
Inhalation Reproductive Toxicology 
Studies: Sperm Morphology Study 
of n-Hexane in 86C3F1 Mice 

Final Report 

T. J- Mast 
P. L Hackett 
J-R. Decker 
R. B. Westerberg 

August 1988 

Prepared for the 

L. B. Sasser 
B. l- McClanahan 
R. L. Rommereim 
J- l- Evanoff 

National Institute of Environmental 
Health Sciences, National Toxicology Program 
under a Related Services Agreement 
with the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 

()Battelle 

PNL-6672 
UC-408 

I 



DISClAIMER 

This report was prepared as an account of work sponso,·ed by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor Battelle Memorial Institute, nor any or their employees, makes any 
warranty, expressed or impl'led, or assumes any legalliab,lity or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial produ.:t, process, or service by 
trade name, trademark, manufacturer, or otherwise doe~; not necessarily consti­
tute or imply its endorsement. recommendation, or favor ng by the United States 
Government or any agency thereof, or Battelle Memorial Institute. The views and 
opinions of authors expressed herein do not necessarily s!<lle or reflect those of the 
United States Government or any agency thereof. 

PACIFIC NORTHWEST LABORATORY 
operated by 

BATIELLE MEMORIAL INSTITUTE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-AC06-76RLO 1830 

Printed 1n the United States of Ameri~a 

Available from 

NJt10nal Terhnicallnformation Serv1ce 

Uno ted States Department of Commerce 

'i285 Port Royal Road 

Sprongfoeld, Virgon1a 22161 

.'HL~ Pnce Codes 

Mltrohche A01 

Pron!ed Copy 

Price 

PagP' Codes 

001-025 '"' M&-050 A"' 
051·075 A"' 
076-100 '"' 101-125 A06 
12&-150 '"' 151-175 AM 
176-200 AO'l 
201-215 AW 

216-250 "' 251-275 AU 
276-JOO An 



3 3679 00056 0500 

INHALATION REPRODUCTIVE TOXICOLOGY STUDIES: 
SPERM MORPHOLOGY STUDY OF n-HEXANE IN B6C3Fl MICE 

Final Report 
No. NIH-YOl-ES-70153 

T.J. Mast L.B. Sasser 
P.L. Hackett B.J. McClanahan 
J.R. Decker R.L. Rommereim 
R.B. Westerberg J.J. Evanoff 

August 1988 

Prepared for the 
National Institute of Environmental 
Health Sciences, National Toxicology 
Program under a Related Services Agreement 
with the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Wa3hington 99352 

PNL-6672 
UC-408 





SUMMARY 

The straight-chain hydrocarbon, n-hexane, is a volatile, ubiquitous sol­

vent routinely used in industrial environments; consequently, the opportunity 

for industrial, environmental or accidental exposure to hexane vapors is sig­

nificant. Although myelinated nerve tissue is the primary target organ of 

hexane, the testes have also been identified as being sensitive to hexacarbon 

exposure. The objective of this study was to evaluate the epididymal sperm 

morphology of male B6C3Fl mice 5 weeks after exposure to 0, 200, 1000, or 

5000 ppm n-hexane, 20 h/day for 5 consecutive days. Two concurrent positive 

control groups of animals were injected intraperitoneally with either 200 or 

250 mg/kg ethyl methanesulfonate, a known mutagen, once each day for 5 

consecutive days. The mice were weighed just prior to the first day of 

exposure and at weekly intervals until sacrifice. During the fifth post­

exposure week the animals were killed and examined for gross lesions of the 

reproductive tract and suspensions of the epididymal sperm were prepared for 

morphological evaluations. 

The appearance and behavior of the mice were unremarkable throughout the 

experiment and there were no deaths. No evidence of lesions in any organ was 

noted at sacrifice. Mean body weights of male mice exposed ton-hexane were 

not significantly different from those for the 0-ppm animals at any time 

during the study. Analyses of the sperm morphology data obtained 5 weeks 

post-exposure (the only time point examined) indicated that exposure of male 

mice to relatively high concentrations of n-hexane vapor for 5 days produced 

no significant effects on the morphology of sperm relative to that of the 

0-ppm control group. Furthermore, there were no significant differences among 

classes of sperm abnormalities in mice exposed to increasing concentrations of 

n-hexane. A significant, dose-related reduction in the percentage of normal 

sperm 5 weeks post-exposure was demonstrated for the positive control agent, 

ethyl methanesulfonate. These results indicate that n-hexane inhalation 

exposures of short duration, 5 days, do not adversely affect spermatogonia or 

primary spermatocytes in the B6C3Fl mouse as determined by examining the 

morphology of mature sperm by light microsopy. 
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INTRODUCTION 

The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent 

for the extraction of oil seeds, as a reaction medium in the production of 

polyolefins, elastomers and pharmaceuticals, and as a component of quick­

drying cements, lacquers and adhesives. The production of n-hexane, which was 

estimated to be four billion pounds per year in 1979, utilizes stocks of 

straight-run gasoline and higher boiling liquid products stripped from natural 

gas or paraffinic fractions of refinery streams. Since it is also found as a 

minor component of gasoline and its combustion products, petroleum products 

are a major source of environmental hexane contamination. Due to the large­

scale production and widespread use of hexane, including teaching laborato­

ries, the opportunity for industrial, incidental, environmental, or volitional 

(glue-sniffing) exposure to hexane vapors is significant. This study was per­

formed due to concern that exposure to n-hexane vapors may result in a nega­

tive impact on human reproductive function. 

An excellent review concerning hexacarbon toxicity and metabolism is 

available in Experimental anQ Clinical Neurotoxicology (edited by Spencer and 

Schaumburg, 1980), In summary, polyneuropathies have been reported following 

exposure of workers ton-hexane. A metabolite, 2,5-hexanedione (2,5HD), has 

been shown to be responsible for most, if not all, of the neurotoxicity. 

Younger rats appear to be less sensitive to n-hexane neurotoxicity than are 

older animals. It has been suggested that this difference may be due to their 

having shorter axons with smaller diameters, or to a .greater rate of growth 

and repair of peripheral nerves as compared to that of adults (Howd et al. 

1983; Kimura et al. 1971). Likewise, Graham and Gottfried (1984) hypothesized 

that mice are less sensitive than rats to gamma-diketones, such as 2,5HD, 

because myelinated axons in mice are shorter and have smaller diameters than 

the corresponding axons in larger species. 

Pharmacokinetic and distribution studies of inhaled n-hexane in the rat 

indicated that the saturation concentration of n-hexane in organs is directly 

proportional to their lipid content, and that blood contains more hexane in 

relation to its lipid content than do other organs (Andersen 1981; Bohlen et 
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al. 1973). Baker and Rickert (1981) found that both the metabolism and 

elimination of n-hexane in male Fisher-344 rats g.lven a single 6-h exposure to 

500, 1000, 3000 or 10000 ppm n-hexane were dependent upon the exposure 

concentration, but that the tissue concentration of the metabolite, 2, 5-

hexanedione (2,5HD), was not directly correlated 1~0 increasing n-hexane expo­

sure concentration. Maximal 2, 5HD levels in the J)lood and in the sciatic 

nerve were observed in the 1000-ppm exposure group, but did not increase for 

the two higher exposure groups. Bus et al. (1982:,, using 14C-labeled n-hexane 

administered to rats in a single 6-hour inhalation exposure of 500, 1000, 3000 

or 10000 ppm observed a similar phenomena. Tissu<~ 14c-concentrations measured 

in liver, lung, kidney, testes, brain, sciatic ne;=ve and blood were found to 

be maximal at the 3000-ppm level and did not incr<~ase at the 10000-ppm level. 

Although myelinated nerve tracts are the pr:i.mary target organ, the 

testes have also been identified as being sensitive to hexacarbon toxicity. 

Krasavage et al. (1980) reported testicular atrophy following oral administra­

tion of n-hexane and several of its metabolites to male rats. Chapin et al. 

(1982) administered a 1% solution of the hexane mE~tabolite, 2, 5HD, to male 

rats in their drinking water and found a decrease in the activity of two 

Sertoli cell enzymes, ~-glucuronidase and y-glutaiTyl transpeptidase, after 3 

weeks of exposure. No morphologic changes were noted at three weeks; however, 

the testes were essentially azospermic after 6 weeks of exposure, and the few 

primary or secondary spermatocytes that were obseJ:ved exhibited severe 

degenerative changes. Since circulating levels of testosterone and the 

gonadotropins remained normal throughout the stud~•, these workers concluded 

that 2, 5HD does not act via the central gonadotropin regulatory system to 

induce azospermia, and furthermore, that changes in Sertoli cell biochemistry 

precede visible morphologic changes in the testes. In a later study, Chapin 

et al. (1983) indicated that the Sertoli cell is probably an initial target 

cell for 2,5HD action on the testis of rats. 

Cavender et al. (1984) did not detect neurot-oxicity or testicular toxic­

ity in rats exposed to 3000, 6500 or 10000 ppm purified hexane vapor(99.3%) 

6 h/day, 5 day/wk for 13 weeks. However, the only measurement of testicular 

toxicity obtained in this study was the organ weight; the possibility of his-
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tological or biochemical changes in the testes was not addressed. Although 

the exposure concentrations used in this study were relatively high, the short 

daily exposure periods may not have permitted the concentration of the hexane 

metabolite, 2,5HD, to build up sufficiently in the blood or tissues to cause 

testicular toxicity. 

The potential testicular toxicity of n-hexane was investigated in the 

sperm morphology assay in mice in light of the reported testicular toxicity of 

the hexane metabolite, 2,5HD, in rats. This mouse sperm morphology assay was 

originally developed as an in vivo test to detect mutagenic compounds (Wyrobek 

and Bruce, 1975; Wyrobek et al., 1979) and typically employed the B6C3Fl 

hybrid mouse as the test species. This hybrid mouse was chosen for this assay 

because of its low numbers of abnormal sperm and little inter-mouse variation 

(Wyrobek and Bruce, 1978). Accordingly, the objective of this study was to 

evaluate the sperm morphology of B6C3Fl male mice five weeks after exposure to 

relatively high concentrations of n-hexane vapor, 20 h/day for a 5-day period. 

An alternate approach to detecting mutagenic events in spermatogenesis, the 

male dominant lethal assay was conducted as a companion study, Mast, et al. 

(1988a). In this study the potential for n-hexane to cause male dominant 

lethal effects in the Swiss (CD-1) mouse was examined following the same 

exposure regimen. 

MATERIALS AND METHODS 

EXPERIMENTAl. DESIGN 

Six groups of B6C3Fl male mice, each consisting of 20 randomly selected 

animals were exposed to 0 (filtered air), 200, 1000, or 5000 ppm n-hexane 

vapor for 5 consecutive days, 20 h/day, or to a positive-control agent, ethyl 

methanesulfonate (EMS), The long daily inhalation exposure periods were 

chosen in order to maximize n-hexane exposures since the maximum vapor concen­

tration of n-hexane in the exposure chambers was not allowed to exceed 50% of 

the lower explosion limit, ~10,000 ppm. Mice in the positive-control groups 

were given intraperitoneal injections of either 200 or 250 mg/kg EMS. The 

0-ppm animals were housed in an exposure chamber in the same room, and were 

handled in the same manner as the animals exposed to n-hexane vapors. The 
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positive-control animals were housed in an exposu=e chamber in a separate room 

and were injected with EMS on each of 5 consecutive days concurrent with the 

n-hexane exposures. 

After the 5-day exposure period, the mice were maintained in individual 

wire-mesh cages for 4 weeks and were killed durinq the 5th post-exposure week. 

Sperm morphology was evaluated at this time by liqht microscopy of stained 

epididymal sperm preparations (details follow) . :~he sacrifice was performed 5 

weeks post-exposure since previous work had shown that the peak incidence of 

abnormalities in sperm induced by mutagenic agents such as EMS occurred at 

about this time (Wyrobek and Bruce 1975) 

VAPOR GENERATION AND CHEMICAL ANALYSES 

Bulk chemical purity analyses were performed on the single lot of 

n-hexane used for the mouse exposures. Analytica:. procedures employed 

infrared spectroscopy and gas chromatography (GC) for the initial identity and 

purity determinations. The purity of the n-hexanE! used in this study was 

99.1% (BNW Lot 50846-39; Phillips Lot # H-116). See Appendix A for details. 

On-line measurements of the chamber n-hexant! concentrations were per­

formed using an HP5840 GC equipped with a flame ionization detector. A 

computer-controlled, rotating S-port valve allowed measurement of n-hexane 

concentrations in the exposure room, the control c:hamber, the exposure cham­

bers, and the on-line standard. All ports were sampled at least once every 

40 minutes. The GC was equipped with a 1/8" o.d., 1-ft nickel column packed 

with 1% SP-1000 on 60/80 mesh Carbopack B. The oven operating temperature was 

120°C. An on-line standard, 994 ppm n-hexane in r..itrogen (MG Industries 

Scientific Gases, Los Angeles, CA), was used to ct.eck instrument drift 

throughout the exposure day. The minimum detectable limit of n-hexane was 

estimated from the decay profile of the 5000-ppm chamber and found to be 

0.11 ppm. The calibration curve for this analysis was linear over an extended 

range and was monitored at intervals by routine analysis of bubbler-samplers. 

Inhalation exposures were conducted in 2. 3-rr-.3 stainless steel chambers 

(1.7-m3 active-mixing volume) designed at Battelle Northwest Laboratories 
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(Brown and Moss 1981; Moss et al. 1982). Each chamber contained three levels 

of caging, each of which was split into two offset tiers. Air, filtered 

through HEPA and charcoal filters and uniformly mixed with the test material, 

flowed through the chamber at approximately 15 air changes per hour. See 

Appendix B for a more detailed description. 

The n-hexane exposures were conducted using an automated data acquisi­

tion and control system which monitored and controlled the basic inhalation 

test system functions, including chamber air flow, vacuum, temperature, rela­

tive humidity, and test chemical concentrations. Conditions which may have 

been a threat to the health of the animals, or constituted an explosion haz­

ard, triggered alarms to personnel on-call 24 h/day. All data acquisition and 

control originated from an executive computer which contained the exposure 

protocols and controlled a multiplexing interface system. 

Generation of the n-hexane vapor was accomplished by metered pumping of 

the liquid chemical from a 5-gallon reservoir which was replenished daily. 

The test material was delivered through inert delivery tubes to a vaporizer 

located at the fresh air inlet of each animal exposure chamber. The vaporizer 

was comprised of a stainless steel cylinder wrapped with a glass fiber wick 

from which the liquid was vaporized. The operating temperature of the vapor­

izer was maintained below 50°C (the boiling point of n-hexane is ~70°C) . All 

generation equipment which came into contact with the n-hexane was stainless 

steel, Teflon®, or Viton®. All equipment was contained in a vented, explo­

sion-proof generator cabinet. Chamber air flows were maintained by a 

computer-controlled pump in the exhaust line of each chamber. The exposure 

suite data acquisition and control computer automatically controlled the 

concentration of n-hexane in the chambers by adjusting the flow rate of 

dilution air through the individual chambers. 

The buildup and decay of n-hexane concentrations, without animals in the 

chambers, were checked prior to the first week of the study, Figure 1, The 

time required to reach 90% of the target concentration (Tg 0) ranged from 

11.0-13.0 min. The decay time, the time required to decline to 10% of the 

target concentration (T1ol after generators were shut off, ranged from 

9.0-11.0 min. Uniformity of vapor concentration in the exposure chambers was 
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measured prior to the start of the study and found to be acceptable in all 

chambers (e.g. ±5%). A buildup and decay determination with animals present 

in the chambers was not performed due to the short total duration of the 

exposure-S days. However, later evaluations showed that the presence of mice 

did not significantly affect build-up and decay times (Mast, et al 1988b) . 

ANIMAL HUSBANDRY 

A total of 137 male B6C3Fl mice, 8 weeks of age (Charles River Laborato­

ries, Portage, MI), were singly housed in wire-mesh cages in a quarantine room 

for 24 days. Mice selected for inhalation exposure were acclimated to the 

exposure chambers for 3 days prior to the initiation of the study, During the 

quarantine period 10 animals were killed and examined for bacterial pathogens. 

Serum from each animal was tested for antibodies to selected pathogens, and 

histopathologic examinations of lung, liver, kidn,:y, ileum, colon, and heart 

were performed (Appendix D) . At necropsy, serum from five animals from the 

high dose group and five from the control group was also tested for antibodies 

to selected pathogens. All results were negative for significant pathogens 

and gross lesions, All animals were observed daily throughout the study for 

morbidity, mortality, and overt signs of toxicity. 

Pelleted NIH-07 diet (Ziegler Bros. Inc., Gardner, PA) was provided ad 

libitum during the entire study. Since the daily duration of exposure was so 

long, 20 h, food was left in place during the exposure period in order to 

prevent food deprivation and was replaced daily. Water was provided ad 

libitum by an automatic watering system at all times. Room lighting was 

maintained on a 12-h on-off cycle starting at 6 A.M. 

During quarantine period the animal room was maintained at 72±3°F and 

50±15% relative humidity {RH), During the exposuJ:e period daily mean chamber 

temperatures were between 73.0 and 74.8°F, within the normal operating range 

of 75±3°F, Actual chamber temperatures ranged between 71.7 and 78.5°F, and 

93% of the measurements were within the specified range. Daily mean RH in all 

exposure chambers was between 49.9 and 59. 8%; RH ;;as within the normal 

operating range of 50±15% for more than 93% of thE! measurements. The average 

air flow in all chambers for the study was 15.0-l~i.l CFM; the minimum and 
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maximum were 13.2 and 18.5 CFM, respectively. A detailed summary of the daily 

chamber environment is listed in Appendix B. 

SPERM MORPHOLOGY 

All mice were weighed, identified by numbered eartags, toe-clipped by 

exposure group, and randomized on the basis of body weight, during the week 

prior to exposure. Body weights were obtained on the 1st day of exposure and 

weekly during the post-exposure period. During the fifth post exposure week, 

the mice were killed with C02 , weighed, and examined for gross lesions of the 

genital tract and for gross tissue abnormalities. See Appendix C for a 

complete tabulation of body weight and sperm morphology data. 

Sperm suspensions were prepared immediately after sacrifice by mincing 

the cauda epididymis in 2 ml phosphate-buffered saline (PBS: Wyrobek and Bruce 

1975) . Minced tissues were agitated gently in PBS then filtered through an 

80-100 ~ stainless steel screen. Several drops of 1% Eosin Y stain solution 

were added to the filtrate and it was allowed to stand for 45 min. After 

resuspension of the cells, four drops were placed on a glass microscope slide 

and allowed to air dry overnight. All slides were labeled only with the ani­

mal number in order to conceal the identity of the treatment group from the 

examiner during evaluation. The morphology of at least 500 sperm from each 

slide was examined under a light microscope (40x) and classified as either 

normal or abnormal. The following types of abnormal sperm were also recorded: 

blunt-hook, banana, amorphous, pin-head, or two heads/two tails. 

STATISTICAL ANALYSES 

The SAS statistical software on a VAX 11/780 computer was used to calcu­

late all means and standard deviations of animal data. Body weights were ana­

lyzed using the SAS General Linear Models (GLM) procedures (SAS 1985) with an 

analysis of variance (ANOVA) model for unbalanced data. Values for normal and 

abnormal sperm heads were expressed as a proportion of the total number of 

cells examined for each slide. The proportion of abnormal sperm of each type 

relative to the total number of abnormal sperm was calculated as well. These 

proportional data were subjected to an arcsin transformation and evaluated by 
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an ANOVA. Tukey's multiple-range test (two-tailed) was used to ascertain the 

presence of statistically significant differences between control and exposed 

groups. When appropriate, the data were also evaluated for orthogonal 

contrasts to determine significance of trend (Winer 1971). 
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RESULTS 

The daily mean n-hexane concentrations for all exposure chambers are 

shown in Table 1. Grand means for all exposure concentrations were within 6% 

of the target concentrations. Detailed summaries of the concentration data, 

summaries of environmental data, and graphic illustrations of the daily means, 

and standard deviations for each chamber are included in Appendix B. 

The appearance and behavior of the mice were unremarkable throughout the 

experiment and no evidence of n-hexane toxicity was observed. No deaths 

occurred in any of the four inhalation exposure groups. However, three ethyl 

methanesulfonate (EMS) positive-control animals (one in the 200 mg/kg group 

and two in the 250 mg/kg group) died from EMS toxicity between 4 and 10 days 

after treatment was initiated. At the scheduled sacrifice, 5 weeks post­

exposure, no unusual clinical observations were observed for either of the EMS 

groups nor· were gross lesions noted in any organ, 

Significant differences in mean body weights were not observed between 

any treatment group at sacrifice (Table 2). Mean body weights of male mice 

exposed to n-hexane vapor concentrations as high as 5000 ppm for 5 consecutive 

days were not significantly different from the 0-ppm group at any time during 

the post-exposure period. However, the body weights of both EMS-treated 

positive-control groups were significantly lower than the 0-ppm group during 

1st and 2nd post-exposure weeks. The mean body weight of the 250-mg/kg group 

was also significantly reduced relative to the 0-ppm group during 3rd post­

exposure week. Cumulative weight gains for the 250-mg/kg EMS group were 

significantly less than all n-hexane groups throughout the entire post­

exposure period (Figure 2) . 

Analyses of the sperm morphology data obtained from male mice 5 weeks 

post-exposure to 200, 1000 or 5000 ppm n-hexane vapor produced no 

statistically significant effects on the percentages of normal or abnormal 

sperm relative to the 0-ppm group (Table 3). Although the percentages of 

sperm classified as having a "blunt hook" were positively correlated to 

increasing n-hexane concentration, this is probably of no biological 
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significance since the 200 and 1000 ppm groups both had lower values than the 

0-ppm group. Ethyl methanesulfonate was shown to be an effective positive­

control agent at the doses used as evidenced by a significant, treatment­

related reduction in the percentage of normal sperm observed at five weeks 

post-exposure (Table 3) . The proportional distribution of the different types 

of abnormalities was not affected (Table 4) . 

DISCUSSION 

Significant increases in the incidence of sperm abnormalities were not 

observed five weeks post-exposure (the only time point examined) in the B6C3Fl 

mice exposed to 200, 1000 or 5000 ppm n-hexane vapor for 5 days, 20 h/day. 

Nor were any significant treatment-related effects found in a companion study 

conducted to assess the potential for n-hexane exposure to cause male dominant 

lethality in mice (Mast et al. 1988a). Although the mechanisms producing 

abnormal sperm and male dominant lethality may be dissimilar, these two 

studies lend support to the conclusion that n-hexane exposures of short 

duration do not adversely affect sperm quality, even when administered at 

relatively high concentrations. 

