potency. 

We would like to emphasize here that the Salmonella/microsome 

test em ployed in these studies is the "standard" method originally 
described by Ames et al. (1975). We have changed only the method 

by which the chemicals are "applied" to the plates for testing. For 
volatile compounds, we feel this meth od is superior for the 
following reasons: 

(1) Of the 10 compounds listed in Table 5, only 1,2-
dibromoethane and 1-bromo-2-chloroethane gave positive responses 
in the standard plate-incorpora tion test in this laboratory and their 
potencies were about 1/20-1/50 of that determined in the closed 
system. In contrast, 7 of the 10 compounds in Table 5 exhibit some 
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degree of activity in our closed system. This observation suggests 
that there may be other chemicals which give a negative response 
in the stan dard test because of their volatility. 

(2) The closed system test provides a safer method for testing these 

materials in terms of exposure of laboratory personnel to possibly 
mutagenic volatile chemicals (Bridges, 1978). 

(3) This test system may provide a better simulation of actual 
exposure to these agents in that exposure is frequently via the vapor 
phase. In such expo sures, both the mutagenicity and the 
distribution coefficient of the compound may be of importance, i.e. 
the actual hazard of these materials may be a func tion of both of 
these factors. 

(4) The purity  of the test substance is obtained as part of the 
analytical 



 

 

 

result (Donahue et al., 1978) minimizing the chances of false positives 
due to mutagenic impurities (see Table 5). 

The kinetic aspects of the vapor-agar exchange reaction are 
presented in Fig. 3. Since the kinetics of the "receptivity" of the 
bacteria for mutagenesis is unknown, the importance of these kinetics 
cannot be assessed with respect to their overall effect on the test 
results. Several groups (Bartsch et al., 1975a; Rannug et al., 1978) have 
used 7-8 h equilibration times whereas others (Jongen et al., 1978) have 
used 48-h exposure times. 

One of the more intriguing aspects of the present study is the fact 
that 1,2- dibromoethane and l-bromo-2-chloroethane, with boiling 
points of 132° and 107° , respectively, are 10-100 times as potent when 
measured in the contain ment system as in the standard assay. These 
results indicate that these 2 com pounds are readily lost from the 
standard test system before they can interact with the Salmonella test 
organisms. They must therefore be considered "volatile" in this test 
system. Vapor pressure at 37° may be the controlling factor in deter 
mining if a compound will or will not be lost from the plates. We can 
therefore estimate, by use of the Clausius-Clapeyron relationship, that a 
mutagen having a boiling point in the range of 200-220°C may give 
similar results in the stan dard (open) system and in a containment 
system such as ours. Compounds boil ing at temperature lower than 
200-220° C would thus give a diminished response in the standard test 
depending on the extent of loss through volatiliza tion. Studies are in 
progress to investigate this relationship in more detail. 

 

References 

American Conference of Governmental Industrial Hygienists 

(1979) Threshold Limit Values for Chemical Substances in 

Workroom Air. 

Ames, B.N., J. McCann and E. Yamasaki (1975) Methods for 

detecting carcinogens and mutagens with the 

Salmonella/mammalian microsome mutagenicity test, Mutation 

Res., 31, 347-364. 

Ashby, J., and J.A. Styles (1978) Does carcinogenic  potency  

correlate  with mutagenic potency  in the Ames assay? Nature  

(London), 271, 452. 

Baden, J.M., and V.F. Simmon (1980) Mutagenic effects of 

inhalation anesthetics, Mutation Res., 75, 169-189. 

Baden, J.M., M. Brinkenhoff, R.S. Wharton, B.A. Hitt, V.F. 

Simmon and R.I. Mazze (1976) Mutagenicity of volatile 

anesthetics: halothane, Anesthesiology, 45, 311-318. 



 

 

Bartsch, H., V. Malaveille, R. Montesano and L. Tomatis (1975a) 

Tissue mediated mutagenicity of vinyl idene  chloride  and  2-

ehlorobutadiene  in S.  typhimurium,  Nature  (London),  225,  

641-643. 

Bartsch, H., C. Malaveille and R. Montesano (1975b) Human, rat 

and mouse liver-mediated mutagenicity of vinyl chloride in S. 

typhimurium strains, Int. J. Cancer, 15, 429-437. 

Bartsch, H., C. Malaveille, A. Barbin and G. Planche (1979) 

Mutagenic and alkylating metabolites of }lalo ethylenes, 

chlorobutadienes and dichlorobutadienes produced by rodent or 

human liver tissues, Arch. Toxicol.,  41, 249-277. 

Brem, H., A.B. Stein and H.S. Rosenkranz (1974) The 

mutagenicity and DNA-modifying effect of halo alkanes, 

Cancer Res., 34, 2576-2579. 

Bridges, B.A. (1978) On the detection of volatile liquid mutagens 

with bacteria: experiments with dichlo· rovos and 

epichlorohydrin, Mutation Res., 54, 367-371. 

de Meester, C., M. Duverger-van Bogaert, M. Lambotte-

Vandepaer, M. Roberfroid, F. Poncelet and M. Mercier (1980) 

Mutagenicity of vinyl chloride in the Ames test, Possible 

artifacts related to experimen tal conditions, Mutation Res., 

77, 175-179. 

de Serres, F.J., and M.D. Shelby (1979) Recommendations on data 

production and analysis using the Sal 

monella/microsome mutagenicity assay, Mutation Res., 64, 

159-165. 

Donahue, E.V., J. Mccann and B.N. Ames (1978) Detectio of 

mutagenic impurities in carcinogens and non-earcinogens by 

high-pressure liquid chromatography and the 

Salmonella/microsome test, Cancer Res., 38, 431-438. 

Fishbein, L. (1976) Industrial mutagens and potential mutagens, 

I. Halogenated aliphatic derivatives, Mu tation  Res.,  32, 267-

308. 



 

 

 

Green,  T.  (1980)  The  metabolism  and  mutagenicity  of  methylene  chloride,  19th  
Annu. Meeting, Soc. 

Toxicol., Abstr. 312. 
Jongen, W.M.F., G.M. Alink and J.H. Koeman (1978) mutagenic effect of 

dichloromethane on Salmonella typhimurium , Mutation  Res.,  56, 245-248. 

Matheson, D., D. Brusick and R. Carrano (1978) Comparison on the relative 
mutagenic activity for eight antineoplastic drugs in the Ames Salmonella/microsome 
test and TK+r mouse lymphoma assays, Drug Chem. Toxicol., 1, 277-304. 

Mccann, J., E. Choi, E. Yamasaki and B.N. Ames (1975) Detection of carcinogens as 

mutagens in the Sal monella/microsome mutagenicity test: Assay of 300 chemicals, 

Proc. Natl. Acad. Sci. (U.S.A.), 72, 5135-5139. 

McCoy, E., L. Burrows and H.S. Rosenkranz (1978) Genetic activity of allyl chloride, 

Mutation Res., 57, 11-15. 

Meselon, M., and K. Russell (1977) in: H.H. Hiatt, J.D. Watson and J.A. Winsten 

(Eds.), Origins of Human Cancer, Cold Spring Harbor Laboratory, pp. 1473-1482. 

Rannug, U., A. Sundvall and C. Ramel (1978) The mutagenic effect of 1,2-

dichloroethane on Salmonella typhimurium, I. Activation through conjugation with 

giutathione in vitro, Chem.-Biol. Interact., 20, 1-16. 

Rosenkranz, H.S. (1977) Mutagenicity of halogenated alkanes and their derivatives, 

Environ. Health Per spect.,  21, 79-84. 

Russell, J.F ., M.E. Sippel and D.F. Krahn (1980) Methods for the detection of 

mutagenic cases and vola tile liquids in the Salmonella/microsome assay, Environ. 

Mutagen Soc. 11th Annu. Meeting, Abstract P-38. 

Sato, A., and T. Nakajima (1979) Partition coefficients of some aromatic hydrocarbons 

and ketones in water, blood and oil, Br. J. Ind. Med., 36, 231-234. 

Simmon, V.F. (1977) Structural correlations of carcinogenic and mutagenic Alkyl halides, 

in: I.M. Asher and C. Zervos (Eds.), Proc. 2nd FDA Office of Science Summer Symp. 

Tan, E.L., and A.W. Hsie (1980) Mutagenicity and cytotoxicity of haloethanes in the 

CHO/HGPRT sys tem, 11th Annu. Meeting Environ. MutagenSoc., Abstract AC-5. 

Vogel, H.J., and D.M. Bonner (1956) Acetylornithinase of E. coli: Partial purification 

and some proper ties, J. Biol. Chem., 218, 97-106. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Appendix II. QSAR Toolbox prediction for Ames Salmonella 

Mutagenicity of 1-Bromopropane 

 

 

 

 

 

 

 

 

 

 

QSAR Toolbox prediction for single chemical 

 

 

 

 

 

 

 

 

 

 

 

 

The template of the current report is based on "GUIDANCE DOCUMENT ON THE 

VALIDATION OF (QUANTITATIVE) STRUCTURE-ACTIVITY RELATIONSHIPS MODELS" 

published by OECD (September, 2007) and "GUIDANCE ON INFORMATION 

REQUIREMENTS AND CHEMICAL SAFETY ASSESSMENT / CHAPTER R.6: QSARS AND 

GROUPING OF CHEMICALS" published by ECHA (May, 2008). 

The report provides information about the target substance, chemical characteristics used 

for the grouping, the resulting boundaries of the group of chemicals (applicability domain), the 

type of data gap filling approach that was applied (read-across, trend analysis or QSAR 

models), the predicted result(s) and in the Annex information about the category members or 

training set and test set chemicals. 

The chemicals are ordered by the distance to the target substance within the descriptors 

space. Only chemicals with experimental data are listed as category members. 



 

 

Depending on the settings selected by the user, detailed information (incl. 2D image and 

profiling results) is provided for some chemicals while more limited information (CAS, name, 

SMILES) is provided for others. 

If not otherwise specified, the experimental values are reported in bold, recalculated 

experimental values are reported in bold & italic and calculated values are reported in regular 

font. 
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QSAR Toolbox prediction based on read-across 
 

 

 

Prediction of Gene mutation for 1-bromopropane 

 

 

Summary 

 

Toxicity of the target chemical (Negative) is predicted from category members using read- across 
based on 51 values (Positive x12, Equivocal x1, Negative x38) from 5 nearest neighbours compared 
by prediction descriptors. Category members are single chemicals or mixtures and are selected based 
on the profile of the target chemical. Only chemicals having experimental data are listed in the 
category. 

 

The target chemical FALLS within applicability domain of the prediction (see Section 4.3 for 

details). 

 

The data used for calculating the current prediction is taken from 51 experimental values 

selected from the following database(s): 

1. Bacterial mutagenicity ISSSTY 

2. Genotoxicity OASIS 

 

Below is a summary table for endpoint & descriptor values for the target chemical and the first 
10 category members. 
Experimental values from data matrix are presented in bold font. Recalculated endpoint values 
(if required by selected data usage option in Gap Filling) are presented in italic font. 
Recalculated endpoint values based on experimental data only are presented in bold and italic 
font. 

 

 Endpoint(s) Descriptor(s) 

Human Health 
Hazards; Genetic 

Toxicity 

 
log Kow 

Gene mutation I - 

Target chemical Negative  (13) 2.16 

 
Cat. member No. 1 

Positive  (6) 

Negativ e (4) 

Equivocal 

 
2.08 

Cat. member No. 2 
Positive  (3) 

Negativ e (8) 
2.00 

Cat. member No. 3 Negativ e (4) 2.49 



 

 

Cat. member No. 4 Positive  (3) 2.54 

Cat. member No. 5 Negative  (22) 2.56 

Cat. member No. 6 Positive  (4) 2.58 

Cat. member No. 7 
Positive  (5) 

Negativ e (4) 
2.65 

 
Cat. member No. 8 

Positive  (6) 

Negativ e (3) 

Equivocal 

 
1.67 

 
Cat. member No. 9 

Positive (4) 
Equivocal 

Negativ e (5) 

 
1.59 



 

 

 

 

 Endpoint(s) Descriptor(s) 

Human Health 
Hazards; Genetic 

Toxicity 

 
log Kow 

Gene mutation I - 

 
Cat. member No. 10 

Equivocal (2) 

Positive  (4) 

Negativ e (4) 

 
1.58 



 

 

 

 

 

Section 1 -   Target chemical 

 

 

1.1. CAS number: 

106- 94-5 

 

1.2. Other regulatory numbers: 

Not reported 

 

1.3. Chemical name(s): 

1-bromopropane 
propane, 1-
bromo- n-propyl 
bromide 
1bromopropane 
npropyl bromide 

 

1.4. Structural formula: 

 

 

 

 

H3 

 

 

 

 

 

 

 

 

1.5. Structure codes: 

a.  SMILES: 

CCCBr 

 

 

Br 



 

 

b. Input  structure code (if different from SMILES): 

Not available 

 

c. Stereochemical features: 

Not provided by the 

user 

manually editable field 



 

 

 

 

1.6. Quality of structure identity  (CAS/2D quality): 

High Quality 

Databases to which the target chemical belongs are: 

Aquatic OASIS 
Bacterial mutagenicity 
ISSSTY Biodegradation 
NITE 
Developmental & Reproductive Toxicity 
(DART) ECHA CHEM 
ECOTOX 
Genotoxicity 
OASIS 
Micronucleus 
ISSMIC Phys-
chem EPISUITE 
Rodent Inhalation Toxicity Database 

 

 

 

 

Section 2 -   General information 

 

 

2.1. Date of report generation: 

09.03.2016 

 

2.2. Report author(s) and contact details: 

Not provided by the user 

manually editable field 

 

 

 

 

 

Section 3 -   Category definition and category members 

 

 

3.1. Category definition: 
 

a. Category hypothesis: Not provided 

by the user 



 

 

manually editable field 
 

b. A pplicability  domain of the category: 

The applicability domain is defined by following scheme 

 

 

1) Referential boundary: 

1 2 3 

A ND 

 
4 

A ND 

 
5 



 

 

 

The target chemical should be classified as SN2 AND SN2 >> Alkylation by epoxide 

metabolically formed after E2 reaction AND SN2 >> Alkylation by epoxide metabolically 

formed after E2 reaction 

>> Monohaloalkanes AND SN2 >> Alkylation, nucleophilic substitution at sp3-carbon 
atom AND 
SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes 
AND SN2 >> Nucleophilic substitution after carbenium ion formation AND SN2 >> 
Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes by DNA 
alerts for AMES, MN and CA by OASIS v.1.3 

 

2) Parametric boundary: 

The target chemical should have a value of log Kow which is >= 2 

 

3) Parametric boundary: 

The target chemical should have a value of log Kow which is <= 2.56 

 

 

c. Endpoints covered: 

Not provided by the 

user 

 

manually editable field 

 

d. Category members: 

The list of the category members is available in Appendix 1 

 

The category members shown with respect to the descriptor log  Kow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Read across prediction of Gene  mutation, 

taking the highest mode from the nearest 5 neighbours, based on 51 values from 5 neighbour chemicals, Observed target 

values: 'Negative  (x13)', Predicted target value: 'Negative' (p=2.17E-09) 

Positive 

Equivocal 

Negative 

1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 

log Kow 

G
e

n
e
 m

u
ta

ti
o

n
 (

o
b

s
.)

 



 

 

 

 

 

 

 

 

3.2. Category justification: 

Not provided by the 

user 

manually editable field 

 

3.3. Data matr ix: 

The data matrix is available in  Appendix 2 

 

 

 

 

Section 4 -  Prediction 



 

 

 

 

4.1. Defined Endpoint  (OECD Principle 1): 
 

a. Endpoint (e.g. Acute toxicity  to fish): 

Gene mutation 

Materials & methods / type of method: 

In Vitro 

manually editable field 

 

b. Dependent variable (e.g. LC50): 

(Gene mutation) 

manually editable field 

 

c. Units: 

Not provided by the 

user 

manually editable field 

 

d. Duration: 

Not provided by the 

user 

manually editable field 

 

e. Species: 

Salmonella 

typhimurium 

manually editable field 

 

4.2. Unambiguous algorithm (OECD Principle 2): 
 

a. Prediction approach: 

Read-across from category 

members 

manually editable field 

Experimental values for the target chemical (if any) were not used in prediction calculations 
 

b. Calculation approach: 

Takes highest mode value from the 5 nearest neighbours 

 

c. Model name: 

Not applicable 

 

d. Model version: 

Not applicable 

 

e. Reference to QMRF: 



 

 

Not applicable 

 

f. Input for prediction (target chemical): 

SMILES 

 

g. Descriptor and endpoint values for target chemical (if  applicable): 
 

Descriptor(s)  

log Kow 2.16 

Endpoint  (dep. variable)  

Human Health Hazards; Genetic 

Toxicity 

Negative   (x 13) 

 

 

h. Additional chemicals eliminations (not determined by  domain): 

Not available 



 

 

 

i. Additional data eliminations (not deter mined by domain): 

Not available 

 

j. Predicted value (model result): 

Negative 

 

k. Predicted value (comments): 

Not provided by the user 

manually editable field 

 

4.3. Applicability domain (OECD Principle 3): 

The target chemical FALLS within applicability 

domain (see Section 3.1.b for detailed description of 

the domain) 

 

 

 

4.4. Uncertainty of the prediction (OECD  Principle 4): manually editable field 

 

The prediction is based on 51 neighbours' values, 38 of them equal to prediction. 

Prediction confidence is measured by the p-value = 2.17E-09 (very strong 

confidence) 

 

 

4.5. Chemical and biological mechanisms (OECD Principle  5): 
 

Profiling results for the target substance: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

1 2 3 

A ND 

 
4 

A ND 

 
5 



 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 



 

 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 



 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

Comment s: 

Not provided by the 

user 

 

 

manually editable field 



 

 

 

 

 

Section 5 -  Adequacy 

 

 

5.1. Regulatory purpose: 

Not provided by the 

user 

manually editable field 

 

5.2. Approach for regulatory interpretation of the model result: 

Not provided by the user 

manually editable field 

 

5.3. Outcome: 

Not provided by the 

user 

manually editable field 

 

5.4. Conclusion: 

Not provided by the 

user 

manually editable field 
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QSAR Toolbox prediction based on read-across 

 

 

Prediction of Gene mutation for 1-bromopropane 

 

 

APPENDIX 1  -  Category members 

 

 

From 12 category members, 10 chemicals are reported in more 

detail, the remaining category members are listed in a table with 

basic information 

 

 

 

 

1. Cat. member No.1: 

 

    used for read-across  
 

1.1. CAS number: 

75- 26-3 

 

1.2. Other regulatory numbers: 

Not reported 

 

1.3. Chemical name(s): 

2-bromopropane 
iso- propyl 
bromide propane, 
2-bromo- 
2bromopropane 
isopropyl 
bromide 

 

1.4. Structural formula: 

SMILES 
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Br 

 

CH3 

CC(C)Br 
 

 

 

 

 

H3 
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1.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 
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Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

2. Cat. member No.2: used for read-across  
 

2.1. CAS number: 

75- 29-6 

 

2.2. Other regulatory numbers: 

Not reported 

 

2.3. Chemical name(s): 

2-chloropropane 
chloropropane, 2- 
propane, 2-
chloro- 

 

2.4. Structural formula: 

SMILES 

CC(C)Cl 
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Cl 

 

CH3 

 

 

 

 

 

H3 
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2.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 
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Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

3. Cat. member No.3: used for read-across  
 

3.1. CAS number: 

78- 86-4 

 

3.2. Other regulatory numbers: 

Not reported 

 

3.3. Chemical name(s): 

2-chlorobutane 
butane, 2-
chloro- sec- 
butyl chloride 

 

3.4. Structural formula: 

SMILES 

CCC(C)Cl 
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H3 Cl  

CH3 
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3.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 
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Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

4. Cat. member No.4: used for read-across  
 

4.1. CAS number: 

507- 19-7 

 

4.2. Other regulatory numbers: 

Not reported 

 

4.3. Chemical name(s): 

tert-butyl bromide 
2-bromo-2-methylpropane 
propane, 2-bromo-2-methyl- 

 

4.4. Structural formula: 

SMILES 

CC(C)(C)Br 
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Br 
CH3 

CH3 
C

 

 

 

 

 

H3 
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4.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

No alert found 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

No alert found 
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Protein binding by OECD 
 

No alert found 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
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Cl 

 

 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

5. Cat. member No.5:     used for read-across  

 

5.1. CAS number: 

109- 69-3 

 

5.2. Other regulatory numbers: 

Not reported 

 

5.3. Chemical name(s): 

1-chlorobutane, 
1-chlorobutane 
butane, 1-
chloro- n-butyl 
chloride butyl 
chloride, n- 

 

5.4. Structural formula: 

SMILES 

CCCCCl 
 

 

 

 

H3 
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5.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 
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SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 
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SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
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High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

6. Cat. member No.6: 
 

6.1. CAS number: 

78- 76-2 

 

6.2. Other regulatory numbers: 

Not reported 

 

6.3. Chemical name(s): 

sec- butyl 
bromide bromo-
2-butane 2-
bromobutane 
butane, 2-
bromo- 

 

6.4. Structural formula: 

SMILES 

CCC(C)Br 
 

 

 

 

H3 

 

 

 

 

 

Br  

CH3 



Prediction of Gene mutation for 1-
bromopropane 
Appendix 1 - Category members 

25 / 
35 

 

 

 

 

 

6.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes 
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SN2 >> Nucleophilic substitution after carbenium ion formation 

 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 
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SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 

 

Superfragments 

 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 
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Br 

 

US-EPA New Chemical Categories 
 

Neutral Organics 

 

 

 

7. Cat. member No.7: 
 

7.1. CAS number: 

109- 65-9 

 

7.2. Other regulatory numbers: 

Not reported 

 

7.3. Chemical name(s): 

1-bromobutane 
butyl bromide 
butane, 1-bromo- 
butylbrom 

 

7.4. Structural formula: 

SMILES 

CCCCBr 
 

 

 

 

H3 
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7.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 
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SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 
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Protein binding potency 
 

Not possible to classify according to these rules (GSH) 

 

Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
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Br 

 

Neutral Organics 

 

 

 

8. Cat. member No.8: 
 

8.1. CAS number: 

74- 96-4 

 

8.2. Other regulatory numbers: 

Not reported 

 

8.3. Chemical name(s): 

bromoethane 

ethane, bromo- 

bromoethane(ethyl 
bromide) ethyl bromide 

 

8.4. Structural formula: 

SMILES 

CCBr 
 

 

 

 

CH3 

 

 

 

 

 

 

 

8.5. Profiling results: 
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DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 
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DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 
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Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 
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9. Cat. member No.9: 

 

9.1. CAS number: 

74- 88-4 

 

9.2. Other regulatory numbers: 

Not reported 

 

9.3. Chemical name(s): 

methyl iodide 
iodomethane 
methane, iodo- 
iodomethane(methyliodide) 

 

9.4. Structural formula: 

SMILES 

CI 
 

 

 

 

 

H3C 
I 

 

 

 

9.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 
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SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 
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DNA  binding by OECD 
 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 
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Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Not categorized 



Prediction of Gene mutation for 1-
bromopropane 
Appendix 1 - Category members 

30 / 
35 

 

 

Cl 

 

 

 

 

10. Cat. member No.10: 

 

10.1. CAS number: 

75- 00-3 

 

10.2. Other regulatory number s: 

Not reported 

 

10.3. Chemical name(s): 

chloroethane 
ethyl chloride 
ethane, chloro- 

 

10.4. Structural formula: 

SMILES 

CCCl 
 

 

 

 

CH3 

 

 

 

 

 

 

 

10.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 
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SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> 

Monohaloalkanes SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> 

Monohaloalkanes SN2 >> Nucleophilic substitution after carbenium ion 

formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> 

Monohaloalkanes 

 

DNA  binding by OECD 
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SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 

Estrogen Receptor Binding 
 

Non binder, non cyclic structure 

 

OECD HPV  Chemical Categories 
 

Not categorized 

 

Protein binding by  OASIS v1.3 
 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 

Protein binding by OECD 
 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 

Protein binding potency 
 

Not possible to classify according to these rules (GSH) 
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Superfragments 
 

No superfragment 

 

Toxic hazard classification by Cramer (extension) 
 

High (Class III) 

 

Toxic hazard classification by Cramer (original) 
 

High (Class III) 

 

US-EPA New Chemical Categories 
 

Neutral Organics 
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Chemical(s) No. 11 - 12 are reported below: 
 

No. CAS Chem. name SMILES RA 

11 74- 83-9 methyl bromide CBr  

12 74- 87-3 methyl chloride CCl  
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OMITTED BY THE USER 
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QSAR Toolbox prediction based on read-across 
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APPENDIX 3  - QMRF 

 

 

APPENDIX 4  -  QMRF,  training set chemicals 

 

 

APPENDIX 5  -  QMRF,  test set chemicals 

 

 

APPENDIX 6  -  Additional information from (Q)SAR 

 

 

 

 

 

 

 

NOT APPLICABLE 
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QSAR Toolbox prediction based on read-across 
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APPENDIX 7  -  Chemical components 

 

 

 

 

 

 

NOT APPLICABLE 

 

 

 

 

 

 

 

 

 

QSAR Toolbox prediction for single chemical 
 

 

 

 

 

 

 

 

 

 

 

 

The template of the current report is based on "GUIDANCE DOCUMENT ON THE 

VALIDATION OF (QUANTITATIVE) STRUCTURE-ACTIVITY RELATIONSHIPS MODELS" 

published by OECD (September, 2007) and "GUIDANCE ON INFORMATION 

REQUIREMENTS AND CHEMICAL SAFETY ASSESSMENT / CHAPTER R.6: QSARS AND 

GROUPING OF CHEMICALS" published by ECHA (May, 2008). 

The report provides information about the target substance, chemical characteristics used 

for the grouping, the resulting boundaries of the group of chemicals (applicability domain), the 

type of data gap filling approach that was applied (read-across, trend analysis or QSAR 
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models), the predicted result(s) and in the Annex information about the category members or 

training set and test set chemicals. 

The chemicals are ordered by the distance to the target substance within the descriptors 

space. Only chemicals with experimental data are listed as category members. 

Depending on the settings selected by the user, detailed information (incl. 2D image and 

profiling results) is provided for some chemicals while more limited information (CAS, name, 

SMILES) is provided for others. 

If not otherwise specified, the experimental values are reported in bold, recalculated 

experimental values are reported in bold & italic and calculated values are reported in regular 

font. 
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QSAR Toolbox prediction based on read-across 
 

 
 

Prediction of Gene mutation for 2-bromopropane 
 

 

Summary 

 

Toxicity of the target chemical (Positive) is predicted from category members using read-across based on 3 values 
(Positive x2, Negative x1) from 3 nearest neighbours compared by prediction descriptors. Category members are single 
chemicals or mixtures and are selected based on the profile of the target chemical. Only chemicals having experimental 
data are listed in the category. 

 

The target chemical FALLS within applicability domain of the prediction (see Section 4.3 for details). 

 

The data used for calculating the current prediction is taken from 3 experimental values selected from the following 

database(s): 

1.  Genotoxicity OASIS 

 
Below is a summary table for endpoint & descriptor values for the target chemical and the category members. 

Experimental values from data matrix are presented in bold font. Recalculated endpoint values (if required by 
selected data usage option in Gap Filling) are presented in italic font. Recalculated endpoint values based on 
experimental data only are presented in bold and italic font. 

