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SUMMARY

The atraight-chain hydrocarbon, n-hexane, is a volatile, ubiquitous asl-
vent routinely used in industrial environments; consequently, the opportunity
for industrial, environmental or accidental exposure t¢ hexane vapors is aig-
nificant. Although myelinated nerve tissue is the primary target organ of
hexane, the testes have also been ldentified as being sensitive to hexacarbon
exposure. The objective ¢f this study was to evaluate male dominant lethal
effects in Swisa (CD-1) mice after exposure to 0, 200, 1000, or 5000 ppm n-

hexane, 20 h/day for 5 consecutive days.

Each exposure c¢oncentration consiated ¢f 30 randomly selected, proven
male breedersa; 4 groups. The mice were weighed just prior to the firat 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 epididymidea 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 daya after the last day of cchab-
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 pericd and no evidence of n-hexane toxicity was observed.
Mean body weighta of male mice exposed to n-hexane vapor concentrations as
high as 5000 ppm for 5 consecutive daya were not significantly different from
these of O-ppm animals at any time during the study. Exposure of male mice to
n-hexane vapor at relatively high concentrations for a 5-day periecd produced
no gsignificant 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 net result in a male dominant lethal effect in

Swiss (CD-1}) mice.
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INTRODUCTION

The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent
for the extraction of 0il seeds, as a reaction medium in the production of
polyolefina, 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 197%, utilizes stocks of
straight-run gascline and higher boiling liquid products stripped from natural
ga3 or paraffinie fractions of refinery streams. Since it i3 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-
gcale preoduction and widespread use of hexane, including teaching laborato-
ries, the opportunity for industrial, incidental, environmental, or wolitional
{glue-3niffing) exposure to hexane vapors is gsignificant. 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 and Clinical Neuyrotoxicology (edited by Spencer and
Schaumburg, 1980). In summary, polyneuropathies have been reported following
exposure of workers to n-hexane. A metabolite, 2,S5-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
clder animals. It has been suggested that thia 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, SHD,
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 blecod 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. Maximal 2,5HD levels in the blood
and in the sciatic nerve were chserved in the 1000-ppm exposure group, but did
not increase for the two higher exposure groups. Bus et al. {198l), using
lic-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 l9C-concentrations measured in liver, lung, kidney, testes, brain,
sciatic nerve and blood were found to e 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
tranapeptidase, 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 spermatocytes that were observed
exhibited severe degenerative changes, Since circulating levels of
testosterone and the gonadotropins remained normal throughout the study, these
workers concluded that 2,5HD does not act via the central gonadotropin
regulatory system to induce azospermia, and that changes in Sertoli cell
biochemistry precede wvisible 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 acticn 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 posaibility of hia-
tological or biochemical changes in the teates 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 metabelite, 2,5HD, to build up sufficiently Iin the blooed or tissuesa to

cause testicular toxicity.

These studies indicate there may be differences between the responses of
male rats to oral versaus inhalation exposure t¢ n-hexane, therefore further
efforts should be made to aaseas 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 constant across mammalian species. S$Since the largest available
database on male dominant lethal effects in mice resides with the CD-1 mouse,
this strain was chosen for the study. A companion study, Mast, et al (1988a),
examined sperm morphology effects in the B&C3F1l mouse following the same

exposure regimen.

EXPERTMENTAL 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 exploasion 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-

reaponse 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 histoclcogical examination. (After evaluating 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 8! weekly

mating period and examined grossly for lesions.
YAPOR GENERATION AND CHEMICAL ANALYSES

Bulk chemical purity analyses were performed on the single lot of
n-hexane used for the mouse exposures. Analytical procedures employed
infrared spectroacopy 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; Phillipa Lot # H-116). See Appendix A for details.

On-line measurements of the chamber n-hexare concentrations were per-—
formed using an HPF5840 GC equipped with a flame jonization detector. A
computer-controlled, rotating B-port valve allowed measurement of n-hexane
concentrations in the exposure room, the control chamber, the exposure cham-
bera, and the on-line standard. BAll ports were sampled at least cnce every
40 minutes. The GC was equipped with a 1/8" o.d., 1-ft nickel column packed
with 1% SP-1000 on 60/80 mesh Carbopack B, The cven operating temperature was
120°C. BAn 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-m? stainless steel chambers
{1.7-m?® active-mixing volume) designed at Battelle Northwest Laboratories
{Brown and Moss 1981; Moss et al. 1982). Each chamber contained three levels
of caging, each of which was split into two offset tiers. Air, filtered
through HEPA and charcoal filters and uniformly mixed with the test material,
flowed through the chamber at approximately 15 air changes per hour. See

Appendix B for a more detailed description.

The n-hexane exposures were conducted using an automated data acquisi-
tion and control system which monitored and controlled the basic inhalation
test system functions, including chamber air flow, vacuum, temperature, rela-
tive humidity, and test chemical concentrations. Conditiona which may have
been a threat to the health of the animals, or constituted an explosion haz-
ard, triggered alarms to personnel on-call 24 h/day. All data acquisition and
control originated from an executive computer which contained the exposure

protoceols and controlled a multiplexing interface system.

Generation of the n-hexane vapor was accomplished by metered pumping of
the liquid chemical from a 5-galleon reserveoir 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 peint 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, exploaion-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 contreol 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 (Tgp) 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 (Tip) after generators were shut off, ranged from
9.0-11.0 min. Uniformity 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 buildup and decay determination with animals present
in the chambers was not perfcrmed due to the short total duration of the
exposure—3> days. However, later evaluations showed that the presence of mice

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

ANIMAL HUSBANDRY AND REPRCODUCTIVE EVALUATIONS

A total of 159 male Swiss (CD-1) mice, 7 weeks of age (Charles River
Laboratories, Raleigh, NC), were group housed in solid bettom cages (11-12 per
cage) for 7 days after receipt. Five shipments of 6 week 0ld Swiss (CD-1)
female mice, 1703 total, were received at intervals throughout the atudy
period (Charlea 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 weeksa; the femalea 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 (aee Appendix D},
and to histopathologic examinations of lung, trachea, liver, kidney, ileum,

colon and heart. There were no significant findings.

Pelleted NIH-07 diet (2iegler 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 & A.M.
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During the quarantine period the animal room was maintained at 7213°F
and 501+15% relative humidity {(%RH). During the exposure period daily mean
chamber temperatures were within the normal operating range of 75%X3°F. Daily
mean ¥RH in each exposure chamber was within the necrmal operating range of
55+15%. The dally mean air flows in all chambers for the study were wilhin
the normal operating range of 1533 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
twe 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, oxr 5000 ppm n-hexane vapors for a 5-day period;

20 h/day.

After the S-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 histolegical 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 8N post-exposure week
the male mice were killed with COp, weighed and examined for gross lesions of
the reprecductive tract (including the testes, epididymides, prostrate, seminal
vegicles, and penis) and for gross tissue abnormalities. Twelve days after
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the last day of cohabitation the females were killed by CC; and their

reproductive status determined. The uterus was removed and the total number,
position, and status of implantations were recorded. All animals were

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

STATISTICAL ANALISES

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 analysls of variance {ANOVA}) model for unbalanced data. Proportional data
were subjected to arcsin transformations and evaluated by ANOVA (e.qg.
incidence of resorptions). Tukey's studentized-range 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 ¢ 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 chaﬁber 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
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group one day after the cessation of exposure demonstrated no effect of treat-
ment (Table 3). No gross lesions of the repreductive or other organs were

observed in the males at sacrifice.

Nine of the 80 expcsed males died during the 7th week poat-exposure as a
reault 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 fewar 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 cor 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 ¢f the 8 post-
exposure weeks infrequently demonstrated significant differences among expo-
sure groups (Tables 4a-4h). During the &th 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 (Figqures Z2a 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 indicaticn of a decrease associated with
increasing n~hexane concentration. Furthermore, there was no increase in the
number 0f dead implantations or early resorptions {(on a litter basis)
aszapciated with exposure of the sires to any of four concentrations of

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

related effects (cf. Tables 4a-4h; Intrauterine Death).

DISCUSSION

The absence of significant alterations in the mean bedy 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). The 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 nhe 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, 1988a). 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 mechanisms for producing abnormal sperm and male dominant lethal
effects may be dissimilar, these two studies lend support te the conclusion
that n-hexane does not adversely affect sperm cuality 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 epithelium in rats fellowing oral
administration of n-hexane or its metabolites was reported by Krasavage et al.
{1980). n-Hexane was found to be much leas potent than its metaboclites {e.g.
2,5HD, S5=-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 priar to visible morphologic changes
in the testes (Chapin et al. 1982). The activities of Sertoli cell
8-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 (19388)
exposed male rats ta 2,5HD in their drinking water and found low testis
weighta and severe germ cell depleticn 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 resulta are not consistent with either
the studies of Cavender et al, (1984}, who failed to detect testicular toxi-
city {(e.g. aa 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 atudy 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
intereating that negative responses to the testes or sperm resulted from
inhalation expcsures 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 dosa 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 alsc be due to inter-
gpecies differences in metaboliam, an issue that has not been clearly

addreased 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 iNumber | Number Percent
Day {ppm) (ppm} | (ppm) |Samplesiin Range (b}| in Range

1 <MDL (a) < MDL <MDL 38 36 100
2 <MDL <MDL <MDL 41 41 100
3 <MDL <MDL <MDL 41 41 100
4 <MDL <MDL <MDL 35 35 100
5 <MDL < MDL <MDL 43 43 100

Summary| <MDL < MDL <MDL 196 196 100

(a} Minimum 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 Percent
Day (ppm} {ppm) | (ppm)} |Samples|in Range {a}]| in Range

1 189 £ 33 219 0.3 36 34 94
2 200 £ 5 208 183 40 40 100
3 195 + 8 210 181 41 41 100
4 197 + 7 219 182 36 36 100
5 196 + 4 209 188 42 42 100

Summaryt 196 + 16 219 0.3 195 193 89

(a) Range = +10% target.
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TABLE 1c. n-Hexane Male Dominant Lethal Study: Average Daily

Exposure Chamber Concentrations

1000 ppm n-Hexane Vapor

Exposure| Mean 8D Max Min {Number | Number Percent
Day (ppm} {ppm) | (ppm) |Samples|in Range {a}| in Range |
1 995 + 14 1030 862 36 36 100
2 010 £ 16 1040 875 40 40 100
3 988 + 30 1070 938 41 41 100
4 997 + 24 1100 930 36 35 87
5 997 + 16 1030 972 42 42 100
Summary{ 898 + 22 1100 830 195 184 99
{a) Range = +10% target.
TABLE 1d. n-Hexane Maie Dominant Lethal Study: Average Daily
Exposure Chamber Concentrations
5000 ppm n-Hexane Vapor
Exposure| MeantSD Max Min |Number | Number Percent
Day {ppm)} (ppm) | {(ppm) |Samplesin Range (a}| in Range |
1 3450 + 1160 4430 15 36 0 (b) 0 (b}
2 5130 + 97 5280 4960 41 41 100
3 4870 + 163 | 5180 4610 42 42 100
4 4920 + 800 | 5810 516 37 34 92
5 4990 + 66 5240 4880 42 42 100
Summaryl 4700 + 848 § 53140 15 198 158 80

{a) Range = +10% target.
{bY Pump failure.
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TABLE 2. n-Hexane Male Dominant Lethal Study: Mean Body Waeights of Male Swiss {CD-1) Mica {g + SD).

n-Hoxane Chamber Concentration {ppm)
N 0 200 1000 5000
Exposure Day 1 ao 37.0x22 37.0+25 372124 369124
Post-Exposure Waek
1 20 Yot22 381125 390129 393128
2 20 376t21 369122 381+27 377125
3 20 375+21 370+21 37a+27 373+£23
4 20 38022 374122 383+24 375+23
5 20 38.5+21 377124 BEX27 375125
6 20 381120 37.2x2.1 382+28 374121
7 20 383120 375122 385126 377+24
8 20 386+ 1.8 (a) 37.6+ 2.4 (b} 393+ 2.7 (c) 38.1 + 2.4 (d)
Sacrifice 20 400+ 2.1 (a) 40.0 + 3.1 (b) 40.0% 2.5 (c) 39.2+ 26 (d) |

{a) N=14; Six maies sither died or were removed from study {See Appendix C).

(b) N=18; Four males sither died or were removed from study (See Appendix C).
(¢} N=17; Three males either died or were ramoved from study (See Appendix C).
{(d) N=13; Seven males sither died or wera removed from study (See Appendix C).

No statistically significant differences were found.

TABLE 3. n-Hexans Male Dominant Lothal Study: Mean Body and Thymus Weights of Male Swiss (CD-1)
Mice Sacrificed Immediately After Exposure (g £ SD).

n-Hexana Chambear Concentration (ppm)
N [} 200 1000 5000
Body Weaight 10 a7o0t24 38.1+24 36123 36.2 £ 31
Thymus Weight 10] 0.022 + 0.010 0.030 + 0.010 0.025 3 0.009 0.029 + 0.008
n-HEXANE DOMINANT LETHAL STUDY 19 AUGUST 1988



TABLE 4a, n-Hexane Male JDominant Lethat Study:

Reproductive Measuras (Mean +SD).

n-Hexane Concentration {ppm)

Post-Exposure Week 1 1] 200 1000 5000
Number malesfertile/mated 20/20 20/20 18/20 20/20
Number femalas:pregnant/mated 37/39 36739 33/40 39/40
Pregnant famales (%) 95 92 83 98
Number par Litter:
-implants 13.2 £+ 21 13.2+18 128+ 28 128+ 15
-Live Implants 124+23 121 +1.9 12129 120x+1.7
-Total Resomtions 09110 1.1+1.2 0.7+ 1.0 08+08
-Early Rasorptions 0608 0.8+1.0 04108 05+08
-Late Resarptions 03108 03105 03104 03106
-Dead Fetuges 0 0 e} 0
Number of litters with;
-Live Implants 37 36 33 39
-Early Resorptions 17 18 9 17
-Intratterine Death 22 22 16 23
Percentage of:
Live fatuses/litter 928+ 89 9161 9.0 846+ 79 939865
Resoiptions/itter:
-Total 72189 8.4+50 5479 6.1+65
-Early 5179 BO+73 3.3zx67 401+5.0
-Late 2157 24+42 21135 21148
intrauterine Death {a} 6.7 8.4 5.4 6.0
Litters with:
-Live Implants 100 100 100 100
-Early Resorptions 48 50 27 44
-Intrauterine Death 60 61 49 59

{a) Percentage of total intrauterine death per total implants sired by males in each exposure group.
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TABLE 4b. n-Hexane Male Dominant Lethal Study: Reproductive Measuras (Mean £5D).

n-Hexane Concentration (ppmj)

Post-Exposure Week 2 0 200 1000 5000
Number malesferile/mated 19/20 20/20 18/20 (a) 20/20
Number females:pregnant/mated 37/40 38740 30/38 (b) 39/40
Pregnant females (%) 92 g5 79 s7
Number per Litter:
-implants 124122 13.0+ 2.7 130128 130+ 23
-Live implants 11525 121 £ 3.1 120126 12.1 £+ 2.6
-Total Resorptions 09+1.0 09+15 1.0+ 1.2 09+14
-Early Rasorptions 06+09 06112 05+06 0.7+1.1
-Late Resorptions 02+06 03107 0.5+1.0 021086
-Dead Fetuses 0 e} 0 0
Number of litters with:
-Live Implants 37 a8 30 a9
-Early Resorptions 15 12 13 16
-Intrautering Death 20 18 19 19
Percentage of:
Live fetuses/itter 926+ 8.8 925+ 13.2 9291 8.6 926+ 119
Resorptions/itter:
-Total 74188 75+132 7.1t86 741119
-Early 53176 531119 3.8+48 57107
-Late 2152 22+ 45 3.4+7.0 1.71 486
Intrauterine Death (c) 7.0 71 7.4 6.9
Littars with;
-Live Implants 100 100 100 100
-Early Resorptions 41 az 43 41
-Intrauterine Death 54 47 63 49

(a) Two females in this group died prior to sacrifice; however, since they were pregnant

and their deaths were unreiated to the test material their mates were counted as fertile.

(b) Thia group had a lowar propartion of pregnant females, p<0.05.
{c) Percentage of total intrauterine death per tatal implants sired by males in each expasure group.
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TABLE 4¢. n-Hexane Male Dominart Lethal Study: Reproductive Maasures (Mean +SD).

