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SUMMARY 

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

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 male dominant lethal 

effects in Swiss (CD-1) mice after exposure to 0, 200, 1000, or 5000 ppm n­

hexane, 20 h/day for 5 consecutive days. 

Each exposure concentration consisted of 30 randomly selected, proven 

male breeders; 4 groups. The mice were weighed just prior to the first day of 

exposure and at weekly intervals until sacrifice. Ten males in each dose 

group were sacrificed one day after the cessation of exposure, and their 

testes and epididymides were removed for evaluation of the germinal 

epithelium. The remaining male mice, 20 per group, were individually housed 

in hanging wire-mesh breeding cages where they were mated with unexposed, 

virgin females for eight weekly intervals; new females were provided each 

week. The mated females were sacrificed 12 days after the last day of cohab­

itation and their reproductive status and the number and viability of the 

implants were recorded. 

The appearance and behavior of the male mice were unremarkable 

throughout the study period and no evidence of n-hexane toxicity was observed. 

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 

those of 0-ppm animals at any time during the study. Exposure of male mice to 

n-hexane vapor at relatively high concentrations for a 5-day period produced 

no significant alterations in the reproductive indices obtained from females 

mated with exposed males. Consequently, it was concluded that short-term 

exposure to n-hexane vapor did not result in a male dominant lethal effect in 

Swiss (CD-1) mice, 
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TNTBOpUCTION 

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~ Clinical Neurotoxicaloqy (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 (How~ 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 although species differences in 

metabolism have not been examined. 

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

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

al. 1973), Baker and Rickert (1981) found that both the metabolism and elimi­

nation of n-hexane in male Fisher-344 rats given 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 major metabolite, 2,5-

hexanedione (2,5HD), achieved a plateau and was not directly correlated to 

increasing n-hexane exposure concentration. MaxLmal 2,5HD levels in the blood 

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. (1981), using 

14c-labeled n-hexane administered to rats in a single 6-hour inhalation 

exposure of 500, 1000, 3000 or 10000 ppm and observed a similar phenomena. 

Tissue 14C-concentrations measured in liver, lung, kidney, testes, brain, 

sciatic nerve and blood were found to be maximal at the 3000-ppm level and did 

not increase at the 10,000-ppm level. 

Although myelinated nerve tracts are the primary 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 metabolite, 2,5HD, to adult 

male rats (Fisher 344) in their drinking water and found a decrease in the 

activity of two Sertoli cell enzymes, p-glucuronidase and y-glutamyl 

transpeptidase, after 3 weeks of exposure. No morphologic changes were noted 

at 3 weeks; however, the testes were essentially azospermic after 6 weeks of 

exposure, and the few primary or secondary sper.matocytes that were observed 

exhibited severe degenerative changes. Since circulating levels of 

testosterone and the gonadotropins remained nor.mal throughout the study, these 

workers concluded that 2,5HD does not act via the central gonadotropin 

regulatory system to induce azosper.mia, and that changes in Sertoli cell 

biochemistry precede visible morphologic changes in the testes. In another 

study, Chapin et al. (1983) indicated that in rats the Sertoli cell is 

probably an initial target cell for 2,5HD action on the testis. 
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Cavender et al. (1984) did not detect neurotoxicity or testicular toxic­

ity in rats exposed to 3000, 6500 or 10000 ppm purified hexane (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

tological or biochemical changes in the testes was not addressed. Although 

the exposure concentrations used in Cavender's 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. 

These studies indicate there may be differences between the responses of 

male rats to oral versus inhalation exposure to n-hexane, therefore further 

efforts should be made to assess the effects of inhalation exposure on the 

testes. Testicular effects produced following exposure to a toxicant may be 

determined by evaluating males for the presence of dominant lethal mutations 

or for changes in sperm morphology. Accordingly, the objective of this study 

was to evaluate potential male dominant lethal effects in another rodent 

species. Mice were chosen as the test species based on their ease of handling 

and on the assumption that mechanisms of mutagenesis and spermatogenesis are 

fairly con~tant across mammalian species. Since the largest available 

database on male dominant lethal effects in mice resides with the co-l mouse, 

this strain was chosen for the study. A companion study, Mast, et al (1988a), 

examined sperm morphology effects in the B6C3Fl mouse following the same 

exposure regimen. 

MATERIALS ANJ) METHODS 

EXpERIMENTAL DESIGN 

Four groups of male Swiss (CD-1) mice, each consisting of 30 randomly 

selected, proven breeders were exposed to 0 (filtered air), 200, 1000, or 

5000 ppm n-hexane vapor for five consecutive days, 20 h/day. The long daily 

exposure periods were chosen in order to maximize exposure to n-hexane vapor 

since the maximum vapor concentration of n-hexane in the exposure chambers was 

not allowed to exceed 50% of the lower explqsion limit, ~10,000 ppm. The 
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not allowed to exceed 50% of the lower explosion limit, ~10,000 ppm. The 

200- and 1000-ppm n-hexane levels were chosen in order to assess the dose­

response relationship with respect to increasing exposure concentration. 

One day after the end of the 5-day exposure period ten males in each 

exposure group were killed and their testes and epididymides prepared for 

future histological examination. (After evaluat~ng the negative results of 

this study the NTP decided not to perform a histological examination of the 

the testes and epididymides.) The remaining twenty male mice were each 

cohabitated with two untreated, virgin female Swiss (CD-1) mice for eight 

consecutive 7-day periods; new females were provided each week. The females 

were sacrificed 12 days after the last day of cohabitation to determine the 

number and status of implants. Males were sacrificed after the gth weekly 

mating period and examined grossly for lesions. 

VAPOR GENERATION AND CHEMICAL ANALYSES 

Bulk chemical purity analyses were perfor.med on the single lot of 

n-hexane used for the mouse exposures. Analytical 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 t H-116). See Appendix A for details. 

On-line measurements of the chamber n-hexane concentrations were per­

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

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

concentrations in the exposure room, the control chamber, 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/B" o.d., 1-ft nickel column packed 

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

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

Scientific Gases, Los Angeles, CA), was used to check 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. 
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Inhalation exposures were conducted in 2.3-m3 stainless steel chambers 

(1.7-m3 active-mixing volume) designed at Battelle Northwest Laboratories 

(Brown and Moss 1981; Moss et a1. 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 unifoDmly 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 alarma 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 heated stainless steel cylinder wrapped with a glass fiber 

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

vaporizer 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, explosion-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 (T 90 ) ranged from 

11.0-13.0 min. The decay time, the time required to decline to 10% of the 
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target concentration (T1ol after generators were shut off, ranged from 

9.0-11.0 min. UnifoDmity of vapor concentration in the exposure chambers was 

measured prior to the start of the study and found to be acceptable in all 

chambers (e.g. ±10%), A builiup and decay determination with animals present 

in the chambers was not perfcDmed 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 HUSBANJ)RY ANI) REPRODUCTIVE EVALUATIONS 

A total of 159 male Swiss (CD-1) mice, 7 weeks of age (Charles River 

Laboratories, Raleigh, NC), were group housed in solid bottom cages (11-12 per 

cage) for 7 days after receipt. Five shipments of 6 week old Swiss (CD-1) 

female mice, 1703 total, were received at intervals throughout the study 

period (Charles River Laboratories, Portage, MI; Appendix C) . Females were 

identified by eartags and randomly assigned to treatment groups on the basis 

of body weight. The first shipment of females was used to prove male 

fertility and each of the four remaining shipments contained sufficient 

females for two breeding weeks; the females were 9-11 weeks old when breeding 

was initiated. 

All shipments, male and female, were subjected to a health screen after 

three weeks of isolation in the test facility. Five to ten animals from each 

shipment were examined for bacterial pathogens and serum from each of these 

animals was tested for antibody titers to selected pathogens (see Appendix D), 

and to histopathologic examinations of lung, trachea, liver, kidney, ileum, 

colon and heart. There were no significant findjngs. 

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 pre­

vent food deprivation and was replaced daily. Water was provided ad libitum 

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

a 12-h on-off cycle starting at 6 A.M. 
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During the quarantine period the animal room was maintained at 72±3°F 

and 50±15% relative humidity (%RH) . During the exposure period daily mean 

chamber temperatures were within the normal operating range of 75±3°F. Daily 

mean %RH in each exposure chamber was within the .normal operating range of 

55±15%. The daily mean air flows in all chambers for the study were within 

the normal operating range of 15±3 CFM. A detailed summary of the daily 

chamber environment is listed in Appendix B. 

Following the 7-day acclimatization period the male mice were 

transferred to individual wire breeding cages where they each cohabitated with 

two virgin female mice for 16 days in order to prove their fertility. Study 

animals were selected from those males which sired offspring by at least one 

female. During the week prior to exposure fertile male mice were weighed, 

individually identified by eartags, toe-clipped by exposure group, and ran­

domized into treatment groups on the basis of body weight. Study males, 30 

per group, were acclimated to exposure chambers for three days prior to the 

initiation of exposures, and were then exposed to HEPA and charcoal-filtered 

air or to 0, 200, 1000, or 5000 ppm n-hexane vapors for a 5-day period; 

20 h/day. 

After the 5-day exposure period 20 males from each group were placed in 

breeding cages and two days later were cohabitated with two females/male for 

eight consecutive 7-day periods. At the end of each 7-day period the females 

were replaced with two new untreated virgin females. The remaining ten male 

mice in each exposure group were weighed and sacrificed on the day following 

the 5-day exposure period, their thymus weights were obtained, and their 

testes and epididymides were prepared for future histological evaluation of 

the germinal epithelium. (Since results of this study were negative these 

evaluations were not done, a decision made by the NTP.) 

The body weights of the male mice used for post-exposure breeding were 

obtained prior to the start of the exposure period and weekly thereafter for 8 

weeks. (See Appendix C for details.) Following the gth post-exposure week 

the male mice were killed with co2 , weighed and examined for gross lesions of 

the reproductive tract (including the testes, epididymides, prostrate, seminal 

vesicles, and penis) and for gross tissue abnormalities. Twelve days after 
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the last day of cohabitation the females were killed by C02 and their 

reproductive status determined. The uterus was ~ernoved and the total number, 

position, and status of implantations were recorded. All animals were 

observed daily for morbidity, mortality and nvert signs of toxicity. 

STATISTICAL ANALYSES 

The SAS statistical software and a VAX 11/780 computer were used to cal­

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

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

an analysis of variance (ANOVA) model for unbalanced data. Proportional data 

were subjected to arcsin transformations and evaluated by ANOVA (e.g. 

incidence of resorptions). Tukey's studentized-r.ange test was used to assess 

statistically significant differences between control and exposed groups. 

When appropriate the dose-response relationship was determined by use of an 

orthogonal trend test (Winer 1971) . The litter was used as the basis for 

analysis of all fetal variables. Fertility data, e.g. number of fertile males 

per group, were analyzed by a Chi-square test on a 2 x C contingency table 

(Snedecor and Cochran 1980) . 

RESULTS 

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

shown in Table 1. Daily means for all chambers were within 6% of the target 

concentrations except for the 5000-ppm chamber on the first day of exposure, 

when the mean was 69% of target. 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. 

No deaths attributable to the test material occurred in any of the 

n-hexane exposure groups. The appearance and behavior of all male mice were 

unremarkable throughout the study with the exception of those noted below. 

The mean weekly body weights of the n-hexane exposed male mice were not 

significantly different from those of the 0-ppm group at any time during the 

study (Table 2). Body and thymus weights obtained on 10 animals per exposure 

n-HEXANE DOMINANT LETHAL STODY: AUGUST 1988 



group one day after the cessation of exposure demonstrated no effect of treat­

ment (Table 3). No gross lesions of the reproductive or other organs were 

observed in the males at sacrifice. 

Nine of the 80 exposed males died during the 7th week post-exposure as a 

result of accidental water deprivation on one level of the animal housing rack 

and another 11 males and their corresponding females were severely stressed by 

this situation. All animals on that level were eventually removed from the 

study (See Appendix C), consequently, the number of males included in study 

data analyses are fewer in post-exposure week B than for post-exposure weeks 1 

through 7. Since the male weight data obtained for post-exposure week 7 was 

collected prior to the water and food deprivation male body weights for the 

7th week are included in the study data. However, the number of females on 

study were fewer for both post-exposure weeks 7 and 8 than for post-exposure 

weeks 1 through 6 since the reproductive indices for those females that either 

died or were severely stressed could not be used. 

A mean pregnancy rate of 89% was achieved, with weekly means by 

treatment ranging from 79 to 98% (Table 4a-4h) . Indicators of reproductive 

performance (i.e. number of implants or incidence of intrauterine death) in 

untreated female mice mated to n-hexane exposed males for each of the B post­

exposure weeks infrequently demonstrated significant differences among expo­

sure groups (Tables 4a-4h) . During the 6th post-exposure week the mean number 

of implants per litter was significantly less than the control group for the 

5000-ppm group and the mean number of intrauterine deaths was significantly 

less than the control group for the 1000-ppm group (Figures 2a and 2b; Table 

4f) . It is unlikely that either of these differences should be attributed to 

n-hexane exposures, more probably they are a result of natural variability 

within the population. The number of live implants was consistently greater 

than ten fetuses per litter with no indication of a decrease associated with 

increasing n-hexane concentration. Furthermore, there was no increase in the 

number of dead implantations or early resorptions {on a litter basis) 

associated with exposure of the sires to any of four concentrations of 

n-hexane over a 5-day period. Nor did the percent of intrauterine death, a 
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measure indicative of male dominant lethal effects, demonstrate any exposure­

related effects (cf. Tables 4a-4h; Intrauterine ~eathl. 

DISCUSSION 

The absence of significant alterations in the mean body weight of 

exposed male mice was consistent with their apparent healthy condition 

throughout the course of the inhalation exposure and the post-exposure period 

(with the exception of the previously noted animals which died due to the 

environmental circumstances described above) . T3e high pregnancy rate 

achieved, 89%, was indicative of healthy and reproductively sound females and 

males. Early implantation losses per litter and the percentage of females 

with dead implantations for the 0-ppm group were never greater than 0.6 and 

7.7%, respectively. 

The lack of a treatment-related effect on ~he number of implants per 

litter or on the number of early resorptions per litter in female mice mated 

to males exposed to n-hexane over a 5-day period indicated that overall male 

fertility was not affected by these exposures. These results were further 

corroborated in a companion sperm morphology study (Mast, 1988al , In that 

study no increase in the percent of abnormal spe=.m five weeks after exposure 

of male B6C3Fl mice to n-hexane under the same exposure regimen was observed. 

Although the mechanism8 for producing abnormal sperm and male dominant lethal 

effects may be dissimilar, these two studies lend support to the conclusion 

that n-hexane does not adversely affect sperm qu~lity in mice when 

administered by relatively high inhalation exposures over short periods of 

time. 

In contrast to the lack of observable affects on the reproductive capac­

ity of male Swiss (CD-1) mice noted in this study, others have reported toxic 

effects to the testes of rats following exposure to hexane and its 

metabolites. Atrophy of testicular germinal epi1:helium in rats following oral 

administration of n-hexane or its metabolites wa:J reported by Krasavage et al. 

{1980), n-Hexane was found to be much less potertt than its metabolites (e.g. 

2,5HD, 5-hydroxy-2-hexanone, 2,5-hexane-diol, 2-hexane, and methyl n-butyl 

ketone) with respect to testicular atrophy. The oral administration of the 
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hexane metabolite, 2,5HD, in drinking water caused demonstrable changes in 

Sertoli cell biochemistry which occurred prior to visible morphologic changes 

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

e-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 azospermic at 6 weeks. Boekelheide and Eveleth (1988) 

exposed male rats to 2,5HD in their drinking water and found low testis 

weights and severe germ cell depletion in the high dose group. They also 

demonstrated that 2,5HD-induced testicular injury, unlike the nervous system 

toxicity, was dependent upon the rate of intoxication and was independent of 

the total dose. The above mentioned results are not consistent with either 

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

city (e.g. as a decrease in testicular weight) in rats exposed to 

concentrations of n-hexane as high as 10,000 ppm, 6 h/day for 13 weeks, or 

with the study results reported herein. 

Although the results of most of the studies reviewed above cannot be 

directly compared because of differences in design and species, it is 

interesting that negative responses to the testes or sperm resulted from 

inhalation exposures whereas positive effects were seen (at least in rats) in 

studies using oral routes of administration. The differences in response may 

be due to differences in effective dose or in the duration of exposure, since 

the inhalation exposures were generally conducted for a short time period (5 

days), or for a small fraction of the day (6 h), while the the oral studies 

were conducted over longer time periods. 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. 

The lack of a testicular response in the mouse may also be due to inter­

species differences in metabolism, an issue that has not been clearly 

addressed in the literature. 
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TABLE 1a. n-Hexane Male Dominant Lethal Study: Average Daily 
Exposure Chamber Concentrations 

0 ppm n-Hexane Vapor 

Exposure Mean±SD Max Min Number Number 
Dav looml looml looml Samoles in Ranae lb 
1 <MDL (a) <MDL <MDL 36 36 
2 <MDL <MDL <MDL 41 41 
3 <MDL <MDL <MDL 41 41 
4 <MDL <MDL <MDL 35 35 
5 <MDL <MDL <MDL 43 43 

Summar <MDL <MDL <MDL 196 1 96 .. 
(a) Mm1mum detectable Limit (MDL) = 0.11 ppm n-Hexane. 
(b) Range - 0-1 ppm n-Hexane 

TABLE 1b. n-Hexane Male Dominant Lethal Study: Average Daily 
Exposure Chamber Concentrations 

200 ppm n-Hexane Vapor 

Exposure Mean±SD Max Min Number Number 
Dav looml looml looml Samoles in Ranae Ia\ 
1 189 ± 33 219 0.3 36 34 
2 200 ± 5 208 183 40 40 
3 195 ± 8 210 1 8 1 41 41 
4 197 ± 7 219 182 36 36 
5 196 + 4 209 1 88 42 42 

Summar 196 ± 16 219 0.3 195 1 93 
• (a) Range - ±1 0 Yo target. 

Percent 
in Ranae 

1 0 0 
1 00 
100 
1 00 
1 00 
1 0 0 

Percent 
in Rance 

94' 
100 
100 
100 
1 00 
99 
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TABLE 1c. n-Hexane Male Dominant Lethal Study: Average Daily 
Exposure Chamber Concentrations 

1000 ppm n-Hexane Vapor 

Exposure Mean±SD Max Min Number Number 
Day (pp1Tl1_ - (ppm_l_ room\ 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 

Summarv 998 ± 22 11 00 930 195 194 
(a) Range "' ±1 0% target. 

TABLE 1d. n-Hexane Male Dominant Lethal Study: Average Daily 
Exposure Chamber Concentrations 

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

Summarv 4700 + 848 
(a) Range .. ±1 O% target. 
(b) Pump failure. 
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5000 ppm n-Hexane Vapor 

Max Min Number Number 
(ppm) (ppm) Samples in Range_ia\ 
4430 1 5 36 0 (b) 
5280 4960 41 41 
5190 4610 42 42 
5910 516 37 34 
5240 4880 42 42 
5910 1 5 198 159 

18 

Percent 
in Range 

100 
1 00 
1 0 0 
97 
1 0 0 
99 

Percent 
in Range 
0 (b) 
100 
1 00 
92 
1 00 
80 
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TAB! E 2 n-Hexane Male Dominant Lethal Study: Mean Body Weights of Male Swiss {CD-1) Mice (g ± SD). 

Day 1 30 37.0±2.2 37.0± 2.5 37.2±2.4 36.9±2.4 

Post-Exposure 
1 20 39.0± 2.2 38.1±2.5 39.0± 2.9 39.1 ±2.8 

2 20 37.6±2.1 36.9 ± 2.2 38.1±2.7 37.7±2.5 

3 20 37.5±2.1 37.0 ± 2.1 37.8 ± 2.7 37.3 ± 2.3 

4 20 38.0 ± 2.2 37.4 ± 2.2 38.3 ± 2.4 37.5 ± 2.3 

5 20 38.5 ± 2.1 37.7 ± 2.4 38.6 ± 2.7 37.5 ± 2.5 

6 20 38.1 ± 2.0 37.2±2.1 38.2 ± 2.6 37.4±2.1 

7 20 38.3 ± 2.0 37.5 ± 2.2 38.5 ± 2.6 37.7 ± 2.1 

8 20 38.6± 1.8 (a) 37.6± 2.4 (b) 39.3± 2.7 (c) 

i i or were 
Four males either died or were removed from 

N-17; Three males either died or were removed 
Na13; Seven males either died or were removed from 

No statistically significant differences were found. 

TABLE 3. n-Hexane Male Dominant Lethal Study: Mean Body and Thymus Weights of Male Swiss (CD-1) 
Mice Sacrifced Immediately After Exposure (g ± SD). 

Weight 10 37.0±2.4 38.1 ±2.4 36.1 ± 2.3 36.2 ± 3.1 
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TABLE 4a n·Hexane Male .Jominant Lethal Study: Reproductive Measures (Mean ±SO). 

wook 1 ~ ~ _Q_ 

~~;~~ 3;;~~ ~~~!~ 
1(%) 95 92 83 98 

Number per Litter: 
·Implants 13.2 ±2.1 13.2±1.6 12.8 ± 2.8 12.8 ± 1.5 
·Live Implants 12.4 ± 2.3 12.1 ± 1.9 12.1 ± 2.9 12.0±1.7 

·Total Aesorptions 0.9 ± 1.0 1.1±'1.2 0.7±1.0 0.8 ± 0.8 
·Early Resorptions 0.6 ± 0.8 0.8 ± '1.0 0.4 ± 0.8 0.5 ± 0.6 
·Late Aesorptions 0.3 ± 0.8 0.3 ± 0.5 0.3 ± 0.4 0.3 ± 0.6 

·Dead Fetuses 0 0 0 0 

Number of litters with: 
-Live 37 36 33 39 
·Early 17 18 9 17 

'oeath 22 22 16 23 

.,, 
Love· 92.0± 8.9 91.6 ±0.0 94.6 ± 7.9 93.9 ± 6.5 

i i 

:~: 7.2 ± 8.9 8.4 ± 9.0 5.4 ± 7.9 6.1 ± 6.5 
5.1 ± 7.9 6.0 ± 7.3 3.3± 6.7 4.0 ± 5.0 

·Late 2.1 ±5.7 2.4 ± 4.2 2.1 ±3.5 2.1 ± 4.8 

(a) 6.7 8.4 5.4 6.0 

Litters with: 
·live Implants I 00 100 100 100 

·~~~ Ae_soi~:;~ :~ 50 ~~ ~ 61 
(a) pe• total i I by males in each exposure group. 
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TAB! E 4b. n·Hexane Male Dominant Lethal Study: Reprodudive Measures (Mean ±SO). 

females:pregnant/mated 37/40 38/40 30138 (b) 39/40 
females(%) 92 95 79 97 

per Litter: 
·Implants 12.4 ± 2.2 13.0 ± 2.7 13.0 ± 2.6 13.0 ± 2.3 
·Live Implants 11.5±2.5 12.1 ± 3.1 12.0 ± 2.6 12.1 ± 2.6 

-Total Resorptions 0.9±1.0 0.9±1.5 1.0±1.2 0.9±1.4 
-Early Resorptions 0.6 ± 0.9 0.6±1.2 0.5 ± 0.6 0.7±1.1 
-Late Resorptions 0.2 ± 0.6 0.3 ± 0.7 0.5± 1.0 0.2 ± 0.6 

-Dead Fetuses 0 0 0 0 

of litters with: 
-Live 37 38 30 39 
-Early 15 12 13 16 

7.4 ± 8.8 7.5± 13.2 7.1±8.6 7.4±11.9 
-Early 5.3 ± 7.6 5.3±11.9 3.8 ± 4.8 5.7±10.7 
-Late 2.1 ± 5.2 2.2± 4.5 3.4± 7.0 1.7 ± 4.6 

(c) 7.0 7.1 7.4 6.9 

100 100 1 00 100 
41 32 43 41 

and their deaths were to the test material their mates were as fertile. 
(b) This group had a lower proportion of pregnant females, P<0.05. 
(c) Percentage of total intrauterine death per total implants sired by males in each exposure group. 
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TABLE 4c; n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean ±SO). 