 
 Endpoint(s) Descriptor(s) 

Human Health 
Hazards; Genetic 

Toxicity 

 

log Kow 

Gene mutation I - 

Target chemical - 2.08 

Cat. member No. 1 Negative 2.56 

Cat. member No. 2 Positive 1.59 

Cat. member No. 3 Positive 1.18 
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Br 

 

CH3 

 

 
 

Section 1 -   Target chemical 
 

 

1.1. CAS number: 

75- 26-3 

 
1.2. Other regulatory numbers: 

Not reported 

 
1.3. Chemical name(s): 

2-bromopropane iso- 
propyl bromide 
propane, 2-bromo- 
2bromopropane 
isopropyl bromide 

 
1.4. Structural formula: 

 

 

 

 

 

H3 

 
 
 
 
 
 

1.5. Structure codes: a.  

SMILES: 

CC(C)Br 
 

b. Input  structure code (if different from SMILES): 

Not available 
 

c. Stereochemical features: 

Not provided by the user 

manually editable field 
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1.6. Quality of structure identity  (CAS/2D quality): 

High Quality 

Databases to which the target chemical belongs are: 

Aquatic Japan MoE 

Bacterial mutagenicity ISSSTY 

Biodegradation NITE 
Developmental & Reproductive Toxicity (DART) ECHA 
CHEM 

Eye Irritation ECETOC 
Genotoxicity OASIS 
Phys-chem EPISUITE 

Rodent Inhalation Toxicity Database 

Skin Iirritation 
 

 

 

 

Section 2 -   General information 
 

 

2.1. Date of report generation: 

09.03.2016 

 

2.2. Report author(s) and contact details: 

Not provided by the user 

manually editable field 

 

 

 

 
 

Section 3 -   Category definition and category members 
 

 

3.1. Category definition: 
 

a. Category hypothesis: 

Not provided by the user 

manually editable field 

 

b. A pplicability  domain of the category: 

The applicability domain is defined by following scheme 
 

 

1) Referential boundary: 

1 2 3 

A ND 

 
4 

A ND 

 
5 
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Read across prediction of Gene  mutation, 

taking the highest mode from the nearest 5 neighbours, based on 3 values from 3 neighbour chemicals, Observed target 

value: N/A, Predicted target value: 'Positive' (p=0.259) 

Positive 

Equivocal 

Negative 

1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 

log Kow 

 

The target chemical should be classified as SN2 AND SN2 >> Alkylation by epoxide metabolically formed 

after E2 reaction AND SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

>> Monohaloalkanes AND SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom AND 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes AND SN2 >> 

Nucleophilic substitution after carbenium ion formation AND SN2 >> Nucleophilic substitution after 
carbenium ion formation >> Monohaloalkanes by DNA alerts for AMES, MN and CA by OASIS v.1.3 

 
2) Parametric boundary: 

The target chemical should have a value of log Kow which is >= 1.18 

 
3) Parametric boundary: 

The target chemical should have a value of log Kow which is <= 2.56 

 
 

c. Endpoints covered: 

Not provided by the user 

 
manually editable field 

 

d. Category members: 

The list of the category members is available in Appendix 1 
 

The category members shown with respect to the descriptor log  Kow 

 

 

 
        

        

        
 

 

 
 

3.2. Category justification: 

Not provided by the user 

manually editable field 

 

3.3. Data matr ix: 

The data matrix is available in  Appendix 2 

 

 

 

 

Section 4 -  Prediction 

G
e

n
e
 m

u
ta

ti
o

n
 (

o
b

s
.)
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4.1. Defined Endpoint  (OECD Principle 1): 
 

a. Endpoint (e.g. Acute toxicity  to fish): 

Gene mutation 

Materials & methods / type of method: 

In Vitro 

Test chemical / test type: 

Mammalian cell gene mutation assay 

manually editable field 

 

b. Dependent variable (e.g. LC50): 

(Gene mutation) 

manually editable field 

 

c. Units: 

Not provided by the user 

manually editable field 

 

d. Duration: 

Not provided by the user 

manually editable field 

 

e. Species: 

Not provided by the user 

manually editable field 

 

4.2. Unambiguous algorithm (OECD Principle 2): 
 

a. Prediction approach: 

Read-across from category members 

manually editable field 

Experimental values for the target chemical (if any) were not used in prediction calculations 
 

b. Calculation approach: 

Takes highest mode value from the 5 nearest neighbours 
 

c. Model name: 

Not applicable 
 

d. Model version: 

Not applicable 
 

e. Reference to QMRF: 

Not applicable 
 

f. Input for prediction (target chemical): 

SMILES 
 

g. Descriptor and endpoint values for target chemical (if  applicable): 
 

Descriptor(s)  

log Kow 2.08 

Endpoint  (dep. variable)  

Human Health Hazards; Genetic 

Toxicity 

- 
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h. Additional chemicals eliminations (not determined by  domain): 

Not available 
 

i. Additional data eliminations (not deter mined by domain): 

Not available 
 

j. Predicted value (model result): 

Positive 
 

k. Predicted value (comments): 

Not provided by the user 

manually editable field 

 

4.3. Applicability domain (OECD Principle 3): 

The target chemical FALLS within applicability domain (see 

Section 3.1.b for detailed description of the domain) 
 

 
 

4.4. Uncertainty of the prediction (OECD  Principle 4): manually editable field 

 
The prediction is based on 3 neighbours' values, 2 of them equal to prediction. Prediction 

confidence is measured by the p-value = 0.259  (no confidence) 

 
 

4.5. Chemical and biological mechanisms (OECD Principle  5): 
 

Profiling results for the target substance: 

 
DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> Monohaloalkanes SN2 >> 

Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes SN2 >> 

Nucleophilic substitution after carbenium ion formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes 

1 2 3 

A ND 

 
4 

A ND 

 
5 



Prediction of Gene mutation for 2-
bromopropane 

10 / 
20 

 

 

 

DNA  binding by OECD 

 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 
Estrogen Receptor Binding 

 

Non binder, non cyclic structure 

 
OECD HPV  Chemical Categories 

 

Not categorized 

 
Protein binding by  OASIS v1.3 

 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 
Protein binding by OECD 

 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 
Protein binding potency 

 

Not possible to classify according to these rules (GSH) 

 
Superfragments 

 

No superfragment 

 
Toxic hazard classification by Cramer (extension) 

 

High (Class III) 

 
Toxic hazard classification by Cramer (original) 

 

High (Class III) 

 
US-EPA New Chemical Categories 

 

Neutral Organics 
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Comment s: 

Not provided by the user 

 

 
manually editable field 

 

 

 

 
 

Section 5 -  Adequacy 
 

 

5.1. Regulatory purpose: 

Not provided by the user 

manually editable field 

 

5.2. Approach for regulatory interpretation of the model result: 

Not provided by the user 

manually editable field 

 

5.3. Outcome: 

Not provided by the user 

manually editable field 

 

5.4. Conclusion: 

Not provided by the user 

manually editable field 
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Cl 

 

 

 

QSAR Toolbox prediction based on read-across 
 

 

Prediction of Gene mutation for 2-bromopropane 

 

 
APPENDIX 1  -  Category members 

 

 
The 3 category members are reported in more detail 

 

 

 

 
 

1. Cat. member No.1: 
 

    used for read-across  

 

1.1. CAS number: 

109- 69-3 

 
1.2. Other regulatory numbers: 

Not reported 

 
1.3. Chemical name(s): 

1-chlorobutane, 1-
chlorobutane 
butane, 1-chloro- 
n-butyl chloride 
butyl chloride, n- 

 
1.4. Structural formula: 

SMILES 

CCCCCl 
 

 

 

 

H3 
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1.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> Monohaloalkanes SN2 >> 

Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes SN2 >> 

Nucleophilic substitution after carbenium ion formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes 

 
DNA  binding by OECD 

 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 
Estrogen Receptor Binding 

 

Non binder, non cyclic structure 

 
OECD HPV  Chemical Categories 

 

Not categorized 

 
Protein binding by  OASIS v1.3 

 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 
Protein binding by OECD 

 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 
Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 
Superfragments 

 

No superfragment 

 
Toxic hazard classification by Cramer (extension) 

 

High (Class III) 

 
Toxic hazard classification by Cramer (original) 

 

High (Class III) 

 
US-EPA New Chemical Categories 

 

Neutral Organics 

 

 

 

2. Cat. member No.2: used for read-across  

 

2.1. CAS number: 

74- 88-4 

 
2.2. Other regulatory numbers: 

Not reported 

 
2.3. Chemical name(s): 

methyl iodide 
iodomethane 
methane, iodo- 

iodomethane(methyliodide) 

 
2.4. Structural formula: 

SMILES 

CI 
 

 

 

 
 

H3C 
I
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2.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> Monohaloalkanes SN2 >> 

Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes SN2 >> 

Nucleophilic substitution after carbenium ion formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes 

 
DNA  binding by OECD 

 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 
Estrogen Receptor Binding 

 

Non binder, non cyclic structure 

 
OECD HPV  Chemical Categories 

 

Not categorized 

 
Protein binding by  OASIS v1.3 

 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 
Protein binding by OECD 

 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 
Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 
Superfragments 

 

No superfragment 

 
Toxic hazard classification by Cramer (extension) 

 

High (Class III) 

 
Toxic hazard classification by Cramer (original) 

 

High (Class III) 

 
US-EPA New Chemical Categories 

 

Not categorized 

 

 

 

3. Cat. member No.3: used for read-across  

 

3.1. CAS number: 

74- 83-9 

 
3.2. Other regulatory numbers: 

Not reported 

 
3.3. Chemical name(s): 

methyl bromide 
methane, bromo- 
bromomethane 

bromomethane(methyl bromide iso) 
methyl bromide [bsi:iso] 
methane, bromo-""" 

 
3.4. Structural formula: 

SMILES 

CBr 
 

 

 

 
 

H3C 
Br

 



Prediction of Gene mutation for 2-
bromopropane 
Appendix 1 - Category members 

16 / 
20 

 

 

 
 

3.5. Profiling results: 

 

DNA  binding by OA SIS v.1.3 

 

SN2 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction 

 

SN2 >> Alkylation by epoxide metabolically formed after E2 reaction >> Monohaloalkanes SN2 >> 

Alkylation, nucleophilic substitution at sp3-carbon atom 

SN2 >> Alkylation, nucleophilic substitution at sp3-carbon atom >> Monohaloalkanes SN2 >> 

Nucleophilic substitution after carbenium ion formation 

SN2 >> Nucleophilic substitution after carbenium ion formation >> Monohaloalkanes 

 
DNA  binding by OECD 

 

SN2 

 

SN2 >> SN2 at an sp3 Carbon atom 

 

SN2 >> SN2 at an sp3 Carbon atom >> Aliphatic halides 

 
Estrogen Receptor Binding 

 

Non binder, non cyclic structure 

 
OECD HPV  Chemical Categories 

 

Not categorized 

 
Protein binding by  OASIS v1.3 

 

SN2 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom 

 

SN2 >> Nucleophilic substitution at sp3 carbon atom >> Alkyl halides 

 
Protein binding by OECD 

 

SN2 

 

SN2 >> SN2 reaction at sp3 carbon atom 

 

SN2 >> SN2 reaction at sp3 carbon atom >> Alkyl halides 

 
Protein binding potency 
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Not possible to classify according to these rules (GSH) 

 
Superfragments 

 

No superfragment 

 
Toxic hazard classification by Cramer (extension) 

 

High (Class III) 

 
Toxic hazard classification by Cramer (original) 

 

High (Class III) 

 
US-EPA New Chemical Categories 

 

Neutral Organics 
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APPENDIX 2  -  Data matrix 

 

 

 

 

 

 
OMITTED BY THE USER 
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APPENDIX 4  -  QMRF,  training set chemicals 

 

 
APPENDIX 5  -  QMRF,  test set chemicals 

 

 
APPENDIX 6  -  Additional information from (Q)SAR 

 

 

 

 

 

 

 

NOT APPLICABLE 
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NOT APPLICABLE 
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Ames Test on 1-Bromopropane 

Conducted at BioReliance and 

Sponsored by Albemarle 

Corporation 

             FINAL REPORT 

 

Study Title 

                      Bacterial Reverse Mutation Assay 

 

Test Article 

1-bromopropane 

 

Author 

Valentine O. Wagner, III, M.S. 

 

Study Completion Date 

27 October 2015 

Testing Facility 

BioReliance 

9630 Medical Center Drive 

Rockville, MD 20850 

 

BioReliance Study Number 

AD58PU.503001.BTL 

Sponsor 

Albemarle Corporation 

451 Florida Street Baton 

Rouge, LA 70801 
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STATEMENT OF COMPLIANCE 

 

Study No. A D58PU.503001.BTL was conducted in compl iance with the US FDA 

Good Laboratory Practices 21 CFR Part 58 and the OECD Principles of Good 

Laboratory Practice (C(97) 186/Final) in all material aspects. 

 

 

 

 
 

Study Director 

Date 
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STUDY INFORMATION 

 

Sponsor: Albemarle Corporation 
451 Florida Street 
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Sponsor’s Authorized Representative: Carr J. Smith, Ph.D., DABT 

Testing Facility: BioReliance 

9630 Medical Center Drive 

Rockville, MD 20850 

Test Article I.D.: 1-bromopropane 

Synonym: N-Propyl Bromide 

Test Article Lot No.: 100000139331 

Test Article CAS No.: 106-94-5 

Test Article Molecular Weight: 123 g/mol 

BioReliance Study No.: AD58PU.503001.BTL 

Test Article Description: Clear colorless liquid 

Storage Conditions: Room temperature, protected from light 

Test Article Receipt Date: 20 August 2013 

Study Initiation Date: 11 June 2014 

Experimental Starting Date (first day 

of data collection): 

 

18 June 2014 

Experimental Start Date (first day test 

article administered to test system): 

 

18 June 2014 

Experimental Completion Date: 19 February 2015 

Laboratory Supervisor: Jan Sahm, B.S. 

Report Writer: Melissa R. VanDyke, B.S. 

Study Director: Valentine O. Wagner, III, M.S. 

Testing Facility Management: Timothy E. Lawlor, M.A. 

Director, Study Management 

Genetic Toxicology 
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9610 Medical Center Drive 

Rockville, MD 20850 
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SUMMARY 

 

The test article, 1-bromopropane, was tested in the Bacterial Reverse Mutation Assay using 

Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia 

coli tester strain WP2 uvrA in the presence or absence of Aroclor-induced rat liver S9. The 

assay was performed in two phases using the preincubation method. The first phase, the initial 

toxicity-mutation assay, was used to establish the dose-range for the confirmatory mutagenicity 

assay and to provide a preliminary mutagenicity evaluation. The second phase, the 

confirmatory mutagenicity assay, was used to evaluate and confirm the mutagenic potential of 

the test article. 

 

Ethanol (EtOH) was selected as the solvent of choice based on information provided by the 

Sponsor, solubility of the test article and compatibility with the target cells. The test article 

formed a clear solution in EtOH at approximately 500 mg/mL, the maximum concentration 

tested in the solubility test conducted at BioReliance. 

 

In the initial toxicity-mutation assay, the maximum dose tested was 5000 µg per plate; this dose 

was achieved using a concentration of 200 mg/mL and a 25 µL plating aliquot. The dose levels 

tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000 µg per plate. No positive mutagenic 

responses were observed with any of the tester strains in either the presence or absence of S9 

activation. No precipitate was observed. Toxicity was observed at 5000 µg per plate with all 

Salmonella tester strains. Based on the findings of the initial toxicity-mutation assay, the 

maximum dose plated in the confirmatory mutagenicity assay was 5000 µg per plate. 

 

In the confirmatory mutagenicity assay, no positive mutagenic responses were observed with 

any of the tester strains in either the presence or absence of S9 activation. The dose levels tested 

were 50, 150, 500, 1500, 2000, 3000 and 5000 µg per plate. No precipitate was observed. 

Toxicity was observed at 5000 µg per plate with all Salmonella tester strains. However, due to 

technical errors, the entire assay was repeated. 

 

In the retest of the confirmatory mutagenicity assay, no positive mutagenic responses were 

observed with any of the tester strains in either the presence or absence of S9 activation. The 
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dose levels tested were 50, 150, 500, 1500, 2000, 3000 and 5000 µg per plate. No precipitate 

was observed. Toxicity was observed beginning at 3000 or at 5000 µg per plate with all tester 

strains. 

 

Under the conditions of this study, test article 1-bromopropane was concluded to be negative in 

the Bacterial Reverse Mutation Assay. 
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PURPOSE 

 

The purpose of this study was to evaluate the mutagenic potential of the test article by 

measuring its ability to induce reverse mutations at selected loci of several strains of Salmonella 

typhimurium and at the tryptophan locus of Escherichia coli strain WP2 uvrA in the presence 

and absence of Aroclor-induced rat liver S9. A copy of the Historical Negative and Positive 

Control Values is included in Appendix I. Copies of the study protocol and amendment are 

included in Appendix II. 

 

This study was conducted in compliance with the testing guidelines of the OECD (1997) 

 

CHARACTERIZATION OF TEST AND CONTROL ARTICLES 

 

The test article, 1-bromopropane, was received by BioReliance on 20 August 2013 and was 

assigned the code number AD58PU. Upon receipt, the test article was stored at room 

temperature, protected from light. 

 

The Sponsor has determined the identity, strength, purity and composition or other 

characteristics to define the test article and the stability of the test article. A copy of the 

Certificate of Analysis is included in Appendix III. Based on the expiration date provided in the 

Certificate of Analysis, the test article was considered stable through 12 February 2015. 

 

The vehicle used to deliver 1-bromopropane to the test system was EtOH (CAS No. 64-17-5, 

Lot Nos. SHBD7521V and SHBF2299V, Purity: 99.98%, Exp. Dates: October 2016 and April 

2017, respectively), obtained from Sigma-Aldrich. Test article dilutions were prepared 

immediately before use and delivered to the test system at room temperature under yellow light. 

Test article dilutions were prepared in screw-capped tubes with minimal headspace in the retest 

of the confirmatory mutagenicity assay (see Deviations). 

 

Dosing formulation samples were collected from each assay as follows: 

 

 2 x 3.5 mL from the high dose level and the vehicle and 2 x 17.0 mL from the low dose 

level in the initial toxicity-mutation assay 
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 2 x 3.0 mL from the high dose level and the vehicle and 2 x 6.0 mL from the low dose 

level in the confirmatory mutagenicity assays 

 

Additionally, treatment samples were collected from the vehicle, least and most concentrated 

test article preincubation tubes at the beginning and end of the preincubation period in each 

assay as follows: 

 

 4 x 0.525 mL from the high dose, low dose and vehicle preincubation tubes 

 

The dilution scheme used in Experiment B3 was re-prepared formulating test article Dilutions 1 

through 5. Formulation samples of the vehicle, highest and lowest concentrations prepared were 
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collected. Treatment Samples were prepared (0.5 mL 100 mM phosphate buffer plus 25 µL of 

ethanol or high and lowest test article dilution) and collected in sextuplet at the beginning and 

end of the treatment (37±2°C for 90±2 minutes). 

 

Dosing formulation samples were collected from B4 and B5 assays as follows: 

 

 2 x 3.0 mL from the high dose level, low dose and the vehicle 

 

Additionally, treatment samples were collected from the vehicle, least and most concentrated 

test article preincubation tubes at the beginning and end of the preincubation period in B4 and 

B5 assays as follows: 

 

 6 x 0.525 mL from the high dose, low dose and vehicle preincubation tubes 

 

All samples were submitted to the analytical chemistry laboratory at BioReliance for analysis. 

Unused samples were discarded upon acceptance of the analytical results by the Study Director. 

A copy of the final analytical report is included in Appendix IV. 

 

The negative and positive control articles have been characterized as per the Certificates of 

Analysis on file with the testing facility. The stability of the negative and positive control 

articles and their mixtures was demonstrated by acceptable results that met the criteria for a 

valid test. 

 

Positive controls plated concurrently with each assay are listed in the following table. All 

positive controls were diluted in dimethyl sulfoxide (DMSO) except for sodium azide, which 

was diluted in sterile water for injection-quality, cell culture grade water (hereafter referred to as 

sterile water). All subdivided solutions of positive control were stored at -10 to -30°C. 
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Strain 
S9 

Activation 
Positive Control 

Concentration 

(µg/plate) 

TA98, TA1535  

 

Rat 

2-aminoanthracene 
(Sigma Aldrich Chemical Co., Inc.) 

Lot No. STBB1901V 

Exp. Date 31-Oct-2014 

CAS No. 613-13-8 

Purity 97.5% 

1.0 

TA100, TA1537 2.0 

 

WP2 uvrA 

 

15 

 

 

TA98 

 

 

 

 

 

 

 

 

 

 

 

 

None 

2-nitrofluorene 
(Sigma Aldrich Chemical Co., Inc.) 

Lot No. S43858V 

Exp. Date 31-Mar-2016 

CAS No. 607-57-8 

Purity 99.4% 

 

 

1.0 

 

 

TA100, TA1535 

sodium azide 
(Sigma Aldrich Chemical Co., Inc.) 

Lot No. MKBH5113V 

Exp. Date 30-Jun-2016 

CAS No. 26628-22-8 

Purity 99.6% 

 

 

1.0 

 

 

TA1537 

9-aminoacridine 
(Sigma Aldrich Chemical Co., Inc.) 

Lot No. 09820CEV 

Exp. Date 31-Mar-2016 

CAS No. 52417-22-8 

Purity 99.4% 

 

 

75 

 

 

 

WP2 uvrA 

methyl methanesulfonate 

(Sigma Aldrich Chemical Co., Inc.) 

Lot No. MKBJ8702V and 

MKBG0368V 

Exp. Date 30-Apr-2016 and 

31-Oct-2014 

CAS No. 66-27-3 

Purity 99.9% 

 

 

 

1,000 

 

To confirm the sterility of the test article and the vehicle, all test article dose levels and the 

vehicle used in each assay were plated on selective agar with an aliquot volume equal to that 

used in the assay. These plates were incubated under the same conditions as the assay. 
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MATERIALS AND METHODS 

 

Test System 

 

The tester strains used were the Salmonella typhimurium histidine auxotrophs TA98, TA100, 

TA1535 and TA1537 as described by Ames et al. (1975) and Escherichia coli WP2 uvrA as 

described by Green and Muriel (1976). Salmonella tester strains were from Dr. Bruce Ames’ 

Master cultures, E. coli tester strains were from the National Collection of Industrial and Marine 

Bacteria, Aberdeen, Scotland. 

 

Tester strains TA98 and TA1537 are reverted from histidine dependence (auxotrophy) to 

histidine independence (prototrophy) by frameshift mutagens. Tester strain TA1535 is reverted 

by mutagens that cause basepair substitutions. Tester strain TA100 is reverted by mutagens that 

cause both frameshift and basepair substitution mutations. Specificity of the reversion 

mechanism in E. coli is sensitive to base-pair substitution mutations, rather than frameshift 

mutations (Green and Muriel, 1976). 

 

Overnight cultures were prepared by inoculating from the appropriate frozen permanent stock 

into a vessel, containing 30 to 50 mL of culture medium. To assure that cultures were harvested 

in late log phase, the length of incubation was controlled and monitored. Following inoculation, 

each flask was placed in a shaker/incubator programmed to begin shaking at 125 to 175 rpm and 

incubating at 37±2°C for approximately 12 hours before the anticipated time of harvest. Each 

culture was monitored spectrophotometrically for turbidity and was harvested at a percent 

transmittance yielding a titer of greater than or equal to 0.3x10
9 

cells per milliliter. The actual 

titers were determined by viable count assays on nutrient agar plates. 
 

Metabolic Activation System 

 

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. The S9 was 

prepared from male Sprague-Dawley rats that were injected intraperitoneally with Aroclor™ 

1254 (200 mg/mL in corn oil) at a dose of 500 mg/kg, five days before sacrifice. The S9 (Lot 

Nos. 3267 and 3283, Exp. Dates: 29 April 2016 and 28 May 2016, respectively) was purchased 

commercially from Moltox (Boone, NC).  Upon arrival at BioReliance, the S9 was stored at 

-60°C or colder until used. Each bulk preparation of S9 was assayed for its ability to metabolize 

benzo(a)pyrene and 2-aminoanthracene to forms mutagenic to Salmonella typhimurium TA100. 
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The S9 mix was prepared on the day of use as indicated below: 

 

Component Final Concentration 

-nicotinamide-adenine dinucleotide 
phosphate 

4 mM 

Glucose-6-phosphate 5 mM 

Potassium chloride 33 mM 

Magnesium chloride 8 mM 
Phosphate Buffer (pH 7.4) 100 mM 

S9 homogenate 10% (v/v) 
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The Sham S9 mixture (Sham mix), containing 100 mM phosphate buffer at pH 7.4, was also 

prepared on the day of use. To confirm the sterility of the S9 and Sham mixes, a 0.5 mL aliquot 

of each was plated on selective agar. 

 

Solubility Test 

 

A solubility test was conducted using ethanol to determine the highest soluble or workable 

stock concentration up to 500 mg/mL. 

 

Initial Toxicity-Mutation Assay 

 

The initial toxicity-mutation assay was used to establish the dose-range for the confirmatory 

mutagenicity assay and to provide a preliminary mutagenicity evaluation. Vehicle control, 

positive controls and eight dose levels of the test article were plated, two plates per dose, with 

overnight cultures of TA98, TA100, TA1535, TA1537 and WP2 uvrA on selective minimal 

agar in the presence and absence of Aroclor-induced rat liver S9. 

 

Confirmatory Mutagenicity Assay 

 

The confirmatory mutagenicity assay was used to evaluate and confirm the mutagenic potential 

of the test article. Seven dose levels of test article along with appropriate vehicle control and 

positive controls were plated with overnight cultures of TA98, TA100, TA1535, TA1537 and 

WP2 uvrA on selective minimal agar in the presence and absence of Aroclor-induced rat liver 

S9. All dose levels of test article, vehicle control and positive controls were plated in triplicate. 

 

Plating and Scoring Procedures 

 

The test system was exposed to the test article via the preincubation methodology described by  

Yahagi et al. (1977). 

 

On the day of its use, minimal top agar, containing 0.8 % agar (W/V) and 0.5 % NaCl (W/V), 

was melted and supplemented with L-histidine, D-biotin and L-tryptophan solution to a final 

concentration of 50 µM each. Top agar not used with S9 or Sham mix was supplemented with 

25 mL of sterile water for each 100 mL of minimal top agar. Bottom agar was Vogel-Bonner 

minimal medium E (Vogel and Bonner, 1956) containing 1.5 % (W/V) agar. Nutrient bottom 
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agar was Vogel-Bonner minimal medium E containing 1.5 % (W/V) agar and supplemented 

with 2.5 % (W/V) Oxoid Nutrient Broth No. 2 (dry powder). Nutrient Broth was Vogel-Bonner 

salt solution supplemented with 2.5 % (W/V) Oxoid Nutrient Broth No. 2 (dry powder). 

 

Each plate was labeled by the BioReliance study number and a code system to designate the 

treatment condition, dose level and test phase, as described in detail in BioReliance's Standard 

Operating Procedures. 

 

One-half (0.5) milliliter of S9 or sham mix, 100 µL of tester strain (cells seeded) and 25 µL of 

vehicle or test article dilution were added to 13 X 100 mm glass culture tubes pre-heated to 

37±2°C. When plating the positive controls, the test article aliquot was replaced by a 50 µL 

aliquot of appropriate positive control.  Tubes receiving test article were capped (screw caps) 
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during the preincubation period. After vortexing, these mixtures were incubated with shaking 

for 90±2 minutes at 37±2°C. Following the preincubation, 2.0 mL of selective top agar was 

added to each tube and the mixture was vortexed and overlaid onto the surface of 25 mL of 

minimal bottom agar. After the overlay had solidified, the plates receiving test article were 

inverted and placed in an appropriate number of 9- or 10-liter desiccators by dose level and 

incubated for 48 to 72 hours at 37±2 C. Plates receiving an aliquot of the vehicle or positive 

control articles were inverted after the overlay had solidified and also incubated for 48 to 

72 hours at 37±2 C. Plates that were not counted immediately following the incubation period 

were stored at 2-8 C until colony counting could be conducted. 

 

The condition of the bacterial background lawn was evaluated for evidence of test article 

toxicity by using a dissecting microscope. Precipitate was evaluated by visual examination 

without magnification. Toxicity and degree of precipitation were scored relative to the vehicle 

control plate using the codes shown in the following table. 

 

Code Description Characteristics 

1 or no 

code 
Normal Distinguished by a healthy microcolony lawn. 

 

2 
Slightly 

Reduced 

Distinguished by a noticeable thinning of the microcolony lawn 

and possibly a slight increase in the size of the microcolonies 

compared to the vehicle control plate. 

 

3 
Moderately 

Reduced 

Distinguished by a marked thinning of the microcolony lawn 

resulting in a pronounced increase in the size of the microcolonies 

compared to the vehicle control plate. 

 

4 

 

Extremely 

Reduced 

Distinguished by an extreme thinning of the microcolony lawn 

resulting in an increase in the size of the microcolonies compared 

to the vehicle control plate such that the microcolony lawn is 

visible to the unaided eye as isolated colonies. 

5 Absent 
Distinguished by a complete lack of any microcolony lawn over 

more than or equal to 90% of the plate. 

6 
Obscured by 

Precipitate 

The background bacterial lawn cannot be accurately evaluated due 

to microscopic test article precipitate. 

 

NP 

 

Non-Interfering 

Precipitate 

Distinguished by precipitate on the plate that is visible to the 

naked eye but any precipitate particles detected by the automated 

colony counter total less than 10% of the revertant colony count 

(e.g., less than 3 particles on a plate with 30 revertants). 
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IP 

 

 

Interfering 

Precipitate 

Distinguished by precipitate on the plate that is visible to the 

naked eye and any precipitate particles detected by the automated 

colony counter exceed 10% of the revertant colony count (e.g., 

more than 3 particles on a plate with 30 revertants). These plates 

are counted manually. 

 

Revertant colonies for a given tester strain and activation condition, except for positive controls, 

were counted either entirely by automated colony counter or entirely by hand unless the plate 

exhibited toxicity. 
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Evaluation of Results 

 

For each replicate plating, the mean and standard deviation of the number of revertants per plate 

were calculated and are reported. 

 

For the test article to be evaluated positive, it must cause a dose-related increase in the mean 

revertants per plate of at least one tester strain over a minimum of two increasing concentrations 

of test article. 

 

Data sets for tester strains TA1535 and TA1537 were judged positive if the increase in mean 

revertants at the peak of the dose response was greater than or equal to 3.0-times the mean 

vehicle control value. Data sets for tester strains TA98, TA100 and WP2 uvrA were judged 

positive if the increase in mean revertants at the peak of the dose response was greater than or 

equal to 2.0-times the mean vehicle control value. 

 

An equivocal response is a biologically relevant increase in a revertant count that partially meets 

the criteria for evaluation as positive. This could be a dose-responsive increase that does not 

achieve the respective threshold cited above or a non-dose responsive increase that is equal to or 

greater than the respective threshold cited. A response was evaluated as negative, if it was 

neither positive nor equivocal. 

 

Criteria for a Valid Test 

 

The following criteria must be met for each assay to be considered valid. All Salmonella tester 

strain cultures must demonstrate the presence of the deep rough mutation (rfa) and the deletion 

in the uvrB gene. Cultures of tester strains TA98 and TA100 must demonstrate the presence of 

the pKM101 plasmid R-factor. All WP2 uvrA cultures must demonstrate the deletion in the 

uvrA gene. All cultures must demonstrate the characteristic mean number of spontaneous 

revertants in the vehicle controls as follows (inclusive): TA98, 10 - 50; TA100, 80 - 240; 

TA1535, 5 - 45; TA1537, 3 - 21; WP2 uvrA, 10 - 60. To ensure that appropriate numbers of 

bacteria are plated, tester strain culture titers must be greater than or equal to 0.3x10
9 

cells/mL. 

The mean of each positive control must exhibit at least a 3.0-fold increase in the number of 

revertants over the mean value of the respective vehicle control. A minimum of three non-toxic 

dose levels is required to evaluate assay data. A dose level is considered toxic if one or both of 

the following criteria are met: (1) A >50 % reduction in the mean number of revertants per plate 

as compared to the mean vehicle control value. This reduction must be accompanied by an 

abrupt dose-dependent drop in the revertant count. (2) At least a moderate reduction in the 

background lawn (background code 3, 4 or 5). 
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Automated Data Collection Systems 

 

The primary computer or electronic systems used for the collection of data or analysis included 

but were not limited to the following: 
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Sorcerer Colony Counter and Ames Study Manager (Perceptive Instruments), LIMS System 

(BioReliance), Excel 2007 (Microsoft Corporation), BRIQS (BioReliance) and Kaye Lab Watch 

Monitoring System (Kaye GE). 

 

Archives 

 

All raw data, the protocol, pertinent study email correspondence and all reports for 

procedures performed at BioReliance will be maintained in the archives at BioReliance, 

Rockville, MD for at least five years. At that time, the Sponsor will be contacted for a 

decision as to the final disposition of the materials. All study materials will first be copied 

and the copy will be retained by the BioReliance archives in accordance with the applicable 

SOPs. The raw data, reports and other documents generated at locations other than 

BioReliance will be archived by the test site. 

 

Deviations 

 

The following deviations occurred during the conduct of this study: 

 

Event No. 186462: Per a directive from the Study Director, the test article dilutions were to be 

prepared in screw-capped tubes with minimal headspace in the confirmatory mutagenicity 

assays to keep evaporation of the test article to a minimum. However, the use of screw-capped 

tubes was not documented for dilution preparation in the confirmatory mutagenicity assay. The 

results from this trial were consistent with those from the initial toxicity-mutation assay, but due 

to this documentation error and the additional deviation indicated below, the entire assay was 

retested. Therefore, the Study Director has concluded that this had no adverse impact on the 

integrity of the data or the validity of the study conclusion. 

 

Event No. 186474: In the confirmatory mutagenicity assay, the amount of Sham mix needed 

to dose the assay, prepare the treatment tubes for analysis and perform the sterility plating 

was 80.5 mL, but only 80.0 mL was prepared. The results from this trial were consistent 

with those from the initial toxicity-mutation assay, but due to this calculation error and the 

additional deviation indicated above, the entire assay was retested. Therefore, the Study 
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Director has concluded that this had no adverse impact on the integrity of the data or the 

validity of the study conclusion. 

 

Event No. 188520: During dilution of Experiment B1, vehicle control samples for analysis in 

ethanol, no internal standard solution was added to the samples. This deviated from 

BioReliance SOP OPAC0385. This deviation had no impact on the study, as no TA was 

detected in the vehicle, the internal standard was not needed to determine the amount of test 

article in the vehicle sample. 