In contrast to the lack of observable affects on the sperm noted in this 

mouse study, others have reported toxic effects to the testes of rats after 

exposure to hexane or its metabolites. Atrophy of testicular germinal 

epithelium in rats following the oral administration of n-hexane or its 

metabolites was reported by Krasavage et al. (1980); however, n-hexane was much 

less potent than its metabolites. The oral administration of the hexane 

metabolite, 2, SHD, in dr.inking water caused demonstrable changes in Sertoli 

cell biochemistry which occurred prior to visible morphologic changes in the 

rat testes (Chapin et al. 1982). The activities of Sertoli cell 

B-glucuronidase and y-glutamyl transpeptidase were decreased at 3 and 6 weeks 

of exposure, whereas the testes, which appeared normal at 3 weeks, had severe 

lesions and were azosperrnic at 6 weeks. These results are not consistent with 

the studies of Cavender et al. (1984), who failed to detect testicular 

toxicity (e.g. as decreased testes weight) in rats exposed to atmospheric 

concentrations of n-hexane as high as 10,000 ppm, 6 h/day for 13 weeks. 
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The results of most of the studies reviewed above can not be directly 

compared because of differences in animal species and in experimental design. 

However, it is interesting to note that negative responses of the testes or 

the sperm have resulted with inhalation exposures whereas positive effects 

have been seen in studies employing oral routes of exposure. The differences 

in response in rats may be due to differences in effective dose or in the 

duration of exposure. The inhalation exposures were either for a short time 

period (1-5 days), or for a small fraction of the day (6 h), whereas the oral 

studies were generally continuous for up to 6 weeks. Krasavage et al. (1980) 

showed that a single, oral dose of n-hexane to the rat was rapidly metabolized 

to 2,5HD, and that the 2,5HD was completely cleared from the blood in about 

18 h. Consequently, a sustained exposure may be required to cause adverse 

effects. Mice could be insensitive to testicular effects of n-hexane or 

respond differently than rats to n-hexane exposures. 

The mouse sperm morphology assay was developed by Wyrobek and Bruce 

(1975) to detect mutagenic compounds and has been applied to a wide variety of 

industrial carcinogens and other compounds. However, it has shown only 

moderate correlation with the in vitro mutagenic assays (Bruce and Heddle, 

1979). The mouse sperm morphology assay was also investigated by Osterloch et 

al. (1983) as a possible adjunct to assessing testicular toxicity. These 

workers examined a broad range of pesticides using the sperm morphology assay 

and found surprisingly few positive reSponses to known testicular toxins 

and/or carcinogens, perhaps due to the wide array of mechanisms which may 

cause testicular toxicity. Thus, Osterloh et al. (1983) concluded that the 

sperm morphology assay was not a suitable method to use in the detection of 

testicular toxins. In our study, sperm abnormalities were not detected fol­

lowing n-hexane exposure; however, we were able to demonstrate a dose-response 

effect of the positive-control material, EMS, on the incidence of sperm 

abnormalities occurring 5 weeks after the cessation of exposure. Under the 

conditions of this study, n-hexane inhalation exposures of short-duration, 5 

days, did not adversely affect sperm morphology, suggesting the lack of an 

effect on spermatogonia or primary spermatocytes in the B6C3Fl mouse. 
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TABLE 1 a. n-Hexane Sperm Morphology Study: Average Daily 
Exposure Chamber Concentrations 

0 ppm n-Hexane Vapor 

Exposure Mean ±SO Max Min Number Number 
Day (ppm) (ppm) (ppm) Samples in Ranae (b) 
1 <MDL (a) <MDL <MDL 36 
2 <MDL <MDL <MDL 41 
3 <MDL <MDL <MDL 41 
4 <MDL <MDL <MDL 35 
5 <MDL <MDL <MDL 43 

Summary <MDL <MDL <MDL 196 
(a) Minimum detectable Limit (MOL) = 0.11 ppm n-Hexane. 
(b) Range = 0-1 ppm n-Hexane 

TABLE 1 b. n-Hexane Sperm Morphology Study: Average Daily 
Exposure Chamber Concentrations 

200 ppm n-Hexane Vapor 

36 
41 
41 
35 
43 

1 96 

Exposure Mean ±SO Max Min Number Number 
Day (ppm) (ppm) (ppm) Samples in Ranae (a) 
1 189 ± 33 219 0.3 36 34 
2 200 ± 5 208 183 40 40 
3 195 ± 8 210 1 81 41 41 
4 197 ± 7 219 182 36 36 
5 196 ± 4 209 188 42 42 

Summary 196 + 16 219 0.3 195 1 93 
(a) Range - ±1 0% target. 

Percent 
in Ranae 

100 
100 
100 
100 
100 
100 

Percent 
in Range 

94 
100 
100 
100 
100 
99 
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TABLE 1 c. n-Hexane Sperm Morphology Study: Average Daily 
Exposure Chamber Concentrations 

1 000 ppm n-Hexane Vapor 

Exposure Mean ±SD Max Min Number Number 
Day (ppm) (ppm) (ppm) Samples in Range (a) 
1 995 ± 14 1030 962 36 36 
2 1 010 ± 16 1040 975 40 40 
3 988 ± 30 1070 938 41 41 
4 997 ± 24 1100 930 36 35 
5 997 ± 16 1030 972 42 42 

Summary 998 + 22 1100 930 19 5 1 94 
(a) Range = ±1 0% target. 

TABLE 1 d. n-Hexane Sperm Morphology Study: Average Daily 
Exposure Chamber Concentrations 

Exposure Mean ±SD 
Day (ppm) 
1 3450 ± 1160 
2 5130 ± 97 
3 4870 ± 163 
4 4920 ± 800 
5 4990 ± 66 

Summary 4700 + 848 
(a) Range .. ±1 0% target. 
(b) Pump failure. 

5000 ppm n-Hexane Vapor 

Max Min Number Number 
(ppm) (ppm) Samples in Range {a) 
4430 1 5 3 6 0 (b) 
5280 4960 41 4 1 
5190 4610 42 42 
5910 516 3 7 34 
5240 4880 42 42 
5910 1 5 198 159 

Percent 
in Range 

100 
100 
100 
97 
100 
99 

Percent 
in Range 

0 (b) 
100 
100 
92 
100 
80 
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TABLE 2. n·Hexane Mouse Sperm Morphology Study: Mean Body Weights of Male B6C3F1 Mice (g ±SO), 

n·Hexane Concentration (ppm) 
0 200 

Week No, N=20 N=20 
Exposure Day 1 26,7 ± 2.2 27.6 ± 1,2 
Post-exposure Wk 1 27.8 ± 1,4 28,5 ± 1.3 
Post-exposure Wk 2 28,7 ± 1,6 28.8 ± 1.3 
Post-exposure Wk 3 29,0 ± 1.7 29,1 ± 1,4 
Post-exposure Wk 4 29.9 ± 1,8 29,7 ± 1,4 
Post-exposure Wk 5 29.5 ± 1,6 29.3 + 1,4 

(a) Positive control; ethyl methanesulfonate, 
(b) N=19; (See Appendix C), 
(c) N=18; (See Appendix C), 
(d) Significantly different from control group, p<0.05. 

1000 
N=20 

27,2 ± 1,3 
28.2 ± 1,3 
28.4 ± 1.3 
28.6 ± 1,3 
29.2 ± 1,3 
29.0 ± 1,5 

EMS (m /kq) (b) 

5000 200 250 
N=20 N=20 N=20 

27.2 ± 1.5 26,4 ± 1,6 26.8 ± 1,4 

29,0 ± 1.6 25.6 ± 1,4 (b,d) 23.7 ± 2.1 (c,d) 

29.1 ± 2.0 27.2 ± 1.4 (b,d) 26,0 ± 1.4 (c,d) 
29.8 ± 2.1 28,3 ± 1.5 (b) 27.4 ± 1,9 (c,d) 
30,0 ± 2,0 29.1 ± 1.7 (b) 28.3 ± 2.3 (c) 
29.5 ± 1.8 29.3 ± 1.7 (b) 28.2 ± 2.0 (C) 
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n-Hexane Concentration (ppm) 
0 200 1000 

Number Examined 20 20 20 
Tvce of Abnormality % % % 
Normal 99.02 ± 0.99 99.60 ± 0.44 99.16 ± 0.68 
Blunt Hook (d) 0.44 ± 0.65 0.16 ± 0.22 0.36 ± 0.44 
Blnre 0.06 ± 0.15 0.04 ± 0.14 0.06 ± 0.17 
Amorphous 0.49 ± 0.62 0.21 ± 0.33 0.43 ± 0.32 
Pinhead 0.01 ± 0.03 0 0 
Two heads/two tails 0 0 0.01 ± 0.03 
Total abnormal 0.99 ± 1.17 0.40 ± 0.45 0.85 ± 0.68 
(a) Approximately 1000 sperm examined per male (2 slides, 500 per slide). 
(b) Positive control; ethyl methansulfonate. 
(c) One male In this group was azospermlc. 

5000 
20 
% 

99.11± 0.78 
0.53 ± 0.47 
0.09 ± 0.21 
0.28 ± 0.34 
0.01 ± 0.04 

0 
0.90 ± 0.78 

(d) Values for n-hexane groups significantly correlated with Increasing exposure concentration, p<0.05. 
(e) Significantly different from O·ppm group following arcsin transformation, P<0.05. 

EMS lma/ka) lb) 
200 250 
19 17 (C) 

% % 

96.38 ± 2.05 (e) 86.91 ± 5.68 (e) 
1.22 ± 0.91 6.29 ± 3.87 (e) 
0.03 ± 0.12 0.49 ± 0.72 (e) 
2.32 ± 1.45 (e) 6.32 ± 2.44 (e) 
0.05 ± 0.19 0 
0.01 ± 0.03 0.01 ± 0.03 
3.62 ± 2.05 13.09 ± 5.68 

i 

TABLE 4 n-Hexane Mouse Sperm Morphology Study: Distribution of Classes of Sperm Abnormalities as Percent of Total Abnormalities 
. (Mean ± SO}. (a) 

n-Hexane Concentration (ppm) 

Type of Abnormality 0 200 1000 5000 
Blunt Hook 44.0 ± 34.0 43.2 ± 41.43 38.4 ± 31 .7 62.1± 29.0 
Blnre 5.6 ± 14.7 7.9 ± 20.4 6.0 ± 18.2 4.7 ± 11 .0 
Amorphous 49.8 ± 34.4 48.9 ± 40.9 55.0 ± 32.3 32.2 ± 30.3 
Pinhead 0.7 ± 4.2 0 0 0.9 ± 3.8 
Two heads/two tails 0 0 0.7 ± 4.1 0 
(a) (Mean percent abnormal of Individual class of abnormality/mean percent of total abnormal sperm) x 100. 
(b) Positive control; ethyl methansulfonate. 

EMS CmalkgUI>) 

200 250 
33.0 ± 19.6 46.0 ± 11 .4 

0.9 ± 3.5 3.6 ± 5.2 
65.0 ± 19.4 50.2 ± 12.4 

0.8 ± 2.6 0 
0.2 ± 1.4 0.1 ± 0.3 
--·· -·· .. - ------- -
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ANALYTICAL CHEMISTRY NARRATIVE AND DATA FOR n-HEXANE 

1. Test Material Receipt and Usage 

n-Hexane, manufactured by Phillips Chemical Company, was received from 
Research Triangle Institute (RTI), P.O. Box 12194, Research Triangle Park, 
NC 27709-9981. The test material for this study, identified as BNW Lot 
50846-39 (Phillips LottH- 116) was received on 2/12/86 and consisted of 
thirty 4-liter bottles . 

The bulk chemical was stored in its original shipping container at •65~ 
in a flammable storage cabinet and maintained under a blanket of nitrogen. 
All chemical transfers to the reservoir took place under a blanket of 
nitrogen to avoid the introduction of air into the bulk chemical. 
Approximately 11.2 kg of test material were required for each exposure day. 
The usage of n-hexane for the mice dominant lethal study is summarized in 
Table 1. 

TABLE 1. Mice Sperm Morphology Study with n-Hexane -Chemical Usage 

Exposure Period 
3/24/86 - 3/28/86 

Phillips Lott 
H- 116 

2. Bulk Chemical Analysis 

BNW Lott 
50846-39 

Test Material Used 
-56 kg 

Bulk chemical analysis was performed using infrared spectroscopy and gas 
chromatography (GC) for identity and purity determinations . The gas 
chromatographic system used for purity analysis employed a 1.8mm x 4mm 
glass column packed with 0.1% SP-1000 on 80/100 Carbopack C. BNW Lot 
50846-39 was analyzed for bulk purity and found to be 99.1% pure relative 
to the frozen reference material. 

3. Vapor Concentration Monitoring 

A Hewlett-Packard 5840 gas chromatographic system (employing a 1/8" 
o.d. , one- foot nickel column packed with 1% SP-1000 on 60/80 mesh Carbopack 
B; oven temperature was 120°C) was used to monitor animal exposures. This 
instrument was equipped with an S-port stream select valve and measured n­
hexane in the three exposed chambers, the control chamber, the e xposure 
room, and the on-line standard . 

a. Calibration of the On-Line Chamber Monitor 

The calibration of the on-line chamber monitor was based on analysis of 
bubbler grab samples . Thus, the calibration of the on- line monitor was 
tied to gravimetrically prepared standard solutions in dodecane through a 
second directly calibrated GC which was off-line. The analysis depended 
upon quantitative preparation of gravimetric standards and careful grab 
sampling. The gravimetrically calibrated GC was used to measure the 
quantity of n-hexane collected from exposure chambers in dodecane filled 
bubblers. The relationship between the peak area observed with the on-line 
GC and the concentration of n-hexane in the chamber was then defined using 
chamber concentrations determined by the gravimetrically calibrated GC. 

A. l 



The analysis of bubbler grab samples was performed using a HP 5830A GC 
with a 6' x 4mm glass column with 10% Carbowax 20m (TPA) on 80/100 
Chromosorb WAW. The temperature program was 40°C for 3 minutes to 150°C 
f or 10 minutes at the rate of 15°C/ minute. A set o f three standards was 
run for each analysis session. The concentration r ange of the standards 
bracketed the concentration range of interest. 

The calibration procedure required quantitativel y prepared gravimetric 
s tandards and carefully collected grab samples of a measured volume. The 
collection efficiency of a single bubbler was less than 100%, some hexane 
broke through the primary bubbler. Breakthrough was typically <4-6%. 
Breakthrough was measured each time bubblers were collected by acquiring 
back-up bubblers for the high concentration chamber . The calculation for 
c hamber concentration by the grab sampling method i ncluded a breakthrough 
correction . 

b. Detection of Monitor Drift Using an On-Line Standard 

An on-line standard was used to check instrument drift throughout the 
exposure day. The on-line standard was 994 ppm n-hexane in nitrogen (MG 
Industries Scientific Gases, 11705 South Alameda St ., Los Angeles, CA). 
The standard was checked before the start of any g i ven exposure day, then 
monitored every 8th sample throughout the exposure period. The measured 
concentration for the standard had to be within ±10% of the assigned target 
value before any exposure could begin without consultation with the 
Exposure Control Task Leader . During the course of the exposure, if the 
on-line standard was within 5% of the target value, no change in 
calibration was required. If the on-line standard was between 5% and 10% 
of its assigned target, the calibration could be updated immediately by an 
Exposure or Chemistry Specialist . Such a correction was based upon the on­
line standard. If the cumulative drift exceeded 15%, then the calibration 
was checked by quantitative analysis of grab samples. 

c. Demonstration of Sensitivity and Specificity 

The sensitivity of the GC was estimated from the decay profile for the 
highest concentration chamber. The minimum detectable limit (MDL) was 
estimated as 0.15 ppm. A measure of chromatographic specificity was 
defined by determination of the analytes partition coefficient. The 
retention time of methane, assumed to be non-retained was 0.19 min.; the 
retention time for n-hexane was 1.49 minutes . Thus, the partition ratio 
was about 6 . 8. 

d. Precision, Linearity and Absolute Recovery Evaluation 

Precision for the on-line GC was estimated from 5 consecutive 
measurements made on the 994 ppm on-line certified standard; a 0 . 4% 
coefficient of variation (CV) was observed (all va lues fell within ±1 ppm 
of the mean) . Linearity of the on- line GC was assured by calibrating the 
on-line GC against a gravimetrically calibrated GC (also see comments in 
the "Calibration of the On-Line Chamber Monitor" s ection) . This was 
basically accomplished by analyzing a series of bubbler grab samples 
acquired during exposure generation and then implementing the appropriate 
on-line GC calibration curve in the data acquisition and control system. 
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Achievement of linearity for the on- line monitor was therefore dependent 
upon defining a linear method for analysis of bubbler samples. The 
calibration curve for this analysis showed good linearity over an extended 
range. Routine analysis of bubblers was performed using midrange, high and 
low level standards in order to assure linearity. 

4. n-Hexane Degradation Studies 

a. n-Hexane Stability in the Reservoir 

Under the storage and generation conditions employed, decomposition of 
n-hexane was not anticipated. Tests to confirm test material stability 
included analysis of an aged reservoir sample . n-Hexane (BNW Lot 50846-39) 
was placed in the reservoir for generation of chamber atmospheres. At the 
end of 5 days, an aliquot of the test material was removed from the 
reservoir. Infrared spectroscopy and gas chromatography were used for 
identity and purity determinations. The bulk purity of the aged reservoir 
sample was 99.1% relative to the reference material and exhibited no 
significant changes in impurities from the reference material. 

b. n-Hexane Degradation in Exposure Chambers 

Studies of the degradation of n-hexane in the exposure chambers (with 
animals) were conducted on 3/28/87. No evidence of impurities or 
degradation products was found . n- Hexane , BNW Lot 51436-58, was the source 
of the test material. During exposure, samples of chamber atmospheres 
from the 5000 ppm and the 200 ppm chambers were taken by pulling a measured 
volume of gas through standard gas-sampling charcoal tubes . The s ample 
size was adjusted to provide adequate sensitivity to detect impurities. 
Duplicate charcoal samples were taken at 4.6 and 27.6 liter collection 
volumes for the 5000 ppm and 200 ppm chambers. The charcoal tubes were 
desorbed using carbon disulfide. The GC conditions are summarized in the 
attached report. 

Breakthrough was measured for each sample level and volume. Less than 
5% breakthrough of total sample was observed for the 4.6 and 27 . 6 liter 
samples from the 5000 ppm and 200 ppm chambers . These determinations were 
made by analysis of the secondary charcoal bed within the tubes . 
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COMPOUND: 
CAS# 
LOT# 

BULK CHEMICAL REANM. YSIS 

n-HEXANE 
110-54-3 
Phillips lot# H-116 (BNW 50846-39, sample removed 
from reservoir 3129/86 -last day of study) 

APPEARANCE: Cearliquid 
RECEIPI' DATE: 
ANM. YSIS PERIOD: 
STORAGE TEMPERATIJRE: 
SAMPLE SUBMIITM. DATE: 
SAMPLE ANM. YSIS DATE: 
ANALYSIS PROCEDURE: 

2112186 
Last usage day 
Room Temperature 
3129/86 
413,4186 & 515186 
0B-AC-3A15-00 

NOTEBOOK REFERENCE: BNW 51436-33 & BNW 51436-45 

IDENTITY: Infrared spectroscopy using a Nicolet FI'-IR 60SX with 4mm NaQ windows 
and 0.1mm spacer. 

RESULTS: The spectra was similar to that found in previous BNW analysis. 

ASSAY: Gas chromatography using a 1.8m x 4mm glass column packed with 0.1% SP-1000 on 
80/100 Carbopak c. 

RESULTS: 

IB 

4/86 

ASSAY: 

RESULTS: 

5186 

Instrument: HP 5840A 

Rel2rive % PuritY 

B.Wk 

99.1 

Retention time of n-Hexane -2.8 minutes. 
Retention time of intcmal. standard -8.0 minutes. 

Gas chromatography using a 1.8m x 2mm glass column packed with 0.1% SP-1000 on 
80/100 Carbopack C. 

Instrument: HPS840A 

l:QL.,.;xv Profile 

Ar;g% 

::BI 
9.62 
11.64 
11.98 
16.92 
24.90 

Reference 
Ma=i?l 
0.113 
0.043 
0.003 
0.001 
0.003 

Test 
Material 
0.112 
0.044 
0.003 

0.005 

A major peak of 99.84% area was observed at a retention time of -13.3 minutes for both 
the reference and test material. The reference materi.a.l showed 5 impurity peala and the 
test material showed 4 impurity peaks all~ O.CXH %. 
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CONCLUSION: Gas chromatography shows this test material to be 99.1% pure by area ntio of an 
inrcmal standard. The impurity proflle showed four impurities greater than 0.001% 
fer the test mat.erUl An infrared spcc:tnun was obtained between 4000 cm-1 and 
600 cm-1. The spectnun was similar to previous BNW analysis. 

Signature ofTechnician:.__:.;~~,~;~~ ... -::.c;:;~• .._, ~...,, .,:._ ___________ Date: Sh/ttp 

rn,n n--'i ~ 
SignatureofChemis:: ~~f 
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FID TEI'IP 
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~~~Q R~J 
FLO~J 9 

T~I'!Pl 
TEr'!Pl 
TEMPI 

34 

488 59 

5.88 
18.09 

488 Z25 
5.98 

499 298 
4S8 258 

3.66 

6.47 

TIPIE 19:45t88 

9.68 

- --------------- .... 

16.92 

19.02 

fo'P RUN • 36 
tD:t0786 
AREA % 

PT 

1. 54 
~.C.6 
6.47 
8.54 
e.z~ 
~.o>8 

10.43 
10.94 

--11. 62 
. ! 1 • .,.., 
12. 'H 
13.~2 
·~ 0., 

APEA 

2:>4 
1~~ 
225 

2959 
1388 

5'?8298 
547 

1393 
~2'??98 

17?11!1 
~a 

528989998 

FoPEA ~; 

e.0ee 
a.aea 
0.aae 
a.aee 
e.eoe 
e.::. 3 
0.oea 
a.eee 
9.943 
a.0a;; 
e.e00 

~9.336 

TIM~ 11::;4:26 

A.lO 



..., r::M~>l 

" STi1 T 

ll.':'8 

\~ 

11.0:.4 

-----------------·--·-·-·-] 

1~.05 

24.90 

~-;;. PU~ il 31 
:::: 1 ~7'06 
RP.~FI :~ 

s . ~6 
s. ·::5 
s . .:.:; 

:::J • .:.'5 
~0 . ~?.6 
:! . .:.~ 
ll . ':08 
!~.;..:. 

: ·?.£'~ 
2:.1\3 
24.0::.13 

-.. ~ .:.- .. 