38/40 38/40 34/40 38/40 
(%) 95 95 85 95 

Number per Litter: 
-Implants 12.1 ± 1.6 12.5 ± 2.6 11.9±2.6 12.6 ± 2.7 
-Live Implants 11.5 ± 1.6 11.8±2.8 11.1 ±3.0 12.0 ± 2.8 

-Total Resorptions 0.6 ± 0.8 0.6±1.1 0.7±1.1 0.6 ± 0.9 
-Early Resorptions 0.4 ± 0.7 0.5 ± 0.9 0.5 ± 0.9 0.3 ± 0.7 
-late Rasorptions 0.2 ± 0.6 0.2 ± 0.4 0.2 ± 0.5 0.2 ± 0.5 

-Dead Fetuses 0 0 0 0 

with: 
-Live Implants 38 38 34 38 
-Early Resorptions t2 tt t3 9 

5.1 ± 6.6 5.3 ± 8.9 6.6 ± 9.9 4.7 ± 7.5 
-Early 3.1 ± 5.2 4.0 ± 7.2 4.7 ± 7.7 2.9 ± 5.8 
-Late 2.0 ±5.2 1.2±3.6 2.0 ± 4.8 1.8 ± 3.8 

Death (a) 5.2 5.0 6.2 4.6 

with: 
-Live Implants tOO 1 0(1 t 00 tOO 
-Early 32 29 38 24 
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TABLE 4d. n·Hexane Male Dominant Lethal Study: Reproductive Measures (Mean ±SO). 

n-Hexane Concentration m 
Post·ExDOsure Week 4 0 200 1000 5000 
Number males:fertilelmated 20120 19/20 19/20 19/20 
Number females:pregnant/mated 36/40 36/40 33/40 36/40 
Pregnant females(%) 90 90 83 90 

Number per Litter: 
-Implants 12.8 ± 2.0 12.1 ±2.8 12.4 ± 2.3 12.9±1.7 
-Live Implants 12.3 ± 2.0 11.3 ± 2.8 11.9 ± 2.4 12.2±1.8 

-Total Resorptions 0.5 ± 0.6 0.8 ± 0.9 0.5 ± 0.7 0.7 ± 0.9 
-Early Resorptions 0.4± 0.6 0.5 ± 0.7 0.4± 0.7 0.4 ± 0.7 
-Late Resorptions 0.1 ± 0.4 0.3 ± 0.6 0.2 ± 0.4 0.3 ± 0.4 

-Dead Fetuses 0 0 0 0 

Number of litters with: 
-Live Implants 36 36 33 36 
-Early Resorptions 11 14 11 10 
-Intrauterine Death 16 19 15 16 

Percentaa• of: 
Live fetuses/litter 96.1 ±4.9 92.7 ± 10.0 95.5 ± 6.5 94.9 ± 7.0 

Resorptionsllitter: 
-Total 3.9 ± 4.9 7.3 ± 10.0 4.5 ± 6.4 5.1±7.0 
-Early 2.8 ± 4.8 5.4± 9.6 3.4±6.1 3.2 ± 5.6 
-Late 1.1±2.8 1.9± 4.9 1.2 ± 2.8 1.9 ± 3.5 

Intrauterine Death (a) 3.9 6.4 4.4 5.2 

Litters with: 
-Uve Implants 100 100 100 100 
-Early Resorptions 31 39 33 31 
-Intrauterine Death 44 53 46 44 

(a) Percentage of total1ntrautenne death per total1mplants s~red by males 1n each exposure group. 
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TAB! E 4J. n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean ±SO). 

females:pregnantlmated 
females(%) 

per Litter: 
-Implants 
-live Implants 

-Total Resorptions 
-Early Resorptions 
-late Resorptions 

-Dead Fetuses 

of litters with: 
-Live I 
-Early 

-Total 
-Early 
-Late 

Intrauterine Death (a) 

Litters with: 
·live Implants 

Resorptlons 

n-HEXANE DOMINANT LETHAL STUDY 

36/40 
90 

11.4 ± 1.9 
10.9 ± 2.0 

0.6 ± 0.6 
0.3 ± 0.5 
0.2 ± 0.4 

0 

36 
12 

5.1±5.5 
3.2 ± 4.9 
1.8 ± 3.6 

4.9 

36/40 
90 

11.4=2.1 
10.7::1.9 

0.7±1.1 
0.6±1.0 
0.1±0.4 

0 

36 
1 ' 

5.4 ± 8.8 
4.6 ± 8.3 
0.8 ± 2.9 

5.9 

35/40 
88 

11.5± 1.6 
10.8±1.8 

0.7 ± 0.9 
0.5 ± 0.8 
0;3 ± 0.5 

0.0 ± 0.2 

35 
12 

6.5 ± 7.6 
3.8 ± 6.2 
2.4 ± 4.9 

6.4 

36!40 
90 

10.8 ± 2.6 
10.3 ± 2.7 

0.5 ± 0.7 
0.3 ± 0.7 
0.2±0.4 

0 

36 
7 

5.1 ± 8.6 
3.2 ± 8.5 
1.9±3.7 

4.6 

100 
19 

exposure group. 
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; 
Number females:pregnanVmated 32/40 37/40 35/40 34/40 
Pregnant females (o/o) so 93 88 85 

Number per Litter: 
~Implants 13.0 ± 1.9 12.3 ± 2.0 12.1 ±1.9 11.7±2.2 
-Live Implants 12.1±2.1 11.6 ±2.3 11.7±1.8 11.1 ±2.5 

-Total Resorptlons 1.0±1.0 0.7± 1.0 0.4± 0.6 0.6 ± 0.8 
-Early Aesorptions 0.6 ± 0.8 0.5 ± 0.9 0.3± 0.8 0.4 ± 0.5 
-Late Resorption• 0.4 ± 0.8 0.2 ± 0.5 0.1 ± 0.3 0.3 ± 0.6 

-Dead Fetuses 0 0 0.0± 0.2 0 

litters with: 
32 37 35 34 
13 13 8 11 

7.7 ± 8.9 6.2 ± 8.2 3.2 ± 4.8 6.0 ± 8.2 
-Early 4.6 ± 6.7 4.6 ± 7.4 2.2 ± 4.4 3.5 ± 5.9 
-late 3.0 ± 5.2 1.6±3.9 0.7± 2.4 2.6 ±5.0 

Intrauterine Death (a) 7.4 5.9 3.3 5.5 

with: 
-Live 100 100 100 
-Early 35 23 32 

exposure group. 
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TABLE 4g. n-Hexane Male Dominant lethal Study: Aeprodudive Measures (Mean ±SO). 

Number females:pregnant/mated 26/28 28/32 29134 24126 
Pregnant females (%) 93 88 85 92 

per litter: 
-Implants 11.6±1.5 12.3 ± 2.1 12.3 ± 2.1 11.9 ± 2.0 
-Live Implants 11.1 ± 1.4 11.8 ± 2.2 11.4±2.2 11.2±1.8 

-Total Aesorptions 0.5 ± 0.6 0.5 ± 0.7 0.9 ± 1.2 0.7 ± 0.8 
-Early Aesorptions 0.3 ± 0.6 0.3 ± 0.6 0.5 ± 0.9 0.5±0.8 
-Late Aesorptions 0.1 ± 0.4 0.1 ± 0.4 0.4 ± 0.7 0.3 ± 0.4 

-Dead Fetuses 0 0 0 0 

Number of litters with: 
-Live Implants 26 28 29 24 
-Early Aesorptions 8 7 9 7 

3.8 ± 5.3 4.0 ± 6.5 7.7±10.1 5.7 ± 6.7 
-Early 3.0 ± 4.9 2.9 ± 5.6 4.6 ± 8.4 3.7 ± 6.9 
-Late 0.8 ± 3.1 1.2 ± 3.0 3.2±5.1 2.0 ± 3.6 

Death (a) 4.0 3.8 7.5 5.9 

with: 
-Live Implants 100 100 100 100 
-Early 31 25 31 29 

exposure group. 
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TABLE 4b. n-Haxane Mate Dominant Lethal Study: Reproductive Measures (Mean ±SO). 

n-Hexane Concentration m 
Po•t·ExDOtMJre Week 8 0 200 1000 5000 
Number males:fertiteJmated 12/14 15/16 16/17 12/13 
Number femates:pregnanVmated 22/28 28/32 31/34 21/26 
Pregnant females (%) 79 87 91 81 

Number per Litter: 
-Implants 11.6 ± 1.9 11.1 ±2.2 11.6±2.1 12.6±1.9 
-Live Implants 10.8 ± 1.9 10.0 ± 2.9 10.9 ± 2.2 11,6±2.3 

-Total Resorptions 0.8 ± 1.0 1.0±1.9 0.7±1.2 1.0± 1.1 
-Early Resorptions 0.6 ± 0.7 0.4±0.7 0.5 ± 1.0 0.7±1.0 
-Late Resorptions 0.2 ± 0.5 0.6 ± 1.8 0.2 ± 0.4 0.3 ± 0.7 

-Dead Fetuses 0 0 0 0 

Number of litters with: 
-Live Implants 22 28 31 21 
-Early Resorptions 11 9 9 9 
-Intrauterine Death 12 12 13 12 

Percantaae of: 
Live fetuses/litter 93.0 ± 7.8 90.3 ± 19.9 94.3 ± 9.4 92.1 ± 9.8 

Resorptionsllitter: 
-Total 7.0 ± 7.8 9.7±19.9 5.7 ± 9.4 7.9 ± 9.8 
-Early 5.2 ± 5.8 3.9± 6.3 3.7 ± 7.5 5.6 ± 8.7 
-Late 1.8±4.0 5.7±18.0 1.9±3.7 2.2±5.2 

Intrauterine Death (a) 7.0 9.4 5.8 7.6 

Litters with: 
-live Implants 100 100 100 100 
-Early Resorptions 50 32 29 43 
-Intrauterine Death 55 43 42 57 

(a) Percentage of total1ntrautenne death per total1mplants Sired by males 1n each exposure group. 
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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 Lot#H-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°F 
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 Dominant Lethal Study with n-Hexane - Chemical Usage 

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

Phillips Lotlt 
H-116 

2. Bulk Chemical Analysis 

BNW Lotlt 
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 8-port stream select valve and measured n­
hexane in the three exposed chambers, the control chamber, the exposure 
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. 
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The analysis of bubbler grab samples was performed using a HP 5830A GC 
with a 6' x 4mrn glass column with 10% Carbowax 20m (TPA) on 80/100 
Chromosorb WAW. The temperature program was 40°C for 3 minutes to 150°C 
for 10 minutes at the rate of l5°C/minute. A set of three standards was 
run for each analysis session. The concentration range of the standards 
bracketed the concentration range of interest. 

The calibration procedure required quantitatively pre~ared gravimetric 
standards 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 charrber. The calculation for 
chamber concentration by the grab sampling method included 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 given 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 ~he decay profile for the 
highest concentration chamber. The minimum dete·~table 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 ·.ralues 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" section) . This was 
basically accomplished by analyzing a series of bubbler grab samples 
acquired during exposure generation and then imp~ementing 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 sample 
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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COMPOL1'-o"D: 
~ 
LOT: 
AI'!"' -ARANC, 
REC!'Il'l" DATE: 

n+~"E 
~54.3 

Phillips lot• H-116 (Bl'fW#50&46-39 bot:lcs 1-20) 
ClCU liquid 
2112'86 

ANALYSIS PEIOD: lni.W 
S'IORAGE '!E:Y.!'SA'!URE: Room TcmJ'C"'D= 

2127186 SAMPT...E SUBMI'ITAL DATE: 
SAMPI.E ANALYSIS DA're: 316,7186 
ANALYSIS PR=URE: Method provided by NJU, date:! Dcc:::lbc:' 17.19 S4 

BNW ll43&-10 NO'!EOOK~C, 

ID~i!!'Y: I:...~ spee::osc.opy using a Nicolet FT-IR 60 SX 'N'ith 4::::::1 NaCl windows 
a::i O.lmm spacc:s. 

ASSAY: Gas chromatography using a a 6ft x 4mm glass column paacd with 0.1% SP-lOCO on 
80/100 Carbopal: c. ' 

Results: 

= 
3/86 

I:strW::::lt: EP S830A 

....3ll; 

RRFO.S606 

Rctc".tion T:tme of D-F..c:une -!.6 :ci:lu~. 
Re::ntion Tunc. o!lntcmal Standmi -7.4 minue:s. 
A I:linor i=purity peak was Oeec~ at - 1.8 minuu:s 

CQI\JC P~QX"~· The basis of the analysis is quanti.tati.on of the maJor eocponc::.t of th= bd c:::c=..i.:a.! 
bv OC maior"Je3.i:: eom:oar.son to a. froz.::~. r:fe:-.c: :::.a•-i:!.l. No :-..!e.:x:: -r-'.a.:. 
.,;as...2f0vi0.·.£ S x 10 ml portions of n-hcxane we:-: piaced in glass Sc:?C::: ~· 
s::tie::i With :::..OJ.o=. En:::!. ~ta tt.C stor-...C. fro=. fo:- 1!SC as r:f=c: =.a~J.is :n 
fu::.t .. -: ana.iyscs.l!'.!:a."=i roe...-=a was obci"le.:! be:v.t=t 4.C<:Oc:n-l an.:. SCoX=.-1. Tr:.: 
spec:a was sirr.lla! to ma.i provid:.:. b~ M:Rl. 

S. •- · · · ~r_- ~\ '0-. l Date: ~- ..,U-b(., 1parur: o. _ ~nr.l:-.ar.: ___ ,_,~;., --'?-,__-'C>=o:;;o=,..--,."-------- ~ 

f'.t ·~'\ c <' ' () ...... \'\ ' ' )...-,. .. --; /77./ it.. 
Sigr-.arur: of C;~e=-.ist:, __ .;."' .;_\;,; ''J"c'-'·-~ __ .-<._·_·-;-7-----------Dat=· ·· - ,.,. -
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COMPOUND: 
CAS# 

BULK CHEMICAL REANALYSIS 

n-HEXANE 
110-54-3 

LOT# Phillips lot# H-116 (BNW .508~39, sample removed 
from reservoir 3129/86 • last day of study) 

APPEARANCE: 
RECEIPT DATE: 
ANALYSIS PERIOD: 
STORAGE TEMPERAnJRE: 
SAMPLE SUBMITI'AL DATE: 
SAlviPLE ANALYSIS DA 1'E: 
ANALYSIS PROCEDURE: 

Cearliquid 
2/12186 
Last usage day 
Room Tcmperarurc 
3129/86 
413,4186 &t 515186 
0B-AC-3Al.S-00 

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

IDENTII"Y: ~ spec:trosc~ using a Nicolet FT-IR 60SX with 4mm NaCl windows 
and 0.1mm spacer. 

RESULTS: The spec1n was sic:1ar to that found in pmious BNW analysis. 

ASSAY: Gas chromatography using a 1.8m x 4mm glass column packed with 0.19& SP-1000 on 
80/100 Carbopak c. 

RESULTS: 

I8 

4186 

.. ~~ .. v. 
~ .. 

REStJLTS: 

De 

5186 

Instrument: HP 58~A 

Relative % Purirv 

99.1 

Retemioa time ofn-Hcxane -2.8 minuteS. 
R.et:ntion time of i:um1al Standard -8.0 minuteS. 

Gas chromatography using a 1.8m x 2mm glass column packed with 0.1% SP-1000 on 
80/100 Carbopaci: c. 
Instrument: HP.S~A 

I::z:ixv P:Pfile 

Ac.!i 

.:BI 
9.62 
11.64 
11.98 
16.92 
24.90 

R.efc:renc: 
Ma:;:j:I 
0.113 
0.043 
0.003 
0.001 
0.003 

Test 
Mar::ja} 
0.112 
0.04 
0.003 

0.005 

A major peak of99.84% area was observed at a retention time of -13.3 minutes for both 
the reference ane :.est ma1C'ial. The r-..fc:rence mau:rial showed 5 impu."'ity peaks and the 
teSt nw:rial sho"'·ed 4 impurity peaks all~ 0.001%. 
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CONQ.USION: Gas cbronwography shows this test matc:rial to be 99.1% p~ by area ratio of an 

internal st2ndard. The impurity profile showed four impurities grcaier than 0.001% 
fer the II:St matcrW. An infrared spectrum was obtained between 4000 cm-1 and 
600 cm-1. The spc:caum was similar to previous BNW analysis. 

Signature of!echnician:......:.:~~ .. ~--Qo!iii;~'""""' ':"'""\..~.,:, ~-----------Date: sk/c:c, 

~ Signature of Che:r.is:: ~ - .:::, 
( 
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HP PUH 4 
ESCAPE 
ESCAPE 

OEJ'IPI 

•:~~~ 
R,:,TE 
TEf'IP2 
TIMEZ 
IHJ TEI'IP 
F'ID TEMP 

CHT SPD 
:ERO 
ATT"' ~T 
F!~ o:::ro~L. 
SLC J-EHS 
~E;o .c:~J 
FLOI.I B 

TEMPI 
TEMf'l 
':'E!'!"I 

" TEMPI 
'? STI'I T 

... 
:s.ee 

lB. 09 

" 
488 Z:?.:S 

::.ee 
488 281!1 
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:!:.66 

" 

9.68 

t 1. !5.2 

f .... 
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7EMP! 
II MEl 
INJ TEMP 
F!D "':'EMP 

':HT SPD 
:ERO 
ATTN 2~ 
FID SGNL 
e• o 
~· ..... SENS 
AREM REJ 
~LQI,) " f'LQI.I 8 

400 150-
1'5.00 

.J.~\3 20£1 
40£1 250 

0.50 
10.0 
14 
•8 
EL 111 

1 
o.o -. • . . " ••• -3 •, . 

JIL FF!CTOR: 1.13131313 

)-!O P.UN ., 
r!l: 121-:"'216 
- ~-- ·­r-:._=.~ -· 

O.!J'S 
0.36 
6.47 
e.67 
\J.85 
iJ • ·:.:;. . . .::, -.. _. 

1 • .:..::. 
2..06 
2. 10 

:~5!.03 
1.2.1.1013£\?g 

2s.:.:a 

o~.s?:;:a ---' ' ;, .-
?-: ·:.;, 

..!.:"'?l~J\] 

:;2-:-6000 

r:oc- -'03/86 
BOTTL:S 7 

13.1:'!00 
0. : l ~ 

"?0.13'?8 
3.922 
0.002 
O.iJEJl 
0.£10<!. 
0. 8!5 
0.005 
'3.0e2 
13.001 
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E-.1.513 
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RT 
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0.47 
0.66 
0.85 
0.93 
1.19 
1.32 
1.44 
1.99 
2.10 
2.82 
8.00 

AREA 
156800 

120600000 
30420 

2741 
931 

5012 
47720 

7492 
3238 
1296 

4895000 
8442000 

:. ~.:. 

AREA % 

0.117 
89.871 
0.023 
0.002 
0.001 
0.004 
0.036 
0.006 
0.002 
0.001 
3.648 
6.291 
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Studies of the Qeqrad&tion on hexane in the exposure chambers were conducted 

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

5143~-58 was used as the source of test material. The bulk purity using qas 

chromato;raphy by major 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 pullini a measured vel~ of ~as through 

standard g-as sampling- charcoal tubes. Sample si:te was adju:~ted to pro'l.•ide 

adequate sen!litivity for impurities. Sample si:te wa:~ 4.6 liter:~ for the 5000 

ppm chamber and 27.6 liter:~ for the 200 ppm chamber. Breakthrough wa:~ 

mea:~ured and found to be less than 5\ for the 5000 ppm and 200 ppm :~amples by 

analy:~is of the :~econd&ry charcoal bed within the tubes. we assume that good 

trapp~g e~!iciency for impurities and degradation products will be achieved 

when good trapp~g e~!iciency is observed for hexane. Co~a=ison of a hexane 

sample with a hexane sample Ce:~orbed from charcoal shows a good recove~ ratio 

(-100\). The charcoal was transferred to GC autOS&rn?ler vials and desorbeC 

us~g ca~on 4isul~ide with apProximately 1 minute of ultrasound trea~~t. 

S~les were analyzed us~9 an HP5B90 chromatog:aphic :~ystem w~th a D~-5, 30 m 

~ 0.52 mm ID, 1.5 micron film thickness, fused silica meg~ore column and a 

tell:lperature proo;-ram of 35"c: for 5 minutes to 2SO'"C for 5 minutes at a rate of 

20"C/minute. 

Composition of Degradation Samples by GC Are! \ 

Bulk He..xa.ne 

'-' 0.10 O.ll unkno~.-n 

2. 4 99.55 9~.5l 9S.50 n-heJ~:<!One 

'"' o.u 0.3S 0. 39 u.nimown 
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An additional peak less than 0.00( \ o! total cbsel~•d peak areas was 

cbse.rved fo:: the l:.iqh and low ch&mber charcoal samples at 1<.5 Jti.nutes. 

'rhis study shows DC evidence for decomposition products exceeding 0. oon c!" 

the he:z:ane concentration in the hiqh and low chambers. 'rhe impurities at 

-2.2 and -2.8 minutes were found in equivalent amounts in a standa.rd of bulk 

test material prepared ~ith charcoal. 'rhus, these impu:ities are not formed 

by decomposition in the gener&tcr or chamber. 'rhe unknown peaks are 

probably other hexane isomers. 
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APPENDIX B 

EXPOSURE NARRATIVE AND DATA 

FOR N -HEXANE 



EXPOSURE DATA AND NARRATIVE FOR n-HEXANE 

Aft i m•1 sxaoaure Ch•mb•r 

The Battelle-designed inhalation exposure chamber (commercially available 
from Harford Systems/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. 

lxpoaure Suite System peacriptign 

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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FIGURE B 1. n-Hexane Inhalation Expo3ure Chamber 
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FIGUBE B 3. Data Acquisition System for n-Hexane Exposures 
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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 measure.ment 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. 

He%ane Generat i on Syatem 

A schematic diagram of the hexane generation system is shown in Figure 
B.4. Most of the generate~ 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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FIGUB£ B.4. n-Hexane Generation and Delivery Sy~tem 
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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 condition~ for alarm~ and concentration adju~tment~ 
applied: 

Concentration 

• Concentration 

• Concentration 

• Concentration 

• Concentration 

~ Target + 10\ and ~ Target - 10\ 

No action necessary 

> Target + 10% and ~ 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 change~ per hour) . 

> Target + 20% and ~ 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, al~o 

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 control room and exposure room. 
If after normal working hour~ 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: 

I Alarm 

..... ...... . T~<;J~.'!'.~~ .............. . 