 

Event No. 188521: The M-I matrix standard was not analyzed during the analysis of matrix 

standards for Experiment B1 treatment samples in phosphate buffer. This deviated from 

BioReliance SOP OPAC0385. Based on results of the M-0 and the VC samples, there was no 

contamination in the analytical assay, so M-1 analysis was not actually needed to evaluate 

the test results. 
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Event No. 214032: The samples from the B5 assay were to be analyzed 6 times, but were 

instead analyzed in duplicate. This was determined to have no impact on the study. The 

formulations were prepared at a concentration above the maximum solubility of the test article 

in the dosing solvent to meet the requirements of the Ames study design. As a result there had 

been some variability in the previous values obtained for the achieved concentrations in 

formulations that were dosed in the B1, B2 and B3 assays. The reason the analysis was changed 

to 6x dilutions was there had been some variability in the results of the previous formulations 

and by analyzing 6 times it would provide more data points to evaluate the variability of the 

formulations that had been prepared and dosed for the Ames study. The results obtained from 

the B5 top concentration analysis matched exactly the B3 results, for which the concern was that 

the obtained value was low. In addition the %RSD for the B5 analysis of both the high and low 

concentrations was much lower than in the B3 trial. Therefore, analyzing in duplicate was 

sufficient. 
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RESULTS AND DISCUSSION 

 

Solubility Test 

 

EtOH was selected as the solvent of choice based on information provided by the Sponsor, 

solubility of the test article and compatibility with the target cells. The test article formed a 

clear solution in EtOH at approximately 500 mg/mL, the maximum concentration tested in the 

solubility test conducted at BioReliance. 

 

Sterility Results 

 

No contaminant colonies were observed on the sterility plates for the vehicle control, the test 

article dilutions or the S9 and Sham mixes. 

 

Tester Strain Titer Results 

 

 

Experiment 
Tester Strain 

TA98 TA100 TA1535 TA1537 WP2 uvrA 

Titer Value (x 10
9 

cells per mL) 

B1 2.4 2.1 2.7 2.5 5.7 

B2 2.9 1.4 4.1 4.3 5.4 

B3 2.0 1.3 1.4 2.1 3.0 

 

Initial Toxicity-Mutation Assay 

 

The results of the initial-toxicity mutation assay are presented in Tables 1 and 2. These data 

were generated in Experiment B1. 

 

In Experiment B1 (Initial Toxicity-Mutation Assay), the maximum dose tested was 5000 µg per 

plate; this dose was achieved using a concentration of 200 mg/mL and a 25 µL plating aliquot. 

The dose levels tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000 µg per plate. No positive 

mutagenic responses were observed with any of the tester strains in either the presence or 

absence of S9 activation. No precipitate was observed. Toxicity was observed at 5000 µg per 

plate with all Salmonella tester strains. Based on the findings of the initial toxicity-mutation 

assay, the maximum dose plated in the confirmatory mutagenicity assay was 5000 µg per plate. 
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Confirmatory Mutagenicity Assay 

 

The results of the confirmatory mutagenicity assay are presented in Tables 3 through 6. These 

data were generated in Experiments B2 and B3. 

 

In Experiment B2 (Confirmatory Mutagenicity Assay), no positive mutagenic responses were 

observed with any of the tester strains in either the presence or absence of S9 activation.  The 
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dose levels tested were 50, 150, 500, 1500, 2000, 3000 and 5000 µg per plate. No precipitate 

was observed. Toxicity was observed at 5000 µg per plate with all Salmonella tester strains. 

However, the entire assay was repeated due to technical errors (see Deviations). 

 

In Experiment B3 (Retest of the Confirmatory Mutagenicity Assay), no positive mutagenic 

responses were observed with any of the tester strains in either the presence or absence of S9 

activation. The dose levels tested were 50, 150, 500, 1500, 2000, 3000 and 5000 µg per plate. 

No precipitate was observed. Toxicity was observed beginning at 3000 or at 5000 µg per plate 

with all tester strains. 

 

A copy of the Common Technical Document Tables is included in Appendix V. 

 

Dosing Formulation Analysis 

 

Dosing formulation and treatment samples were delivered to the analytical chemistry laboratory 

at BioReliance for analysis. A copy of the report is included in Appendix IV. 

 

Concentration analysis of B1 assay indicated that the actual mean concentrations of the 

analyzed low dose (0.060 mg/mL) and high dose (200 mg/mL) formulations were 104.0 and 

96.8% of their respective target concentrations with < 5.0% relative standard deviation 

(RSD). These results indicate that the formulations were accurately prepared, and the test 

guideline recommended limit dose was achieved. No test article was detected in the vehicle 

control sample. 

 

Concentration analysis of B2 assay indicated that the actual mean concentrations of the 

analyzed low dose (2.0 mg/mL) and high dose (200 mg/mL) formulations were 102.1 and 

103.1% of their respective target concentrations with < 5.0% relative standard deviation 

(RSD). These results indicate that the formulations were accurately prepared, and the test 

guideline recommended limit dose was achieved. No test article was detected in the vehicle 

control sample. 

 

Concentration analysis of B3 assay indicated that the actual mean concentrations of the 

analyzed low dose (2.0 mg/mL) and high dose (200 mg/mL) formulations were 96.9 and 
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97.9% of their respective target concentrations. The high dose was within < 5.0% relative 

standard deviation (RSD). The low dose did not meet the < 5.0% relative standard deviation 

(RSD). Although the actual precision of the low dose formulation was lower than the 

protocol-specified acceptance criterion, the actual concentration of the low dose formulation 

was within the acceptable range (all replicates). Therefore, the Study Director has concluded 

that the analytical results for the dosing formulations and the observed difference from the 

acceptable limits of RSD did not adversely impact the integrity of the data or the validity of 

the study conclusion. These results indicate that the formulations were accurately prepared, 

and the test guideline recommended limit dose was achieved. A small peak of test article 

was detected in the vehicle control sample. 

 

Concentration analysis of B4 assay was not reported due to analytical issues reported during 

the conduct of the study. 
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Concentration analysis of B5 assay indicated that the actual mean concentrations of 

the analyzed low dose (20.0 mg/mL) and high dose (200 mg/mL) formulations were 

75.0 and 93.6% of their respective target concentrations with both doses not meeting 

the < 5.0% relative standard deviation (RSD) criterion. Although the actual 

concentration of the low dose formulation was lower than the protocol-specified 

acceptance criteria for a solution (90.0 to 110.0% of target concentration) and the 

actual precision of both dose formulations was lower than the protocol-specified 

acceptance criterion, the critical top dose formulation met the acceptance criteria 

indicating that the test guideline recommended limit dose was achieved in these mock 

dosing samples. Therefore, the Study Director has concluded that the difference in 

nominal concentration at the low dose had no adverse impact on the study results or 

validity of the study conclusion. No test article was detected in the vehicle control 

sample. 

 

The treatment samples in 100 mM Phosphate Buffer, pH 7.4 for Experiments B1, B2, 

B3, and B5 were collected and analyzed and the results are presented in Appendix IV. 

 

Stability analysis indicated that the 1-bromopropane in Ethanol, at concentrations of 

0.0624 and 194 mg/mL, was stable for at least 3.25 hours at room temperature. 

Stability analysis also indicated that the 1-bromopropane in 100 mM phosphate 

buffer (PH 7.4), at concentration of 0.07408 mg/mL, was stable for at least 30 minutes at 

37±2°C. 

 

CONCLUSION 

 

All criteria for a valid study were met as described in the protocol. The results of the 

Bacterial Reverse Mutation Assay indicate that, under the conditions of this study, 1-

bromopropane did not cause a positive mutagenic response with any of the tester strains in 

either the presence or absence of Aroclor-induced rat liver S9. Therefore, the test article 

was concluded to be negative in this assay. 
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Table 1 

Initial Toxicity-Mutation Assay without S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B1 Date Plated: 6/18/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/23/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 0 0 0.0 0M 4, 0M 4 
1500 µg 17 1 1.2 16A, 18A 
500 µg 12 3 0.9 14A, 10A 
150 µg 22 4 1.6 24A, 19A 
50 µg 16 2 1.1 14A, 17A 
15 µg 15 3 1.1 17A, 13A 
5.0 µg 22 8 1.6 16A, 27A 
1.5 µg 15 1 1.1 15A, 14A 

 

 Ethanol 25 µL 14 1  13A, 15A 

TA100 1-
bromopropane 

5000 µg 0 0 0.0 0M 5, 0M 5 

  1500 µg 71 0 0.8 71A, 71A 
  500 µg 106 1 1.2 105A, 107A 
  150 µg 74 6 0.8 78A, 70A 
  50 µg 96 1 1.1 97A, 95A 
  15 µg 77 4 0.9 74A, 80A 
  5.0 µg 84 13 1.0 93A, 75A 
  1.5 µg 77 20 0.9 63A, 91A 
 Ethanol 25 µL 88 11  80A, 95A 

TA1535 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4 

  1500 µg 14 1 1.2 14A, 13A 
  500 µg 9 1 0.8 10A, 8A 
  150 µg 13 3 1.1 11A, 15A 
  50 µg 11 4 0.9 8A, 13A 
  15 µg 7 2 0.6 5A, 8A 
  5.0 µg 9 3 0.8 7A, 11A 
  1.5 µg 12 4 1.0 15A, 9A 
 Ethanol 25 µL 12 1  13A, 11A 

 

Key to Plate Postfix Codes 
5 

4 

Absent background 

Extremely reduced background 
Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 1 cont. 

Initial Toxicity-Mutation Assay without S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B1 Date Plated: 6/18/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/23/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA1537 1-bromopropane 5000 µg 0 0 0.0 0M 4, 0M 4 
1500 µg 5 2 0.6 3A, 6A 
500 µg 6 1 0.7 7A, 5A 
150 µg 6 1 0.7 5A, 7A 
50 µg 8 1 0.9 7A, 9A 
15 µg 4 4 0.4 1A, 6A 
5.0 µg 7 1 0.8 7A, 6A 
1.5 µg 6 0 0.7 6A, 6A 

 

 Ethanol 25 µL 9 3  7A, 11A 

WP2uvr
A 

1-
bromopropane 

5000 µg 23 6 1.0 19A 2, 27A 2 

  1500 µg 20 4 0.8 22A, 17A 
  500 µg 26 5 1.1 29A, 22A 
  150 µg 19 8 0.8 25A, 13A 
  50 µg 24 1 1.0 24A, 23A 
  15 µg 22 1 0.9 22A, 21A 
  5.0 µg 20 1 0.8 21A, 19A 
  1.5 µg 17 1 0.7 17A, 16A 
 Ethanol 25 µL 24 1  24A, 23A 

 

TA98 2NF 1.0 µg 761 65 54.4 715A, 807A 
TA100 SA 1.0 µg 591 32 6.7 568A, 613A 
TA1535 SA 1.0 µg 602 26 50.2 620A, 583A 
TA1537 9AAD 75 µg 259 81 28.8 316A, 201A 

WP2uvr

A 

MMS 1000 µg 563 33 23.5 586A, 540A 

 

ix Codes Key to Positive Controls   

2NF 

SA 

9AAD 

MMS 

2-nitrofluorene 

sodium azide 

9-Aminoacridine 

methyl methanesulfonate 

4 Extremel 

2 Slightly r 

y reduced background 

educed background 

Key to Automatic & Manual Count Flags 

M
: Manual count 

A
: Automatic count 
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Table 2 

Initial Toxicity-Mutation Assay with S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B1 Date Plated: 6/18/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/23/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 14 6 0.5 10A 3, 18A 3 
1500 µg 27 6 0.9 22A, 31A 
500 µg 29 5 1.0 25A, 32A 
150 µg 30 0 1.0 30A, 30A 
50 µg 20 6 0.7 24A, 15A 
15 µg 26 11 0.9 18A, 34A 
5.0 µg 24 2 0.8 25A, 22A 
1.5 µg 23 2 0.8 24A, 21A 

 

 Ethanol 25 µL 29 7  34A, 24A 

TA100 1-
bromopropane 

5000 µg 63 10 0.6 70A 3, 56A 3 

  1500 µg 95 16 0.9 84A, 106A 
  500 µg 103 8 1.0 97A, 108A 
  150 µg 100 17 1.0 88A, 112A 
  50 µg 89 1 0.9 88A, 89A 
  15 µg 103 17 1.0 91A, 115A 
  5.0 µg 93 6 0.9 97A, 88A 
  1.5 µg 86 16 0.8 74A, 97A 
 Ethanol 25 µL 104 0  104A, 104A 

TA1535 1-
bromopropane 

5000 µg 10 2 0.9 8A 3, 11A 3 

  1500 µg 13 8 1.2 18A, 7A 
  500 µg 6 1 0.5 5A, 6A 
  150 µg 13 0 1.2 13A, 13A 
  50 µg 12 7 1.1 17A, 7A 
  15 µg 15 1 1.4 14A, 15A 
  5.0 µg 9 0 0.8 9A, 9A 
  1.5 µg 11 6 1.0 15A, 7A 
 Ethanol 25 µL 11 11  3A, 18A 

 

Key to Plate Postfix Codes 
3 Moderately reduced background 

Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 2 cont. 

Initial Toxicity-Mutation Assay with S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B1 Date Plated: 6/18/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/23/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA1537 1-bromopropane 5000 µg 8 4 0.7 10A 3, 5A 3 
1500 µg 12 1 1.0 11A, 13A 
500 µg 9 3 0.8 11A, 7A 
150 µg 9 1 0.8 9A, 8A 
50 µg 15 1 1.3 15A, 14A 
15 µg 11 1 0.9 10A, 11A 
5.0 µg 8 1 0.7 8A, 7A 
1.5 µg 10 1 0.8 10A, 9A 

 

 Ethanol 25 µL 12 4  9A, 15A 

WP2uvr
A 

1-
bromopropane 

5000 µg 36 3 1.3 38A, 34A 

  1500 µg 32 2 1.2 30A, 33A 
  500 µg 34 13 1.3 43A, 25A 
  150 µg 29 2 1.1 27A, 30A 
  50 µg 28 1 1.0 29A, 27A 
  15 µg 30 1 1.1 29A, 31A 
  5.0 µg 23 1 0.9 22A, 24A 
  1.5 µg 26 6 1.0 30A, 22A 
 Ethanol 25 µL 27 3  29A, 25A 

 

TA98 2AA 1.0 µg 435 5 15.0 431A, 438A 
TA100 2AA 2.0 µg 504 60 4.8 546A, 461A 
TA1535 2AA 1.0 µg 52 1 4.7 52A, 51A 
TA1537 2AA 2.0 µg 47 1 3.9 47A, 46A 

WP2uvr

A 

2AA 15 µg 310 2 11.5 311A, 308A 

 

ix Codes Key to Positive Controls   

2AA 2-aminoanthracene 3 Moderately reduced background 

Key to Automatic & Manual Count Flags 

M
: Manual count 

A
: Automatic count 
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Table 3 

Confirmatory Mutagenicity Assay without S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B2 Date Plated: 6/27/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
3000 µg 19 7 0.8 25M, 20M, 12M 
2000 µg 24 10 1.0 31M, 29M, 13M 
1500 µg 27 1 1.1 26M, 26M, 28M 
500 µg 23 7 1.0 31M, 20M, 17M 
150 µg 19 3 0.8 16M, 22M, 19M 
50 µg 21 3 0.9 18M, 24M, 20M 

 

 Ethanol 25 µL 24 3  22M, 27M, 24M 

TA100 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 67 17 0.7 86A, 54A, 60A 
  2000 µg 65 20 0.7 78A, 42A, 76A 
  1500 µg 72 22 0.7 47A, 81A, 88A 
  500 µg 80 16 0.8 65A, 78A, 96A 
  150 µg 91 8 0.9 93A, 82A, 97A 
  50 µg 90 8 0.9 91A, 98A, 82A 
 Ethanol 25 µL 97 12  96A, 109A, 85A 

TA1535 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 10 4 0.8 6A, 10A, 14A 
  2000 µg 8 4 0.6 13A, 6A, 6A 
  1500 µg 13 1 1.0 12A, 13A, 13A 
  500 µg 17 1 1.3 16A, 18A, 17A 
  150 µg 10 2 0.8 12A, 10A, 8A 
  50 µg 11 3 0.8 10A, 8A, 14A 
 Ethanol 25 µL 13 2  14A, 11A, 14A 

TA1537 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 7 3 0.9 5A, 5A, 11A 
  2000 µg 8 1 1.0 8A, 7A, 8A 
  1500 µg 6 6 0.8 13A, 2A, 2A 
  500 µg 8 4 1.0 5A, 7A, 12A 
  150 µg 11 3 1.4 13A, 13A, 7A 
  50 µg 11 3 1.4 11A, 14A, 8A 
 Ethanol 25 µL 8 3  6A, 8A, 11A 

 

Key to Plate Postfix Codes 
4 Extremely reduced background 
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Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 3 cont. 

Confirmatory Mutagenicity Assay without S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B2 Date Plated: 6/27/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
 

WP2uvrA 1-
bromopropane 

5000 µg 21 5 0.8 19A 2, 17A 2, 
26A 2  3000 µg 21 5 0.8 24A, 24A, 16A 

 2000 µg 32 6 1.3 31A, 38A, 27A 
 1500 µg 33 3 1.3 35A, 29A, 35A 
 500 µg 30 13 1.2 27A, 19A, 45A 
 150 µg 32 10 1.3 22A, 41A, 32A 
 50 µg 27 3 1.1 23A, 29A, 29A 

Ethanol 25 µL 25 5 31A, 22A, 23A  
 

TA98 2NF 1.0 µg 624 28 26.0 612A, 656A, 603A 
TA100 SA 1.0 µg 1120 55 11.5 1078A, 1100A, 

1182A TA1535 SA 1.0 µg 836 37 64.3 793A, 860A, 855A 
TA1537 9AAD 75 µg 312 184 39.0 324A, 490A, 122A 

WP2uvr

A 

MMS 1000 µg 561 8 22.4 560A, 569A, 554A 

 

ix Codes Key to Positive Controls   

2NF 

SA 

9AAD 

MMS 

2-nitrofluorene 

sodium azide 

9-Aminoacridine 

methyl methanesulfonate 

2 Slightly r educed background 

Key to Automatic & Manual Count Flags 

M
: Manual count 

A
: Automatic count 
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Table 4 

Confirmatory Mutagenicity Assay with S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B2 Date Plated: 6/27/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 9 3 0.6 8M 3, 6M 3, 12M 3 
3000 µg 14 2 1.0 14M, 16M, 13M 
2000 µg 14 1 1.0 14M, 13M, 15M 
1500 µg 14 3 1.0 11M, 16M, 14M 
500 µg 10 1 0.7 10M, 11M, 10M 
150 µg 14 3 1.0 16M, 11M, 16M 
50 µg 13 5 0.9 9M, 11M, 19M 

 

 Ethanol 25 µL 14 4  18M, 15M, 10M 

TA100 1-
bromopropane 

5000 µg 59 5 0.6 62A 3, NCN#, 
55A 3 

  3000 µg 79 22 0.8 65A, 104A, 67A 
  2000 µg 81 26 0.8 65A, 111A, 67A 
  1500 µg 85 18 0.9 102A, 87A, 67A 
  500 µg 108 16 1.1 109A, 123A, 92A 
  150 µg 107 10 1.1 99A, 118A, 104A 
  50 µg 106 11 1.1 93A, 110A, 114A 
 Ethanol 25 µL 97 9  105A, 87A, 99A 

TA1535 1-
bromopropane 

5000 µg 17 1 1.3 17A 3, 17A 3, 
18A 3 

  3000 µg 15 3 1.2 13A, 14A, 18A 
  2000 µg 21 3 1.6 23A, 17A, 23A 
  1500 µg 21 8 1.6 29A, 14A, 19A 
  500 µg 13 3 1.0 13A, 11A, 16A 
  150 µg 12 5 0.9 14A, 6A, 16A 
  50 µg 12 5 0.9 6A, 14A, 16A 
 Ethanol 25 µL 13 5  16A, 16A, 8A 

TA1537 1-
bromopropane 

5000 µg 12 3 0.9 CPN#, 14A 3, 
10A 3 

  3000 µg 6 1 0.5 7A, 5A, 7A 
  2000 µg 7 6 0.5 14A, 2A, 4A 
  1500 µg 8 2 0.6 6A, 7A, 10A 
  500 µg 6 1 0.5 5A, 5A, 7A 
  150 µg 7 4 0.5 7A, 4A, 11A 
  50 µg 5 5 0.4 5A, 1A, 10A 
 Ethanol 25 µL 13 3  16A, 11A, 12A 

 

Key to Plate Postfix Codes 
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3 

N

C 

N

# 

C

P 

Moderately reduced 

background No cells 

Not counted 

Contaminated 

plate 
Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 4 cont. 

Confirmatory Mutagenicity Assay with S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B2 Date Plated: 6/27/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

6/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
 

WP2uvrA 1-
bromopropane 

5000 µg 31 2 1.0 33A, 30A, 29A 
 3000 µg 40 12 1.3 26A, 47A, 48A 
 2000 µg 39 11 1.3 44A, 27A, 47A 
 1500 µg 34 6 1.1 32A, 41A, 30A 
 500 µg 36 1 1.2 35A, 37A, 37A 
 150 µg 32 8 1.0 37A, 36A, 22A 
 50 µg 34 8 1.1 42A, 27A, 32A 

Ethanol 25 µL 31 14 44A, 31A, 17A  
 

TA98 2AA 1.0 µg 519 49 37.1 571A, 511A, 474A 
TA100 2AA 2.0 µg 328 35 3.4 367A, 320A, 298A 
TA1535 2AA 1.0 µg 63 3 4.8 65A, 59A, 65A 
TA1537 2AA 2.0 µg 40 7 3.1 36A, 48A, 35A 

WP2uvr

A 

2AA 15 µg 334 83 10.8 424A, 317A, 260A 

 

Key to Positive Controls 

2AA 2-aminoanthracene 

Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 5 

Retest of the Confirmatory Mutagenicity Assay without 

S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B3 Date Plated: 7/24/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

7/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
2000 µg 30 16 1.4 27A, 16A, 47A 
1500 µg 35 6 1.6 31A, 41A, 32A 
500 µg 36 1 1.6 35A, 37A, 37A 
150 µg 37 7 1.7 37A, 30A, 44A 
50 µg 39 5 1.8 44A, 35A, 39A 

 

 Ethanol 25 µL 22 5  16A, 25A, 25A 

TA100 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 75 3 0.7 73A, 73A, 79A 
  1500 µg 74 5 0.7 79A, 75A, 69A 
  500 µg 90 12 0.8 100A, 76A, 94A 
  150 µg 83 12 0.8 80A, 73A, 97A 
  50 µg 75 9 0.7 69A, 72A, 85A 
 Ethanol 25 µL 106 12  94A, 108A, 117A 

TA1535 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 13 4 0.9 17A, 10A, 12A 
  1500 µg 16 4 1.1 16A, 19A, 12A 
  500 µg 18 6 1.2 23A, 20A, 11A 
  150 µg 18 3 1.2 16A, 16A, 22A 
  50 µg 15 1 1.0 16A, 14A, 14A 
 Ethanol 25 µL 15 4  11A, 16A, 18A 

TA1537 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 3 1 0.5 3M, 3M, 4M 
  1500 µg 5 2 0.8 3M, 5M, 6M 
  500 µg 4 1 0.7 4M, 4M, 3M 
  150 µg 3 1 0.5 2M, 4M, 3M 
  50 µg 4 1 0.7 4M, 4M, 3M 
 Ethanol 25 µL 6 1  7M, 6M, 5M 

 

Key to Plate Postfix Codes 
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4 Extremely reduced background 

Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 5 cont. 

Retest of the Confirmatory Mutagenicity Assay without 

S9 activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B3 Date Plated: 7/24/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

7/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
 

WP2uvrA 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
 3000 µg 33 13 1.0 48A, 24A, 26A 
 2000 µg 29 7 0.9 27A, 24A, 37A 
 1500 µg 24 2 0.8 24A, 26A, 22A 
 500 µg 32 6 1.0 25A, 37A, 35A 
 150 µg 27 6 0.8 29A, 20A, 32A 
 50 µg 26 5 0.8 22A, CPN#, 29A 

Ethanol 25 µL 32 2 35A, 31A, 31A  
 

TA98 2NF 1.0 µg 768 62 34.9 698A, 816A, 791A 
TA100 SA 1.0 µg 1057 60 10.0 989A, 1099A, 

1084A TA1535 SA 1.0 µg 463 5 30.9 462A, 468A, 459A 
TA1537 9AAD 75 µg 115 2 19.2 114A, 117A, 114A 

WP2uvr

A 

MMS 1000 µg 614 58 19.2 548A, 650A, 645A 

 

ix Codes Key to Positive Controls   

2NF 

SA 

9AAD 

MMS 

2-nitrofluorene 

sodium azide 

9-Aminoacridine 

methyl methanesulfonate 

4 Extremel 

CP Contamin 

N# Not coun 

y reduced background 

ated plate 

ted 

Key to Automatic & Manual Count Flags 

M
: Manual count 

A
: Automatic count 
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Table 6 

Retest of the Confirmatory Mutagenicity Assay with S9 

activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B3 Date Plated: 7/24/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

7/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
  

TA98 1-bromopropane 5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
2000 µg 23 8 0.7 19M, 32M, 17M 
1500 µg 25 3 0.8 29M, 23M, 24M 
500 µg 25 4 0.8 28M, 21M, 27M 
150 µg 24 3 0.8 21M, 27M, 25M 
50 µg 25 5 0.8 22M, 22M, 31M 

 

 Ethanol 25 µL 32 6  31M, 39M, 27M 

TA100 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 68 6 0.7 62A, 74A, 67A 
  1500 µg 78 14 0.8 66A, 94A, 75A 
  500 µg 88 11 0.9 87A, 99A, 78A 
  150 µg 88 13 0.9 103A, 80A, 80A 
  50 µg 106 27 1.1 125A, 87A, CPN# 
 Ethanol 25 µL 100 32  81A, 82A, 137A 

TA1535 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 20 3 0.6 20A, 23A, 17A 
  1500 µg 20 6 0.6 13A, 24A, 24A 
  500 µg 24 2 0.8 22A, 25A, 26A 
  150 µg 32 3 1.0 31A, 35A, 29A 
  50 µg 26 3 0.8 23A, 29A, 27A 
 Ethanol 25 µL 31 7  23A, 36A, 33A 

TA1537 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 

  3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
  2000 µg 7 2 1.4 5M, 8M, 7M 
  1500 µg 5 2 1.0 5M, 6M, 3M 
  500 µg 4 2 0.8 6M, 3M, 4M 
  150 µg 4 1 0.8 4M, 5M, 3M 
  50 µg 4 1 0.8 4M, 5M, 4M 
 Ethanol 25 µL 5 1  4M, 6M, 5M 

 

Key to Plate Postfix Codes 
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4 

C

P 

N

# 

Extremely reduced 

background 

Contaminated plate 

Not counted Key to Automatic & Manual Count Flags 

M: Manual count A: Automatic count 
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Table 6 cont. 

Retest of the Confirmatory Mutagenicity Assay with S9 

activation 

 

Study Number: AD58PU.503001.BTL Study Code: AD58PU 
Experiment: B3 Date Plated: 7/24/2014 
Exposure Method: Pre-incubation assay Evaluation Period: 

7/30/2014 
 

Strain Article 
Dose 

level 
per 
plate 

Mean 

revertan

ts per 

plate 

Standar

d 

Deviati

on 

Ratio 

treated 

/ 

solven

t 

Individual revertant 

colony counts and 

background codes 

 
 

WP2uvrA 1-
bromopropane 

5000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
 3000 µg 0 0 0.0 0M 4, 0M 4, 0M 4 
 2000 µg 31 10 0.8 25A, 26A, 42A 
 1500 µg 28 4 0.7 25A, 32A, 26A 
 500 µg 25 2 0.6 24A, 23A, 27A 
 150 µg 33 5 0.8 27A, 36A, 35A 
 50 µg 32 9 0.8 30A, 24A, 42A 

Ethanol 25 µL 41 10 30A, 43A, 49A  
 

TA98 2AA 1.0 µg 490 7 15.3 485A, 486A, 498A 
TA100 2AA 2.0 µg 554 53 5.5 562A, 602A, 497A 
TA1535 2AA 1.0 µg 105 12 3.4 93A, 106A, 117A 
TA1537 2AA 2.0 µg 87 16 17.4 72A, 103A, 85A 

WP2uvr

A 

2AA 15 µg 402 15 9.8 401A, 418A, 388A 

 

ix Codes Key to Positive Controls   

2AA 2-aminoanthracene 4 Extremel y reduced background 

Key to Automatic & Manual Count Flags 

M
: Manual count 

A
: Automatic count 
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Historical Negative and Positive Control Values 

2011 – 2013 

revertants per plate 

Activation 

Strain Control None Rat Liver 

TA98 

TA100 

TA1535 

TA1537 

WP2 uvrA 

 

SD=standard deviation; Min=minimum value; Max=maximum value; Neg=negative 

control (including but not limited to deionized water, dimethyl sulfoxide, ethanol and 

acetone); Pos=positive control 

 

 

 

 

 

 

 

 

 

 

 Mean SD Min Max Mean SD Min Max 

Neg 18 8 3 64 24 8 4 60 

Pos 271 214 34 2274 423 190 47 1711 

Neg 98 18 50 251 110 23 55 247 

Pos 608 143 211 1393 730 260 247 2421 

Neg 11 4 1 43 12 4 1 35 

Pos 501 164 20 1593 103 92 20 1472 

Neg 7 4 0 28 8 4 0 28 

Pos 422 386 17 3711 59 56 10 850 

Neg 27 10 5 84 30 10 7 80 

Pos 380 160 42 1796 245 98 21 969 
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APPENDIX II: Study Protocol and Amendments 
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APPENDIX III: Certificate of Analysis 
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APPENDIX IV: Dosing Formulation Analysis and Stability 
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Bacterial Reverse Mutation Assay 

 

 

Determination of 1-bromopropane in Ethanol Dosing Formulations and 1- 

bromopropane in 100 mM Phosphate Buffer (pH 7.4) Treatment Samples 

 

 

Appendix VIII. FINAL 

ANALYTICAL REPORT 

 

 

Test Article 

1-bromopropane 
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Date 23 September 2015 

Analytical Laboratory 
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20850 

 

BioReliance Study 

Number 
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Analytical Conditions 

 

The analysis  of the test article formulation samples, 1-bromopropane in 

ethanol, and the treatment samples,1-bromopropane in 100 mM phosphate 

buffer (pH 7.4), for study AD58PU.503001.BTL was performed by Gas 

chromatography (GC) using a method validated under BioReliance Study 

Number AD58PU.GGTCHEM.BTL. The formulations were also analyzed in 

accordance with BioReliance SOP OPAC0385 “Dose Formulation Analysis” and 

OPAC0388 “Dose Formulation Stability Determination”. The analytical 

conditions used in this study are summarized in Table 1 and Table 2. The matrix 

standards were prepared per Table 3 and Table 4. 
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Table 1:  Analytical Conditions in Ethanol 
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1TA measured by volume and corrected for density. 