DIL FA CTOP: 1.0008 ::- 0 

ARE!=\ % 

~ . • B£1B 
~ . oee 
J.: !2 
0.000 
1? . 11\?0 
e.~ ... .l 
0 .21?3 

.:.~ e~· ... . - _, .., 
;) • .31313 
1:.\J\3\3 
~.oe~ 

A.ll 



:::CAP~ 

7£t·1P 1 
TIME1 
I ~IJ TD1P 
F!D TEMP 

CHT SPD 
:ERO 
ATTN 2't 
FID SGNL 
SLP S~t-IS 
AR~ti R~J 
~LOJ,J A 
F LOW p 

""' 

400 150 · 
15.013 

4£1£1 2EJI3 
4£H3 2513 

13.513 
HLO 
1.:1 

~e 

0. 113 

1513 

1 
13.13 "?• C' 

I J. • .,J 

e.e -.,j • I 

.. IL FFICTOR: 1. 0131313 

;.:::. P.UN # 
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AREA 
156800 

120600000 
30420 

2741 
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4895000 
8442000 

AREA % 
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Studies of the degradation on hexane in the exposure chambers were conducted 

for the test run performed on March 28, 1987 Test material BNW Lot No. 

51(36-58 was used as the source of test material. The bulk purity using gas 

chromatography by m&)or peak comparison was approximately 99.2\ . 

Samples were taken from the high (5000 ppm) and low (200 ppm) chambers were 

taken with an~ls present by pulling a measured volume of gas through 

standard gas sampling charcoal tubes. Sample size was ad justed to provide 

adequate sensitivity for impurities. Sample size was 4.6 liters for the 5000 

ppm chamber and 27.6 liters for the 200 ppm chamber. Breakthrough was 

measured and found to be lass than 5' for the 5000 ppm and 200 ppm samples by 

analysis of the secondary charcoal bed within the tubes. We assume that good 

trapping efficiency for impurities and degradation products will be achieved 

when good trapping efficiency is observed for hexane. Comparison of a hexane 

sample wi~h a hexane sample deso~d from charcoal shows a good recove=Y ratio 

(-100\) . The charcoal was transferred to GC autos&m?le: vi~ls and desorbed 

_using c~:bon disulfide wi~ appro~tely 1 minute of ul~rasound trea~~. 

s~les were analyzed using an BP5890 cbromato~ra?hic system with a o=-5, 30 m 

x 0.52 mm ID, 1.5 micron film thickness, fused sil~ca meqLbore column and a 

te=perature program of 35-c for 5 minutes to 2so•c for 5 minutes at a rate of 

20-c/minute. 

Com?OSi~ion o! Degradation Samples by GC Arez ' 

Bulk Hexane 

2.2 0.10 O.ll 

2.< 99.58 n-hexa.ne 

2.8 o.u 0.38 0.39 unknowt~ 
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An additional peak less than 0.00( \ of total observed peak areas was 

observed for the hi;h and low chamber charcoal samples at 1(.5 ~nutes. 

Th~s study shows no evidence for decomposition products exceeding 0.004' of 

the hexane concentration in the hiqh and low chambers. The impurities at 

-2.2 and -2 . 8 ~utes were found in equivalent amounts in a standard of bulk 

test material prepared ~ith charcoal. Thus, these tm?urities are not formed 

by decomposition in the generator or chamber. The unknown peaks are 

probably other ·hexane isomers. 

I ' 
'l'echnica.l Specia.lin: \( +\ .Ax =n , 

QQ.\J~ '\;" 
Da.te : 

Chemist: Date: 
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APPENDIX B 

EXPOSURE NARRATIVE AND DATA 

FOR N-HEXANE 



EXPOSURE DATA AND NARRATIVE FOR n-HEXANE 

An i mol ExPo sure Chamber 

The Battelle- designed inhalation exposure chamber (commercially available 
from Harford Syste~/Lab Products, Inc . , Aberdeen, MD) was used for the 
inhalation exposures . The 2.3 m3 (1.7 m3 active- mixing volume) stainless 
steel chamber contains three levels of caging, each level split into two 
offset tiers (Figure B.l). The drawer-like stainless steel cage units 
comprise individual animal cages, feed troughs and automatic watering. 
Stainless steel catch pans for the collection of urine and feces are suspended 
below each cage unit. 

The catch pans, which remained in the chamber during exposure, were 
designed to aid in mixing to maintain uniform concentrations of aerosol, dust 
or vapors throughout the chamber. Incoming air is HEPA and charcoal filtered 
before addition of the test article. A uniform mixture of incoming air and 
the test article is diverted to flow along the inner surfaces of the chamber. 
A portion of the flow is "peeled off" by each catch pan thus creating mixing 
eddies. Exhaust from each tier is cleared through the space between the 
tiers. 

Expo sura Suita Systam Descriptio n 

The n-hexane exposures were conducted using an automated data acquisition 
and control system in an exposure suite (Figures 8.2 and 8.3). This system 
monitors and controls the basic inhalation test system functions including 
chamber air flow, vacuum, temperature, relative humidity and test chemical 
concentration . The system computers, printers , magnetic data storage devices, 
interface equipment, and monitoring instruments were located in a central 
control room and interfaced with monitoring and control elements in three 
exposure rooms. All data acquisition and control originated from an executive 
computer which controlled a multiplexing interface system. All experimental 
protocols related to data acquisition and control resided in this computer and 
were entered into software tables accessed by menus. 

Data were printed and stored immediately upon completion of the 
measurement on separate diskettes in the exposure control center. Data and 
comments from each exposure room were printed on separate printers . At the 
end of the 24 hour period, the daily data were analyzed, and summary and data 
outlier reports were printed. 

A dual point alarm system with user-defined set points was available for 
each parameter measured. Action taken upon alarm depended on the cause and 
severity of the alarm and ranged from audio/visual alert to automatic shutoff 
of the exposure generator. Alarm conditions which might be a threat to the 
health of the animals alerted a building power operator who was on duty 24 
hours per day. 
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FRONT VIEW SIDE VIEW 
~T .-::uR~ B. , . Inhalation Exposure Chamber 
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Temperature was measured with an accuracy of approximately ±0.5°F by 
Resistance Temperature Devices (RTDs) located at the measurement site . The 
RTDs were multiplexed to a digital thermometer which was interfaced to the 
computer. Chamber temperature was controlled primarily by controlling the 
temperature of the room housing the chambers. 

Percent relative humidity (%RH) was calculated with an accuracy of 
approximately ±6% by pulling a sample from the measurement location through a 
Teflon® tube into a dewpoint hygrometer located in the control center. 
Measurements were made from different locations by a valving system which 
multiplexes the tubes to the hygrometer. Percent RH was calculated by the 
executive computer from temperature and dewpoint measurements. Chamber %RH 
was maintained by a "wet/dry" air source supplied to each chamber. The ratio 
of "wet" to "dry" air, determined by a computer-controlled mixing valve, 
determined the chamber %RH. 

Chamber air flow was calculated with an accuracy of approximately ±15 
liters/min by measurement of the pressure drop across calibrated orifices 
located at the inlet and exhaust of each chamber. The desired flow orifice 
was attached by means of a multiplexed valve system to a calibrated pressure 
transducer located in the control center. Small leaks in the chambers could 
be detected by comparison of the measurement of inlet flow with that of the 
exhaust. Flow was maintained by a computer controlled pump in the exhaust 
line of each chamber. 

Chamber vacuum, relative to the control center, was measured with an 
accuracy of approximately ±0.2 em H20 using the same pressure transducer 
system which measures chamber air flows. Chamber vacuum was maintained at 
approximately (-)1" H20 primarily by inlet resistance provided by the HEPA and 
charcoal filters. 

Hexane Generatio n System 

A schematic diagram of the hexane generation system is shown in Figure 
B.4. Most of the generator was housed in a vented cabinet located in the 
Suite Control Center. The cabinet was vented to the building exhaust . The 
hexane to be vaporized was contained in a 19- liter stainless steel reservoir. 
This reservoir was filled daily from the original shipping container by the 
following method which was designed to prevent explosion during transfer. All 
oxygen in the reservoir was displaced with nitrogen through a purge port. The 
nitrogen pressure in the shipping container forced hexane through a filter and 
into the reservoir. The reservoir was on an electronic scale during filling 
so that the correct level was readily obtained. All metal containers were 
grounded. The filled reservoir was then transferred and installed into the 
generator cabinet. 

During exposure the hexane was pumped from the reservoir through a 
stainless steel eductor tube and delivery tubes to vaporizers located at the 
fresh air inlet of each animal exposure chamber . Stable micrometering pumps 
with adjustable drift - free pump rates ranging from less than 1 x lo-3 to 
greater than 20 ml per minute were used. 
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The vaporizer comprised a stainless steel cylinder covered with a glass 
fiber wick from which the liquid was vaporized. The wick could be easily and 
inexpensively replaced if residue buildup occurred. An 80-watt heater and a 
temperature sensing element were incorporated within the cylinder and 
connected to a remotely located temperature controller. A second temperature 
monitor was incorporated in the vaporizer allowing the operating temperature 
to be recorded by the automated data acquisition system. The operating 
temperature of the vaporizer was maintained below 50°C (the boiling point of 
hexane is about 70°C) . The cylindrical vaporizer was positioned in the fresh 
air duct leading directly to the inlet of the exposure chamber. 

A clear Teflon® tube of measured volume, preceded by a three-way valve 
was attached downstream of the pump to facilitate measurement of the flow rate 
of the vapor generator. Measurement was accomplished by momentarily switching 
the three-way valve from the run position to the test position. A small 
bubble of air was pulled by the pump from the cabinet through the valve and 
into the clear tube. The progress of this bubble from one end of the tube to 
the other (calibrated volume) was timed with a stop watch. Flow rate was 
calculated by dividing the volume by the time. The concentration in the 
exposure chamber was calculated from the flow measurements of liquid and 
dilution air. This value was then compared to the chamber concentrations as 
measured by the gas chromatograph (on-line monitor) • 

All generation equipment which came in contact with the hexane was 
stainless-steel, Teflon® or Viton®. All equipment contained in the vented 
generator cabinet was explosion proof. 

The exposure suite data acquisition and control computer automatically 
controlled the concentration of n-hexane in the animal exposure chambers by 
adjusting the flow rate of dilution air through the chamber over a narrowly­
limited flow range. This was accomplished by adjusting the dilution air flow 
pump which was mounted in the exhaust duct of the chamber. This air­
multiplier-type pump was controlled by adjusting the air pressure by a 
computer-controlled motor attached to the air pressure regulator. 

Adjustments were made to the air flow only if the concentration was 
beyond the Non-Critical Limit (±10% of target concentration) . The 
concentration adjustment was limited to assure that the chamber dilution air 
flow was not adjusted beyond the non-critical flow limits (12 to 18 air 
changes per hour) . If the allowed adjustment was not sufficient to bring the 
concentration back into the desired operating range, the computer made the 
maximum adjustment possible within the flow limits, then set the alarm and 
indicated to the operator that a manual adjustment of the generation system 
had to be made. 
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The following conditions for alarms and concentration adjustments 
applied: 

Concentration 

• Concentration 

• Concentration 

• Concentration 

Concentration 

S Target + 10% and ~ Target - 10% 

No action necessary 

> Target + 10% and s Target + 20% 
or 

< Target - 10% and ~ Target - 20% 

Set no alarms. 
Adjust chamber air flow rate to bring concentration 
as close to target as possible within air flow 
limits (12 to 18 air changes per hour) . 

> Target + 20% and S Target + 30% 
or 

< Target - 20% and ~ Target - 30% 

Set audible alarm in control room and exposure room . 
If after normal working hours or if weekend, also 
set power operator alarm . Adjust chamber air flow 
rate to bring concentration as close to target as 
possible within air flow limits (12 to 18 air 
changes per hour) . 

> Target + 30% 

Turn off all generators. 
Set audible alarm in cont rol room and exposure room . 
If after normal working hours or if weekend, also 
set power operator alarm. Make no adjustment of 
chamber air flow. 

< Target - 30% 

Set audible alarm in control room and exposure room. 
If after normal working hours or if weekend, also 
set power operator alarm. Make no adjustment of 
chamber air flow. 
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The following figure displays the above described alarms and the 
corresponding reactions: 

• Alarm 

TARGEf+30% ··········································· 

TARGET+20% ............................................................................................ 

TARGET+ 10% ·-- ---- -------- -------
TARGEf 

CONCENTRATION 

TARGEf-10% 

TARGET-20% 

Tum off all generators 
No Flow Adjustment 

Alarm 
Aow adjustment 

No alarm 
Aow adjustment 

OPERATING 
RANGE 
No alarms 
No adjustments 

No alarm 
Aow adjustment 

·····-·····-·-... ···········-······-···········._................................. . .. 
Alarm 

TARGET-30% 
Aow adjustment 

Alarm 
No Aow Adjustment 

The time (T9o), following the start of generation, for the concentration 
to build up to 90% of the final stable concentration in the chamber and the 
time (T1Q), following the stop of generation for the vapor concentration to 
decay to 10% of the stable concentration were determined before animals were 
placed in the chambers. The resulting curves for all chambers are shown in 
Figure B.S. The value of T9() was found to range from approximately 11 to 13 
minutes. At a chamber air flow rate of 15 air changes per hour, the 
theoretical value for T90 was approximately 12.5 minutes. A T90 of 12 minutes 
was chosen for this study . The value of T10 ranged from 9 to 11 minutes. Due 
to the short total duration of the exposure, a buildup and decay determination 
with animals present in the chambers was not performed. 

B.9 



s .. , 
• 

)U 
a I 

• • 
I 
. c 
• • •• 

s .. , 
• 

Mb 
a I 

• • 
I 
me 
• • 
ID I 

• 

.. , 
Mb 
• I 
1 • 

I 

m C 
• 0 

Cl & 

1000 

t o '\ 
10 

70 

60 

50 

4 0 

30 

20 

10 

\ 
\ 

r\ 
~/ 
t•'o 

v 
I 

I 
0 ~I 

UtT MIX.Uil • :Nt - CllANIIa 
"-- ... ........, • ....... !AMI) 

...J•~· 
l,...o-• 

• 
/ I I 

I 

""' ~ or---. 
0 

--,..0 

0 2 • • 10 12 14 16 18 20 

T-~) 

100 

tO ~\ 
10 

70 

60 

50 

40 

30 

20 

I 
I 

I I 
\ I I 
\ I I 

I'RT HtxA.'it • 1 ... p- ClL\MitR. 
cs,... MwpMiov; De•~a&•t ~"'l 

I 1 I • .J...--";-· 

I •J..--1 I I 
VI I I I 

\1 1/ 1 I I I I 

-~ • 'I I I I I I 
I Y I I I I I I ' V o,..J I I I I I 

/I I .............. I I I I I 
II I P-...t I I I 

l I• 
I 
I 
I 

I I 
I I 

I 

I 

10 

0 
1/ I • I I I o 1----:o--..L_o.!.........o-
0 2 • 6 8 10 12 14 16 18 20 

T-~J 

JRT BEXAJ\&: • 5000 pp• CHAMBER 
(Sperm Morp boton : Dominan t Letba l) 

1000 

tO I~ J..---J· 
eo I \ I I 

70 I 

60 

50 
I 

40 

3C 
I 
I 

20 

10 
I I I I I 

o~o-o~o 
2 • ' 10 12 14 16 " 20 

T-(loii-.J 

1·· ~--, 0·0..·-...-

, •. ._ .. __ I 
O· O..y_ ..._. 

1•·•-.-·--1 0· 0...- A.IIDII 

~TGiK~ 3. 5 . Builaup and Deca y of Vapor Concentra~ions in Chambe=s 
Without An~~als P=esent 

B. lO 



• 

Vapor Concentration Uniformity in Chambers 

Uniformity of vapor concentration in the exposure chambers was measured 
prior to the start of the study, but not during the study due to its short 
duration. The vapor concentration was measured using the on-line GC with the 
automatic S-port sample valve disabled to allow continuous monitoring from a 
single input line. Twelve chamber positions (two positions, one in front (F) 
and one in back (B), for each of the six possible animal cage unit positions 
per chamber) were measured. 

The sample point was just above and about 10 em in from the front or back 
center of each cage unit . The uniformity data for each chamber during 
prestart testing is summarized in Table B.l. Uniformity in all chambers was 
found acceptable. To provide easier interpretation of the results, the 
concentration readings at each port is also expressed as a percentage of the 
mean measurement at all ports measured. The possible variation of chemical 
concentration measured from one sample port to another during the chamber 
balance procedure is termed the Total Port Variability (TPV) . Three factors 
contribute to the TPV. The first, the Between Port Variability (BPV), 
represents the variation of chemical distribution within the chamber. This 
factor is of interest because it is the measure of the uniformity of 
distribution of the chemical in the chamber. The second factor, the Within 
Port Variability (WPV), represents the fluctuation of the average chemical 
concentration within the chamber during the time the uniformity measurements 
are made. The third is the variability of the measurement instrument itself. 

TABLE B.l. 

Cbamhet: n?.Y 
200 ppm 

1000 ppm 
5000 ppm 

Summary of Pre-Start Chamber 

(iB.SOl HeY ( iB.SOl 
2.5 1.8 
1.2 0.2 
1.0 1.8 

Chamber Uniformity Limits 
WPV S 5% RSD 
BPV S 5% RSD 
TPV S 7% RSD 

Enyironmental Data During Exposure 

Uniformity Data 

B£Y ( iB.SOl 
1.8 
1.2 

0 

Summations of chamber air flow, temperature and relative humidity data 
for the study are shown in Table B.2. This table includes the mean, standard 
deviation, mean expressed as a percentage of the target, the percent relative 
standard deviation (SO/Mean), maximum, minimum readings, number of readings 
and the percent of readings for which the value was within the specified 
operating range. 
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TABLE B.2 . Inhalation Sperm Morphology Study of n-Hexane in Mice-Summation of 
Environmental Data for the Period When Animals Were Housed in the 
Exposure Chambers. (Acceptable Ranges are Also Shown.) 

Target Chamber 
Cone. (ppm> Mean ± SD 

1 0 73.0±0.8 
200 74.1±0.9 
1000 74.8±0.9 
5000 73.5±0.7 

Target Chamber 
Cone . (ppm) Mean + SO 

1 0 59 . 8±5.0 
200 57 . 0±4 . 3 
1000 56.8±4.8 
5000 49.9±4.6 

Target Chamber 
Cone. (ppm> Mean + SD 

1 0 15.1±0.3 
200 15.0±0.6 
1000 15.1±0.5 
5000 15.0±0.7 

Temperature ( 0 1') 
(Acceptable Range - 72 to 78 °F) 

Number of 
Ia..t:g:et :UBSI2 Ma.xim:wn Minim:wn Samcle:s 

97±1% 75 . 5 71.7 71 
99±1% 77 . 8 72 . 8 49 

100±1% 78 . 5 73 . 5 49 
98±1% 76 . 4 72.1 49 

Relative Humidity (t R.B) 
(Acceptable Range • 40 to 70 %RH) 

Number of 
Ia. .t:g:et :UBSI2 Maxim:wn Minim:wn Sa.mple:s 

109± 8% 68 44 71 
104± 8% 65 45 50 
103± 8% 65 41 50 

91± 9% 56 35 50 

Air I' low ( CI'M) 
(Acceptable Range - 12 to 18 CFM) 

- Number of 
Iiug:et ±lBSI2 Maximum Minimum Sa.mcle:s 

101±2% 17.5 13 . 8 70 
100±4% 17 . 9 13 . 6 49 
100±3% 17 . 9 13 . 5 49 
100±4% 18 . 5 13 . 2 49 

Period Covered: 3/24/86 - 3/30/86 except 1:3/21/86 - 3/30/86. 
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The mean values of temperature in all chambers for the entire study were 
between 73.0 and 74.8°F, all within the ~pacified limit~ of 72 to 78~. 
Temperature extremes ranged from 71.7 to 78.5°F. The percent of temperature 
readings within the operating range for all chamber~ was greater than 93%. No 
reading exceeded the critical operating limits. 

The mean values of relative humidity in all chambers for the ~tudy were 
between 49.9 and 59.8%, all within the specified limits of 40 to 70%. 
Relative humidity extremes (considering all chambers) ranged from 35 to 68% 
and at lea~t 93% of all relative humidity reading~ were within ~pacified 
limit~ throughout the study. No reading exceeded the critical operating 
limits. 

The mean values of chamber air flow in all chambers for the study were 
between 15.0 and 15.1 CFM (1 CFM- 1 air change per hour), all within the 
specified limit~ of 12 to 18 CFM. Flow extremes (considering all chambers) 
ranged from 13.2 to 18.5 CFM. Most of the variation was due to the use of air 
flow to adjust concentrations during the nighttime hours. No reading exceeded 
the critical operating limits. 

A complete summary of the daily chamber environmental data follows. 

IXROauro pata 

The study protocol called for daily exposure means to be within ±10% of 
target levels, % RSD's (relative standard deviation) S10% and at least 90% of 
samples within ±10% of the target. Due to a compatibility problem between 
hexane and the construction materials in the pump (~ee Exposure Operation 
Discussion Sheet in this appendix), we had a great deal of difficulty 
attaining and maintaining the target concentration, especially in the 5000 ppm 
chamber. As a result, for the 5000 ppm chamber, the overall %RSD was 18% with 
80% of samples within the normal operating range. Concentration mean was 94% 
of target. 

The daily mean concentrations for all chambers were within 6% of the 
target concentrations except for Day 1 for the 5000 ppm chamber (69%). 
Standard deviations were outside the 10% protocol-defined limits on 1 day for 
the 200 ppm chamber and 2 days for the 5000 ppm chamber. The percent of 
concentration readings within the operating range for the 5000 ppm chamber was 
80%, the other chambers were greater than 99% 

Summaries of the concentration data for all chambers and the exposure 
room are included in Table 8.3. Summaries of concentration by exposure day 
are included in this appendix along with graphic illustrations of the daily 
mean and standard deviation for each chamber. A complete discussion of all 
concentration excursions is included. 
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TABLE B.3. Inhalation Sperm Morphology Study of n-Hexane in Mice - Summation 
of Concentration Data for the Period When Animals Were Housed in 
the Exposure Chambers . 1 

Concentration (PPM) 

Acceptable Range - Target ± 10% 

Target Percent Number Number % Samples 
Ccnc. (ggmlMean ± S..O. Target ±asn --Max Min Samgle:s .In Bange in Bange 

Room 0.00±0.03 -------- 0 . 2 0 197 *197 *100 
0 0 . 00±0 . 00 -------- 0 0 196 *196 *100 

200 196±15.7 98± 8% 219 0.3 195 193 99 
1000 998±22.0 100± 2% 1100 930 195 194 99 
5000 4700±848 94±18% 5910 14.5 198 159 80 

St. Gas 1030±37.7 103± 4% 1170 992 206 200 97 

* Samples with concentration less than 1 ppm 

1: 3 / 24/86 - 3/28/86 
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Dail~ Summation For Hexane- IRT (Mice) From 24 Mar 1986 through 28 Mar 1986 

Summary Data for : Hexane - 0 ppm-RIM/Concentrati on 

Qate Mean % Targ~t Std Dev % RSD Maximum Minimum 

24 Mar 1986 O.OOE+O ~ 

25 Mar 1986 0.00[+0 0~ 

26 Mar 1986 0.00[+0 0~ 

27 Mar 1986 O.OOE+O ox 
28 Mar 1986 O.OOE+O ~ 

Surrmary 0.00[+0 0~ 

, . 
... 