TARGET+W% ... -............................ --······ .. ·· .................. - .............. .. 

TARGET+ tO% ·---------------------
TARGEI' 

CONCFNI'RATION 

TARGET-tO% 

Tum off all generators 
No Flow Adjusunent 

Alarm 
Aow adjusunent 

No alarm 
Aow adjusttnent 

OPERATING 
RANGE 
No alarms 
No adjusunents 

--------------------- -
No alarm 

TARGET-20% 
Aow adjustment 

.......................................................................................... 
Alarm 

TARGEI' -30% 
Aow adjusunent 

Alarm 
No Aow Adjusttnent 

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 (TlO), 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 T90 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'Gnimals present in the chambers was not performed. 
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vapor Cgncentration Uniform4ty 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. 

TA8LE B.l. Summary of Pre-Start Chamber Uniformity Data 

Chamber 
200 ppm 

1000 ppm 
5000 ppm 

~ <%RSD) 
2 . 5 
1.2 
1.0 

~ C%BSD) 

1.8 
0 . 2 
1.8 

Chambe~ Uniformity Limits 
WPV ~ 5% RSD 
BPV ~ 5% RSD 
TPV ~ 7% RSD 

Enyir0 nmantal Data During £xpgsura 

~ C%BSD) 

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 8.2. Inhalation Dominant Lethal 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 + Sp 

1 0 
200 
1000 
5000 

Target Chamber 

59.8±5.0 
57.0±4.3 
56.8±4.8 
49.9±4.6 

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 (°F ) 
(Acceptable Range - 72 to 78 °F) 

Number of 
IaJ:g:et +!sso t:1a2!:imum t:1icimum Sample~ 

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 (% RH) 
(Acceptable Range = 40 to 70 %RH) 

Number of 
Ia1:get +~BSP t:1a;H;imum Minimum Sample~ 

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

91± 9% 56 35 50 

Air Flow (CFM) 
(Acceptable Range = 12 to 18 CFM) 

Number of 
IaJ:g:et +!B.SP t:1a2!:imum Minimum Sample~ 

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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Percent of 
in~ 

93 
100 

98 
100 

Percent of 
in~ 

93 
100 
100 

96 

Percent of 
in~ 

100 
100 
100 

98 
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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 specified limits of 72 to 78°F. 
Temperature extremes ranged from 71.7 to 78.5°F. The percent of temperature 
readings within the operating range for all chambers was greater than 92%. No 
reading exceeded the critical operating limits . 

The mean values of relative humidity in all chambers for the study 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 least 93% of all relative humidity readings were within specified 
limits 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 limits o f 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. 

The study protocol called for daily exposure means to be within ±10% of 
target levels, % RSD's (relative standard deviation) ~10% 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 (see 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 B.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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TAaLE B.3. Inhalation Dominant Lethal Study of n-Hexane in Mice- Summation 
of Concentration Data for the Period When Animal~ Were Hou~ed in 
the Exposure Charnbers.1 

Concentration (PPM) 
Acceptable Range - Target ± 10\ 

Target Percent Number Number ' Samples 
CWlc..... (ggml Mean ± .sn Tar~et ±RSn --MAx Min Samgle:s .lD. BAD~e in Bac~e 

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 

* Sample~ with concentration less than 1 ppm 

1. 3/24/86 - 3/28/86 
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Oail ~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 through 28 Mar 1986 
Summary Data for: Hexane - 0 ppm-RIM/Concentration O.OOE+O to 1.00E+O 

Qate Mean X T~rget Std Qev X RSO Maximum Minimum N N in X N in 

24 Mar 1986 O.OOE+O 0% O.OOOE+O ox O.OOE+O O.OOE+O 36 . 36. 100% 

25 Mar 1986 O.OOE+O 0% O.OOOE+O ox O. OOE+O O. OOE+O 41. 41. 100X 

26 Mar 1986 O.OOE+O ox O. OOOE+O 0% O.OOE+O O.OOE+O 41. 41. 100% 

27 Har 1986 O.OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 35. 35. 100% 

~§ Mar 1~86 0.00~+0 ox O.OOOt+O ~ 0.00~+0 O.OOE+O 43. 43. lOOX 

Summary O. OOE+O 0% O.OOOE+O 0% O.OOE+O O.OOE+O 196. 196. 100% 

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

Mean & Standard De v tation 

/ ,. 
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E 
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c 
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0 
c 
0 
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Dail~ Summation For Hexane - IRT {Mice} From 24 Mar 198§ through 28 Mar 1986 
Summary Data for: Hexane - 200 ppm-RIM/Concentration 1.80E+2 to 2.20E+2 
Date Mean % Target Std Oev ~ RSO 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 1.95E+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. 100% 
~8 Mar 1986 1.96E+2 98~ 4.180~+Q ~% 2.09~+2 1.88~+Z 42. 42. 100% 
St..mnary 1.96E+t' 98" 1.569E+1 8" 2.19E+2 2. 72E-1 195. 193. 99" 

Hexane - IRT (M i ce) 
Hexane - 200 ppm-R/ M 

Mean & Standard De v iation 

·"' ,.~ ,.. 
" 'E 

·"' a. .. ~ a. ...., ,. . 
c ·"' > 0 ,.~ & .., ,. . 
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ffJ t t t L. 

' "' t .., 
c ,. . ., 
0 
c ·"' . I 
0 .. ~ oil 
u .... 

·"' ,.~ .... 

..... • 
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Dail ~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 through 28 Mar }986 
Summary Data for : Hexane -1000 ppm-RIM/Concentration 9.00E+2 to 1.10E+3 
Date M~~n % Target Std Dev % RSD Maximum Minimum N N in % N in 
24 Mar 1986 9.95E+2 100% 1.441E+1 1% 1.03E+3 9.62E+2 36. 36 . 100% 
25 Mar 1986 1. 01E+3 101% 1.591E+1 2% 1.04E+3 9.75E+2 40 . 40 . 100% 
26 Mar 1986 9.88E+2 99% 2 .971E+1 3% 1.07E+3 9.38E+2 41. 41. 100% 
27 Mar 1986 9.97E+2 100% 2.375E+1 2% 1.10E+3 9.30E+2 36. 35. 97% 
28 Mar 1986 9.97~+~ lQ~ 1.58~~·1 ~~ l· 0~~+3 ~.72E+~ 42. 42. lQO~ 
S111111ary 9.98E+2 100% 2.202E+1 2% 1. 10E+3 9.30E+2 195. 194. 99% 

He x ane - IRT CMtce) 
He x ane -1000 ppm-R/ M 

Mean & Standard De v iat i on 
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Da11~ Summation For Hexane - IRT {Mice) From ~4 Mar 1~86 through 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 4.9~~+3 

Sllllllary 4. 70E+3 

·"' .. ~ •• 
" E a. ,,.. 
a. •. 
'-' 

c ·"' 0 .. ~ 
+l 

... 
fd 
'- , ... 
+l 
c ... ., 
u 
c: ·"' 0 .. ~ u ... 

,,.. 
... 

·"' .. ~ ~·· ,... ,., .. 

~ Target Std Dev % RSD Maximum Minimum 
69% 

103% 
97% 
98% 

100% 
94% 

t 

~~ ,., .. 

1.160E+3 34% 4.43E+3 1.45E+l 
9.737E+1 2% 5. 28E+3 4.96E+3 
1.631E+2 3% 5. 19E+3 4 61E+3 
8.003E+2 16% 5.91E+3 5.16E+2 
6.569E+l l~ 5.24E+3 4.88E+3 
8.475E+2 18% 5.91E+3 1.45E+l 

Hexane - IRT CMtce) 
Hexane -5000 ppm-R/M 

Mean ~Standard Deviation 

t t 

~·· ~·· ~~ ,.,. -c ,.,. 
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N 
36 . 
41. 
42 . 
37 . 
42. 

198. 

~· ,.,. 

4.50E+3 to 5.50E+3 
N In % N in 

0. 0% 
41. 100% 
42 . 100% 
34. 92% 
42. 100% 

159. 80% 
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Dail~ Summation For Hexane - IRT {Mice} From ~4 Mar 1986 through 28 Mar 1986 
Summary Data for: Hexane - Room/Concentration O.OOE+O to 1.00E+O 
Oat~: Mean ~ Target Std D~:v X RSD Maximum Minimum N N in % N in 
24 Mar 1986 O.OOE+O ox O.OOOE+O ox O.OOE+O O.OOE+O 36. 36. 100% 
25 Mar 1986 O.OOE+O ox O.OOOE+O ox O.OOE+O 0 OOE+O 41. 41. 100% 
26 Mar 1986 O.OOE+O ox O.OOOE+O ox O.OOE+O O.OOE+O 41. 41. 100X 
27 Mar 1986 1.97E-2 2% 6.052E-2 307% 2.38E-1 O.OOE+O 36. 36. 100X 
28 MAr 1~§§ O.OOE+O Q! O.OOOE+O Q! O.OOE+O O.OOE+O 43. 43. 100~ 
Sunmary 3.60E-3 0% 2.669E-2 741% 2.38E-1 O.OOE+O 197. 197. 100% 

Hexane - IRT (Mice) 
Hexane - Room 

Mean & Standard Deviation 
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Qail~ Summation For Hexane - IRT (Mice} From ~4 Mar 1986 through 28 Mar 1986 
Summary Data for: Hexane -Standard Gas/Concentration 9.00E+2 to 1.10E+3 
Date Mean X Target Std Dev X RSD Maximum Minimum N N in % N in 
24 Mar 1986 1.03E+3 103% 8.929E-1 0% 1. 03E+3 1.02E+3 37 . 37. 100% 
25 Mar 1986 1.05E+3 105% 1.943E+1 2% 1.07E+3 1 03E+3 41. 41. 100X 
26 Mar 1986 1.05E+3 105% 2.891E+1 3% 1.07E+3 1 OOE+3 42 42 . 100X 
27 Mar 1986 1. 02E+3 102X 6.007E+1 6X 1.17E+3 9.92E+2 43 . 37 . 86X 
~8 Mar 1~86 9.~4~+2 ~9X 7.541~-1 ~ 9.~5E+2 ~.92~+~ 43 . 43. 100% 
Summary 1.03E+3 103X 3.773E+1 4X 1.17E+3 9.92E+2 206 . 200 . 97X 

He x ane - IRT CMtce) 
Hexane -Standard Gas 

Mean & Standard Devtatfon 
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Oail~ Summation For Hexane - IRT (Mice} From 21 Mar 1986 through 30 Mar 1986 
Summary Data for: Hexane - 0 ppm-RIM/Exhaust Air Flow 
Oat~ 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 1986 15.2 
Summary 15.1 

% Target Std D~v % RSD Maximum Minimum 
101% . 04 0% 15.2 15. 1 5. 
101% .05 ox 15.2 15. 1 8. 
101X .04 ox 15.2 15. 1 8. 
101% 0.00 ox 15.1 15.1 6. 
101% 0.00 ox 15. 1 15. 1 7. 
101% 0.00 0% 15.2 15.2 7. 
101% . 04 0% 15.2 15. 1 7. 
101% 0.00 0% 15.1 15.1 7. 
102X 1.02 7% 17.5 13.8 8. 
101X 0.00 ox 15.~ 15.~ 7. 
101% .33 2% 17.5 13.8 70. 

He x ane - IRT CMfce) 
He x ane - 0 ppm-R/ M 

Mean ~ Standard De vf at t o n 

12.0 to 18.0 
N N in % N in 

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

70. 100% 
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Dail~ Summation For Hexane - JRT {Mice} From 24 Mar 1986 through 30 Mar 1986 
Summary Data for: Hexane - 200 ppm-RIM/Exhaust A1r Flow 
Date Mean 
24 Mar 1986 14.4 
25 Mar 1986 14.8 
26 Mar 1986 15.0 
27 Mar 1986 15.0 
28 Mar 1986 15.0 
29 Mar 1986 15.3 
30 Mar 1~§6 15.2 
Sunmary 15.0 

~ T~rge~ Std Dev ~ RSD Maximum M1 n1mum 
96% 
99% 

100% 
100% 
100% 
102% 
lQl~ 
100% 

. 54 4% 14.9 13.7 

.49 3% 15.0 13.7 
0.00 0% 15.0 15.0 

.04 0% 15.0 14 .9 

.05 0% 15.0 14.9 
1.19 8% 17.9 13.6 

.04 Q~ 15.~ 15.1 

.57 4% 17 .9 13.6 

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

Mean & Standard De v fat t on 

6. 
7. 
7. 
7. 
7. 
8. 
7. 

49 . 

12.0 to 18.0 
N N in % N in 

6. 100% 
7. 100% 
7. 100% 
7. 100% 
7. 100% 
H. 100% 
1. 100% 

49 . 100% 
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Oailx Summat1on For Hexane - IRT {Mice} From 24 Mar 1986 through 30 Mar 198§ 
Summary Data for: Hexane -1000 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 in 
24 Mar 1986 14.8 99X .04 ox 14.8 14.7 6. 6 100% 
25 Mar 1986 15.0 100% .10 1X 15.1 14.8 7. 7. 100% 
26 Mar 1986 15.2 101X .OS 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. 100X 
29 Mar 1986 15.2 102% 1.21 8X 17.9 13.5 8. 8. 100X 
30 Mar 1986 1~ . 1 101% .05 ~ 1s .z 15.1 7. 7. 100% 
SII!'INlry 15.1 100% .48 3X 17.9 13.5 49. 49. 100% 

He x ane - IRT <Mtce) 
Hexane -1000 ppm-R/ M 

Mean & Standard De v f at ton 
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Daily ~ummation For Hexane - IRT (Mice} From 24 Mar 1986 through 30 Mar 1986 

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

Date Mean ~ Target 
24 Mar 1986 14.4 96X 
25 Mar 1986 14.9 99X 
26 Mar 1986 15. 1 101X 
27 Mar 1986 15.1 101% 
28 Mar 1986 15. 1 101% 
29 Mar 1986 15.3 102% 
3Q Mar 198§ 15.~ 101% 
Summary 15.0 100X 

Std Dev X RSD Maximum Minimum 

. 45 3X 14.9 13 .9 6. 

.49 3X 15.1 13 8 7. 

.05 0% 15.2 15. 1 7 

.04 ox 15.1 15.0 7. 

.07 ox 15.2 15.0 7. 

1.46 10% 18.5 13 .2 8. 

.Q~ ~ 15.~ 15.1 7. 

.66 4% 18.5 13 .2 49. 

Hexane - IRT CMtce) 
Hexane -5000 ppm-R/M 

Mean & Standard Devtatton 

12.0 to 18 .0 
N N in X N in 

6. 100X 
7. 100X 
7. 100X 
7. 100% 
7. 100X 
7. 88% 
7. 100X 

48 . 98% 
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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/Relative Humidity 40.0 to 70 .0 
Date Mean ~ Target Std Oev ~ RSO Maximum Minimum N N in % N in 
21 Mar 1986 54.3 99% 2.88 5% 58 .0 50 .0 6. 6. 100% 
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 Mar 1986 54 .9 100% 5.21 9% 60 .0 44 .0 7. 7. 100% 
25 Mar 1986 56.4 103% 5.13 9% 64.0 52 .0 7. 7. 100% 
26 Mar 1! 86 61.9 112% 1.77 3% 64.0 60.0 7. 7. 100% 
27 Mar 1!.186 64.6 117% 1.81 3% 67 .0 63 .0 7. 7. 100% 
28 Mar 1986 61.7 112% 2.87 5% 65 .0 57 0 7. 7. 100% 
29 Mar 1986 61.6 112% 5.90 10% 67 .0 48 .0 8 . 8. 100% 
30 Mar 19~6 57.7 10~% 3.40 6% 63.0 53 .0 7. 7. 100% 
Summary 59.8 109% 5.03 8% 68 .0 44 .0 71. 71. 100% 

Hexane - IRT CMfce) 
Hexane - 0 ppm-R/ M 

Mean ~Standard Deviation 
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Dail~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 through 30 Mar 1286 
Summary Data for: Hexane - 200 ppm-RIM/Relative Humidity 40 .0 to 70.0 
Date Meal! ~ 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 99% 4.65 9% 60 .0 49 .0 7 7 100% 
26 Mar 1986 57 .4 104% 2.07 4% 60.0 55.0 7 7. 100% 
27 Mar 1986 61.3 111% 2.06 3% 64 .0 59.0 7. 7. 100% 
28 Mar 1986 57.7 105% 1.38 2% 60. 0 56 .0 7. 7. 100% 
29 Mar 1986 58 .9 107% 6.20 11% 65. 0 45.0 8. 8. 100% 
30 Mar 19§6 56.4 10~~ 3.46 6% 60.0 5~.0 7. 7. 100% 
Summary 57.0 104% 4.31 8% 65.0 45.0 50. 50 . 100% 

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

Mean ~ Standard Dev i ation 
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Dail~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 through 30 Mar 1986 
Summary Data for : Hexane - 1000 ppm-RIM/Relative Humidity 40.0 to 70 .0 
Date Mean % Target Std Dev ~ RSD Maximum Minimum N N in % N i n 
24 Mar 1986 51.9 94% 3. 24 6% 56.0 46.0 7. 7. 100% 
25 Mar 1986 54 .9 100% 5.1l 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 .7 110% 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 1986 57.6 105% 3.95 7~ 6~.0 52.0 7. 7. 100% 
Summary 56 .8 103% 4.80 8% 65.0 41.0 50. 50. 100% 

Hexane - IRT <Mtce) 
Hexane -1000 ppm-R/M 

Mean & Standard Deviation 
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Oail~ Summation For Hexane - IRT {Mice} From 24 Mar 1986 throJgh 30 Mar 1986 
Summary Data for: Hexane -5000 ppm-RIM/Relative Humidity 40 .0 to 70 .0 
Date Mean % Target Std Oev % RSO Maximum Minimum N N in ~ N in 
24 Mar 1986 46.0 84X 6.06 13X 54.0 35 .0 7 6. 86X 
25 Mar 1986 49.3 90% 4.75 lOX 54 .0 44 .0 7. 7. 100X 
26 Mar 1986 50.7 92X 2.36 5% 54 .0 49 .0 7. 7. lOOX 
27 Mar 1986 53 .3 97X 2. 29 4X 56.0 50 .0 7. 7. 100% 
28 Mar 1986 52 .1 95% 3.13 6% 56 .0 47 .0 7. 7. lOOX 
29 Mar 1986 49 .9 91% 5.28 llX 55.0 38.0 8. 7. 88% 
30 Mar 1986 48.0 §7X 3.8~ ax 53.0 44.0 7. 7. 100% 
Summary 49.9 91X 4.55 9% 56 .0 35.0 50 48 96X 

Hexane - IRT CHtce) 
Hexane -seee ppm-R/H 

Mean ~ Standard Deviation 
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Dail~ Summation For Hexan§ - IRT {Mice} From 21 Mar 1986 through 30 Mar 1986 
Summary Data for : Hexane - 0 ppm-RIM/Temperature 72 .0 to 78 .0 
Date Mean ~ Target Std Dev X RSD M~ximum Minimum N N i n % N in 
21 Mar 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 Mar 1986 73 .3 98% .39 1% 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 Mar 1986 72 .7 97% 1.23 2% 75.5 71.7 8. 6. 75% 
~0 Mar 1986 7~.4 97~ .53 l~ 7~.~ 71.7 7. 5. 71% 
Sunmary 73 .0 97% .77 1% 75.5 71.7 71. 66. 93% 
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Dail ~ Summat ion For Hexane - IRT (Mice} From 24 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 Minimum N N in % N in 
24 Mar 1986 73.6 98% .45 1% 74 .3 73.2 5. 5. 100% 
25 Mar 1986 74 .5 99% .34 0% 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. 1DO% 
29 Mar 1986 74.1 99% 1.62 2% 77 .8 72 8 8. 8. 100% 
30 Mar 1~86 7~.6 98% .4~ 1~ 74.2 72.9 7. 7. 100% 
Summary 74.1 99% .93 1% 77.8 72 .8 49. 49 . 100% 

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

Mean & Standard Deviation 

• ~· • 

• ,.... ~· • 
u.... ...., 

• 
t) 

.. 
'\ 

L > 
:l & 
~ 

j 
.. ., 

t j 
.. 

L • t t t ti 
t) ~· '\ 
Q. t e 
t) "' .. ..... • 

I • ci ~· '\ 

• •• '\ 

• I . .... ( 

~·· ~·· ~·· ~·· ~·· ~.:-~· .., .. ..,., .., . ~ ..,. ..,., ,., . 

B. 30 



Dail ~ Summation For Hexane - IRT {Mice) From 24 Mar 1986 throuah 30 Mar 1986 
Summary Data for : Hexane -1000 ppm-RIM/Temperature 72.0 to 78.0 

Qate Mean % Target Std Dev ~ RSD Maximum Minimum N N in ~ N in 

24 Mar 1986 74 .1 99% . 57 1% 75 .0 73 .6 5 . 5. 100% 

25 Mar 1986 75.3 100% .27 0% 75 .7 74.8 7. 7. 100% 

26 Mar 1986 74 .9 100% .51 1% 75.7 74 .0 8. 8. 100% 

27 Mar 1986 75 .0 100% . 94 1% 76.4 73 .8 7. 7 . 100% 

28 Mar 1986 74.9 100% 1.09 1% 76 .6 73 .5 7. 7. 100% 

29 Mar 1986 74 .8 100% 1.59 2% 78.5 73 .6 8. 7. 88% 

~0 M§r 19§6 74 .~ 9~~ .4~ 1% 74.9 73.~ 7. 7. 100% 

St~~~~~ary 74 .8 100% .93 1% 78.5 73 .5 49. 48. 98% 

He x ane - IRT CH 1ce) 
He x ane -1000 ppm-R/ H 

Mean &. S t andard De vi at i on 
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Dail~ Summation For Hexane - IRT (Mice} From 24 Mar 1986 throJgh 30 Mar 1986 
Summary Data for: Hexane -5000 ppm-RIM/Temperature 
Date Mean 
24 Mar 1986 73.2 
25 Mar 1986 73.8 
26 Mar 1986 73. 4 
27 Mar 1986 73.3 
28 Mar 1986 73 .2 
29 Mar 1986 74.0 
30 Mar 1986 73.7 
S~J~~Mry 73 .5 

" Target Std Dev " RSQ Maximum Minimum 
98X .38 1X 73 .8 72 .8 5. 
98" .40 1" 74 .2 73.1 7. 
98" .63 1" 74 . 1 72.4 8. 
98X .81 1X 74 .5 72 .4 7. 
98X .81 1X 74.3 72 .1 7. 
99" 1. 03 1X 76.4 73.2 8. 
98~ .§0 l~ 74.4 72.9 7. 
98X .73 1X 76 .4 72.1 49 . 

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

Mean & Standard Devtatton 

72 .0 to 78.0 
N N i n ~ N in 

5. 100X 
7. 100" 
8. 100" 
7 100% 
7. 100" 
8. 100" 
7. 100" 

49 100X 
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Study: IR.T n-Hexane 
Month/Year. 3186 
Pqc: 1 

EXPOSURE OPERATION DISCUSSION SHEET 

INQ.UDES DISCUSSIONS AND/OR EXIUNATIONS OF PROBLEMS AFFECTING ANIMAL ENVIRONMENT 
AND EXPOSURES. EXIUNATIONS AREINQ.UDED FOR DATA IN WHJCI!TIIERE WERE EXCURSIONS 
OFDAlL Y MEAN OR STANDARD DEVIATION BEYOND All.OWABL.E OPERATING LIMITS OR 
EXOJRSIONS OF INDIVIDUAL DAnJM BEYOND CRITICAL LIMITS. 