Instrument: Agilent 6890N Gas Chromatograph 
Detector: Flame Ionization (FID)  

Software: Agilent C/S ChemStore Rev. B.03.03 and ChemStation 

Revision B.02.01-SR2 software with data security add-on 

Diluent: Ethanol  

Vehicle: Ethanol  

(SS) Stock Solution: 200 g/mL Test Article in Diluent  

(IS) Internal Standard: p-Cymene: Ethanol (25:75, v/v)  

TA Correction Factor : 0.73855  
TA Density: 1.354 g/mL

1
  

Inlet Temperature: 200°C  
Inlet Pressure: 3 psi  

Split Ratio: 1:1  

Split Flow: 3.9 mL/min  

Total Inlet Flow: 10.5 mL/min  

Inlet Gas: Helium  

Column: Restek RTX-624, 30m x 530 µm, 3μm film thickness 
Column Flow Mode: Constant Flow  

Flow rate: 3.9 mL/min  

Detector  Temperature: 275° C  
Hydrogen Flow: 35 mL/min  

Air Flow: 300 mL/min  
Detector Flow Mode: Constant Flow  

Makeup Flow: 10 mL/min  
Makeup Gas: Helium  

Syringe Needle Washes (A & B): Isopropanol (IPA)  
Injection Volume: 1 µL  

Pre-Injection Solvent A Washes: 2  

Post-Injection Solvent A Washes: 2  

Pre-Injection Solvent B Washes: 2  

Post-Injection Solvent B Washes: 2  

Injections/Sample: 2  
Run Time: 21.5 minutes  

Test Article Retention Time: ~6.97 minutes  
Calibration Curve: y = Ax + B (not weighted)  

Oven Temperature Profile: Gradient (see below)  

Rate (°C/min) Final Temperature (°C) Hold Time (min) 

0 45 4 
10 200 2 
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Table 2:  Analytical Conditions for Phosphate Buffer 
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1TA measured by volume and corrected for density. 

Instrument: Agilent 6890N Gas Chromatograph 
Detector: Flame Ionization (FID)  
Software: Agilent C/S ChemStore Rev. B.03.03 and ChemStation 

Revision B.02.01-SR2 software with data security add-on 

Diluent: Ethanol  

Vehicle: 100 mM Phosphate Buffer, pH 7.4 
(SS) Stock Solution: 150 g/mL Test Article in Diluent  

(IS) Internal Standard: p-Cymene: Ethanol (25:75, v/v)  
TA Correction Factor : 0.73855  

TA Density: 1.354 g/mL
1

  

Inlet Temperature: 185°C  
Inlet Pressure: 3.5 psi  

Split Ratio: 1:1  
Split Flow: 4.6 mL/min  

Total Inlet Flow: 11.9 mL/min  

Inlet Gas: Helium  

Column: Restek RTX-624 30m x 530 µm, 3μm film thickness 
Column Flow Mode: Constant Flow  

Flow rate: 4.6 mL/min  

Detector  Temperature: 275° C  
Hydrogen Flow: 35 mL/min  

Air Flow: 300 mL/min  

Detector Flow Mode: Constant Flow  

Makeup Flow: 10 mL/min  

Makeup Gas: Helium  

Syringe Needle Washes (A & B): Isopropanol (IPA)  
Injection Volume: 1 µL  

Pre-Injection Solvent A Washes: 2  

Post-Injection Solvent A Washes: 2  

Pre-Injection Solvent B Washes: 2  
Post-Injection Solvent B Washes: 2  

Injections/Sample: 2  

Run Time: 27.5 minutes  

Test Article Retention Time: ~6.36 minutes  

Calibration Curve: y = Ax + B (not weighted)  

Oven Temperature Profile: Gradient (see below)  

Rate (°C/min) Final Temperature (°C) Hold Time (min) 

0 45 4 
5 140 2 

40 200 1 

 



Final Analytical Report 

BioReliance Study No.: AD58PU.503001.BTL 
7 

BioReliance Study No. AD58PU.503001.BTL 63 

 

 

 

 

Table 3:  Preparation of the Matrix Standard Solutions in Ethanol 

 

Standa

rd 

ID 

IS 

(m

L) 

SS 

(m

L) 

Final 

Volume 

with 

Diluent 

(mL) 

Final TA 

Concentrati

on 

( g/mL) 
M-0 0 0 10 0 
M-I 1 0 10 0 
M-1 1 1 10 20 
M-2 1 2 10 40 
M-3 1 3 10 60 
M-4 1 4 10 80 
M-5 1 5 10 100 
M-6 1 6 10 120 

 

Table 4:  Preparation of the Matrix Standard Solutions in Phosphate Buffer 

 

Standa

rd 

ID 

IS 

(m

L) 

SS 

(m

L) 

Vehic

le 

(mL) 

Final 

Volume 

with 

Diluent 

(mL) 

Final TA 

Concentrati

on 

( g/mL) 
M-0 0 0 1 10 0 
M-I 1 0 1 10 0 
M-1 1 1 1 10 15 
M-2 1 2 1 10 30 
M-3 1 3 1 10 45 
M-4 1 4 1 10 60 
M-5 1 5 1 10 75 
M-6 1 5.5 1 10 82.5 

 

 

Dosing Formulation and Treatment Samples Analysis 

Dosing formulations of 1-bromopropane in ethanol and treatment samples of 1- 

bromopropane in 100 mM Phosphate Buffer, pH 7.4 were collected and analyzed 

by GC on the days of preparation to assess accuracy of the preparation (per 

Table 5). A sample of vehicle dosing solution from each experiment was also 

analyzed to verify that it did not contain test article. 

 

The dosing formulations and treatment samples were diluted to bring the test 

article concentration to a suitable level within the calibration range and with the 

same final composition as the matrix standards. Additional sham mix was 

added as necessary to all sham mix samples so the samples contained 10% 

sham mix by volume when analyzed. The concentration of 1-bromopropane was 
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calculated by reference to the matrix standard solutions prepared (per  Table 3 

and Table 4)  and analyzed concurrently with the dosing formulations and 

treatment samples. All matrix standard curves met the acceptance criteria 

(Table 6, Table 8, Table 10, Table 12, Table 14, Table 16, Table 18 and Table 20). 
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For Experiment B5 analysis in ethanol performed on 13 February 2015, due to 

system suitability not meeting all the acceptance criteria, the analysis was 

restarted on 18-February 2015 using samples diluted on 13 February 2015. 

Based on the rerun, the high dose formulation met the acceptable range, but did 

not meet ≤5.00% RSD. The low dose formulation was found to be below the 

acceptable range and also did not meet ≤5.00% RSD. 

 

All dosing formulations analyzed met the acceptance criteria of 85.0-115.0% of 

target concentration and ≤5.00% RSD, except for Experiment B3 ethanol low 

dose sample did not meet the ≤5.00% RSD. And also for Experiment B5 

ethanol samples, the high dose formulation met the acceptable range, but did not 

meet ≤5.00% RSD and the low dose formulation was found to be below the 

acceptable range and also did not meet ≤5.00% RSD. No test article was detected 

in the vehicle control (VC) samples, except in the vehicle control sample for the 

Experiment B3 in which a small peak of the test article was detected (Table 7,  

Table 11 , Table 15 and Table 19). 

 

The treatment samples in 100 mM Phosphate Buffer, pH 7.4 for Experiments B1, 

B2, B3 and B5 were analyzed and results are shown in Table 9, Table 13, Table 17 

and Table 21. No acceptance criteria were applied for the analysis of the treatment 

samples. 
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Table 5:  Summary of the Dosing Formulations 

 

Experim

ent 

No./Pha

se 

 

Date of 

Preparation 

 

Date of 

Analysis 

(Start/End

) 

 

Concentrati

on 

(mg/mL) 

Homogene

ity 

Testing 
(Y) Yes 
or 

(N) No 

 

B1 

 

18-Jun-2014 
18-Jun-2014/ 

19-Jun-2014 

0 N 
0.060 N 
200 N 

B1 (Start of 

Pre- 

Incubation

) 

 

18-Jun-2014 
18-Jun-2014/ 

21-Jun-2014 

0 N 
0.95 N 
9.5 N 

B1 (End of 

Pre- 

Incubation

) 

 

18-Jun-2014 
18-Jun-2014/ 

21-Jun-2014 

0 N 
0.95 N 
9.5 N 

 

B2 

 

27-Jun-2014 
27-Jun-2014/ 

28-Jun-2014 

0 N 
2.0 N 
200 N 

B2 (Start of 

Pre- 

Incubation

) 

 

27-Jun-2014 
27-Jun-2014/ 

29-Jun-2014 

0 N 
0.95 N 
9.5 N 

B2 (End of 

Pre- 

Incubation

) 

 

27-Jun-2014 
27-Jun-2014/ 

29-Jun-2014 

0 N 
0.95 N 
9.5 N 

 

B3 

 

24-Jul-2014 
24-Jul-2014/ 

26-Jul-2014 

0 N 
2.0 N 
200 N 

B3 (Start of 

Pre- 

Incubation

) 

 

24-Jul-2014 
24-Jul-2014/ 

01-Aug-2014 

0 N 
0.95 N 
9.5 N 

B3 (End of 

Pre- 

Incubation

) 

 

24-Jul-2014 
24-Jul-2014/ 

01-Aug-2014 

0 N 
0.95 N 
9.5 N 

 

B5 

 

13-Feb-2015 
13-Feb-2015/ 

20-Feb-2015 

0 N 
20 N 
200 N 

B5 (Start of 

Pre- 

Incubation

) 

 

13-Feb-2015 
13-Feb-2015/ 

19-Feb-2015 

0 N 
0.95 N 
9.5 N 

B5 (End of 

Pre- 

Incubation

) 

 

13-Feb-2015 
13-Feb-2015/ 

19-Feb-2015 

0 N 
0.95 N 

9.5 N 
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Table 6: Matrix Standards for the B1 Dosing Formulation and Stability Analyses in 

Ethanol 
Item Value Acceptance 

Criterion Slope 0.000979
2 

NA 
Intercept 0.000239

7 
NA 

Correlation  

Coefficient 

0.9998 >0.99 
Recovery % 
(Range) 

98.4-
101.4 

90-110 

 

 

Table 7:  B1 Dosing Formulation Analysis 
Formulati
on 

Conc. 
of 

Conc. 
of 

TA/IS Mean Mean Targ
et 

x Final 
Mean 

RS
D ID Form.1 Sample

1 
Peak Peak Conc.  Diluti

on 

Conc. (%) 
 (mg/mL

) 
( g/m
L) 

Area 
Ratio 

Area 
Ratio 

( g/m
L) 

(%) Facto
r 

(mg/mL
) 

 
VC* 0 0 ND       
VC 0 0 ND ND NA NA 2 NA NA 

0.060 A 0.060 24.00 0.02410       
0.060 A 0.060 24.00 0.02430       
0.060 B 0.060 24.00 0.02506       
0.060 B 0.060 24.00 0.02528 0.02469 24.97 104.

0 
2.500 0.0624 2.3

2 200 A 200 100.0 0.09399       
200 A 200 100.0 0.09242       
200 B 200 100.0 0.09653       
200 B 200 100.0 0.09701 0.09499 96.76 96.8 2000 194 2.2

8 *See Deviation Event #188520. 

Table 8: Matrix Standards for the B1 Treatment Samples in Phosphate Buffer 
Item Value Acceptance 

Criterion Slope 0.00115

6 

NA 
Intercept -

0.001312 
NA 

Correlation  
Coefficient 

0.9990 >0.99 
Recovery % 
(Range) 

98.5-
102.0 

90-110 

See Deviation Event #188521 
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Table 9:  B1 Treatment Samples Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Concentrations for end of incubation samples (T=90 mins) were determined at 

start of incubation (T=0) 

 

Table 10: Matrix Standards for the B2 Dosing Formulation in Ethanol 
Item Value Acceptance 

Criterion Slope 0.00115

0 

NA 
Intercept 0.000322

7 
NA 

Correlation  
Coefficient 

0.9965 >0.99 

Recovery % 

(Range) 

96.6-

106.1 

90-110 

Formulation Conc. of Conc. of TA/IS Mean Mean Target x Final Mean RSD 
ID Form.

1
 Sample

1
 Peak Peak Conc.  Dilution Conc. (%) 

 (mg/mL) (g/mL) Area Ratio Area Ratio (g/mL) (%) Factor (mg/mL)  

VC (Start, T=0) 0 0 ND       
VC (Start, T=0) 0 0 ND ND NA NA 10 NA NA 

VC (End, T=90 min) 0 0 ND       
VC (End, T=90 min) 0 0 ND ND NA NA 10 NA NA 

0.95 (Start, T=0) A 0.95 19 0.001015       
0.95 (Start, T=0) A 0.95 19 0.000757       

0.95 (Start, T=0) B 0.95 19 0.001211       

0.95 (Start, T=0) B 0.95 19 0.001151 0.001034 2.029 10.7 50 0.101 19.51 

9.5 (Start, T=0) A 9.5 47.50 0.003080       
9.5 (Start, T=0) A 9.5 47.50 0.003423       

9.5 (Start, T=0) B 9.5 47.50 0.003437       
9.5 (Start, T=0) B 9.5 47.50 0.003380 0.003330 4.016 8.5 200 0.803 5.06 

0.95 (End, T=90 min) A 0.102 2.030 0.001077       
0.95 (End, T=90 min) A 0.102 2.030 0.001065       
0.95 (End,T=90 min) B 0.102 2.030 0.001504       

0.95 (End,T=90 min) B 0.102 2.030 0.001605 0.001313 2.271 111.9 50.25 0.114 21.49 

9.5 (End, T=90 min) A 0.803 4.016 0.004183       
9.5 (End, T=90 min) A 0.803 4.016 0.004114       

9.5 (End, T=90 min) B 0.803 4.016 0.004181       

9.5 (End, T=90 min) B 0.803 4.016 0.004076 0.004139 4.715 117.4 200.0 0.943 1.27 
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Table 11:  B2 Dosing Formulation Analysis 
Formulati
on 

Conc. 
of 

Conc. 
of 

TA/IS Mean Mean Targ
et 

x Final 
Mean 

RS
D ID Form.1 Sample

1 
Peak Peak Conc.  Diluti

on 

Conc. (%) 
 (mg/mL

) 
( g/m
L) 

Area 
Ratio 

Area 
Ratio 

( g/m
L) 

(%) Facto
r 

(mg/mL
) 

 
VC 0 0 ND       
VC 0 0 ND ND NA NA 2 NA NA 

2.0 A 2.0 80 0.09257       
2.0 A 2.0 80 0.09427       
2.0 B 2.0 80 0.09529       
2.0 B 2.0 80 0.09485 0.09425 81.68 102.

1 
25 2.04 1.2

6 200 A 200 100 0.1146       
200 A 200 100 0.1193       
200 B 200 100 0.1222       
200 B 200 100 0.1194 0.1189 103.1 103.

1 
2000 206 2.6

5  

Table 12: Matrix Standards for the B2 Treatment Samples in Phosphate Buffer 
Item Value Acceptance 

Criterion Slope 0.00115

6 

NA 
Intercept -

0.001312 
NA 

Correlation  
Coefficient 

0.9990 >0.99 

Recovery % 

(Range) 

98.5-

102.0 

90-110 
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Table 13:  B2 Treatment Samples Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Concentrations for end of incubation samples (T=90 mins) were determined at 

start of incubation (T=0) 

 

Table 14: Matrix Standards for the B3 Dosing Formulation in Ethanol 
Item Value Acceptance 

Criterion Slope 0.00101

6 

NA 
Intercept -

0.002052 
NA 

Correlation  
Coefficient 

0.9931 >0.99 

Recovery % 

(Range) 

95.2-

107.8 

90-110 

Formulation Conc. of Conc. of TA/IS Mean Mean Target x Final Mean RSD 
ID Form.

1
 Sample

1
 Peak Peak Conc.  Dilution Conc. (%) 

 (mg/mL) (g/mL) Area Ratio Area Ratio (g/mL) (%) Factor (mg/mL)  

VC (Start, T=0) 0 0 ND       
VC (Start, T=0) 0 0 ND ND NA NA 10 NA NA 

VC (End, T=90 min) 0 0 ND       
VC (End, T=90 min) 0 0 ND ND NA NA 10 NA NA 

0.95 (Start, T=0) A 0.95 76 0.02983       
0.95 (Start, T=0) A 0.95 76 0.03361       

0.95 (Start, T=0) B 0.95 76 0.03606       

0.95 (Start, T=0) B 0.95 76 0.03335 0.03321 28.27 37.2 12.50 0.353 7.72 

9.5 (Start, T=0) A 9.5 63.33 0.007796       
9.5 (Start, T=0) A 9.5 63.33 0.007442       

9.5 (Start, T=0) B 9.5 63.33 0.007178       
9.5 (Start, T=0) B 9.5 63.33 0.007383 0.007450 5.847 9.2 150.0 0.877 3.45 

0.95 (End, T=90 min) A 0.353 28.27 0.002891       
0.95 (End, T=90 min) A 0.353 28.27 0.002845       
0.95 (End,T=90 min) B 0.353 28.27 0.002989       
0.95 (End,T=90 min) B 0.353 28.27 0.003143 0.002967 1.945 6.9 12.49 0.0243 4.44 

9.5 (End, T=90 min) A 0.877 5.847 0.002340       
9.5 (End, T=90 min) A 0.877 5.847 0.001998       

9.5 (End, T=90 min) B 0.877 5.847 0.002219       
9.5 (End, T=90 min) B 0.877 5.847 0.002508 0.002266 1.335 22.8 150.0 0.200 9.47 
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Table 15:  B3 Dosing Formulation Analysis 
Formulati
on 

Conc. 
of 

Conc. 
of 

TA/IS Mean Mean Targ
et 

x Final 
Mean 

RS
D ID Form.1 Sample

1 
Peak Peak Conc.  Diluti

on 

Conc. (%) 
 (mg/mL

) 
( g/m
L) 

Area 
Ratio 

Area 
Ratio 

( g/m
L) 

(%) Facto
r 

(mg/mL
) 

 
VC 0 0 0.01504       
VC 0 0 0.01473 0.01489 16.68 NA 2 0.0334 NA 

2.0 A 2.0 80 0.07185       
2.0 A 2.0 80 0.07515       
2.0 B 2.0 80 0.08102       
2.0 B 2.0 80 0.07893 0.07674 77.55 96.9 25 1.94 5.3

0 200 A 200 100 0.09494       
200 A 200 100 0.09590       
200 B 200 100 0.09640       
200 B 200 100 0.1025 0.09744 97.93 97.9 2000 196 3.5

2  

Table 16: Matrix Standards for the B3 Treatment Samples in Phosphate Buffer 
Item Value Acceptance 

Criterion Slope 0.00100

4 

NA 
Intercept 0.00186

0 
NA 

Correlation  
Coefficient 

0.9982 >0.99 

Recovery % 

(Range) 

92.8-

102.4 

90-110 
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Table 17:  B3 Treatment Samples Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Concentrations for end of incubation samples (T=90 mins) were determined at 

start of incubation (T=0) 

Table 18: Matrix Standards for the B5 Dosing Formulation in Ethanol 
Item Value Acceptance 

Criterion Slope 0.00101
8 

NA 
Intercept 0.00497

7 
NA 

Correlation  

Coefficient 

0.9954 >0.99 
Recovery % 
(Range) 

95.2-
104.1 

90-110 

Formulation Conc. of Conc. of TA/IS Mean Mean Target x Final Mean RSD 
ID Form.

1
 Sample

1
 Peak Peak Conc.  Dilution Conc. (%) 

 (mg/mL) (g/mL) Area Ratio Area Ratio (g/mL) (%) Factor (mg/mL)  

VC (Start, T=0) 0 0 ND       
VC (Start, T=0) 0 0 ND ND NA NA 10 NA NA 

VC (End, T=90 min) 0 0 ND       
VC (End, T=90 min) 0 0 ND ND NA NA 10 NA NA 

0.95 (Start, T=0) A 0.95 76 0.007635       
0.95 (Start, T=0) A 0.95 76 0.007650       

0.95 (Start, T=0) B 0.95 76 0.007605       

0.95 (Start, T=0) B 0.95 76 0.007368 0.007565 5.682 7.5 12.50 0.0710 1.75 

9.5 (Start, T=0) A 9.5 63.333 0.004557       
9.5 (Start, T=0) A 9.5 63.333 0.004415       

9.5 (Start, T=0) B 9.5 63.333 0.004496       
9.5 (Start, T=0) B 9.5 63.333 0.004390 0.004465 2.595 4.1 150.0 0.389 1.71 

0.95 (End, T=90 min) A 0.0710 5.682 0.005515       
0.95 (End, T=90 min) A 0.0710 5.682 0.005470       
0.95 (End,T=90 min) B 0.0710 5.682 0.005129       
0.95 (End,T=90 min) B 0.0710 5.682 0.005260 0.005344 3.470 61.1 12.50 0.0434 3.39 

9.5 (End, T=90 min) A 0.389 2.595 0.003438       
9.5 (End, T=90 min) A 0.389 2.595 0.003730       

9.5 (End, T=90 min) B 0.389 2.595 0.003858       
9.5 (End, T=90 min) B 0.389 2.595 0.003693 0.003680 1.813 69.9 149.9 0.272 4.78 
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Table 19:  B5 Dosing Formulation Analysis 
Formulati
on 

Conc. 
of 

Conc. 
of 

TA/IS Mean Mean Targ
et 

x Final 
Mean 

RS
D ID Form.1 Sample

1 
Peak Peak Conc.  Diluti

on 

Conc. (%) 
 (mg/mL

) 
( g/m
L) 

Area 
Ratio 

Area 
Ratio 

( g/m
L) 

(%) Facto
r 

(mg/mL
) 

 
0 0 0 ND       
0 0 0 ND NA NA NA 2 NA NA 

20 A 20.0 100 0.07772       
20 A 20.0 100 0.07672       
20 B 20.0 100 0.08802       
20 B 20.0 100 0.08274 0.08130 74.97 75.0 200 15.0 6.3

9 200 A 200 100 0.1110       
200 A 200 100 0.1123       
200 B 200 100 0.0910       
200 B 200 100 0.0869 0.1003 93.64 93.6 2000 187 13.1

8  

Table 20: Matrix Standards for the B5 Treatment Samples in Phosphate Buffer 
Item Value Acceptance 

Criterion Slope 0.000969

8 

NA 
Intercept 0.000834

0 
NA 

Correlation  
Coefficient 

0.9978 >0.99 
Recovery % 
(Range) 

96.1-
103.0 

90-110 
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Table 21:  B5 Treatment Samples Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Concentrations for end of incubation samples (T=90 mins) were determined at 

start of incubation (T=0) 

Stability of 1-bromopropane in Ethanol Dosing Formulations 

 

Stability of the dosing formulations in ethanol was determined by storing the 

B1  dosing formulations at room temperature for T=3.25 hours and reanalyzing as 

described above. The acceptance criterion of 90-110% of the concentration 

determined at T=0 was met (Table 22). 

 

1- bromopropane in Ethanol, at concentrations of 0.0624 and 194 mg/mL, was 

stable at room temperature for at least 3.25 hours. 

Formulation Conc. of Conc. of TA/IS Mean Mean Target x Final Mean RSD 
ID Form.

1
 Sample

1
 Peak Peak Conc.  Dilution Conc. (%) 

 (mg/mL) (g/mL) Area Ratio Area Ratio (g/mL) (%) Factor (mg/mL)  

VC (Start, T=0) 0 0 ND       
VC (Start, T=0) 0 0 ND ND NA NA 10 NA NA 

VC (End, T=90 min) 0 0 ND       
VC (End, T=90 min) 0 0 ND ND NA NA 10 NA NA 

0.95 (Start, T=0) A 0.95 76 0.01106       
0.95 (Start, T=0) A 0.95 76 0.01092       

0.95 (Start, T=0) B 0.95 76 0.01062       

0.95 (Start, T=0) B 0.95 76 0.01081 0.01085 10.33 13.6 12.50 0.129 1.71 

9.5 (Start, T=0) A 9.5 63.333 0.003390       
9.5 (Start, T=0) A 9.5 63.333 0.003351       

9.5 (Start, T=0) B 9.5 63.333 0.003348       
9.5 (Start, T=0) B 9.5 63.333 0.003314 0.003351 2.595 4.1 150.0 0.389 0.93 

0.95 (End, T=90 min) A 0.129 10.33 0.008827       
0.95 (End, T=90 min) A 0.129 10.33 0.008577       
0.95 (End,T=90 min) B 0.129 10.33 0.008255       
0.95 (End,T=90 min) B 0.129 10.33 0.008767 0.008607 8.015 77.6 12.49 0.100 2.99 

9.5 (End, T=90 min) A 0.389 2.595 0.003791       
9.5 (End, T=90 min) A 0.389 2.595 0.003823       

9.5 (End, T=90 min) B 0.389 2.595 0.003706       
9.5 (End, T=90 min) B 0.389 2.595 0.003820 0.003785 3.043 117.3 149.9 0.456 1.44 
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Table 22:  Stability T=3.25 Hours Analysis 

 

 

 

 

 

 

 

 

 

 

 

1Concentration determined at T=0 (Table 7) 

 

Stability of 1-bromopropane in 100 mM Phosphate Buffer (pH 7.4) 

 

Stability of the test article in 100 mM phosphate buffer (PH 7.4) was determined 

as part of BioReliance Study AD58PU.GCGTCHEM.BTL 

 

The stability of 1-bromopropane in 100 mM phosphate buffer (PH 7.4), at 

concentrations of 7.408, 2.778, 0.7408, 0.2778 and 0.07408 mg/mL, when 

stored at 37±2°C for either T=30, T=60, T=90 or T=120 minutes were attempted 

but could not be established,  except  for 0.07408 mg/mL at T=30 minutes 

storage which met the acceptance criterion of 90-110% of target (initial 

concentration at T=0). 

 

Conclusion 

 

For the analysis of the dosing formulations, the submitted formulations were 

found to be accurately prepared except for Experiment B3 ethanol low dose 

sample did not meet the 

≤5.00% RSD. And also for Experiment B5 ethanol samples, the high dose 

formulation met the acceptable range, but did not meet ≤5.00% RSD and the low 

dose formulation was found to be below the acceptable range and also did not 

meet ≤5.00% RSD. The vehicle control samples were free of test article, 

except for the Experiment B3 vehicle control sample in which a small peak of 

the test article was detected. The treatment samples in 100 mM Phosphate Buffer, 

pH 7.4 for Experiments B1, B2, B3, and B5 were collected and analyzed. 

Additionally, 1-bromopropane in Ethanol, at concentrations of 0.0624 and 194 

mg/mL, was stable at room temperature for at least 3.25 hours. 

Formulation Conc. of Conc. of TA Mean Mean Target x Final Mean RSD 
ID Form.

1
 Sample

1
 Peak Peak Conc.  Dilution Conc. (%) 

 (mg/mL) (g/mL) Area Area (g/mL) (%) Factor (mg/mL)  

0.060 A 0.0624 24.97 0.02327       
0.060 A 0.0624 24.97 0.02450       

0.060 B 0.0624 24.97 0.02279       
0.060 B 0.0624 24.97 0.02404 0.02365 23.91 95.8 2.499 0.0598 3.24 

200 A 194 96.76 0.10000       
200 A 194 96.76 0.09735       

200 B 194 96.76 0.09807       
200 B 194 96.76 0.09703 0.09811 99.95 103.3 2005 200 1.36 
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Deviations 

 

Three deviations occurred during the conduct of this portion of the study. 
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Event# 188520: During dilution of Experiment B1 vehicle control samples for 

analysis in ethanol, no internal standard solution was added to the samples. 

This deviated from BioReliance SOP OPAC0385. This deviation had no 

impact on the study, as no TA was detected in the vehicle, the internal 

standard was not needed to determine the amount of test article in the vehicle 

sample. 

 

Event# 188521: The M-I matrix standard was not analyzed during the analysis 

of matrix standards for Experiment B1 treatment samples in phosphate buffer. 

This deviated from BioReliance SOP OPAC0385. Based on results of the M-0 

and the VC samples, there was no contamination in the analytical assay, so M-1 

analysis was not actually needed to evaluate the test results. 

 

Event# 214032:  The samples from the B5 assay were to be analyzed 6  times, 

but were instead analyzed in duplicate. This was determined to have no 

impact on the study. The formulations were prepared at a concentration above 

the maximum  solubility of  the  test article in the dosing solvent to meet the 

requirements of the Ames study design. As a result there had been some 

variability in the previous values obtained  for  the  achieved concentrations in 

formulations that were dosed in the B1, B2 and B3 assays. The reason the 

analysis was changed to 6x dilutions was there had been some variability in the 

results of the previous formulations and by analyzing 6 times it would provide 

more data points to evaluate the variability of the formulations that had been 

prepared and dosed for the Ames study. The results obtained from the B5 top 

concentration analysis matched exactly the B3 results, for which the concern 

was that the obtained value was low. In addition the %RSD for the B5 analysis 

of both the high and low concentrations was much lower than in the B3 trial. 

Therefore, analyzing in duplicate was sufficient. 
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Abbreviations and Calculations 

 

Calc. = Calculated 

Conc. = 

Concentration Form 

= Formulation 

HPLC = High Performance Liquid 

Chromatography M = Matrix 

NA = Not 

Applicable ND =Not 

Detected 

RSD = Relative Standard 

Deviation T = Time 

TA = Test Article 

UV = Ultra-Violet 

VC = Vehicle Control 

 

The following formulas were used for the calculations: 

 

1. Mean Concentration (µg/ mL) = (Mean Peak Area - 

Intercept) / Slope Intercept and slope calculated using linear 

regression analysis 

2. Final Mean Conc. (mg/mL) = (Mean Conc. (µg/ mL) x Dilution Factor) / 

1000 

 

3. % of Target, % Recovery = Mean Concentration x 100 

Concentration of Sample 

 

4. % RSD = Standard Deviation of the TA Peak Area x 100 

Mean Peak Area 
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2.6.7.8 Genotoxicity:  In Vitro Study No: AD58PU.503001.BTL Test Article: 1-bromopropane 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metabol

ic 

Activati

on 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test 

Artic

le 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dose 

Level 

(µg/plat

e) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initial Toxicity-Mutation Assay (#1) 

  Revertant Colony Counts (Mean ±SD)   

 

 

 

Without 

 

 

Ethanol 

 

 

25 µL/plate 

TA98 

 

14 ± 1 

TA100 

 

88 ± 11 

TA1535 

 

12 ± 1 

TA1537 

 

9 ± 3 

WP2uvr

A 

 

24 ± 1 
Activation 1-bromopropane 1.5 15 ± 1 77 ± 20 12 ± 4 6 ± 0 17 ± 1 
  5.0 22 ± 8 84 ± 13 9 ± 3 7 ± 1 20 ± 1 
  15 15 ± 3 77 ± 4 7 ± 2 4 ± 4 22 ± 1 
  50 16 ± 2 96 ± 1 11 ± 4 8 ± 1 24 ± 1 
  150 22 ± 4 74 ± 6 13 ± 3 6 ± 1 19 ± 8 
  500 12 ± 3 106 ± 1 9 ± 1 6 ± 1 26 ± 5 

  1500 17 ± 1 71 ± 0 14 ± 1 5 ± 2 20 ± 4 
  5000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 23 ± 6 
 2NF 1.0 761 ± 65     
 SA 1.0  591 ± 32 602 ± 26   
 9AAD 75    259 ± 81  

Test for Induction of: Reverse mutation in bacterial cells No. of Independent Assays: 3 Study No.: AD58PU.503001.BTL 

Species/Strain: S. typhimurium, E. coli No. of Replicate Cultures: 2 (#1) and 3 (#2 and 3) Location in CTD: 

Metabolizing System: Aroclor-induced rat liver S9 No. of Cells Analyzed/Culture: 1.3 to 5.7 x 10
8 

cells/plate 

GLP Compliance: Yes 

Vehicle for Test Article: EtOH Vehicle for Positive Controls: DMSO, except sterile water for sodium azide 

Treatment: Preincubation (90±2 minutes at 37±2ºC) Dates of Treatment: 18 June 2014 (#1), 27 June 2014 (#2) and 24 July 2014 (#3) 

Cytotoxic Effects: Toxicity was observed at 5000 µg per plate with all Salmonella tester strains in the initial and confirmatory assays (#1 and 2) and beginning at 3000 or at 

5000 µg per plate with all tester strains in the retest of the confirmatory assay (#3). 