"" E 
c.. 
c.. 
"" 
c: 
0 

~ 
10 
I.. 
~ 
c: 
I) 

u 
c: 
0 
u 

0.000[+0 0~ 0.00[+0 O.OOE+O 
0.000[+0 ~ O.OOE+O 0.00[+0 
0.000[+0 ~ O.OOE+O O.OOE+O 
0.000[+0 ox O.OOE+O O.OOE+O 
0.000[+0 ~ O.OOE+O O.OOE+O 
O.OOOE+O 0~ 0.00[+0 0.00[+0 

He x ane - IRT ( Mi ce ) 
He x ane - 0 ppm-R/ M 

Mean ~Standard De v iation 

N 
36. 
41. 
41. 
35. 
43. 

196. 

O.OOE+O to 1.00£+0 
N in 

36. 
41. 
41. 
35. 
43. 

196. 

X N in 
100~ 

100% 
100~ 

100~ 

100% 
100~ 

) 

.! .. .. .. .. 
~~------r-----~----,------r-----.-----,,-----.-----~----~~t 

# •. 
• • -t' 

-t.' 
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Dail ~ Summat ion For Hexane - IRT (Mice} From 24 Mar 1986 through 28 Mar 1986 
Summary Data for : Hexane - 200 ppm-RIM/Concentration 1.80E+2 to 2.20E+2 
Oats: Ms:an % Target Std Oev % RSD Maximum Minimum N N in % N in 
24 Mar 1986 1.89E+2 94% 3.344E+1 18% 2.19E+2 2. 72E-l 36. 34. 94% 
25 Mar 1986 2.00E+2 100% 4. 753E+O 2% 2.08E+2 1 83E+2 40. 40. 100% 
26 Mar 1986 1.9SE+2 98% 8.358E+O 4% 2.10E+2 1 81E+2 41. 41. 100% 
27 Mar 1986 1.97E+2 99% 7 .159E+O 4% 2.19E+2 1 82E+2 36. 36. 100Y. 
28 Mar 1986 1.96E+2 98% 4.180E+O 2% 2.09E+2 1 88E+2 42. 42. 100% 
Summary 1.96E+2 98% 1.569E+1 8% 2.19E+2 2.72E-1 195. 193 99% 

• 

He x ane - IRT (Mice ) 
Hexane - 200 ppm-R/ M 

Mean ~ Standard Devfatfon 
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Qail~ Summation For Hexane - IRT [Mice} From ~4 Mar 1986 through 28 Mar 1986 
Summary Data for: Hexane -1000 ppm-RIM/Concentration 
Date Mean % Target 
24 Mar 1986 9.95E+2 100% 
25 Mar 1986 1.01E+3 101% 
26 Mar 1986 9.88E+2 99% 
27 Mar 1986 9.97E+2 100% 
~8 Mar 1986 9.97E+~ 100% 
Summary 9.98E+2 100% 

·"' ">~ 
..... 

...... 
E 

·"' c. 
"'~ c. ...... , . 

c .~ 
0 tb~ 

' 
~ 

,. 

"' t '- .~ t ~ 1:.~ 
c ~ ,. 
I) 

u 
c ·"' 0 ,~ 

u ~· 

.... 
tb~ 

•• 

·"' 1:>~ ( 

~·· ~ ~· '\. ,: .._., 

Std Dev % RSD Maximum Minimum 
1.441E+1 1% 1.03E+3 9.62E+2 
1. 591E+1 2% 1.04E+3 9.75E+2 
2.971E+1 3% l. 07E+3 9.38E+2 
2.375E+1 2% 1.10E+3 9.30E+2 
1.582E+l 2% 1. 03E+3 9.72E+2 
2.202E+1 2X 1.10E+3 9.30E+2 

Hexane - IRT (Mice) 
Hexane -1000 ppm-R/M 

Mean~ Standard Deviation 

t t t 

~·· 
( 

~· ~·· .._ .. v .._. 
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N 
36 . 
40 . 
41. 
36 . 
4~ . 

195 . 

( 

~· ... ~ 

9.00E+2 to 1. 10E+3 
N in % N in 

36. 100% 
40. 100% 
41. 100% 
35. 97% 
42. 100,; 

194. 99% 

) 
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ti 
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I 
~ 
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Oail~ Summation FQr Hexane - IRT (Mice) From 24 Mar 1986 throug~ 28 Mar 1986 
Summary Data for: Hexane -5000 ppm-RIM/Concentration 
Date Mean 
24 Mar 1986 3.45E+3 
25 Mar 1986 5.13E+3 
26 Mar 1986 4.87E+3 
27 Mar 1986 4.92E+3 
28 Mar 1986 4.99E+3 
Summary 4.70E+3 
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C) 

u 
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u 
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.... .. ~ ... 
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X Target Std Dev % RSO Maximum Minimum 
69X 

103% 
97X 
98X 

lOOX 
94X 

t 

• -t-• 
'1,., 

l.160E+3 34X 4.43E+3 1.45E+1 
9.737E+1 2X 5.28E+3 4.96E+3 
l.631E+2 3X 5.19E+3 4.61E+3 
8.003E+2 16X 5.91E+3 5.16E+2 
6.569E+l lX 5.24~+3 4.88~+3 

8.475E+2 18X 5.91E+3 1.45E+l 

Hexane - IRT (Mtce) 
Hexane -5000 ppm-R/M 

Mean~ Standard Deviation 

t t 

~·· • 
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N 
36. 
41. 
42. 
37. 
42. 

198. 

• -t-• 
'1, .. 

4.50E+3 to S.SOE+3 
N in X N in 

0. ox 
41. 100X 
42 . 100X 
34. 92% 
42. lOOX 

159 0 80% 
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Qail~ Summation For Hexan~ - IRT (Mice} From ~4 Mar 1986 through 28 Mar 1986 
Summary Data for: Hexane - Room/Concentration O.OOE+O to l.OOE+O 
Qate Mean % Target Std Qev % R~D Maximum Minimum N N in % N in 
24 Mar 1986 O.OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 36. 36. 100% 
25 Mar 1986 O.OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 41. 41. 100% 
26 Mar 1986 O.OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 41. 41. 100% 
27 Mar 1986 1.97E-2 2~ 6.052E-2 307% 2.38E-1 O.OOE+O 36 . 36. 100% 
~8 Mar 19~6 O.OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 43. 43. 100~ 

Sumnary 3.60E-3 0% 2.669E-2 741% 2.38E-1 O.OOE+O 197 . 197. 100% 

He x ane - IRT ( M i ce ) 
He x ane - Room 

Mean 8. Standard De v iat i on 
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Dail~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 through 28 Mar 1986 

Summary Data for: Hexane -Standard Gas/Concentration 9.00E+2 to 1. 10E+3 

Date Mean t Target Std Dev % RSD Maximum Mi nimum N N in % N in 

24 Mar 1986 1.03E+3 103% 8.929E-1 ox 1.03E+3 1 02E+3 37. 37. 100% 

25 Mar 1986 1.05E+3 105% 1.943£+1 2% 1.07E+3 1 03[+3 41. 41. 100% 

26 Mar 1986 1.05E+3 105% 2.891£+1 3% 1. 07E+3 1.00E+3 42. 42 . 100% 

27 Mar 1986 1.02E+3 102% 6.007[+1 6% 1.17E+3 9 .92E+2 43. 37. 86% 

28 Mar 1986 9.94E+2 99% 7.541E-l ox 9.95£+2 9.92E+2 43. 43. 100% 

Summary 1. 03E+3 103% 3.773E+1 4% 1.17E+3 9.92E+2 206 . 200. 97% 

Hexane - IRT (Mice) 

Hexane -Standard Gas 
Mean & Standard Deviation 
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Dail~ ~ummation FQr H~xan~ - IRT {Mice} From ~1 Mar 1~~6 through 30 Mar l986 
Summary Data for: Hexane - 0 ppm-RIM/Exhaust Air Flow 
Date Mean 
21 Mar 1986 15.1 
22 Mar 1986 15.1 
23 Mar 1986 15.1 
24 Mar 1986 15.1 
25 Mar 1986 15.1 
26 Mar 1986 15.2 
27 Mar 1986 15.1 
28 Mar 1986 15.1 
29 Mar 1986 15.3 
30 Mar 198§ 15.~ 

Summary 15.1 

~ Target Std Dev X RSD Maximum Minimum 
101X . 04 ox 15.2 15.1 5. 
101X .05 ox 15.2 15.1 8. 
101% .04 ox 15.2 15.1 8. 
101X 0.00 ox 15.1 15.1 6. 
101% 0.00 ox 15.1 15.1 7. 
101% 0.00 ox 15.2 15.2 7. 
101X .04 ox 15.2 15 .1 7. 
101% 0.00 ox 15.1 15.1 7. 
102% 1.02 7X 17.5 13.8 8. 
101% O.OQ ox 15.~ 15.~ 7. 
101% .33 2% 17.5 13.8 70. 

He x ane - IRT (Mice ) 
He x ane - 0 ppm-R/ M 

Mean~ Standard Deviat i on 

12.0 to 18.0 
N N in % N in 

5 . 100X 
8. 100X 
8. 100% 
6. 100X 
7. 100% 
7. 100% 
7. 100X 
7. 100% 
8. 100% 
7. 100% 

70. 100X 
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Dail~ Summat i on For Hexane - IRT (Mice} From 24 Mar 1986 througr 30 Mar 1986 
Summary Data for : Hexane - 200 ppm-RIM/Exhaust Air Flow 12.0 to 18.0 
Date Mean X Target Std Oev X RSD Maximum Minimum N N in X N i n 
24 Mar 1986 14 .4 96X 
25 Mar 1986 14 .8 99% 
26 Mar 1986 15.0 100X 
27 Mar 1986 15.0 100X 
28 Mar 1986 15.0 100X 
29 Mar 1986 15.3 102% 
30 Mar 1986 15.2 101X 
Summary 15.0 100X 

.54 4X 14.9 13.7 

. 49 3% 15.0 13. 7 
0.00 ox 15.0 15.0 

.04 0% 15.0 14.9 

.05 ox 15. 0 14.9 
1.19 ax 17 .9 13 6 

.04 ox 15.2 15 1 

. 57 4% 17 .9 13 6 

Hexane - IRT (Mice) 
Hexane - 200 ppm-R/M 

Mean ~Standard De vi ation 

6. 6. 100X 
7. 7. 100% 
7. 7. 100% 
7. 7. 100% 
7. 7. 100% 
8. 8 100% 
7. 7 . 100% 

49 . 49. 100X 
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Oail~ Summation For Hexane - IRT (Mice} From ~4 Mar 1986 through 30 ~ar 1986 
Summary Data for: Hexane - 1000 ppm-RIM/Exhaust Air Fl ow 12.0 to 18.0 
Date Mean ~ Target Std Oev % RSO Maximum Minimum N N in % N in 
24 Mar 1986 14.8 99% .04 0% 14.8 14.7 6. 6. 100% 
25 Mar 1986 15.0 100% .10 1% 15.1 14.8 7. 7. 100% 
26 Mar 1986 15.2 101% .05 0% 15.2 15.1 7. 7. 100% 
27 Mar 1986 15.1 100% .08 1% 15.2 15.0 7. 7 100% 
28 Mar 1986 15.0 100% .05 0% 15.1 15.0 7. 7. 100% 
29 Mar 1986 15.2 102% 1. 21 8% 17.9 13.5 8. 8. 100X 
~0 Mar 1~86 15.1 101X .05 0% 15.~ ~~.1 7. 7. 100% 
Summary 15. 1 100% .48 3% 17.9 13.5 49. 49. 100% 

He x a n e - IRT (M i ce ) 
He x ane -1000 ppm- R/ M 

Mean ~ Standard De v iation 
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Oail~ Summation For Hexane - JRT {Mice) From 24 Mar 1986 through 30 Mar 1986 

Summary Data for: Hexane -5000 ppm-RIM/Exhaust Air Flow 

Date Mean ~ T~rget 

24 Mar 1986 14.4 96~ 

25 Mar 1986 14.9 99~ 

26 Mar 1986 15.1 101% 

27 Mar 1986 15. 1 101% 

28 Mar 1986 15 .1 101% 

29 Mar 1986 15.3 102% 
30 Mar 1986 15.~ 10}% 
Stmnary 15.0 100% 

• ~-'1. 

" l: 
La.. • u •• '1: ...., 

3 • 0 .. 
' 

La.. 

c.. 

a: • t 
1 .,. I 

' 
~ 

"' ~ ., 
r. • 
X 1." 

' w 

• •• ' 

• .. 
~·· -t-•( 

"' ... "'" 

Std Dev X RSD Max1mum M1nimum 

.45 3~ 14 .9 13 .9 6. 

. 49 3~ 15. 1 13 .8 7. 

.05 0% 15 .2 15.1 7. 

.04 0% 15.1 15.0 7. 

.07 0% 15. 2 15.0 7. 

1.46 10% 18.5 13.2 8. 

.05 0~ 15 .2 15.1 7. 

.66 4% 18.5 13.2 49 . 

Hexane - IRT (Mice) 
Hexane -5000 ppm-R/M 

Mean~ Standard Deviation 

-t-•( -t-•( ~·· "' .. v "'' 
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12 .0 to 18.0 
N in 

6. 
7. 
7. 
7. 
7. 
7. 
7. 

48 . 

~ N in 
100~ 

100% 
100% 
100% 
100% 

88% 
100~ 

98% 
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Oail~ S~ation For Hexane- IRT (Mice} From 21 Mar 1986 through 30 Mar 1986 
Summary Data for: Hexane - 0 ppm-RIM/Relative Humidity 40.0 to 70.0 
Qat~ Mean X Target Std Qev ~ RSQ Maximum Minimum N N in % N in 
21 Mar 1986 54.3 99% 2.88 5% 58.0 50.0 6. 6. 100X 
22 Mar 1986 60.0 109% 4.63 8% 65 .0 51.0 8. 8. 100% 
23 Mar 1986 63.4 115% 3.31 5% 68.0 59.0 7. 7. 100% 
24 Har 1986 54.9 lOOX 5.21 9% 60 .0 44 .0 7. 7. 100X 
25 Har 1986 56 .4 103% 5. 13 9% 64 .0 52.0 7. 7. 100X 
26 Har 1986 61.9 112% 1.77 3% 64.0 60.0 7. 7. 100X 
27 Mar 1986 64.6 117X 1.81 3X 67.0 63.0 7. 7. 100% 
28 Mar 1986 61.7 112% 2.87 5~ 65 .0 57 .0 7. 7. 100% 
29 Har 1986 61.6 112% 5.90 lOX 67 .0 48 .0 8. 8. 100% 
3Q Har 1~86 57.7 10~X 3.40 6X 63.0 53.0 7. 7. 100% 
Summary 59.8 109X 5.03 ax 68 . 0 44 .0 71. 71. 100% 

Hexane - IRT (Mice) 
Hexane - 0 ppm-R/ M 

Mean & Standard Deviat i on 
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Dail~ Summation For Hexane- IRT {Mice} From 24 Mar 1986 throug, 30 Mar 1986 
Summary Data for: Hexane - 200 ppm-R/M/Relat1ve Hum1di ty 40. 0 to 70 .0 
Date Mean ~ Target Std Dev ~ RSD Maximum Minimum N N in % N in 
24 Mar 1986 52.7 96~ 2.56 5~ 56 .0 49 .0 7. 7. 100% 
25 Mar 1986 54 .4 99X 4.65 9X 60 .0 49 . 0 7. 7. 100X 
26 Mar 1986 57 .4 104X 2.07 4X 60.0 55 .0 7. 7. lOOX 
27 Mar 1986 61.3 111X 2.06 3X 64.0 59.0 7. 7. 100% 
28 Mar 1986 57 .7 10SX 1.38 2X 60 .0 56 .0 7. 7. 100X 
29 Mar 1986 58.9 107X 6.20 llX 65.0 45.0 8. 8. 100X 
30 Mar 1986 56.4 103% 3.46 6% 60.0 52.0 7. 7. 100% 
Summary 57 .0 104X 4.31 ax 65 .0 45 .0 so. 50 . l OOX 

He x ane - IRT CMtce ) 
Hexane - 200 ppm-R/M 

Mean ~ Standard Deviation 
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Oail~ Summation For Hexan~ - IRT (Mice] From ~4 Mar !986 through 30 Mar 1986 
Summary Data for: Hexane -1000 ppm-RIM/Relative Humidity 40.0 to 70.0 
Q~te Mean ~ Target Std Dev ~ RSD Maximum Minimum N N in % N in 
24 Har 1986 51.9 94~ 3.24 6~ 56.0 46.0 7. 7. 10~ 

25 Har 1986 54.9 10~ 5.11 9~ 61.0 49.0 7. 7. 100~ 

26 Mar 1986 56.7 103~ 2.21 4~ 60.0 54.0 7. 7. 100% 
27 Mar 1986 60.7 11~ 2.81 5% 63.0 56.0 7. 7. 100~ 

28 Mar 1986 58.4 106% 2.30 4~ 61.0 54.0 7. 7. 100% 
29 Mar 1986 57.6 105% 7.29 13% 65.0 41.0 8. 8. 100% 
30 Mar 19~6 ~7.6 105X 3.9S 7% 62.0 S2.0 7. 7 100% 
Summary 56.8 103% 4.80 8% 65.0 41.0 so. so. 100% 

He x ane - IRT (M i ce ) 
He x ane -1000 ppm-R/M 

Mean ~ Standard De vi at i on 
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Dail~ Summat ion For Hexane - IRT (Mice} From ~4 Mar 1986 through 30 Mar 1986 
Summary Data for : Hexane -5000 ppm-R/M/Relatlve Hum1dity 40 .0 to 70 .0 
Da~!: Mean % Target Std Dev % RSD Maximum M•nimum N N in % N in 
24 Mar 1986 46.0 84% 6.06 13% 54 . 0 35 .0 7. 6. 86% 
25 Mar 1986 49.3 90% 4.75 10% 54 .0 44 .0 7. 7. 100% 
26 Mar 1986 50.7 92% 2.36 5% 54 .0 49.0 7. 7. 100% 
27 Mar 1986 53.3 97% 2.29 4% 56.0 50.0 7. 7. 100% 
28 Mar 1986 52 . 1 95% 3. 13 6% 56 .0 47.0 7. 7 100% 
29 Mar 1986 49.9 91% 5.28 11% 55.0 38.0 8. 7. 88% 
30 Mar 1986 48.0 87% 3.83 8% 53.0 44.0 7. 7. lOOY. 
Summary 49 .9 91% 4.55 9% 56.0 35.0 50. 48 . 96% 

Hexane - IRT (Mtce) 
Hexane -5000 ppm-R/M 

Mean 8.. Standard Deviation 
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Dail~ Summation For Hexane - IRT (Mice} From 21 Mar 1986 through 30 Mar 1986 
Summary Data for : Hexane - 0 ppm-RIM/Temperature 72.0 to 78.0 
Qat!: Mean % T§rget Stg Qev X RSD M§ximum Minimum N N in % N in 
21 Har 1986 73 .9 99% .49 1% 74 .7 73.4 6. 6. 100% 
22 Mar 1986 73 .3 98% .61 1% 74 .4 72.8 8 8. 100% 
23 Mar 1986 72.6 97% .32 ox 73 .2 72 .2 7. 7. 100% 
24 Mar 1986 72.6 97% .55 1% 73 .3 72 .0 6. 6. 100% 
25 Har 1986 73 .3 98% .39 1X 73 .8 72 .8 7 7. 100% 
26 Mar 1986 73.0 97% .53 1% 73 .9 72 . 1 8. 8. 100% -
27 Mar 1986 73.0 97% .90 1% 74 .5 72 . 1 7. 7. 100% 
28 Mar 1986 72 .9 97% .86 1% 74.2 71.8 7. 6. 86% 
29 Har 1986 72 .7 97% 1. 23 2% 75 .5 71 .7 8. 6. 75% 
~0 Mar 198§ 7,.4 97% .5~ 1% 7~.2 71 .7 7. 5. 71% 
Summary 73 .0 97% .77 1X 75.5 71.7 71. 66. 93% 

Hexane - IRT (Mice) 
Hexane - 0 ppm-R/M 

Mean ~ Standard Deviation 
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Dail~ Summation For Hexane- IRT (Mice) From ~4 Mar 1986 through 30 Mar 1986 
Summary Data for: Hexane - 200 ppm-RIM/Temperature 72 .0 to 78.0 
Date Mean % Target Std Dev % RSD Maximum M1nimum N N 1n % N in 
24 Mar 1986 73.6 98% .45 1% 74.3 73 .2 5. 5. 100% 
25 Mar 1986 74.5 99% .34 ox 75 .0 73 .9 7. 7 . 100% 
26 Mar 1986 74.3 99% . 51 1% 75.1 73 .5 8. 8. 100% 
27 Mar 1986 74 .4 99% 1. 01 1% 76.1 73.3 7. 7. 100% 
28 Mar 1986 74 .3 99% 1.11 1% 75 .9 72.9 7. 7. 100% 
29 Mar 1986 74 .1 99% 1. 62 2% 77 .8 72 .8 8. 8. 100% 
30 Mar 1986 7~.6 98% .48 1% 74.2 72.9 7. 7. 100% 
Summary 74 . 1 99% .93 1% 77.8 72.8 49. 49 . 100% 

Hexane - IRT (Mice) 
Hexane - 200 ppm-R/M 

Mean &. Standard Deviatfon 
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Oail ~ Summation For Hexane - IRT (Mic~} FrQm Z4 Mar 1986 through 30 Mar 1986 

Summary Data for: Hexane -1000 ppm-RIM/Temperature 

Oat~ Mean ~ Target 
24 Mar 1986 74.1 99% 

25 Mar 1986 75.3 100% 

26 Mar 1986 74.9 100% 
27 Mar 1986 75.0 100% 

28 Mar 1986 74.9 100% 

29 Mar 1986 74.8 100% 

30 Mar 19~6 74.Z 99% 

Summary 74.8 100% 
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Std Oev % RSD Maximum Minimum 

. 57 1% 75.0 73.6 5 . 

.27 0% 75.7 74.8 7. 

51 1% 75.7 74.0 8. 

. 94 1% 76.4 73.8 7 . 

1. 09 1% 76.6 73.5 7. 

1.59 2% 78.5 73.6 8. 

.49 1% 74.9 73.5 7. 

.93 1% 78.5 73.5 49. 