STUDY: IR.T n-Heune Sperm Morphol.ogy/Domin.mt Lethal Exposure 

CHAMBER CONCENTRATION 

DA '" 
3124/86 

3!1SJ86 

l/27/86 

DISOJSSIO"' OR WLAN -'TIO"' 
We~ unable to r9:h the lli&h dose level (Lt. 500) ppm) w;ing the two pumps originally 
installed. The Operacor was advised to maintain a concentration level of 4000 ppm throughout the 
exposure period until the sicwicm cou.ld be ~olved the following day by the installation of pumps 
'olr'ich hieher pw:Ilfling capacity. A122:4.S the high dose chamber exceeded the lower aitical operating 
limit {3200 ppm) because of a pump failun.. Qambet concentration dropped to ·1450 ppm. the 
Jevcl mainuinable by the secood pump. At 00'.26 the Sptcialist on c.ill discovered a loose coupling 
on the f.Wed pamp and tightetled. By 00:35 the chamber concentration had ~mmed to specifications. 
Becwecn 02:26 and 02:54 the se;ond pump failed. The alarming system failed as well. so the 
Specialist on call was DOt notified. Omnbe: concen~ dropped to ·200J ppm. At 03:25 the 
computer conmmnication failed IDd data was lost until the problem was discovc:red and cern:::~ at 
()5,32. 
New pumps were installed on the 50CX) ppm dose chemical delivery system. This nquircd 
establishing~ pump setpOinn so chambe: concentncion buildup took longer thin normal. i.e. 45 
minutes 10 a:~ T90 vs the usua112 minu=. this because the Opemcr was advised to approach 

the cooce:ntracioa level conserv.uively. No additional excursicns were noccd during this ~hour 
e:xposun= pericxl. 
Between 21:19 and 21:46 the pumps 10 the scm ppm chamber began tO fail Chambtt concentration 
dtopped 10 516 wm. The Exposuoe Specialist was aleneci and changed out the pumps at 21:55. By 
ZZ: 14 cb.ambc:r coneenntioo had remrned tO specs. Tbe second pump was replaced a shon lime l:atu, 
at 22:29, as a pe:autionary measun.. Following this repbcement, chamber concentr:arion jumped to 
5914 ppm, u 23:38, befcre the Speciali.sr was able tO set the proper flown= znd~gain the 
ope:2Zin& conc.eatration leveL By 00:49 the e.tpOs~ was again under contml znd no further 
CXCUISims ~ n:pcwd durin& the mnainder of the expos~ period. 

TEMPERA Tt.IRE &. R.ELA TIVE HUMIDITY 

~ DISOJSSION OR EXP!.A)jATION 
No problems or excursions dmU!& this ~&period. 

CHAMBER FLOW & VACUUM 

~ DlSOJSt;;JQN OR EXP! AN A,TIO"' 
No problems or acursions 4wing this repcning period. 

B.33 
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CIIAMBER liNIPORMITY DATA SHEET 

COM POUND: _,IR,_T-'-"11-"E"X!!A!:!N!;E _______ _ EXPOSURE ROOM NUMBER: _,4_,36,_ __ 

FRONT: 

WI'V MEASUREMENTS . 
IN-LINE '" 801 100.5% 368 99.9% 232 101.0% 

""'' 808 101.4% 368 99.9% 225 98.0% 
Jnl 781 98.0% Jill 100.2% 232 101.0% 

MEAN: 796.7 100.0% 368.3 100.0% 229.7 100.0% 
WPV: 14.01 1.8% 0.58 0.2% 4.04 1.8% 

MONITOR TYPE: GC SERIAL r :.JN"<8"09"-"56,9,_ ____ _ 

MONITOR OAT A LOCATION: --,--c-----c--o--o--c---c-o--c---c--,-c---cc-
COMMENTS: No animals in chambers, pre-e~posure chamber balance, oodefleclor plale in chamber inlets 

DNW 51192 pg 102 

ENTFR~D AY· f?.v?.J OATE' 3/J>(',?z REVIEWEil DY' fJ,,}.,4 Wv1,-J DATE' ]IJ51t7 



APPENDIX C 

DEVELOPMENTAL TOXICOLOGY DATA 
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Domln•nt l•th•l n-Hex•ne Study: W•le Reproductlv• W.•sure• 1 

--------------------------------------------------------- I ppm n-H•x•ne ------------------------------------------------------

W•le Week F-Ie Pr•gn•nt f Impl•nta f Live f E•rlf • l•t• f De•d 
Id Id F•tu•e• R••orpt1ons R••orptlon• F•tu••• 

1766 1 1878 1 12 12 • • • 1766 1 1878 1 13 12 1 • • 1766 2 2141 1 12 10 1 1 • 1766 2 2042 1 14 13 • 1 • 1766 3 2236 1 11 8 • • • 1766 • 2242 1 14 13 • 1 • 1766 4 2300 1 12 12 • • • 1766 4 2897 1 11 11 • • • 1766 • 2668 1 16 16 • • • 1766 6 2666 1 18 • 1 • • 1766 • 2721 1 16 16 0 • • 1766 • 2723 1 16 ,. 0 1 • 1766 1 1888 1 10 • 1 • 0 
1766 1 1881 1 13 13 0 0 0 
1766 2 2843 1 • 8 1 0 0 
1766 2 2844 1 11 11 0 • • 1766 3 2238 1 10 • 0 1 0 
1766 3 2244 1 13 12 1 0 0 
1788 4 2486 1 12 12 0 0 0 
1768 4 2489 1 18 18 0 • 0 
1768 6 2684 1 14 13 • 1 0 
1766 6 2666 1 12 11 0 1 0 
1766 8 2722 1 16 16 0 0 0 

n 1768 • 2727 0 . 1767 1 1883 1 14 14 0 0 0 
~ 1767 1 1884 1 13 13 0 0 0 

1767 2 2146 1 14 10 4 0 0 
1767 2 2146 1 7 6 1 1 0 
1767 3 2241 1 16 14 1 0 0 
1767 3 2243 1 10 10 0 0 0 
1767 4 24t8 1 11 11 0 0 0 
1767 4 2411 1 16 16 0 0 0 
1767 6 2687 1 9 9 0 0 0 
1767 6 2668 0 . . 
1787 • 2728 1 11 11 0 0 0 
1787 • 2738 1 13 11 2 0 0 
1774 1 1866 1 13 12 1 0 0 
1774 1 1866 1 14 13 1 0 0 
1774 2 2817 1 16 14 1 0 0 
1774 2 2818 1 11 11 0 0 0 
1774 3 2261 1 10 10 0 0 0 
1774 3 2267 1 12 11 1 0 0 
1774 4 2414 1 12 12 0 0 0 
1774 4 2422 1 14 14 0 0 0 
1774 6 2678 1 10 10 0 0 0 
1774 6 2677 1 13 12 0 1 0 
1774 • 2788 1 13 12 1 0 0 
1774 • 2737 1 9 • 1 2 0 
1776 1 1867 1 14 13 1 0 0 
1776 1 1868 • . . 
1776 2 2819 1 16 13 2 0 0 
1778 2 2828 1 13 13 0 0 0 
1778 3 2264 1 13 12 1 0 0 



Domloant Lethal n-Hexane Study: Wale Reproductive Meaaurea 2 

--------------------------------------------------------- 8 pp• n-Hexane ------------------------------------------------------

Male Week Female Pregnant f I~r~planta , Live f Earl,r f late f Dead 
Id Id etuaea Reaorpt 1 on a Reaorptiona Fetuaea 

1778 • 2268 1 11 10 1 • • 1778 4 2416 1 12 11 1 • • 1778 4 2423 • . . . 
1778 6 2681 1 14 14 • 0 • 1778 6 2684 1 13 13 0 • 0 
1778 0 2736 1 17 18 1 • • 1778 • 2743 1 12 12 • 0 • 1777 1 1869 1 10 14 1 1 • 1777 1 1888 1 12 12 • • 0 
1777 2 2821 1 16 16 • • • 1777 2 2822 1 12 11 1 • • 1777 3 2247 1 11 11 • • • 1777 3 2263 1 13 13 • 0 0 
1777 4 2413 1 • • 0 • 0 
1777 4 2417 1 10 16 1 • • 1777 6 2689 1 14 14 • • • 1777 6 2691 1 11 10 0 1 0 
1777 • 2742 1 12 11 0 1 0 
1777 • 2763 1 10 16 1 • • 1779 1 1883 1 13 12 1 • • 1779 1 1884 1 6 3 2 0 • 1779 2 2866 1 10 8 2 0 0 
1779 2 2868 1 11 11 0 • 0 

n 1779 • 2287 1 13 12 0 1 • . 
a- 1779 3 2288 1 11 10 • 1 • 1779 4 2418 1 16 14 1 0 • 1779 4 2419 1 10 • • 1 • 1779 6 2683 1 12 12 0 • • 1779 6 2688 1 11 11 • • 0 

1779 • 2749 1 14 13 1 • 0 
1771;t • 2761 1 •• 14 2 • • 1779 7 2938 1 12 12 • 0 0 
1779 7 2944 1 11 10 1 • • 1779 8 1286 1 11 11 0 • • 1779 8 1288 1 12 11 1 0 • 1781 1 1887 1 18 18 • • 0 
1781 1 1888 1 12 12 0 0 0 
1781 2 2869 1 16 16 0 • 0 
1781 2 2080 1 11 11 0 • 0 
1781 3 2284 1 13 13 0 0 • 1781 3 2286 1 9 9 0 0 0 
1781 4 2426 1 14 14 0 0 0 
1781 4 2433 1 16 14 0 1 • 1781 6 2688 1 11 11 0 0 0 
1781 6 2698 1 11 11 0 0 0 
1781 • 2747 1 10 8 1 1 0 
1781 • 2766 1 18 14 0 2 0 
1781 7 2942 1 13 13 0 • 0 
1781 7 2947 1 10 10 0 • • 1781 8 1281 1 11 11 0 0 0 
1781 8 1282 1 • 7 1 0 0 
1787 1 1911 1 18 16 1 0 0 
1787 1 1912 1 12 11 1 • • 



Domln•n~ L•~h•l n-H•x•n• S~udy: W•l• Rep~odue~iv• W.••u~•• 3 

--------------------------------------------------------- 8 ppm n-H•x•n• ------------------------------------------------------

W•l• W••k F•m•l• PreGn•n~ f Irr~p In~• f Live • eulr t L•te I D••d 
Id Id Fe~u••• Re•o~p~1on• Re•o~ptlon• Fetu••• 

1787 2 2872 1 12 11 • 1 • 1787 2 2873 1 17 18 1 • • 1787 3 2273 1 12 12 • • • 1787 3 2279 1 12 12 • • • 1787 • 2438 1 13 12 1 • • 1787 • 2442 1 13 12 • 1 • 1787 • 2693 1 18 13 • • • 1787 • 2697 1 12 11 • 1 • 1787 • 2783 1 12 12 • • • 1787 • 2786 • . . . 
1787 7 2948 1 10 10 • • • 1787 7 29&3 1 12 11 1 • • 1787 8 1249 1 11 11 • • • 1787 • 1268 1 14 12 • 2 • 1790 1 1916 1 13 13 • • • 1790 1 1918 1 14 14 • • • 1700 2 2178 1 .. 14 • • • 1798 2 2877 1 14 .. • • • 1790 3 2277 • . . 
1798 3 2281 1 12 12 • • • 1700 • 2439 1 14 11 3 • • 1700 • 2448 1 13 13 • • • 1798 • 2813 1 10 10 • • • 1798 • 2818 1 • • 1 • • n 1798 • 2788 • . 
1700 • 2776 • ~ . . . . 
1708 7 2962 1 .. 13 • 1 • 1798 7 2967 1 10 • 1 • • 1798 • 1246 1 • • • • • 1790 • 1248 1 12 10 1 1 • 1791 1 1917 1 16 12 3 • • 1791 1 1918 1 12 18 2 • • 1791 2 2878 1 12 12 • • • 1791 2 2879 1 11 11 • • • 1791 3 228& 1 12 11 1 • • 1791 3 2288 1 16 14 • 1 • 1791 • 2443 1 17 17 • • • 1791 • 2444 1 14 14 • • • 1791 • 2888 1 • • • 1 • 
1791 • 281& 1 11 11 • • • 1791 • 2788 1 12 11 • 1 • 1791 • 2771 1 13 13 • • • 1791 7 2988 1 10 • 1 • • 1791 7 2967 1 12 12 • • • 1791 • 1242 • 1791 • 1244 • . . . . 
1888 1 1933 1 16 14 • 1 • 1888 1 1934 1 13 12 • 1 • 1888 2 2894 1 16 .. • 1 • 1888 2 289& 1 17 17 • • • 
1888 3 2298 1 12 12 • • • 
18813 3 2299 1 .. 14 • • • 18813 • 2484 1 12 12 • • • 



Oomin•nt Leth•l n-H•x•n• Study: 111•1• Rep~oductlYe We••u~•• • 
--------------------------------------------------------- e ppm n-H•x•n• ------------------------------------------------------

Ill• I• W.ok F-ale P~egn•nt t Impl•nh , Llye f E•~lf f L•t• t De•d 
Id Id etu••• Re•o~pt on• Re•o~pt ion• Fetu••• 

1808 • 2488 1 16 ,. • 1 0 
1888 6 2818 1 13 12 1 • • ,. .. 6 2821 1 12 12 • 0 • ,. .. 8 2788 1 11 11 • • 0 
18 .. • 2787 1 12 12 0 0 • ,. .. 7 2878 1 11 10 1 • • 1888 7 2881 1 13 12 1 0 0 
1818 8 1326 1 13 10 2 1 • 1808 8 1328 1 12 12 0 • 0 
1881 1 1036 1 16 16 • • • 1811 2 2198 0 . . . . 
1811 2 2111187 1 11 • 2 0 • 1811111 3 23 .. 1 ,. ,. • 0 • 1811111 3 2383 1 13 13 • • 0 
1881 • 2481 1 ,. 1• • • • 1811 • 2482 0 . . . 
1811 6 2823 1 11 10 1 • 0 
1811 6 2832 1 10 • 1 • 0 
1811 • 2782 1 1. 1• • • • 1811111 • 2788 1 13 12 • 1 • 1811 7 U71 1 13 13 0 • • 1881 7 2874 1 12 12 • 0 0 
1811 8 1323 0 

" 
1811 8 1324 • . . . 1823 1 1977 1 1. 13 • 1 • 00 1823 1 1878 1 1. 1. • • • 1823 2 2138 • 1823 2 2141 • . . 
1823 a 2348 1 1. 11 3 • • 1823 3 2348 1 10 10 • • • !823 • 2681 1 13 l:l: • i • 1823 • 2684 • 1823 6 2884 • 1823 6 2887 0 
1823 • 2826 • 1823 • 2831111 • . . . . 
1823 7 1373 1 12 12 • 0 • 1823 7 1374 1 12 12 0 • • 1823 • 1237 1 12 • 2 1 • 1823 8 1238 • . . . . 
1828 1 1983 1 13 • 0 • 0 
1828 1 1884 1 11 11 • 0 • 1828 2 2146 1 12 10 2 • • 1828 2 2147 1 13 12 1 0 0 
1828 3 2341 1 13 13 0 0 0 
1828 3 2361111 1 1. 12 2 • 0 
1828 • 2617 1 11 11 • 0 • 1828 • 2613 1 13 12 1 0 • 1828 6 2876 1 • 6 1 • • 1828 6 2883 1 13 12 1 0 • 1828 • 2824 1 1. 11 2 1 • 1828 • 2842 1 13 12 1 • • 1828 7 1378 • 



Domln•nt Leth•l n-Hex•ne Study: W•le Reproductive We•aure• ' 
--------------------------------------------------------- 0 pp• n-Hex•ne ------------------------------------------------------

Yale ·-· Fe11111ie Pregn•nt f Impl•nta , Live t E•rl,r f L•te f De•d 
Id Id etuaea Reaorpt1ona Resorption• Fetuaea 

1828 7 1383 1 14 12 0 2 0 
1828 8 1231 1 10 • 1 0 • 1828 8 1232 1 11 10 1 0 • 1827 1 1986 1 13 11 1 1 • 1827 1 1988 1 14 12 2 0 • 1827 2 21•8 1 13 13 0 0 0 
1827 2 21.8 1 12 • 0 3 0 
1827 3 23.2 1 13 13 • 0 • 1827 3 2361 1 12 12 0 0 0 
1827 4 2611 1 11 11 0 0 0 
1827 4 26U 1 11 18 1 8 • 1827 ' 2879 1 12 12 8 8 • 1827 ' 2886 1 10 • 1 8 • 1827 8 2837 1 13 13 8 8 • 1827 8 28.8 1 12 12 • 8 • 1827 7 1881 1 11 11 8 8 0 
1827 7 138. 1 8 8 0 8 0 
1827 8 1229 1 10 18 0 8 0 
1827 8 1231 1 11 11 0 8 0 
1829 1 1989 0 . . 
1829 1 1991 1 14 14 • 8 0 
1829 2 2161 1 10 18 0 8 • 1829 2 2162 1 • • 0 8 0 
1829 3 2369 0 . . . 

n 1829 3 238. 1 13 11 1 1 0 . 1829 4 261!18 1 13 12 1 8 0 
~ 1829 4 2617 1 12 11 1 8 0 

1829 ' 2881 1 13 11 1 1 0 
1829 ' 2882 1 • 8 1 8 0 
1829 8 2839 1 12 11 1 8 0 
1829 • 28.1 1 11 8 3 0 0 
1829 7 1388 1 11 11 0 0 0 
1829 7 1389 1 12 12 0 0 0 
1829 8 1226 1 • 8 1 0 0 
1829 8 1228 1 13 12 1 0 0 
1831 1 1991 1 16 16 0 0 0 
1831 1 1992 1 13 12 1 0 0 
1831 2 2163 1 11 11 0 0 0 
1831 2 216. 1 12 11 0 1 0 
1831 3 2366 1 13 12 1 0 0 
1830 3 2367 1 11 11 0 0 0 
1831 4 2622 1 13 12 1 0 0 
1831 4 2629 1 8 8 0 0 0 
1831 ' 2878 1 12 11 1 0 0 
1838 ' 288. 0 . . . . . 
1831 • 28 •• 1 13 12 0 1 0 
1831 • 28.6 1 14 11 2 1 0 
1830 7 1386 1 13 13 0 0 0 
1831 7 1367 1 13 12 1 0 0 
1830 8 1222 1 13 13 0 0 0 
1830 8 122. 1 14 14 0 0 0 
1832 1 1996 1 17 16 0 2 0 
1832 1 1996 1 14 13 1 0 0 
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DoNin•nt L•th•l n-H•x•n• Study: M•l• R•p~oductive M•••u~•• • 
-------------------------------------------------------- 281 ppm n-Hex•n• -----------------------------------------------------

.... e Week F•INIIe Pregn•nt f I•pl.nt• , Llv• f E.,.lf f L•te f De•d 
Id Id •tu••• Re•orpt on• Re•o~ptlon• Fetu••• 

179& • 2778 1 12 10 2 • • 179& • 27711 1 12 12 • • • 179& 7 2969 1 14 13 1 • • 179& 7 2986 1 12 12 • 0 0 
179& 8 taaa 1 11 11 0 0 0 
179& 8 1334 1 12 12 0 0 • 1708 1 1927 1 13 10 • 0 0 
1708 1 1928 1 12 10 1 1 0 
1798 2 2188 1 13 13 0 0 0 
17 .. 2 2189 1 16 13 1 1 0 
1708 3 220f 1 11 7 2 2 0 
1798 • 2297 1 14 13 0 1 0 
1798 4 2447 1 13 13 0 0 0 
1798 4 24&8 • . . 
1798 6 282& 1 10 10 0 0 0 
1798 6 2827 1 • 7 2 0 0 
1798 • 2777 1 11 10 0 1 0 
1708 • 2783 1 12 11 1 0 0 
1708 7 2080 1 10 10 0 0 0 
1708 7 2973 1 7 • 1 0 • 17 .. 8 1331 1 12 18 1 1 • 1708 8 1332 1 • • • • 0 
1882 1 1937 1 14 14 • • 0 
1882 1 1938 1 14 13 1 • 0 

" 1802 2 2898 1 14 14 • • • . 1882 2 2899 1 14 12 • 2 • - 1882 3 2294 1 16 14 • 1 • w 
1882 3 229& 1 11 11 • • 0 
1882 4 2483 1 13 10 • 3 0 
1882 4 2478 1 12 12 0 • 0 
1882 6 2831 1 12 12 • • • 1882 6 2838 1 12 8 4 • • 1882 • 2788 1 17 18 1 • 0 
1882 • 278& 1 14 14 0 • 0 
1882 7 2978 1 13 12 1 • • 1Bii!l2 7 2981 1 11 • 1 1 • 1Bii!l2 8 1321 1 13 13 0 • • 1812 8 1322 1 14 • • 6 0 
t8e& 1 1943 • . . 
1Bii!l& 1 1944 1 13 12 • 1 • l&li!l& 2 211i!14 1 12 12 • • • 18li!l& 2 21li!l& 1 12 12 • • • tee& 3 2318 1 14 14 0 0 0 
180& • 2314 1 16 16 • 0 • 1886 4 2469 • 1806 4 2473 • . . . 
180& • 2629 1 12 • 2 1 • 1886 • 2637 1 14 11 3 0 • 180& • 2791 1 14 13 1 • • 1886 • 2794 1 14 11 3 0 • 1806 7 2984 1 13 13 • 0 • 181i!16 7 2987 1 16 16 • • • 1806 8 1315 1 14 12 2 0 • 



Dominant Lethal n-Hexane Study: Wale Reproductive Weaaurea 10 

-------------------------------------------------------- 288 ppm n-Hexane -----------------------------------------------------

Wale Weak Female Pregnant f Implnt. I Live ... .,~ I Late I Dead 
Id Id Fetuaaa Reaorpt ona Reaorptlona Fatuaea 

1886 8 1318 1 14 13 0 1 0 
1889 1 1961 1 ,. 14 0 0 0 
1889 1 1962 1 16 14 1 • • 1881i11 2 2112 1 11 10 • 1 0 
181!119 2 2113 1 17 17 • • • 181!119 3 2318 1 11 18 1 • 0 
1889 3 2318 1 13 12 1 • • 1889 • 2477 1 12 10 2 • 0 
1889 • 2479 1 12 10 2 • 0 
1889 6 2842 1 11 11 • 0 • 181!119 6 2849 1 • • • 0 • 181!119 • 2884 1 14 14 • • • 181!119 8 2812 1 • • • • • 1889 7 2983 1 11 11 • 0 • 1889 7 2997 • . . 
1889 8 1387 1 10 • 1 • • 1889 8 131!118 1 • • 1 8 • 1811!11 1 1963 1 13 11 2 • • 1811!11 1 1964 1 12 11 1 • 0 
1818 2 2114 1 18 16 • 1 0 
1818 2 2118 1 14 14 • • • 1818 3 2317 1 13 13 • 0 0 
1818 3 2321 1 18 12 3 1 0 
1818 • 2488 1 13 13 • • • '"' 1811!11 • 2482 1 16 13 2 0 • 

~ 1818 6 2841 1 13 13 0 • 0 
~ 1811!11 6 2847 1 16 14 • 1 0 

1818 8 2882 1 • 7 2 0 • 1818 8 2886 1 16 16 0 0 0 
1818 7 1397 1 18 14 1 1 • 1818 7 2996 1 14 14 • • 0 
1818 8 131!118 1 13 13 0 • • 1811!11 8 1308 1 • 7 2 0 • 1818 1 1989 1 11 8 2 1 0 
1818 1 1978 1 11 10 • 1 • 1818 2 2181 1 13 12 1 • • 1818 2 2132 1 18 18 0 • 0 
1818 3 2331!11 1 18 16 1 0 0 
1818 3 2334 1 17 17 • 0 • 1818 • 2418 1 ,. ,. • • • 1818 • 2608 1 10 • 1 0 • 1818 6 2866 1 10 10 0 • 0 
1818 6 2868 1 13 12 1 0 • 1818 8 2821 1 ,. ,. 0 • 0 
1818 8 2823 1 10 • 1 0 • 1818 7 1386 1 11 11 0 • • 1818 7 1387 1 11 11 0 0 • 1818 8 1298 1 10 10 • • • 1818 8 1211 1 13 13 • • • 1828 1 1973 1 12 12 • 0 • 1828 2 2136 1 16 14 • 1 • 1828 2 2136 1 12 12 0 0 • 1821 3 2331 1 12 12 0 • 0 



Do~lnant Lethal n-Hexane Study: Male Rep~oduetive W.aau~ea 11 

-------------------------------------------------------- 288 pp~ n-Hexane -----------------------------------------------------

Male Week Female P~egnant f I~planta , Live f Ea~lf f Late f Dead 
Id Id etuaea Reao~pt ona Reaor"ptlona Fetuaea 

1828 3 2837 1 18 18 • • • 1828 • 2487 1 11 11 • • • 1828 • 2488 1 12 11 1 • • 1828 6 2666 1 14 12 • 2 • 1828 6 2668 1 8 • • • • 1828 • 2826 1 12 11 1 • • 1828 8 2827 1 10 • • 1 • 1828 7 1386 1 12 12 • • • 1828 7 1381 • . . 
1828 8 1288 1 10 • 1 • • 1828 8 1281 1 • • • • • 1822 1 1876 • . . 
1822 1 1876 1 ,. 12 2 • • 1822 2 2137 1 13 13 • • • 1822 2 2138 1 11 11 • • • 1822 3 2843 • . 
1822 • 2346 1 13 13 • • • 1822 • 2683 1 16 14 1 • • 1822 • 2686 1 12 11 1 • • 1822 6 2668 1 13 13 • • • 1822 6 2673 1 7 7 • • • 1822 • 2834 1 16 16 • • • 1822 8 2833 1 ,. 14 • • • 1822 7 1388 • . . 