Genotoxic Effects: None 

 



 

 

 MMS 1000     563 ± 
33 

  Key to Positive Controls   

SA 

9AA

D 

2NF 

MM

S 

sodium azide 

9-

Aminoacridin

e 2-

nitrofluorene 

methyl methanesulfonate 



 

 

 

 

2.6.7.8 Genotoxicity:  In Vitro Study No: AD58PU.503001.BTL Test Article: 1-bromopropane 

 

Metabol

ic 

Activati

on 

Test 

Artic

le 

Dose 

Level 

(µg/plat

e) 

Initial Toxicity-Mutation Assay (#1) 

  Revertant Colony Counts (Mean ±SD)   

 

 

 

With 

 

 

Ethanol 

 

 

25 µL/plate 

TA98 

 

29 ± 7 

TA100 

 

104 ± 0 

TA1535 

 

11 ± 11 

TA1537 

 

12 ± 4 

WP2uvr

A 

 

27 ± 3 
Activation 1-bromopropane 1.5 23 ± 2 86 ± 16 11 ± 6 10 ± 1 26 ± 6 
  5.0 24 ± 2 93 ± 6 9 ± 0 8 ± 1 23 ± 1 
  15 26 ± 11 103 ± 17 15 ± 1 11 ± 1 30 ± 1 
  50 20 ± 6 89 ± 1 12 ± 7 15 ± 1 28 ± 1 

  150 30 ± 0 100 ± 17 13 ± 0 9 ± 1 29 ± 2 
  500 29 ± 5 103 ± 8 6 ± 1 9 ± 3 34 ± 13 
  1500 27 ± 6 95 ± 16 13 ± 8 12 ± 1 32 ± 2 
  5000 14 ± 6 63 ± 10 10 ± 2 8 ± 4 36 ± 3 
 2AA 1.0 435 ± 5  52 ± 1   
 2AA 2.0  504 ± 60  47 ± 1  
 2AA 15     310 ± 2 

  Key to Positive Controls   

2AA 2-aminoanthracene 



 

 

 

 

2.6.7.8 Genotoxicity:  In Vitro Study No: AD58PU.503001.BTL Test Article: 1-bromopropane 

 

Metabol
ic 
Activati
on 

Test 
Artic
le 

Dose 
Level 
(µg/plat
e) 

Confirmatory Mutagenicity Assay (#2) 
  Revertant Colony Counts (Mean ±SD)   

 

 

 

Without 

 

 

Ethanol 

 

 

25 µL/plate 

TA98 

 

24 ± 3 

TA100 

 

97 ± 12 

TA1535 

 

13 ± 2 

TA1537 

 

8 ± 3 

WP2uvr

A 

 

25 ± 5 
Activation 1-bromopropane 50 21 ± 3 90 ± 8 11 ± 3 11 ± 3 27 ± 3 
  150 19 ± 3 91 ± 8 10 ± 2 11 ± 3 32 ± 10 
  500 23 ± 7 80 ± 16 17 ± 1 8 ± 4 30 ± 13 
  1500 27 ± 1 72 ± 22 13 ± 1 6 ± 6 33 ± 3 
  2000 24 ± 10 65 ± 20 8 ± 4 8 ± 1 32 ± 6 
  3000 19 ± 7 67 ± 17 10 ± 4 7 ± 3 21 ± 5 
  5000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 21 ± 5 
 2NF 1.0 624 ± 28     
 SA 1.0  1120 ± 55 836 ± 37   
 9AAD 75    312 ± 184  
 MMS 1000     561 ± 8 

With Ethanol 25 µL/plate 14 ± 4 97 ± 9 13 ± 5 13 ± 3 31 ± 14 
Activation 1-bromopropane 50 13 ± 5 106 ± 11 12 ± 5 5 ± 5 34 ± 8 
  150 14 ± 3 107 ± 10 12 ± 5 7 ± 4 32 ± 8 
  500 10 ± 1 108 ± 16 13 ± 3 6 ± 1 36 ± 1 
  1500 14 ± 3 85 ± 18 21 ± 8 8 ± 2 34 ± 6 
  2000 14 ± 1 81 ± 26 21 ± 3 7 ± 6 39 ± 11 
  3000 14 ± 2 79 ± 22 15 ± 3 6 ± 1 40 ± 12 
  5000 9 ± 3 59 ± 5 a 17 ± 1 12 ± 3 a 31 ± 2 
 2AA 1.0 519 ± 49  63 ± 3   
 2AA 2.0  328 ± 35  40 ± 7  
 2AA 15     334 ± 

83 
Key to Positive Controls 
SA 
2A
A 

9AAD 
2NF MMS 



 

 

sodiu
m 
azide 
2
-

aminoanthracen
e 9-
Aminoacridine 
2-nitrofluorene 
methyl methanesulfonate 

a One replicate plate was lost due to the absence of bacterial cells (TA100) or due to contamination (TA1537). Therefore, standard 
deviation was calculated where n=2. 



 

 

 

 

2.6.7.8 Genotoxicity:  In Vitro Study No: AD58PU.503001.BTL Test Article: 1-bromopropane 

 

Metabol
ic 
Activati
on 

Test 
Artic
le 

Dose 
Level 
(µg/plat
e) 

Retest of the Confirmatory Mutagenicity Assay (#3) 
  Revertant Colony Counts (Mean ±SD)   

 

 

 
Without 

 

 
Ethanol 

 

 
25 µL/plate 

TA98 

 
22 ± 5 

TA100 

 
106 ± 12 

TA1535 

 
15 ± 4 

TA1537 

 
6 ± 1 

WP2uvr

A 

 
32 ± 2 

Activation 1-bromopropane 50 39 ± 5 75 ± 9 15 ± 1 4 ± 1 26 ± 5 a 
  150 37 ± 7 83 ± 12 18 ± 3 3 ± 1 27 ± 6 
  500 36 ± 1 90 ± 12 18 ± 6 4 ± 1 32 ± 6 
  1500 35 ± 6 74 ± 5 16 ± 4 5 ± 2 24 ± 2 
  2000 30 ± 16 75 ± 3 13 ± 4 3 ± 1 29 ± 7 
  3000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 33 ± 13 
  5000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
 2NF 1.0 768 ± 62     
 SA 1.0  1057 ± 60 463 ± 5   
 9AAD 75    115 ± 2  
 MMS 1000     614 ± 

58 
With Ethanol 25 µL/plate 32 ± 6 100 ± 32 31 ± 7 5 ± 1 41 ± 10 

Activation 1-bromopropane 50 25 ± 5 106 ± 27 a 26 ± 3 4 ± 1 32 ± 9 
  150 24 ± 3 88 ± 13 32 ± 3 4 ± 1 33 ± 5 
  500 25 ± 4 88 ± 11 24 ± 2 4 ± 2 25 ± 2 
  1500 25 ± 3 78 ± 14 20 ± 6 5 ± 2 28 ± 4 
  2000 23 ± 8 68 ± 6 20 ± 3 7 ± 2 31 ± 10 
  3000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
  5000 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 
 2AA 1.0 490 ± 7  105 ± 12   
 2AA 2.0  554 ± 53  87 ± 16  
 2AA 15     402 ± 

15 
Key to Positive Controls 
SA 
2AA 

9AAD 
2NF MMS 



 

 

sodiu
m 
azide 
2
-
a
m
i
n
o
a
n
t
h
r
a
c
e
n
e
 
9
-
A
m
i
n
o
a
c
r
i
d
i
n
e 
2-
nitrof
luore
ne 
meth
yl 
meth
anes
ulfon
ate 



 

 

a One replicate plate was lost due to contamination. Therefore, standard deviation was 
calculated where n=2. 
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STATEMENT OF COMPLIANCE 

 

Study No. AD58PU.341 .BTL was conducted in compliance with the US FDA Good 

Laboratory Practice Regulations as published in 21 CFR 58 and the OECD Principles 

of Good Laboratory Practices C(97) 186/Final in all material aspects with the following 

exceptions: 

 

1 . Analyses to determine the concentration, uniformity and stability of the test 

article dose formulations were not performed. 

 

Study Director Impact Statement: The impact cannot be determined because 

the appropriate analyses were not performed. The study conclusion was based 

on the nominal dose levels as documented in the study records. 

 

 

(J 

Shambhu Roy, 

Ph.D. Study 

Director 
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Appendix IX. In Vitro Mammalian Chromosome 

Aberration Assay in Human Peripheral Blood 

Lymphocytes (HPBL) 
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Test Article I.D.: 1-bromopropane 

Test Article Synonym: N-Propyl Bromide 

Test Article CAS No.: 106-94-5 

Test Article Lot No.: 100000139331 

Test Article Molecular Weight: 123 g/mol (provided by Sponsor) 

Test Article Description: Clear colorless liquid 

Storage Conditions: Room temperature, protected from light 

Test Article Receipt/Login Date: 20 August 2013 

Study Initiation: 23 October 2013 

Experimental Starting Date (first 

day of data collection): 

 

28 October 2013 

Experimental Start Date (first day test 

article administered to test system): 

 

30 October 2013 

Experimental Completion Date: 31 December 2013 

Laboratory Supervisor: Vanessa Johnson-Peltier, B.S. 

Report Writer: Meena Jois, B.S. 
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SUMMARY 

 

The test article, 1-bromopropane, was tested in the chromosome aberration assay using 

human peripheral blood lymphocytes (HPBL) in both the absence and presence of an 

Aroclor-induced rat liver S9 metabolic activation system. A preliminary toxicity test was 

performed to establish the dose range for testing in the cytogenetic test. The chromosome 

aberration assay was used to evaluate the clastogenic potential of the test article. In each 

assay, HPBL cells were treated for 4 and 20 hours in the non-activated test system and for 

4 hours in the S9-activated test system. All cells were harvested 20 hours after treatment 

initiation. 

 

No vehicle control was used. An untreated control was included to compare the test article 

response. Cyclophosphamide and mitomycin C were evaluated as the concurrent positive 

controls for treatments with and without S9, respectively. 

 

In the initial preliminary toxicity test, due to severe reaction of the test article with polystyrene 

culture tubes used, the assay was repeated using polypropylene tubes. 

 

In the repeated preliminary toxicity assay, the doses tested were 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 
and 5.0 µL/mL. Substantial toxicity ( 50% reduction in mitotic index relative to the 
untreated control) was observed at dose levels 1.0 µL/mL in the non-activated 4 and 
20-hour exposure groups, and at dose levels 0.5 µL/mL in the S9-activated 4-hour exposure 
group. Based on these findings, the doses chosen for the chromosome aberration assay 
ranged from 0.25 to 0.9 µL/mL for the non-activated 4 and 20-hour exposure groups, and 
from 0.2 to 0.5 µL/mL for the S9-activated 4-hour exposure group. 

 

In  the  chromosome  aberration  assay,  substantial  toxicity  was  observed  at  dose  levels 

0.65 µL/mL  in  the  non-activated  4  and  20-hour  exposure  groups,  and  at  dose  levels 

0.35 µL/mL in the S9-activated 4-hour exposure group. The highest dose analyzed under 

each treatment condition produced an approximately 50% reduction in mitotic index which 

met the dose limit as recommended by testing guidelines for this assay. 

 

Statistically significant increases in structural aberrations were observed in all three treatment 

groups (p 0.01 or p 0.05; Fisher’s Exact test). The Cochran-Armitage tests were 

negative for a dose-response (p >0.05) in the non-activated and S9-activated 4-hour 

exposure groups, and were positive for a dose response in the non-activated 20-hour 

exposure group (p 0.05). No significant or dose-dependent increases in numerical 

aberrations (polyploid or endoreduplicated cells) were observed in all three treatment groups 

(p > 0.05; Fisher’s Exact and Cochran-Armitage tests). All untreated control values were 

within historical solvent control ranges, and the positive controls induced significant 

increases in the percent of aberrant metaphases (p 0.01). Thus, all criteria for a valid 

study were met. 

 

These results indicate 1-bromopropane was positive for the induction of structural 

chromosome aberrations and negative for the induction of numerical chromosome aberrations 
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in the non-activated and S9-activated test systems in the in vitro mammalian chromosome 

aberration test using human peripheral blood lymphocytes. 
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PURPOSE 

 

The purpose of this study was to evaluate the potential of a test article and/or its metabolites 

to induce structural chromosomal aberrations in HPBL in the presence and absence of an 

exogenous metabolic activation system. A copy of the study protocol and amendment is 

included in Appendix I. 

 

The study was conducted in conformance with the testing guidelines of the OECD (1997). 

 

CHARACTERIZATION OF TEST AND CONTROL ARTICLES 

 

The test article, 1-bromopropane, was received by BioReliance on 20 August 2013 and was 

assigned the code number AD58PU. Upon receipt, the test article was described as a clear 

colorless liquid and was stored at room temperature, protected from light, as specified in the 

study protocol. 

 

The Sponsor has determined the identity, strength, purity and composition or other 

characteristics that define the test article and the stability of the test article. A copy of the 

Certificate of Analysis for the test article is included in Appendix II. Based on the expiration 

date in the Certificate of Analysis, the test article was considered stable through 12 February 

2015. 

 

An untreated control was included to compare the test article response. Test article was 

delivered to the test system at room temperature under yellow light. 

 

Analyses to determine the concentration, uniformity and stability of the test article dose 

formulations used in this study were not performed. 

 

Mitomycin C (MMC; CAS No. 50-07-7, Lot No. SLBD1982V, Exp. Date 31 August 2016) 

was obtained from Sigma-Aldrich, and was dissolved and diluted in sterile distilled water 

(Gibco; CAS No. 7732-18-5, Lot No. 1247860, Exp. Date November 2014) to stock 

concentrations of 30 and 60 µg/mL (final concentrations of 0.3 and 0.6 µg/mL) for use as the 

positive control article in the non-activated test system. Cyclophosphamide (CP; CAS No. 

6055-19-2, Lot No. 120M1253V, Exp. Date 31 December 2013) was obtained from Sigma- 

Aldrich, and was dissolved and diluted in sterile distilled water to stock concentrations of 

0.5 and 0.75 mg/mL (final concentrations of 5 and 7.5 µg/mL) for use as the positive control 

article in the S9-activated test system. For each positive control article, one dose level 

exhibiting a sufficient number of scorable metaphase cells was selected for analysis. 

 

No analyses were performed on the positive control articles or the positive control dose 

formulations. The neat positive control articles and the solvent used to prepare the positive 

control formulations were characterized by the Certificates of Analysis provided by the 

Supplier. Copies of the Certificates of Analysis are on file with the Testing Facility. The 

stability of the positive controls and their mixtures was demonstrated by acceptable results 

that met the criteria for a valid test. 
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MATERIALS AND METHODS 

 

Test System 

 

Peripheral blood lymphocytes were obtained from a healthy non-smoking 29-year-old adult 

female on 28 October 2013 for the initial preliminary toxicity assay. For the repeated 

preliminary toxicity and the definitive assays, peripheral blood lymphocytes were obtained 

from a healthy  non-smoking  26-year-old  adult  female  on  21  November  2013  and 

09 December 2013, respectively. The donors had no recent history of radiotherapy, viral 

infection or the administration of drugs. This system has been demonstrated to be sensitive 

to the clastogenic activity of a variety of chemicals (Preston et al., 1981). 

 

Experimental Design 

 

The in vitro mammalian chromosome aberration assay was conducted using standard 

procedures (Evans and O'Riordan, 1975; Galloway et al, 1994; Preston et al, 1981; Swierenga 

et al, 1991) by exposing human peripheral blood lymphocytes (HPBL) to appropriate 

concentrations of the test article as well as the concurrent positive and untreated controls, in 

the presence and absence of an exogenous metabolic activation system. 

 

Preparation of Target Cells 

 

Peripheral blood lymphocytes were cultured in complete medium (RPMI-1640 containing 

15% fetal bovine serum, 2 mM L-glutamine, 25 mM HEPES, 100 units penicillin and 

100 µg/mL streptomycin) by adding 0.6 mL heparinized blood to a centrifuge tube containing 

9.4 mL of complete medium with 1% phytohemagglutinin. The cultures were incubated 
under standard conditions (37 ± 1 C in a humidified atmosphere of 5 ± 1% CO2 in air) 

for 44-48 hours. In each assay, RPMI-1640 supplemented with 25 mM HEPES was used. 

 

Identification of Test System 

 

Prior to treatment, each tube was identified by the BioReliance study number, dose level, test 

phase, treatment condition, activation system and/or replicate design. 

 

Activation System 

 

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. The S9 (Lot 

No. 3095) was obtained from Molecular Toxicology Inc. (Boone, NC). Each bulk preparation 

of S9 was assayed by the supplier for sterility and its ability to metabolize at least two pro- 

mutagens to forms mutagenic to Salmonella typhimurium TA100. 

 

Immediately prior to use, the S9 was thawed and mixed with a cofactor pool to contain 2 mM 

magnesium chloride, 6 mM potassium chloride, 1 mM glucose-6-phosphate, 1 mM 

nicotinamide adenine dinucleotide phosphate (NADP) and 20 µL S9 per milliliter medium 
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(RPMI 1640 serum-free medium supplemented with 100 units penicillin/mL and 100 µg 

streptomycin/mL, 25 mM HEPES, and 2 mM L-glutamine). 
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Preliminary Toxicity Test for Selection of Dose Levels 

 

HPBL were exposed to seven concentrations of neat test article at 50µL, 40µL, 30µL, 20µL, 

10µL, 5µL, 2.5 µL, per 10 mL of culture using single culture. Precipitation of test article 

dilutions in the treatment medium was determined using unaided eye at the beginning and 

conclusion of treatment. The osmolality of the untreated control and that of the highest dose 

level in treatment medium was measured. The pH of the highest dose level of dosing solution 

in the treatment medium was measured using test tape. The number of cells in mitosis per 

500 cells scored was determined in order to evaluate a possible test article effect on mitotic 

index. Dose levels for the definitive assay were based upon post-treatment toxicity (reduction 

in mitotic index relative to the untreated control). 

 

Chromosome Aberration Assay 

 

Seven or eight dose levels were tested using duplicate cultures at appropriate dose intervals 

based on the toxicity profile of the test article. Precipitation of test article dosing solution in 

the treatment medium was determined using unaided eye at the beginning and conclusion of 

treatment. The pH of the highest dose level of dosing solution in the treatment medium was 

measured using test tape. The highest dose level evaluated for the chromosome aberrations 

was selected based on at least 50% cytotoxicity (mitotic inhibition relative to the untreated 

control). Two additional dose levels were included in the evaluation. 

 

Treatment of Target Cells (Preliminary Toxicity Test and Definitive Assay) 

 

Test article was not diluted. Neat test article, as supplied, was used at various concentrations by 

using the variable dosing volume. Treatment was carried out by re-feeding the cultures with 

approximately 10 mL complete medium for the non-activated exposure or 10 mL S9 mix 

(8 mL culture medium + 2 mL of S9 cofactor pool) for the S9-activated exposure to which 

was added various concentrations of neat test article, as needed (maximum of 5 µL/mL of 

neat test article was dosed). Test article was added to culture tubes and capped tightly as 

quickly as possible to minimize the loss of test article due to possible volatile nature of the 

test article. Culture tubes remained tightly capped during treatment. 

 

After the 4 hour treatment period in the non-activated and the S9-activated studies, the 

treatment medium was aspirated, the cells washed with calcium and magnesium free phosphate 

buffered saline (CMF-PBS), re-fed with complete medium and returned to the incubator under 

standard conditions. In non-activated 20-hour condition, treatment was continuous. 

 

Collection of Metaphase Cells (Preliminary Toxicity Test and Definitive Assay) 

 

For the preliminary toxicity and the definitive assays, cells were collected 20 hours (± 30 

minutes), 1.5 normal cell cycles, after initiation of treatment to ensure that the cells are analyzed 

in the first division metaphase. Two hours prior to harvest, Colcemid
® 

was added to the 

cultures at a final concentration of 0.1 µg/mL. 
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Cells were collected by centrifugation, treated with 0.075M KCl, washed with fixative 

(methanol: glacial acetic acid, 3:1 v/v), capped and stored overnight or longer at 2-8 C (see 

Deviations) or the slides were prepared immediately after harvest. To prepare slides, the cells 

were collected by centrifugation and if necessary, the cells were resuspended in fresh fixative. 

The suspension of fixed cells was applied to glass microscope slides and air-dried. The slides 

were stained with Giemsa, permanently mounted, and identified by the BioReliance study 

number, dose level, treatment condition, harvest date, activation system, test phase, and/or 

replicate tube design. 

 

Scoring for Metaphase Chromosome Aberrations (Definitive Assay) 

 

The mitotic index was recorded as the percentage of cells in mitosis per 500 cells counted. 

Slides were coded using random numbers by an individual not involved with the scoring 

process. Metaphase cells were examined under oil immersion without prior knowledge of 

treatment groups. Whenever  possible,  a  minimum  of  200 metaphase  spreads  containing 

46 centromeres from each dose level (100 per duplicate treatment) were examined and scored 

for chromatid-type and chromosome-type aberrations (Scott et al., 1990). The number of 

metaphase spreads that were examined and scored per duplicate culture may be reduced if the 

percentage of aberrant cells reaches a significant level (at least 10% determined based on 

historical positive control data) before 100 cells are scored. Chromatid-type aberrations 

include chromatid and isochromatid breaks and exchange figures such as quadriradials 

(symmetrical and asymmetrical interchanges), triradials and complex rearrangements. 

Chromosome-type aberrations include chromosome breaks and exchange figures such as 

dicentrics and rings. Fragments (chromatid or acentric) observed in the absence of any 

exchange figure were scored as a break (chromatid or chromosome). Fragments observed 

with an exchange figure was not scored as an aberration but were considered part of the 

incomplete  exchange.  Pulverized   cells   and   severely   damaged   cells   (counted   as 

10 aberrations) were also recorded. The XY vernier for each cell with a structural aberration 

was recorded. The percentage of cells with numerical aberrations (polyploid and 

endoreduplicated cells) was evaluated per 100 cells analyzed (when possible) for each culture (a 

total of 200 per dose level when possible). 

 

Evaluation of Test Results 

 

Toxicity induced by treatment is based upon inhibition of mitosis and was reported for the 

cytotoxicity and chromosome aberration portions of the study. The number and types of 

aberrations (structural and numerical) found, the percentage of structurally damaged cells in the 

total population of cells examined  (percent aberrant cells), the percentage of numerically 

damaged cells in the total population of cells examined, and the average number of structural 

aberrations per cell (mean aberrations per cell) were calculated and reported for each treatment 

group. Chromatid and isochromatid gaps are presented in the data but are not included in the 
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total percentage of cells with one or more aberrations or in the average number of aberrations 

per cell. 
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Statistical analysis of the percentage of aberrant cells was performed using the Fisher's exact 

test. The Fisher's test was used to compare pairwise the percent aberrant cells of each treatment 

group with that of the untreated control. The Cochran-Armitage test was used to measure dose- 

responsiveness. 

 

A test article was considered positive if it induced a statistically significant and dose-dependent 

increase in the frequency of aberrant metaphases (p 0.05). If only Fisher’s exact test is 

positive without dose-dependent increase, the result may be considered equivocal. If neither 

criterion was met, the results were considered to be negative. 

 

Other criteria also may be used in reaching a conclusion about the study results (e.g., 

comparison to historical control values, biological significance, etc.). In such cases, the 

Study Director will use sound scientific judgment and clearly report and describe any such 

considerations. 

 

Criteria for Determination of a Valid Test 

 

The frequency of cells with structural chromosome aberrations in the untreated control group 

was within the historical range for solvent controls. The percentage of cells with chromosome 

aberrations in the positive control group was statistically increased (p 0.05, Fisher's Exact 

test), relative to the untreated control. The Historical Control Data are included in Appendix 

III. 

 

Automated Data Collection Systems 

 

The primary computer or electronic systems used for the collection or analysis of data included, 

but were not limited to, the following: 

 

BRIQS (BioReliance), LIMS System (BioReliance), Excel 2007 (Microsoft Corporation) and 

Kaye Lab Watch Monitoring System (Kaye GE). 

 

Deviations 

 

The following deviations from the study protocol occurred during the conduct of this study: 

 

Event Record 171086: Osmolality measurements were recorded during the conduct of the 

initial preliminary toxicity assay, but not recorded for the repeat preliminary toxicity assay. 

Since all doses precipitated in the repeat preliminary toxicity assay, osmolality measurement 

was a requirement as per protocol. Since osmolality measurements were acceptable in the 

initial assay and since all other aspects of a valid assay were met, the Study Director has 

concluded that this deviation did not adversely impact the integrity of the data or the validity 

of the study conclusion. 
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Event Record 172259: In the definitive chromosome aberration assay documentation of slide 

preparations for the non-activated 20-hour treatment group was incomplete. Since the quality 

of metaphase cell preparation that was used for evaluation of chromosome aberrations was 

acceptable, the Study Director has concluded that this deviation did not adversely impact the 

integrity of the data or the validity of the study conclusion. 

 

No unforeseen circumstances were observed during the conduct of the study. 

 

Archives 

 

All raw data, the protocol, pertinent study email correspondence, slides and/or specimens (as 

applicable), and all reports for procedures performed at BioReliance will be maintained in the 

archives at BioReliance, Rockville, MD for at least five years. At that time, the Sponsor will 

be contacted for a decision as to the final disposition of the materials. All study materials 

will first be copied and the copy will be retained by the BioReliance archives in accordance 

with the applicable SOPs. The raw data, reports, and other documents generated at locations 

other than BioReliance will be archived by the test site. All unused test article was retained at 

BioReliance for ongoing studies. Upon finalization of the report, all slides will be archived at 

the following location: 

 

EPL Archives Inc. 

45610 Terminal Drive 

Sterling, VA 20166 
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RESULTS AND DISCUSSION 

 

No vehicle control was used. An untreated control was included to compare the test article 

response. 

 

Initial Preliminary Toxicity Assay 

 

The preliminary toxicity assay was conducted to observe the cytotoxicity profile of the test 

article and to select suitable dose levels for the definitive chromosome aberration assay. 

HPBL cells were exposed to nine dose levels of 1-bromopropane, ranging from 0.25 to 

5 µL/mL, as well as untreated controls, in both the absence and presence of an Aroclor- 

induced S9 metabolic activation system for 4 hours, or continuously for 20 hours in the 

absence of S9 activation. 

 

The osmolality in treatment medium  of  the  highest  dose  level  tested,  5  µL/mL,  was 

266 mmol/kg. The osmolality  of  the  untreated  control  in  the  treatment  medium  was 

267 mmol/kg. The osmolality of the test article dose levels in treatment medium is acceptable 

because it did not exceed the osmolality of the untreated control by more than 20%. The pH 

of the highest dose level of test article in treatment medium was 7.5. 

 

Due to severe reaction of the test article with polystyrene culture tubes used, the assay was 

repeated using polypropylene tubes. 

 

Repeated Preliminary Toxicity Assay 

 

In the repeated preliminary toxicity assay, visible precipitate was observed in treatment 

medium at all dose levels tested at the beginning of the treatment period. At the conclusion 

of the treatment period, in the non-activated and S9-activated 4-hour exposure groups, visible 

precipitate was observed in treatment medium at dose levels 2.0 µL/mL, while dose levels 

1.0 µL/mL were soluble in treatment medium. In the non-activated 20-hour exposure 

group, all dose levels were soluble in the treatment medium at the conclusion of the treatment 

period.   Also at the conclusion of the treatment period, hemolysis was observed at doses 

2.0 µL/mL in the non-activated and S9-activated 4-hour exposure groups, and at doses 

1.0 µL/mL in the non-activated 20-hour exposure group. The pH of the highest dose 

level of test article in treatment medium was 7.5. 

 

The results of the evaluation of mitotic inhibition are presented in Tables 1, 2 and 3. 

Substantial toxicity ( 50% reduction in mitotic index relative to the untreated control) 

was observed at dose levels 1.0 µL/mL in the non-activated 4 and 20-hour exposure 

groups, and at dose levels 0.5 µL/mL in the S9-activated 4-hour exposure group. 

 

Based on the results of the preliminary toxicity test, the dose levels selected for testing in the 

chromosome aberration assay were as follows: 
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Treatme

nt 

Conditi

on 

Treatme

nt 

Time 

Recove

ry 

Time 

Dose 

levels 

(µL/mL)  

Non-activated 
4 hr 16 hr 0.25, 0.5, 0.6, 0.65, 0.7, 0.75, 0.8, 0.9 

 20 hr 0 hr 0.25, 0.5, 0.6, 0.65, 0.7, 0.75, 0.8, 0.9 

S9-activated 4 hr 16 hr 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5 

 

Chromosome Aberration Assay 

 

In the chromosome aberration assay, visible precipitate was observed in treatment medium at 

all dose levels tested at the beginning of the treatment period. At the conclusion of the 

treatment period, all dose levels were soluble in the treatment medium in all treatment 

conditions. The pH of the highest dose level of test article in treatment medium was 7.0. 

 

The findings of the cytogenetic analysis of the non-activated 4-hour exposure group are 

presented by treatment tube in Table 4 and summarized by group in Table 7. At the highest 

test dose level evaluated microscopically for chromosome aberrations, 0.65 µL/mL, mitotic 

inhibition was 53%, relative to the untreated control. The dose levels selected for analysis of 

chromosome aberrations were 0.25, 0.5, and 0.65 µL/mL. The percentage of cells with 

structural aberrations in the test article-treated group was statistically increased (2.5%) 

relative to untreated control (0.0%) at 0.65 µL/mL (p 0.05, Fisher's Exact test). 

However, the Cochran-Armitage test was negative for a dose response (p > 0.05). The 

percentage of cells with numerical aberrations in the test article-treated group was not 

significantly increased relative to untreated control at any dose level (p > 0.05, Fisher's 

Exact test).The percentage of structurally aberrant cells in the MMC (positive control) 

group (24.0%) was statistically significant (p 0.01, Fisher's Exact test). 

 

The findings of the cytogenetic analysis of the S9-activated 4-hour exposure group are 

presented by treatment tube in Table 5 and summarized by group in Table 7. At the highest 

test dose level evaluated microscopically for chromosome aberrations, 0.45 µL/mL, mitotic 

inhibition was 53%, relative to the untreated control. The dose levels selected for analysis of 

chromosome aberrations were 0.2, 0.3, and 0.45 µL/mL. The percentage of cells with 

structural aberrations in the test article-treated group was statistically increased (2.5%) 

relative to untreated control (0.0%) at 0.45 µL/mL (p 0.05, Fisher's Exact test). 
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However, the Cochran-Armitage test was negative for a dose response (p > 0.05). The 

percentage of cells with numerical aberrations in the test article-treated group was not 

significantly increased relative to untreated control at any dose level (p > 0.05, Fisher's 

Exact test).The percentage of structurally aberrant cells in the  CP (positive control) group 

(9.5%) was statistically significant (p 0.01, Fisher's Exact test). 