He x ane - IRT (Mice ) 
He x ane -1000 ppm-R/ M 

Mean~ Standard De vi at i on 
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72.0 to 78.0 
N N in % N in 

5. 100% 
7. 100% 
8. 100% 
7. 100% 
7. 100% 
7. 88% 
7. 100Y. 

48 . 98% 

) 

& 

j 



Dai l~ Summation For Hexane - JRT (Mice} From 24 Mar 1986 through 30 Mar 1986 
Summary Data for : Hexane -5000 ppm-RIM/ Temperature 72 .0 to 78 .0 
Date Mean % Target ~td Dev % RSD Maximum Mini mum N N in X N 1n 
24 Mar 1986 73 .2 98% .38 1X 73 .8 72 .8 5. 5. 100% 
25 Mar 1986 73.8 98% .40 1% 74.2 73 .1 7. 7. 100% 
26 Har 1986 73 .4 98% .63 1% 74. 1 72 .4 8. 8. 100% 
27 Har 1986 73 .3 98% .81 1% 74 .5 72 .4 7. 7 100% 
28 Har 1986 73.2 98% .81 1% 74 .3 72 . 1 7. 7. 100% 
29 Har 1986 74 .0 99% 1. 03 1% 76 .4 73 .2 8. 8. 100% 
30 Har ~~~§ 73 .7 98% .so 1% 74 .4 72.9 7. 7. 100'>: 
Summary 73 .5 98% .73 1% 76 .4 72 .1 49. 49 . 100% 

Hexane - IRT (Mice) 
Hexane -5000 ppm-R/ M 

Mean &. Standard De v iation 
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Study: IR.T n-He:une 
MonthlY car. l'86 
P2ge: 1 

EXPOSURE OPERATION DISCUSSION SHEET 

INCLUD£SDISQJSS10NS M"DIOR EXJ'I..ANATIONS OFPROB~fS AFfECTING AN!MALE.~O!'.~T 
Ah"D EXPOSURES. EXPLANATIONS ARE ll-I'O.UDED FOR DATA ll-1' WinCH !HERE WERE. EXCJRSIONS 
OF DAILY MEAN OR ST Al\"DARD DEVIA '!'ION BEYOND All.OW ABLE OPERATING l.!Mri'S OR 
EXCURSIONS OF INDMDUAL DATIJM BEYOND CR!TICALI..IM!!S. 

S'IUDY: IR.T n-Hr.une Spmn Morphology/Dominant Lethal Exposure 

CHAMBER CONCTh'TRATION 

)/27/86 

pro;:r;:n;stf"'l.J OR 'i:'vt~r Al.J.&."T"TOl.J 

We w~ ~:.able tO rea::h the high dose level (Le. 50C(I pprn) using the two pumps originally 
insulled. The Oper.ttor was -.dvised tO maintain a. conant:7.rion level of 40C() ppm trll'tlughou: the 
exposure pe:no:l until the situ.mon could be n::solved the follo......mg day by the i."lSUliation of pu.iT.?S 
witb. hiehC' pumping capacitY. At 22:45 the high dose c!umbc' exceeded the lower c:itil:al operating 
limit (3200 ppm) because of a. pump failW't.. Chamber concentration dropped tO -1450 pptr .. the 
k~l mainuiiuhle by the secood pump. At 00'.26 the Specialist on call dis;ov~ a loose co:.tplii"lg 
en tile f2iled ~ and ti.~te::::::l:d.. By 00:.35 the c.,a.."llbe:r :.oncent:ation h.ad re:::lr.led to sped.,~:;.c.ciom. 
Betwe=::n 0::·'26 and 0:.:54 the seccnd pump failed.. The al.a."''ning system failed as well. so the 
Sp=:ialis:. an c.a.!l was not nod5ed.. ~ cooc:'IC"ation Cropped to -2000 pptr- At o:;::!" ::-,.e 
coc:lp!.ltC' con:m:mication fai.ic:d and Ca:::a was kist ur.::il tie problem was Ciscove:::d z:1d corn::=. a1. 

<>H2. 
New pu_.""!pS ~ ills:alled CD ~ 5o:::Q ppm dose che..'ni=.al ci=!ivc-y syse:r .. This r::qcind 
e:s:abllib.i:l.g ~ p~:.."i:p se~i::l~ ~ •'";;-be:' •.on•-:::::-ati.on bcilC.up took. kmg'!:' :.".an trOrnl.i., i..e. ~5 
~ut::S 10 a:~ T 90 vs tne usual 12 mm.n=s. :his because :he Ope.""Z.U:r was advised to approa:h 

~ conc=:.:6!loo level :ons--va.:::ively. No a.:i.::tioru..l tx:;1!!"Sit:m ~ ncKed d::....;~ this 2C.hoo.­
e:q:osc': pe:nO::. 
Berw=-· 21:19 and :Zl :46 ~ JXI.."'n;'S to the SCXXl ppm chamber began tO fail O..mtber con:.e;:::-..:i:::n 
C't7ppe:i 10 516 P";'r.'.. The Ex~ Spe::ialist was aid'"".ed. znd :.":.::mged out the J:Ur.-?5 :a:. 21 :!5. 3y 
:=.: l4 ~ con::r.n!:'a.tic:nlud r-..::....""'DC:C tO specs. The second ?L!:ilp was r:;::IJ,::..:C a 1i'lot't i..-n:: lar.e:, 
z.~. as a ~ti~ m=.as~ Foll~ing this r:::pla:emen:. c.';a..-nbe:' con:...-n::ai:ion jur.;;:c:C o 
S14 ppi:' .. :a:. ~:38, hdao: the Spe:::iili:st wzs ~le to set ::'le ?roper !10'NriteS r.d. ~ialn !."le 
~g :on::e::lnrion leveL 3y 00:~9 me e:tpOs::..~ was &gai.'1 u."l:i::' ccr.:rol r..:i no fu.-.he: 
~ ~ ~n=d dur.:::lg tne r:-.-:ind:er of the expos~ pe::icx!. 

TEMPERATURE & RELA m'E HUMIDITY 

!)TS\i 'S"'n'N' Q~ '~"V'~T- .ll.J .l '1"10"-' 

No probie::rzs or r.x:unions Cz::nng this reporting period.. 

CHAMBER FLOW & VACu'liM 

P!.S·:'"·.'""l""" o~ '="':?T .1.s • ..,.,(').._. 
No probic:ns or ex::unions Cu.-mg dUs n:porting ;:eiod.. 
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CIIAMBER UNII'ORMITY DATA SHEET 

COI\ti'OUNU: IRTIIEXANI! I~XI'OSUIU: ROOM NUMIIER: c<,J,6 __ _ 

TI'V r.IEASlJIH':fiH.:NTS 
--ciiAMnt:R· sooo ppm _ J(I(K)_ rP•I!_ 201_1l_JJ1!11 ----- _ 

DAlE- __ 3!!?:!!!6 __ }!!~!~~---- ----~J!!_1/~6 
SAMI'LE MONITOR f..IONI'IOR MONITOR MONITOR MONITOR 

I I'ORT READING % I{EAIJING % READING % REAIJINO % READING % I 
llACK: Ill 79!_ 99.6% 367 I<Xl.II'X. ~--2g 103.9% 

211 RU!_ 100.8% ____ 3(.8 100.2% 2~~ 99.4% 
311 !?!__ 99.6% 37!_ 101.0% 224 100.3% 
-41J ~Q-! 101.2% 3§!_ 98.3% 211 94.5% 
51! ~Q! 101.1'.1· ___ 3?!_ 101.(}% 2~5 100.8% 
611 8Q~ 101.3% 3 7f}_ 100.8% 223 99.9% 

FRON 1": II 79~ 99.7% 371_ 101.9~. 22!_ 101.7% 
21' J~Q_ 98.2% ----~~?. 97.8% 2~Q 98.5% 
31' 72~ 100.1% ____ 3§1 98.9')1, 2~Q 1113.0% 
41' 78J 98.6% _____ 3M IIXI.2% 2!~ 97.6% __ _ 
51' 1?~ 100.5% 36(! 99.7% 227 101.7% 

t 

6!' 19o 99.4% 368 uX>.2% 220 98.5% I i 
MEAN: 794.4 100.0% 367.2 IIXI.O'.X, 223.3 HXlU% 

·n·v: 8.10 I.O% <~.:n 1.2% 5.67 
III'V: 111111111111111111 :SII% 11111!111111111111 1.2% 11111111/llll/1111 

2.5% 
1.11% II/1111111111111111 IIIII/III/IIIII Ill 

WI'V 1\IEt\SUIIEI\IENTS 
IN-LINE lsi 801 HKJ.S9f. ]68 99.9% 232 101.0% 

2nd 8Q8 101.4% )(~ 99.9% 225 98.0% 
Jnl 781 98.11% ](I) HXI.2% 212 101.0% 

MEAN· 796.7 HXI.O% 368.3 HXI.O'.X, 229.7 100.0% 
WI'V. 14.01 1.8% 0.58 0.2% 4.{)4 1.8% 

MONITOR TYI'E: SiC SERIAL I :.,N""'HI"l9"5"69'------
MONI"IOR 11t\TA 11X:W110N: 

COMMENTS: -~!~.!!.I!~!~ I~ J•! f_h~1~11~!_1__&_r:rc:_!:~~'i_l_lrc c!_!amhcr h~I~~S,•'""'' ""'c·f"k"''"""'Jf~'''""'";""''""'"""'"''''-";""''""'--------------------
JINW 5112~ pg 10-,_2 __ _ 

ENTERED IIY: 
~--------·---------·-- J<EVIEWEIJ JJY, tl.~d I (;/_R.J~J f{JlJ I lA"I E: _}d!!.'iL_ DA1E,3/JJ'}[Z_ 
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Sperm Worphology n-H•x•ne Study: Body Weights (g) for W•le Mice 1 

----------------------------------------------------------- 8 ppm n-Hex•ne --------------------------------------------------------
~.te Pre-Study Day 1 of Week 1 Week 2 Week 3 Week 4 Sacrifice 

Id •• Expo•ure (Post-Expo•ure) (Post-Exposure) (Post-Exposure) (Post-Exposure) •• 
10 28.8 28.8 26.4 27.4 27.8 28.4 28.1 
13 27.6 29.8 29.2 38.4 38.8 31.4 31.4 
19 26.8 28.1 27.2 27.8 28.4 29.1!1 27.9 
30 24.8 26.6 28.2 27.2 27.2 28.2 27.8 
32 27.8 29.8 29.8 29.6 29.8 38.2 29.8 
33 31!1.2 31.8 31.4 32.6 32.8 84.4 33.2 
37 27.2 28.2 28.2 29.2 29.4 38.8 28.8 •• 23.8 24.8 28.2 27.8 28.2 29.4 29.7 
80 26.8 27.8 28.4 29.8 29.6 38.8 31!1.6 
78 28.4 27.6 28.8 29.6 38.6 31.8 31.8 
81 24.2 26.8 26.8 28.2 26.2 27.2 27.6 
91 27.8 28.2 28.2 28.6 29.4 38.8 29.8 
•• 26.2 26,8 28.8 26.2 26.6 26.8 27.8 
98 24.4 26.8 28.8 27.2 28.2 28.8 28.9 

106 28.2 21.2 29.8 38.8 31.8 32.8 31.1!1 
107 27.4 22.8 28.4 29.8 29.8 30.8 29.8 
118 28.8 27.8 28.4 29.2 29.4 38.8 31!1.3 
121 28.2 27.8 28.2 29.8 29.8 30.8 38.4 
123 26.2 28.8 28.8 27.8 27.6 29.8 28.6 
124 26.8 27.2 27.8 28.4 27.8 29.1!1 28.6 

n . 
~ 
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Spe~m ~o~phology n-Hex•ne Study: Body Welghta (g) fo~ W•le ~ice 2 

---------------------------------------------------------- 2ee ppm n-Hex•ne -------------------------------------------------------...... P~e-Study D•y 1 of 
ld •• Expo•u~e 

1 27.8 28.8 
2 28.2 27.4 

26 2•L8 26.8 
27 29.8 38.8 •• 26.2 27.8 

•• 24.4 28.~ 

•• 26.8 27.8 

•• 23.4 28.8 

•• 27.8 28.4 •• 27.8 28.8 
88 26.8 27.8 

•• 28.8 27.8 
70 23.8 26.2 
80 28.8 27.8 
88 28.4 28.2 
89 28.8 28.8 

104 28.2 29.2 
108 27.4 28.4 
109 28.4 28.8 
111 26.4 27.4 

Week 1 
(Poat-Expoaure) 

38.2 
27.8 
28.2 
31.4 
28.8 
27.8 
28.8 
27.8 
28.2 
29.4 
28.8 
27.2 
28.8 
29.8 
38.2 
28.8 
38.8 
29.8 
27.8 
28.4 

Week 2 
(Poat-Expoaure) 

38.4 
27.8 
28.8 
31.8 
28.8 
27.8 
29.2 
27.8 
29.2 
29.8 
28.4 
27.4 
27.2 
29.4 
38.8 
29.4 
38.2 
29.8 
28.2 
28.8 

Week 3 
(Po•t-Expoaure) 

31.8 
28.2 
28.8 
32.0 
28.8 
27.2 
28.8 
28.2 
28.8 
29.8 
29.2 
27.4 
28.2 
38,0 
31!1.8 
29.4 
31.2 
29.8 
28.8 
29.8 

Week 4 
(Po•t-Expoau~e) 

31.8 
29.8 
27.2 
32.4 
29.8 
27.8 
28.8 
28.8 
29.2 
29.4 
29.4 
28.8 
28.4 
31!1.8 
31.2 
38.8 
31.2 
38,8 
29.4 
38.8 

S•c~iflce •• 
31.1!1 
27.8 
28.6 
31.8 
29.1 
27.2 
28.3 
29.3 
28.9 
29.3 
29.8 
28.1 
28.2 
31.7 
31.1 
29.8 
31.1 
29.2 
28.8 
29.8 



" 0 
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Sp•~m Mo~phology n-Hex•n• Study: Body W•lght• (g) fo~ M•l• Nlc• 3 

--------------------------------------------------------- 111100 ppm n-H•x•n• -------------------------------------------------------

M•l• P~•-Study D•y 1 of 
Id •• Exposur• 

• 26.0 28.8 
18 26.<1 27.6 
23 26.<1 27.8 
31 28.2 28.2 
34 2<1.8 26.8 
62 27.2 27.<1 
82 28.2 28.2 
83 26.2 27.111 
87 2<1.<1 26.2 
72 23.2 26.111 
73 27.8 29.111 
76 27.<1 29.<1 
83 27.111 27.<1 
88 26.8 27.8 •• 28.6 28.0 
96 26.2 28.2 

103 23.8 26.<1 , .. 28.<1 28.0 
113 26.2 28.<1 
116 28.6 28.2 

W••k 1 
(Post-Exposu~e) 

27.2 
28.0 
28.8 
28.8 
26.0 
28.8 
28.2 
27.8 
26.8 
26.<1 
28.8 
3111.8 
29.8 
28.2 
29.111 
27.8 
27.<1 
29.111 
28.111 
3111.111 

Week 2 
(Post-Exposure) 

28.8 
27.2 
28.8 
28.2 
28.2 
28.<1 
27.8 
28.2 
28.8 
27.111 
28.8 
31.8 
28.2 
28.8 
29 ·" 27.8 
29.2 
29.111 
28.8 
30.8 

Week a 
(Post-Expo•u~e) 

28.8 
27.8 
28.8 
28.8 
28.8 
28.<1 
28.8 
28.<1 
28.8 
27.8 
29.111 
32.0 
30.0 
28.8 
29.8 
28.111 
28.<1 
29.8 
29.<1 
30.8 

Week <I 
(Poat-Exposu~e) 

27.8 
27.8 
29.2 
29.2 
27.2 
28.2 
29.8 
28.2 
27.8 
28.2 
29.2 
32 ... 
31.0 
29.0 
30.0 
28.111 
28.8 
3111.2 
29.2 
31.0 

S•crifice •• 
27.3 
27.6 
29.<1 
28.8 
28.2 
29.0 
28.6 
29.9 
27.1 
28.1 
29.<1 
33.3 
3111.7 
28.9 
29.6 
28.8 
28.7 
29.8 
29.2 
3111.2 



n . .. 

Sperm Morphology n-He~ane Study: Body Weight• (g) for Male Mice • 
--------------------------------------------------------- 611JBB ppm n-He~ane -------------------------------------------------------

Wale Pre-Study Day 1 of 
Id •• E~po•ure 

6 26.0 26.8 
7 26.11J 26.8 

12 23.6 26.8 
18 26.2 27.2 
22 24.4 26.8 
28 26.6 27.8 
36 26.2 26.2 
38 26.8 27.4 

•• 26.4 28.6 
42 27.8 29.8 
48 27.2 28.2 
61 26.4 26.6 
79 24.8 24.8 
87 26.8 27.8 
98 26.8 26.6 , .. 28.8 28.8 

112 27.6 28.4 
118 26.4 27.8 
117 28.4 29.8 
119 27.8 28.8 

Week 1 
(Po•t-E~po•ure) 

28.6 
28.11J 
28.8 
29.4 
26.8 
38.8 
27.2 
28.6 
31.8 
38.4 
38.2 
28.4 
26.8 
28.4 
27.8 
38.2 
31.8 
29.8 
31.111 
29.6 

Week 2 
(Po•t-E~po•ure) 

28.2 
28.6 
27.8 
29.111 
26.6 
311J.8 
27.2 
29.8 
31.4 
38.2 
29.2 
28.8 
27.6 
28.2 
26.4 
38.8 
32.4 
31.8 
32.8 
38.4 

Week 3 
(Po•t-E~po•ure) 

27.4 
28.8 
28.4 
29.4 
27.2 
38.2 
27.4 
38.8 
31.8 
31.111 
38.2 
28.8 
29.8 
29.8 
27.8 
31.8 
33.2 
32.8 
33.4 
31.4 

Week 4 
(Po•t-E~po•ure) 

27.11J 
27.2 
28.8 
29.2 
27.2 
38.8 
28.2 
3111.4 
31.6 
31.8 
30.8 
29.0 
29.8 
28.8 
28.2 
32.4 
33.8 
32.8 
33.0 
31.2 

S•crifice •• 
28.8 
26.9 
28.1 
28.8 
28.8 
38.1 
27.4 
38.4 
31.3 
38.9 
38.6 
28.6 
29.8 
28.4 
28.2 
31.6 
32.7 
31.6 
31.9 
38.8 



Sper~ ~orphology n-H•K•n• Study: Body Weights (g) for M•l• ~Ice • 
----------------------------------------------------------- 288 mg/kg E~S ---------------------------------------------------------

~•I• Pre-Study D•y 1 of Week 1 Week 2 Week 3 Week -4 S•eriftce 
Id •• EKpo•ure (Po•t-EKposure) (Post-Exposure) (Po•t-Exposure) (Post-Exposure) •• 
8 27.8 27.9 26.8 28.-4 29.8 88.8 38.8 • 28.8 27.8 26.9 27.8 27.8 28.4 28.4 

11 28.2 26.111 23.6 26.8 28.8 28.8 27.1 
17 24.2 23.8 23.8 26.2 28.8 27.8 27.1 
20 28.4 28.6 28.3 28.2 29.2 29.4 29.4 
28 24.4 24.8 26.4 28.8 27.8 28.-4 28.7 
38 24.8 26.111 24.8 28.2 27.8 28.4 28.1 
39 26.8 26.8 24.3 28.8 27.2 28.8 29.9 
41 26.2 26.8 26.-4 27.2 28.2 29.2 38.2 
46 27.1 27.6 27.1 28.8 31.2 81.2 31.8 
64 28.4 28.6 27.3 28.8 29.4 38.2 38.8 
67 29.2 38.4 28.9 31.2 32.8 34.2 33.9 •• 26.4 28.8 . . 
81 26.-4 26.9 26.6 27.4 28.8 29.4 29.6 
71 23.4 24.1 24.2 26.2 28.4 26.8 26.8 
82 26.8 26.3 26.1 28.8 28.2 28.8 29.4 

102 28.8 26.7 26.7 27.2 28.8 29.2 28.6 
110 28.2 28.2 24.9 28.-4 27.2 28.8 28.7 
114 27.2 27.9 28.8 28.8 28.4 28.8 29.6 
120 27.4 28.8 28.6 27.8 28.4 28.8 29.2 

" ~ 



Sperm Morphology n-Hex•ne Study: Body Weight• (g) for M•le Mice • 
----------------------------------------------------------- 26B mg/kg EMS ---------------------------------------------------------

Wale Pre-Study Day 1 of Week 1 Week 2 Week 3 Week 4 Sacrifice 
Id w• Expoaure (Poat-Expoaure) (Poat-Expoaure) (Poat-Expoaure) (Poat-Expoaure) w• 

3 28.1!1 28.3 23.9 26.4 28.8 27.4 27.4 • 28.4 28.8 24.8 26.8 28.8 27.8 27.2 ,. 26.8 28.8 24.2 28.4 28.8 29.4 28.4 
21 24.4 24.2 21.8 24.1 26.8 28.4 28.1 
47 27.0 28.2 . . 
60 28.2 27.6 26.4 28.8 28.8 30.0 28.6 
63 24.8 26.1 21.8 26.2 28.0 27.8 27.2 
66 28.8 29.6 28.8 28.8 32.2 33.8 32.2 
86 27.4 27.6 17.7 . . . •• 26.2 28.6 22.1 26.8 27.8 28.4 28.2 
74 27.1 28.1 24.8 28.8 28.4 28.8 28.8 
76 23.8 24.8 22.4 23.4 23.8 23.8 24.8 
77 28.2 28.9 24.9 28.2 29.8 31!1.8 31.8 
•• 27.8 28.8 28.8 28.1 29.8 31.8 31.7 
86 28.8 28.7 26.8 26.8 28.8 27.4 28.3 •• 26.4 28.1 24.4 26.2 28.8 28.2 28.9 
92 24.2 26.4 22.8 24.8 26.4 26.8 28.1 •• 28.8 27.6 22.8 28.-$ 28.8 28.6 27.6 

101 28.2 27.1 2-$.3 28.6 27.2 28.8 28.4 
122 26.1 26.2 23.1 26.1 28.-$ 27.2 26.3 

'"' . 
"' 



SAS 1 

n-Hexane Sperm Worphology Study: Abnormalltlea In Sperm Observed In ~ale Wiee 

--------------------------------------------------------- 8 ppm n-Hexane ------------------------------------------------------

Male Normal • Blunt • Banana • Amorphous • Pin • Double Head/ I Double H .. d/ 
Id Normal Hook Blunt Hook Banana Amorphous Head Pin Head Double Tai I Double Tai I 