" 1822 7 1382 1 13 11 2 • • . - 1822 8 1278 • . 
~ 1822 8 1279 1 11 11 • • • 1834 1 1899 1 18 10 • • • 1834 1 2 ... 1 14 13 1 • • 1834 2 2161 1 • 8 • • • 1834 2 2162 1 18 14 2 • • 1834 3 2378 1 10 18 • • • 1834 • 2372 1 11 11 • • • 1834 • 2624 1 14 14 • • • 1834 • 2627 1 18 18 • • • 1834 6 2888 • . . . 

1834 6 2889 1 13 12 1 • • 1834 8 2861 1 12 11 1 • • 1834 8 2867 1 11 11 • • • 1834 7 1366 1 16 16 • • • 1834 7 1368 1 12 12 • • • 1834 8 1216 1 7 7 • • • 1834 • 1216 1 12 12 • • • 1837 1 2881 1 13 13 • • • 1837 1 2882 1 ,. 13 1 • • 1837 2 2163 1 8 3 • • • 1837 2 2164 1 13 12 1 • • 1837 3 2366 1 7 7 • • • 1837 3 2367 1 13 13 • • • 1837 • 2621 1 11 11 • • • 1837 • 2626 1 16 16 • • • 1837 6 2693 • . . . 
1837 6 2694 1 11 11 • • • 



Domln•nt Leth•l n-Hex•ne Study: M•le Reproductive Me••ure• 12 

-------------------------------------------------------- 298 ppm n-H•x•ne ----------------------------------------------------
.... e Wook Fe~Aie Pregn•nt t lmpl•nt• t Live t E•rlf t Late t Dead 

Id Id Fetu••• Re•orpt ona Reaorptlona Fetu••• 

1837 • 2862 1 12 12 0 0 0 
1837 • 2866 1 11 11 0 0 0 
1837 7 1368 1 10 10 • • 0 
1837 7 1368 1 10 • 2 0 • 1837 • 1213 1 16 16 0 0 0 
1837 • 1214 1 ,. 12 2 0 0 
1848 1 2811117 1 13 • 2 2 0 
1848 1 2811118 1 12 11 • 1 • 1841211 2 2188 1 • • • 0 0 
1841211 2 2171111 1 12 • 6 1 0 
1848 3 2368 1 11 10 • 1 0 
18<t1211 a 2371 1 12 12 • 0 0 
1848 • 2636 1 6 6 0 0 • 1848 • 2638 1 11 10 1 0 0 
1841211 6 2716 1 16 ,. 1 • 0 
1848 6 2788 • . 
18<tll • 2861211 1 11 11 0 0 • 1848 • 2868 1 10 • 2 0 0 
1848 7 1362 1 ,. ,. 0 0 0 
1848 7 1363 1 13 12 • • 0 
1848 • 1286 1 • • • 0 • 1841211 • 1211 1 11 10 1 0 0 
1841 1 2080 1 ,. ,. • 0 0 
1841 1 2811 1 13 13 0 • 0 

" 1841 2 2171 1 12 12 • • • . 1841 2 2172 1 13 13 0 0 • -"' 18•41 3 2374 1 ,. ,. • 0 • 1841 3 2378 0 . . 
1841 • 2631 1 16 16 • • • 1841 • 2637 1 18 18 • • • 11:141 • 2784 ! 10 1! • • • 1841 6 2788 1 10 10 0 0 0 
1841 • 2868 0 . . . . 
1841 • 2878 1 13 12 • 1 • 1841 7 1361 1 ,. ,. • 0 • 1841 7 1364 1 11 10 0 1 • 1841 8 1286 1 18 8 • 2 0 
1841 8 1287 1 7 7 • • 0 



Do•in•nt Leth•l n-H•x•n• Study: M•le Reproductive Me•aurea 13 

------------------------------------------------------- 1088 ppm n-Hex•ne -----------------------------------------------------

M•le .... Ferule Pregnant f I111planta f Live f Ear If f L•t• f De•d 
Id Id Fetuaea Reaorpt ona Reaorptiona Fetuses 

1762 1 1896 1 ,. 13 • 1 • 1762 1 1888 1 13 • 3 1 • 1762 2 2827 1 ,. 13 • 1 • 1762 2 2828 • . . . 
1762 3 2221 1 18 18 • • • 1762 3 2222 1 11 • 1 1 • 1762 4 2388 1 13 13 • • • 1762 4 2387 1 13 12 • 1 • 1762 6 2648 1 12 12 • • • 1762 6 2649 1 12 12 • • • 1762 • 2717 1 8 8 • • • 1762 8 2718 1 14 13 1 • • 1767 1 1083 1 18 18 • • • 1767 1 1884 1 16 16 • • • 1767 2 2836 1 ,. 13 1 • • 1767 2 2838 1 13 12 • 1 • 1767 3 2224 1 12 12 • • • 1767 3 2228 1 10 • • 1 • 1767 4 2388 1 12 12 • • • 1767 4 2392 1 13 13 • • • 1767 6 2668 1 12 11 1 • • 1767 6 2681 1 12 11 1 • • 1767 8 2711 1 13 11 2 • • 1767 8 2716 1 12 12 • • • " 1768 1 1874 1 • 7 2 • • . 

~ 1768 1 1876 1 6 6 • • • ~ 1768 2 2837 1 11 11 • • • 1768 2 2838 1 1 1 • • • 1768 3 2232 1 3 3 • • • 1768 3 2234 • . . . . 
1768 4 2388 1 11 11 • • • 1768 4 2393 • . . . . 
1768 6 2667 1 • 8 1 • • 1768 6 2688 1 10 • • 1 • 1768 8 2718 1 14 14 • • • 1768 • 2728 1 12 12 • • • 1784 1 1886 • 1784 1 1888 • 1784 2 2088 • . 
1784 3 2281 1 10 10 • • • 1784 a 2276 • . . . 
1784 4 2428 1 16 14 1 • • 1784 4 2436 • 1784 6 2686 • 1784 6 2884 • 1784 • 2788 • 1784 • 2781 • 1784 7 2948 • 1784 7 2961 • 1784 8 1266 • 1784 8 1268 • . . 
1786 1 1987 1 18 18 • • • 1786 1 1988 1 14 14 • • • 



• • • , • • • ~ • > ~
 

u 
, ~ 0 • ~ • ~ 

• 
• 

• • 
• • 
~
 

: ' • 
~
 

~
 

E
 

, 
~
 

~
 
~
 

~
 

• i 
• • 

" 
• • : ' • • ~ ~ • ~ ~
 

• • • E
 

0 
0 

~
·
 

•• 
•• 
0
~
 
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
 
·
•
•
 

·~ • • 0 • • 0 
,__ 
-
~
 

·
~
 

•• 
w

o
 • 

•: • 
•• 
>

0
 

_
, 
~
 

: • • ! • l • -~
 

O
M

 
~
 

C
.!S

 



Domln•nt Leth•l n-H•x•n• Stud1: W•l• Reproduetlve We••ures 16 

------------------------------------------------------- 18111111 ppm n-H•x•n• -----------------------------------------------------

W•l• .... F-1• Pregn•nt f b1pl•nts f Live f E•rlf • l•te f De•d 
ld ld Fetu••• Resorpt on• Re•orptlon• Fetuses 

1792 • 2463 1 12 12 • I • 1792 6 2811 1 • • I • • 1792 6 2811 1 14 14 I • I 
1792 • 2773 1 13 13 I I I 
1792 • 2774 1 13 13 • I I 
1792 7 2901 1 12 12 I I I 
1792 7 2003 1 12 • 2 1 I 
1792 • 1241 1 12 12 I • I 
1792 • 1243 1 12 12 • I I 
1793 1 1921 1 12 12 I I I 
1793 1 1922 1 16 16 I I I 
1793 2 2882 1 16 14 1 I I 
1793 2 2183 1 16 • 1 6 I 
1793 a 2282 1 14 13 1 I I 
1793 3 2283 1 11 11 I I I 
1793 • 2468 1 13 13 I • I 
1793 • 2468 I . . . 
1793 6 2010 1 13 12 1 I I 
1798 6 2814 1 12 12 I I I 
1793 • 2789 1 12 11 I 1 I 
1793 • 2778 1 11 11 1 • I 
1793 7 2984 1 7 7 I I • 1798 7 2988 1 12 12 I I I 

n 1793 • 1239 1 • • I I I . 1793 • 1248 1 • • I • I 
~ 1798 1 1931 I 
~ 

. . 
1798 1 1932 1 13 13 • I I 
1798 2 2892 1 16 14 I 1 I 
1798 2 211193 1 11 11 I I I 
1798 3 231112 1 14 14 I • I 
1798 a 2384 1 12 11 1 I I 
1798 • 2449 1 16 16 I I • 1798 • 2488 I . . 
1798 6 282111 1 11 • I 1 • 1798 6 2828 1 • 7 1 • 1 
1798 • 2789 1 14 14 I • • 1798 • 2798 1 • • I • • 1798 7 2976 1 14 12 2 • • 1798 7 2978 1 16 16 I • • 1798 • 1827 1 12 12 • • • 1798 • 1328 1 13 13 • • • 1888 1 1939 1 14 18 3 1 • 1883 1 1948 1 • • I • • 1883 2 21 .. 1 13 13 • • • 1883 2 2181 1 12 11 1 • • 1883 3 2381 1 16 14 1 • • 1883 3 2313 1 12 11 1 • • 1883 • 2488 1 12 18 1 1 • 1883 • 2466 1 11 18 1 • • 1883 6 2628 1 12 11 1 • I 
1883 6 2836 1 14 13 • 1 • 1883 • 2797 1 11 11 I I • 1883 • 2799 • 



Dominant Lethal n-Hexane Study; Wale Reproductive Weaaurea 16 

------------------------------------------------------- 1888 ppm n-Hexane -----------------------------------------------------

t.lale Week F ... le Pregn•nt f Impl•nt. f Llv• f Earlf f Late f D•ad 
Id Id Fetu•e• Re•orpt ona Re•orpt i on• Fetu•e• 

1883 7 2978 1 14 12 • 2 • 1883 7 2988 1 14 11 1 2 • 1883 8 1819 1 • • • • • 1883 8 1328 1 11 18 1 • • 1813 1 1869 1 16 16 • • • 1813 1 1988 1 12 11 • 1 • 1818 2 2121 • 1813 2 2122 • . . . 
1813 3 2322 1 12 12 • • • 1813 • 2328 1 18 18 • • • 1813 4 2484 1 10 7 3 • • 1818 • 2492 1 18 • 1 • • 1813 6 2844 1 • 7 • 2 • 1813 6 2666 1 11 18 • 1 • 1813 • 2883 1 18 18 • • • 1818 • 2888 1 11 18 1 • • 1813 7 1399 1 13 18 3 • • 1813 7 2990 1 13 • 2 2 • 1813 8 1284 1 13 12 1 • • 1818 8 1286 1 12 • 2 1 • 181<1 1 1 .. 1 1 14 13 1 • • 1814 1 1902 1 16 .. 1 • • 1814 2 2123 1 14 14 • • • 

" 
181<1 2 2124 1 14 13 1 • • . 181<1 3 2324 1 16 16 • • • N 1814 3 2327 1 18 7 2 1 • 0 1814 4 2486 1 12 12 • • • 1814 • 2487 1 13 12 1 • • 181<1 6 2868 1 13 10 2 1 • 181<1 6 2662 1 12 11 1 • • 181<1 • 2816 ' l! .. • • • 1814 8 2816 1 14 14 • • • 1814 7 1896 1 13 12 • 1 • 1814 7 1388 1 11 11 • • • 181<1 8 1292 1 18 18 • • • 181<1 8 1283 1 12 11 • 1 • 1816 1 1903 1 16 16 • • • 1816 1 1884 1 12 12 • • • 1816 2 2126 1 13 12 1 • • 1816 2 2128 1 12 11 • 1 • 1816 3 2328 1 12 11 1 • • 1816 a 2328 1 14 .. • • • 1816 • 2488 1 12 12 • • • 1816 • 2488 1 14 14 • • • 1816 6 2862 1 11 18 1 • • 1816 6 2661 1 11 10 1 • • 1816 • 2818 1 11 11 • • • 1816 • 2828 • . . 
1816 7 1386 1 12 12 • • • 1816 7 2889 1 14 14 • • • 1816 • 128<1 1 12 11 1 • • 1816 • 1286 1 12 12 • • • 1824 1 1879 l 13 12 • 1 • 
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Domln•n~ Le~h•l n-Hex•ne S~udy: W•le Reproduc~lve Me•aurea 18 

------------------------------------------------------- 18e8 PP~ n-H•x•ne -----------------------------------------------------

Male .... F-.le Pregnen~ I Implants , live f Earlf f Le~e I Dead 
Id Id •~u••• Reaorp~ton• Re•orp~lon• Fe~u••• 

1833 • 2618 1 13 13 8 8 8 
1838 • 2628 1 11 11 8 8 8 
1833 6 2808 1 11 11 8 8 8 
1833 6 2892 1 12 12 8 8 • 1833 • 2868 1 13 12 1 8 • 1833 • 2869 1 12 11 • 8 1 
1833 7 1882 1 13 12 8 1 8 
1833 7 1366 1 12 11 8 1 • 1833 8 1217 1 13 13 • 8 8 
1833 8 1218 1 14 13 8 1 8 
1839 1 2886 1 13 13 8 • 8 
1889 1 2888 1 14 13 1 • 8 
1839 2 2167 1 16 14 8 1 • 1839 2 2168 1 14 14 8 • • 1839 a 2388 1 13 13 8 8 • 1839 a 2376 1 16 13 1 1 8 
1839 • 2638 • . . . 
1839 • 2688 1 14 14 8 • 8 
1839 6 2783 8 . . 
1839 6 2787 1 11 11 8 8 • 1839 • 28<18 1 14 13 8 1 8 
1839 • 28<19 1 11 18 8 • 8 
1839 7 13<19 1 13 1a • 8 8 

n 1839 7 1368 1 14 14 • 8 • . 
N 1839 8 1288 1 8 7 8 1 • N 1889 8 1212 1 18 10 8 • 8 

18<12 1 2811 1 12 12 8 • 8 
18<12 1 211112 • 18<12 2 2173 8 . . . . 
18<12 3 2379 1 13 13 8 • 8 
18<12 • 2382 1 ,. 14 • • • 18<12 • 2632 1 18 16 1 8 8 
18<12 • 2638 1 11 18 1 8 8 
18<12 6 2898 1 12 12 • 8 • 18<12 6 2699 1 13 12 8 1 8 
18<12 • 2882 1 ,. 12 2 • 8 
18<12 8 2887 1 17 17 8 8 8 
18<12 7 1337 1 14 13 1 8 • 18<12 7 13<17 1 • • 2 8 8 
18<12 8 1191 1 13 13 8 • • 18<12 8 1282 1 11 • 1 1 8 



Dominant L•thal n-H•Kan• Stud1: Mal• Reproductive Meaaurea 19 

------------------------------------------------------- 6088 ppm n-H•Kane -----------------------------------------------------

M•l• .... Femal• Pr•Qn•nt t Impl•nt• , Live t E•rly t L•te t Dead 
Id Id etu••• R•aorptiona R•aorptlona F•tu••• 

1788 1 1881 1 11 10 1 8 8 
1788 1 1892 1 16 14 1 8 8 
1788 2 2828 1 4 2 2 8 8 
1738 2 2824 1 13 11 1 1 8 
1738 3 2217 1 12 10 1 1 8 
1788 3 2218 1 18 16 8 1 8 
1788 4 2881 1 11 11 8 • 8 
1788 4 2884 1 11 11 8 • 8 
1788 6 2661 1 • • 8 8 • 1788 6 2662 1 11 18 1 8 • 1788 • 2781 1 12 12 • 8 • 1788 • 2782 1 • 8 8 1 • 1748 1 1888 1 11 8 2 1 • 1749 1 1894 1 14 14 • 8 • 1749 2 2826 1 17 17 • 8 8 
1749 2 2828 1 13 8 6 8 8 
1749 3 2219 1 16 16 8 8 • 1749 3 2221 1 14 14 8 8 • 1749 4 2877 1 16 14 1 8 8 
1749 4 2878 1 13 13 8 8 8 
1749 6 2646 1 12 11 8 1 8 
1749 6 2648 1 11 11 8 8 • 1749 8 2897 1 11 18 8 1 • " 1749 • 2788 1 18 18 8 8 8 

N 1764 1 1897 1 12 12 8 8 8 
w 1764 1 1898 1 14 14 8 8 8 

1764 2 2128 1 13 13 8 8 8 
1764 2 20811 1 18 18 8 • • 1764 3 2228 1 12 12 • 8 • 1764 3 228121 1 16 14 • 1 8 
1764 4 2880 1 16 11 3 1 8 
1764 4 2886 1 12 12 8 8 8 
1764 6 2647 1 6 3 2 8 • 1764 6 2668 1 12 12 • • 8 
1764 • 2719 1 14 13 1 • 8 
1764 8 2712 1 • • 8 • 8 
1766 1 1899 1 13 12 • 1 8 
1766 1 1901 1 12 12 • 8 8 
1766 2 2831 1 12 12 8 • 8 
1766 2 2832 1 18 18 8 • • 1766 3 2226 1 14 14 8 8 • 1766 • 2227 1 16 16 • 8 8 
1766 4 2883 1 12 12 • • • 1766 4 2898 1 14 14 8 • • 1766 6 2661 1 10 • 8 1 • 1766 6 2666 1 12 12 8 8 8 
1766 8 2714 1 16 16 • 8 8 
1766 8 2719 1 • • 8 • 8 
1788 1 1886 1 16 16 8 8 • 1788 1 1887 1 11 11 • 8 • 1788 2 2147 1 13 12 1 • • 1788 2 21!J48 1 14 • 2 3 • 1788 3 2238 1 10 18 • • • 



Dominant Lethal n-Hexane Study: Male Rep~oductive Meaau~ea 20 

------------------------------------------------------- 6000 ppm n-Hexane -----------------------------------------------------

Male Week Fe111ale P~egnant f Implant• , Live 1 Ea~lf I Late f Daad 
Id Id etuaea Re•o~pt on• Re•o~ption• Fetuaea 

1788 3 2248 1 13 13 • • • 1768 4 241118 1 11 • 1 1 • 1788 4 2407 1 18 16 • 1 • 1788 6 2672 1 • • • • • 1788 6 2688 1 10 • • 1 • 1788 8 2729 1 • 6 1 • • 1788 8 2731 1 13 12 1 • • 1789 1 1888 1 13 11 • 2 • 1769 1 1889 1 14 13 • 1 • 1789 2 2849 1 13 13 • • • 1789 2 2061 1 14 13 1 • • 1789 3 2237 1 11 11 • • • 1789 3 2241 1 8 6 1 • • 1789 4 2399 1 14 14 • • • 1769 4 241118 1 14 14 • • • 1789 6 2689 1 • • • • • 1789 6 2678 1 18 16 • 1 • 1789 8 2724 1 13 13 • • • 1789 8 2732 1 11 10 1 • • 1772 1 1861 1 14 14 • • • 1772 1 1862 1 13 13 • • • 1772 2 211113 1 12 11 1 • • 1772 2 2814 1 13 13 • • • 1772 3 2248 1 12 • 2 2 • n 1772 3 2261 1 16 12 3 • • . 1772 4 2483 1 14 14 • • • N 
~ 1772 4 2414 1 16 16 • • • 1772 6 2671 1 13 13 • • • 1772 6 2679 1 13 12 • 1 • 1772 8 2733 1 11 11 • • • 177~ • 2741 l i2 12 • • • 1788 1 1886 1 12 12 • • • 1788 1 1888 1 14 13 1 • • 1788 2 2867 1 13 11 • 2 • 178111 2 2068 1 13 12 • 1 • 1788 3 226111 1 16 16 • • • 1788 3 2289 1 13 12 • 1 • 1788 4 2431 1 12 12 • • • 1781 4 2434 1 16 13 1 1 • 1788 6 2682 1 10 10 • • • 1788 6 2690 1 2 2 • • • 1788 8 2746 1 13 12 • 1 • 178111 8 2764 1 10 10 • • • 1788 7 2939 1 12 11 • 1 • 178111 7 2941 1 11 11 • • • 1781 • 1263 1 14 14 • • • 1788 • 1284 1 16 12 • 3 • 1794 1 1923 1 13 13 • • • 1794 1 1924 1 13 12 1 • • 1794 2 211184 1 13 12 1 • • 1794 2 211186 1 10 10 • • • 1794 3 2291 l 13 13 • • • 1794 3 2292 1 12 10 2 • • 