 

The findings of the cytogenetic analysis of the non-activated 20-hour exposure group are 

presented by treatment tube in Table 6 and summarized by group in Table 7. At the highest 

test dose level evaluated microscopically for chromosome aberrations, 0.65 µL/mL, mitotic 

inhibition was 52%, relative to the untreated control. The dose levels selected for analysis of 

chromosome aberrations were 0.25, 0.5, and 0.65 µL/mL.   The percentage of cells with 
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structural aberrations in the test article-treated group was statistically increased (3.5% and 

11.0%) relative to untreated control (0.5%) at dose levels 0.5 and 0.65 µL/mL (p 0.05 or p 
0.01, Fisher's Exact test). The Cochran-Armitage test was also positive for a dose 

response (p 0.05). The percentage of cells with numerical aberrations in the test article-
treated group was not significantly increased relative to untreated control at any dose 
level (p > 0.05, Fisher's Exact test). The percentage of structurally aberrant cells in the 
MMC (positive control) group (24.0%) was statistically significant (p 0.01, Fisher's 
Exact test). 

 

The results for the positive and untreated controls indicate that all criteria for a valid assay 

were met. The Common Technical Document (CTD) Summary Table is included in 

Appendix IV. 

 

CONCLUSIONS 

 

The positive and untreated controls fulfilled the requirements for a valid test. 

 

Under the conditions of the assay described in this report, 1-bromopropane was concluded to 

be positive for the induction of structural chromosome aberrations and negative for the 

induction of numerical chromosome aberrations in the non-activated and S9-activated test 

systems in the in vitro mammalian chromosome aberration test using human peripheral blood 

lymphocytes. 
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TABLE 1 

PRELIMINARY TOXICITY TEST USING 1-

bromopropane 

IN THE ABSENCE OF EXOGENOUS METABOLIC 

ACTIVATION 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

 

Treatment 

 

Mitotic 

 

Percent 

(-S9) Index Change 
µL/mL (%) (%) 

Untreated 16.0  

1-bromopropane 
0.25 16.6 4 
0.5 14.2 -11 
1.0 0.0 -100 
2.0 p 0.0 -100 
3.0 p 0.0 -100 
4.0 p 0.0 -100 
5.0 p 0.0 -100 

 

Treatment: Human peripheral blood lymphocyte cells were treated in the 

absence of an exogenous source of metabolic activation for 4 hours at 37 

± 1°C. Metaphase cells were collected following a 16-hour recovery 

period. 

Mitotic Index = (Cells in mitosis/500 cells scored) x 100. 

Percent change = (Treatment mitotic index - control mitotic 

index)/control mitotic index, expressed as a percentage. 

p: Visible precipitate was observed in the treatment medium at the 

conclusion of the treatment period. 
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TABLE 2 

PRELIMINARY TOXICITY TEST USING 1-

bromopropane 

IN THE PRESENCE OF EXOGENOUS METABOLIC 

ACTIVATION 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

 

Treatment 

 

Mitotic 

 

Percent 

(+S9) Index Change 
µL/mL (%) (%) 

Untreated 9.6  

1-bromopropane 
0.25 7.4 -23 
0.5 1.6 -83 
1.0 0.2 -98 
2.0 p 0.0 -100 
3.0 p 0.0 -100 
4.0 p 0.0 -100 
5.0 p 0.0 -100 

 

Treatment: Human peripheral blood lymphocyte cells were treated in the 

presence of an exogenous source of metabolic activation for 4 hours at 37 

± 1°C. Metaphase cells were collected following a 16-hour recovery 

period. 

Mitotic Index = (Cells in mitosis/500 cells scored) x 100. 

Percent change = (Treatment mitotic index - control mitotic 

index)/control mitotic index, expressed as a percentage. 

p: Visible precipitate was observed in the treatment medium at the 

conclusion of the treatment period. 
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TABLE 3 

PRELIMINARY TOXICITY TEST USING 1-

bromopropane 

IN THE ABSENCE OF EXOGENOUS METABOLIC 

ACTIVATION 20-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

Treatment Mitotic Percent 
(-S9) Index Change 
µL/mL (%) (%) 

Untreated 19.4  

1-bromopropane 
0.25 16.4 -15 
0.5 16.4 -15 
1.0 0.6 -97 
2.0 0.0 -100 
3.0 0.0 -100 
4.0 0.0 -100 
5.0 0.0 -100 

 

Treatment: Human peripheral blood lymphocyte cells were treated in the 

absence of an exogenous source of metabolic activation for 20 hours at 37 

± 1°C. 

Mitotic Index = (Cells in mitosis/500 cells scored) x 100. 

Percent change = (Treatment mitotic index - control mitotic 

index)/control mitotic index, expressed as a percentage. 
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TABLE 4 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE ABSENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mitot

ic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numerical   

Structural 

Numerical   

Structural 

 
Br Ex Br Dic    

Ring 

Cells Per 

Cell 
 

Untreated 

 

A 

 

16.0 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000 
 B 16.6 100 100 0 0 0 0 0 0 0 0 0 0.000 

1-

bromoprop

ane 0.25 

 

A 

 

16.2 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000  B 16.6 100 100 0 1 1 1 0 0 0 0 0 0.010 

0.5 A 11.4 100 100 0 0 0 0 0 0 0 0 0 0.000 
 B 13.0 100 100 0 0 1 0 0 0 0 0 0 0.000 

0.6 A 12.2 Not Score

d 

          

 B 11.2 Not Score
d 

          

0.65 A 6.8 100 100 0 3 0 3 0 0 0 0 0 0.030 
 B 8.4 100 100 0 2 1 2 0 0 0 0 0 0.020 

 

Treatment: Human peripheral blood lymphocytes were treated for 4 hours at 37 ± 1 C in the absence of an exogenous source 

of metabolic activation. An additional dose level of 0.6 µL/mL was tested as a safeguard against excessive toxicity at higher 

dose levels but was not required for microscopic examination. 

Mitotic index = (Cells in mitosis/500 cells scored) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 
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Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 

Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 4 (CONTD.) 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE ABSENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mitot

ic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numerical   

Structural 

Numerical   

Structural 

 
Br Ex Br Dic    

Ring 

Cells Per 

Cell 
 

0.7 

 

A 

 

6.4 

 

Not 

 

Score

d 

          

 B 7.2 Not Score
d 

          

0.75 A 5.6 Not Score

d 

          

 B 5.0 Not Score
d 

          

0.8 A 5.6 Not Score

d 

          

 B 5.6 Not Score
d 

          

0.9 A 3.4 Not Score

d 

          

 B 2.8 Not Score
d 

          

MMC A 7.0 100 50 0 18 0 2 7 1 0 0 0 0.200 
0.6 µg/mL B 7.4 100 50 0 30 3 11 8 0 0 0 0 0.380 

 

Treatment: Human peripheral blood lymphocytes were treated for 4 hours at 37 ± 1 C in the absence of an exogenous source of 

metabolic activation. Dose levels 0.7, 0.75, 0.8, and 0.9 µL/mL were not analyzed due to excessive toxicity. 

Mitotic index = (Cells in mitosis/500 cells scored) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 

Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 
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Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 5 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE PRESENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mitot

ic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numerical   

Structural 

Numerical   

Structural 

 
Br Ex Br Dic    

Ring 

Cells Per 

Cell 
 

Untreated 

 

A 

 

11.4 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000 
 B 10.6 100 100 0 0 0 0 0 0 0 0 0 0.000 

1-

bromoprop

ane 0.2 

 

A 

 

11.4 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000  B 10.8 100 100 0 2 1 3 0 0 0 0 0 0.030 

0.25 A 10.4 Not Score

d 

          

 B 9.6 Not Score
d 

          

0.3 A 9.0 100 100 0 0 0 0 0 0 0 0 0 0.000 
 B 9.6 100 100 0 1 0 1 0 0 0 0 0 0.010 

 

Treatment: Human peripheral blood lymphocytes were treated for 4 hours at 37 ± 1 C in the presence of an exogenous source 

of metabolic activation. An additional dose level of 0.25 µL/mL was tested as a safeguard against excessive toxicity at higher 

dose levels but was not required for microscopic examination. 

Mitotic index = (Average cells in mitosis/500 cells scored per culture) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 

Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 
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Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 5 (CONTD.) 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE PRESENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 4-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mito

tic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numeri

cal 

Structu

ral 

Numeri

cal 

Structur

al 

 Br Ex Br Di

c 

Rin

g 

Cells Per 

Cell 
0.35 A 5.0 Not Score

d 

          
 B 4.6 Not Score

d 
          

0.4 A 4.8 Not Score

d 

          

 B 4.2 Not Score
d 

          

0.45 A 5.2 100 100 0 0 0 0 0 0 0 0 0 0.000 
 B 5.2 100 100 0 5 1 5 0 0 0 0 0 0.050 

0.5 A 4.2 Not Score

d 

          

 B 3.6 Not Score
d 

          

CP A 5.2 100 100 0 5 0 4 0 0 0 1 0 0.050 
5 µg/mL B 4.8 100 50 0 14 0 10 1 0 0 0 0 0.220 

 

Treatment: Human peripheral blood lymphocytes were treated for 4 hours at 37 ± 1 C in the presence of an exogenous source 

of metabolic activation. Dose levels of 0.35 and 0.4 µL/mL were not required for microscopic examination. Dose level 0.5 

µL/mL was not analyzed due to excessive toxicity. 

Mitotic index = (Average cells in mitosis/500 cells scored per culture) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 

Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 
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Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 6 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE ABSENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 20-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mitot

ic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numerical   

Structural 

Numerical   

Structural 

 
Br Ex Br Dic    

Ring 

Cells Per 

Cell 
 

Untreated 

 

A 

 

16.6 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000 
 B 16.0 100 100 0 1 0 1 0 0 0 0 0 0.010 

1-

bromoprop

ane 0.25 

 

A 

 

14.8 

 

100 

 

100 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0.000  B 15.8 100 100 0 0 0 0 0 0 0 0 0 0.000 

0.5 A 15.4 100 100 0 1 0 1 0 0 0 0 0 0.010 
 B 13.0 100 100 0 6 2 7 1 0 0 0 0 0.080 

0.6 A 15.6 Not Score

d 

          

 B 14.6 Not Score
d 

          

0.65 A 7.6 100 100 0 10 0 11 1 0 0 0 0 0.120 
 B 8.0 100 50 0 12 3 6 0 0 0 0 0 0.120 

 

Treatment: Human peripheral blood lymphocytes were treated for 20 hours at 37 ± 1 C in the absence of an exogenous source 

of metabolic activation. An additional dose level of 0.6 µL/mL was tested as a safeguard against excessive toxicity at higher 

dose levels but was not required for microscopic examination. 

Mitotic index = (Average cells in mitosis/500 cells scored per culture) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 
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Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 

Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 6 (CONTD.) 

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD 

LYMPHOCYTES TREATED WITH 1-bromopropane IN THE ABSENCE OF 

EXOGENOUS METABOLIC ACTIVATION 

DEFINITIVE ASSAY: 20-HOUR TREATMENT, 20-HOUR 

HARVEST 

 

  

Mitot

ic 

   

Total Number of Structural 

Aberrations 

 

Severel

y 

 

Averag

e 
Treatment Tu

be 

Inde

x 

Cells Scored % Aberrant 

Cells 

Gaps Chromatid

 Chromosome 

Damage

d 

Aberrati

ons (µL/mL)  (%) Numerical   

Structural 

Numerical   

Structural 

 
Br Ex Br Dic    

Ring 

Cells Per 

Cell 
 

0.7 

 

A 

 

7.4 

 

Not 

 

Score

d 

          

 B 8.0 Not Score
d 

          

0.75 A 5.2 Not Score

d 

          

 B 6.2 Not Score
d 

          

0.8 A 5.4 Not Score

d 

          

 B 4.4 Not Score
d 

          

0.9 A 0.0 Not Score

d 

          

 B 0.0 Not Score
d 

          

MMC A 7.6 100 50 0 22 0 12 5 1 0 0 0 0.360 
0.3 µg/mL B 7.6 100 50 0 26 3 10 5 1 0 0 0 0.320 

 

Treatment: Human peripheral blood lymphocytes were treated for 20 hours at 37 ± 1 C in the absence of an exogenous source of 

metabolic activation. Dose levels 0.7, 0.75, 0.8, and 0.9 µL/mL were not analyzed due to excessive toxicity. 

Mitotic index = (Average cells in mitosis/500 cells scored per culture) x 100. 

% Aberrant Cells: numerical includes polyploid and endoreduplicated cells; structural excludes cells with only gaps. 

Chromatid breaks include chromatid and isochromatid breaks and fragments. 

Chromatid exchange figures (Ex) include quadriradials, triradials and complex rearrangements. 
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Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome. 

Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations. 

Average Aberrations Per Cell: severely damaged cells and pulverizations were counted as 10 aberrations. 
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TABLE 7 

 

 SUMMARY  

 

 

Treatme

nt 

 

 

S9 

 

 

Treatm

ent 

 

Mea

n 

Mito

tic 

 

Cells Scored 

 

Aberrat

ions 

Per 

Cell 

 

Cells With 

Aberrations 

Numerical

 Struct

ural 

µL/mL Activati
on 

Time Index Numerical
 Structur
al 

(Mean +/- 
SD) 

(%) (%) 

Untreated -S9 4 16.3 200 200 0.00

0 

±0.00

0 

0.0 0.0 

1-

bromoprop

ane 0.25 

 

-S9 

 

4 

 

16.4 

 

200 

 

200 

 

0.00

5 

 

±0.07

1 

 

0.0 

 

0.5 0.5 -S9 4 12.2 200 200 0.00
0 

±0.00
0 

0.0 0.0 
0.65 -S9 4 7.6 200 200 0.02

5 
±0.15
7 

0.0 2.5* 

MMC 

0.6 µg/mL 

-S9 4 7.2 200 100 0.29

0 

±0.55

6 

0.0 24.0** 

 

Untreated 

 

1-

bromoprop

ane 

+S9 4 11.0 200 200 0.00

0 

±0.000 0.0 0.0 

0.2 +S9 4 11.1 200 200 0.01
5 

±0.158 0.0 1.0 
0.3 +S9 4 9.3 200 200 0.00

5 
±0.071 0.0 0.5 

0.45 +S9 4 5.2 200 200 0.02
5 

±0.157 0.0 2.5
* 

CP 

5 µg/mL 

+S9 4 5.0 200 150 0.10

7 

±0.436 0.0 9.5

** 
 

Untreated 

 

1-

bromoprop

ane 

-S9 20 16.3 200 200 0.00

5 

±0.071 0.0 0.5 

0.25 -S9 20 15.3 200 200 0.00
0 

±0.000 0.0 0.0 
0.5 -S9 20 14.2 200 200 0.04

5 
±0.271 0.0 3.5* 

0.65 -S9 20 7.8 200 150 0.12
0 

±0.365 0.0 11.0** 

MMC 

0.3 µg/mL 

-S9 20 7.6 200 100 0.34

0 

±0.714 0.0 24.0** 

 

Treatment: Cells from all treatment conditions were harvested at 20 hours 

after the initiation of the treatments. 

Aberrations per Cell: Severely damaged cells were counted as 10 

aberrations. 

Percent Aberrant Cells: *, p 0.05; **, p 0.01; using the Fisher's 

Exact test. 
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APPENDIX I 

 

Study Protocol and Amendment 
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APPENDIX II 

 

Certificate of Analysis 
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APPENDIX III 

 

Historical Control Data 
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IN VITRO MAMMALIAN CYTOGENETIC TEST USING 

HUMAN PERIPHERAL BLOOD LYMPOCYTES 

 

HISTORICAL CONTROL VALUES 

STRUCTURAL CHROMOSOME ABERRATIONS 

2010-2012 

 

NON-ACTIVATED TEST SYSTEM 

 

Historical 

Values 

Percent Aberrant Cells (%) 

Solvent Control
1
 Positive Control

2
 

Mean 0.111 23.225 

Standard Deviation ±0.269 ±6.497 

Range 0.0-1.5 10.0-52.0 

 

 

 

S9 ACTIVATED TEST SYSTEM 

 

Historical 

Values 

Percent Aberrant Cells (%) 

Solvent Control
1
 Positive Control

3
 

Mean 0.187 20.078 

Standard Deviation ±0.336 ±5.273 

Range 0.0-2.0 10.0-42.0 

 

1 
Solvents include water, saline, DMSO, ethanol, acetone, and other non-standard and 

Sponsor-supplied vehicles. 
2 

Positive control for non-activated studies is mitomycin C (MMC, 0.1-0.6 µg/mL). 
3 

Positive control for S9-activated studies, cyclophosphamide (CP, 2.5-75 µg/mL). 
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IN VITRO MAMMALIAN CYTOGENETIC TEST USING 

HUMAN PERIPHERAL BLOOD LYMPOCYTES 

 

HISTORICAL CONTROL VALUES 

NUMERICAL CHROMOSOME ABERRATIONS 

2010-2012 

 

NON-ACTIVATED TEST SYSTEM 

 

Historical 

Values 

Percent Aberrant Cells (%) 

Solvent Control
1
 Positive Control

2
 

Mean 0.038 0.026 

Standard Deviation ±0.138 ±0.123 

Range 0.0-1.0 0.0-1.0 

 

 

S9 ACTIVATED TEST SYSTEM 

 

Historical 

Values 

Percent Aberrant Cells (%) 

Solvent Control
1
 Positive Control

3
 

Mean 0.044 0.017 

Standard Deviation ±0.141 ±0.104 

Range 0.0-0.5 0.0-1.0 

 

1 
Solvents include water, saline, DMSO, ethanol, acetone, and other non-standard and 

Sponsor-supplied vehicles. 
2 

Positive control for non-activated studies is mitomycin C (MMC, 0.1-0.6 µg/mL). 
3 

Positive control for S9-activated studies, cyclophosphamide (CP, 2.5-75 µg/mL). 
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APPENDIX IV 

 

Common Technical Document (CTD) Summary Tables 



 

 

 

 

2.6.7.8 Genotoxicity: In Vitro 

 

Report Title: In Vitro Mammalian Chromosome Aberration Assay in 
Human Peripheral Blood Lymphocytes (HPBL) 

Test Article: 1-bromopropane 

Test for Induction 

of: 

Chromosome aberrations No. of Independent 

Assays: 

1 BioReliance Study 

No.: 

AD58PU.341.BTL 

Strains: Human Peripheral Blood Lymphocytes 

(HPBL) 
No. of Replicate Cultures: 2   

Metabolizing 

System: 

Aroclor-induced rat liver S9 No. of Cells 

Analyzed/Culture: 

1-bromopropane: 50 or 100 for structural, 100 for 

numerical; Positive controls: 50 or 100 for 

structural, 100 for numerical Vehicles

: 

For Test 

Article: 

NA § For Positive Controls: Water (MMC, CP) GLP Compliance: Yes 

Treatmen

t: 

20 hr without S9; 4 hr with 16 hr recovery period with and without 

S9 
Date of Treatment: 11 December 2013 (Definitive 

Assay)  

Cytotoxic Effects: Substantial toxicity ( 50% reduction in mitotic index relative to the solvent control) was observed at dose 
levels 0.65 µL/mL in the non-activated 4 and 20-hour exposure groups, and at dose levels 0.35 µL/mL 
in the S9-activated 4-hour exposure group. 

Genotoxic Effects: 1-bromopropane was positive for the induction of structural chromosome aberrations and negative for the 

induction of numerical chromosome aberrations in the non-activated and S9-activated test systems in the in vitro 

mammalian chromosome aberration test using human peripheral blood lymphocytes. 

 

NA: Not Applicable 

§ No vehicle control was used. An untreated control was included to compare the test article response. 

MMC: 

Mitomycin C 

CP: 

Cyclophosphami

de 



 

 

 

 

Test Article: 

1-

bromopropane 

(continued) 

 

 

Metabol

ic 

Activatio

n 

 

Test 

Articl

e 

 

Concentration 
µL/mL 

Cytotoxicity a 

(% of 

Contro

l) 

Aberrant Cells Aberrations 

per Cell b, d 
Mean ± SD f 

Total 

Polyploid 
Cells (Mean 

%) e 

Structura
l (Mean 
%) b 

Numeric
al (Mean 
%) c 20-hr Continuous Untreated control NA NA 0.5 0.0 0.005 ± 0.071 0.0 

Treatment 1-bromopropane 0.25 6 0.0 0.0 0.000 ± 0.000 0.0 

Without 1-bromopropane 0.5 13 3.5* 0.0 0.045 ± 0.271 0.0 

Activation 1-bromopropane 0.65 52 11.0** 0.0 0.120 ± 0.365 0.0 
 MMC 0.3 µg/mL 53 24.0** 0.0 0.340 ± 0.714 0.0 
        

4-hr Treatment Untreated control NA NA 0.0 0.0 0.000 ± 0.000 0.0 

With 16 hr 

Recovery 

1-bromopropane 0.25 -1 0.5 0.0 0.005 ± 0.071 0.0 

Without 1-bromopropane 0.5 25 0.0 0.0 0.000 ± 0.000 0.0 

Activation 1-bromopropane 0.65 53 2.5* 0.0 0.025 ± 0.157 0.0 
 MMC 0.6 µg/mL 56 24.0** 0.0 0.290 ± 0.556 0.0 
        

4-hr Treatment Untreated control NA NA 0.0 0.0 0.000 ± 0.000 0.0 

With 16 hr 

Recovery 

1-bromopropane 0.2 -1 1.0 0.0 0.015 ± 0.158 0.0 

With 1-bromopropane 0.3 15 0.5 0.0 0.005 ± 0.071 0.0 

Activation 1-bromopropane 0.45 53 2.5* 0.0 0.025 ± 0.157 0.0 
 CP 5 µg/mL 55 9.5** 0.0 0.107 ± 0.436 0.0 
        

MMC: Mitomycin C; CP: Cyclophosphamide; NA: Not Applicable; Fisher’s Exact Test: * p 

0.05; ** p 0.01. 

a. Based on mitotic inhibition relative to untreated control. 

b. Does not include cells with only gaps. 

c. Includes polyploid and endoreduplicated cells. 

d. Severely damaged cells counted as 10 aberrations. 

e. Does not include endoreduplicated cell. 

f. SD = Standard Deviation. 

  



 

 

 

 

 

Appendix VI.  Albemarle Sponsored Risk Assessment and Exposure Assessment of 1-

Bromopropane Conducted by Gradient Corporation, Boston MA 

 

 

 

 

Comments on the Petition to Add n‐Propyl Bromide 
to the List of Hazardous Air Pollutants Regulated 
under § 112 of the Clean Air Act 

 

May 5, 2015 
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On January 21, 2015, the United States Environmental Protection Agency (US EPA) announced 

the receipt of a complete petition requesting the chemical n-Propyl Bromide (nPB, CAS#106-94-

5) be added to the list of hazardous air pollutants (HAPs) listed in section 112(b)(1) of the Clean 

Air Act (CAA) (CFR Vol.  80,  No.  25,  6676-6679;  Docket  ID  No.  EPA-HQ-OAR-2014-

0471).    US  EPA  indicated   that 

petitioners referenced the chemical and physical properties of nPB, the potential for the chemical 

to cause adverse health effects, and the estimated cancer incidence from modeled air emissions 

from five facilities that use nPB.  US EPA has solicited comments on the technical merits of this 

information. 

 

Gradient performed a critical evaluation of the methodologies and assumptions used by the 

petitioners to support the conclusions regarding estimated cancer risks from inhalation exposure 

to nPB (Patton Boggs, 2010; Exponent, 2012). Specifically, we focused on the validity of the 

methods used to evaluate the carcinogenic potency of nPB and the air modeling analyses 

conducted to estimate ambient air concentrations from facilities using nPB. We found that 

substantial portions of both the cancer hazard  and exposure estimates are overstated or not 

adequately detailed by the petitioners, calling into question whether the petition to list nPB as a 

HAP is adequately supported. 
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2 Comments on the Petitioner's Estimation of the 

Inhalation Unit Risk Factor 

 

 

 

The following sections provide several technical comments related to the petitioner's evaluation 

of the potential carcinogenicity of nPB and the quantitative methods used to estimate cancer 

risks. These comments include an evaluation of the inhalation unit risk factor (IUR) that forms 

the basis of the HAP petition, a review of the weight of evidence for the endpoint selected as the 

basis for the cancer risk estimates, and a summary of the additional scientific information that is 

now available for nPB. 

 

2.1 Inhalation Unit Risk Factor 

 

The petitioners focused on the only existing in vivo carcinogenicity bioassay (performed by the 
National Toxicology Program [NTP]) to develop an IUR (Patton Boggs, 2010; Exponent, 2012; 
NTP, 2011). NTP (2011) examined male and female rats (F344/N) and mice (B6C3F1) exposed 
to nPB in air for 6 hours per day, 5 days per week, for 105 weeks. Air concentrations were 0, 
125, 250, or 500 parts per million (ppm) for rats and 0, 62.5, 125, or 250 ppm for mice. NTP 
reported significant neoplastic effects in the large intestine of male and female rats, the skin of 
male rats, and the lungs of females mice (see Table 2.1).   The petitioners developed IURs based 

on the incidence of alveolar/bronchial adenomas and carcinomas in mice – 1.95 × 10-6 per parts 

per billion (ppb) (Patton Boggs, 2010) or 1.85 × 10-6 per ppb (Exponent, 2012).  Exponent (2012) 

reported a final IUR (converted to a human equivalent concentration [HEC]) of  2 × 10-6 per 

μg/m3 for use in quantitative risk assessments. 

 

Table 2.1  Summary of Significant Carcinogenic Effects from NTP (2011 ) 

Endpoint Test Species 
Dose 

(ppm

) 

Incidence/Number 

of Test Animals 

(Rate%) Large intestine:  Adenomas (colon Male 0 0/50 (0%) [0/349 (0%)]
a
 

or rectum) F344/N Rats 125 0/50 (0%) 

  250 2/50 (4%) 

  500 1/50 (2%) 

Large intestine:  Adenomas (colon Female 0 0/50 (0%) [0/350 (0%)]
a
 

or rectum) F344/N Rats 125 1/50 (2%) 

  250 2/50 (4%) 

  500 5/50 (10%) 

Skin:  Keratoacanthoma, basal Male 0 1/50 (2%) [19/349 (5.5%)]
a
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cell adenoma, basal cell F344/N Rats 125 7/50 (14%) 

carcinoma, or squamous cell  250 9/50 (18%) 

carcinoma  500 10/50 (20%) 

Lung: Alveolar/bronchiolar Female 0 1/50 (2%) [27/350 (7.7%)]
a
 

adenomas and carcinomas B6C3F1 
Mice 

62.5 9/50 (18%) 

  125 8/50 (16%) 

  250 14/50 (28%) 

Notes: 
NTP = National Toxicology Program; ppm = Parts Per Million. 
(a) Historical control incidence presented from inhalation studies as reported by NTP (2011). 
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Gradient reviewed and attempted to replicate the petitioner's IURs using the same NTP incidence 

data  (for alveolar/bronchial adenomas and carcinomas in mice) and the current version of US 

EPA's Benchmark Dose Software (BMDS) (V2.6) (see Attachment A). We followed the standard 

US EPA approach for developing IURs, as described in relevant guidance documents (US EPA 

1994, 2009, 2012a,b). According to US EPA's default approach for extrapolating experimental 

animal data to HECs (US EPA, 2009, 2012b), the animal data should be adjusted for continuous 

exposure and lung dosimetry differences between the test species and humans. Gradient found 

that the petitioner's IUR calculation incorporated an adjustment for continuous exposure but 

failed to make any adjustment for dosimetry. 

 

According to US EPA (2009), the point of departure (POD) from an animal study obtained from 

dose- response modeling (i.e., the 95% lower confidence limit on the benchmark concentration 

with 10% extra risk, BMCL10), should be extrapolated to an HEC by multiplying the POD (i.e., 

BMCL10) by a dosimetric adjustment factor (DAF). The DAF is equivalent to the relative gas 

dose ratio (RGDR), which quantifies the differences, between test animals and humans, in 

chemical uptake in the target area of the respiratory system. This dosimetric adjustment is 

necessary to account for differences in the respiratory tracts of rodents as compared with 

humans. The DAF is estimated based on the test animal species and the type of gas under 

investigation. Gas categories and corresponding methods of DAF calculation are described by 

US EPA (1994, 2009, 2012b). The boiling point of nPB is 70.3°C, and the water solubility of 

nPB is 0.25 g/100 ml (at 20°C), which means it is slightly water soluble. Based on the NTP study 

results, nPB  exhibits both respiratory and extra-respiratory toxicity (NTP, 2011). Therefore, we 

treated nPB as a Category 2 gas when calculating DAFs. The cancer endpoint evaluated 

(alveolar/bronchial adenomas and carcinomas in mice) is primarily observed in the terminal 

bronchioles located in the thoracic region of the respiratory system. Following the default 

methods defined by US EPA (1994, 2009, 2012b), the DAF is calculated according to the 

following equation: 

 

 

 

DAF = 

Ve-animal 
SAhuman 
Ve-human 
SAhuman 

0.041 L/min 

= 503.5 cm2 

13.8 L/min 
543,200 cm2 

 

 

= 3.21 
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where: 
 

DAF 

 

 
= 

 

 
Dosimetric adjustment factor (for the thoracic region) 

Ve-animal = Mouse (female) ventilation rate (0.041 L/min) 
SAanimal = Surface area of the thoracic region of mouse lung (503.5 cm2) 
Ve--human = Human ventilation rate (13.8 L/min) 
SA-human = Surface area of the thoracic region of the human lung 

(543,200 cm2)  

(Note that default values were obtained from US EPA, 1994, 2009, 2012b.) 

 

Following the aforementioned methods, we validated the dose-response analysis performed by 
Exponent (2012). The BMCL10 that was estimated using the multistage cancer model was 
confirmed to be 54.1 ppm; a similar value of 55 ppm was also reported (using a quantal-linear 
model) by Wheeler and Bailer (2012).  Further, Exponent correctly included an adjustment for 
continuous exposure: 

 

24 hours 7 days 122.99 g nPB/mole
 3 

BMCL10 HEC = 54.1 ppm (mg/L) x x x 
6 hours 5 days 

= 48.6 mg/m 
24.45 L/mole 

However, including the DAF yields a different BMCL10 HEC: 

BMCL10 HEC = 48.6 mg/m3 x 3.21 DAF = 155.9 mg/m3 
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The resulting IUR for a 10% extra risk is estimated as follows: 

/UR = 
0.1 

155.9 mg/m3 

 

1 mg 
x 

1000 µg 

 

= 6.4x10-7 per µg/m3 

 

Therefore, the corresponding IUR following US EPA's default methodology is 6.4 × 10-7 (μg/m3)-

1, which is more than three-fold lower (i.e., less conservative) than the petitioner's estimate (see 

Table 2.2). Associated risk levels using these IURs are presented in Table 2.3. 