18 487 97.<1 8 1.8 8 8.8 6 1.8 8 8.8 0 0.0 
10 494 98.8 • 0.8 0 ••• • 0.8 • ••• 8 0.8 
13 498 99.8 8 8.8 8 0.0 2 8.4 8 ••• 8 8.8 
13 498 99.2 0 8.0 8 8.8 4 8.8 • 8.8 8 8.8 
19 498 99.8 8 8.8 1 0.2 1 8.2 • 8.0 8 8.0 
19 400 99.8 1 8.2 8 0.8 • 8.0 8 0.8 8 8.0 
38 497 99.4 1 8.2 1 0.2 1 8.2 0 8.8 8 8.8 
38 400 99.8 1 8.2 8 0.0 0 8.0 8 o.o • 0.8 
32 407 99.4 2 0.4 0 8.0 1 0.2 0 8.8 0 o.o 
32 494 98.8 1 8.2 2 0.4 3 8.8 0 8.8 • 8.8 
33 494 98.8 8 0.0 0 8.8 • 1.2 0 0.0 0 8.8 
33 494 98.4 2 0.4 0 8.0 8 1.2 0 0.0 8 0.0 
37 499 88.8 0 0.0 0 0.8 1 8.2 0 o.o 8 0.0 
37 490 99.8 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 
68 498 88.8 8 8.8 0 8.0 2 8.4 0 0.0 0 0.8 
68 497 88.4 2 0.4 8 0.0 1 8.2 0 8.0 0 8.8 
88 493 88.6 3 0.8 0 o.o 4 8.8 8 0.8 0 8.0 
88 487 87.4 3 0.0 0 0.0 10 2.0 0 0.0 0 8.8 
78 490 88.1J 6 1.0 0 0.0 6 1.0 0 0.8 0 8.8 
78 497 88.<4 1 0.2 0 8.0 2 0.4 0 8.8 • 0.0 

" 81 496 99.li!ll 2 0.4 8 0.0 3 8.8 • 0.0 • 0.0 . 81 498 88.8 1 0.2 • 0.0 1 0.2 0 0.0 8 0.0 
~ 91 600 111111.1 8 o.o 0 0.0 0 0.0 8 0.0 0 8.8 

91 680 188.1 8 8.8 8 8.8 8 8.8 8 8.8 8 8.0 
93 498 88.8 8 8.8 8 8.8 2 8.4 8 8.8 8 8.8 
93 400 99.8 1 8.2 8 8.8 8 8.8 0 8.8 8 8.8 
08 408 88.2 1 8.2 8 8.8 2 8.4 1 8.2 8 8.8 
08 494 88.8 4 8.8 8 8.8 2 8.4 8 8.8 • 8.8 

186 403 88.8 2 ••• • 8.8 6 1.0 8 ••• 8 8.8 
186 478 94.1111 14 2.8 0 8.8 18 3.2 8 8.8 8 8.8 
107 499 99.8 1 8.2 8 8.8 8 8.8 8 8.8 8 8.8 
187 406 88.8 2 8.4 3 8.8 8 8.0 8 o.o 8 8.8 
118 481 98.2 13 2.8 3 8.8 3 8.8 8 8.8 0 8.8 
118 489 87.8 8 1.8 1 8.2 2 8.4 8 8.8 8 8.8 
121 680 lli'"·" 8 8.8 0 8.8 8 0.0 0 8.8 8 8.8 
121 499 89.8 8 8.8 8 8.0 1 8.2 • 8.8 0 8.0 
123 498 98.2 1 8.2 8 8.8 • 8.8 8 8.0 0 0.8 
123 498 99.8 1 8.2 8 8.8 1 8.2 0 8.8 • 8.8 
124 ••• u1e.e 8 8.8 • 8.8 • 8.0 8 8.0 • 8.8 
124 498 99.8 2 8.4 8 8.8 • ••• 8 ••• • 8.8 
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n-Hexane Sperm Morphology Study: Calendar of Events 

Exposed concurrent with dominant lethal study males 

Hexane exposure levels; tmt1-4; 20M each (5 day; 20 hr/day) 0,200,1 000,5000 ppm 

EMS positive controls; tmt 5 & 6; 20M each (5 day dose period) 200 mg/Kg 
250 mg/Kg 

Ordered B6C3F1 mice 

Received males (ARS#860034) 

Individually caged males 

Health screen 1 0 males 

Eartagged, weighed & randomized males 

Toe-clipped by treatment group 

Moved study males to exposure room 

Released for study 

Exposure; 5 days 20hr/day 

Body weights 
Hexane exposure day 1 
EMS dose period- daily, 5 days 
Hexane & EMS week 1 postexposure 
Hexane & EMS week 2 postexposure 
Hexane & EMS week 3 postexposure 
Hexane & EMS week 4 postexposure 

Sacrificed & weighed; post-exposure week 5: 117 males 
(3 dead prior to sacrifice) 

Completed slide evaluations 

C,IJ 

2-14-86 

2-25-86 

3-05-86 

3-17-86 

3-19-86 

3-20-86 

3-21-86 

3-22-86 

3-24 to 3-28-86 

3-24-86 
3-24 to 3-28-86 
3-31-86 
4-07-86 
4-14-86 
4-21-86 

4-28-86 terminal serology 

9-17-87 



n-HEXANE MOUSE SPERM MORPHOLOGY STUDY DISPOSITION 

Number <)f Mice 
Exposure Treatment Rem:~ved 

Grouo Code On Studv From Studv Sacrificed 
Control (0 ppm) 1 20 J 20 
200 ppm 2 20 J 20 
1000 ppm 3 20 J 20 
5000 ppm 4 20 J 20 
200 mg/kg EMS(a) 5 20 1 (b) 19 
250 ma/ka EMS(a) 6 20 2 (c) 16 

(a) ethyl rnethanesulfonate (EMS), positive ·:antral animals 
(b) 1 died from EMS toxicity 
(C) 2 died from EMS toxicity 

C.l4 



APPENDIX D 

ANIMAL HEALTH SCREEN 



ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR ~ 

EXPERIMENT '?z- #f/4-r:-'-< ··~e·m<~ 
COST CODE 

BUILDING--'="""~----­

PEN, ROOM--""'"------

SPECIMEN SUBMITTED AND CLINICAL HISTORY: 

LAB NO. G <10 

DATE :$z/t; 
ANIMAL OR SHIPMENT ~0. 3''()123<{ 

SOURCE ~ ~~ REC'O .eJ-.:!5-3' 

SPECIES & STRAIN ~ 3"'c.3~1 

SEX lrU..i..v AGE $ .1). /--'>-1:_ 
(f) ~~;r:-1"2 

:.:::-,t; :::-r;::~ -;:::·,::;.:::Z; .. /"'"'7 r ta 1/U< t,; "1J#i d ,}!?.(~ p.. ={.;, -tJ"!f 

LABORATORY RESULTS 

,ll.v.i Jiw /"¥"'': ,j,f-!0 -rUJ~,..,·~- "':}~~ 

,.J;k..., a w ¥"'l" .· 7t. 11?i'f~..J. r" ./wip ,;llq/A t2{¢ 

e. a...... 
~I -

"0- ?.aP-

D. 1 



RESULTS 

ARC D!AG!lOST!C LABORATORY 

v 

I ) I 

I -

laz 

0.2 

LAB NO. &-1o ....:;__::..___ 



AAC D !AGitOSrtC LAIOAATORY ELISA REPulT 

mR m TEST: mv /'J1 
t'.IS1tive Control: t- Lac:~~li Positive Control: ....t..._ Lac: ~7~-/ 
H191tive control:_ t:.cp.:$'/1' HP.$1tive Control:~ r.xp.:J/" 
Ani .. \ 1 1 Result o:Mf1111\ I~ Result _$.4,L 

• ~"' 
.....l.._ 
....!/..__ 
__L__ 
~ 

_7_ 
_j'_ 
_j__ 
.LL_ 

.....____ 
~ 

_:;__ 
...!!..__. ~ 
J_ 
...iL_ 
.2_ ..i.!!2. 
...1._ ¥>-
J.._ 
.J1L_ 

TEST: evm 
Positive Control: ._._:L 

H191tive Control: 

Lac: /fi,J9 .1. 

!xp.: ~;rr.. 

Animal l I Result __.__ 
-"---

--4& 

-"-
....s:..... 
_j,_ 

7 

_L 
_L 

-'-'-

TEST: Cj0 7 

Positive Control: -1- Lot: 077'-:; 

Nf91t1ve Contrt~l: _ !Jcp.: 11/34 
Ani1111l f I Ruult ---

D.3 

TEST: 1171i V 

Pos1the Q:lntrol; ....t:._ Lot: d7/7J 

•:19at1ve Control: -=-- bp.: ~/F(. 

..ni•al I I ReSIIlt 

TEST: 5.t.n d,l ~ 
Positive Control: _.:z__ Lot: o7q70 

H19ative Control:-=- E:qo.: t:J/~ 

Ani•al 1 I Result -

--;;:-- 9-NS 

--L 
_..::£.__ 
_L __._ 

7 

--L 
--L 
~ 

""' £, 3 
Positive Control: ~ Lot: OC-7.33 

Negative Control: bp.: ::jr~ 

Animal t I Result ---
.....l._ ~s , -.....:1_ 
.2_ 

4!ll 

--"--7 
~ 

--.L ~N5 
_J_ 
-LtL 



HEALTH EVALUATION 

HISTOPATHOLOGY 

ARC Lab. I ('T'- '(0 Hi sto Lab. 1 ;Jf6 -/C! fl./ -~f~.~~ 
Animal # I - z 3 v r ' 7 ~ '/ "' 
lunQ NSt. {IJ ~ I /V )1.. "' 5 I. ~ )L.. "'5'- lt1J ,; 5<- fwrr;'- ' . - 0 ,_ 
Trachea fi.S<- f(r; N)~ '"" A/~ i.. (J(e- .v t:: ft.')'- ,, ... ~r£ 

Harder1an Gl. ~~ 

Salivarv G1. NC 
Submand. LN. 1\Jt ' 
Heart N $ L tJ > 1.. (\1 ) L 1\.i 5 L :y' SL f-.)<- " s '- ~So I,J)t, N Sc 

Liver N S' (1/ 51.- \' IJSI.- Ai$1. N)L. •. '" A/ft.. ,vs~, N)L-

K1dney "''' N)c JJSI.. ;.,.;t... )J~L- tJ)L N5v j, So- ''''- N\" 

Ileum N5<-- r..:; .... w~~-- f,'c N5L NSL -.,,~- fl''- IJ\i- .s~ 

Colon /VC tv ~ (... rJ 5 I. N ~I.. NS'- -f\1 I c. /Vi& N<;t.- Aj )t, M\c 

• 

/J"\ L ~ No <;.\~~ /.e)~ 
N€ ~ +-.s~...., 4 '" J..-,....4,_/ ~ d..l>/ ~ ~.f ""'-~ 

I (i) F" ,_.___., l,~c...f-_ <-&:-, "',_u. ~:..; ...;,e...-.;,~ 

uf!L. 0 I ' v (/ 

(i. uc,-- .....1 -~ -,_,. Jt.-"' tn:-P --..4- C-...#! ~ ~, ~-
N0.1.. ' . 

C;v ~·?/P/JG 

I~ X:"-"" ~ .., _/ I• ('!_.,_),_ ~ /}~ "'~- '","!'..-«. 
,f ' L~. ,,.d ,.__._~ ,_,,t ,_;;_·i-k ~t;AI... ct.J...L."h-J ~~ 

·-11'4.-f..< .;._ ltJ- !k=-- '1 c-..,..J """"' . -{., ~....; ......._ 

IY.J-1 --i.JILG.,_.., I~ lt.J ![., /'.c'fl-'o- / ..,_, / /-{_J-

..,, '" (" '-'-' ( A- d.....u~ ~ ~ ~ 
~ .0---u ,1 "'-"-' .v,.........:..t . I ?,(-./16 -'""-

·!l:l ,1. f-,.vv...-r...t...J fU.. '"' ~h.;.., -- .;;_ £~ {.,_ EL.U-'. fo' S-1...~ 
u l'l{~ ~ -II g-'"" ~..)..~ .f(..., ~ "- I :)..J..J-4. fl.J--c: r .. :.... . 
J./~~ {,)j,_ . b-. 1---.J-.J., % }<-.~.- ' /VM....,. 
' 

, .. :(.' cd ' 

._:,_ J-...AJ ~ -i-f_. v be-:... '' f!J.o.C/../P...A ~ -::1- 7 v-..... ,.r' -f;o 

c: sefo ,;, ·ire 
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•RC DIAGMOSTIC ~ORATORY EliSA REPORT 

INVESTIG.ITOl _ik!!!!o:.<k.cf;I;!:&I:~-_,.­
EXPERIIIEHT )4-.. (!.L~-n~ 
COST CCOE ----=::------
BUILDIIfG LSI- 71 

PEN, ROOM---------

TrsTS REQUESTED 

~n~·~i/~~~ZT.?~.------
·MIMAL Dl ~T NO. 3ttJ!2.3!:1.. 
sOURCEM-~o RWo~f-ft~ 
SPECIES I STU.IM ~ &~C'~~ t 

SEX l'lftth.. AGE f3L7· 1- :z.-S't. 

10 ~ """'~"' ~d at ~;,o.f 

SEP:OLCGY RESULTS 

TEST: AU{ v l6f 1A-o 7/7 ..3~.t]O . £"I" TEST : -'G";r;J"''-7L--'Iro::tz:. 07 7 .. i ~-¥' ;tjtt 
Positive Control: ..,.. Positive Control: +-

Nel)ative Control: ~ 

Animal f I Result , -
" --
~ -

....£_ -·-7 --
i 

...1_ 
_!P_ 

TEST' Sro d~ /d c?'ll' "'f' . ujh. 
Positive Control: + 
Negative Control: _-_ 

Animal i I Result 

~ _ _,_ 
_ 'I_ 
_L 

b 

7 
!' 
9 

'" 

Negative Control:_-_ 

Animal 1 _I_ Result 

" 
.3 

_4_ 
___£_ 

' 7 

_L 
_1_ 

/0 

TEST: Ptm Ut- ot1<t o t:.}" .2j.r7 
Positive Control: ~ 

Negative Control: -=.__ 
Animal # _j__ Result 

.,_ 
_.3 _ 

_4 _ 

___£_ 

-'-
7 
J 
7 

CtQt i.t +- f1~V, (,;b ''' 1 ~. P.il1, 
0J M .,,.,r__ '·'· 

D.S 



,;,SJ" TS 

AI<C DIAGNOSTIC LABORAT~Y ELISA REPu<T 

TEST: tnR.m 
Posi-tive Control: t-

Negative Control: -~-

Animal # I· Result____:=._ 
;).. 

3 

s 
b 
7 

10 

TEST:----­
Positive Control: 
Negative Control: __ _ 

Lot! 

Exp.: 

Animal ~ Result __ _ 

D.6 

TEST:----­
Posithe Control: __ 

Negative Control: __ 

Lot: 

Animal I __ Result __ _ 

TEST: 
Positive Control: Lot: 

Negative Control: Exp.: 

Animal # Result __ 



APPENDIX E 

QUALITY ASSURANCE STATEMENT 



SPERM MORPHOLOOY STIJDY OF B6C3F1 MICE 
EXPOSED TOn-HEXANE 

Quality Assurance Statement 

Listed below are the phases and/or procedures included in the study described in this report which 
were reviewed by the Quality Assunmce Unit during the period, 2/15/86 -5/31/86, speciflcally for 
this study and the dates the reviews were petfonned and findings reported to management. 
(Findings were reported to the study director or his designee at the time of the review.) 

Phase/Procedure Reviewed 

Animal Receipt 
Health Screen 
Animal Identification 
Body Weights 
Dosing 
Data 
Necropsy 
Data 
Data 
Draft Report 
Final Report 

* Reviewed specifically for this study. 

Review Date 

2/25/86 
3/17&18/86* 

3/19/86* 
3/19/86* 

3/25&27 /86* 
3/28/86* 
4129186* 
2/03/88* 

4/19&20/88* 
4/20 & 513!88 

8/22/88 

Date Findings Submitted 
in Writing to 

Study DirectotiManagement 

3/03/86 
3/20/86 
3/20/86 
3/20/86 
3/28/86 
4/18/86 
4/30/86 
5/04/88 
5/04/88 
5/04/88 
8/22/88 
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PROTOCOL AND CAGE MAPS 



n-HEXANE 
Sperm Morphology 

I. IIIJ.E 

08-0T-1 F0A-00-0155 Page: 1 of 10 
March 5, 1986 

PROTOCOL FOR INHALATION REPRODUCTIVE STUDIES 
n-HEXANE 

Sperm Morphology Study of B6C3F1 Mice Exposed fo n-Hexane. 

II. PURPOSE OF STUDY 

The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent for the extraction of oil 
seeds, as a reaction medium in the production of polyolefins, elastomers and pharmaceuticals, and 
as a component of quick-drying cements, lacquers and adhesives. The production of n-hexane, 
which was estimated to be four billion pounds per year in 1979, utilizes stocks of straight-run 
gasoline and higher boiling liquid products stripped from natural gas or paraffinic fractions of refinery 
streams. It is also found as a minor component of gasoline and its combustion products, hence 
petroleum products are a major source of environmental hexane contamination. Due to the 
large-scale production and widespread use of hexane, including teaching laboratories, the 
opportunity for industrial, incidental environmental, or volitional (glue-sniffing) exposure to hexane 
vapors is significant. The studies described herein are proposed as a resun of a concern that this 
exposure may resun in a negative impact on human reproductive function. 

Several excellent reviews concerning hexacarbon toxicity and metabolism are available in 
Experimental and Clinjcal Neurotoxjco!ooy (edited by Spencer and Schumburg, 1980) and in .cB..C. 
Cdtjca! Beyjews jn Toxjcology (Spencer, Schaumburg, Sabri, and Veronesi, 1980). In summary, 
polyneuropathies have been reported following exposure of workers to n-hexane contained in 
adhesives or used as an industrial solvent as well as following repeated exposure by glue sniffing. A 
metabolite, 2,5-hexanedione, has been shown to be responsible for most, if not all, of the 
neurotoxicity. 

Pharmacokinetic and distribution studies indicated that the hexane saturation concentration of 
organs follOwing inhalation is directly proportional to their lipid content, and that blood contains more 
hexane in relation to its lipid content than do organs (Andersen, 1981; Bohlen et al., 1973). Baker 
and Bickert (1981) found that metabolism and elimination of a-hexane were dependent upon 
exposure concentration, but that the tissue concentration of the metabolite, 2,5-hexanedione, was 
not directly related to a-hexane exposure concentration. Bus et al. (1982), using 6-hour exposures 
to 14c-labeled a-hexane, found that the distribution of radioactivity was dose-dependent. 

Although myelinated nerve tracts are the primary target organ, the testes have been identified as 
being sensitive to hexacarbon toxicity. Krasavage et al. (1980) reported testicular atrophy following 
oral administration of a-hexane and several of its metabolites. Chapin et al. (1982) administered a 
1% solution of the hexane metabolite, 2,5-hexanedione, to male rats in their drinking water and 
found a decrease in the activity of two Sertoli cell enzymes, b-glucronidase and g-transferase, after 
3 weeks of exposure. No morphologic changes were detected at this time; however, after 6 weeks 
of exposure the testes were essentially azospermic. The few primary or secondary spermatocytes 
that were observed exhibited severe degenerative changes. Since circulating levels of testosterone 
and the gonadotropins remained normal throughout the study, these workers concluded that 
2,5-hexanedione does not act via the central gonadotropin control systems to induce azospermia 
and that demonstrable changes in Sertoli cell biochemistry precede visible morphologic changes in 
the testes. 

Cavender et al. (1984) were unable to detect neurotoxicHy or testicular toxicity in rats exposed to 
purified hexane (99.3%) via inhalation at 10,000 ppm, 6 hr/day for 13 weeks. The possibility of 
histological or biochemical changes in the testes was not addressed in this study. AHhough the 
exposure concentrations used in this study were relatively high, 0, 3000, 6500, and 10,000 

F- l 



n-HEXANE 
Sperm Morpt-ology 

0B·DT·1F0A·00-0155 Ameoded Page: 2 of 10 
March 4, 1986 

ppm, the short exposure periods-6 hr/day--may not have allowed significant buildup of major 
metabolites in blood and tissues. 

Because of apparent differences in the induction of reproductive deficits between males exposed to 
n-hexane orally and by inhalation, it is important that more sensitive measures be employed to assess 
the effects of exposure by the latter route. Evaluation of test animals for the presence of dominant 
lethal mutations and/or changes in sperm morphology may serve as a means of detecting testicular 
effects produced in males by inhalation exposure. Accordingly, sperm morphology studies will be 
pertormed on 86C3F1 mice which have been exposed to 0, 200, 1000, or 5000 ppm n-hexane, 
20 hr/dy for 5 days, following standard timing and evaluation procedures. Dominant lethal mutation 
studies will be performed concurrently on CD-1 male mice. As a supplement to the standard tests, 
the testes of these animals will be preserved at necropsy and supplied to NIEHS lor examination. 

Ill. SPONSOR AND SPONSOR'S REPRESENTATIVE 
A. Soonspr 

National Institute of Environmental Health and Safety 
National Toxicology Program (NTP) 
P.O. Box 12233; Research Triangle Pari<, NC 27709 

B. Sponsor's Reoresentatives 
Dr. Bryan Hardin 
Dr. Bernard Schwetz 

IV. TESTING LABORATORY 
A. Facility 

Pacific Northwest Laboratories (PNL) 
P.O. Box 999; Richland, WA 99352 

B. Studv Co-Directors 
Dr. Patricia L Hackett 
Dr. Beatrice J. McClanahan 
[Dr. Terry! J. Mast]+A 

V. PROPOSED SCHEDULE OF EVENTS (This proposed sct.edule may be altered. All changes will ::~e 
appended to the protocol.) 

A. Prestart audit for GLP compliance: 3/17/86. 
B. The B6C3F1 male mice will arrive the week of 2/24/86. 
C. Quarantine will commence upon arrival of the shipment and continue for at least 4 weeks. 

Health evaluation will proceed within 3 weeks of arrival. 
D. Exposure interval: 3124/86- 3/28/86. 
E. Necropsies will be performed during the week of 4/28/86 (4 weeks post-expos_ure). 
F. Evaluation of data: 4128/86 • 7115/86. 
G. Completion of draft report: r;ae;ss [5/15/88JM 

II. Gemple!io" offi"ol "'"""' 9196166 A 

VI. TEST SYSTEM 

A. Species: mouse. 
B. lilrllli!: B6C3F1. 
C. Number of Animals and Supplier: 130 male animals will be purchased from the Charles River 

Laboratories, Portage Facility. 
D. Age of Animals Uoon Arrival: 7-8 weeks. 

+A Added 5/1/88 by Amendment A. 
&A Corrected 5/1/88 by Ammendment A. 
-A Deleted 5/t /88 by Amendment A. 