Domin•nt Leth•l n-Hex•ne Study: W•le Reproductive W•••ure• 21 

------------------------------------------------------- 6088 PPM n-Hexane -•---------------------------------------------------

Wale .... Female Pregn•nt 1 b•planta , Live 1 Earl,r f Late I Dead 
Id Id etu•e• Re•orpt 1 on• Reaorptlona Fetuaea 

1751-4 4 2-466 1 13 13 0 0 0 
1751-4 4 2-467 1 12 12 0 0 0 
179-4 • 2816 1 10 10 0 0 0 
179-4 • 2817 1 10 7 3 0 0 
179-4 • 2772 0 . . . . 
179-4 • 2778 1 12 11 1 • • 179-4 7 2980 1 11 11 0 0 0 
1751-4 7 2982 1 11 11 0 0 0 
179-4 8 1336 1 13 12 1 • • 178-4 8 1338 1 13 12 1 • • 1787 1 151251 1 13 11 1 1 • 1797 1 15138 1 11 18 1 • • 1797 2 2880 1 17 16 2 • • 1797 2 2881 1 14 13 1 • • 1797 3 22513 1 11 18 1 • • 17517 3 22518 1 13 12 1 • • 1787 4 2-462 1 17 18 • 1 • 1797 4 2-46-4 1 11 10 0 1 • 1787 • 2822 1 12 11 1 • • 1787 • 262-4 1 • • • 0 • 1797 8 2781 1 12 10 • 2 • 1797 8 278-4 1 12 12 • • 0 
1797 7 25172 1 18 16 1 • 0 

n 1787 7 25177 1 • 8 • 1 • . 
N 17517 8 1328 1 13 13 • • • ~ 1787 8 1338 1 11 11 • • • 188-4 1 18-41 1 14 14 • • • 188-4 1 151-42 1 13 12 1 • • 

18"-4 2 2102 1 12 12 0 • • 18e-4 2 2183 1 11 11 • • • 188-4 3 2388 1 16 16 • • • 18e-4 3 2317 • . . . . 
188-4 4 2-488 1 13 11 1 1 • 188-4 4 2-487 1 14 13 1 0 • 181!1-4 • 2838 1 12 12 • • • 18e-4 • 2836 1 14 14 • • 0 
18e-4 8 27518 1 14 13 • 1 • 181!1-4 8 2800 1 14 13 • 1 • 181!1-4 7 2982 1 16 14 • 1 0 
181!1-4 7 2992 1 8 8 0 • 0 
18e-4 8 1317 1 18 7 • • 0 
18e-4 8 1318 1 14 13 1 0 • 1808 1 151-46 1 16 16 • 0 • 1808 1 19-48 1 18 16 • 1 0 
1808 2 211!18 1 14 14 • 0 0 
1888 2 211!17 • . . . 
181!18 3 2389 1 11 11 • 0 • 181!16 3 2316 1 • 8 • 0 • 1886 4 2-47-4 1 14 13 1 • 0 
181!16 4 2-478 1 12 12 0 0 • 1886 • 2833 1 12 12 • • • 181!16 • 2639 1 10 10 0 0 0 
181!16 8 2796 • 
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Domin•nt Lath• I n-Hex•ne Study: W•le Reproductive We•sures 23 

------------------------------------------------------- 6000 ppm n-Hex•ne -----------------------------------------------------

W•le .... Fe11111le Pregnent f Impl.nta , Live f Earlf I L•te I De•d 
Id Id etuaea Reaorpt ona Resorption• Fetuses 

1812 1 1967 1 13 13 0 0 0 
1812 1 1968 1 14 11 0 • 0 
1812 2 2119 1 12 11 1 0 • 1812 2 2120 1 12 11 0 1 0 
1812 3 2323 1 14 13 1 0 0 
1812 3 2326 1 12 11 1 0 0 
1812 4 2488 1 11 11 0 0 0 
1812 4 2491 1 13 13 0 0 0 
1812 6 21540 1 14 14 0 0 0 
1812 6 25-48 1 10 • 1 0 0 
1812 • 2887 1 14 14 0 0 0 
1812 8 2818 1 12 12 0 0 0 
1812 7 1400 1 14 13 0 1 0 
1812 7 2994 1 16 13 2 0 0 
1812 8 12 .. 1 12 12 0 0 0 
1812 • 1297 1 18 16 1 0 0 
1818 1 1086 1 11 11 0 0 0 
1818 1 1955 1 • 8 1 0 0 
18115 2 2127 1 12 12 0 0 0 
18115 2 2128 1 13 13 0 0 8 
1815 3 2332 1 16 14 8 1 0 
1818 3 2333 1 18 18 0 0 8 

" 1818 4 2488 1 11 18 1 0 0 . 1818 4 2493 1 12 18 2 8 0 
N 1818 6 2863 1 12 11 0 1 0 
~ 1815 6 2564 1 14 14 0 0 0 

1818 8 2813 0 . . . . 
1818 8 2817 1 11 10 1 0 0 
1818 7 1388 1 12 12 0 0 0 
1818 7 1398 1 13 12 0 1 8 
1818 8 1287 1 10 • 0 1 0 
1818 • 1288 1 11 11 0 0 8 
1817 1 1oe1 1 11 11 8 0 8 
1817 1 1988 1 14 13 1 8 0 
1817 2 2129 1 11 11 0 8 0 
1817 2 2138 1 12 12 0 0 0 
1817 • 2336 1 11 11 0 0 0 
1817 3 2338 1 4 4 0 0 0 
1817 4 2494 1 11 11 0 0 0 
1817 4 2682 1 11 11 • 0 8 
1817 6 2867 1 16 14 8 1 8 
1817 6 2883 1 18 18 8 8 8 
1817 8 2819 1 13 18 1 2 • 1817 8 2822 1 10 • 1 8 • 1817 7 1389 1 13 12 1 8 8 
1817 7 1393 1 12 12 8 • 8 
1817 8 1288 1 13 10 3 8 0 
1817 8 1289 • . . . . 
1819 1 1971 1 14 12 2 • 0 
1819 1 1972 1 12 11 1 0 0 
1819 2 2133 1 18 11 4 1 8 
1819 2 2134 1 18 16 1 8 8 
1819 3 2338 1 13 13 • 8 • 



Domln•n~ Le~h•l n-Hex•n• Study: M•l• Reproduc~lve M•••ur•• 24 

------------------------------------------------------- 6BBB ppm n-H•x•n• -----------------------------------------------------

M•l• ..... Fem•l• Pregn•nt I Impl•n~• , Live f E..-lf f L•t.e f De•d 
Id Id etu••• Re•orpt on• Resorp~ions Fe~u••• 

1819 a 2839 1 12 12 • • • 1819 4 2496 • 1818 4 2499 • . . 
181SII 6 2008 1 11 11 • • • 1819 6 2871 1 • • • • • 181SII • 2814 1 12 12 • • • 1819 • 2829 1 14 14 • • • 1819 7 1392 1 14 18 • 1 • 1819 7 1894 1 11 11 • • • 1819 • 1282 • . . . 
1819 8 1283 1 16 16 • • • 1828 1 1987 1 18 12 1 • • 1828 1 1988 1 13 12 • 1 • 1828 2 2149 1 12 11 1 • • 1828 2 2161 1 16 14 1 • • 1828 3 2362 1 13 11 • • • 1828 3 2868 1 13 11 • • • 1828 4 2612 1 11 • 2 • • 1828 4 2616 1 14 14 • • • 1828 6 2877 • . . . 
1828 6 2881 1 11 10 1 • • 1828 • 2838 1 8 6 2 1 • 1828 • 2841 1 18 13 • • • n 1828 7 1864 1 12 • a • • . 1828 7 1871 1 18 10 • • • N 

00 1828 8 1227 1 12 12 • • • 1828 8 1228 1 10 7 2 1 • 



n-He:zane Dominant Lethal Study: Calendar o~ Events 

MALES 

Males exposed concurrent with sperm morphology study males 

Exposure levels; treatments 1-4 0, 200, 1000, 5000 ppm 

Males ordered 2-14-86 

Males received (ARC#860032) 2-25-86 

Eartagged 3-03-86 

Cohabitation for proving males 3-4 to 3-20-86 

Health screen; 5 males 3-17-86 

Weighed pre-study, randomized and toeclipped 3-20-86 

Released from quarantine 3-22-86 

Moved to exposure room 3-21-86 

Exposure 120 males (5 days, 20 hr/day) 3-24 to 3-28-86 

Weighed, exposure day 1 (120 males) 3-24-86 

1, 40 males 3-29-86 Weighed and sacrificed; post-exp day 
testes/epididymides slides sent for evaluation 4-06-86 

Post-exposure cohabitation; 80 males 
2 females/male for each of 8 weeks 

Males weighed breeding week 1 
breeding week 2 
breeding week 3 
breeding week 4 
breeding week 5 
breeding week 6 
breeding week 7 
breeding week 8 

Weighed and sacrificed post-breeding 

c. 29 

3-31 to 5-26-86 

3-31-86 
4-07-86 
4-14-86 
4-21-86 
4-28-86 
5-05-86 
5-12-86 
5-19-86 

5-29-86 



n-He.zane Dominant Lethal Study: Calendar of Events 

FEMALES- proving (same shipment 
(only males health screened from this 

Ordered female mice 

Received female mice (ARC#860032) 

as males) 
shipment) 

(also used 11 females from ARC#860031) 

Eartagged females 

Cohabitation with males; pre-exposure 16 days 
140 males: 280 females 

Sacrifice; to select 120 males for study/exposur1~ 

FEMALES- breeding week 1 & 2 

Ordered females 

Received females (ARC#860030) (rm 433) 

Health screen 5 females 

Eartagged 

Released from quarantine 

Cohabitation with males - 7 days 
breeding week 1: 
breeding week 2: 

Sacrifice 
breeding week 1: 
breeding week 2: 

C.30 

2-14-86 

2-25-86 

3-03-86 

3-4 to 3-20-86 

3-20-86 

2-14-86 

2-25-86 

3-17-86 

3-17-86 

3-22-86 

3-31-86 
4-07-86 

4-18-86 
4-25-86 terminal serology 



n-Hezane Dominant Lethal Study: Calendar of Events 

FEMALES- breading week 3 & 4 

Ordered females 

Received females (ARCI860041 rm314) 

Health screen 10 females 

Eartagged 

Released from quarantine 

Cohabitation with males - 7 days 
breeding week 3: 
breeding week 4: 

Sacrifice 
breeding week 3: 
breeding week 4: 

FEMALES- breading week 5 & 6 

Ordered females 

Received females (ARCI860049 rm 336) 

Health screen 10 females 

Eartagged 

Released from quarantine 

Cohabitation with males- 7 days 
breeding week 5: 
breeding week 6: 

Sacrifice 
breeding week 5: 
breeding week 6: 

C,Jl 

2-14-86 

3-18-86 

4-07-86 

4-11-86 

5-14-86 

4-14-86 
4-21-86 

5-2-86 terminal serology 
5-09-86 

2-14-86 

4-01-86 

4-21-86 

4-24-86 

5-14-86 

4-28-86 
5-05-86 

5-16-86 
5-23-86 terminal serology 



n-Hexane Dominant Lethal Study: Calendar o:f Events 

FEMALES- breedinq week 7 & 8 

Ordered females 

Received females (ARC#860058 rm 314) 

Health screen 10 females 

Eartagged 

Released from quarantine 

Cohabitation with males - 7 days 
breeding week 7: 
breeding week 8: 

Sacrifice 
breeding week 7: 
breeding week 8: 

c. 32 

2-14-86 

4-15-86 

5-05-86 

5-9-86 and 5-15-86 

5-14-86 

5-12-86 
5-19-86 

5-30-86 
6-6-86 terminal serology 



n 
w 
w 

n-HEXANE DOMINANT LETHAL STUDY DISPOSITION OF MALE MICE 

Number of Male Mice 
Exposure Treatment Sacrificed Died Data Sacrificed 

Grou Code On Stud Pre-Breed in On Stud Excluded Post-Breedin 
Control (0 ppm) 1 30 10 5 (a) 1 (b) 15 
200 ppm 2 30 10 1 (a) 3 (b) 19 
1000 ppm 3 30 10 0 3(b) 20 
5000 4 30 10 3 ia ~ 4\b _p 

(a) Died from deprivation of water and food on 5/17-18/86 (breeding week 7), 
(b) Data from breeding weeks 7 & 8 and sacrifice data were excluded due to water and 

food deprivation of the males. Body weight data was retained for breeding week 7. 



n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 1 

Bred to Males in Number of Female Mice 
Exposure Treatment Removed 

Group Code On Studv From StuQy Sacrificed 
Control (0 ppm) 1 40 1 (a) 39 
200 ppm 2 40 1 (b) 39 
1000 ppm 3 40 0 40 
5000 ppm 4 40 0 40 

(a) Injured 
(b) Liver lesions 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 2 

Bred to Males in 
Exposure Treatment 

Group Code On Studv 
Control (0 ppm) 1 40 
200 ppm 2 40 
1000 ppm 3 40 
5000 ppm 4 40 

(a) 1 mouse died, unknown cause of death 
1 mouse moribund, broken back 

Number· of Female Mice 
Removed 

From Studv Sacrificed 
0 40 
0 40 

2 (a) 38 
0 40 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 3 

Bred to Males in Numbec of Female Mice 
Exposure Treatment Removed 

Group Code On Study From Study Sacrificed 
Control (0 ppm) 1 40 0 40 
200 ppm 2 40 0 40 
1000 ppm 3 40 0 40 
5000 ppm 4 40 0 40 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 4 

Bred to Males in Numb€·r of Female Mice 
Exposure Treatment Removed 

Group Code On Study From Studv Sacrificed 
Control (0 ppm) 1 40 0 40 
200 ppm 2 40 0 40 
1000 ppm 3 40 0 40 
5000 corn 4 40 0 40 

C.34 



n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 5 

Bred to Males in Number of Female Mice 
Exposure Treatment Removed 

GrouP Code On Studv From Studv Sacrificed 
control (0 ppm) 1 40 0 40 
200 ppm 2 40 0 40 
1000 ppm 3 40 0 40 
5000 ppm 4 40 0 40 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 6 

Bred to Males in Number of Female Mice 
Exposure Treatment Removed 

GrouP Code On Studv From Studv Sacrificed 
Control (0 ppm) 1 40 0 40 
200 ppm 2 40 0 40 
1000 ppm 3 40 0 40 
5000 ppm 4 40 0 40 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 7 

Bred to Males in Number of Female Mice 
Exposure Treatment Removed 

Grouo Code On Study From Study Sacrificed 
Control (0 ppm) 1 40 12 (a) 28 
200 ppm 2 40 8 (a) 32 
1000 ppm 3 40 6 (a) 34 
5000 ppm 4 40 14 (a) 26 

(a) Due to food and water deprivation. 

n-HEXANE DOMINANT LETHAL STUDY: DISPOSITION OF FEMALE MICE - WEEK 8 

Bred to Males in . Number of Female Mice 
Exposure Treatment Removed 

Group Code On Studv From Studv 
Control (0 ppm) 1 30 2 (a) 

200 ppm 2 38 6 (a) 
1000 ppm 3 40 6 (a) 
5000 com 4 34 8 (a) 

(a) Due to cohabitation with a male affected by water and 
food deprivation on 5-17-86. 

c. 35 

Sacrificed 
28 
32 
34 
26 
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ANIMAL HEALTH SCREEN 



ARC DIAGNOSTIC LABORATORY REPORT 

I NV EST! GATOR _,i/,.""'<"'A""=""'------:­
EXPERIMENT 72 -huant ~ ,:£vn):ia:Ad 

COST CODE -=;,-------
BUILDING __ _b;"-'L---------­
PEN, ROOM---------

LAB NO. ~8~¥.~~~------------­
DATE _ _,,;i,._;'-'7:L.:/,_J' '"------.,-=,.,--,=. 

$1,.00"30 .t'-00..3;t_ 
ANIMAL OR SHIPMENT NO. '<eOQ 31 

~~'(./ 
SOURCE ..¢r«tst{ clOt£ REC'D .2-.;zs-rC. 

• 
SPECIES & STRAIN CIJ -1 ,(l'l1&!'..L 

SEX m/,.C AGE {'ooao a.o. t-11.-J~ 
l'-fJ031 8.0 1-9-1(.. 
?'-0(;3.-J. s.D 1- 9-.f'._ 

SPECIMEN SUBMIIT<n AND CLINICAL HISTORY: 
. yb ..........,U. .......,......,a.E! ¥7-i~IT, ,._.__ f , . . 

lfL a~~ :......J.~ ,10 £~-/ .u@cJL! t.u.<t-U_.& 

LABORATORY RESULTS 

D.l 



RESULTS 

ARC DIAGNOSTIC LABORATORY 

LAB HO. 6}¥1 

PAGE J._ OF .!f.._ 

--~&qf~-~------J-------~------------------------------------

lm.4c- 111c M&:.t +:<:A 

I " 

/1-~ - , .L.L. J!WC. ' 

I~ 

0.2 



TEST: GD 7 
Pos1tive Contr-ol: t" Lot:C7'7/,S 

l'legltive Contr-ol:~ hfl.:lljrl. 
An1.,11 t _:3._ Result 

.3 
.J._ 
_J._ 

_.2_ 
_jJ___ 
..J::_ 

...l!L 
_J.L_ 

J.L 
-

--~SJI..':"S 

.utC Gl.tbfiiOSTlt i..A80RATOII:Y ELISA II:EMT 
L.A1 MO. &·W 
P.IGE....:.i_OF ......lt_ 

TEST: ~C 3 
Positive contr-ol: r Lclt:C'-733 

frlegltiY~ Contr-ol: ..=.._ tr.: S/il. 
Ar.i~~~o~l • -~-Result~ 

3 
4 

__L 
_z_ 
~ 
_E:_ 

...!.L 
__f_L 

" 
TEST: /?ZiiV 
Positive Control: __]:__ L.ct: 0717-3 

friegltiYe Control: Exp.: sjit 
Animal , ~ Result ~ ....__ 

.!/._ 

TEST: mll..m 
l'ttsitive tontrol: ~ Lo:: ~ V>OS"' 

Negative Control: -=--. .b.p.: 

Animal # _2.._ Result--=-

__.L_ 
...:f._ 

-'­_.2_ 

0.3 

TEST:~ 
Positive Umtr-ol: +-
Mg&tive Ce~ntrol: 

An1m11 I ~ Result 

+ 
__.L 

~ 
/I 

_lL 
...1"­
__LL 
_j£_ 

TEST: f)/ /YI 

Lot: 079"10 

txp.:t2/l"i. 

Positive C!lntrCI\: ....:r...._ Lot: R63'i.;J. 
Negative Control:-=-. Up.: sj$i. 
Animal - _,_ R~sult 

...1._ 

...:f_ 

_7 _ _ ,_,_ 
,;;. . 

..!..:L 

...!..£.._ 

..f.L_ 

TEST: /J}yaz 

Positive Centro\; T 

frlegative Contrtll: 

Animal f ~ Result 

--'­
!./ 

• 
_z_ 

" ..E._ 

'" ...!..£.._ 

'" 

Lc-.: Ot. 7.S I 

txp.: .3/n 

ln1t1&l: a.J!l 
'"'"'-fr.C~ 



ARC Lab. I 

Anima 1 I 

Lunq 

Trachea 

Harderian Gl. 

Salivary Gl. 

Submand. L.N. 

Heart 
Liver 
Kidnev 

Ileum 

Colon 

HEALTH EVALUATION 

HISTOPATHOLOGY 
'7 &'r,- (o k') Histo Lab. I ,-

q 7 I' 

lrz) 

I >. /<.( /) 

31 

N )(.._ I 

-I£ ;w.r ,. ,.....r-~ f-.. '""" -H- ~ . i[_ "" ,..e,.,..._e 
/,J.._. (!.<..- /;;_.:._ ;,~ 1(_ a.... f 1 ~ . T 

o.4 



ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR ..:4~~~~~:---­
EXPERIMENT ?J ~ {ff, iCV..d {ff""'J 
COST CODE 

BUILDING U dr 
PEN, ROOM _ __;3:_:1:.:;'1'~------

SPECIMEN SUBMITIED AND CLINICAL HISTORY: 

LAB NO. _f!.tl~s..!.7~-------
0ATE -1/7/1< 
ANIMAL OR SHIPMENT NO. 'i''co'-11 

SOURCE e,e. ~ REC'D :f/r/n 
SPECIES & STRAIN rZ> -t ~ 

SEX f" AGE P,j) =t -~-rz 

/P -' ~- ..J-.=...(1 ,{., btfL. ~ a..J_ "If 

LABORATORY RESULTS 

Lk ";nwJ<M .. ~ 1 -lz:.t;r 

·"SULTS 
ARC DIAGNOSTIC LABORATORY ELISA REPuRT 

TEST:~ 
Positive Control: 1" Lot: tJ 7lf70 

Negative Control: __ Exp.: o.jr'-
Animal # I · Result__::.._ 

.f. 

3 

'{ , 
' 
7 

8 
~ 

TEST:----­
Positive Control: __ 

Negative Control: __ 

Animal # Result. 

Lot: 

Exp.: 

o.s 

TEST:----­
Positive Control: __ 

Negative Control: __ 

Lot: 

Exp.: 

Animal # Result __ 

TEST:-----­
Positive Control: __ Lot: 

Negative Control: __ Exp.: 

Animal # Result 



"SULiS 
ARC D !AGNOSTIC LABORATORY ELISA REPVOT 

LAB NO. /15'7 

TEST: tnl!n), __ _ 

Positive Control: ~ Lot: R"o.5f> 

Negative Control: ___ Exp.: fr.jfG. 

Animal # 1 
• Result--=--

" 3 

</ 

'0 

(j)ttJ.trn? ft.4.dt-.,. 1-<.H....,.f ptk ag 4!/4 

TEST: .l;8uD~7 __ _ 
Positive Control: T 

Negative Control: 

Lot: 077t.! 

Exp.: "/tf.. 
Animal # I Result -=--

<I 

s 

7 

8 ~ 
'i 

.lj_ 

10 

D.6 

· PAGE---!LOF </ 

TEST: f!fiYI 

Posltive Control: _.,..!___ 
Negative Control: -=-

Lot: ~39z 

Exp.: sjst. 
Animal # __ Result --==--­

~ 

5 

7 

IQ 

EST: tnlfV 
Positive Control: -1- Lot: 1J7173 

Negative Control: Exp.: s;n 
Animc.l # 1 Result __ _ 

;?. 

3 
'I 

5" 
~ 

7 

f 
7 

IO 



ARC Lab. I ()- n 
Animal I I 

.,_ 

Luna 111 1 l)f.... 

Trachea ;.,.;~..- rJ Sr... 

Harderian Gl. tv,~_ 

Salivary Gl. /ou£ 

Submand. L.N. N~ 

Heart N') i. t.,)'-

Liver Ill' jt- ...,; .. 
K.idnev ~.~s .... N"it.--

Ileum tJ)- (V5f..... 

Colon "'" fo/)1.. 

",, 0 "" • 

s 0 a . 