Post-Exposure Week 3

n-Hexane Concentration (ppm

0 200 1000 5000
Number malesfertile/mated 20720 20/20 19/20 20/20
Number females:pregnant/mated 38/40 38/40 34/40 38740
Pregnant famales (%) 95 a5 85 as
Number per Litter:

-Implants 121 £1.6 125+ 26 119+ 26 126+ 2.7
-Live Implants 115116 11.8+28 111+ 3.0 120128
-Total Resorptions 0.610.8 0.6+ 1.1 07+11 06109
-Early Resorptions 04+07 0.5+09 0509 03107
-Late Aasomptions 021086 0.2+04 0.2+05 0.2+£05
-Dead Fetuses 0 0 0 0]
Number of litters with:

-Live Implants 38 34 34 a8
-Earty Rescmptions 12 11 13 9
-intrauterine Death 18 14 15 15

{Percantage of:

Liva fetusas/litter 949166 94.7 £+ 8.9 893.4+98 85375
Resorptions/itter:
-Total 51166 53189 65.6+99 47+75
-Early 31152 40+ 7.2 4.7+77 29158
-Late 20152 12136 20148 1.8+3.8
Intrauterine Death (a) 52 5.C 6.2 4.6
Littars with:
-Live implants 100 100 100 100
-Early Resomtions 32 29 38 24
-Intrauterine Death 47 37 44 40

"(a) Percentage of total intrauterine death par total implants sired by males in each expasure group.
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TABLE 4d. n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean +5D).

n-Hexane Concentration (ppm)

Post-Exposurs Week 4 0 200 1000 5000
Number malesfertile/mated 20/20 19/20 19/20 19/20
Number females:pragnant/mated 36/40 36/40 3340 36/40
Pregnant females (%) 90 90 83 90
Number per Litter:
-Implants 128120 121+28 124 +243 129+ 1.7
-Live Implants 123+ 2.0 113128 119124 122118
-Total Resorptions 0.5+ 0.6 08+09 0507 0.7+0.9
-Early Rescrptions 04+086 05107 04107 04107
-Late Resorptions 01104 031086 02104 03104
-Daad Fetuses 0 0 0 0
Number of litters with:
-Live Implants 36 36 33 36
-Early Resomtions 11 14 11 10
-Intrauterine Daath 16 18 15 18
Percentage of:
Live fetuses/litter 96.1 £ 4.9 92.7 + 10.0 955+ 6.5 949+ 7.0
Resocrptions/litter:
-Total 39+49 79+10.0 45164 51+70
-Earty 28+ 48 54t 986 341861 3.2+56
-Late 11t28 1.9+ 4.9 1.2+28 1.9+35
Intrauterine Death (a) 3.9 6.4 4.4 52
Litters with:
-Live Implants 100 100 100 100
-Early Resorptions 31 39 33 31
-Intrauterine Death 44 53 48 44
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TABLE 4a. n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean +SD).

n-Hexane Concentration (ppm)

Post-Exposure Week 5 0 200 1000 5000
Number malesfertile/mated 19/20 20/2Q 18/20 19/20
Number fornales:pregnant/mated 36/40 36/40 35/40 36/40
Pregnant females (%) 30 80 88 90
Number per Litter:
-Implants 11.4+£1.9 11421 115+ 1.6 108+ 26
-Live Implants 109120 10.7 = 1.9 108+1.8 103+27
-Total Resorptions 06+06 07+t 0.7+09 0.5+0.7
-Early Resomptions 03105 06110 05108 03+0.7
-Late Rasorptions 02+04 01104 0:3+05 0.2+0.4
-Dead Fetuses 0 4] 0.01+0.2 +]
Number of {itters with:
-Live Implants 36 36 35 36
-Early Resomptions 12 11 12 7
-intrauterine Death 18 13 19 i5
Parcentage of:
Live fetuses/itter 949+55 946 £ 8.8 935+ 76 949+ 86
Resorptions/itter:
-Total 5155 54188 65+76 51+86
-Early 32+49 46+83 3.8+862 32+8.5
-Late t8+36 08129 2.4+49 1.9+3.7
Intrauterine Death (a) 4.9 5.9 6.4 4.6
Litters with:
-Live Implants 100 100 100 100
-Early Rasorptions 33 KR 34 19
-Intrauterine Death 50 36 54 42

(a]T’Ercontage of total intrautarine death par total implants sired by maies in each exposure group.
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TABLE 4f, n-Hexane Male Dominant Lethal Study:

Reproductive Measures (Mean £5D).

n-Hexane Concentration {ppmj}

Post-Exposure Wesk & 0 200 1000 5000
Number maiesfertila/mated 17/20 20720 19/20 18/20
Number females:pregnant/mated 32/40 a7/40 35/40 34/40
Pregnant females {%) a0 93 88 8s
Number per Littar:
-implants 13.0+1.9 123 +£2.0 121 £1.9 11.7+£ 2,2 (a]
-Live Implants 121+ 21 11.8x23 11.71:1.8 11.1+25
-Total Resorptions 1.0+£1.0 e.7+£1.0 04+ 0.6 06108
-Early Resorptions 06108 05+£09 03108 04105
-Late Resomptions 041086 02+05 0103 03+08
-Dead Fetusas 0 0 00102 0
Number of littars with:
-Live Implants 32 a7 35 34
-Early Resorptions 13 13 L 11
-Intrauterine Death 19 18 12 17
Parcaentage of:
Live fetuses/litter 923189 93.8+ 82 968+ 4.8 940+ 8.2
ResorptionsAitter:
-Total 77189 6.2+82 3.2+48 60+£8.2
-Early 461+6.7 4674 22144 a5+59
-Late 30152 1.61£3.9 0.7124 286150
Intrauterine Daath (a) 7.4 59 3.3 5.5
Litters with:
-Live Implants 100 100 100 100
-Early Resorptions 41 35 23 32
-Intrauterine Death 59 49 34 50

{a} Percentage of total intrauterine death per total implants sired by males in each exposure group.
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TABLE 4g. n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean +5D).

n-Hexane Concentration {ppm)

Post-Exposure Week 7 0 200 1000 5000
Number malesfartile/mated 14/14 16/186 1617 12/13
Number females:pregnant/mated 26/28 28/32 29/34 24/26
Pregnant females (%) 93 B8 85 92
Number per Littar:
-Implams 11.6 £1.5 123 +2.1 123+21 11.9+20
-Live Implants 11.1+1.4 118122 114+£22 11.2+1.8
-Total Resomtions 05086 0.5+07 09+12 0.7+08
-Early Resorptions 03+06 0.3+0.6 05109 05+t08
-Late Resamtions 0.1t04 0.1+04 0.4+ 0.7 03104
-Dead Fetuses 0 0 0 0
Number of litters with:
-Live Implants 26 28 29 24
-Early Resomtions 8 7 9 7
-Intrauterine Death 10 g 15 13
Percentage of:
Live fetusas/itter 96.2 +5.3 8957+ 65 923 + 101 943 + 67
Resorptions/litter;
-Total 3.8+53 40+ 65 7711041 57x6.7
-Early 3.0+49 291586 46184 3.7+8.9
-Late 08131 1.2+30 3.2+5.1 20136
Imrauterine Death (a) 4.0 3.8 7.5 5.9
Litters with:
-Live Implants 100 100 100 100
-Early Resorptions a 25 a1 29
-Intrautarine Death 38 32 52 54

“{a) Percentage of total intrauterine death per total implants sired by males in each exposure group.
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TABLE 4h, n-Hexane Male Dominant Lethal Study: Reproductive Measures (Mean 15D,

n-Hexane Concentration (ppm)

Post-Exposura Week 8 0 200 1000 5000
Number malesfertile/mated 12114 15116 1617 12/13
Mumber females:pregnant/mated 22/28 28/32 3134 21/26
Pregnant females (%) 79 87 91 a1
Numbser per Litter:
-Implants 1161189 111122 11.8+ 2.1 126119
-Live Implants 10.8+1.9 100129 109122 11.6£23
-Total Resorptions 08110 1.0£19 0.71£1.2 1.0£11
-Early Hesorptions 06107 0.4+07 05110 07+1.0
-Late Resorptions 02+05 06zt18 02104 03+07
-Dead Fetuses 0 0 0 0
Number of litters with:
-Live Implants 22 28 a1 21
-Early Resorptions 11 9 9 9
-Intrauterine Death 12 12 13 12
Percentage of:
Live fetuses/itter 93.0+7.8 90.3 £ 19.9 943 £ 9.4 921198
Resorptions/litter:
-Total 70+7.8 9.7+19.9 5.7+94 79198
-Early 52+58 39+ 63 3775 56187
-Late 1.8+40 5.7+ 18.0 1.9+3.7 22+52
Intrauterine Death (a) 7.0 9.4 5.8 7.6
Litters with:
-Live Implants 100 100 100 100
-Early Resorptions 50 a2 2% 43
-Intrauterine Death 55 43 42 57

{a) Parcentage of total intravterine death per total implants sired by males in 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 27705-9981. 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 reservolir 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.

TABLFE 1. Mice Dominant Lethal Study with n-~Hexane - Chemical Usage

3/24/86 — 3/28/86 H-116 50846-39 ~56 kg

2. Bulk Chemical Analysis

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 l.8mm x 4rm
glass column packed with 0.1% SP-1000 on B0/100 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-100¢ on 68/8C 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 exposjure
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 analygis 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 expogsure 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 wag performed using a HP S830A GC
with a 6' x 4mm glass column with 10% Carbowax z0m (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 15°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 prepared gravimetric
standards and carefully collected grab samples c¢f 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 charber. 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 nitreogen (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 B8th 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, n¢ 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 gquantitative analysis of grab samples.

¢. Demonstration of Sensitivity and Specificity

The sensitivity of the GC was estimated from the decay profile for the
highest concentration chamber. The minimum detecstable 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 (.19 min.; the
retention time for n-hexane was 1.49 minutes. Thus, the partition ratio
was about 6.8.

d. Precision, Linearity and Abgsolute 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 values 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

bagically accomplished by analyzing a series of hubbler grab samples
acquired during exposure generation and then implementing the appropriate
on-line GC calibration curve in the data acquisition and control system.
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Achievement of linearity for the on-line monitor was therefore dependent
upen 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 Reserveir

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 remcved 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 ¢f 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 sengitivity 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 gummarized in the
attached report.

Breakthrough was measured for each sample level and volume. Less than
5% breakthrough of total sample was cbhserved 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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BULX CHEMICAL REANALYSIS

COMPCUND: - n-EEXANE
LA~ Ti0-54.3
# Phillips lot# H-116 (BINW#50825-39 botles 1.20)
APPEARANCT: Cliear liquid
RECEIFT DAT=: 2/12/86
ANALYSIS PERICD: Inidal

STORAGE TEMF=RATURE: Room T
SAMPLE SUBMITTAL DATE: 227186
SAMPLE ANALYSIS DATE: 3/6,7/86

ANALYSIS PROCEDURE: Method provided by MRI, dated Decemiber 17,1984
NOTEBQOKF """-"-{.'-'NCE BNW 51436-10

IDENTITY: Im*ar=d speczoscopy using a Nicolet FT-IR 60 SX with 4mm NaCl windows
and O.lmm spacess.

ASSAY: Gas chromatography using a & §ft x 4mm glass column packed witk 0.1% SP-1000 on

30/100 Carbopak C.

Imsoue=t HP S230A
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D __B.u'.’i
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Descpdavinn Scudy

Srudies of the degradation on hexsne in Cthe exposure chambers were conducted
for the test run performed on March 28, 1987 Test material BNW Lot No.
£1436-58 was used as the source of test material. The bulk purity using gas

chromatography by major psak comparison was approximately 99.2%

Samples were taken from the high (5000 ppm! and low (200 ppm} chambers were
taken with animals present by pulling & measured volwre cof gas C“hrough
atanderd gas sampling charcoal tubes. Sample size was adjusted to provide
adequate sensitivity fer impuriries. Sample slze wes 4.6 liters for the 5000
Fom chamber and 27.6 liters for the 200 ppm chamber. Breakthrough wes
measurad and found te be less than 5% for the 5000 ppm and 200 ppm samples by
analyzis of the secondary charcoal bed within the tubes. We assume that good
trapping efficiency for impuriries and degradation products will be achieved
whan good trapping a2ficiency is observed for hexane. Comparison of & hexane
sanple with 2 hexane sample Gesprped from charcoal shows 8 good recoveIy ratie
{~100%). The chercoel was transferzed to GO autosampler vials and descrbed

using czrbop disuvlfide with :pproximately 1l minure pf uwltirescund tCreaTment.

Sarples ware anklvied using an HPSBS0 chrometographic system wWith a DE-3, 30 m
x (.52 mm ID, 1.5 micronm film thickness, fused silica megabore ceolumn and a
Temperature procrem of 35°C for 5 minures to 250°C far 5 minutes at a rate of

20°C/minute.

Composition of Dagradation Samples by GC Arez %

Bulkx Hexane

=BT imimntes) Loy Thamoe- 'Di;h Chawine - - SR il Thame iy

2.2 - 0.10 - 0.31 unknown
2.8 3Ly ge.51 8. 50 n-hexane
2.8 0.4 0.38 0.29 GO KNOWD
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An additional peak less than 0.004 § of total observed peak areas was
cbserved for the high and low chamber charcoal samples at 14.5 minutes.

This study shows no evidence for decomposition products exceeding 0.004% of
the hexane concentration in the high and lov chambers. Tne impurities at
~2.2 and -2.8 ninutea were found in eguivalent amounts in & standard of bulk
tast material prepared with charcoal. Thus, these impurities are not formed
by decomposition in the generator or chamber. The unknown peaks are

probably other haxane iscmers.

Technical Specialist: ¥ 43 Ao Date: _sialex
|

=
Chemist: QQ w\_&_ﬂ&-ﬁfﬁj pate: S/3 {7




APPENDIX B

EXPOSURE NARRATIVE AND DATA

FOR N-HEXANE



































































































Study: [RT n-Hexane
MoatvYear; ¥36
Page: |

EXPOSURE OPERATION DISCUSSION SHEET

INCLUDES DISCUSSIONS ANDVOR EXPLANATIONS OF PROBLEMS AFFECTING ANTMAL ENVIRONMENT
AND EXPOSURES. EXPLANATIONS ARE INCLUDED FOR DATA IN WHICH THERE WERE EXCURSIONS
OF DALLY MEAN OR STANDARD DEVIATION BEYOND ALLOWABLE OPERATING LIMITS OR
EXCURSIONS OF INDIVIDUAL DATUM BEYOND CRITICAL LIMITS.

STUDY: IRT n-Hexane Sperm Morphology/Dominamt Lethal Exposure

REPORTING PERIOD: March 21-30,1926

’ : 24 Hoyr Daua Collecrion Period exiznds from -8:00 Lm0 ~B:00 Lm.
COMPILED BY: ﬂ}j?/%{ M» DaTE: O 51 B

CHAMBER CONCENTRATION
DATE N N
3124186 We werz unable o reach the high dose level (Le. 5000 ppm) using the rwo pumps originally

mstailed. The Operator was advised W maintzin 2 concenmation level of 4000 ppm throughout the
exposure period unidl the sicarion could be resolved the following day by the installadon of pumps
wich higher pumping capacity. Af 22:45 the high dose chamber excesded the lower cridcal operating
limit {3200 ppm) because of a2 pump failure. Chamber concenmraton dropped to ~ 1450 ppm, the
Jeve! mainuainable by the second pump. At 0026 the Specialist on call discovered a loose coupling
on the failed pamp and dghtemed By 00:25 the chamber concentration had retumned to specifications.
Between (02:25 and (02:54 the second purmp failed. The alarming system failed as well, so the
Speciaiist on call was not nodfied. Chamber concenmation dropped to =2000 ppm, At 03:25 the
computer communicaion failed and data was lost undl the problem was discovered and cormesed ar
05:32

2586 New pumps were installed oo the 5000 ppm dose chemnical delivery system. This required
establishing new pemp setpoints 10 chamber concenmarion buildup wok longer than normal, ie. 45
minutes © achieve Toq vs the usual 12 minuees, this because the Operater was advised 1o approach
the concentration level conservanvely. No additional excursions were noted during this 20-hour
exposwre period -

327786 Berween 21:19 and 21:46 the pumps m the 5000 ppm chamber began to fail, Chamber concentration
dropped w 516 ppm. The Exposure Specialist was alened and changed out the pumps at 21:55, By
22:14 chamber concengation bad remmed W specs, The second pump was replaced a short dme larer,
o 22:29, 35 3 precautonary measure, Foilowing this replacement, chamber concentarion jumped ©
5914 ppm, at 23:38, before the Specizlist was abie 10 set the proper flowrates and regain the
operating concesmation level By 00:49 the exposure was again under conool and no further
excursions were repored during the remainder of the exposure period.

TEMPERATURE & RELATIYE HUMIDITY

DATE ISSION NATION
No problems or excursions during this reportng period.