F .2 



n-HEXANE 
~rm Morpt-ology 

E. .s!r.ain: B6C3F1 males. 

Amended Page: 3 of 10 
March 4, 1986 

F. Number of Anjma!s jn Study· 20 males will comprise each of the four treatment groups exposed 
to air or one of three levels of n-hexane for 5 consecutive days. A fifth group, consisting of 15 
males will serve as a poshive control group and will receive 5 daily doses of 200 mg/Kg of 
ethylmethanesulfonate (EMS) by intraperitoneal administration durino the sam!! intP.rval as the 
hexane inhalation exposure. (A sixth group of 15 males was given 250 mglkg EMS.J•A 

G. Test System Justnicatjoo: The assay for induction of sperm abnormalities has been developed 
using mice tor many chemicals classified, by means of other assays, as mutagens, carcinogens or 
teratogens. 

VII. TEST SYSTEM HOUSING HANPLING AND ENYIBONMENTAL CONPITIONS 
A. Ouaranline and Acc!imatizatjoo: 

1. Upon arrival at PNL, the animals will be quarantined (0B-M-3F03) for 4-5 weeks in the LSL-11 
Building. 

2. Temperatures in all rooms will be maintained at 720±3 F and relative humidities at 50±15% 
during the quarantine, acclimatization and exposure periods. These values will be measured 
and recorded twice daily. · 

3. During the quarantine period the animals will be housed singly in wire-mesh cages. 
4. Prior to exposure the males will be acclimated for 2-3 days in individual compartments of 

wire-mesh cages within exposure chambers (with chamber doors open). 

B. .E.e.e~:i: NIH-07 Open Formula Diet (pellets) will be provided aQ libi1urn during the acclimation and 
experimental period. Feed will remain in place during the exposure period and will be changed 
daily. 

C. ~ Water will be supplied .aa 1ibiU.1m at all times during the study using an automatic watering 
system 

D. Bandomjzation: During the week prior to exposure, male mice wm be weighed; their weights will be 
ranked from lightest to heaviest and each animal will be randomly assigned to a treatment group by 
means of a computer-assisted randomization program which Is based on a single blocking factor, 
body weight (lllB-DT-3912lB). 

E. ldeotifjcatjoo: 
1. All experlmental male mice will be individually identified by metal ear tags (CB·DT-3801). 

2. Exposure groups will be designated by distinctive toe clipping and by placement within the 
individual compartments of the chamber cage units (08-DT-3801). 

3. Cage maps (0B·DT-3B03) showing placement of individual animals in each cage unit of the 
exposure chamber will be prepared and updated as needed. Each exposure chamber will be 
identified by chamber number and exposure level. The proposed arrangement of the 
exposure chambers is included in Attachemnt 2. 

G. Animal Disease Screening Program r0B-AA-3F02l: Approximately 2-3 weeks after receipt of the 
animal shipment, ten males w]J be examined tor internal and external parasites and bacterial 
pathogens; their sera will be tested for antibodies to selected pathogens and histopathologic 
examinations of lung, liver, kidney, ileum, colon and heart wilt be performed. At necropsy, serum 
from 5 animals in the control group and 5 from the high dose goup will be tested for antibodies to 
selected pathogens.~ 

VIII. TEST ARTICLE 
A. Ch~m\cal name: a-hexane. 
B. Formula: CH3(CH2l4 CH3 
C. Manuiacrurer: Phlllips Chemical Company 
D. Source: Research Triangle Institute, Research Triangle Park, NC. 

+A Added 5/1/88 by Amendment A. F. 3 
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E. CAS No,: 1 H:l-54·3 
F. NIP No,: 10189-N 
G. LOT No.: An log number: 4911-100-01 

PNL 1st Shpment BNW 50846-39 
H. Date of Becejpt: 1st Shipment 2112/86 

March 4, 1986 

I. Test Artjcle preparatjon and Storage Areas: 2-day reserve in nns 311 and 315 LSL-11; the 
remainder in the Research Technology Laboratory (BTL) chemical storage facility. 

J. The vehicle control will be fi~ered air. 
K. Ana!ytjca! Cbemjstrv 

1. Upon receipt, identity and gross purity analyses of the bulk chemcial were performed by 
infrared spectroscopy; gas chromatography (GC) was used to determine purity by major peak 
comparison and also to generate an impurity profile (08-AC-3A 15). Subsequent bulk 
assays, upon completion of the animal exposures, will use GC to determine test material 
purity and an impurity profile. 

2. n-Hexane concentrations within the exposure chambers will be monitored (08-AC-381 Pj 
using an HP-5840 gas chromatograph calibrated by the method detailed in 0B-AC-3C0W 
(see Attachment 2). 

IX. DESCRIPTION OF INHALATION EXPOSURE SYSTEM 

Inhalation exposure was selected by the sponsor as the route of administration since it is the most 
commonly encountered route of occupational exposure. The inhalation chambers will be located in 
room 436 of the LSL-11 building. A detailed description of the inhalation exposure system to be used in 
this study is included in Atttachment #2 of this protocol. 

X. EXP=BIMENTAL Q!:SIGN AND pas; LEV~LS 

A. Exoerim-;ntal Design: Four groups of animals, consisting of 20 male mice in each group, will be 
exposed to air or to the test chemical on 5 consecutive days. Simultaneously, a fifth group of : 5 
males will be injected (IP) with 200 mg of ethyl methanesuHonate (EMS)!Kg daily on five days 
(0B-DT-3B14) to serve as a positive control goup. This dose level of EMS is expected to induce 
excess sperm abnormalities and minimal mortality. All males will be held 1or 4 weeks and sacrifbed 
during the 5th post-exposure week for spem morphology evaluations. Previous studies {Wyrc~ek 
and Bruce, 1975) have indicated that the peak incidence o1 sperm abnormalities induced by 
chemical mutaoens is observed at this time during the post-treatment interval. 
~sixth group of 15 males was given 250 mglkg EMS]+A 

B. Exoosure Regimen: Chamber atmospheric concentrations of n-hexane will be 0 (filtered air), 
200, 1000 and 5000 ppm. Male mice will be exposed for 20 hr/dayfor 5 consecutive days. 
Control mice (0 ppm) will be housed in an exposure chamber in the same room, and will be 
handled in the same manner as the mice that are expc·sed to the test chemical. The exposure 
chamber doors will be closed throughout the exposure and nonexposure periods, except during 
animal care procedures. Exposure chamber temperatures will be maintained at 75±3 OF and 
relative humidities at 55 ::!::15%. Air flow will be maintained at 15±33 cfm and the chamber pressure 
at approximately 1• water negative with respect to the room pressure. 

C. Se!ectjon of Atmosoheric Concentrations: The maximum exposure chamber atmospheric 
concentration of hexane, 5000 ppm, is 50% of the LEL (lower explosion limit). In order to 
maximize exposure the expsoure time will be 20 hr/day for all doses; exposure concentrations 
were approved by the Co-Project Officers. 

+A Added 5/1/88 by Amendment A. 
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A. C!injcal ObseNa1.joQS: The animals wUI be observed once daily for mortarrty, morbidity, and signs of 
toxicity. The date and approximate time of death or euthanasia of moribund animals will be 
recorded and the animals will be necropsied according to 0B-DT-380F. 

B. Body Wejghts: The male mice will be weighed during the week prior to exposure, on the first day 
of exposure, once each week during the four-week holding period, and at necropsy. 

C. Scheduled Necropsy: The twenty males in each dose group will be euthanized with C02 and 
necrospied during 1he fHih post exposure week. />J necropsy (08-DT -3812) all males will be 
weighed and examined for lesions of the reproductive tract and for gross tissue abnormalities. To 
dorument the presence of lesions which may be due to chemical exposure, any organs or tissues 
with lesions will be preserved in neutral buffered formalin {NBF); in this case, comparable organs or 
tissues from approximately 20% of the control animals will be preserved in NBF; all other tissues 
will be discarded. 

The right cauda epidiymis will be removed and processed to obtain the sperm suspensions. The 
sperm suspensions will be stained with 1% Eosin Y and smears will be prepared on microscope 
slides (4 slides/animaij. The dried smears will be mounted under coverslips with mounting 
medium. During microscopic examination of these preparations, the quality of the slides will be 
noted {qualitative obseiVations on the maount of debris, degree of crystallization, clumping of 
sperm) and at least 500 sperm from each mouse will be examined for abnormalities {NTP 
Technical Protocol for Sperm Morphology and Vaginal Cytology Evaluation in Toxicity Testing for 
Bals and Mice: revised 10/13183). 

One testes and corresponding epididymis from each of these animals will be treated as follows: 
fixed in 10% buffered formalin {24 hr), transected and transferred to 4% glutaraldehyde in 0.1 M. 
cacodylate buffer at pH 7.4 (at least 24 hr), imbedded in glycol methacrylate, cut into 2-micron 
sections and stained with PAs-hematoxylin. Slides will be sent to Dr. Chapin at NIEHS for 
evaluation of germinal epithelium. 

' D. Indices of Effects: The following parameters, expressed as mean± SE, when appropriate, will be 
computed from data for males will be presented in the Final Report for each treatment group: 
• Number of dead animals, animals removed from the study and reason for removal. 
• Summary of toxicity, including incidence of changes detected during clinical observations. 

Body weight of males before and after exposure, on each of the 4 postexposure weeks and at 
necropsy. 
Number and percentage of normal sperm heads and each observed category of abnormality, 
such as blunt hook, banana, amorphous, pin-head, two heads, two tails, and short sperm 
head. 
Summary of qualitative observations of the sperm preparations. 

XII. PROSPOSED STATISTICAL METHODS 

Body weights will be analyzed by repeated measures analysis of variance (Steel and Terrie, 1980). 
The number sperm (and sperm with morphologic alterations) will be expressed as a percentage of the 
total cells examined for each animal, transformed by an arcsin transformation and analyzed by an 
analysis of variance. Orthogonal contrasts will be employed to test for dose response trends {Winer, 
1971). 
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All raw data and study records will be retained in the Project OffiCe (room 1519); all tissues and slides 
will be termporarily stored in the Teratology laboratory (room 1428). Both of these rooms are located in 
Life Sciences Laboratory II, Battelle, Pacific Northwest Laboratories. All tissue specimens will be 
shipped to the NTP Archives. Records generated in the condud of the study will be microfiched. 
Computer tapes of biological data, the original and one copy of the microfiche, and the microfiche index 
will be sent to Dr. Sctwetz (NIEHS) for storage in the NTP Archives. One copy of the microfiche and 
the microfiche index will be sent to Dr. Hardin (NIOSH). The Quality Assurance Un~ at PNL will retain 
the following materials: 

• Bound PNL laboratory notebooks, which are required to remain at PNL 
• QAU master schedule and aucfrt records. 
• Personnel training and experience records and job descriptions for persons participating in the 

study is sent to NTP archives. 
• Maintenance and calibration records of equipment used on the study. (Exception: if the 

equipment is government-owned, the records would accompany the equipment.) 

XIV. RECORPS RETENTION 

The following records, generated during the course of the study, will be maintained at PNL until they 
are shipped to the NTP archives. Some of these records may be presented in the protocol or in study 
reports. 

A. Personnel Records: 
1. Current professional resume and job description for each person recording data. 

2. Safety Training records, including respirator and hazardous material, and specific-task training 
records. 

3. AccidenVinjury reports for personnel in contact with the test material or test system. 

4. Record of removal of any individual, because of illness, from direct contact with the test 
system. 

B. Study Protocol: 
1. Study protocol prepared prior to the initiation of the study and approved by the PNL Study 

Director{s), the PNL QAU Officer and the NTP Project Officer(s). 

2. All amendments to the study protocol resulting from modifications in the study or time 
schedule. 

3. A record of any deviations from the protocol and co:-rective actions taken. 

C. Eoujpmenl Records: 
1. Trtle{s) of person(s) assigned to clean, inspect, and maintain equipment. 

2. Schedule for cleaning, calibrating, inspecting and maintaining equipment. 

3. Documentation of routine cleaning, inspection, calibraiton, and maintenance of equipment. 

4. Documentation of any nonroutine maintenance: 
• Description of malfunction 
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• Description of remedial action. 

D. Tesl Materials Records: 
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1. Test materials identity records including manufacturer, quantity, lot number(s) and purity 
grade. 

2. Records from NTP analytical contractor concerning characterization, bulk stability and 
shipment. 

3. PNL records for receipt and storage of material, including storage conditions. 

4. PNL records for bulk analysis and degradation. 

5. PNL records of inventroy, usage and shipment of unused test material to the NTP repository. 

F. Animal recprds: 
1. Animal receiving records including supplier, species, strain, birth week, sex, number of 

animals of each sex, receiving date and condition upon receipt. 

2. Health evaluation records of findings, written release from quarantine/acclimatization or 
reasons for refection for use in the study and results of serologic examination at sacrifice. 

3. Housing records for quarantine, acclimation, mating and exposure to the test material, 
including room location, temperature, relative humidity, lighting cycle, caging type, number of 
animals per cage, location of chambers within the exposure room, cage assignment of 
individual animals within the exposure chamber and sanitation procedures (frequency and 
methods of cage and rrom cleaning/sterilization). 

4. Feed records of commercial source and product infonnation (feed tags, lot numbers and 
milnng dates), analyses and mode and frequency of feeding. 

5. Records of mode and frequency of watering, annual analysis and weekly water hardness tests 
(records are maintained in offices of the building engineer or building manager . 

• 
6. Animal disposition records. 

G. Study lmplementatjon and Conduct Records: 
1. Records of assignment of animals to treatment groups. 

2. Body weigh1s. 

3. Dates of exposure intervals for individual animals. 

4. Daily observations. 

5. Time of death/euthanasia of animals occurring prior to scheduled sacrifice and results of gross 
necropsy. 

6. At scheduled sacrifice, gross necropsy findings in male animals and results from microscopic 
examinations of sperm preparations. 

H. All relevant correspondence. 
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1. Literature survey and recommendations for studies. 

2. Monthly progress reports. 

3. Draft final and final reports. 

J. Internal Cornouter Generated Forms and Tables: 
1. Study data and statistical analyses. 

2. Analytical data. 

3. Exposure suite control center computer printouts. 

Page: 8 of 10 
March 4, 1986 

K. Standard Operating Procedures: The list of SOP's to be used in this study appears in Attachment 
1. A file of these SOP's is maintained in the QAU office. 

L HeaHh and Safety Records: 
1. NTP safety and toxicHy package. 

2. PNL Biohazard Protocol and Heanh and Safety Plan. 

3. Personnel repirator and hazardous material training records: accident/injury reports. 

4. Monitoring records of ventilation system, hoods and exhaust systems used in this study. 

5. Relevant sections of the Health and Safety Monthly Progress Reports. 

6. NTP site visit reports, attention items and related correspondence concerning health and 
safety. 

XV. OTHER SPECIFICATIONS 

A. This study will be performed in compliance with the FDA Good Laboratory Practice Regulations for 
Non-Ciinica\l.:aboaratory Studies (21 CFR 58). 

B. This Protocol will be the controlling document in case o1 discrepancies between the Protocol ard 
SOP's. If discrepancies are noted, the Study Director is to be notified immediately to resolve and 
document the variance between the Protocol and SOP. 

XVI. HEALTH AND SAFETY 

PNL's Health and Safety Plan, which has been submitted for NTP approval, is detailed in 08-HS-351 C. 
In addition, a repiratory program is outlined in 08-HS-3518. This is supplemented by an SOP 
(08-H$-3519) which covers the use of supplied-air respirators which will be worn by personal during 
periods of animal care while the chambers are open, and by an SOP (08-HS-3S1A) which covers the 
use of a self-contained breathing apparatus for use when entering a room under emergency conditions 
following an accidental release of the chemical. 

Personnel training, protective equipment and facilities are designed to confonn with DOE health and 
safety requirements and with Heahh and Safety Minimum Begujrements for Laboratories under 
Contract to the NIP Systemjc Joxjco!oqy Branch, dated November 19, 1984 and consisting of a basic 
document of eight pages, Appendix I of ten pages and Appendix II of two pages. 
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XX. CHANGES ANDIOB REVISIONS TO JHE PAOTQCOL 

Revision A: 

Page2 ry. 
Add Or. Terry! J. Mast as Sludy Co-Director. 
Reason: See attached memo. 

Page2V 

Amended Page: 9 a of 10 
March 4, 1986 

Change completion date of Draft Report to 5/15188 and delete V.H since it is an unknown quantity. 
Reason: To correct calender dates. 

paqa 3,YI 
Add a sixth group as a second positive-control group, 250 mgA<g EMS. 
Reason: Requested by Project Officers. 

page 4. X. 
Add a sixth group as a second positive-control group, 250 mglkg EMS. 
Reason: Requested by Project Officers. 

Attachment 2. paae 7. 0.2 
Reprinted percent relative humidity formula to clarify. 
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ATTACHMENT 1 

STANDARD OPERA TlNG PROCEDURES FOR INHALA TlON 
REPRODUCTIVE TOXICOLOGY STUDIES 
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~TANDARD OPERATING PROCEDURES FOR INHALATION 
REPRODUCTIVE TOXICOLOGY STUDIES 

EXPOSURE SVSTEM 
CDS DMM card calibration 
Bubbler Sample Collection via the 

Critical Orifice Sample System 
Inhalation Exposure Chamber Balance 
Model1 Chamber Leak Tester 
Calibration and Check of Charrber Air11ow Using Digital Anemometer 
Digital Anemometer Calibration 
Dwyer Manometer Calibration Check 
Valldyne Pressure Transducer Calibration 
Filling Out Data Sheets 
EG&G Hygrometer: Operation, Maintenance and 

Calibration 
Relative Humidity Detennination Via Use of 

Oewpoint Hygrometer 
Exposure Suite Computer Program Documentation 
Exposure Suite Data Analysis Program Documentation 
Exposure Suite Data Analysis Program Operation 
Exposure Suite Routine Computer Operation 
Exposure Suite Routine Data Disk Operation 
Software Change Protocol 
Study Protocol Entry into Exposure Suite Computers 
Exposure Suite Emergency Evacuation Procedure 
Exposure Suite OC, Maintenance and Calibration 
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INHALATION EXPOSURE SYSTEM DESCRIPTION 

A. MIIMAL EXPOSURE CHAMBER 

The Battelle-designed stainless steel chamber (U.S. Patent 
#4,216,741) available from Hazleton Systems, Inc., Aberdeen, MD, is used 
for inhalation exposures (Figure lA). The total volume of the chamber 
is 2.3 m3 , the chamber bas an active mixing volume of 1.7 m3 , the 
remainder being the non-mixing inlet and exhaust volumes. There are 
three levels of caging, each level split into two tiers. which are offset 
from each other and from the chamber walls (Figure lB). Drawer-like, 
stainless steel cage units composed of individual animal cages, are 
suspended in the space above each tier. Stainless steel catch pans for 
collection of urine and feces are suspended below each cage unit. Catch 
pans are left in position during each exposure period. Instructions for 
maintenance of these chambers is detailed in SOP# 0B-BE-3D06. 

The chamber was designed so that uniform aerosol or vapor 
concentrations can be maintained throughout the chamber when the catch 
pans are in position. Incoming air containing a uniform mixture of test 
material is diverted so that it flaws vertically along the inner 
surfaces of the chamber. Waves are formed (Figure lB) at each tier as 
the aerosol or vapor flows past the catch pans. Stagnant zones that 
would normally exist above each pair of catch pans are cleared by 
exhaust flow through the space between the tiers. Aerosol or vapor 
reaching the lowest level is deflected across the bottom tiers by metal 
strips in the space between the catch pan and wall. Tests have shown 
that aerosol or vapor concentrations uniform to within 8% throughout the 
chamber can be obtained repeatedly provided the aerosol or vapor is 
uniformly mixed before passing through the chamber inlet. 

Rats and mice are housed in individual cages having feed troughs 
and automatic watering. During exposure the feed will be removed from 
each cage unit. The floor area of an individual mouse cage is 106 cm2 

and of a rat cage 270 cm2 (representing dimensions 14.0 em by 7.6 em 
with height 15.0 em, and 27.9 em by 9.7 em with height 20.0 em, 
respectively). There are 60 mice or 24 rat individual cages per cage 
unit. Up to six cage units can fit in a chamber. 

B. EXPOSURE SUITE CONTROL CENTER 

A computer located in the Suite Ccmtrol Center interfaces with 
system monitors and provides control of the basic functions (e.g., 
chamber air flow, test chemical concentration, vacuum, and relative 
humidity) in three exposure rooms (Figure 2). The arrangement of 
computer concrol and interface instrumentation is shown in Figure 3. 
The executive computer is an Hewlett Packard Model (RP) 9816. All data 
acquisition and automated system control originates from this computer. 
All experimental protocols related to the data acquisition and control 
system (such as data channel assignments, monitoring frequencies. and 
alarm settings) reside in the executive computer and are entered into 
tables accessed by menus. 
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Data input to the executive computer is accomplished through 
several interface instruments. All gas chromatographic (GC) data is 
collected and preconditioned by Hewlett Packard Model 85! computers, one 
for each of the exposure rooms. Conditioned data is transferred to the 
executive computer for analysis, storage, printing and concentration 
control. Up to two GCs can be attached to each HP85B computer. Data 
from allimonitoring equip~~nt other the· the GCs are inputted through a 
Colorado Data Systems (CDS) Model 53A-Ib~ Intelligent Interface System, 

System control is provided from the computer by means of control 
relays in the CDS Intelligent Interface System. These relays control 
such devices as valves, drive motors, audible alarms, indicator lamps, 
etc. 

A complete description of the software for this system is contained 
in document 0B-BE-5E01. Maintenance of the system is detailed in SOP 
#0B-BE-3D0E. Routine operation of the computer system is detailed in 
SOP #0B-BE-3G04. Routine daily operation of the system hardware is 
detailed in SOP #0B-BE-3B2Y. 

C. TEST ARTICLE GENERATION, MONITORING 

1. Hexane Vapor Generation System 

A Schematic diagram of the hexane vapor generation and delivery 
system is shown in Figure 4. Most of the hexane generator system will 
be enclosed within a vented cabinet locatd in the Exposure Suite Control 
Center. The hexane to be vaporized will be contained in an 19 liter 
stainless steel reservoir. This reservoir will be filled daily from the 
original shipping container by the following method which is designed to 
prevent explosion during transfer. All oxygen in the reservoir will be 
displaced with nitrogen. A vacuum will be applied to the reservoir to 
suck hexane through an eductor tube placed in the shipping container 
into the reservoir. All metal containers will be properly grounded. 
Transfer will take place in a vented vapor hood and the filled reservoir 
will then be transferred and installed into the generator cabinet. 

< 
During exposure the hexane will be pumped from the reservoir 

through a stainless steel eductor tube and delivery tubes to vaporizers 
located at the fresh air inlet of each animal exposure chamber. Stable 
micrometering pumps with adjustable drift-free pump rates ranging from 
less than 1 x 10-3 to greater than 20 ml per minute will be used. 