HEALTH EVALUATION 

HISTOPATHOLOGY 

Hit L b I ;;<,f'(, -t~9f . 
3 -( "') 6 

/I.}(_ JV)L. ")1.. ,A-' 'j ,_ 

' N51.- •5'- N )'-
"" 

' \t n; )r.. J..3c •'" 
, .. )l "'" As j(.. • )C 

~" ) L N )L. NSI.o tvi" 
f..d'- "' ., " N)L JuSt-

i'/51... )I )r- ,.,-;v .-..;(.... 

);, ..... (.,,..:.;- ; .. ,1.;.._ 

7 
1\.,)(. 

J\ '_,c... 

N s~.. 

• St -
,.,.)t_ 

J.,)!-

N 5<-

f'0:3. 0 1\iel t:.K/1-'<Y-=J) ( hf>- ,.JJ 5 .. b.-Jt¢.;.... 

8 7 to 

A./'3 '- t.)<.... (0 
AI[ Nj(... r,; J "-

, 

•>~ IV)<.. ~ )'-

rv @ -5t-
~ SL ,., 5 '- • s, 
,,, • s. • 5<-
1i 5 L. • )L tJ'i'-

; .. ,r :r;. - ' ' \ 
(,. .L-..... 1... _. c~~---'. ..frlf<-f _,j--~_,__~LJ ;_ L-....J .,_.-~ 

z .. i.~ .J.;.., I:~._, " .. utl, ;.. 4,,(' {.';:_,_._/L :1- .tr... 
-·""-'--f) .:..tl ::. k..r .k I 

' 
o/ I c'e '-1/t•lf• 

' 

n. 7 



ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR ~-lett /'h?oa f= 
EXPERIMENT ~4· < 4m,t4hf~ 
COST COOE -=----
BUILDING _..!.to:S..:L..t.!T'-----­
PEN, ROOM-~~~-----

SPECIMEN SUBMITTED ANO CLINICAL HISTORY: 

LAB NO. t770 

DATE </ • "-1 ·fl. 

ANIMAL OR SHII'O'"HT NO. i?'OO't9 

SOURCECR·f~Oj2t REC'O ;t-1-fl(. 

SPECIES & ST IN !?!«:.<- CD-1 

SEX F AGE f5.0. :> ·:>o ·U 

/q f.- ..!, ~ ...., .. h,,£rtvi 4, 1"" . -'f/""+'-''" 

LABORATORY RESULTS 

0.8 



~.HJL7S 

MC OJMAOS'Ttc l,loiDIU.TC.f U.1SA UM.T '"'"''" t7o 
'* 2 Of' 3 

TEST: Pvm 
Pos1thl Control: i t.c: /lb.3qJ... 
lte9•the tonti"Ol:-=-- bJ> = s;r~ 
A~1 .. 1 I Re.ult 

_2_ 

-~­
_:j_ 
_L 

--L 
? 

F 
_7_ 
_!_S:__ 

TEST: miltY] 
Pos1tivt ContMll: + 
llegathe Contr~;~l: 

Animal I Re~lt _,_ 
_3_ 

4 

__£_ 
_L_ 

7 
_L 
_ 7_ 
...LL 

TEST: GQ7 
F'us1the Conti"Ol: + 
lie<;&the Control: 

Ani.,.\ 1 I ReSI.Ilt 

"' 3 

--"L 
..2._ 

" ? 

l_ 
'0 

Lot: f?.WSJ, 
Iz.p.: ~ !"'· 

Lot: 077&~ 

b:;l.: Jt/f<. 

0.9 

--
TEST: mH V 

Pos1the CDnti"Ol: ......±.._ l.ot: 07173 

~1tlv1 C.Onti"'l: b:p.: 5/'8(.. 
An-.1 I I Rtswlt -

-:;:- -
....L 
....:L . -
--L. 

'" 7 
-;-

_L_ 
IO 

Ttsi: W1!c{a;, 
Positive Conti"'l: ~ l.ln:07970 

llf91t1ve Control: - txp.: J~'i' 
Animal I __ I_ Ru~lt _.:_ 

" ..d.._ 
_'/_ 
_L -·-7 
_8 _ 

_i_ 
/0 



ARC Lab # ('): 7 0 . 

Anima 1 # I 2. 
Lunq N'i& f')(. 

Trachea "' )~ IJ5c 

Harderian Gl. /v E 

Salivary Gl. "'~ 
Submand. l.N. !V[ 

Heart ')L "'" Liver ~5<- /V S L 

Kidnev A>)L.- f.\L 

Ileum AJC ~,, 

Co1 on !J)!__. IV> t-

I 

I 
r>· ~ (_ ' ~0 

I ,JE. -- NL, 

HEALTH EVALUATIO~ 

HISTOPATHOLOGY 

Histo Lab # :Zf?6- I I 6 7 -
3 It ') 6 

/JSc NSL ~ 5<- l-IS-
N5L. 1'/ 51.- N s~.. ,... ') '-

NC,& NS<- IV s L- N)c-

')l f'Js c ,s, (i1 

/v ) L. f'.!) (.., ~I L ,j)L 

N5r_ (1;. ) L (1;)1- N' ; t-

A; 5 (.. tv 5& rv)r._.. r..'SL 

I I I 
I I 

.::;:~ .. ,r.-""""'-r lc \ ('""'! 

7 :5' 'i ;a 
N5& II[<.. ' . N )L rJ )l 

,..,, ) '- iJ )L ~--~ (V tf" 

' 

,JJL N )c A 5 <- "' 5c. 
"'51_. " 

-, 
to 'iL "')l 

,. ) L N )<.. !'Sc "'I L 

'\L (>/ )l /o.-' c, f.- "'5 L 

)I N ~ M"t- rJ)L JJ)L.. 
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,IIC OIAG.JIOSTIC t.ABC«ATORY ELISA REPORT 
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ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR ~/11J 
EXPERIMENT '#m-rll ~ J)tna,..;,,.t J#,l 

COST CODE -==---'------
BUILDING t.5J. 'C. 
PEN, ROOM _ _!!.~3;_ _____ _ 

SPECIMEN SUBMimD AND CLHI!CAL HISTORY: 
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ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR 1/.cb:tt / /na.d 
EXPERIMENT WN £~. !4-tMiJ§wpo 
COST CODE ----,------
BUILDING /..5i. tr(-:r1</ 
PEN, ROOM---------
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LABORATORY RESULTS 
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..UC OlAGNOSTIC t.ABOAATORY ELISA, REPORT 
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ARC DIAGNOSTIC LABORATORY REPORT 

INVESTIGATOR M d '> f 
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PEN, ROOI4 --==-------

SPECIMEN SUBMITTED AND CLHIICAL HISTORY: 

LAB NO. II 
DATE 6/n/86 
ANIMAl. DR SHIPI'"HT NO. • 8600 5A 
SOURCE C R, R,k;rh REC'D '{/15/66 
SPECIES & STRAIN M,' <e C D- I 
SEX ~ AGf born 3/t/96 

'P:«£ww It ""="" J.-!-w/ a-:,,4 ei: ;t).-

LABORATORY RESULTS 

0.19 



;:~~JI. 7S 

MC DlMIICISTIC: I,MCIIUTCIIT lUSA ll,._.f "' "'· 12 Ill 

TEST• p v M 
Posttht C:Ofttro\: ,.L_ Lot1 0 B f({(J 

--thl c:c-t!'Ol! - llql.l 'J-187 
AnfMl I !J.If7 Rtllllt ~ 

.l2J..L 
rt.b2 

.1.1J5 
!.Ui 
l.1.Z!. 
r2.72 

llE 
1'2.75 
1V6 
f?,42 

mr. M ~V 
Po11ttv1 Control: "+ 

. -

~Wgtthe Control: __ _ 
l.o" 05~68 

~167 Ll:p.: J 

.V.I111l 1 11'1'7 ~u.ult 

!.J1!._ 
1'2.62 
'265 
I 'J-H 
r: 71 
J 272. 

Jl2} 
I"; 75 
1"2.7f 
! "3 !,']. 

,. ; at :::. --

""' M R M 
'ostt.ht !"Mitro!: .,.. 1.6t: 08"164 
"""l!!ht C.OIItP'DI! _ &z,.: "').../~7 
M-..1 f {J.~7 ltllllt-=-

J.:l11. 
lli1 
.J..US.. 
J21:S 
.11.1.1. 
J:lE 
.uzj 
~ 
.uzf 
.JJ.::!1, 

TEST G DZil 
Post•:tve Cl:llltrol: ..... t.Dc:07768 

tt•w:tve Control: - !.z:p.: U)Bb 
An111"-\ f 1].~7 ~UI.Ilt 

TIT/ 
/2.62 
I ),6 5' 
ni5. 
1'271 
1272 

llZZ • 
.1.222 
l:l7t 
I ':14 "l. 

st~;N~~ !D.:Lti.al: D P 
"'"' (, h?lg(, 

0.20 



~ MICROBIOLOGICAL 
'5:? ASSOCIATES INC. 

CORPORATE OFFICES t.~ 
COMPREIIENSIVB ABIMAL BEAL'l'B SERVICE-VIROLOGY 5221 Rinr RCMCI • a.tllfld1 • Mllryl111d 2.}816·1493 

(30ll854o3400 • Telex 90-8793 

"'' 

PROM; 

DAD: 
'l'ES'f: 

SPECIM:Elil: 

=· 
Sample D 
Mouse 
029-2 
032-9 
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APPENDIX E 

QUALITY ASSURANCE STATEMENT 



DOMINANT L8HAL STUDY IN 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 Assurance Unit during the period, 2115/86 -5/31/86, specifically for 
this study and the dates the reviews were perfOrmed 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 
Necropsy 
Randomization 
Dosing 
Data 
Animal Receipt 
Animal Receipt 
Necropsy 
Health Screen 
Necropsy 
Data 
Draft Report 
Final Report 

Review Date 

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

3/20/86 
3/20/86 
3/20/86 
3/20/86 
3/27/86 
3/28/86 

4/1/86 
4/15/86 
4/18/86 
4/21/86 
5/29/86 

5/5,6&9/88 
5/12,13,16,25,31 &6/8/88 

8/25/88 

c?a.t;:c..o g I[~ 
Quality Assurance Specialist 

Date Findings Submitted 
in Writing to 

Study Director/Management 

3/3/86 
3/20/86 
3/20/86 
3/20/86 
3/21/86 
3/20/86 
3/28/86 
4/18/86 

4/7/86 
4/18/86 
4/18/86 

5/9/86 
6/2/86 
5/9/88 
6/8/88 

8/25/88 





APPENDIX F 

PROTOCOL AND CAGE MAPS 



May 23, 1988 

To: The Study File 

From: Terry! J. Mast, Study Director 

Re: Male Dominant Lethal Study in CD-1 Mice Exposed to n-Hexane Vapors: 
Deviations from Study Protocol. 

Section VII.A.3: Study protocol specifies "Upon arrival animals will be 
housed 10 mice per cage in solid-bottom cages." 

Mice were actually housed 11-12 per cage upon arrival for 7 days. 
Since they weighed <25 g this number per cage met ALAS requirements. 

Section VII.G: Specifies "At necropsy, 5 animals in the control group and 5 
from the high dose group will be tested for antibodies to selected 
pathogens." 

Serum was inadvertantly ~ obtained from any male at the time of 
necropsy. 
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n·HEXANE 
Dominart-Lethal Test 

I. IIIl.E 

08-DT-1 Fl!l9-00-0154 Page: 1 of 11 
March 5, 1986 

PROTOCOL FOR INHALATION REPRODUCTIVE STUDIES 
n-HEXANE 

Dominant Lethal Study in Mice Exposed ton-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 result of a concern that this 
exposure may result in a negative impact on human reproductive function. 

Several excellent reviews concerning hexacarbon toxicity and metabolism are available in 
Experimental and C!injca! Neurotoxjco!pgy (edited by Spencer and Schumburg, 1 9812') and in~ 
Crttjcal Reviews jn Toxjcolpgy (Spencer, Schaumburg, Sabri, and Veronesi, 19812'). In summary, 
polyneuropathies have been reported following exposure of workers ton-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 at., 1973). 
Baker and'·Aickert (1981) found that metabolism and elimination of n-hexane were dependent 
upon exposure concentration, but that the tissue concentration of the metabolite, 
2,5-hexanedione, was not directly related ton-hexane exposure concentration. Bus et al. (1982:, 
using 6-hour exposures to 14e-labeled n-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 toxk:tty. Krasavage et al. (1980) reported testicular atrophy following 
oral administration of n-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 exhibtted 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. 
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flAHEXANE 
Dorrinarl-lelhal Test 

01!-DT-1 F09-00-0154 Page: 2 of 11 
March 4, 1986 

Cavender et al. (1984) were unable to detect neurotoxicity or testirular toxicity in rats exposed to 
purified hexane (99.3"/o) via inhalation at10,000 ppm, 6 hr/day for 13 weeks. The possibilny of 
histological or biochemical changes in the testes was not addressed in this study. Although the 
exposure concentrations used in this study were relatively high, 0, 3000, 6500, and 10,0!210 
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, dominant lethal mutation 
studies will be perfonned on fertility·tested C0·1 mice which have been exposed to 0, 2!21!21, 
1000, or 5000 ppm n.hexane, 20 hr/day for 5 days, following standard timing and evaluation 
procedures. Sperm morphology studies. employing B6C3F1 mice exposed to the same dose 
levels will also be done. As a supplement to the standard tests the testes of these animals will be 
preserved at necropsy and supplied to NIEHS for examination. · 

Ill. SPONSOR AND SPONSOR'S REPRESENTAIIYE 
A. Soonsor 

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

B. Soonsors Bepresentatjyes 
Or. Bryan Hardin 
Dr. Bernard Schwetz 

IV. TESTING LABORATORY 
A. fd!x 

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

B. Sludy Q'o·Directors 
Dr. Patricia L. Hackett 
Or. Beatrice J. McClanahan 

V. PROPOSED SCHEDULE OF EVENT$ (This proposed schedule may be altered. All changes will be 
appended to the protocol.) 
A. Prestart audit for GLP compliance: 3/17/86. 
B. BecelQt of anjmals: Four shipments wUI be required. 

1. Males plus two groups of females (one to prove males and one to provide females for 
postexposure matings (weeks 1 and 2) will arrive the week of 2124/85. 

2. Females for matings of postexposure weeks 3 and 4 will arrive the week of 3117186. 
3. Females for matings of postexposure weeks 5 and 6 will arrive the week of 3131/86. 
4. Females for mating of postexposure weeks 7 anc:IS will arrive the week of 4/14/86. 

C. Quarantine will commence upon arrival of the shipment and continue for 4 weeks. Health 
evaluation will proceed within 3 weeks of arrival. 

D. Initiation of breeding procedures for proving males and randomization of males into treatment 
groups: 3/4/86 - 3121/86. 
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F. Sacrifice of 10 males/dose group for germinal epithelium evaluation: 3/29/86. 
G. lnitlaUon of postexposure matings (weekly for 8 weeks): 3131/86 
H. Initiation of female necropsies (weekly for each of the a matings and 12 days after the last day of 

cohab~ation): 4118/86. 
I. Necropsy of males: 5127186 
J. Evaluation of data: 4118186 • 715/86. 
K. Completion of draft report: 7130186 
L. Co~r4>letion of final report: 913"186 

VI. TEST SYSTEM 
A. Species: mouse. 
B. Sl!llin: Cr1:CD-1(1CR)BR. 
C. Number of anjma!s and sygp!ier: 1610females and 150 males. 
D. Age on arriyal: 7--8 weeks. 
E. Experjmenta! Anjma!s rproyen Breeder Ma!esl: Prior to selection for exposure, male mice will be 

designated as proven breeders following the determination of pregnancy in 1 of the 2 femaleS 
cohabited with each male for at least one week. Each female will be examined for her 
reproductive status within 17 days of the first day of cohabitation (08-DT-3812). 

F. Number pf anjma!s jn the study: 30 proven breeder males will comprise each of the four 
treatment groups-120 total. Ten will be necropsied one day after cessation of exposure for 
evaluation of the germinal epithelium. The remaining twenty in each dose group tested forfenility 
(see Experimental Design, p. 5). 

G. Test Svstem Justification: Where appropriate, dominant lethal assays are routinely performed in 
mice because the spermatogenic cycle of the mouse encompasses a shorter time interval than 
that of the rat (8 wk and 11 wk, respectively). In addition, the use of mice as a test system was 
specified by the sponsor. 

VII. TEST sysTEM HOUSING, HANDLING AND ENVIRONMENTAL CONDillONS 
A Quarantine and Acc!imatjzatjon: 

1. Upon arrival at PNL, each of the 4 shipments of mice will be quarantined separately 
(12IB-AB-3F03) for 3-4 weeks. 

2. Temperatures in all rooms will be maintained at 7~±3 F and relative twmidities at 50±15% 
dul1r\g the quarantine, acclimatization and exposure periods. These values will be measured 
and recorded twice daily. 

3. Upon arrival the animals will be housed 10 mice per cage in solid-bottom cages. Following 2-3 
days of acclimation animals will be placed in wire cages and proving matings of the males will be 
initiated-one male will be housed with two females for at least one week. 

4. During the mating period the animals will be housed in the quarantine room. 
5. Proven breeder males will be acclimated for 2-3 days in individual compartments of wire-mesh 

cages within exposure chamber (with chamber doors open). 

B. ~: NIH-07 Open Forrrula Diet (pellets) will be provided .ac.lib.il!Jm during the acclimation and 
experimental period. Feed will remain in place during the exposure period and will be changed 
daily. 

C. ~ Water wDI be supplied aQ libi:tiJm at all times d1.1ring the study using an automatic watering 
system. 

D. Bandomjzatjon: During the week prior to exposure, proven breeder male mice will be weighed; 
their weights will be ranked from lightest to heaviest and each animal will be raOOomly assigned to a 
treatment group by means of a computer-assisted randomization program which is based on a 
single blocking factor: body weight (12IB-DT-3BJ2IB). 
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1. All experimemal male mice will be irw:!ividually lden1ffied by metal ear tags (08-DT-3801 ). 

2. Exposure groups will be designated by distinctive toe clipping and by placement whhin the 
irw:!ividual compartmems of the chamber cage unHs (08-DT-3801). 

3. Cage maps (08-DT-3803) showing placement of individual animals in each cage unit of the 
exposure chall"ber will be prepared and updated as necessary. Each exposure chamber wUI 
be identified by chamber number and exposure level. The proposed arrangement of the 
exposure chambers is included in Attachment 2. 

G. Aojmal Qjsease Screenjng Program 10B-AA-3E02l: Approximately 2·3 weeks after receipt of the 
animal shipment, five males and five females wUI be examined for 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 will 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. Chemjca! name: a-hexane. 
B. fortmJia: CH3(CH2)4 CH3 
C. Manufacturer: Phillips Chemical Co. 
D. Source: Research Triangle Institute, Research Triangle Park. NC. 
E. CAS No.: 110-54-3 
F. NTP Np.: 10189-N 
G. LOT No.: BTIIog number: 4911-100-01 

PNL 1st Shipment: BNW 50846-39 
H. Date of Recejpt: 1st Shipment 2112186 
I. Test Article Preparation and Storage Areas: 2-day reserve in rms 311 and 315 LSL-11; the 

remainder In the Research Technology Laboratory (BTL) chemical storage facility. 
J. The vehicle control will be filtered air. 
K. AnaMical Chemjstrv: 

1. UPqn receipt, Ktentity and gross purity analyses of the bulk chemical 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-3A15). Subsequent bulk 
assays, upon completion of the animal exposures, will use GC to determine test material 
purity and an impurtly profile. 

2. n-Hexane concentrations within the exposure chambei:i will be monitored (08-AC-381 P) 
using an HP-5840 gas chromatograph calibrated by the method detailed in 0B-AC-3C0W 
(see Attachmen1 2). 

IX. QESCR!PTION OF INHALATION EXPOSURE SYSTEM 

Inhalation exposure was selected by the sponsor as the route of administration since h 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 desaiption of the inhalation exposure system to be used in 
this study is included in Attachment #2 of this protocol. 
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A. Experimental Oesjgn: Four groups of animals, consisting of 30 proven breeder male mice in 
each group, will be exposed to air or to the test chemical on 5 oonsecutive days. One day after 
cessation of exposure 10 randomly chosen animals in each dose group will be sacrificed and the 
testes and epididymis removed, fixed, sectioned, and sent to Or. Chapin at NIEHS for evaluation 
of germinal epthelium. After cessation of exposure the remaining animals will be held for 2 days 
prior to initiation of cohabitation of each male with two females for one week; matings will continue 
for eight weeks with replacement of two females each week. The females will be sacrificed twelve 
days after the last day of cohabitation to evaluate their reproductive status and the viability of of 
the conceptus. 

B. Exoosure Begjmen: Chamber atmospheric concentrations of a-hexane will be 0 (filtered air), 
200, 11!1!0 and 51!00 ppm. Male mice will be exposed for 20 hr/day for 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 exposed to the test chemical. The exposure 
chamber doors will be closed throughout the exposure and nonexposure periods, except during 
animal care procedures. Exposure chamberterfl)eratures will be maintained at 75±3 OF and 
relative humidities at 55 ±~ 5%. Air flow will be maintained at ~5±3 ctm and the chamber pressure 
will be approximately~" water negative with respect to the room pressure. 

C. Selectjon of Atmospheric Concemratjoos: The maximum exposure chamber atmospheric 
concentration of hexane, 5000 ppm, is 50% of the LEL (lower explosion limit). Since previous 
studies employing 10,000 ppm, 6 hr/dy produced no overt testicular toxicity (Cavender, et al., 
~984) the exposure time in this study will be 20 hr/day for all doses. Exposure concentrations 
were approved by the Co-Project Officers. 

XI. EXPERIMENTAL OBSERVATIONS 

A. C!injca! Obseryatjpns: The animals will be observed once daily for mortality, morbidity, and signs of 
toxicity. The date and time of death or euthanasia of moribund animals will be recorded and the 
animals will be necropsied according to 0B-DT -380F . 

• 
B. Body Wejqhts: The male mice will be weighed during 1he week prior to exposure, on the first day 

of exposure, and on the first day of mating for each of the eight subsquent weekly mating periods 
and at necropsy (08-DT -380<:). 

C. Scheduled Necrocsy: Ten male mice randomly selected from each dose group will be euthanized 
with C~ one day after the cessation of exposure. The remaining 20 males in each group will be 
necropsied after the last weekly mating period (8 weeks postexposure). At necropsy 
(08-DT-3812) the males wm be weighed and examined for lesions of the reproductive tract and for 
gross tissue abnormalities. To document the presence of lesions which may be due te chemical 
exposure, any organs or tissues with lesions will be preserved in neutral buffered formalin (NSF); 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 testes ard epididymis from all males will be treateC: as follows: fix in ~ 0% buffered formalin (24 
hr), transect and transfer to 4°/o glutaraldehyde in 0.~ M. cacodylate buffer at pH 7.4 (at least 24 hr), 
imbed in glycol methacrylate, cut 2-micron sections and stain with PAS-hematoxylin. Slides will be 
sent to Dr. Chapin at NIEHS for evaluation. 
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Female mice will be euthanized with C~ 12 days after the last day of cohabitation. The 
reproductive status will be determined and the gravid uterus removed. The total number, position 
and s1atus of i~nts will be recorded. Implants will be scored as lollows: live feluses; ea~y 
resorptions (brown or black containing necrotic and hemorrhagic material but no errbryo); late 
resorplions; and dead feluses (08-DT-3812). 