CHAMBER FLOW & YACUUM

RATE SION ORE N N
No problemns or excursions during this reporting peniod,
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COMPOUND: IRTHEXANE

CIIAMBER UNIFORMITY DATA SHEET

TPV MEASUREMENTS

EXPOSURE ROOM NUMBER: 436

CHAMBERY 5000 ppm 1000 ppm 200 ppm -
DATE: 31286 31186 14786
SAMPLE MONITOR MONITOR MONITOR MONITOR MONITOR
PORT READING % READING % READING % READING % READING
BACK: I3 791 99.6% 367 100.0% 232 103.9%
2B 801 100.8% 368 100.2%| 222 99.4%|
n 791 99.6%| 371 101.0% 2244 100.3%
4B 804 101.2% 361 08.1% 211 94.5%
5B 203 101.1%| n 101 0% 225 100.3%
68| 805 101.3% 370 100.8%| 223 99.9%
FRONT: IF| 792 99.1% 374 101.9%| 227 101.7%
2F 780 98.2%| 359 97 8% 220 98.5%
IF| 795 100.1% 363 98.9% 230 103.0%|
4F 783 98.6%| 368 100.2% 218 97.6%|
5F 798 100.5% 366 99.71% 227 101.7%|
6F 790 99.4% 368 100.2% 220 98.5%
MEAN: 794.4 100.0% 3672 100.0% 22313 100.0%
TPV: 8,10 1.0% 4.37 1.2% 5.67 2.5%
BU Vi <0 % )N £.2% | 1.8 %o {1111 HIHHR T
WPY MEASUREMENTS
IN-LINE  1si 801 100.5%| 168 99.9% 232 101.0%
p- | 808 1014% 168 99.9% 225 98.0%|
Ind 781 98.0% 369 100.2% 232 101.0%
MEAN: 796.7 100.0% 368.3 100.0% 229.7 100.0%
WPYV: 14.01 1.8% 0.58 0.2% 4.04 1.8%
MONITOR TYPE: GC SERIAL ¥ : NBO9S69
MONITOR DATA 1LLOCATION:
COMMENTS: No animals in chambers, pre-exposure chamber balance, no deflector plale in chamber injets

DNW 51192 pg 102

FNTERED DY:

Rt

DATE: 3/73/F7

REVIEWED BY: ]Q_.Jf;x.{ ;l é/ufw/ DATE:M
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Dominant Lethal n-Hexsne Study: Body Welghte (g} Tor Msle Mice 1

1°0

- - -— @ ppm n-Hexans

Mala Pre-study Exposure Pre-breeding Thymus Bresding Breeding Breeding Breeding Breeding Breedling Breeding Breeding Post-breeding

1d wi Dayl Wt Sscwt Wt Weekl Week2 Week3 Wask4 Weeokb Weaks Weak? WeeokB Sacwt
Wt wt we Wt we Wt L {7 we

1706 3é.8 37 .4 38.4 2.018 . . . . . . . . .
17048 B36.8 38.4 4.2 2.018 . . . . . . . . .
1708 ar.e 36.4 48.90 8.211 . . . . . . . . B
1709 37.8 37.2 ar.5 8.009 . - - . . . . . .
1728 as.d 39.8 38.8 2.822 . . - . . . - . .
1729 ag.o 8.8 38.8 f.821 . . . . . . . . .
1739 3g.e .0 38.1 0.837 . . . . . . . . .
1742 87.2 86.4 6.4 9.928 . . . - . . . . .
1761 31.4 32.0 83.a 9.0309 . . . . . . . . .
1784 38.8 36.8 4.4 2.01¢ . . . . . . . . .
1766 34.2 38.08 . . 39.8 3e.8 38.8 39.8 4.2 9.2 8.8 . .
1788 38.2 30.4 . . 38.8 ig.a se.p 37.8 ag.2 as.se 38.8 . N
1787 40 .4 40.8 . . 41 .8 49.0 48.8 49.8 42.4 41.2 49.8 . .
1774 36.8 38.8 - . 87.2 34.8 34 .8 36.2 85.8 a6.2 is.2 . .
1778 35.4 38.0 . . 37.a 36.@ 36.86 38.2 36.2 ar.2 38.8 . .
1777 84.8 865.4 . . 3r.a 3e.8 ak.4 3e.0 37.2 38.4 3é. . .
1779 ar.s 38.8 . - 41.2 38.8 w.a ap.8 46.8 39.4 39.8 48.2 42.1
1781 36.2 37.8 . . 49.2 36.8 36.9 88.0 38.4 38.9 36.9 36.8 6.9
1787 3e.a 490.9 . . 43.9 41.8 41.8 41 .4 42 .8 41 .8 41.4 41.0 43 .4
1780 34.8 36.8 . . 87.2 3.4 87.9 38.0 ar.e 87.2 a7.é 38.2 49.4
1791 34 .8 36.4 . . 3r.p ar.o 37.2 37 .8 ap.o 39.4 3.2 3g.8 40.7
leoe 33.9 4.4 . . ar.e 8.2 3aG.g8 38.4 as.s 38.9 37.8 ar.2 39.2
1821 49.8 42.9 . . 43 .4 49 .8 40.8 41.8 40.8 41.2 41.4 42.9 43.2
1823 40.2 4¢.2 . . 41 .8 46 .8 49.8 41.6 40.8 41.9 40.2 49.8 41.8
128 38.9 86.8 . a 37.4 38.8 36.0 3e.a 36.8 ar.e ar.e Je.s 39.8
1827 3.8 88.0 . . 41 .8 39.4 8.2 48.2 39.68 39.8 48.2 39.4 4.7
1829 3z2.2 33.8 . . 38.4 3.2 a5.2 ag.8 36.8 3e.2 84. 8.8 37r.2
16830 33.4 36.8 . . ag.e 36 .4 as .4 8.2 38.0 a7.4 87.0 7.8 39.4
16832 34.2 36.4 . . ar.z 38.g a6.o 868.68 37.2 38.8 38.8 39.2 3n.s

1838 ar.2 ar.e . 3g.8 3ar.2 ar.2 ar.4 3e.2 ar.s8 as.é8 308.4 37.9



Deminant Lethal n-Hexane Study: Body Weights (g) for Male Mice 2

Z°D

- 2028 ppm n-Hexans -- —— ——— -

Male Pre-study Exposurs Pre-breeding Thymus Breeding Bresding Breeding Breeding Breeding Bresding Breeding Breading Post-breeding

Id wt Dayl Wt Sacwt we Wookl Week2 Week3 Wookd Weakb Weak8 Waak? WeekB Sacwt
wt wt | 11 wt we Wt Wt wt
1704 37.8 38.4 48.3 ¢.aea . . . . . . . . B
1716 39.8 39.4 9.8 9.822 . . . . . . . . R
1717 38.8 88.2 39,2 2.034 . . . . . . . . .
1728 38.8 236.8 35.8 2.836 . . . . . . . . .
1732 B39.8 49.8 40.8 9.032 . . . . . . ; . .
1733 33.4 33.8 33.2 o.088 . . . . . . . R .
1787 36.8 37.2 37.3 8.020 . . . . . . . . .
1738 a7r.8 3e.2 38.1 ©.044 . . . . . . . . .
1743 38.e 36.8 85.3 ©.034 . . . . . . . . .
1747 40.4 41.8 48,7 9.23b . . . . . - ' . .
1768 34.2 3E.2 . . 38.8 4.8 36.4 36.8 38.2 36.8 36.8 . .
1762 32.6 4.2 . . 3a.8 3.8 36.8 3&.8 8.9 38.0 38.8 . .
1771 84.8 34.2 . . 3E.8 86.2 38.8 8.4 38.8 37.8 ar.2 . B
1773 87.8 37.8 . . 39.4 as.e 36.4 39.@ 39.0 39.2 38.4 . .
1778 38.2 7.4 . . 38.0 37.8 3e.9 ag.s8 9.9 38.0 ar.s a3T.2 9.0
1782 36.8 86.2 . . ar.e 36.8 3a.p 36.4 36.2 35.2 34.2 34.8 35.2
1783 3a.2 38.8 . . 41 .2 39.8 36.0 39.4 89.4 ae.2 38.8 39.4 42.3
1796 35.8 368.8 . . 38.2 36.2 36.9 86.4 ak.B a6.2 34.8 36.4 38.7
1798 43.8 44 .8 . . 46.2 42.8 42.4 42.8 43 .8 41.8 42.4 42.9 44 .6
1892 34.8 36.4 . . as.a 36.8 36.4 ar.a art.4 ar.2 38.4 38.4 39.3
1806 31.8 33.2 . . 34.8 34.2 33.8 34 .4 34 .8 34 .4 . B4.4 34.9 ar.?7
lg@e 36.6 8.0 . . 3B.2 7.8 a7. 3B.B 39.8 39.8 30.4 39.8 9.8
1810 39.4 39.4 . . 41,2 48.2 49.2 41.8 41.8 41 .9 41 .4 41.8 43.9
1818 37.0 38.4 . . 39.8 30.2 ar.s ar.8 89.2 38.8 ar.4 38.8 38.9
1820 36.2 ar.2 . . 40.0 36.8 a6.2 88.9 38.2 38.2 38.4 3.2 37.8
1922 24.0 4.0 . . 38.2 36.8 7.9 38.98 ag,2 36.8 37.8 37.8 39.3
18384 36.4 3a.8 . . as.4 ab.8 8.0 38.8 36.4 js.a 8.8 38.08 38.2
1837 ar.2 7.8 . . ag.s8 ar.8 as.2 ar.e 39.8 38.2 9.8 ag.e 40.3
1848 30.4 38.4 . . ar.2 as.s .o 3B.8 39.4 38.2 89.2 36.8 39.8

ig4i 3.8 35.& . 3b.4 a4.27 34.0 34.8 ab.z2 34.8 36.€C a4 .4 47 .8
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Dominent Leths| n-Hexane Study:

1988 ppm n-Hexans

Body Weights {g) for Male Mice

iinle Pre-study Exposure Pre-breeding Thymus Breeding Bresding Breeding Breeding Breeding Breeding Breeding Breading Post-breeding

Id

1710
1711
1712
1713
1718
1726
1734
1741
1744
1768
1762
1767
1768
1704
1785
1786
17088
1792
1793
1798
18023
1013
1914
1816
1824
1826
1831
10833
1838
1842

wt

36.2
32.4
36.4
a4 .4
36.2
40. 4
35.4
36.8
37.8
3l.4
38.8
34.8
36.4
38.8
3g.8
7.8
36.0
37.4
40.4
38.2
37.8
83.4
7.8
36.8
3a.8
37.2
av.2
33.2
36.8
4.8

Dayl Wt Sacwt Weak1l Week2 Week3 Weak4 Week5 Weoks Weak? Weake
Wi Wt we we we Wt wt wt
86.8 36.9 - #.018 . . . . . . . .
338.2 84.7 8.821 . . . . . . . .
38.2 35.5 8.9a9 . . . v . . . -
36.6 4.6 8.826 . - . . . . - -
ar.s 0.0 8.921 . . . . . . . .
49.2 40.0 9.933 . . . . . - . .
37.8 38.4 0.029 . . . . . . . .
37.0 3.8 #.838 . . . . - . . -
a7.60 ar.» #.833 . - . . - . . .
32.4 Bl.4 o.027 . . . . . . . .
8.8 . . 7.8 38.6 87.8 ar.8 35.8 8.2 808.8 -
34.8 . . a&.8 34.6 34.2 a5.9 i5.0 24.2 4.2 .
37.2 . . 40.8 9.8 38.9 0.8 av.2 39.98 ar.e .
3B.4 . . 39.8 48.8 40.8 40.2 41 .9 40.9 43 .4 41.8
49 .4 - . 41.8 49.8 89.4 ag.8 3¢.2 ag.8 39.4 39.8
8.2 . . 41.8 36.0 av.8 38.6 39.8 as.8 38.2 48.0
34.2 . . 36.4 37.4 36.4 ar.s ar.e 38.8 30.90 8.2
38.4 . . 3s.é as.o 36.8 7.4 ar.e 39.0 38.2 8.8
41.4 - . 44.2 42.6 42 .4 43 .4 43.4 42.8 42.8 43.0
38.6 . - 42.6 40.8 89.2 48.9 49.2 49.8 39.8 38.8
39.8 . . 48.2 9.4 8.4 38.9 3.2 8.4 38.8 38.8
34.8 . . 4.4 3z.8 2.2 82.8 23.9 2.4 23.4 4.2
38.8 . . 29.4 37.2 6.0 3r.e ar.2 as.o 28.6 a87.2
ar.a . . 9.2 36.9 6.8 38.0 8.4 3r7.0 ar.e 87.4
34.9 . . 34.B 84.8 36.8 28.4 38.8 38.4 37.2 37.8
88.2 . . 48.0 37.8 3B.@ 39.2 39.8 48 .0 40.90 3g.e
48.0 . . 48.2 3v.8 ag.8 30.8 38.8 39.4 39.2 40.0
33.8 . . 34.4 34.4 4.9 36.0 34.6 86.6 as.4 ar.s
a7.4 . . 38.6 37.9 as.2 38.8 3g.6 86.8 9.9 89.8
42.8 v . 44.8 42.8 43.8 42.8 44.2 43 .4 45.0 48.2

Secwt

LI R T N T R T S Y

43 .2
48.7
42.4
41.3
40.8
44 .8
4.5
42.5
34.7
30.4
37.3
48.1
3.7
41.5
ar.l
48 .8
37.1



Dominant Lethal n-Hexane Study: Body Welights (g) for Male Mice 4

%0

- BO08 ppm n-Hexane -
Mele Pre-study Exposure Pre-bresding Thymus Breeding Bresding Bresding Breeding Breeding Braeding Bresding Bresding Foet-breeding

1d Wt - Dyl Wt Smcwt wt Weokl Week2 Waek3 Week4 Weokb Wask Weak? Weoek8 Sacwt
Wt Wt Wt wt wt wt Wi wt

1791 36.0 38.4 39.6 P.043 . . . . . . . . .
1782 8.2 37.4 38.2 9.928 . . R . . . . . .
1703 86.4 36.8 38.7 2.026 . . - . . . . . .
1787 37.4 38.8 4.0 2.027 . . . . N . . n .
1714 37.4 38.4 38.6 2.2286 . . . . . . . . .
1718 38.2 87.@ al.4 2.024 . p B . . . . . .
1721 38.8 3¢.¢6 36.1 9.017 . . . . . . . . .
1723 34.0 33.8 34,1 2.040 . . . . . . . . .
1724 a7.8 3s.0 36.4 a.9027 . . . . . . . . .
1728 41.2 41.8 41.3 8.038 . . . . . . . . .
1738 38.8 8.2 . . 38.8 38.0 ar.2 av.e 37.4 ar.e ar.s . .
1749 8.8 39.4 . N 48.8 40.8 3v.g 39.4 3B.8 809.0 36.8 . .
1764 34.8 38.8 . . 3B.4 36.8 36.4 36.2 38.2 35.2 36.4 . .
1766 a1.a 32.8 . . as.v 83.4 a4.0 34.8 36.8 38.8 ar.e . .
1788 4.9 39.2 f . 42.8 42.2 42.8 41.8 43.8 42.8 41.8 . .
1789 a7.8a ar.2 . . 830.8 38.8 38.8 37.2 ar.a 37.8 ar.e . .
17712 34.2 3.8 . . 41 .8 a7.4 36.4 88.8 38.2 38.4 36.4 . .
1782 35.8 88.2 . . 38.2 88,2 30.8 ar.4 88.2 38.8 38.8 8a.8 41.7
1764 8.8 38.4 . . 42.9 48,2 39.2 an.o 8a.8 88.8 38.8 38.8 42.3
1797 34.8 36.4 . . 38.8 38.8 36.4 36.9 ac.é8 36.2 34.8 a4.8 36.8
1804 87.0 87.8 . . 49.8 38.4 39.2 49 .4 39.8 9.4 38.8 39.8 41.1
1898 3z.¢ 34.8 . . 37.4 ar.e 8.9 38.8 8.8 368.4 ar.e ar.4 ae.o
1887 3.2 33.2 . . ar.e 35.4 34.8 36. 35.8 85.8 3a.2 38.2 30.8
1898 ag.o 9.8 . . 42.4 41 .0 49,2 40. 4 40.2 39.4 39.8 43 .4 41.1
1011 40 .4 43.8 . . 48.0 43,2 49.8 42.4 43.2 41.@ 43.8 43.2 43.8
1812 33.9 33.8 . . 38.2 36.8 34.8 36.2 38.0 35.8 36.0 36.4 36.4
1Bl18 38.2 37.8 . . 37.2 36.9 36.0 34.8 36.2 84.8 36.8 35.4 ar.3
1817 as. 4 38.8 . . ia.8 8.4 ar.2 3r.8 7.4 368.2 37.2 37.2 38.3
1818 3.4 34.2 . . 34.4 35.8 37.a ar.s 34.4 37.8 38.0 30.8 48.9
1828 ag.oa R4 . A . . ar.e ar.e 38.4 8.3 3.2 as.z ar.z 39.4 3v.8
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Dominant Letha| n-Hexsne Study: Male Reproductive Measuress

inlm
Id

1786
1766
1766
1786
1786
1786
1786
1786
1765
1786
1786
1786
1788
1768
1788
1788
1788
1768
1768
1788
1788
1788
1768
1788
1787
1787
1787
1787
17er
17e7r
1787
1787
1787
1787
1787
1787
1774
1774
1774
1774
1774
1774
1774
1774
1774
1774
1774
1774
1778
1778
1778
1778
1778

Weok

WRRHENIOATIONA AW NA LR OO A L ARDE MR 000018 b 0 RN -

Female
Id

1878
la7e
2041
2042
2236
2242
2390
2307
2603
2688
2720
2723
1880
1881
2043
2044
2238
2244
2406
24009
2564
2686
2722
2727
1863
1884
2046
2048
2241
2242
2400
2419
2587
2688
2728
2738
1856
1868
2017
2e1e
2261
2267
2414
2422
2679
2677
2736
2737
1867
1666
2919
2029
2264

Pregnant

il Ll il el il el el Ll el e el L S T e T T T T R T W iy Wy e

§ Implants

@& ppm n-Hexane

§ Live
Fetuses

# Early
Resorptions

AR -JD - =DE D0 DS S -~

HE=RBARE-AEGE=R NG ARERA-RHARE-

HEBN.