The vaporizer (Figure 5) comprises a stainless steel cylinder 
covered with a glass fiber wick from which the liquid is vaporized. The 
wick can be easily and inexpensively replaced if necessitated_by residue 
buildup. An SO-watt heater and a temperature sensing element are 
incorporated within the cylinder and connected to a remotely located 
temperature controller. A second temperature monitor is incorporated in 
the vaporizer allowing the operating temperature to be recorded by the 
automated data acquisition system. The operating temperature of the 
vaporizer will be maintained below 50°C (the boiling point of hexane is 
about 70°C). The cylindrical vaporizer will be positioned in the fresh 
air duct leading directly to the inlet of the exposure chamber. 
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A clear teflon• tube of measured volume. preceded by a three-way 
valve will be attached just upstream of the pump to facilitate 
measurement of the liquid flow rate of the vapor generator. Measurement 
will be ~ccomplished by momentarily switching the three-way valve from 
the run position to the test position. A small bubble of air will be 
pulled by the pump from the cabinet through the valve and into the clear 
tube. The progress of this bubble from one end to the other of the tube 
(calibrated volume) will be timed with a stop watch. Flow rate will be 
calculated by dividing the volume by the time. The concentration in the 
exposure chamber can be calculated from the flow measurements of liquid 
and dilution of air. 

All generation equipment8which com5s in contact with the hexane 
will be stainless-steel, teflon or viton • All equipment contained in 
the vented generator cabinet will be explosion proof. 

Detailed operating instructions for this system are contained ·in 
SOP's ~B-BE-3BZY and ~B-BE-3D~M. 

2. Test Article Concentration Monitoring 

An HP Model 5840 gas chromatograph with a flame ionization detector 
(FID) will be used to monitor the exposure chambers, the control 
chamber, the exposure room and a hexane standard gas. Sampling from 
multiple positions will be accomplished by means of an automat:ed 
multiplexed eight-port sampling valve. !he sampling system (Figure 6) 
is incorporated into the relative humidity (RH) sampling system. 
Samples of the atmosphere from each sample location are continuously 
drawn by a vacuum pump through polytetrafluoroethylene-lined, 
stainless-steel sample lines to a location near the input to the 
eight-port sample valve. This assures fresh samples at the monitor. 
The sample lines, which continue from the point where they "T" off to 
the eight-port valve to the dew point monitor, are polytetrafluoro­
ethylene. 

Sample values are accumulated and printed by an HP model BSB 
computer until samples from all eight ports of the sample valve have 
been measured. These values are then sent to the executive computer for 
printing and storage. As each value is sent to the EP 85B, it is 
compared with limit values for that particular location. If the value 
is beyond the control limits, the EP 85B will immediately send the 
information to the executive computer, which will then take the 
appropriate action as follows: 

Concentration ~ non-critical low limit and S non-critical 
high limit: 

No action 

Concentration < non-critical low limit but ~ critical low 
limit: 

Increase concentration by decreasing chamber air flow. 
F .20 
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Concentration < critical low limit: 

L Increase concentration by d~ reasing chamber air flow and 
activate audible alarm. 

Concentration > non-critical high limit but S ·critical high 
limit: 

Decrease concentration by increasing chamber air flow. 

Concentration > critical high limit: 

Turn off generation system and activate audible alarm. 

The monitor will be calibrated by quantitative analysis of grab 
samples. Additionally, the operation of the chamber-monitoring gas 
chromatograph will be checked daily against an on-line standard. This 
check provides a measure of day-to-day instrument drift. Additional 
calibration checks with grab samples will be performed to check the 
monitor calibration when drift of the on-line standard response factor 
is detected. Under normal circumstances, the calibration check will be 
performed once monthly (SOP #0B-AC-3C0W). 

Daily operating procedures for the concentration monitoring 
system are contained in SOP #0B-AC-3BlP. Routine maintenance of the gas 
chromatograph is covered in SOP #0B-AC-3D02. 

The uniformity of the distribution of test chemicals in the chamber 
will be checked before the start of the study following SOP #0B-BE-3B24. 

3. Explosive-Level Detector 

Figure 6 shows the explosive-level detection system. Sample lines 
from all chambers containing test chemicals 11T11 off from the chamber 
sample stream to the dewpoint hygrometer. Equal sample rates from each 
of these lines are controlled by flow meters incorporating five metering 
valves. Sample flow from each line is mixed in a plenum containing the 
explosive-level detector head. The detector will be set to alarm if the 
level in any one chamber reaches 20% of the lower explosive limit while 
the level in all other chambers is zero (SOP #0B-BE-3C0U) and 
0B-BE-3C0B). An alarm condition will automatically shut off the flow of 
test compound to all chambers. 

D. ENVIRONMENTAL MONITORING 

1. Temperature Measurements 

Temperatures of the exposure chambers, exposure rooms and, if 
necessary, test chemical generators, are measured by Resistance 
Temperature Devices (RIDs). The RTDs will be placed in a 
representative location in each chamber (a top sample port on the 
back side). Each RID can be connected to an Omega Model 412B 
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digi~al thermometer by a manual select switch or by computer controlled 
scanner relays in the CDS IIS (Figure 7). This allows temperature to be 
read manually or to be recorded automatically. All temperature 
measure~nt equipment except the RIDs will be located n the Suite 
Control Center. Temperatures will be automatically recorded at regular 
periods during each 24-hour day. 

The RTD will be calibrated at least once every 2 months (SOP 
#0B-BE-3C0D and 0B-BE-3C~L). Calibration will generate values for 
offset and slope, which will be entered into the computer for each RTD. 
Calibration data will be included as part of the study archives. 

2. Relative Humidity Measurements 

Relative humidity (RR) will be measured using a EG&G Model 910 
chilled-mirror dewpoint hygrometer located in the Suite Control Center. 
Samples of the air from each measurement location will be pulled through 
individual polytetrafluoroethylene sample lines to a central location in 
the Suite Control Center (Figure 6). This assures a fresh sample of the 
air at the point of measurement. Air from exposure chambers will be 
sampled from a representative location (a top port on the back side). 
Sample air from a particular location passes through a three-way valve 
to the system exhaust. When the RH is tl) be measured at that location, 
the three-way valve is switched to divert the flow to the dewpoint 
hygrometer. The valve can be controlled by either a manual 
switch or by a computer-controlled relay in the CDS IIS. This allows 
RH to be measured manually or automatically. Once the dewpoint has been 
determined by the hygrometer, the RR is automatically calculated by t":1.e 
executive computer using the dewpoint value (T1) and the drybulb 
temperature (T2), measured simultaneously at that measurement location. 

The following equation is used for this calculation: 

r;;. 91 - "''"'''"'-i"i·i'55'-,"':l 
10

L (5/9J (T1 3~J.,. 293.3 J 
%RH = -"'~----::c-:-:-o--':;- X 100 

rl 9 "'"'"""~'~'~5~5-;;;;-;-j 

9- 91 - P-'r!'iHl2~7·~14~-~5~5Hii;:;c. -re- -'(5/9) (11 32) 1293.3 

10 
9

" 
1

- (5/9) (T2 32) + 293.3 

where: 

--
I • dewpoint temperature, °F r; - drybulb temperature' °F 

X 100 

Calibration of the dewpoint hygrcmeter w~ll be checked before the 
start of the study and at least once every two months thereafter 
(0B-EE-3C0J and 0B-BE-3BlX). The proce~ure requires compa=ison of the 
RB calculated by the system monitor to measurements made by calibrated 
dewpoint hygrome~er at ~he SamDle location. Calibration of the system 
monitor can be accompliShed by inserting a value for offset and slope in 
the computer for each measurement locat:l.on. Calibration data will be 
included as part of the study archive. RR will be recorded at regular 
periods during each 24-hour day. 

&A Corrected 5/1/88 by Ammendment A. F.22 
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Chamber air flow measured by r aultiplexed orifice-meter system 
(Figure 8). Calibrated flow orifices are installed at the inlet and 
exhaust of each chamber. The desired flow orifice is attached to a 
Validyne Model DP-45 pressure transducer 1nd CD-18 carrier demodulator 
pressure-measurement system through Tygon tubes by means of solenoid 
valves. The valves can be operated either by a manual switch or by 
computer activated relays in the CDS ItS. This allows flow to be 
measured either manually or automatically. Pressure is read manually on 
a Validyne Model PM-12 voltmeter. Usually chamber flow will be measured 
using the exhaust flow orifice; however, after closing of the chamber 
doors, both inlet and exhaust flow measurements will be made and 
compared to determine if there are leaks in the chamber. If leaks are 
present, the executive computer will notify the operator and will not 
allow exposures to proceed until the leak is repaired. 

All flow measurement equipment, except the multiplexed solenoid 
valves, is located in the Suite Control Center. Flow will be 
automatically recorded at regular intervals during the 24-hour day. The 
Validyne pressure transducer will be calibrated once each week 
(0B-BE-3C0W and 0B-BE-3C0X). Calibration of the flow orifices will be 
checked once every ewo months (SOPs #0B-BE-3C0S and 0B-BE-3C0V). 
Calibration of each orifice will generate coefficients that will be 
inserted into the computer flow equation for each orifice. Calibration 
data will be included as part of the study archive. 

4. Chamber Vacuum Measurements 

The same Validyne pressure transducer system used to measure 
chamber flows will be used to measure chamber vacuum (Figure 8). Vacuum 
in the chamber will be measured relative to atmospheric pressure in the 
Suite Control Room. Vacuum will be automatically recorded at regular 
intervals during the 24-hour day. 

Vacuum will also be continuously monitored by a pressure switch 
mounted near each chamber. If the chamber should develop a leak (for 
example, a door inadvertently opened or a sample port stopper jarred 
loose), the pressure switch will immediately shut off the flow of 
compound to the chamber and alert the executive computer of the 
condition. Tbe computer will activate an audio alarm and print and 
display a comment for the operator. 

E- ENVIRONMENTAL CONTROLS 

1. Animal Facility Air Handling Svstem 

Supply air enters the building through two identical parallel air 
handling systems (Figure 9). Each system consists of a pre-heat coil, a 
filter system, a heating coil, a chilling coil, and a supply fan. The 

F.23 



n-HEXANE 
Sperm Morphology 

08-DT-1 FOA-00-0155 
Attachment 2 

Page: 9 of 27 
March 3, 1986 

pre-heat coil heats the air to a minimum of 45°F. The filter system­
which includes a roll filter, pre-filter, and a bag filter - rids the 
air of most particles. The heating and chilling coils maintain the 
temperabUr' of the air exiting the air conditioning system at about 
SrF. The chilling coils also dry the ait" to a dewpoint not greater 
than 53•F. 

2. Animal Room Air Handling System 

The air from the two building air handling systems is then mixed 
together by an air mixing unit and is divided into two ducts which feed 
the rooms on East and West sides of the animal quarters. If necessary, 
steam is injected into the air in these ducts to maintain the RH of the 
room at between 35% and 65%. 

3. Chamber Relative Humidity (RH) Control 

Figure 10 shows a schematic diagram of the system used to control 
the relative humidity in the exposure chambers. Equipment located in 
the RR Control Equipment Room (Room 335) ?ravides separate ducts of dry 
and moist air to each exposure chamber. A mixing valve~ controlled by 
the computer, mixes the proper proportions of the moist and dry air to 
maintain the proper RH in each chamber. 

Filtered air with a maximum dewpoint of about 53°F is supplied to 
the RR control equipment by the building air handling system. This air 
is evenly delivered to two ducts. Air from the first duct passes into a 
plenum where steam is injected to bring the air to a dewpoint of about 
65°F. This provides moist air to the mixing valves. Steam is generated 
from city tap water with no additional additives. The air from the 
second duct passes through a refrigeration coil which reduces the 
moisture content of the air to a dewpoint of about 38°F. This provides 
"dry11 air to the mixing valves. 

< 
Chamber RH is measured by the multiplexed dewpoint hygrometer. If 

the RH is found to be beyond the RH control range, the computer will 
calculate and make the appropriate adjustment to the mixing valve to 
bring the chamber RB to the desired target value. 

4. Chamber Air-Flow Control 

Flow of air through the chamber is maintained by an A!R-VAC 
Engineering Model TDRH 1000 air- multiplier pump located in the exhaust 
duct of the chamber (Figure 11). This air-pressure-driven pump is 
stable, contains no moving parts, and is very reliable. Exhaust air 
from the chamber is HEPA-filtered before passing through this pump to 
remove particles which may reduce pump reliability. The pressure 
regulator, which controls the pump rate, is operated by a motor drive 
system. The motor drive can be controlled by a manual switch or 
automatically by the computer through a relay in the CDS IIS. Fine 
control of exposure concentration will be accomplished by automatically 
adjusting the chamber air flow within the allowable flow limits. Gross 
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adjustments of concentration must be done manually by adjustment of the 
generation system. Maintenance of the chamber air flow control system 
is covered in SOP #0B-BE-3D0E. 

' Exhaust from all chambers is collected into a central chamber 
exhaust duct within the exposure room. The exhaust from the chamber 
pump is rigidly attached to the central chamber exhaust duct. This 
rigid attachment prevents the possible escape of test compound into the 
room. The vacuum level in the central duct is regulated by a motor­
driven feedback damper to prevent variations in building exhaust 
pressure from affecting chamber air-flow rates. 

The air-flow rate in the central chamber exhaust duct is con­
tinuously monitored and alarmed. If the flow in this duet falls below 
50% of the normal flow, the monitor trips the alarm which immediately 
shuts off the test compound generator system. Maintenance and 
calibration of the exhaust duct monitor is covered in SOP #0B-BE-3D0E. 

5. Chamber Temperature Control 

Nearly all of the heat load contributed to the exposure chamber by 
the animals is dissipated from the chamber by radiation through the 
chamber walls (Bernstein and Drew, 1980). Consequently, temperature 
of the air supplied to the chamber has little effect on the temperature 
of the chamber while, on the other hand, the temperature of the room 
housing the chamber has a great deal of effect. For this reason, the 
major method of chamber temperature will be control of the room 
temperature. However, some cooling of chambers full of animals ~ill be 
affected by the cool incoming air from the chamber's RH control system. 
Typically, a chamber full of animals will require the addition of dry 
air to maintain the proper RH. The dry air from the RH control system 
is cooler than room temperature. On the other hand, some warming of a 
chamber containing few animals will be affected by the warm air from the 
chambe~'s RH control system. Typically, a chamber with few animals will 
require the addition of wet air to maintain the proper chamber RH. The 
wet air is equal to or warmer than the room temperature. 

F. CHAMBER EXHAUST "WASTE TREATMENT 

The exhaust from the central chamber exhaust duct is mixed with the 
exhaust from the entire animal facility (75,000 cfm) prior to being 
exhausted from the building stack. Dilution of chamber exhaust with 
building exhaust results in an acceptable stack concentration of less 
than 10% of the threshold limit value (TLV) for the test article. 

G. DATA HANDLING 

Data from each exposure room are stored in the Exposure Suite 
Control Center on separate magnetic diskettes by Hewlett Packard Model 
9121 micro-floppy disk drives. Data and comments from each exposure 
room are printed on separate thermal dot-matrix printers (Hewlett 
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Packard Model 2171G). Data are printed arad stored immediately upon 
completion of the measurement to a Daily Log (example, Figure 12). At 
the end of the day (24-hour period), the daily data are analyzed and a 
summary ~s printed (Figure 13). ·~is summary includes the mean, 
standard deviation, maximum, minimum and target values for each set of 
data for the 24-hour period. A second printout (Figure 14) provides 
a list of outliers(i.e., all data points which were beyond the defined 
critical limits). This printout will allow quick review of the data. 

Data handling and analysis procedures are described in the 
SOPs 0B-BE-5E03, 0B-BE-3E0A, and 0B-BE-3E0B. 

H. EQUIPMENT OR POWER FAILURE PROTEC:ION SYSTEMS 

In the event of equipment failure, or of a short-term power 
failure, ewe parameters must be considered most important to the 
well-being of the animals - temperature and air flow. To understand ·the 
factors protecting against either of these two parameters becoming 
life-threatening to the animals, one must understand both the emergency 
power system and the emergency air handling equipment. 

Power is provided to the Battelle ,:omplex from two separate city 
substations through an automatic switching device. This significantly 
reduces the possibility of losing city power. Power from the city is 
routed to equipment in LSL-II through two types of motor control 
centers. One type can switch power to the equipment from either city 
power or emergency power from the LSL-II diesel generator. The other 
has access only to city power. The emergency-power-type motor control 
center has a low voltage detector on each leg of the three-phase input 
power. If the city-supplied power should fail or "brown out", these 
detectors automatically start the emergency power diesel generator, and 
route the emergency power to the equpiment supplied by the motor control 
center. 

~ 

All equipment critical to the well-being of the animals is 
connected to the emergency-power-type motor control centers. A list of 
this equipment is as follows: 

Emergency lighting and electrical outlets 
Chillers #1 and #2 
Boiler and feedwater pump systems #1 and #2 
Air compressors #1 and #2 
Air supply fans #1 and #2 
Air exhaust fans #1 and #2 

It should be noted that there are two identical units of all of the 
equipment that is vital to the well-being of the animals (heating, 
cooling, supply air, exhaust air, and compressed air). Either of the 
two units has sufficient capacity to maintain the animal environment 
within a safe range. In all eases, the emergency power system will 
operate one of the two identical units. If, during a power outage, the 
unit of equipment that is on emergency p<1wer should happen to fail, the 
other unit of identical equipment can be manually switched to run on 
emergency power. 
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All building or chamber systems which are essential to the 
survivial of the animals are alarmed. If a system malfunctions, an 
alarm !&tripped in the power operator's office. A power operator 1· on 
duty 24-hours/day, 7 days/week. If the power operator is not author1zed 
to correct the problem that caused the alarm, he immediately calls the 
appropriate personnel, including the Task Leader(s) or the Principal 
Investigator(s) of the program(s) affected. 

References 

1. Bernstein, D.K. and R.T. Drew. 1980. The major parameters 
affecting temperature inside inhalation chambers. AIHAJ, (41) 
6/80, pp. 420-426. 
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SIDE VIEW 

FIGURE 1. Inhalation Exposure Chamber Designed at BNW 
(A. Oblique cutaway view of the chamber; 
B. Airflow patterns) 
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Cutaway Drawing of the Hexane Vapor Generator Located 
in the Fresh-Air Inlet Tube of the Exposure Chamber . 
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Data. 

<SSI 79.1 F 
Ol<I 40. 
Ol<I 16.3 

<SSE 65. 
< 
<SSI 
<Ol<I 35 . 

OKI 5.000E+t 
<SSE 65. 
< 
< 

OKI 'l. 
OKI CFH 

<SSE 

< • 
<OKI 35. 'l. 

OKI 5.000E+l PPM 
<SSE 65 . 
< 

rou.ttne. This rou.tine 1s 

<SSE 65. 
< 
<SSI 
<OKI 35. 

OKI S.OOOE+T 

I <BSE 65. 
f1 

FIGURE 12. Example of "Daily Log" Printout from Data Acquisition 
and Control Computer. See following page for explanation 
of columns • 
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DESCRIPTION COMPUTER "LOG BOOK" OUTPUT 

The expGF· ~e number . exposure name, program version and exposure date 
will be printed at tne top of every report page. 

Time--This is the far left column. This is the time that the 
measurement was taken. 

Location--This identifies where the data came from. Also referred 
to in the menus as "Location". This column allows for 20 
characters. 

Function--This identifies which function was used to take the 
reading. This column allows for 20 characters. 

Data--This is the raw data. This column includes an alarm code; a 
status code, the data value and a units label. 

Alarm code--"(" means that the data has exceeded non-critical 
a 1 ann limits • 

Status 

"<" means that the data has exceeded critical 
alann limits. 

code--OKl - Okay and calibrated. Data is included in 
sunmary. 

OKE - Okay and calibrated. Data is not included 
in sunmary. 

BSl - Beyond service time. Data is included in 
sunmary . 

SSE - Beyond service time. Data is not included 
in sunmary. 

Data format--Data will be expressed as four significant 
digits with non significant zeros suppressed . 
Number of decimal points was determined in the 
menus. (Function Assignments Menu.) 
Examples: DODD. 

000.0 
00.00 
0.000 
. DODD 
D. DDDESZ 

Units label--This column allows 9 characters. Examples: ppm, 
°F' °C' HOH. 

NOTE: At almost any time during the exposure day, a comment can be 
entered from the keyboard. Because our report is generated as events 
occur, comments can appear in the middle of the logbook printout. This 
first line will show only the time and the operator's full name. The 
next lines will contain the body of the comment. 

FIGURE 12. (Continued) 
F.40 



• 

n-HEXANE 
Sperm Morphology 

08-0T -1 F0A-00-0155 
Attachment 2 

Page: 26 of 27 
March 3, 1986 

~tJCJ' for tt. r 1le: 23 ..ulv 13!5 :JIElCSUI'!: laastratioo 
• 

T .~ 7.Tara Stc Cev 7.~ 14ax.J- l'!inl- ... 
01101 73.20 101 .t~ 1 74.a 70.7 10 
01-a2 74.]) 103 • 128 2 78.3 72.7 15 
01103 73.20 101 .134 3 : 75.3 70.7 15 
01104 :B.20 $ .131 2 75.5 65.7 15 
011(5 73.20 101 .131 2 76.3 6B.7 15 
0,1(1; 73.~ Hrz .1~ 2 I 75.3 72.7 15 
01107 09.~ $ .1~ 1 ; 74.3 5a.7 10 
01~ 70.20 S1! .1]) 2 75.3 72.7 15 
Rca 74.20 liD • 1]) 2 I 75.3 72.7 IS 

Fla. ~ 7.T~ Std C.V 7.i5) : ~ ~inl- N 
01101 14.10 94 .lXJ 3 . 11.0 I 12.0 a 
ell~ 17.3) 118 .:00 4 ' 19.0 14.0 12 
0,100 lS.fm 1(fi .a 3 17.0 12.0 15 

~: 13.00 ~ .lX) 2 15.0 12.0 16 
10.fm 72 .200 3 : 12.0 8.0 18 
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FIGURE 13. Example of 24-Hour Data "Sum::1ation" Printout from 
Data Acquisition and Control Computer. Data are 
organized by data type • 
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FIGURE 14. Example of 24-Hour Data "Outlier !able" Printout 
from Data Acquisition and Control Computer . !able 
shows data which were beyond the defined opera~ing 
limits. 
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SPONSOR: NTP/IR-T 

STUDY: SPERM MORPHOLOGY 

ROOM:43o 

EXPOSURE CHAMBER CAGE LOCATION 
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SPONSOR: NTP/IRT 

STUDV: SPERM MORPHOLOG'v' 

ROOM: 436 
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EXPOSURE CHAMBER CAGE LOCATION 

SPONSOR: NTP/IRT CHEMICAL~ n-HEXANE 
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