 

Table 2.2  Validation of the IUR for Mouse Lung Tumors 

Analysis Method Dose‐ Response 

Data 

Dose‐
Response 

Model 

BMCL10 

(ppm) 

BMCL10 

HEC 

(mg/m
3
) 

IUR 

(μg/m
3
)
‐

1
 Exponent (2012) 0 ppm (1/50) Multistage 54.1 48.6

a
 2.1 × 10

‐ 6
 

 62.5 ppm (9/50) cancer model    

 125 ppm (8/50)     

 250 ppm (14/50)     

Gradient estimate 0 ppm (1/50) Multistage 54.1 155.9
b
 6.4 × 10

‐ 7
 

using concurrent 62.5 ppm (9/50) cancer model    

controls 125 ppm (8/50)     

 250 ppm (14/50)     

Notes: 
IUR = Inhalation Unit Risk Factor; BMCL10 = 95% Lower Confidence Limit on the Benchmark Concentration with 10% 
Extra Risk (see Attachment A for Benchmark Dose Software [BMDS] output); HEC = Human Equivalent Concentration; 
Hg = Mercury; nPB = n‐Propyl Bromide; ppm = Parts Per Million; US EPA = United States Environmental Protection 
Agency. 
(a) Exponent (2012) converted the BMCL10 (ppm) to an HEC by adjusting for test duration (24/6 hours per day and  
7/5 days per week) and converting units from ppm to μg/m

3  
(concentration x 122.99 g nPB per mole / 24.45   volume 

of a mole at a pressure of 760 mm Hg and temperature of 25°C). 
(b) Gradient converted the BMCL10 (ppm) to an HEC by adjusting for test duration (24/6 hours per day and 7/5 days 
per week) and converting units from ppm to μg/m

3  
(concentration x 122.99 g nPB per mole / 24.45 volume of a mole 

at a pressure of 760 mm Hg and temperature of 25°C). In addition, we accounted for dosimetry differences by 
adjusting using a relative gas dose ratio (RGDR) following US EPA (2009) guidance. 

 

Table 2.3  Risk Levels for nPB 

 

Analysis Method 
IUR 

(μg/m
3
)
‐

1
 

Concentratio

n at 10
‐ 4 

Risk 

(1 in 10,000) 

Concentratio

n at 10
‐ 5 

Risk 

(1 in 100,000) 

Concentratio

n at 10
‐ 6 

Risk 

(1 in 1,000,000) Exponent (2012) 2.1 × 10
‐ 6

 50 μg/m
3

 

(9.5 ppb) 

5 μg/m
3

 

(0.95 ppb) 

0.5 μg/m
3

 

(0.095 ppb) 

Gradient estimate 

using concurrent 

controls 

6.4 × 10
‐ 7

 160 μg/m
3

 

(31 ppb) 

16 μg/m
3

 

(3.1 ppb) 

1.6 μg/m
3

 

(0.31 ppb) 

Note: 
IUR = Inhalation Unit Risk Factor; nPB = n‐Propyl Bromide; ppb = Parts Per Billion. 
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Further, the petitioners did not consider historical control animals, which can be informative 
when assessing dose-response relationships (US EPA, 2005a; Wheeler and Bailer, 2012). The 

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). Thus, we examined the dose-response relationship for nPB using historical control 
data from NTP. Incorporating historical control data and using the same methods defined above, 

we estimated a BMCL10 of 68.3 ppm (BMCL10  HEC = 196.9) (see BMDS results in Attachment 

A).     This results in an even less conservative 
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IUR (5.1 × 10-7 per μg/m3). We conclude that the petitioners' IURs are inaccurate and overly  

conservative, due to their failure to consider background incidence rates or incorporate 

dosimetric adjustments (per US EPA guidance). 

 

a. Human Relevance of Petitioner's Inhalation Unit Risk Factor 

 

The petitioners' risk assessment is based on alveolar/bronchiolar adenomas and carcinomas in 

B6C3F1 mice, reported by NTP (2011). The petitioners suggest, "there are no reasons to assume 

that the mode, or modes, of action by which tumors are induced by nPB are not relevant to man" 

(Patton Boggs, 2010). However, the supporting information that the petitioners include for this 

statement lacks an analysis of the human relevance of the mouse lung tumors or any other cancer 

endpoint. US EPA (2005a) recommends collecting relevant information on the mode of action 

(i.e., the key biological events leading to the  adverse health effect) when evaluating chemical 

hazards. US EPA's Guidelines for Carcinogen Risk Assessment recommends evaluating whether: 

 

i. The hypothesized mode of action is sufficiently supported in test animals; 

ii. The hypothesized mode of action is relevant to humans; and 

iii. Sensitive populations or lifestages are susceptible to the hypothesized mode 

of action (US EPA, 2005a). 

 

These considerations are necessary to characterize the overall weight of evidence to support the 

hypothesis for causation of a health effect from exposure to a chemical. Further, the process  for 

evaluating these questions during cancer risk assessment and the development of toxicological 

criteria (e.g., reference concentrations, reference doses, and IUR estimates) under the Integrated 

Risk Information System (IRIS) is required by US EPA (2005a, 2013). 

 

This particular mouse tumor type (alveolar/bronchiolar adenomas and carcinomas) has been 

reviewed and debated for a number of chemical compounds and was the subject of a 2014 

technical workshop sponsored by US EPA (see reviews by US EPA, 2014; Cruzan et al., 2009; 

Edler et al., 2014; Moore et al., 2013). For example, relevant information is available for nPB to 

explore the aforementioned mode- of-action questions: 
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 The results of the NTP (2011; Morgan et al., 2011) study for nPB yielded inconsistent 

results across test species (mice and rats). NTP reported a significant increase in 

alveolar/bronchial adenomas or carcinomas in female mice, but no significant changes in 

male mice or male and female rats. NTP (Moore et al., 2013) performed a review of this 

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. 

 Similarly inconsistent results between rodent species have been noted for other volatile 

organic chemicals (e.g., naphthalene, styrene, ethylbenzene, cumene), which has led to 

investigations on the human relevance of mouse lung tumors (US EPA, 2014; Cruzan et 

al., 2009). During the US EPA workshop deliberations, key differences were noted 

between mice, rats, and humans with respect to lung physiology, metabolism 

(pharmacokinetics and pharmacodynamics), and genotoxicity (US EPA, 2014). 
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 During this US EPA workshop and in a prior publication, Cruzan et al. (2009) proposed 

that mouse lung tumors are mediated through a mouse-specific metabolic pathway that 

induces a non- genotoxic and cytotoxic mode of action that is irrelevant to human lung 

toxicity and cancer. The activity of cytochromes P450 (specifically CYP2F) is greater in 

the mouse lung than in the rat or human lung (Cruzan et al., 2009; US EPA, 2014). Thus, 

Cruzan et al. (2009) hypothesized that,  in the mouse lung, chemical-induced cytotoxicity 

from chronic inflammation and subsequent regenerative hyperplasia leads to an increase 

in mostly benign lung tumors. NTP (2011) reported a dose-related presence of lung 

bronchiole regeneration in mice, which is consistent with chronic inflammation, 

cytotoxicity, and cellular repair. If indeed the mode of action is non-genotoxic, then the 

default linear threshold model used by the petitioners to estimate the IUR may not be 

appropriate, and a non-linear (threshold) approach may provide a more accurate 

representation of the dose-response relationship between nPB exposure and cancer 

endpoints (US EPA, 2005a 2014). 

 Finally, the workshop documented a number of uncertainties regarding the relevance of 

mouse lung tumors for human health and identified several areas for future research (US 

EPA, 2014). 

 

Therefore, counter to the petitioners' assumptions, there is evidence that the mode of action for 

the endpoint selected to predict risks for nPB may not be relevant for humans. Considering the 

state of the science surrounding this health endpoint, US EPA should not rely on the data for 

alveolar/bronchiolar adenomas and carcinomas in B6C3F1 mice for characterizing cancer risks 

in humans from exposure to nPB. Further, the use of the linear multistage dose-response model 

assumes a mutagenic mode of action, which has not been demonstrated for nPB; instead, a 

threshold, non-linear model may be more  appropriate for conducting nPB cancer risk 

assessment. 

 

b. Human Relevance of NTP Results 

 

The petitioners cited NTP results for the mouse and rat bioassays as evidence of the potential 

carcinogenic activity of nPB. However, they did not consider potential uncertainties found in the 

underlying mutagenicity, genotoxicity, and carcinogenicity information for nPB. This is not 

consistent with US EPA's cancer guidelines, which recommend evaluating the weight of 

evidence prior to determining the carcinogenic potential of a chemical substance (US EPA, 

2005a). Several potential uncertainties are apparent in the underlying toxicological information: 
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 No epidemiology data are available to support the results from in vitro or in vivo toxicity 

tests for nPB (NTP, 2011). Therefore, the results from these experimental studies are not 

verifiable in humans. 

 Only one long-term bioassay that evaluated carcinogenic activity is available; its results 

are inconsistent between species and sex, and the dose-response relationships it reports 

are not strong in all cases (NTP, 2011). Further, as discussed above, in Section 2.2, the 

lung tumor results from this bioassay may not be relevant for predicting carcinogenicity 

in humans. 

 NTP (2011) focused on the results of one positive in vitro mutagenicity assay (Ames test) 

as support for the potential of nPB to be a human carcinogen. However, when 

considering all the available results of in vitro and in vivo tests of nPB's genotoxicity (see 

Tables 2.4 and 2.5), the majority of those results are negative. For example, seven in vitro 

bacterial mutagenicity (Ames) tests have been performed using nPB (Table 2.4). These 

include recent tests conducted by NTP (2011) and BioReliance (2014; see Attachment B). 

These tests include multiple strains, using currently accepted test methods, and both open 

and closed test systems (due to the volatility of nPB).  Only one test (Barber et al., 1981) 

yielded a positive result in the Ames test.     In addition, 
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Barber et al. noted that the limit of detection in the assay using nPB was 31.2 ppm (for 

strain TA1535) and 106.5 ppm (for strain TA100). Thus, the results from Barber et al. 

(1981) are only reliable at vapor concentrations above ~30 ppm, which is several orders 

of magnitude greater  than concentrations found in ambient air (see Section 3). 

 Additional mammalian in vitro and in vivo tests are available (summarized in Tables 2.4 

and 2.5): 

 An in vitro mammalian cell gene mutation assay (using L5178Y mouse lymphoma 

cells) was found to be positive with or without metabolic activation. This is 

suggestive of mutagenic activity; however, NTP (2003) noted that the increased 

mutation frequency was reported at cytotoxic concentrations. Thus, these results may 

be uncertain and should be considered with other genotoxicity data and metabolism 

information (NTP, 2003). 

 An in vitro Comet Assay (measuring deoxyribonucleic acid [DNA] damage) was 

performed with human leukocytes from venous blood drawn from unexposed adult 

males. A significant increase in DNA damage was noted at the highest nPB doses 

(without metabolic activation). In the same study, Toraason et al. (2006) reported that 

nPB did not induce DNA damage in vivo, suggesting only limited evidence that nPB 

increased DNA damage in workers at two facilities. Toraason et al. (2006) 

hypothesized that the most likely explanation for  the disparity between in vitro and in 

vivo results is the high concentration (1 millimolar [mM]) of nPB required to produce 

DNA damage in vitro. 

 An in vitro mammalian chromosome aberration assay (Organisation for Economic 

Co- operation and Development [OECD] Test 473) was performed with human 

peripheral blood lymphocytes (HPBLs) from one unexposed adult female 

(BioReliance, 2014; see Attachment B). A positive response was noted (both with and 

without metabolic activation) for structural chromosome aberrations, but the number 

of chromosome aberrations was not reported (Table 2.5). Although these results are 

suggestive of DNA reactivity, this assay alone does not definitively indicate a 

mutagenic mode of action for nPB. 

 The available in vivo test results were all negative or limited with respect to the 

potential for genotoxicity (see Table 2.5). 

 Overall, the in vitro data are contradictory and inconclusive and the in vivo results are 

negative. Thus, the existing data do not meet US EPA's indicators for determining a 

mutagenic mode of action for cancer: 

Key data for a mutagenic mode of action may be evidence that the 

carcinogen or a metabolite is DNA reactive and/or has the ability to bind 

DNA. Also, such carcinogens usually produce positive effects in multiple 

test systems for different genetic endpoints, particularly gene mutations 



1
3 

G:\Projects\215034_Albemarle\Deliverables\Report\Draft_Gradient_nPB_Comments.docx 

 

 

and structural chromosome aberrations, and in tests performed in vivo 

which generally are supported by positive tests in vitro.  (US EPA, 2005b) 

 Thus, nPB may induce a carcinogenic response via another non-mutagenic 

mechanism. For instance, mutations or DNA damage identified in in vitro assays may 

be due to indirect mechanisms (e.g., cytotoxic exposures or damage to DNA repair 

genes, which predispose cells to background genetic alterations; US EPA, 2005b). 

Thus, the existing data are inconclusive (i.e., inconsistent and contradictory in vitro 

and in vivo test results) with regard to potential human carcinogenicity of nPB. 

 The tissues in which neoplastic lesions were observed in rodents from the NTP study 

(skin, intestine, and alveolar/bronchial cells) are known to have high cell turnover rates. 

These neoplasms may have resulted from an indirect mechanism such as chronic 

inflammation and cytotoxicity followed by regenerative proliferation, promoting 

spontaneous mutations (US   EPA, 
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2005a; Cohen et al., 2004; Meek et al., 2014; Hernandez et al., 2009). In addition, NTP 

(2011) and Morgan et al. (2011) noted the presence of inflammatory Splendore-Hoeppli 

bodies in multiple tissues of male and female rats (including skin and peritoneum). 

Splendore-Hoeppli bodies are associated with botryomycotic infections, and rats in the 

chronic bioassay were found to be positive for Pseudomonas aeruginosa (NTP, 2011). 

Thus, exposure to nPB in this study  may have resulted in immunosuppression. 

Immunosuppression can elicit direct cellular effects (cytotoxicity), promoting cellular 

regeneration, which can, in turn, lead indirectly to cancer formation (Hernandez et al., 

2009). Thus, there are plausible alternative non-genotoxic mechanisms for the observed 

rodent tumors, suggesting that the results from the NTP study may have arisen as a 

secondary effect (e.g., cytotoxicity) from sustained exposure to elevated concentrations, 

rather than a direct mutagenic effect. Additional information is needed to  elucidate the 

mechanism of action for nPB. 

 Finally, the exposure concentrations used by NTP (62.5-500 ppm) are several orders of  

magnitude greater than those modeled for ambient air for the general population (either 

by the petitioners or as presented in Section 3). Thus, the results of the NTP study and 

other existing mutagenicity data may be qualitative with regard to potential carcinogenic 

effects, but not reliable for quantitative extrapolation from animals to humans. 



 

 

Draft  
 

 

Table 2.4  Summary of In vitro Mutagenicity Results for nPB 

Test System Strain Results (‐
S9) 

Results (+S9) Notes Reference 

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100, 

TA1535, 

TA1537, 

TA1538 

(‐ ) TA98 

(+) TA100 

(+) 

TA1535 

(‐ ) 

TA1537 

(‐ ) 

TA1538 

(‐ )  TA98 

(+) TA100 

(+) 

TA1535 

(‐ ) 

TA1537 

(‐ ) 

TA1538 

Closed‐ test 

system due to 

substance 

volatility 

Barber et al. (1981) 

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100, 

TA1535, 

TA1537, 

TA1538 

(‐ )  TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) 

TA1538 

(‐ ) TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) 

TA1538 

Closed‐ test 

system due to 

substance 

volatility 

Elf Atochem 

(1994, as cited 

in NTP, 2003) 

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100 

TA1535, 

TA1537, 

and E. coli 

WP2uvrA 

(‐ )  TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) 

WP2uvrA 

(‐ ) TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) WP2uvrA 

Limited test 

system details 

Kim et al. (1998, 

as cited in NTP, 

2003 ) 

In vitro bacterial S. typhimurium (‐ ) TA97 (‐ ) TA97 Open system NTP (2011) (Test 

1) reverse mutation TA97, TA98, 

TA100, 

(‐ ) TA98 (‐ ) TA98   

assay (Ames test) TA1535 (‐ ) TA100 (‐ ) TA100   

  (‐ ) TA1535 (‐ ) TA1535   

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100, E. 

coli 

WP2uvrA/pKM101 

(‐ ) 

TA98 (‐
) TA100 

(‐ ) 

WP2uvrA 

(‐ ) 

TA98 (‐
) TA100 

(‐ ) WP2uvrA 

Open System NTP (2011) (Test 

2) 

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100 

TA1535, 

TA1537, 

E. coli WP2uvrA 

(‐ )  TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) 

WP2uvrA 

(‐ ) TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) WP2uvrA 

Closed‐ test 

system due to 

substance 

volatility 

BioReliance (2014) 

(Test 1) (see 

Attachment 

B) 

In vitro bacterial 

reverse mutation 

assay (Ames test) 

S. typhimurium 

TA98, TA100 

TA1535, 

TA1537, 

and E. coli 

WP2uvrA 

(‐ )  TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) 

WP2uvrA 

(‐ ) TA98 

(‐ ) 

TA100 (‐
) TA1535 

(‐ ) 

TA1537 

(‐ ) WP2uvrA 

Closed‐ test 

system due to 

substance 

volatility 

BioReliance (2014) 

(Test 2) (see 

Attachment 

B) 

In vitro mammalian 

cell gene mutation 

assay 

L5178Y mouse 

lymphoma cells 
(+) (+) Increase in 

mutation 

frequency was 

noted at 

cytotoxic 

concentrations 

Elf Atochem 

(1994, as cited 

in NTP, 2003) 

In vitro Comet 

Assay (DNA 

Damage) 

Human leukocytes 

from venous blood 

from unexposed 

adult males 

(+) Not tested 

with S9 

 Toraason et al. 

(2006) 

In vitro mammalian 

chromosome 

aberration assay 

(OECD Test 473) 

Human peripheral 

blood lymphocytes 

(HPBLs) from one 

unexposed adult 

female 

(+) Structural 

chromosome 

aberrations 

(‐ ) 

Numerical 

chromosome 

aberrations 

(+) Structural 

chromosome 

aberrations 

(‐ ) 

Numerical 

chromosome 

aberrations 

 BioReliance 

(2014) (see 

Attachment B) 

Notes: 
DNA = Deoxyribonucleic Acid; nPB = n‐Propyl Bromide; NTP = National Toxicology Program; OECD = Organisation for Economic Co‐
operation and Development. 
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Table 2.5  Summary of In vivo Mutagenicity Results for nPB 

Test System Strai

n 

Exposure Results Reference 

In vivo Rat (Sprague‐ Dawley) Inhalation: (‐ ) No increases in Kim et al. (1998, 

micronucleus bone marrow 0, 50, 300, 1,800 ppm bone marrow as cited in 

test males and females 6 hours/day for micronucleated NTP, 2003) 

 10 animals/ sex/group 5 days/week for 8 weeks erythrocytes  

In vivo Mouse (Swiss mice) Intraperitoneal injection (‐ ) No increases in Elf Atochem 

micronucleus bone marrow 0, 100, 400, 600, bone marrow (1994, as cited in 

test males and females 800 mg/kg micronucleated NTP, 2003) 

 5 animals/sex/group  erythrocytes  

In vivo Mouse (B6C3F1) Inhalation (3 mos): (‐ ) No increases in NTP (2011) 

micronucleus peripheral blood 0, 62.5, 125, 250, bone marrow  

test erythrocytes 500 ppm micronucleated  

 males and females  erythrocytes  

 5 animals/sex/group    

In vivo Rat (Sprague‐ Dawley) Gavage: (‐ )  No effect on Saito‐ Suzuki et 

al. dominant 15 exposed males 400 mg/kg for 5 days dominant lethal (1982, as cited in 

lethal mutation mated with females  mutations NTP, 2003) 

assay (1 female/ week/male)    

 for 8 weeks; examined    

 vital status of fetuses    

 13‐ 14 days after mating    

In vivo Mouse (ICR) Gavage: (‐ ) No effect on Yu et al. (2008, 

dominant 20 males/exposure Males exposed to 300 or dominant lethal as cited in 

lethal mutation group, mated with 600 mg/kg/ day for mutations NTP, 2011) 

assay 40 unexposed females 10 days   

 (2 females/week/male)    

 for 6 weeks; examined    

 vital status of fetuses at    

 15‐ 17 days gestation    

In vivo comet Human leukocytes from TWA: Limited evidence Toraason et al. 

assay: Tail 64 workers (18 males Nonsprayers: that exposure (2006) 

moment and and 46 females) at two 2 or 5 ppm caused DNA  

dispersion spray adhesive facilities Sprayers: damage in  

  83 or 21 ppm leukocytes from  

   workers.  

   (No unexposed  

   controls included.)  

Notes: 
DNA = Deoxyribonucleic Acid; nPB = n‐Propyl Bromide; NTP = National Toxicology Program; ppm = Parts Per Million; TWA = 
Time‐weighted Average. 
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c. Additional Supporting Toxicity Information 

 

The petitioners suggest that information on the pharmacokinetics of nPB are lacking and argue 

for larger uncertainty factors to be incorporated into the development of toxicity criteria (i.e., 

reference concentrations) (Patton Boggs, 2010). US EPA previously developed a draft reference 

concentration for industrial exposure to nPB based on a two-generation inhalation study of nPB 

(ICF, 2002). Several uncertainty factors were incorporated into that original assessment, which 

may be refined based on new information. 

 

 Several studies indicate that there are species and sex differences regarding the 

metabolism of nPB via hepatic cytochrome P450 (CYP2E1) and glutathione (Garner et 

al., 2006, 2015; Garner and Yu, 2014; Lee et al., 2010; Liu et al., 2009; Kim et al., 

1999).  This information can aid in  the development of data-supported uncertainty 

factors. 

 Recently, physiologically based pharmacokinetic (PBPK) models were developed to 

evaluate  nPB metabolism in rats and humans (Garner et al., 2015; Garner and Yu, 2014). 

These models provide quantitative estimates of metabolic parameters that could be used 

to refine the development of toxicological thresholds for human health risk assessment. 

These initial PBPK models were performed using elevated exposure concentration (20-

2700 ppm) not typically found in ambient air. In addition, the species and sex differences 

in metabolism were not  fully accounted for in the existing analysis by Garner et al. 

(2015). However, this PBPK model could be modified to incorporate more realistic 

exposure estimates and differences in nPB metabolism to examine internal doses in 

humans to refine dose-response assessments for nPB. 

 Finally, alternative dose-response modeling efforts have been performed using existing 

toxicity information that may inform future risk assessments for nPB (Moon et al., 2015; 

Wheeler and Bailer, 2012; Stelljes and Wood, 2004). 

 

Overall, substantial new information is now available for nPB and should be incorporated into 

US EPA's development of toxicity criteria for nPB. 

 

d. Requirements for Peer Review of Risk Criteria 

 

US EPA's IRIS program revised its process for developing chemical health assessments in 2013 

(after submission of the nPB petition). The IRIS process requires a rigorous peer and public 

review of health assessments and the development of toxicity criteria (US EPA, 2013). As of this 

writing, none of the risk thresholds for nPB are final or have undergone a scientific or public 
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peer review per the new IRIS program guidelines. Therefore, any existing draft risk criteria (e.g., 

IURs) do not meet these requirements and may not be reliable for characterizing risks. The risk 

estimates in the petition for listing nPB as a  HAP do not represent the scientific consensus on 

nPB and should not be relied upon until a full scientific review (corresponding to the 

requirements established under the IRIS program) can be performed on the underlying 

toxicological information. 

 

e. Conclusions on the Petitioner's Cancer Risk Assessment 

 

We have demonstrated that the cancer risk assessment performed by the petitioners does not  

fully consider the available scientific information on nPB. The quantitative dose-response 

assessment used to estimate cancer risks was not calculated in accordance with US EPA's 

recommended methods and results in overly conservative estimates of risk.  Further, the cancer 

type selected by the petitioners (mouse   lung 
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tumors) may represent an endpoint that is mouse-specific and not relevant for predicting cancer 

incidence in humans. The underlying genotoxicity, mutagenicity, and carcinogenicity database 

for nPB is contradictory and provides limited information for assessing human carcinogenicity. 

Uncertainties in the underlying toxicity information should have been considered when the 

petitioners modeled nPB cancer risks. While NTP (2011) currently classifies nPB as "reasonably 

anticipated to be a human carcinogen," neither NTP nor US EPA has provided a full weight-of-

evidence analysis of the underlying mechanistic and toxicological considerations discussed 

above. We conclude that the predicted cancer risks calculated by the petitioners (see Section 3) 

reflect conservative assumptions that are likely to result in overestimates of potential risk to 

populations exposed to nPB in ambient air. Further, we conclude that the existing information on 

nPB does not fully support the determination that nPB is a human carcinogen, because no 

relevant human data are available and there are limited in vitro and in vivo data available to 

determine nPB's mode of action. 
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3 Comments on the Petitioner's Air Modeling 

Analysis and Risk Assessment 

 

 

 

The petitioners funded an air modeling study of the potential cancer risks associated with 

ambient air emissions of nPB (Exponent, 2012). This study used US EPA's Human Exposure 

Model (HEM-3) to estimate the ambient air concentrations of and associated cancer risks from 

nPB in the areas surrounding five facilities. The facilities modeled were: Superior Tube, a 

narrow tube manufacturer in Collegeville, Pennsylvania that uses nPB as a degreaser; a sofa 

cushion fabrication company in Thomasville, North Carolina and a seat cushion fabrication 

company in Mooresville, North Carolina that both use nPB as a spray adhesive; and two dry 

cleaners that were assumed to use nPB as a dry cleaning chemical – namely, a dry cleaner in 

Alexandria, Virginia and a dry cleaner in Waltham, Massachusetts. In keeping with the Exponent 

(2012) report, we refer throughout this document to the Thomasville, North Carolina 

manufacturing company as "Fabrication Company A" and the Mooresville, North Carolina 

manufacturing company as "Fabrication Company B." 

 

Exponent (2012) found that there was a greater than 1 in 1 million cancer risk at receptor 

locations 100 or 170 meters from each of the five facilities and also found maximum individual 

cancer risks in excess of 1 in 1 million at nearby census blocks of four of the five facilities 

modeled (all except Fabrication Company A). However, as discussed below, this air modeling 

study has a number of limitations and shortcomings that resulted in overestimated cancer risks, 

including the use of outdated and uncertain emissions, the use of an outdated version of HEM-3, 

the use of incorrect modeling parameters, and the modeling of non- representative facilities. 

These limitations are in addition to Exponent's use of an inappropriate IUR for nPB, which 

served to inflate their cancer risk estimates. Even with the various limitations and shortcomings 

that generally contributed to overestimated cancer risks, it is important to note that  Exponent 

(2012) found no populations with estimated cancer risks greater than or equal to 1 in 100,000 and 

relatively small populations with estimated cancer risks ≥ 1 in 1 million (1571, 0, 166, 1057, and 
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7 people for the Superior Tube facility, Fabrication Company A, Fabrication Company B, the 

Virginia dry cleaner, and the Massachusetts dry cleaner, respectively). 

 

3.1 The Exponent Assessment Is Based on Highly Uncertain Emissions Estimates and, in 

Some Cases, Outdated Emissions Assumptions 

 

Exponent (2012) did not have recent nPB emissions data for any of the five facilities modeled, 

and, therefore, they used various types of available information to develop estimates of those 

facilities' emissions. However, this ad hoc approach resulted in highly uncertain emissions 

estimates that, in some cases, were based on outdated information. 

 

For the Superior Tube facility, where nPB is used in degreasing operations, Exponent estimated 

that nPB emissions were 35 tons/year, based on volatile organic compound (VOC) emissions 

reported by the facility to the State of Pennsylvania after the known date when the facility 

switched from using trichloroethylene (TCE) to nPB for degreasing. The VOC emissions from 

the Superior Tube facility varied between 34 and 46 tons/year during 2008-2010, and, based on 

this information, Exponent selected an emissions rate of 35 tons/year. However, based on 2013 

VOC usage data for the Superior Tube  facility, Trinity Consultants (2015) estimated nPB 

emissions of 59.46 tons/year; thus, the Exponent emissions estimate was likely lower than actual 

current emissions. 
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For Fabrication Companies A and B, Exponent developed nPB emissions estimates using data 

from National Institute for Occupational Safety and Health (NIOSH) health hazard evaluations 

(HHEs) conducted at the two facilities between 1998 and 2001. Both fabrication companies 

improved the capture of emissions at spray booths between the initial and final NIOSH HHEs, 

and the Exponent emissions  were estimated based on data collected after these improvements. 

Exponent estimated that nPB emissions were 2.8 and 18 tons/year at Fabrication Companies A 

and B, respectively, based on measurements of hood exhaust flow rates, breathing zone nPB 

concentrations, and a set of assumptions (e.g., emissions occurring over an 8-hour work day, 

with the facility operating 250 days/year). However, Exponent's emissions estimates for 

Fabrication Companies A and B are outdated, because the HHEs were conducted over 10 years 

ago. In addition, the breathing zone concentrations used by Exponent may not realistically 

represent nPB concentrations in air emitted from the fabrication company buildings; average 

measurements of nPB concentrations in building interiors would likely be more representative of 

the actual emissions from the fabrication companies. Exponent also estimated that each 

fabrication company emitted an additional 10% of the total nPB as fugitive emissions, although 

there are no data to support  this assumed quantity of fugitive emissions. (Note that this 

unsupported assumption of 10% fugitive emissions was used by Exponent for modeling each of 

the five facilities.) 

 

While no nPB usage data are available for Fabrication Company A, due to its total VOC 

emissions falling below North Carolina's reporting threshold of 5 tons/year, Trinity Consultants 

(2015) obtained more recent data on Fabrication Company B's nPB usage, which confirm the 

inaccuracy of the Exponent emissions estimate for this facility. Based on Fabrication Company 

B's (Custom Products)  actual emission inventory filings in 2004, 2009, and 2013, nPB usage 

decreased from 22,497 pounds (11.2 tons) 

to 11,355 pounds (5.7 tons) between 2004 and 2009 and then from 11,355 pounds (5.7 tons) to 

1,354 pounds (0.68 tons) between 2009 and 2013 (Trinity Consultants, 2015). Even if it is 

conservatively assumed that all nPB used at Fabrication Company B is emitted, actual nPB 

emissions from this facility are expected to be, at most, about 3.8% of the Exponent estimate, 
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confirming that improved workplace practices since the NIOSH HHEs have served to reduce 

nPB emissions from the use of nPB-based spray adhesives. 

 

Exponent estimated that each of the dry cleaners emitted 2.6 tons/year of nPB based on personal 
communication with Dr. Blando in relation to the Blando et al. (2010) manuscript, which 

reported nPB exposure measurements at several dry cleaners in New Jersey. Exponent (2012) 
stated that, "this estimate is very consistent with a permit issued by the Ohio Environmental 

Protection Agency, which specified  that a dry cleaner using nPB (Briang Garment Care, LLC 
DBA Capitol Cleaners #180) limit annual emissions to 2.6 tons per year." However, instead of 

modeling the impact of nPB emissions from these  dry cleaners, which were known to use nPB 
as a solvent, Exponent chose to use the estimated emissions  to model nPB risk at two other dry 

cleaners: Zoots in Waltham, Massachusetts and Presto Valet in Alexandria, Virginia. According 

to their websites, Zoots uses a non-perchloroethylene solvent that is completely biodegradable 

(www.zoots.com/greener-cleaner; accessed 20 April 2015),1 and Presto Valet is a certified user 

of GreenEarth Cleaning®, which is an environmentally safe solvent (www.prestovalet.net; 

accessed 20 April 2015). In addition, an independent assessment of the dry cleaning machines 
used at the New Jersey and Ohio dry cleaners found that the maximum possible nPB usage 

would be 1.3 tons/year, half of the yearly emissions estimated by Exponent (Trinity Consultants, 
2015). Given this information, an nPB emissions estimate of 1.3 tons/year would be 

conservative, because this estimate assumes that there are no emission controls, and, therefore, 
that the usage of nPB is equivalent to nPB emissions. 