# Late
Resorptions

G-I~ E RN D

caacssa~raan-

BANE=AGRRaGaEaaE-

§ Dead
Fetusas

aasaacnLAaAcLRAn®:
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Pominant Lethe!| n-Hexane Study: Male Reproductive Measures

Id

1776
1778
1778
1778
1776
1778
1778
1777
17177
1777
1777
1777
1777
1777
17177
1777
1777
1777
1777
1779
1779
1779
1779
1779
1778
1779
1779
1779
1779
1779
1779
1776
1778
1779
1779
1781
1781
1781
1781
1781
1781
1781
1761
1781
1781
1781
1781
1781
1761
1781
1761
1787
1797

HEOOWNSNARANERRNWNNEEORNNIOCARMMADORNNE SO AADGNN=EOOONA LR

Femsle
Id

2258
241
2423
2681
2604
2736
2743
lecs
1860
2821
2022
2247
2253
2413
2417
2689
2691
2742
2753
1883
1804
2866
2856
2287
2288
2410
2419
2583
2586
2749
2761
2938
2944
1288
1268
1887
1888
2069
2060
2264
2286
2426
2433
2586
2698
2747
2765
2942
2047
1281
1262
18911
1912

Pregnant

B el Ll T Tl e g R g g e e T e T e T g g e T e Y Tl

# Implante

11
12

2 ppm n-Hexans

Live
stuses

10
11

14
18
16
12
14
12
15
11
11
13

)
16
14
12
11
15
12

3

a
11
12
18
14

9
12
11
13
14
12
19
11
11
18
12
16
11
13

]
14
14
11
11

8
14
13
1@
11

7
15
11

# Earl
Resorptions

SR

HHE SRR AR AR RN NN SN = NS A SRS AR S .

t Late
Rescrptions

TR AN E NN e NN ESS A~ O~ -~ ESONER AR ~ RS

¢ Daad
Fatuses

AN AN EEeeECEREEGERGEOERASERARNRGEASRALGEERROERA-



Dominant Lethal n-Hexane Study: Male Reproductive Measures

L0

17087
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
1787
176
176d
1760
1790
176
1708
1798
1780
1796
1790
1709
1798
1790
1758
176d
1768
1721
1791
1791
1791
17891
1761
1791
1791
17681
1791
1791
1791
1781
1791
1781
1761
1B00
1800
1880
1888
leo#
1883
16882

Weok

AWM EHEOD N OO NMA MR EHEOD N~ OOEAMN,ARBRNHE SIS~ EAMA LGN

Femalas
Id

20872
2873
2273
227e
2438
2442
2698
2697
2783
2785
2048
2663
1249
126@
1916
1918
2878
2877
2277
2281
2439
2440
2813
2018
2708
2775
2662
2667
1246
1248
1917
1918
2878
2879
2286
2288
2443
2444
2808
2616
2788
2771
29088
2087
1242
1244
1033
1934
20894
2896
2294
2299
2464

Pregnant

Pt gk gk bk pud et ek {5 IS et ek kel e Pk ek ek ek ek kel ek b e ek ot PR RSN bk ek gl gt ek ) et gt gt ek gt et et e O ek ek ek el el e el ek

# Implants

12
17
12
12
13
13
13
12
12

19
12
11
14
13
14
14
14

2 ppm n-Hexane

# Live
Fetuses

# Eeriy
Rescrptions

L L3 L X T 1l ]

AEASERR-0.

SALSAELE: - A-GLEARERRAERN=E=E - “RG0&-

# Lata
Resorptions

-

A-S-=aaas

GERARNRERER.

PEEDR~ =M, s BRI E~BAv: - SRR E-

#§ Dead
Fatuses
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Dominant Lethal n-Hexsne Study: Male Reproductive Messures

Waeok

NPT AR AWBNNNEEOON ORI A RGN EEODN-AO0IALLABRNNNOO~NEOAN M

Famale
Id

2489
26le
2021
2786
27187
2079
2988
1326
1328
1836
2000
2897
2304
2383
2481
2482
2828
2832
27182
2708
2971
2074
1323
1324
1977
1978
2139
2140
2348
2349
2681
2504
2804
2687
2026
2830
1373
1374
1237
1238
1983
loe4
2145
2147
2341
2368
26087
2513
2076
2683
2824
2842
1378

Pregnant

Stk bt ek fd Pt ek ot et el e et e [ e e e D O O O R e g TR R S D e e R e et ek [ B R e et ) et B et B el e e e e

# Implante

?# ppm n-Hexana -

Live
atusas

14
12
12
11
12
190
12
18
12
16

@
14
13
14

18

"]
14
12
13
12

13
14

11
1@

-~
A

12
12
9

)
11
19
12
13
12
11
12

]
12
11
12

# Eari
Resorpt

AWM AAN==ERS -

NE®: + + s BBRW: » DR - REEE .

E ERNHEEGRNE=NSER

{On.

§ Late
Resorptions

BEEE: RE~ARDER G-

Y I R I - I 1T LLY

mRw. -

FEERTAREEERERE M

§ Dead
Fetuses

-3--3--1-0-0-F-3. %

-3 X-3.-0 R-K-R-R-R.-K-1. 0



Dominant Lethal n-Hexans $Study: Male Reproductive Measures

6°2

Male
Id

1828
1828
lez28
1827
1827
1827
1827
1827
1827
1827
1827
1827
1827
1827
1827
le27
1827
1827
1827
1629
1629
1829
182@
le29
leze
le2e
1829
1829
1829
le29
leze
1829
1829
1829
1829
1080
1839
1839

.1838

1930
1839
1839
1832
la3e
1832
1832
1930
1838
1839
183¢
1838
1832
1832

Weaek

HEOO-N- R NALONMNMNHLEOO YNGR A L ARENN =00~ 00 00 AW RN D0~

Femaie
Id

1383
1231
1232
1886
1988
2148
2148
2842
28E1
2611
2614
2879
2866
2837
2846
1381
1384
1229
1238
1569
1998
2151
2162
2369
2304
2608
2817
2880
2882
2839
2841
1388
l3ae
1226
1228
1891
1852
2153
2164
2366
2367
2622
2629
2878
2884
2844
2846
1386
1387
1222
1224
1696
1588

Pregnant

ek ok ok Bl o ok ek G ek ok Bk Bt ok ok et ekl B Db et ok okt ek Bt Bt ok () et ik it [ ek ek DR ek e e B et b b et et e et ek el e b

# Implante

14
18
11
18
14
132
12
13
12
11
11
12
1@
138
12
11

-]
1@
11

14
18
9

13
13
12
13

€ ppm n-Hexane

Live
stuses

12

§ Early
Resorptions

SRS E=aaSRanE=-Ea

LI T I T I I L T e

# Late
Resorptions

SnunNGoEueRanECLR~aan

SRR EERRGRER-RE-.

SENARRHR =

# Dead
Fetuses



Dominant Letha! n-Hexane Study: kale Reproductive Memsures

01°0

Maile
Id

1832
1832
1032
10882
1832
1832
1632
1032
1832
1832
1032
1832
1832
1032
ie3s
16838
1038
1838
1838
1836
1836
1838
1838
1030
1838
1838
1838
1836
1988
1839

Waek

DD NPENNALABENNEEDONNOANN A AGRNN

Female
Id

2157
2168
2363
2364
2620
2620
2008
2887
2043
2868
1361
1a72
1219
1220
2283
2004
2166
2188
2388
2373
2633
2640
2491
2096
2063
2864
1368
1367
12086
1210

Pregnant

b ok o ek ik ot b ek et ) et P e g ek et ) bt bl ) S IR B e e e e e et

§ Implants

13

!

@ ppm n-Hexane

Live
etuses

12
12

]
13
11
10
12

§ Earl
Resorpt

1

"W » + BWEB ==

L3321 1

k311 18- 1

fone

-

§ Late
Resorptions

a&: - - osLeaLas

SANGLAR~E- RO Rmn:.

# Dead
Fetuses

GG« - GEASLHOED

GhoatenEs-
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Dominant Lethal n-Hexane Study: Male Reproductive Measures

Male
Id

1766
1766
1768
1766
1768
1768
1768
1766
1766
1768
1768
1768
1782
1782
1782
1782
1762
1782
1782
1782
1782
1782
1782
1782
1771
1771
1771
1771
1771
1771
1771
1771
17171
1771
1771
1771
1773
1773
1773
1773
1773
1773
1773
1773
1773
1773
1772
1773
1778
1778
1778
1778
1778

Week

NN AARONRNEHOAANAANSNMNH ORI A WK =000 A kWA R

Female
Id

1881
1982
2033
28234
2223
2229
2391
2398
2664
2656
2713
2716
le78
1877
2039
2049
2251
2233
2394
2366
2669
2582
2721
2726
1949
1968
2851
2062
2239
2246
2492
2411
2b76
2578
2734
2738
1863
1864
20816
2016
224%
2266
24186
2421
2678
2574
2739
2749
1881
1882
2963
2064
2262

Pregnant

e e e e TS e et b e el e ek et et ) ek kel ek ek et ek [ ek ) el e ek el ek ek ek el kel el ek ek ek ekt U Bt el ek Pk Bl g ek

# Implents

13
12
13
13
13
13

9

13
11

9
12
13
12
11
12

2038 ppm n-Hexane -

Live
atuses

10
12

7
13
11
13

)

13
11

)
12
12
12
10
12

7

L
13
13
11
12
18
18

11

14
11

)
11

9
19
1a
11

18
12
18
13
13
16
12
12
14

8

8
17
13
18
11
16

# Earl
Razorpt

aansoarn

BEEERRN -~ ~-0a S &

-

=aan~Rhs-

WHIZNALER LA

LR ol -

{Oﬂ.

# Late
Resorptions

DR E - G-

-2 -1-L-RX-2-K-F-R-0-R-K-F-1-0

HOURGRARARERE ARRRHBRHRW

# Cead
Fetuses
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Dominant Lethal n-Hexans Study: Maie Reproductive Meassures

Maile
Id

1778
1178
1778
1778
1778
1776
1778
1778
1778
1778
1778
1782
1782
1782
1782
1782
1782
1792
17082
1792
1782
1782
1782
1782
1782
1782
1702
1783
1783
1783
1783
1783
1783
1783
1763
1783
1783
1783
1783
1783
1783
1788
1783
1796
1796
1796
1796
1796
1796
1796
1795
1796
1796

_———

Wesk

NAAAWWNNHEDDNJORINOAMWWNNHEHEDO~N OB AARENRNHFHDOON NN A LD

Female
1d

2269
2412
2420
2687
2692
2744
2762
2931
2937
1267
1268
le8o
147a
2081
2082
2268
2278
2424
2432
2800
2883
2748
2760
2930
2946
1269
1260
1871
lo72
20683
2284
2202
2263
2428
2438
2686
269
27146
27508
2049
2943
1267
1268
1926
1926
20886
2087
2294
2289
2448
2461
2817
281@

Pregnant

Pk pob ek P b Pk b b b et ek ot b b b ek e e b b b e et ek ot e () e b et et 5 e et et et et () e gt (5 TR ) e g e el e et e

# Implante

g
12
14
11

4
12

200 ppm n-Hexane

# Live
Fetunas

9
11
13
11

9
10
12
13

19
18
13
14
11
13
14
10
il
17
19
pL

a
14
14
18

#§ Earl
Resorpt

Q8- « - AEASLLLSS

LN k- § -1

HEBRGNERFNERAR BB RS

{OI‘II

# Late
Rescorptions

Q-G + « SARNOE - ~G

DEE -
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# Dead
Fatuses
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Dominunt Lethal n~Hexane Study: Male Reproductive Measures

€10

Male
Id

1796
1796
1796
1766
1795
1796
1798
1798
1798
1798
1798
1798
1768
1796
1796
1798
1798
1798
1798
1798
1798
1798
1882
1882
1982
1882
1882
1822
1802
16802
1882
1802
led2
le02
16802
1802
1882
1802
1886
1805
1885
1885
1806
1886
18956
1986
k121
1985
1906
1885
1985
1806
1806

Weak

DN~ AARGNNHHDDN-ORIANALGONN DD~ NOONIA M A =00~~~

Female
d

2778
2779
2969
2986
1383
1354
1027
1928
2098
2089
2208
2267
2447
245668
2826
20827
2117
2783
2980
2973
1331
1332
1037
1938
2098
2000
2204
2295
2483
2478
2881
2638
2789
2786
2978
2081
1321
1322
1943
1044
2104
2186
2218
2314
2469
2473
2029
2837
2791
2794
2084
2987
1316

Pregnant

P et gt e ek gt ek 0 O 0 gk gk et ek Q) D ek ot ok ek ek el et ek Pk ik ek el el ek ek et et el Pk et ek ek bk ) e ek ek gk el et ek el ek ek ik e

# Implente

12
12
14
12
11
12
13
12
13
16
11
14
12

18

2
11
12
10

T
12

9
14
14
14
14
15
11
13
12
12
12
17
14
13
11
13
14

-- 288 ppm n-Hexane

Live
stuses

19
12
13
12
11
12
12
18
12
13

T
13
13

10

7
18
11
18

8
18

@
14
13
14
12
14
11
18
12
12

-]
le
14
12

9
13

)

12
12
12
14
16

# Earl
Resorpt

2

SEE-HFHE-LOEESRARAGHNER N E-SENEG: QAN AN RS E -G

NMERWHEON: - RTS8

{Ol'll

§ Late
Resorptiona

a-n-~a-aaaacosan

NMA-EAARSRSWE-NABLE - RAE a6

- RRERE -

L-X-F.-2-0. KR4

# Dead
Fatuses

SRERGEESE r AEHEE-



Dominant Leths! n-Hexane Study: Male Reproductive Measures

VAR

ale
Id

18¢6
1829
1889
1829
1699
leoe
1909
leos
1899
1ed9
18a0
1699
le09
1889
1989
1829
le80
1813
1e19
1610
1818
101&
1819
1018
1810
1810
lele
1810
1B1&
1018
1810
1818
1810
1816
lo18
1818
1818
lels
1818
1618
1818
1816
1918
18186
1918
1e18
1818
1819
1818
1628
1828
1828
1920

Weak

WRMNHEODN~- AN ALARWNN BSOSO A AR OE~ 000N AL NMNA D

Femaie
Id

1318
1961
19562
2112
2113
2318
2318
2477
2479
2842
2049
2ep4
2812
2603
2987
1307
1308
19563
1954
2114
2118
2317
2321
2460
2462
2841
2847
2002
2085
1397
2596
13de
1308
1089
1979
2131
2132
2330
2334
2498
2600
2865
2866
2821
2823
1386
l1ae?
1200
1201
1973
2136
2138
2331

Pregnant

b ek ek g b b e b ek b b e b ol b b b b b el b P et b b b e b b ek e b ek el e e b bk ) e el b b b Gl ek b b b el o b

# Implants

14
14
16
11
17
11
13
12
12
11

]
14

)
11

10

]
13
12
1é
14
13
18
13
16
13
15

-]
16
18
14
13

-]
11
11
13
186

283 ppm n-Hexane

# Live
Fetusas

12
14

b1

1@

# Eorl
Resorpt

GRSRANN=~EaG-D

GASCEREERE A E~REREERESERNEE = SN SR D SRR -

{on.