D. lodjces of Effects: The following parameters, expressed as mean± SE, when appropriate, will be 
computed from data for males and for females and their litters from each mating and wiD be 
presented in the Anal Report for each treatment group: 
• Number of dead animals, animals removed from the study and reason for rerrK:~val. 
• Summary of toxicity, including incidence of changes detected during clinical observations. 

Body weight of males before exposure, on each of the 8 postexposure weeks, and at 
necropsy. 
Number and percentage pregnant for each weekly mating 

• Number of implantation sites/Inter 
• Number of live fetuses/litter 
• Number of early intrauterine deaths/litter 
• Number of late fetal deathsnitter 

Mutagenic index (intrauterine mortality as percentage of implantation s~es) 
• Number and percentage of litters with live fetuses 

Number and percentage of litters with early intrauterine deaths 
• Number and percentage of litters with late resorptions or dead fetuses. 

XII. pROPOSED STATIST)CAL METHODS 

The number of implantation snes and intrauterine deaths/litter for each week and for the complete 
experiment will be analyzed by analysis of variance (Steel and Tonie, 1980). When appropriate, 
proportions of resorptions, dead or live fetuses per implant will be subjected to an arcsin transformation 
and analyzed by an analysis of variance. Duncan's multiple--range test will be used to delineate 
intergroup differences. Orthogonal contrasts will be employed to test for dose response trends 
(Winer, 1971). 

XIII. STORAGE OF SIUDY MATERIAL 
• 

All raw data and study records wDI 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 
LHe Sciences Laboratory 11, Battelle, PacHic Northwest Laboratories. All tissue specimens will be 
shipped to the NTP Archives. Records generated in the conduct 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. Scl'ro.vetz (NIEHS) for storage in the NTP Archives. One copy of the microfiche and 
the microfiche index will be sent to Dr. Hardin (NIOSH). The ·auality Assurance Unit at PNL wm retain 
the following materials: 

Bound PNL laboratory notebooks, which are required to remain at PNL. 
• QAU master schedule and audit 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 govemment-owned, the records would accompany the equipment.) 
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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 ard hazardous material, and specific·task training 
records. 

3. Accident/injury reports for personnel in contact wrth 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 

Direcror(s), the PNL QAU Officer and the NTP Projecr Olficer(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 1::orrective actions taken. 

C. Egujoment 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 
• Description of remedial action. 

D. Test Materials Records: 
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 .B 



n-HEXANE 
DorT;nart-l.e1hal Test 

F. Anjma! records: 

01!-0T ·1 FOO-OG-0154 Page: 8 of 11 
March 4, 1986 

1. Animal receiving records including supplier, species, strain, birth week, sex, number of 
animals of each sex, receiving date and condition upon receipt. 

2. Heahh evaluation recoris of findings, written release from quarantine/acclimatization or 
reasons for refection for use in the study and resuhs 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 room cleaning/sterilization). 

4. Feed records of commercial source and produd information (feed tags, lot numbers and 
milling 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 Implementation and Cpnduct Becprds: 
1. Records of assignment of animals to treatment groups. 

2. Body weights. 

3. Dates of exposure Intervals for indMdual animals. 
4. Daily observations. 

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

' 
6. M. scheduled sacrifice, gross necropsy findings in male animals and results from microscopic 

examinations of sperm preparations. 

H. All relevant correspondence. 

I. Reports: 
1. Literature survey and reoommendations for studies. 

2. Monthly progress reports. 

3. Draft final and final reports. 

J. Internal Computer Generaled Forms and Tables: 
1. Study data and statistical analyses. 

2. Analytical data. 

3. Exposure suite control center computer printouts. 
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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 Heanh and Safety Records: 
1. NTP safety and toxicity package. 

2. PNL Biohazard Protocol and Health 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 perfoiTTled in compliance with the FDA Good Laboratory Practice Regulations for 
Non-Clinical Laboaratory Studies (21 CFR 58). 

B. This Protocol will be the controlling document in case of discrepancies between the Protocol and 
SOPs. If dlscrepancies are noted, the Study Director is to be notified immediately to resolve and 
dorument the variance between the Protocol and SOP. 

XVI. HEALTH AND SAFETY 

PNL's Health and Safety Plan, which has been submitted tor NTP approval, is detailed in 0B·HS-3S1 C. 
In adclhion, a repiratory program is outlined in 0B·HS.3S1 B. This is supplemented by an SOP 
(08-HS.3S19) 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 seH-contained breathing apparatus for use when entering a room under emergency cond~ions 
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 Mjnjmum Begyjremeots for Laboratorjes yoder 
Cgntract to the NIP Systemjc Toxjco!ogy 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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STANDARD OPERATING PROCEDURES FOR INHALATION 

REPRODUCTIVE TOXICOLOGY STUDIES 
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STANDARD OPERATING PROCEDURES FOR INHALATION 
REPRODUCTIVE TOXICOLOGY STUDIES 

EXPOSURE SYSTEM 
CDS DMM Card Calil<ation 
Bubbler Sample Collection via the 

Critical Orifice Safl"'lle System 
Inhalation Exposure Chamber Balance 
Model1 Chamber Leak Tester 
Calibration and Check of Chamber Airflow Using Oighal Anemometer 
Digital Anemometer Calibration 
Dwyer Manometer Calibration Check 
Validyne Pressure Transducer Cafibration 
Filling Out Data Sheets 
EG&G Hygrometer: Operation, Maintenance and 

Calibration 
Relative Humidity Determination Via Use of 

Dewpoint 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 
Selection of RTD's and Digital Thermometer Canbration 
Omega RTO Thermometer Calibration 
ERDCO FGD Maintenance & Calibration 
Flammable Gas Detector (ERDCO) Checkout Prcedures 
Hexane Exposure System Daily Operating Procedure 
Hexane Exposure System Quality Control, Maintenance 

and Caflbration 

ANALYTICAL CHEMISTRY AND MONITORING 
Operation of HP5840 Gas Chromatograph for 

Monitoring n-Hexane in Inhalation Chamber 
Calibration of n-Hexane Inhalation Chamber Monitor 
Bulk Chemical Analysis of n-Hexane 
Use of Mettler H51 Analytical Balance 
Special Operating Procedure for Care and Use of 

Volumetric Glassware 
Use of Pipets 
Ordering, Receipt, Recording Use and Returning Chemicals 
Labeling of Reagents and Chemicals 
Dispensing Test Material to Exposure Suite Control Center 
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0B-BE-3C0T 

0B-BE-3C0Q 
0B-BE-3B24 
0B-BE-3D06 
0B-BE-3C0V 
0B-BE-3C0S 
0B-BE-3C0X 
0B-BE-3C0W 
0B-BE-3B07 

0B-BE-3C0J 

0B-BE-3B1X 
0B-BE-5E01 
0B-BE-5E03 
0B-BE-3E0B 
0B-BE-3G04 
0B-BE-3E0A 
0B-BE-5E02 
0B-BE-3E09 
0B-BE-3S01 
0B-BE-3D0E 
0B-BE-3C0D 
0B-BE-3C0L 
0B-BE-3C0U 
0B-BE-3C0B 
0B-BE-3B2Y 

0B-BE-3D0M 

0B-AC-3B1P 
0B-AC-3C0W 
0B-AC-3A15 
0B-AC-3B0P 

0B-AC-3S0R 
0B-AC-3B0S 
06-AC-3E05 
0B-AC-3B12 
0B-AC-3B1H 
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Operation of Toledo Scale (Model2120) to Weigh Large 
Containers of Test Material 

1\NIMAL RESOURCE CENTER 
Job Orientation and Training 
Barrier Procedures for LSLII Animal Facility 
Operation and Maintenance of the Clean Corridor Area 
Operation of the Regulated Corridor 
Operation and Maintenance of the Street Corridor 
Moving Animals from LSL II Animal Resources Center 
Management of Animal Feed 
Pre--cleaning Equipment and Operation of Cage, 

Bottle and Back Washers 
Operation of Steam, Gas and Bulk Sterilizers 
Kaye Oigistrip-111 Room-Temperature Recorder 
Operation of Garb-E/ Waste Disposal 
Operation of Clar1<-A-Matic Floor Scrubber 
Operating Procedures for Pathological Incinerator 
Cafibration!Service of Balances 
Biweekly Deep Cleaning of Exposure Rooms 

and Occupied Animal Rooms 
Deep-Cleaning and San~izing Empty 

Animal and Exposure Rooms 
Processing Laundry for the LSL II Animal Facillty 
San~izing Operations Mon~oring 
Handling and Changing Out Exposure Chamber and 

Cage Un~s 
Handling, Changing and Storage of Animal Cages and Racks 
Cage and Rack Change-Out and Rotatation for LSL II 
Changing OUt Racks Having Individual-compartment Cage Un~s 
Pre-exposure Health Screening for Rodents 
Quarantine of Animals 
DaHy Care of Bioassay Animals 

and Cleaning of Exposure Rooms 
Daily Care of Rodents Housed in Cage Units 

and Cleaning of Animal Holding or Exposure Rooms 
Daily Care of Animals Housed in Holding Cages and 
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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 m5 , the chamber has an active mixing volume of 1.7 m5 , the 
remainder being the non-mixing inlet and exhaust volumes. There are 
three levels of caging, each level split into ewo tiers which are offset 
from each other and from the chamber walls (Figure 18), Drawer-like. 
stainless steel cage units composed of individual animal cages, are 
suspended in the apace 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 flows vertically along the inner 
surfaces of the chamber. Waves are formed (Figure 1B) 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 ar.e cleared by 
exhaust flow through the space beeween the tiers. Aerosol or vapor 
reaching the lowest level is deflected across the bottom tiers by metal 
strips in the space beeween 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 Control 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 (?igure 2). The arrangement of 
computer control and interface instrumentation is shown in Figure 3. 
The executive computer is an Hewlett Packard Model (HP) 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 85B 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 RP85B computer. Data 
from~ ~,,~nitoring equipment other than the GCs are inputted through a 
Colorado uata Systems (CDS) Model 53A-IBX Intelligent Interface System. 

System control is provided from t'ne 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-3D\1E. Routine operation of the computer system is detailed in 
SOP #0B-BE-3G04. Routine daily operatio11 of the system hardware is 
detailed in SOP #0B-BE-3B2Y. 

C. TEST ARTICLE GENERATION, MONITORING 

1. Hexane Vapor Generation Syste~ 

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 reservo:Lr will be filled daily from the 
original shipping container by the following method which is designed to 
prevent explosion during transfer. All <lxygen 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 vill 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 bu 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 10-5 to greater than 20 ml per minute will be used. 

The vaporizer (Figure 5) comprise!! a stainless steel cylinder 
covered with a glass fiber wick from whic:h the liquid is vaporized. The 
wick can be easily and inexpensively replaced if necessitated b'y 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 c1perating 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 teflone tube of measured volume, preceded by a three-way 
valve will be attached just upstream of the pump to facilitate 
measureaent 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. Flaw rate will be 
calculated by dividing the volume by the time. The concentration in the 
exposure chamber can be calculated from the f~ow measurements of liquid 
and dilution of air. 

All generation equipment.which comas 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-3B2Y and QB-BE-3D~. 

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 automated 
multiplexed eight-port sampling valve. The 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 11T11 off to 
the eight-port valve to the dew point monitor, are polytetrafluoro­
ethylene. 

Sample values are accumulated and printed by an HP model 85B 
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 HP 85B, it is 
compared with limit values for that particular location. If the value 
is beyond the control limits, the RP 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. 
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Concentration < critical low limit: 

~ Increase concentration by decreasing chamber tr fl"·- and 
activate audible alarm. 

Concentration > non-critical high limit but ~ critical high 
limit: 

Decrease concentration by increasing chamber air flow. 

Concentration > critical high limit: 

Turn off generation system a·nd 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 agail'I.St 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 "T" off from the chamber 
sample stream to the dewpoint hygrometer. Equal sample rates from each 
of these lines are controlled by flaw meters incorporating five meter~g 
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 lawer 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. Temnerature Measurements 

Temperatures of the exposure chambers, exposure rooms and, if 
necessary, test chemical generators, are measured by Resistance 
Temperature Devices (RTDs). The RTDs will be placed in a 
representative location in each chamber (a top sample port on the 
back side). Each RTD can be connected to an Omega Model 412B 
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digital thermometer by a manual select switch or by computer controlled 
scanner relays in the CDS liS (Figure 7). This allows temperature to be 
read manually or to be recorded automatically. All temperature 
measure111ient equiP"' :tt except the P ... ·ls will be located in 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 (RH) will be measured using a EG&G Hodel 910 
chilled-mirror dewpoint hygrometer located in the Suite Control Cent~r. 
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 to 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 ItS. This allows 
RH to be measured manually or automatically. Once the dewpoint has been 
determined by the hygrometer, the RR is automatically calculated by the 
executive computer using the dewpoint value (T 1) and the drybulb 
temperature (T2), measured simultaneously at that measurement location. 

The following equation is used for this calculation: 

' 

% RH • 

10 

9 • 91 - -rr=r.2 7':'1~4;;;. 5;::;50;,;;-; 
10 (5/9)(!1-32)+293.3 

9 • 91 - ==""2 7C:'lc;;4;;· 5;:,;5:.,;.,_..., 
(5/9)(T2-32)+293.3 

where: T1 • dewpoint temperature, °F 
T2 • drybulb temperature, °F 

X 100 

Calibration of the dewpoint hygrometer will be checked before the 
start of the study and at least once every rwo months thereafter 
(0B-BE-3C0J and 0B-BE-3!1X). The procedure requires comparison of the 
RH calculated by the system monitor to measurements made by calibrated 
dewpoint hygrometer !! ~ sample location. Calibration of the system 
monitor can be accomplished by inserting a value for offset and slope in 
the computer for each measurement location. Calibration data will be 
included as part of the study archive. RR will be recorded at regular 
periods during each 24-hour day. 
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Chamber air flow is measured by a multiplexed orifice-meter system 
(Figure 8). Calibrated flow orifices ue installed at the inlet and 
exhaust of each chamber. The desired flow orifice is attached to a 
Validyne Model DP-45 pressure transducu and CD-18 carrier demodulate!' 
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 ewe 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 sh~t off the flow of 
compound to the chamber and alert the executive computer of the 
condition. The computer will activate an audio alarm and print and 
display a comment for the operator. 

E. ENVIRONMENTAL CONTROLS 

1. Animal Facility Air Handling System 

Supply air enters the building through two identical parallel air 
handling sys~ems (Figure 9). Each system consists of a pre-heat coil. a 
filter system, a heating coil, a chilli1lg coil. and a supply fan. The 
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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 
tempera~ ee of the air exiting the air conditioning system at about 
53•r. lne chilling coils also dry the air 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 lO shows a schematic diagram of the system used to control 
the relative humidity in the exposure chambers. Equipment located in 
the RH Control Equipment Room (Room 335) provides 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 RH to the desired target value. 

4. Chamber Air-Flow Control 

Flow of air through the chamber is maintained by an AIR-VAC 
Engineering Model TDRH 1000 air- multiplier pump located in the exhaust 
duct of the chamber (Figure ll). 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 camputer through a relay in the CDS liS. 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, !he 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 duct 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 will 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 RR 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 
chamber's RH control system. Typically. a chamber with few animals w111 
require the addition of wet air to maintain the proper chamber RH. n.e 
wet air is equal to or warmer than the room temperature. 

F. CHAMBER EXHAUST IIASTE 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 (!LV) 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 and 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 1il.s pr"· ted (Figure 13). This 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 wec:e 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 PROTECTION SYSTEMS 

In the event of equipment failure. or of a short-term power 
failure, two 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 cwo 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 complex from cwo 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 #! 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 
rwo units has sufficient capacity to maintain the animal environment 
within a safe range. In all cases, 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 power 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 opera~ 7

1s office. A power operator is on 
duty 24-hours/day, 7 days/week. If the power operator is not authorized 
to correct the problem that caused the alarm, he immediately calls the 
a·ppropriate personnel, including the Task Leader(a) or the Principal 
Investigator(s) of the program(s) affected. 

References 

1. Bernstein, D.M. 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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FIGURE 2. Schematic Diagram of the Three Exposure Rooms in the Automated 
Inhalation Exposure Suite. 
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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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24 July 1985 

')a,t~ 

<BSI 79. 1 F 
OKI 40. 
OKI 16.3 

<BSE 65. 
< 
< 
<OKI 35. 

OKI S.OOOE+t 
<BSE 65. 
< 
< 

OKI 
OKI 

<BSE 

< . 
<OKI 35. i. 

OKI 5.000E+t PPM 
<BSE 65. i. 
< 1 • 

routine. This rout1ne 

65. 

X 
PPM 
!. 

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 

--,e expasure number, exposure name, program version and exposure date 
will be printed at the 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. 

Oata .. -This is the raw data. This column includes an alann code; a 
status code, the data value and a units label. 

Alarm code--"(' means that the data has exceeded non-critical 
alarm limits. 

Status 

"< 11 means that the data has exceeded critical 
alarm limits. 

code--OKl -Okay and calibrated. Data is included in 
sumnary. 

OKE - Okay and calibrated. Data is not included 
in sunmary. 

BSl - Beyond service time. Data is included in 
sumnary. 

BSE - Beyond service time. Data is not included 
in surrrnary. 

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. 

DDD.D 
DD.DD 
D.DDD 
.DODD 
D.DDDESZ 

Units label--This column allows 9 characters. Examples: ppm, 
°F, °C, HOH. 

~: 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} 
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74.o 
7!!.3 
7S.3 
7S.6 
76.3 
7S.3 
74.3 
7S.3 
7S.3 

70.7 
72.7 
70.7 
6S.7 
6il.7 
72.7 
6il.7 
72.7 
72.7 

17.0 12.0 
19.0 14.0 
17.0 12.0 
1S.O 12.0 
12.0 8.0 
17.0 12.0 
18.0 14.0 
17.0 12.0 

M'ni .. 
70. 41. 
55. liS. 
70. 45. 
70. 41. 
:s. 45. I 
70. 45. I 
70. 41. 
:5. I 45. 
;o. I 45. 

' ' 

10 I 12.0 
IS 72.0 
IS 72.0 
IS 72.0 
1S 72.0 
1S 72.0 
10 72.0 
1S 72.0 
1S 72.0 

N 
a 

12 
1S 
16 
18 
1S 
14 
1S 

~ 

14 
14 
14 
14 
14 
14 
14 
14 
14 

Ta""'-t. 
15.0 
IS.O 
IS.O 
1S.O 
15.0 
IS.O 
15.0 
15.0 

Taraet 
~­
~­
so. 
so. 
j(), 

so. 
so. 
so. 
~-

FIGURE 13. Example of 24-Hour Data "Suc:nation" Printout from 
Data Acquisition and Control Computer. Data are 
organized by data type. 
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:Utlier Tallie lor tte F1le : 24 ..Wy 195 

74.0 

74.0 
74.0 

FIGURE 14. Example of 24-Hour Dara "Outlier Table" Printout 
from Data Acquisition and Control Computer. Table 
shows data which were beyond the defined operating 
limits. 

F.43 



SPONSOR: NTP-IRT 

STUDY: OOMINANTLETHAL 

ROOM: 436 

DATE: 3-24-86 to 3·29-86 _ 
t>JA! 

cage 
15~--~ 

1 4 

131------J 

1 2 
,~---! 

1 0 17 64 

9 1---=~ 
1751 

8 1742 

7 1739 

6 1729 

5 1720 

4 1709 

3 1708 

2 1706 

1705 

Cage 
.--------, 

3 0 1--------j 
29 1-----J 
28 ~---J 
27 ~---J 
2 6 1--------j 
2 5 ~1c.:_7.:_9 0~ 

2 4 ~.:_1 7:._B::_7:......j 

2 3 l--.:.17:...8::.1'----j 

2 2 ~.:.17:._7:._9'----l 
21 1777 

2 0 1776 
1----,.-----j 

1 9 l--' 7:...7_4--J 

1 B ~.:_17:._6::_7:......j 

1 7 1--.:.' 7:..6:.6:...-j 

1 6 L-1 7:...6:...5-----' 

LEVEL 3 

cage 

CHEMICAL: n-HEXANE 

CHAMBER: Treatment #1 

CONCENTRATION: 0 ppm (Control) 

Cage 

45 r---..., 
44 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 
32 

31 

F.44 

1838 

1832 

1830 

1829 

1827 

1826 

1 8 23 

1 801 

1800 

1 791 46 [_ _ _J 
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SPONSOR: NTP·IRT CHEMICAL: n·HEXANE 

STUDY: DOMINANT LETHAL CHAMBER: Treatment #2 

ROOM: 436 CONCENTRATION: 200 ppm (Low) 

DATE: 3·24·86 to 3·29·86 
3dw LEVEL 3 

Cage Cage Cage Cage 

1 5 30 45 60 

14 29 44 59 
• 1 3 28 43 58 

1 2 27 42 57 
1 1 26 41 56 
1 0 1747 25 1802 40 1 841 55 
9 1743 24 1796 39 1840 54 
8 1738 23 1795 38 1837 53 

7 1737 22 1783 37 1834 52 
6 1733 21 1782 36 1822 51 
5 1732 20 1778 35 1820 50 
4 1726 1 9 1773 34 1818 49 
3 1717 1 8 1771 33 1810 48 
2 1715 1 7 1762 32 1809 47 

1704 1 6 1756 3 1 1805 46 

F.45 



SPONSOR: NTP·IRT CHEMICAL: n-HEXANE 

STUDY: DOMINANT LETHAL CHAMBER: Treatment #3 

ROOM: 436 CONCENTRAT10N:1000 ppm (Medium) 

DATE: 3-24-86 to 3·29-86 
lfuW LEVEL 3 

Cage Cage Cage Cage 

1 5 30 45 60 
1 4 29 44 59 
1 3 28 43 58 
t 2 27 42 57 
11 26 41 56 
1 0 1750 25 1798 40 1842 55 
9 1744 24 1793 39 1839 54 
B 1 7 41 23 1792 38 1833 53 
7 1734 22 1788 37 1 831 52 
6 1725 21 1786 36 1825 51 
5 1 71 8 20 1785 35 1824 50 
4 1713 1 9 1784 34 1815 49 
3 1712 1 B 1758 33 1814 48 
2 1 711 1 7 1757 32 1 81 3 47 

1710 1 6 1752 31 1803 46 

F.46 



SPONSOR: NTP-IRT CHEMICAL: n-HEXANE 

STUDY: DOMINANT LETHAL CHAMBER: Treatment #4 

ROOM: 436 CONCENTRATION: 5000 ppm (High) 

DATE: 3·24-86 to 3-29·8~0 
LEVEL 3 

Cage Cage Cage Cage 

15 30 45 60 
t 4 29 44 59 
1 3 28 43 58 
t 2 27 42 57 
11 26 41 56 
1 0 1728 25 40 1828 55 
9 1724 24 1797 39 1819 54 
8 1723 23 1794 38 1 81 7 53 
7 1721 22 1780 37 1816 52 
6 1716 21 1772 36 1 81 2 51 
5 1714 20 1768 35 1 811 50 
4 1707 1 9 1755 34 1808 49 
3 1703 1 8 1754 33 1807 48 
2 1702 17 1749 32 1806 47 

1701 1 6 1736 31 1804 46 

F.47 
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