 

 

1 Gradient contacted Zoots and confirmed that the Zoots chain of dry cleaners, including its facility in Waltham, uses a 

hydrocarbon solvent (DF2000), together with professional wet cleaning, in their dry cleaning process (ZOOTS Customer Care, 

2015). 

http://www.zoots.com/greener-cleaner%3B
http://www.zoots.com/greener-cleaner%3B
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3.2 Exponent Used an Outdated Version of US EPA's HEM‐ 3 Model 

 

HEM-3 is a US EPA-recommended model for HAP risk assessments that combines air 

dispersion modeling from the American Meteorological Society/US EPA Regulatory Model 

(AERMOD) with census and chemical health effects data to estimate population risks and health 

hazards. Exponent (2012) used the outdated version 1.1.0 of this model in their analysis of 

hypothetical cancer risks from nPB near the five facilities. The newest HEM-3 v1.3.1 improves 

on v1.1.0 through the use of a newer version of AERMOD, access to a larger set of 

meteorological data, access to more recent census data, and improved methods for modeling 

source emission dispersion. 

 

There have been seven updates to AERMOD since the version used in HEM-3 v1.1.0. As 

detailed on the US EPA Technology Transfer Network webpage,2 the version of AERMOD used 

in the newest HEM-3 model (AERMOD v13350) includes numerous enhancements and updates 
when compared to the version used in HEM-3 v1.1.0 (AERMOD v07026). Some of the major 

upgrades that were implemented between the AERMOD versions that are likely to impact nPB 
modeling include: updated parameterizations, to address meteorological transitions between 

daytime and nighttime in urban areas; modifications to the use of building downwash effects 
within AERMOD; and adjustments to the parameterization of wind speeds, to align AERMOD 

with typical wind speed input data. Each of these changes likely impacts the accuracy of the 
HEM-3 modeling of nPB dispersion from the source facilities to the surrounding communities. 

 

HEM-3 v1.3.1 has access to an expanded and more representative set of meteorological data. 

HEM-3 v1.1.0 had access to meteorological data for 120 stations, while HEM-3 v1.3.1 accesses 

data from over 800 stations (EC/R, 2014). This indicates that the meteorological data used to 

model air dispersion in HEM-3 v1.3.1 is more likely to be representative of the actual conditions 

at the modeled location. In addition, HEM-3 v1.3.1 uses 2011 meteorological data, instead of the 

1991 meteorological data used by v1.1.0. The 2011 data was prepared using an updated version 

of the AERMOD meteorological data processer, AERMET, and, therefore, is more accurate than 

the 1991 data. 

 

HEM-3 v1.3.1 can access both 2000 and 2010 census data, while v1.1.0 could only access 2000 

census data. There was a 9.7% increase in the US population reported in the 2010 census 

compared to the 2000 census (US Census Bureau, 2011) and a 35% increase in the number of 

census blocks (US Census  Bureau, 2010). This indicates that HEM-3 v1.1.0 likely 
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underestimated the true population risks; use of HEM-3 v1.3.1 with the 2010 census data allows 

for the prediction of more representative population risks. 

 

Finally, HEM-3 v1.3.1 has improved methods for modeling the dispersion of pollutants from the 

different types of air emission sources (EC/R, 2014). For example, HEM-3 v1.1.0 used an 

AERMOD dispersion method called FASTALL that simplified the dispersion algorithms, while 

v1.3.1 uses the complete set of AERMOD dispersion algorithms. In addition, HEM-3 v1.3.1 

includes the capability to model emissions that vary temporally (i.e., during specified hours, 

days, and seasons), while v1.1.0 necessitated the use of constant emission rates throughout the 

modeled time period – i.e., rather than modeling emissions for just the hours of operation at the 

facilities when nPB emissions are expected to occur, Exponent (2012) averaged emissions across 

the entire modeling period. In Section 3.3, below, we further discuss the implications of this 

modeling simplification. 

 

Overall, there were significant improvements between HEM-3 v1.1.0 and v1.3.1 that are likely to 

greatly impact estimation of population risks. In other words, the newer HEM-3 version provides 

more robust estimates of hypothetical cancer risks from nPB ambient air emissions. 

 

2 http://www.epa.gov/ttn/scram/dispersion_prefrec.htm. Accessed 20 April 2015. 

http://www.epa.gov/ttn/scram/dispersion_prefrec.htm
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3.3 The Exponent Assessment Has Other Significant Limitations That 

Contribute to the Unreliability of Its Findings 

 

As described in previous sections, significant limitations and shortcoming of the Exponent 

(2012) assessment include the use of an incorrect IUR (Section 2), uncertain or incorrect 

estimated emissions for the modeled facilities (Section 3.1), modeling of facilities that do not use 

nPB (Section 3.1), and the use  of an outdated version of the HEM-3 model (Section 3.2). In this 

section, we discuss several additional limitations and shortcomings associated with Exponent's 

nPB cancer risk assessment, including that Exponent incorrectly parameterized the emission 

rates of the facilities and presented cancer risk estimates at receptors that may not be in 

populated areas. 

 

Exponent modeled nPB emissions at all five facilities using constant daily emission rates, 

because the outdated version of HEM-3 that they used (v.1.1.0) did not allow for temporal 

variation of emissions. Their report states that, "One limitation with HEM-3 is that users cannot 

specify emissions over only part of the day (e.g., an 8-hour work shift) and only on work days. 

Therefore, a constant daily emission rate was assumed. This limitation is not expected to have a 

significant impact on the model result" (Exponent, 2012, p. 20). However, under general 

atmospheric conditions, there is a diurnal cycle that transitions between a nighttime stable 

atmospheric layer and a daytime convective mixed layer in the lower atmosphere. Stable 

conditions inhibit the dispersion of pollutants, and, therefore, modeled nPB emissions for 

nighttime periods (i.e., outside the standard 8-hour work shift) are likely to disperse more slowly 

than during daytime periods. Thus, it is more realistic to include the correct temporal variation of 

nPB emissions in HEM-3. 

 

Exponent also modeled each of the five facilities using rural area dispersion coefficients, but, for 

these facilities, it is more appropriate to use urban dispersion coefficients. The urban dispersion 

coefficients differ from the rural coefficients in that they account for the enhanced turbulence in 

the nighttime urban boundary layer, which is caused by the urban heat island effect (US EPA, 

2005c). US EPA designed HEM-3 v1.3.1 to identify whether the nearest census block is 

designated as urban or rural and to use this classification as the default for the dispersion 
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coefficients (EC/R, 2014). Using this built-in feature of HEM-3, all five facilities should be 

modeled with urban dispersion coefficients. 

 

Exponent also incorrectly parameterized the nPB emission sources of the Superior Tube facility. 

They assumed that there were three circular vents at the facility that extended two meters above 

the rooftop, each with a diameter of 0.5 m (Exponent, 2012). An independent assessment found 

that there are only  two rooftop vents at this facility that are positioned several hundred feet away 

from the  locations indicated in the Exponent report (Peronti, as cited in Hammond, 2015). In 

addition, this independent assessment found that the vents extend 5 feet (1.524 m) above the 

rooftop, and have dimensions of 20 × 14 inches (0.51 × 0.36 m) (Peronti, as cited in Hammond, 

2015). 

 

HEM-3 output can be used to estimate risk at varying distances from facilities.  Exponent  (2012) 

primarily focused on cancer risk estimates at receptors in a user-specified polar grid surrounding 

the five facilities, with polar grid rings starting at 100 or 170 m from the facilities. These data 

can be misleading, because they are based on an assumption that the polar receptors reflect 

population receptor locations that can be used to represent individual cancer risks. Instead, it is 

more realistic to focus on individual cancer risk estimates for known population receptor 

locations, such as census blocks surrounding the facilities.  In fact, the HEM-3 User's Guide 

states that "HEM-3 generally estimates maximum individual risks and hazard indices… using 

concentrations calculated at census blocks" (EC/R, 2014).  Exponent (2012, Table 

14) presents a comparison of the maximum nPB cancer risk estimates for polar grid and census 

block receptors surrounding the five facilities.          This table shows that the maximum 

estimated risks for their 
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user-specified polar grid receptors are always greater than the maximum risks for the census 

block receptors, highlighting the fact that risks are likely overestimated when the polar grid 

receptors are used. 

 

3.4 Revisions to the Exponent Assessment That Correct for Limitations and Inaccuracies 

Demonstrate Significantly Different Maximum Individual Cancer Risk Estimates 

 

We conducted an independent HEM-3 model assessment of the hypothetical cancer risks, due to  
estimated nPB ambient air emissions at the five facilities identified by Exponent (2012). These 

model  runs corrected many of the limitations and issues associated with the Exponent model 

runs, which are detailed above. In our revised model runs, we use the Gradient-calculated IUR of 

6.4 × 10-7 (μg/m3)-1, which is based on the NTP (2011 incidence data for alveolar/bronchial 
adenomas and carcinomas in mice and incorporates dosimetric adjustments that were lacking in 

the Exponent-calculated IUR (see Section 2.1); however, as noted in Section 2.6, we concluded 

that the existing information does not fully support the determination that nPB is a human 
carcinogen, because no relevant human data are available, and there are limited in vitro and in 

vivo data available to support the delineation of nPB's mode of action. In other words, the use of 
this revised IUR may result in overestimates of potential cancer risks to populations exposed to 

nPB in ambient air, given that nPB may not increase human cancer risks at ambient 
concentration levels. 

 

Importantly, due to a lack of available information about the facilities and their emissions, we 

were not able to correct for all of the limitations and uncertainties in the Exponent modeling 

assessment; for example, we assumed that 10% of total facility nPB emissions were fugitive 

emissions, and we generally used Exponent's assumptions regarding vent locations and 

parameters. Also, as discussed in Section 3.1, Exponent overestimated the emissions for 

Fabrication Company B; however, we conservatively modeled this facility using the Exponent 

emissions. Table 3.1 summarizes the differences between the Exponent model runs and our 

model runs. Some of these differences would be expected to result in greater  estimated lifetime 

cancer risk from nPB, and some would be expected to result in lesser estimated lifetime cancer 

risk from nPB. 
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Table 3.1  Inputs and Parameters for HEM‐ 3 Modeling 

Input or Parameter Exponent Model Runs Gradient Model Runs 

HEM‐ 3 Model Version 1.1.0 1.3.1 

IUR (per μg/m
3
) 2.1E‐ 06 6.4E‐ 07 

Census Data Year 2000 2010 

Meteorological Data Year: 1991 

Data available for 120 stations 

Year: 2011 

Data available for > 800 stations 

AERMOD Dispersion Methods FASTALL simplified dispersion 

method with rural dispersion 

coefficients 

Full AERMOD dispersion 

algorithms with urban dispersion 

coefficients Parameterization of Emission 

Sources 

All building dimensions, vent 

locations, and emission source 

heights estimated using Google 

Earth 

Exponent parameterizations used 

for all sources except Superior Tube 

(see Section 3.3) 

nPB Emission Estimates
a

 

Superior Tube 35.0 tons/year, with 10% 

as fugitive emissions 

59.46 tons/year, with 10% 

as fugitive emissions 

Fabrication Company A 2.8 tons/year, with 10% 

as fugitive emissions 

2.8 tons/year, with 10% 

as fugitive emissions 

Fabrication Company B 18.0 tons/year, with 10% 

as fugitive emissions 

18.0 tons/year, with 10% 

as fugitive emissions 

Massachusetts Dry Cleaner 2.6 tons/year, with 10% 

as fugitive emissions 

1.3 tons/year, with 10% 

as fugitive emissions 

Virginia Dry Cleaner 2.6 tons/year, with 10% 

as fugitive emissions 

1.3 tons/year, with 10% 

as fugitive emissions 

Temporal Variability 

of Emissions 
No temporal variability All emissions assumed to occur 

during working hours (Monday‐
Saturday, 8:00am‐ 5:00pm) 

Notes: 
AERMOD = American Meteorological Society/US EPA Regulatory Model; HEM‐3 = Human Exposure Model; IUR = Inhalation Unit 
Risk Factor; nPB = n‐Propyl Bromide. 
(a) Sources of Exponent emissions estimates detailed in Exponent (2012) and sources of Gradient emissions estimates detailed 
in Section 3.1. 

 

Our model runs demonstrate that Exponent overestimated the cancer risk from nPB for four of 

the five facilities. For each of the facilities, Table 3.2 shows a side-by-side comparison of the  

maximum estimated individual lifetime cancer risk per million at a census block receptor 

calculated with Exponent's model run and Gradient's model run. Our modeling results showed 

that both of the fabrication companies have maximum lifetime cancer risks of less than 1 in 1 

million, and the two dry cleaners as well as the Superior Tube facility have maximum lifetime 

cancer risks of less than 10 in 1 million. 

 

Table 3.2 Estimated Maximum Individual Lifetime Cancer Risks Per 

Million at Census Block Receptors 

Facility Exponent Model 

Run 

Gradient Model 

Run Superior Tube 7.1 3.7 
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Fabrication Company A 0.9 0.2 

Fabrication Company B 2.3 0.3 

Massachusetts Dry Cleaner 1.1 1.2 

Virginia Dry Cleaner 5.0 2.2 
 

In addition, similar to the Exponent assessment, we used HEM-3 to estimate the number of 

people in the communities surrounding each of the facilities with hypothetical lifetime cancer 

risks greater than or equal to various risk levels.       Tables 3.3-3.7 show the estimated 

populations affected at various lifetime 
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cancer risk levels, based on both the Exponent model runs and our model runs. Even though our 

model runs used more up-to-date census data that reflect the general population increases across 

the country (2010 census data versus 2000 census data used by Exponent), our results show that 

Exponent overestimated the number of people with a cancer risk from nPB ≥ 1 in 1 million in the 

areas surrounding three of the modeled facilities – namely the Superior Tube facility, Fabrication 

Company B, and the Virginia dry cleaner. We estimated that there are no people with estimated 

cancer risks in excess of 1 in 1 million near Fabrication Companies A or B and only 14 people 

with this level of cancer risk near the Massachusetts dry cleaner. The number of people estimated 

to have lifetime cancer risks ≥ 1 in 1 million near the Virginia dry cleaner and the Superior Tube 

facility are 170 and 799, respectively, and both of these estimates are significantly lower than 

Exponent's estimates. Importantly, for all of the modeled facilities, we found an absence of any 

people with estimated lifetime cancer risks ≥ 1 in 100,000. 

 

Table 3.3  Estimated Lifetime Cancer Risks in Census Blocks Surrounding Superior Tube 

Lifetime Cancer Risk Level 
Population Affected 

Exponent Model 

Run 

Gradient Model 

Run Greater than or equal to 1 in 1,000 0 0 

Greater than or equal to 1 in 10,000 0 0 

Greater than or equal to 1 in 20,000 0 0 

Greater than or equal to 1 in 100,000 0 0 

Greater than or equal to 1 in 1,000,000 1,571 799 

Greater than or equal to 1 in 10,000,000 25,871 5,610 
 

Table 3.4 Estimated Lifetime Cancer Risks in Census Blocks Surrounding Fabrication 

Company A 

Lifetime Cancer Risk Level 
Population Affected 

Exponent Model 

Run 

Gradient Model 

Run Greater than or equal to 1 in 1,000 0 0 

Greater than or equal to 1 in 10,000 0 0 

Greater than or equal to 1 in 20,000 0 0 

Greater than or equal to 1 in 100,000 0 0 

Greater than or equal to 1 in 1,000,000 0 0 

Greater than or equal to 1 in 10,000,000 1,065 18 
 

Table 3.5 Estimated Lifetime Cancer Risks in Census Blocks Surrounding Fabrication Company B 

Lifetime Cancer Risk Level 
Population Affected 

Exponent Model 

Run 

Gradient Model 

Run Greater than or equal to 1 in 1,000 0 0 
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Greater than or equal to 1 in 10,000 0 0 

Greater than or equal to 1 in 20,000 0 0 

Greater than or equal to 1 in 100,000 0 0 

Greater than or equal to 1 in 1,000,000 166 0 

Greater than or equal to 1 in 10,000,000 10,947 285 
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Table   3.6 Estimated    Lifetime    Cancer    Risks    in    Census  Blocks   

Surrounding Massachusetts Dry Cleaner 

Lifetime Cancer Risk Level 
Population Affected 

Exponent Model 

Run 

Gradient Model 

Run Greater than or equal to 1 in 1,000 0 0 

Greater than or equal to 1 in 10,000 0 0 

Greater than or equal to 1 in 20,000 0 0 

Greater than or equal to 1 in 100,000 0 0 

Greater than or equal to 1 in 1,000,000 7 14 

Greater than or equal to 1 in 10,000,000 769 16 
 

Table 3.7 Estimated Lifetime Cancer Risks in Census Blocks Surrounding Virginia Dry Cleaner 

Lifetime Cancer Risk Level 
Population Affected 

Exponent Model 

Run 

Gradient Model 

Run Greater than or equal to 1 in 1,000 0 0 

Greater than or equal to 1 in 10,000 0 0 

Greater than or equal to 1 in 20,000 0 0 

Greater than or equal to 1 in 100,000 0 0 

Greater than or equal to 1 in 1,000,000 1,057 170 

Greater than or equal to 1 in 10,000,000 12,435 953 

 

3.5 HEM‐ 3 Modeling for Additional Facilities Using nPB Yields Maximum Individual 

Cancer Risks at Census Block Receptors That Are Less Than 1 in  1 Million 

 

Not all of the facilities modeled by Exponent (2012) are representative of typical facilities that 

currently use nPB. As addressed during the most recent US EPA rulemaking activity related to 

the National Emission Standards for halogenated solvent cleaning (US EPA, 2007), the Superior 

Tube facility in Collegeville, Pennsylvania that Exponent used as a case study for nPB emissions 

from a degreasing facility is characterized as a narrow tube manufacturing facility that employs a 

large-batch vapor solvent degreasing process that is not typical of most industrial degreasing 

operations. In addition, relatively few dry cleaners still use nPB as a dry cleaning solvent; for 

example, as discussed in Section 3.1, neither the Massachusetts nor the Virginia dry cleaner 

modeled by Exponent actually use nPB. Therefore, these dry cleaner case studies in the 

Exponent (2012) report are not appropriate for drawing conclusions regarding potential 

community cancer risks from nPB ambient air emissions. 
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In order to develop a more representative set of case studies to assess potential community 

cancer risks from nPB ambient air emissions, we conducted HEM-3 modeling for one additional 

dry cleaning facility that has been identified as currently using nPB – namely, a dry cleaner in 

West Orange, New Jersey (Emerald Cleaners). We also considered modeling nPB emissions 

from an Ohio dry cleaner mentioned in the Exponent report (Briang Garment Care, LLC DBA 

Capitol Cleaners #180 in Dayton, Ohio), but current information indicates that nPB is no longer 

used as a dry cleaning solvent at this facility (Trinity Consultants, 2015). While HEM-3 

modeling was not conducted for an additional industrial degreasing facility that is more typical 

of vapor degreasing operations using nPB due to the lack of emissions data and other facility-

specific parameters needed to support HEM-3 modeling, we note that it is possible to extrapolate 

from the HEM-3 modeling for the Superior Tube facility to identify an approximate level of nPB 

emissions that corresponds to a 1 in 1 million risk level.   Specifically, we've estimated that 

nPB 
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emissions of approximately 16 tons per year for the Superior Tube facility would result in a 

maximum estimated individual lifetime cancer risk of 1 in 1 million at a census block receptor. 

Recognizing that other degreasing facilities will differ in their proximity to census tract receptors 

(e.g., they may be in more sparsely populated areas than the Superior Tube facility) as well as in 

other parameters (e.g., meteorological conditions, building dimensions, vent locations) that can 

affect the air quality impacts of nPB emissions, this extrapolation provides an approximate 

benchmark against which emission levels for other, more typical degreasing operations can be 

compared to assess the approximate magnitude of their cancer risk levels. 

 

In order to conduct HEM-3 modeling for the Emerald Cleaners facility, we estimated building 

heights and horizontal building dimensions for the facility using Google Earth. Specifically, we 

estimated a building height of 8 meters for Emerald Cleaners and, similar to the Exponent (2012) 

modeling of the Massachusetts and Virginia dry cleaners, we assumed that emissions occurred 

via a single, circular ceiling vent with a diameter of 0.5 meters that extends 1 meter above the 

rooftop, with an exit velocity of 1 meter/second and a release temperature of 293 Kelvin. We 

modeled the facility as having 1.1 tons/year of nPB emissions based on Trinity Consultants 

(2015), and, similar to Exponent (2012), we assumed that 10% of these emissions were fugitive 

emissions. Table 3.8 summarizes the inputs and parameters used to model the Emerald Cleaners 

facility. 

 

Table 3.8 Inputs and Parameters for HEM‐ 3 Modeling of New Jersey 

Dry Cleaner 

Input or Parameter New Jersey Dry Cleaner 

HEM‐ 3 Model Version 1.3.1 

IUR (per μg/m
3
) 6.4E‐ 07 

Census Data Year 2010 

Meteorological Data Year: 2011 

Data available for > 800 stations 

AERMOD Dispersion Methods Full AERMOD dispersion algorithms 

with urban dispersion coefficients 

Parameterization of Emission 

Sources 

Building dimensions and vent location estimated 

using Google Earth. Emission source height 

assumed to be 1 m above the rooftop. 

nPB Emission Estimates 1.1 tons/year, with 10% as fugitive emissions 

Temporal Variability 

of Emissions 

All emissions assumed to 

occur during working hours 

(Monday‐ Saturday, 8:00am‐ 5:00pm) 
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Notes: 
AERMOD = American Meteorological Society/US EPA Regulatory Model; HEM‐3 = Human 
Exposure Model; IUR = Inhalation Unit Risk Factor; nPB = n‐Propyl Bromide. 

 

As shown in Table 3.9, the maximum lifetime cancer risk at a census block receptor is less than 1 

in 1 million for the New Jersey dry cleaner facility. Consistent with this finding, the HEM-3 

results indicate that there are no residents with estimated cancer risks in excess of 1 in 1 million 

near this facility (Table 3.10). 
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Table 3.9 Maximum Individual Lifetime Cancer Risk 

Per Million at a Census Block Receptor for New Jersey 

Dry Cleaner 

 
 

Table 3.10 Lifetime Cancer Risks in Census Blocks Surrounding 

New Jersey Dry Cleaner 

Lifetime Cancer Risk Level New Jersey Dry 

Cleaner Greater than or equal to 1 in 1,000 0 

Greater than or equal to 1 in 10,000 0 

Greater than or equal to 1 in 20,000 0 

Greater than or equal to 1 in 100,000 0 

Greater than or equal to 1 in 1,000,000 0 

Greater than or equal to 1 in 10,000,000 375 
 

3.6 Conclusions on the Petitioner's Air Modeling Analysis and Risk 

Assessment 

 

We have demonstrated that the petitioner's air modeling analysis and risk assessment 

overestimated hypothetical cancer risks due to nPB ambient air emissions. The petitioners 

presented five modeled case studies: two dry cleaners, a narrow tube manufacturing facility, and 

two fabrication companies. They found that the maximum individual lifetime cancer risk was 

greater than 1 in 1 million in the areas immediately surrounding each of the five facilities 

modeled. However, the two dry cleaning facilities modeled did not actually use nPB as a solvent 

and, therefore, were not realistic case studies. Moreover, we evaluated the methods and 

assumptions used to model the five facilities and found that there were significant limitations to 

the modeling, including the use of an outdated version of the model, incorrect parameterization 

and estimation of the facility emissions, the use of an incorrect IUR to estimate cancer risk, and 

evaluation of cancer risk at locations that may not be populated. 

 

We conducted an independent modeling assessment that corrected these limitations. Our 

assessment demonstrated  that two of the realistic  case studies  (the  two  fabrication companies) 

had less than 1 in    1 million lifetime cancer risks at maximally impacted census receptors, even 

using Exponent's outdated emissions estimates. The updated HEM-3 modeling results for the 

Superior Tube degreaser facility showed that the lifetime cancer risk at the maximally impacted 

Facility Lifetime Cancer Risk Per Million 

New Jersey Dry Cleaner 0.7 
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census receptor was 3.7 in 1 million; however, as noted above, US EPA has previously 

acknowledged that this facility differs in the scale and nature of its degreasing operations from 

other vapor degreasing facilities, such that it is unlikely to be representative of more typical 

vapor degreasers. Although we re-modeled both the Massachusetts and Virginia dry cleaners 

included in the Exponent assessment, we note that neither is a realistic case study given that 

neither facility actually uses nPB as a dry cleaning solvent. In order to provide a more realistic 

dry cleaner case study, we conducted HEM-3 modeling for a dry cleaner in New Jersey that 

currently uses nPB as a dry cleaning solvent, and found that the maximum lifetime cancer risk at 

a census block receptor for that facility is less than 1 in 1 million. 

 

Overall, we modeled four realistic case studies of facilities that use nPB: one dry cleaner, a 

narrow tube manufacturing facility, and two fabrication companies. For conservative modeling 

scenarios (i.e., modeling scenarios that are more likely to overestimate than underestimate cancer 

risks), we found individual lifetime cancer risk at maximally impacted census receptors to be less 

than 1 in 1 million for all the facilities but the narrow tube manufacturing facility, for which the 

maximum individual lifetime 
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cancer risk is just slightly above 1 in 1 million. We thus conclude that estimated lifetime cancer 
risks associated with nPB air emissions are well within US EPA's acceptable cancer risk range of 
1 in 1 million to 1 in 10,000 (10-6 to 10-4); in fact, we found that no populations near the modeled 
facilities have lifetime cancer risks in excess of 1 in 100,000 (10-5). 
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==================================================================== 

Multistage Model. (Version: 3.4; Date: 05/02/2014) 

Input Data File: C:/BMDS260/Data/msc_Dax_Setting.(d) 

Gnuplot Plotting File: C:/BMDS260/Data/msc_Dax_Setting.plt 

Tue Apr 14 10:05:41 2015 

==================================================================== 
 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The form of the probability function is: 

P[response] = background + (1-background)*[1-EXP( 

-beta1*dose^1-beta2*dose^2)] 
 

The parameter betas are restricted to be positive 

 

 

Dependent variable = Effect 

Independent variable = Dose 

 

Total number of observations = 4 

Total number of records with missing values = 0 

Total number of parameters in model = 3 

Total number of specified parameters = 0 

Degree of polynomial = 2 

 

 

Maximum number of iterations = 500 

Relative Function Convergence has been set to: 1e-008 

Parameter Convergence has been set to: 1e-008 

 

 

Default Initial Parameter Values 

Background = 0.058868 

Beta(1) = 0.00109445 

Beta(2) = 0 

 

 

Asymptotic Correlation Matrix of Parameter Estimates 

 

 

the user, 

 

( *** The model parameter(s) -Beta(2) 

have been estimated at a boundary point, or have been specified by 

and do not appear in the correlation matrix ) 

Background Beta(1) 

 

Background 1 -0.62 

Beta(1) -0.62 1 

Parameter Estimates 

95.0% Wald Confidence 

Interval 

Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. 

Limit 

Background 0.0334801 0.028836 -0.0230373 

0.0899976 

Beta(1) 0.00134051 0.000367049 0.000621102 

0.00205991 



 

 

Beta(2) 0 NA 

 

NA - Indicates that this parameter has hit a bound 

implied by some inequality constraint and thus 

has no standard error. 

 

 

 

Analysis of Deviance Table 
 

Model 

Full model 

Log(likelihood) # 

-80.1028 

Param's 

4 

Deviance Test d.f. P-value 

Fitted model -81.4858 2 2.76596 2 0.2508 

Reduced model -87.934 1 15.6624 3 0.00133 

AIC: 166.972     

 

Goodness of Fit 

Scaled 

Dose Est._Prob. Expected Observed Size Residual 

------------------------------------------------------------------------ 

0.0000 0.0335 1.674 1.000 50.000 -0.530 

62.5000 0.1112 5.558 9.000 50.000 1.549 

125.0000 0.1826 9.130 8.000 50.000 -0.413 

250.0000 0.3087 15.435 14.000 50.000 -0.439 

Chi^2 = 3.04 d.f. = 2 P-value = 0.2184 

Benchmark Dose Computation 

Specified effect = 0.1 

Risk Type = Extra risk 

Confidence level =  0.95 

BMD = 78.5976 

BMDL = 54.069 

BMDU = 148.4 

Taken together, (54.069 , 148.4 ) is a 90 % two-sided confidence 

interval for the BMD 

Cancer Slope Factor = 0.00184949 
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==================================================================== 

Multistage Model. (Version: 3.4; Date: 05/02/2014) 

Input Data File: C:/BMDS260/Data/msc_Dax_Setting.(d) 

Gnuplot Plotting File: C:/BMDS260/Data/msc_Dax_Setting.plt 

Tue Apr 14 10:11:00 2015 

==================================================================== 
 

BMDS_Model_Run 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The form of the probability function is: 

P[response] = background + (1-background)*[1-EXP( 

-beta1*dose^1-beta2*dose^2)] 
 

The parameter betas are restricted to be positive 

 

 

Dependent variable = Effect 

Independent variable = Dose 

 

Total number of observations = 4 

Total number of records with missing values = 0 

Total number of parameters in model = 3 

Total number of specified parameters = 0 

Degree of polynomial = 2 

 

 

Maximum number of iterations = 500 

Relative Function Convergence has been set to: 1e-008 

Parameter Convergence has been set to: 1e-008 

 

 

Default Initial Parameter Values 

Background = 0.0928427 

Beta(1) = 0.000878318 

Beta(2) = 9.2249e-008 

 

 

Asymptotic Correlation Matrix of Parameter Estimates 

 

 

the user, 

 

( *** The model parameter(s) -Beta(2) 

have been estimated at a boundary point, or have been specified by 

and do not appear in the correlation matrix ) 

Background Beta(1) 

 

Background 1 -0.34 

Beta(1) -0.34 1 

Parameter Estimates 

95.0% Wald Confidence 

Interval 

Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. 

Limit 

Background 0.0791461 0.0142511 0.0512145 

0.107078 

Beta(1) 0.00100047 0.000301516 0.000409506 

0.00159143 



4
2 

 

 

Beta(2) 0 NA 

 

NA - Indicates that this parameter has hit a bound 

implied by some inequality constraint and thus has 

no standard error. 

 

 

 

Analysis of Deviance Table 
 

Model 

Full model 

Log(likelihood) # 

-170.308 

Param's 

4 

Deviance Test d.f. P-value 

Fitted model -170.847 2 1.07685 2 0.5837 

Reduced model -179.439 1 18.2625 3 0.0003883 

AIC: 345.693     

 

Goodness of Fit 

Scaled 

Dose Est._Prob. Expected Observed Size Residual 

------------------------------------------------------------------------ 

0.0000 0.0791 27.701 27.000 350.000 -0.139 

62.5000 0.1350 6.748 9.000 50.000 0.932 

125.0000 0.1874 9.370 8.000 50.000 -0.496 

250.0000 0.2829 14.146 14.000 50.000 -0.046 

Chi^2 = 1.14 d.f. = 2 P-value = 0.5665 

Benchmark Dose Computation 

Specified effect = 0.1 

Risk Type = Extra risk 

Confidence level =  0.95 

BMD = 105.311 

BMDL = 68.3117 

BMDU = 192.748 

Taken together, (68.3117, 192.748) is a 90 % two-sided confidence 

interval for the BMD 

Cancer Slope Factor = 0.00146388 

  