# Late
Reasorptions

SE~GRhasneaSaEesSaeR~ S~ S~ Ol -Ro-Aaaon: SRR~ RS~

§ Dsad
Fatuzes

aEsnanasEaEasea

L2323 Rl KR 1L ET YT E T L ERELILES YL
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Dominant Letha| n-Hexane Study: Male Reproductivae Measures

Male
Id

1822
1828
1929
1920
1820
18208
lg20
1620
1820
1028
le28
1822
1822
1822
1922
1822
1822
1822
1822
l022
1822
1822
1822
le22
1822
1822
1822
1824
18234
1834
1834
1834
1834
1834
1934
1834
1824
1834
1834
1834
1834
1634
1834
1837
1637
1837
1837
18237
1637
1837
1837
1937
1837

Week

AR ABWURNNHNEDIS~N AN A LARONNEEID NSO A A RO SO0 LW

Famale
Id

2337
2497
2498
2885
2809
2828
2827
1988
1591
1268
1281
1676
1e76
2137
2128
2343
2345
2603
2605
2688
2873
2884
2033
1388
1382
1279
1279
1099
2020
2181
21682
2370
2372
2524
2627
2888
2869
2861
2867
1366
1300
12186
12168
2091
2902
2183
2184
2385
2387
2621
2626
2803
2694

Pregnant

Bt R ek gk gk Pk ek gk ok ol et ek Bt B et ek ) et bl ek kel el ek ek P {5 b T P bt pel gt ek ek ek () e bk g 5 et bk O bt gk ik ok el e ek ek

§ Implants

16
11
12
14

8
12
19
12

10

9
14
13
1

209 ppm n-Hexane

Live
stuses

16
11
11
12

8
11

@
12

11

§ Earl
Remorpt

aE-~Re=-E

eSS -O~EASERE-N: AAPENEAER: N EDERGFFE:- QAW -

.-

{Oﬂ.

# Late
Resorptions

aaad- A& Aa-~IRNDDON

AEESEERANAROEEDaE.

§ Desnd
Fetuses

-Ca L L L-E-R-2-R-K-K-1-1 R
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Dominant Lethal n-Hexsna Study: Mesle Reproductive Memsures

Maile
Id

1837
1037
1887
1837
1037
1837
1048
1848
1840
1840
1848
1048
1848
1848
1842
1849
1840
1849
1048
1048
1e48
1842
1841
1841
1841
1841
1841
1841
1841
1641
1841
1041
1641
1841
1841
1841
1641
141

Week

WO N - BOATNAANORNOE DD N OO ADERNMNE DD~

Femals
Id

2862
2866
lake
1369
1213
1214
2007
2008
2169
2170
2389
2371
2E35
2639
2706
2708
2860
2880
1362
1363
1285
1211
2009
2010
2171
2172
2374
2378
2631
2537
2704
2706
2889
2879
1351
1354
1208
1207

Pregnant

e et gt el S et el e D b el e b b el ek et el ek D et ek e el b el et el b el e ek ek

# Implante

209 ppm n-Hexane —-—-

# Live
Fatusas

12
11
13
8
15
12
]
11
8
8
1a
12
]
18
14

11

a
14
12

]
12
14
18
12
13
14

15
19
12
10

12
14
12
]
7

12

# Earl
Resorpt

“SOGHMBANNERNARS

TRE~REaNE.

DwHm.

L-3-3-%. 1.\

{Dnl

# Late
Resorptions

AN EERATE: IERA ~E~NTCERRE

L-J RN -

# Dead
Fetuses

L-E-2 10200 1-L-0-F 0% %



Dominant Lethal n-Hexsne Study: Maie Reproductive Measures

L1°0

Male
Id

1762
1762
1752
1752
1762
1762
1762
1762
1762
1762
1762
1762
1767
1767
1757
1787
1787
1767
1767
1767
1767
1767
1767
1767
1768
1768
1768
1768
1768
1768
1768
1766
1766
1768
1768
1768
1784
1784
1784
1784
17684
1784
1794
1704
1784
1784
1784
1784
1784
1784
1784
1786
1786

Weok

HEBO-N NSO N AW RSOGO A MRONNNEEOOAN A L@ERNS NS00 AR A

Famale
Id

1866
1098
2027
2928
2221
2222
2388
2387
2540
26549
2717
2718
1983
1984
2836
20938
2224
2228
2388
2392
2668
2681
2711
2T186
1674
1676
2037
2938
2232
2234
2380
2303
2667
2580
2710
2728
19€6
1028
20806
2281
2276
2420
2436
2606
2804
2788
2781
2040
2961
12B6
1266
1007
1988

Pregnent

bk et SRS DN S O TR R OSSNt et gt gk O O e e ek e e b ek ek e b ek ek et et et ek el ek ek ek el et ek ek Bk b ek

# Implante

14
13
14

18
11
13
13
12
12

)
14
18
16
14
13
12
10
12
13
12
12
18
12

v

b
11

1

3
11

)
12
14
12

10

16

Lol g
T o+ 5 % o4 o5 o+ aoa

1283 ppm n-Hexane

# Live
Fetuses

13
v
13

18

)
13
12
12
12

-]
13
18
15
13
12
12

@
12
13
11
11
11
12

T

]
11

1

3
11

a

v
14
12

18

14

# Earl
Resorpt

SESANEGENHF~GaSSe~ER~aabaa~E QW

e o BEE

LI N N e ]

{OI"II

13

# Late
Rescrptions

1

SO RASEEREURE =R AR RERARE =S =

- BE-S S

B - ¢« + o 2

# Dead
Fatuses

BB v ¢+ s 6 0 4 + 3 Ws
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Dominant Letha! n-Hexane Study: sale Reproductivae Measures

hale
14

1786
1786
1786
1766
1786
1186
1786
17856
1785
1766
1786
1786
1786
17856
1786
1766
1788
1788
17088
1788
1788
1786
1768
1788
1788
1708
1788
1788
1788
1786
1788
1780
1780
1788
1768
1708
1788
1788
1780
1768
1768
1768

- 17688

1788
1788
1788
1792
1792
1792
1792
1702
1792
1792

Weok

ARONNE NN NN LAARONN ORI NALRENNFHDIONGEANAELRENN

Female
Id

2887
2089
2271
2274
2427
2429
26594
2892
2766
2182
2059
2966
1263
1264
1909
1918
2078
2071
2272
2288
2440
2446
26598
2681
2787
2769
2064
2065
1251
1262
1913
1614
2074
2076
2278
22789
24237
2438
28689
2812
2764
2787
2949
29689
1247
1248
1419
1520
2080
2081
2208
2287
2441

Pregnant

Pk ot 5 Dok b ok Pk b e el Pk ek ok b Pk ol etk {5 g Pk Pk ok b ok ol el Pk ok bk b ok ek fd ot () gt g ek ek g gk ) b el ek Pk ek ek e b ek Bl

4 Implante

15
13

-]
19
18
14
15
11
12
12

12
11

2
18
13
14

12
13
13
16
11
b
12
11
10
13
14
16
i3
12
14
18

ie
11
12
12
12
12
11
1E

1228 ppm n-Hexane

Live
stuses

12
1@

14

# Earl
Resorpt

S-S hS S -

NS =T,

anouMEAaRnAaAcRoaAanRmun-.

SAa--H~RAFARGRA &

[

“OI'I.

# Lata
Resorptions

LXK 3o R--F--1 0

L Y 18

SE-FLA- ARG R-E %S

A=aaan~aahotnah:

§ Daad
Fetuses

-R-E-1-R-F-2-1-F F. K. 3.93-%-X. 1.9

-E-1-F-3.-R-3-F.-3-%.-4.0.-X. XXX



Deminsnt Lethal n-Haxane Study: Male Reproductive Measures

61°D

hinle
Id

1792
1782
1792
17192
1792
1792
1792
1792
1792
1793
1703
1793
1763
1793
1793
1793
1793
1793
1793
1793
1793
1793
1793
1793
1793
1708
1798
1796
1798
1708
1798
1796
1708
1798
1798
1798
1798
1798
1798
1708
1798
l16d3
1803
1883
1803
1803
1802
1803
1803
1803
1803
1ea3
18083

Wenk

OO MAAWWRNHHDID NN AN DO SOOI A EGENRA DD~ H0 00

Female
Id

2453
2818
2811
2778
2774
2981
083
1241
1243
1921
1922
2902
2983
2282
2203
2460
24608
2008
20814
2789
27790
2004
2088
1239
1240
1931
19352
2002
2993
2382
2304
2449
2468
2820
2828
2789
2760
2076
2078
1327
1328
1939
19408
2129
2121
2321
2313
2489
2466
2828
2638
2787
2799

Pregnant

T bt ek b et P et et ek ek e b P et ek ek b et et () Bk P ek b b ek Y DR Deh b Pk b b ek b () Bl et b ek Pl b el Pk etk ol Pk b bk ek

# Implants

12

-]
14
13
13
12
12
12
12
12
16
16
16
14
11
13

13
12
12
11

7
12

]

1088 ppm n-Hexane

§ Live
Fetuses

12

)
14
13
13
12

v
12
12
12
16
14

9
13
11
13

12
12

11
1P

7
12

1B

¢ Earl
Resorpt

L 1L L1111

ERAA-BDE M.

a=anaf-.

s BEHEHEEHEERERAREERENMNERR @

{OI‘II

§ Late
Rasorptions

SRRV RUA-DLLISTE

LR~ 80-:

131101

BRI RR - ERREE R R

§ Dead
Fetuses

22111 1

AR ERSREARRRER-E.
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Dominant Lethal n-Hexane Study: Male Reproductive Meansures

Male
Id

18903
1983
1083
1883
1813
18123
1813
1813
1813
1818
1813
1913
1813
1813
1813
1013
1613
1813
1813
1818
1614
1814
1014
1914
1814
1814
1914
1914
1614
1814
1814
le14
1914
1814
1814
1614
1816
1916
1816
1816
1916
18156
1816
1816
1816
1816
1816
1816
1816
1816
1816
1816
la24

Week

HEPONSEINAAARRNRN OO NSOOMTOAE AR =0D~N~TONAEAARDERNN =D D~~~

Ferale
Id

2978
2488
1319
1320
1966
1968
2121
2122
2322
2328
2484
2492
2844
2868
2003
2808
1369
2608
1294
1286
1681
1982
2123
2124
2324
2827
24865
2487
28569
2882
2016
2818
1396
1398
1202
1293
1983
1984
2126
2128
2328
2329
2489
2490
2852
2681
2818
2829
1396
2998
1284
1296
1679

Pragnant

b ot et gk et S P bk ek et gk et B et el et ek gk g Pt el et b et el el b ek ol el b ek el ol ettt el ek ok et b ek el et et 5 5 e ped e e e et

§ Implante

14
14

]
11
16
12

12
12
1@
12

9
11
12
11
12
13
13
12
14
15
14
14
16
19

1822 ppm n-Hexane

§ Live
Fetuses

12
11

@
18
16
11

12
18

18

§ Earl
Resorpt

Sa-HGE: - -HARRHST~ASRRRARAUAFEN-ENBHEHRENENOHSRE=ORE: +» BAS=E

{onl

# Late
Reworptions

HFEO0E SUSGAGUEAEAFIRA-RA-EEARA-GE=RRSSR=-ENERT=ENEAEEESER: «c ~SEEN

§ Dead
Fatuses

GRAGE: TOSAECUESATHEASDAASDLOAEGANAEIERASZVIATIUTCLADE- c SELSHS



Dominant Lethal n-Hexane Study: Male Reproductive kMemsuras

1270

Maile
1d

1824
1824
1824
1824
le24
1624
1824
1824
1924
1924
1824
1824
1924
1924
1924
1826
1826
le26
1826
1826
1826
1826
1826
1826
1826
1826
1626
1826
1626
1825
1826
1831
18231
1881
18351
1831
18231
1881
1831
1831
1831
1831
1831
1831
1831
1831
1831
1838
1833
1833
1833
1833
1833

Woak

WWRNRN=E OO~~~ OT b NR == 000~ 0T0 It 0360 PR ==t (00~ (DT OV S a5 O3 B R

Famale
Id

1969
2141
2142
2347
2348
2610
2618
208¢e8
2871
2e81
2886
1377
1378
1286
1238
19681
1982
2143
2144
2342
2344
2508
2609
2872
2874
2828
2822
1376
1379
1233
1234
1593
1994
2166
21E8
23E8
2381
2619
2623
281718
2898
238
2847
1383
1371
1221
1223
1997
1998
2169
2189
2382
2383

Preagnant

ek b ek ek b ek et e Pk el ek ok Pk ok et ek ek ek ek et ek ) et e B = = SRR GR G050 S G E e R e el b g el pud el el

# Implante

14
14
11
13

9
12

3

]
15
14
12
14

13

.
.
s

1488 ppm n-Hexane

Live
etuses

14
14
9
12
a
11
B
]
16
13
12
14

W o v ¢ 0 v v &+ ¢ o» GFa

11

17

# Early
Resorptions

L1 TR TR T T T 1Y YT 1

DS

NR-EERE-=ODRS0RR-=R-HRRRNNE

# Late
Rescrptions

e T 1 7Y L L T T 1Y

Aa-aA-ae-aas~aaasaanansn-

# Desd
Fatuses

WA 2+ v v v e s B GEDSOASROEOAES



Dominant Lethal n-Hexane Study: Male Reproductive Measures

rAARS

Male
Id

1833
18338
1833
1833
16833
1833
1948
1833
1883
1833
1839
1839
18389
1839
1889
183@
1839
1839
16838
1638
1839
1889
1839
1839
1839
1839
16842
1842
1842
1842
1842
1842
1842
1842
1842
1842
1842
1642
1942
1842
1842

Weak

OO~ RONMN A NONEEDENSNACAAL LD DD AN

Female
Id

2618
2628
2809
2692
2068
26869
1382
1368
1217
1218
20086
2808
2187
2108
23868
2376
2539
2E38
2783
2187
2848
2840
1349
1368
1208
1212
2011
2012
2178
2379
2382
2632
2638
2698
2899
2082
2887
1337
1347
1191
1202

Pregnant

b ek bk ok e Pk ok ek ok ok b 0 T e gk g ek ek ek ek gt (S e R P i et ek ek ek ek b ek ek el e e el el

& Implants

13
11
11
12
18
12
13
12
13
14
13
14
1E
14
13
15

14

11
14
14
13
14

8
18
12

13
14
18
11
12
13
14
17
14

a
13
11

1988 ppm n-Hexane

Live
atuses

18

# Early
Rescrptions

ARG = atuatt-=unannm

HSN=EENEQAREHE: s SQGARVEGEH.

# Late
Resorptions

“aarfa-ar-=aoanaa

L. -2

HRESRR-REARNE: c R OSSR 0

& Dead
Fetuses

GHATRASGREA-IREaS

SOV TLaARVEEEE: - ALEHDAS G
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Dominant Lathal n-Hexsne Study: Male Reproductive Meamures

Male
Id

1738
1738
1738
1738
1738
1788
1738
1738
1738
1736
1738
1738
1749
1749
1748
1749
1749
1749
1749
1749
1748
1749
1749
1749
1764
1764
1764
1764
1764
1764
1764
1764
1764
1764
1764
1764
1765
175656
17556
1756
1756
1766
17566
1756
1766
1766
17566
1766
1768
1788
17é8
1768
1788

Weak

WRRNEHEOGOANAAEGNRNEHEHOOON O AL DWNRE OO0 AWM R 000 (300 R R

Famslae
1d

1891
1992
2028
2024
2217
2218
2881
2384
2661
2662
2761
2782
1693
1694
2026
2026
2219
2228
2877
2378
2545
2546
2697
2700
1697
1898
2029
2030
2226
2230
2380
2366
2647
2663
2789
2712
1699
1906
2031
2032
2225
2227
2893
2396
2558
2665
2714
2718
1968
1867
2047
2048
2228

Pregnant

T T T T T T R N T o § - Ty TR ey Ty T Uy iry Iy

§ Implants

11
15

4
13
12
18
11
11

]
11
12

9
11
14
17
13
16
14
15
13
12
11
11
18
12
14
13
18
12
16
16
12

B
12
14

-]
13
12
12
18
14
1B
12
14
19
12
15

9
15
11
13
14
1@

6008 ppm n-Hexane

Live
atussa

1%
14

2
11
19
16
11
11

9
19
12

8

8
14
17

)
16
14
14
13
11
11
12
18
12
14
13
18
12
14
11
12

3
12
13

8
12
12
12
18
14
156
12
14

e
12
15

9
16
11
12

)
19

19

§ Early
Resorptions

QNI REERRREERERA-FENAWELGARARRART-RRNCITTNIAE-CEE S G =N

§ Late
Resorptions

AUEREEEN AR a-aSaae -~ AaaEaA G- GlReRER - -HaNaSaxE = Eaan

# Dead
Fetusos
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Dominmnt Lethal n-Hexsne Study: Male Reproductive Measuras

Male
Id

1768
1768
1788
1788
17688
1788
1788
1788
1789
1769
1769
1789
1769
174¢
1769
1789
1789
1789
1769
1772
1772
1772
1772
1772
1772
1772
1772
1772
1772
1772
1772
1762
1784
1768
1760
1780
1782
1780
1700
178
176a
1780
1789
1780
1780
1780
1780
1704
1704
1794
1794
1794
1794

Woek

WHNMRDEESR NGO A LA MUBNNEEMOIT A ADONONE=OITIA LGRS RORO RN

Female
Id

2248
2400
2407
2572
25840
2729
2731
less
1989
2049
20640
2237
2240
2399
2408
258¢
2578
2724
2732
le61
1852
2013
2014
2248
2264
2403
2404
2671
2879
2733
2741
1886
1888
2067
2868
2280
2269
2431
2434
25092
2690
2745
2764
2939
2941
1263
1284
1923
1924
20684
2086
2291
2292

Pregnant

Pt b e b b et b b d b e b et ek b bk b ek b et fed d Gl b b b b et b b el et P Pk b b Pk el el b Pk ik ki ek el ek e b el ek el e et

=== B2P? ppm n-Hexmne

# Implante

13
11
18

e
1@

8
13
13
14
13
14
11

-]
14
14

]
18
12
11
14
13
12
13
12
16
14
16
13
13
11
i2
12

12

Live
styuses

13
2
16
]

# Earlt
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Dominsnt Lethal n-Hexane Study: Melie Reproductive Messures
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Dominant Lethal n-Hexane Study: Male Reproductive Mesasuras
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Dominant Lathal n-Hexsne Study: kisie Reproductive Messures
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Dominsnt Lethal n-Hexsne Study: Male Reproductive Measuras
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n-Hexane Dominant Lethal Study: Calendar of 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 acreen; 5 males 3-17-86

Weighed pre-study, randomized and toeclipped 3-20-86
Released from quarantine 3-22-8%

Moved to exposure room 3-21-86
Exposure 120 males (S days, 20 hr/day) 3-24 to 3-28-86
Weighed, exposure day 1 (120 males) 3-24-86

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

Post-exposure cohabitation; 80 males 3-31 to 5-26-86
2 females/male for each of 8 weeks

Males weighed breeding week 1 3-31-86
breeding week 2 4-07-86
breeding week 3 4-14-8¢6
breeding week 4 4-21-86
breeding week 5 4-28-86
breeding week 6 5-05-8¢
breeding week 7 5-12-86
breeding week 8 5~19-86

Weighed and sacrificed post-breeding 5-29-86

c.29



n-Haexane Dominant Lathal Study: Calendar of Events

FEMALES- proving (sama shipment as malas)
{only males health screened from this shipment)

Ordered female mice

Received female mice (ARCH#860032)

{(alsc used 11 females from ARC#B60031)

Eartagged females

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

2-14-86

2-25-86

3-03-86

3-4 to 3-20-86

Sacrifice; to select 120 males for study/expcsure 3-20-86
FEMALES- breeding weak 1 & 2
Ordered females 2-14-86
Received females (ARC#860030) {(rm 433) 2-25-86
Health screen S females 3-17-86
Eartagged 3-17-86
Released from quarantine 3-22-86
Cohabitation with males - 7 days
breeding week 1: 3-31-8¢6
breeding week 2: 4-07-86
Sacrifice
breeding week 1: 4-18-86
breeding week 2: 4-25-86 terminal serclegy



FEMALES -

n-Haxane Dominant Lethal Study:

breeding week 3 & 4

Calandar of Evanta

Ordered females

Raeceived females (ARC#B860041 rm314)

Health screen 10 females

Eartagged

Released from quarantine

Cohabitation with males -~ 7 days

Sacrifice

FEMALES -

breeding week 3:
breeding week 4:

i

breeding week
breeding week

-

breeding week 5 & 6

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

Ordered females

Received females (ARC#860049 rm 336)

Health acreen 10 females

Eartagged

Released from quarantine

Cohabitation with males- 7 days

Sacrifice

breeding week 5:
breeding week 6:

breeding week 5:
breeding week 6:

Cc.31

2-14-86
4-01-86
4-21-86
4-24-86
5-14-86

4-28-8¢6
5-05-86

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



n~Haxane Dominant Lethal

FEMALES- breeding week 7 & 8

Study: Calandar c¢f Evants

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
breeding week

o ~l
TR

c.32

2-14-86

4-15-86

5-05-8¢6

5-9-86 and 5-15-86

S5~-14-86

5-12-86
5-1%-86

5=-30-86
6-6-86 terminal seroclogy



n—HEXANE DOMINANT LETHAL STUDY DISPOSITION OF MALE MICE

Number of Male Mice

Exposure Treatment Sacrificed Died Data Sacrificed
Group Code On_Study Pre-Breeding On Study Excluded Post-Breeding
Control (0 ppm) 1 30 10 5(a) 1(b) 15
200 ppn 2 30 10 1{a) 3(b) 19
1000 ppm 3 30 10 0 3(b) 20
5000 ppm 4 30 i0 3{a} 4 (b} 17

€€’

(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: DISPOSITICN COF FEMALE MICE - WEEK 1
Bred to Males in Number of Female Mice

Bxposure Treatment Removed

Group Code On Study From Study Sacrificed

Control {0 ppm} 1 40 1(a) 35
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

Number of Female Mice

Exposure Treatment Removed
Group Code 0n Study From Study Sacrificed
Control {0 ppm) 1 40 0 40
200 ppm 2 40 0 49
1000 ppm 3 40 2 (a) 38
5000 ppm 4 40 0 40

{(a) 1 mouse died,

1 mouse moribund, broken back

n-HEXANE DOMINANT LETHAL STUDY:

unknown cause of death

DISPOSITION QF FEMALE MICE -~ WEEK 3

Bred to Males in

Number 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 10
1000 ppm 3 40 0 40
5000 ppm 4 40 C 40

n~-HEXANE DOMINANT LETHAL STUDY:

DISPOSITION OF FEMALE MICE - WEEK 4

Bred to Males in

Number 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 v 40
5000 ppm 4 40 4] 40

C.34




n-HEXANE DOMINANT LETHAL STUDY:

DISPCSITION OF FEMALE MICE - WEEK 5

Bred to Males in

Number 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 6

Bred to Males in

Number of Female Mice

ExXposure 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
S000 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
Group Code On Study From Study Sacrificed
Control (G ppm} 1 40 12 (a) 28
200 ppm 2 40 B{a) 32
1000 ppm 3 40 6{a) 34
5000 ppm 4 40 _la{a) 26

(a) Due to food and water deprivatien.

n-HEXANE DOMINANT LETHAL STUDY:

DISPOSITION OF FEMALE MICE - WEEK B

Bred to Males in

Number of Female Mice

Exposure Treatment Removed
Group Code On Study From Study Sacrificed
Control (0 ppm) 1 30 2{a) 28
200 ppm 2 38 6(a) 32
1000 ppm 3 40 6(a) 34
5000 ppm 4 34 8{a) 26

{a} Due to cchabitaticn with a male affected by watexr and

food deprivation on 5-17-86.

C.35
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APPENDIX E

QUALITY ASSURANCE STATEMENT



DOMINANT LEZTHAL STUDY N MICE
EXPOSKED TO n-HEXANE

CQuality 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, 2/15/86 -5/31/86, specifically tor

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.)

Date Findings Submitted

in Writing to
Phase/Procedure Reviewed Review Date Study Director/Management
Animal Receipt 2/25/86 3/3/86
Health Screen 3/17&18/86 3/20/86
Animal ldentification 3/20/86 3/20/86
Body Weights 3/20/86 3/20/86
Necropsy 3/20/86 3/21/86
Randomization 3/20/88 3/20/86
Dosing 3/27/88 3/28/86
Data 3/28/86 4/18/86
Animal Recsipt 4/1/86 4/7/86
Animal Receipt 4/15/86 4/18/86
Necropsy 4/18/86 4/18/86
Health Screen 4/21/86 5/9/86
Necropsy 5/29/86 6/2/86
Data 5/5,6&9/88 5/9/88
Draft Report 5/12,13,16,25,3186/8/88 6/8/88
Finail Report B/25/88 8/25/88

|25 &

CQuality Assurance Specialist ate






APPENDIX F

PROTOCOL AND CAGE MAPS



May 23, 1988

To: The Study File

From: Terryl 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 pot obtained from any male at the time of
necropsy.
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n-HEXANE @B-DT-1FR9-O2-01154 Page: 1 of 11 T
Dominant-L ethal Test March 5, 1986
PROTOCOL FOR INHALATION REPRODUCTIVE STUDIES YR 8
n-HEXANE

Dominant Lethal Study in Mice Exposed to n-Hexane.
PURPOSE OF STUDY

The straight-chain hydrocarbon, n-hexans, is commoniy 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. H 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 (giue-snilling) 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 Clinical Neurotoxjcology (edited by Spencer and Schumburg, 198@) and in CRG
Critical Reviews in Toxicology (Spencer, Schaumburg, Sabr, and Veronesi, 198@). In summary,
polyneuropathies have been reported following exposure of workers to n-hexane contained in
adhesives or used as an industrial solvent as well as following repeated exposure by glue sniffing.

A metabolite, 2,5-hexanedione, has bean shown io be responsiblie for most, if not all, of the
neuroloxicity.

Pharmacokinetic and distribution studies indicatad that the hexane saturation concentration of
organs following inhalation is directly proportional to their lipid content, and that blood contains
more hexane in rglation to its lipid content than do organs (Andersen, 198L; Bohlen et al., 1973).
Baker and’Rickert (1981) found that metabolism and selimination of n-hexane were dependent
upon exposure concentration, but that the tissue concentration of the metabolite,
2,5-hexanedione, was not dn'ectly related to n-hexane exposure concentration. Bus et al. (1982',

using 6-hour exposures to 14C-labeled n-hexane, found that the distribution of radioactivity was
dose-dependent.

Although myelinated nerve tracts are the primary target organ, the testes hava been identified as
being sensitive to hexacarbon toxicity. Krasavage et al. (198@) reported testicular atrophy following
oral administration of n-hexane and several of its metabolites. Chapin et al. (1882) administered a
1% solution of the hexane metabolite, 2,5-hexanedions, to male rats in their drinking water and
found a decrease in the activity of two Sertoli cell enzymes, b-glucronidase and g-transferase, after
3 weeks of exposure. No morphologic changes were detected at this time; however, after 6 weeks
of exposure the testes were essentially azospermic. The few primary or secondary spermatocytes
that were observed exhibited severe degenerative changes. Since circulating levels of
testosterone and the gonadotropins remained narmal 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
morphelogic changes in the testes.

F.2



n-HEXANE @B-DT-1FO9-B0-13154 Page: 2 of 11
Dominant-Lsthal Test March 4, 1986

M.

Cavender et al. (1984) were unable to detect neurotoxicity or testicular toxicity in rats exposed to
purified hexane (99.3%) via inhalation at 10,0920 ppm, 6 hr/day for 13 weeks. The possibility of
histological or biochemical changes in the testes was not addressed in this study. Although the
exposure concerntrations used in this study were relatively high, @, 3000, 650, and 10,000
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
o n-hexane orally and by inhalation, it is important that more sensitive measures be employed 10
assass the effects of exposure by the latter routa. Evaluation of test animals for the presance of
dominant lethal murtations 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 performed on fertility-tested CD-1 mice which have been exposed to @, 200,
1023, or SOBS ppm n-hexane, 2@ hr/day for 5 days, following standard timing and evaluation
procedures. Sperm morphology studies, empioying B6C3F1 mice exposed to the same dose
lsvels will also be done. As a supplement 1o the standard tests the testes of these animals will be
preserved at necropsy and supplied to NIEHS for examination.

SPONSOR AND SPONSOR'S REPRESENTATIVE
A. Sponsor

National institute of Environmental Health and Safety
National Toxicology Program (NTP)
P.O. Box 12233; Research Triangle Park, NC 27729

Dr. Bryan Hardin
Dr. Bemard Schwetz

JESTING LABORATORY
A. Eacilty

Pacilic Northwest Laboratories (PNL)
P.0O. Box 999; Richland, WA 99352

Dr. Patricia L. Hackett
Dr. Beatrice J. McClanahan

PRQPOSED SCHEDULE QF EVENTS (This proposed schedule may be altered. All changes will be
appended to the protocol.}

A. Prestart audit for GLP compliance: 3/17/86.
B. B_egg_m_n_f_amm_a]g Four shipmerts will be required.

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 2/24/85.
2. Females for matings of postexposure weeks 3 and 4 will arrive the week of 3/1 7:'86
3. Females tor matings of postexposure weeks 5 and 6 will arrive the week of 3/31/86.
4. Females for mating of postexposure weeks 7 and 8 will amve 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 amival.

Initiation of breading procedures for proving males and randomization of males into treatment
groups: 3/4/86 - 3/21/86.
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remm

Exposure interval: 3/24/86 - 3/28/86.

Sacrifice of 19 males/dose group tor germinal epithelium evaluation: 3/29/86.

Initlation of postexposure matings (weekly for 8 weeks): 3/31/86

Initiation of female necropsies (weekly for each of the 8 matings and 12 days after the last day of
cohabitation): 4/18/86.

Necropsy of males; 5/27/86

L

J. Evaluation of data: 4/18/86 - 7/5/86.

K. Completion of draft report: 7/39/86

L. Compistion of final report: 9/30/86

JESTSYSTEM

A. Species: mouse.

B. Strain: Cr:CD-1{ICR)BR.

C. Number of animals and supplier: 1610 females and 159 males.

D. Age onarrival: 7-8 weeks.

E. i j : 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
reproduclive status wrthm 17 days of the first day of cohabitation (@B-DT-3812).

F. : 30 proven breeder males will comprise each of the four
treatment groups—120 fotal. Ten will be necropsied one day after cessation of exposure for
evaluation of the germinal epithelium. The remaining twenty in each dose group tested for fenility
{see Experimental Design, p. 5).

G. JYest System Jusiification: Where appropriate, dominant iethal assays are routinely performed in

B.

mice because the spermatogenic cycle of the mouse encompasses a sherter time interval than
that of the rat {8 wik and 11 wk, respectively). In addition, the use of mice as a iest system was
specified by the sponsor.

JEST SYSTEM HOUSING, HANDLING AND ENVIRONMENTAL CONDITIONS

Quarantine and Acclimatization:

1. Upon armrival at PNL, each of the 4 shipments of mice will be quarantined separately
{2B-AR-3F23) for 3-4 weeks.

2. Temperatures in all rooms will be maintained at 72043 F and relative humidities at 5@+15%
dufing the quarantine, acclimatization and exposure periods. These values will be measured
and recorded twice daily.

3. Upon arrival the animals will be housed 12 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

intiated—one male will be housed with two femaies for at ieast one week,

During the mating period the animals will be housed in the quarantine roem.

Proven breeder males will be acclimated for 2-3 days in individual compartments of wire-mesh

cages within exposure chamber {with chamber doors open).

o A

Eged: NIH-@7 Open Formula Diet {peliets) will be provided ad libitum during the acclimation and
experimental period. Feed will remain in place during the exposure peried and will be changed
daily.

Water: Water will be supplied ad libitum at all times during the study using an automatic watering
system.

Randomization: During the week prior to exposure, proven breeder male mice will be weighed;
their weights will be ranked from fightest to heaviest and each animal will be randomly assigned to a
treatment group by means of a computer-assisted raridomization program which is based on a
single blocking factor; body weight (@8-DT-3BOB).
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All exparimental male mice will be individually identified by metal ear tags (@B-DT-3BD1).
2. Exposure groups will be designated by distinclive toe clipping and by placement within the
individual compartments of the chamber cage units (2B-DT-3B21).
3. Cage maps (9B-DT-3BG3) showing placement of individual animals in each cage unit of the

VIiL.

exposure chamber will be prepared and updated as necessary. Each exposure chamber will
be identified by chambar number and exposure level. The proposed arrangement of the
exposure chambers is included in Attachment 2.

G. Animal Disease Screening Program (@B-AA-3FD2): Approximately 2-3 weeks after receipt of the
animal shipment, five males and five females will be examined for internal and exiernal parasites
and bacterial pathogens; their sera will be tested for antibodies 1o 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.

IEST ARTICLE

A~

~X Mmoo o

Chemical name: n-hexane.

Eommila: CHg(CHp)4 CHy

Manufacturer: Phillips Chemical Co.

Sourcq: Research Triangle Instituie, Research Triangle Park, NC.
QAS_NQ.. 119-54-3

NTP No,: 10189-N

LQJ_QF RT! log number: 4911-100-01
15

Shipment: BNW 50846-39

. Qale_g__e_c_e_m 18t Shipment 2/12/86

Pr i Areas; 2-day reserve inms 311 and 315 LSL-li; the

rern.ainder in the Research Technology Laboratery {RTL) chemical storage facility.

The vehicle control will be filtered air.
1.

Upon receipt, identity and gross purity analyses of the bulk chemical were performed by
infrared spectroscopy; gas chromatography ((GC) was used 1o dstermine purity by major peak
comparison and also to generate an impurity profile (@B-AC-3A15). Subsequent bulk
assays, upon completion of the animal exposures, will use GC to determine test materiai
purity and an impurity profile.

n-Hexane concentrations within the exposure chambers will be monitored (OB-AC-3B1P)

using an HP-5840 gas chromatograph calibrated by the method detailed in @B-AC-3COW
(see Attachment 2).

TION QF INHALAT R

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

F.5



n-HEXANE 2B-DT-1F29-22-0154 Page: 5 of 11
Dominant-Lethal Test March 4, 1886

X.

XL

EXPERIMENTAL DESIGN AND DOSELEVELS

A. Experimental Design: Four groups of animals, consisting of 3@ proven breeder male mice in

each group, will be exposed to air or to the test chemical on 5 consecutive days. One day after
cessation of exposure 19 randomly chosen animals in each dose group will be sacrificed and the
testes and epididymis removed, fixed, sectioned, and sent to Dr. Chapin at NIEHS for evaiuation
of germinal epthelium, After cessation of exposure the remaining animals will be heid 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.

imen: Chamber atmospheric concentrations of n-hexane will be @ (filtered air),
209, 19092 and 5202 ppm. Male mice will be exposed for 2@ hr/day for 5 consectrive days.
Control mice (@ 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 chamber temperatures will be maintained at 7543 °F and
relative humidities at 55 215%. Air flow will be maintained at 15+3 ¢fm and the chamber pressure
will be approximately 1" water negative with respect to the room pressure.

ians: The maximum exposure chamber atmospheric
concentration of hexane, S©D ppm, is 5@% of the LEL (lower explosion limit). Since pravious
studies employing 19,220 ppm, 6 hr/dy produced no overt testicular toxicity (Cavender, st al.,
1884) the exposure time in this study will be 2@ hr/day for all doses. Exposure concentrations
were approved by the Co-Project Officers.

EXPERIMENTAI OBSERVATIONS

A. Clinical Observations: 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 @B-DT-3BOF.

.
Body Weights: 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 (28-DT-3B@C).

Scheduled Necmopsy: Ten male mice randomly selected from each dose group will be euthanized
with CO2 one day atter 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
(@B-DT-3B12) the males will be weighed and examined for lesions of the reproductive tract and for
gross tissue abnormalities. To document the presencs of lesions which may be due te chemical
exposure, any organs or tissues with lesions will be preserved in neutral buftered formalin (NBF}; in
thig case, comparable organs or tissues from approximately 2% of the control animals will be
preserved in NBF; all other tissues will bs discarded.

The testes and epididymis from all males will be treatec as follows: fix in 1@% buffered formalin (24
hr}, transect and transfer to 4% glutaraldshyde in @.1 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 gvaluation.
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XiL

XliL.

Female mice will be euthanized with CO» 12 days after the last day of cohabitation. The

reproductive status will be determined and the gravid uterus removed. The total number, position
and status of implants will be recorded. implants will be scored as follows: live fetusas; early
resorptions {brown or black containing necrotic and hemomhagic material but no embryo); late
resorptions; and dead fetuses (@B-DT-3B12).

D. Indices 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 will be
pmsented in the Final Report for each treatment group:

Number of dead animals, animals removed from the study and reason for removal.
»  Summary of toxicity, including incidence of changes detected during clinical observations.
»  Body weight of males before exposure, on each of the 8 postexposure weeks, and at
necropsy.

Number and percentage pregnant for each weekly mating

Number of implantation sites/iitter

Number of live fetuses/litter

Number of early intrauterine deaths/litter

Number of late fetal deaths/litter _

Mutagenic index (intrauterine morlality as percentage of implantation sites)

Number and percentage of iitters with live fetuses

Number and percentage of litters with early intrauterine deaths

Number and percentage of litters with late resorptions or dead fetuses.

R TISTICAL M

The number of implantation sites and intrauterine deaths/litter for each week and for the complete
experiment will be analyzed by analysis of variance (Steel and Torrie, 1980). When appropriate,
proportions of resorptions, dead or five fetuses per implant will be subjected to an arcsin {ransformation
and analyzed by an analysis of variance. Duncan's multiple-range iest will be used to delineate

intergroup differences. Orthogonal contrasts will be employed to test for dose response trends
{Winer, 1971).

STORAGE QF STUDY MATERIAL

L
All raw data and study records will be retained in the Project Office (room 1519); all tissues and siides
will be termporarily stored in the Teratology Laboratory (room 1428). Both of these rooms are located in
Life Sciences Laboratory 1, Batielle, Pacific 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. Schwetz (NIEHS) for storage in the NTP Archives. One copy of the microfiche and
the microfiche index will be sent to Dr. Hardin {NIOSH). The Quality Assurance Unit at PNL will retain
the following materiais:

= Bound PNL laboratory notebooks, which are required to remain at PNL.
+ QAU master schedule and audi records.

»  Personnel training and experience records and iob 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 eguipment.)
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Xiv. BECORDS RETENTION

The following records, generated during the course of the study, will be mairtained 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 E.emnnnaLands
Current professional resume and job description for each person recording data.

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

3. Accident/injury reports for personnel in contact with the test material or test system.

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

B. aludy_Eman
Study protocol prepared prior o the initiation of the study and approved by the PNL Study
Director(s), the PNL QAU Officer and the NTP Project Officer(s).

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

3. Arecord of any deviations from the protocol and corrective actions taken.

C. :
1. Title(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
4. Documentation of any nonmutine maintenance:
= Description of malfunction
« Description of remedial action.
D. IesLMaIena!s_Bmmds
Test materials identity records including manufacturer, quantity, lot number{s} and purity
grade.

2. Records from NTP analytical corntractor conceming characterization, bulk stabifity 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.
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F. &mmaLLedea

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

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

Housing records for quarantine, acclimation, mating and exposure 1o the test material,
including room location, temperature, relative humidity, lighting cycle, caging type, number of
animals per cage, location of chambers within the exposure mom, cage assignment of
individual animals within the exposure chamber and sanitation procedures (frequency and
methods of cage and room cleaning/sterilization).

Feed racords of commarcial source and product inforrnation (feed tags, lot numbers and
milling dates), analyses and mode and frequency of feeding.

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

Animal disposition records.

Recards of assignment of animals to treatment groups.
Body weights,

Dates of expasure intervals for individual animais.
Daily observations.

Time of death/etthanasia of animals oceurring prior to scheduled sacrifice and results of gross
necropsy.

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

H. All relevant correspondence.

. Reports:

1.

2.

Literatura survey and recommendations for studies.

Monthily progress reports.

3. Drattfinal and final reports.

J.  |memal Computer Generated Forms and Tables:

1.

2.

Study data and statistical analyses.

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. Afile of these SOP's is maintained in the QAU office.

L. Health and Safety Records:

1.
2.

3.

NTP safety and toxicity package.

PNL Biohazard Protocol and Health and Safety Plan.

Personnel repirator and hazardous matsrial training records: accident/injury reparts.
Menitoring records of ventilation system, hoods and exhaust systems used in this study.
Relevamt sections of the Health and Safety Monthly Progress Reparts.

NTP site visit reports, atiention items and related correspondence conceming health and
safety. ’

Xv. QOTHER SPECIFICATIONS

XV

A. This study will be performed in compliance with the FDIA Good Laboratory Practice Reguiations for
Non-Clinica! Laboaratory Studies (21 CFR 58).

B. This Protoco! will be the controlling document in case of discrepancies between the Protocol and
SOP's. |f discrepancies are noted, the Study Direclor is to be notffied immediately to resolve and
document the variance between the Protocol and SOP.

HEALTH AND SAFETY

PNL's Health and Safety Plan, which has been submitted for NTP approval, is detailed in @B-HS-3S1C.
In addition, a repiratory program is outlined in @B-HS-351B. This is supplemented by an SOP
{©B-H5-3S19) which covers the use of supplied-air respirators which will be wom by personel during
periods of anirnal care while the chambers are open, and by an SOP {2B-HS-351A) which covers the
use of a self-comained breathing apparatus for use when entering a room under emergency conditions
toliowing an accidental release of the chemical.

Personnel training, protective equipment and facilities are designed to conform with DOE health and
safety requirements and with ini j i

dated November 19, 1984 and consisting of a basic

Cantract to the NTP Svstemic Toxicology Branch,
document of eight pages, Appendix | of ten pages and Appendix Il of two pages.
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APPROVAL BY PNL
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Co-Study Director
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Co-Stiudy Director
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ATTACHMENT 1

STANDARD QOPERATING PROCEDURES FOR INHALATION
REPRODUCTIVE TOXICOLOGY STUDIES
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STANDARD OPERATING PROCEDURES FOR INHALATION

REPRODUCTIVE TOXICOLOGY STUDIES

EXPQSURE SYSTEM

CDS DMM Camd Calibration

Bubbler Sample Collection via the
Critical Orifice Sample System

Inhafation Exposure Chambar Balanca

Model 1 Chambar Leak Tester

Calibration and Check of Chamber Airflow Using Digital Anemometer

Digital Anernometar Calibration
Dwyer Manometer Calibration Check
Validyne Pressure Transducer Calibration
Filling Out Data Sheets
EG&G Hygrometer. Operation, Maintenance and
Calibration
Relative Humidity Determination Via Use of
Dawpoint Hygrometer
Exposure Suite Computer Program Documentation
Exposure Suite Data Analysis Program Documentation
Exposure Suite Data Anaiysis Program Operation
Exposure Suite Routine Computer Opsration
Exposure Suite Routing Data Disk Operation
Software Change Protocol
Study Protocol Entry into Exposure Suite Computers
Exposure Suite Emergency Evacuation Procedure
Exposure Suite QC, Maintenance and Calibration
Selection of RTD's and Digital Thermometer Calibration
Omega RTD Thermometer Calibration
ERDCO FGD Maintenance & Calibration
Flammable Gas Detéctor (ERDCO) Checkout Prcedures
Hexane Exposure System Daily Operating Procedure
Hexane Exposure System Quality Controi, Maintenance
and Calibration

ANALYTICAL CHEMISTRY AND MONITORING
Operation of HP584Q 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 Retumning Chemicals
Labeling of Reagents and Chemicals
Dispensing Tast Material to Exposure Suite Control Center

F.lb4

@B-BE-3COT

©B-BE-3COQ
@B-BE-3B24
2B-BE-3DO6
©B-BE-3COV
©B-BE-3C2S
©B-BE-3C@2X
©B-BE-3COW
@B-BE-3BO7

@B-BE-3COJ

©B-BE-3B1X
©B-BE-5E@1
©B-BE-5EQ3
©B-BE-3EQB
@B-BE-3GD4
©B-BE-3EQA
@B-BE-SEQ2
@B-BE-3EQ9
@B-BE-3501
©B-BE-3DDE
©B8-BE-3C20
2B8-BE-3COL
2B8-BE-3CQOU
@B-BE-3COB
28-BE-3B2Y

@B-BE-3DOM

@B-AC-3B1P
0B-AC-3COW
@B-AC-3A15
©B-AC-3BOP

©B-AC-3BER
£B-AC-3B0S
@B-AC-3EQ5
@B-AC-3B12

@B-AC-3B1H
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Operation of Toledo Scale {Model 2120) to Weigh Large
Containers of Tast Material

Job Orienmation and Training
Bamer Procedures for LSL Il Animal Facility
Operation and Maintenance of the Clean Coridor Area
Operation of the Regulated Corridor
Operation and Maintenance of the Street Corridor
Moving Animals from LSL It Animal Resources Center
Management of Animal Feed
Pre-cleaning Equipment and Operation of Cage,
Bottle and Rack Washers
Operation of Steam, Gas and Bulk Sterilizers
Kaye Digistrip-Il Room-Temperature Recorder
Operation of Garb-El Waste Disposal
Operation of Clark-A-Matic Floor Scrubber
Operating Procedures for Pathological Incinerator
Calibration/Service of Balances
Biweekly Deep Cleaning of Exposure Rooms
and Occupied Animal Rooms
Deep-Cleaning and Sanitizing Empty
Animal and Exposurg Reoms
Processing Laundry for the LSL 1| Animal Facility
Sanitizing Operations Monitoring
Handling and Changing Out Exposure Chamber and
Cage Units
Handling, Changing and Storage of Animal Cages and Racks
Cage and Rack Change-Out and Rotatation for LSL [l
Changing Qut Racks Having individual-Compariment Cage Units
Pre-exposure Heaith Screening for Rodents
Quarantine of Animals
Daily 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
Cleaning of Animal Holding Rooms
Handling Escaped Small Animals
Determination of Ammonia Levels Within the
Exposure Chambers
Handiing of Animal Death Records and ARC Daily
Observation Records
Moribund Sacrifice
Weighing Rodents with Toledo Semi-Automatic Weighing
System Using the 733 ASR Terminal

REPROBUCTIVE AND DEVELOPMENTAL TOXICOLOGY
identification of Animals

Cage Location Maps and Daily Observations
Randomization of Animals

Animal Body Weights
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@B8-AC-3B1A

28-QA-38Q7
2B-AR-3BOG
@B-AR-3BA5
2B-AR-3B1Y
@B-AR-3B26
2B-AR-3BON
@B-AR-3FQ5

©B-AR-3GO1
@B-AR-3GQ2
©B-AR-3GO3
2B-AR-3G24
@B-AR-3G25
2B-AR-3GO7
WE-SL-3Co1

2B-AR-3HO1
©B-AR-3HO3
©8-AR-38Q7
2B-AR-3HOA
2B-AR-3BG3
©B-AR-3B@2D
2B-AR-3B1U
@B-AR-3B1V
@B-AR-3FQ2
@B-AR-3F23
OB-AR-3FQA
OB-AR-3FON

@B-AR-3BOC
@B-AR-3BO8

©B-AR-3A01

@B-AR-3FR&
2B-AR-3FOB

@B-AR-3G28

@B-DT-3B01

‘@B-DT-3B03

2B-DT-3BCB
@B-DT-3BaC
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Rodent Mating Procedures

Necropsies for Health Evaluation and of Dead and
Moribund Animals

Sacrifices for Dominamt Lethal Assays

Photography

Data Acquistion and Transfer with a Microcomputer

Data Handling and Storage

Biohazard Protocol n-Hexane (Teratology)

Bicassay Studies: Health and Safety Plan

The 3M Brand W-2869 Hardcap, Continuous-Flow Air-line Respirator
Scott-Presur Pak I Self-contained Breathing Apparatus

Bioassay Respiratory Protection Program

Fol6
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2B-DT-382D

@B-DT-38QF
@B-DT-3812

@B-DT-380)
@B-DT-3BOK
@B-DT-382L

2B-HS-3518
28-HS-351C
©B-HS-3519
©B-HS-381A
©B-HS-351B
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ATTACHMENT 2

DESCRIPTION OF THE EXPOSURE SYSTEM FOR
INHALATION REPRODUCTIVE TOXICOLOGY STUDIES
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INHALATION EXPOSURE SYSTEM DESCRIPTION

A. ANIMAL EXPOSURE CHAMBER

The Battelle-designed stainless steel chamber (U.S. Patent
#4,216,741) available from Hazleton Systems, Inc., Aberdeen, MD, 1s used
for inhalation exposures (Figure 1A}, The total volume of the chamber
is 2.3 m®, the chamber has an active mixing volume of 1.7 m®, the
remainder being the non-mixing inlet and exhaust volumes. There are
three levels of caging, each level split into two tiers which are offset
from each other and from the chamber walls (Figure 1B). Drawer-like,
stainless steel cage units composed of individual animal cages, are
suspended in the space above each tier. Stainless steel catch pans for
collection of urine and feces are suspended below each cage unit. Catch
pans are left in position during each exposure period., Instructions for
msintenance of these chambers is detailed in SOP# @B-BE-3DP6.

The chamber was designed so that uniform aercsol or vapor
councentrations c¢an be maintained throughout the chamber when the catch
pans are in position. Incoming air containing s uniform mixture of rest
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 aercsol or vapor flows past the catch pans. Stagnant zones that
would normally exist above each pailr of catch pans are cleared by
exhaust flow through the space between the tiers. Aerosol or vapor
reaching the lowest level is deflected across the bottom tiers by meral
strips in the spsace between the catch pan and wall, Tests have shown
that aerosol or vapor concentrations uniform to within 8% throughout the
chamber can be obtained repeatedly provided the aerosol or vapor is
uniformly mixed before passing through the chamber inlet,

Rats and mice are housed in individual cages having feed troughs
and sutomatic watering. During exposure the feed will be removed from
each cage unit. The floor area of an individual mouse cage is 106 cm?
and of a rat cage 270 cm® (representing dimensions 14.0 ¢m by 7.6 cm
with height 15.0 cm, and 27.9 cm by 9.7 cm with height 20.0 cm,
respectively). There are 60 mice or 24 rat individual cages per cage
unit. TUp to six cage units can flt in a chamber.

B. EXPOSURE SUITE CONTRCL 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 (Figure 2). The arrangement of
computer contrel and interface instrumentation 1s 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 centrol
system (such as data channel assignments, monitoring frequencies, and
alarm settings) reside in the executive computer and are entered into
tables accessed by menus.

F.19



L-PCAMING LB-DT-1F23-00-0154 Page: 4 of 27
Dominant Lethal Test Attachment 2 March 3, 1886

Data 1lnput to the executive computer 1is accomplished through
several interface instruments, All gas chromatographic (GC) data ims
collected and preconditioned by Hewlett Packard Model B85B computers, one
for each of the exposure rooms. Conditiocned data is transferred to the
executive computer for snalysis, storage, printing and concentration
control. Up to two GCs can be attached to each HPB5B computer. Data
from + U -onitoring equipment other than the GCa are inputted through a
Colorado vata Systems (CDS) Model 53A-IBX Intelligent Interface System.

System control is provided from the computer by means of comtrol
relays in the CDS Intelligent Interface System. These relays control
such devices as valves, drive motora, audible alarms, indicator lamps,
e:c -

A complete description of the mof{ware for this system is contained
in document @B-BE-SE@l. Maintenance of *he system is detailed in SOP
})B-BE-3DPE. Routine operation of the computer system is detailed in
SOP #PE-BE-3G@4. Routine daily operation of the system hardware is
detailed in SOP #@PB-BE-3B2Y,

C. TEST ARTICLE GENERATION, MONITORING

1. Hexane Vapor Generation System

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

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

The vaporizer (Figure 5) comprises a stainless steel cylinder
covered with a glass fiber wick from which the liquid is vaporized. The
wick can be easily and inexpensively replaced if necessitated by residue
buildup. An BO-wart 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 o be recorded by the
sutomated data acquisition system. The operating temperature of the
vaporizer will be maintained below 50°C (the boiling point of hexane 1is
about 70°C). The cylindrical vaporizer will be positioned in the fresh
air duct leading directly to the inlet of che exposure chamber.
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A clear teflon® tube of measured volume, preceded by a three-way
valve will be attached just upstream of the pump to facilitate
weasurement of the liquid flow rate of the vapor generator. Measurement
will be ®ccomplished by momentarily switching the three-way valve from
the run poeition to the test position. A small bubble of air will be
pulled by the pump from the cabinet through the valve and into the clear
tube. The progress of this bubble from one end to the other of the tube
(calibrated volume) will be timed with a stop watch. Flow rate will be
celculated by dividing the volume by the time. The concentration in the
exposure chamber can be calculated from the flow measurements of liquid
and dilution of air,

All generation equipment which comgs in contact with the hexane
will be stainless-steel, teflom or viton . All equipment contained in
the vented generstor cabinet will be explosion proof.

Detailed operating instructions for this system are contained in
SOP's ®B-BE-3B2Y and QB-BE-3D§M.

2. Test Article Concentration Monitorimg

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 &)
is incorporated into the relative humidity (RH) sampling system.
Samples of the atmosphere from each sample location are continuously
drawn by & vacuum pump through polytetraflucroethylene~lined,
stainless-steel sample lines to & location near the input to the
elght-port sample valve. This assures fresh samples at the monitor.
The sample lines, which continue from the point where they "T" off to
the eight-port valve to the dew point monitor, sre polytetrafluoro-
ethylene,

Sample values are accumulated and printed by an HP model 85B
computer untll 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 ig sant to the HP 85B, it 1isg
compared with limit values for that particular location. If the value
is beyond the control limits, the HP 85B will immediately send the
information to the executive computer, which will then take the
appropriate action as follows:

. Concentration 2 non~critical low limit and £ nom-critical
high limic:

No action

Concentration < nen=-critical low limit but 2 criticzl low
limic:

Increaae concentration by decreasing chamber air flow.
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. Concentration < critical low limit:

4 Increase concentration by decreasing chamber . !r £fl~. and
activate audible alarm.

. Concentration > non-critical high limit but 5 critical high
limit:

Decrease concentration by increasing chamber air flow,
. Concentration > critical high limic:

Turn off generation system and activate audible alarm,

The monitor will be calibrated by quantitative analysis of grab
samples., Addirionally, the operation of the chamber-monitoring gas
chromatograph will be checked daily against an on-line standard. This
check provides a measure of day-to-day instrument drift. Additional
calibration checks with grab samples will be performed to check rthe
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 #@B-AC-3COW).

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 #@B-AC-3D@2,

The uniformity of the distribution of test chemicals in the chamber
will be checked before the start of the study following SOP #@B-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 flow meters incorporaring five metering
valves. Sample flow from each line is mixed in a plenum containing the
explosive~level detector head. The detector will be set to alarm if the
level in any one chamber reaches 207 of the lower explosive limit while
the level in all other chambers is zero (SOP #@B-BE-3CQU) and
$B-BE=-3C¥B). An alarm condition will automatically shut off the flow of
test compound to all chambers.

D. ENVIRONMENTAL MONITORING

1. Temperature Measurements

Temperatures of the exposure chambers, exposure rooms and, if
necessary, test chemical generators, are measured by Reslstance
Temperature Devices {(RTDs). The RIDs 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 IIS (Figure 7). This allowas temperature to be
read manually or to be recorded automatically. All temperature
measurTement equipr 2t except the F”)s 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 mouths (SOP
#0B-BE-3C¢D and @B-BE-3CPL). Calibration will generate values for
offset and glope, which will be entered into the computer for each RID.
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 Model 910
chilled-mirror dewpoint hygrometer located in the Suice Control Center.
Seamples of the air from each measurement location will be pulled through
individual polytetrafluorcethylene 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 pasases through a three-way valve
to the system exhaust. When the RH is to be meapured at that location,
the three-way valve 13 switched to divert the flow to the dewpoint
hygrometer. The valve can be controlled by either a manual
gwitch or by a computer-controlled relay in the CDS IIS. This allows
RH to be meaaured manuslly or automatically. Once the dewpoint has been
determined by the hygrometer, the RH is automatically calculated by the
executive computer using the dewpoint value (T;) and the drybulb
temperature (T;), measured simultaneously at that measurement location.

The following equation is used for this calculation:

: 9.91 - 2714.55
10 (579 (T,-32)+253.3
X RH = x 100
2714,55
9091 -
10 (579)(T,-32)+293.3

where: T1 = dewpoint temperature, °F
T, = drybulb temperature, °F

Calibration of the dewpolint hygrometer will be checked before the
start of the study and at least once every two months thereafrer
(§B-BE-3C@J and ¥B-BE-3B1X). The procedure requires comparison of the
RH calculated by the system monitor to measurements made by celibrated
dewpoint hygrometer at the 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. BRH will be recorded at regular
periods during each 24-hour day.
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3. Chamber Air-~Flow Measurements

thamber air flow is measured by & multiplexed orifice-meter system
(Figure 8). Calibrated flow orifices are installed at the inlet and
exhaust of each chamber. The desired flow orifice 1is attached to a
Validyne Model DP-45 pressure transducer gnd CD~18 carrier demodulator
pressure-measurement system through Tygen tubes by means of solenoid
valves, The valves can be operated either by a manual switeh or by
computer activated relays in the CDS IIS. This allows flow to be
measured either manumally 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 i1f 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 ia repaired.

All flow measurement equipment, except the multiplexed solenoid
valves, i located in the Suite Countrol Center. Flow will be
automatically recorded at regular intervals during the 24-hour day. The
Validyne pressure transducer will be calibrated once each week
(@B-BE-3COW and PB-BE-3C@X). Calibration of the flow orifices will be
checked once every twoe months (SOPs #@B-BE-3C9S and @B-BE-3COV).
Calibration of each orifice will generate coefficients that will be
insertad into the computer flow equation for each orifice. Calibratien
data will be included as pert 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 continucusly monitored by a pressure switch
mounted near each chamber. If the chamber should develop a leak (for
example, a door inadvertently opened or a sample port stopper jarred
loose), the pressure switch will immediately shut off the flow of
compound to the chamber and alert the executive computer of the
condition. The computer will activate an audio alarm and print amd
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 systems (Figure 9). Each system consists of a pre-heat coil, a
filter system, a heating coil, a chilling coil, and a supply fan. The
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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
temperar te of the air exiting the air conditioning system at about
53°F. 1ne chilling coils also dry the air to a dewpoint not greater
than 53°F.

2. Anima]l 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 Weat 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 65X,

3. Chamber Relative Humidity (RH) Control

Figure 10 showe a schematic diagram of the system used to control
the relative humidity in the expoaure chembers, 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 RH control equipment by the building air handling system. This air
is evenly delivered to two ducts. Afir from the first duct passes into a
plenun 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 additionmal 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
"dry" air to the mixing valves.

i

Chamber RH 1s meagured by the multiplexed dewpoint hygrometer. If.
the RH is found to be beyond the RH control range, the computer will
calculate and mske the appropriate adjustment to the mixing valve to
bring the chamber RH to the deslred target value,

&4 Chamber Air-Flow Control

Flow of air through the chamber is mainteined by an AIR-VAC
Engineering Model TDRE 1000 air- multiplier pump located in the exhaust
duct of the chamber (Figure 11). This ailr-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
svstem, The motor drive can be controlled by a manual switch or
automatically by the computer through a relay in the CDS IIS. Fine
control of exposure concentration will be accomplished by automatically
adjusting the chamber air flow within the allowable flow limits. Gross
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adjustments of concentration must be done manually by adjustment of the
generation syetem. Maintenance of the chamber air flow control system
is covered in SOP #¢B-BE-3DQE.

i

Exhaust from all chambers is collected into a central chamber
exhaust duct within the exposure room, The exhaust from the chamber
pump is rigidly attached to the central chamber exhaust duct, This
rigid attachment prevents the posasible escape of test compound into the
room. The vacuum level in the central duct is regulated by a motor-
driven feedback damper to prevent variatioms 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
502 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 #¢B~BE-3DQE,

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 tbrough the
chamber walls (Bernstein and Drew, 19B80). Conaequently, 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 animsls will require the addition of dry
8ir to maintain the proper RH. The dry air from the RH control system
is cooler than room temperature., Om the other hand, some warming of e
chamber containing few animalg will be affected by the warm air from the
chamber's RH control system. Typically, a chamber with few animals will
require the addition of wet air to maintain the proper chamber RH. Tie
wet air is equal to or warmer than the room temperature,

F. CHAMBER EXHAUST WASTE TREATMENT

The exhaust from the central chamber exhaust duct is mixed with the
exhaust from the entire animal facility (75,000 cfm)} prior to being
exhausted from the building stack. Dilution of chember exhaust with
building exhaust results in an acceptable stack concentration of less
than 10 of the threshold limit value (TLV) for the test article.

G, DATA HANDLING
Data from each exposure room are stored in the Exposure Suite
Control Center on separate magnetic diskettes by Hewlett Packard Model

8121 micro-floppy disk drives., Daca and comments from each exposure
room are pricted on separate thermal dot-matrix printers (Hewlect
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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 ds pr*- ted (Figure 13). This summary includes the mean,
standard deviation, maximum, wminimum and target values for each set of
data for the 24~hour period. A second printout (Figure l4) provides
a list of outliers{i.e., all data pointa which were beyond the defined
critical limita). This printout will allow quick review of the data.

Data handling and analysis procedures are described in the
SOPs @B-BE-SE@3, @B-BE-3EQA, and @B-BE~-3E@B.

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 two parameters becoming
life-threatening to the animala, one muat understand both the emergency
power system and the emergency air handling equipment.

Power 18 provided to the Battelle complex from two separate city
substations through an automatic switching device. This significantly
reduces the possibility of losing city power. Power from the city is
routed to equipment in LSL-II through two types of motor control
centers. One type can switch power to the equipment from either city
power or emergency power from the LSL-IT diesel genmerator. 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 dilesel generator, and
route the emergency power to the equpiment supplied by the motor comtrol
center,

|

All equipment critical to the well-being of the animals is
connected to the emergency-power-type motor control centers. A list of
this equipment is as follows:

- Emergency lighting and electrical outlets

- Chillers #1 and #2 .

- Boiler and feedwater pump systems #1 and #2
- Alr compressors #1 and #2

- Air supply fans #1 and #2

- Alr exhaust fans #1 and #2

It should be noted that there are two identical units of all of the
equipment that is vital to the well-being of the animals {(heating,
cooling, supply air, exhaust air, and compressed air). Either of the
two units has sufficient capacity to maintain the animal environment
within a safe range. In all 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 mznually switched to rum 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 malfunctiong, an
alarm isi tripped in the power operar -'s office. A power operator is on
duty 24-hours/day, 7 days/week. I1f the power operator is not authorized
tn correct the problem that caused the alarm, he immediately calls the
appropriate personnel, including the Task Leader(s) or the Principal
Investigator(s) of the program(s) affected.
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DESCRIPTION COMPUTER “LOG BOOK" QUTPUT

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 columm, This is the time that the
measurement was taken,

Location-=This identifies where the data came from. Also referred
to in the menus as “Locatfon®. This column allows for 20
characters,

Function--This identifies which function was used to take the
reading. This column allows for 20 characters.

Data--This is the raw data. This colum includes an alarm code, a
status code, the data value and a units label.

Alarm code--"(" means that the data has exceeded non-critical
alarm Timits.
"<" means that the data has exceeded critical
alarm 1imits,

Status code--0K1 - Okay and calibrated. Data is included in

summary.

OKE - Qkay and calibrated, Data {s not included
in summary.

BST - Beyond service time. OData is included in
summary. '

BSE -~ Beyond service time. Data is not included
in summary,

* 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.
DOn.D
DD.DD
0.0DD
.DO0D
D.DDDESZ

Units label--This column allows 9 characters. Examples: ppm,
°F, °C, HOH.

NOTE: At almost any time during the exposure day, a comment can be
entered from the keyboard. Because our report is generated as events
occur, comments can appear in the middle of the logbook printout. This
first 1ine will show only the time and the operator’s full name. The
next Tines will contain the body of the comment,

FIGURE 12. (Continued)
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Ch A3 15.80 105 400 3 1201 12.0 15 15.0
Ch #04 13.90 % a0 1 8 1501 12,0 16 15.0
Ch 105 10.80 R 200 3 12.0 8.0 18 15.0
Ch #0b 14,80 X 400 3 12.0 12.0 15 15.0
Ch W07 16.80 112 R | H 4 18.0§ 4.0 14 13.0
Ch A8 ! 14.20 1l 400 3 17.0 12.0 15 1.0
Relative ~umigity | “ean 7 faro Stolev 73D "ﬂu_ﬂmm_l_m_“ Target
th M 3.0 114 3.10 w70 1. 14 A,
Ch A2 8.0 % 2.2 1 2. 0. 14 A
Ch A3 3.0 106 2.3 10 70, £. 14 A.
Ch #4 21.0 1R 3.10 I 70, 41, 14 2.
Ch a5 .0 e 5.20 N =, 8, 14 3.
th #6 20 | 106 3.3 10 0.0 .1 14| 32
Ch A2 I L0 (17 3,10 i 70. a1, 14 0.
Ch 08 R :Xi % 2.2 g = & 18| 3
Fico R0 16 3.3 10 N YN0 BT I )

FIGURE 13. Example of 24~-Hour Data "Summation" Primtout from

Data Acquisitrion and Comtrol Computer.
organized by data type.
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n-HEXANE 2B-DT-1F29-00-2154 Page: 27 of 27

Dominant Lethal Test Attachment 2 March 3, 1886
“utlier Taole for the File : 24 uuly 185 Dosure: Jesonstration
i

|t ugin furcss Lor  Data_| Lower Taeet gver
23 ul|Tesperature th ot To:dy)” 8.3 0.0 720 740
&3 wl : 16:6) 8.2 720) 7201 /40
& ad 1051 |0y 7001 720 4.0
3 6:5] | 0.0 720] 740
.l 6:381 B34 0] 7201 740
2 wl Y 16:47] o8.1 | 70.0] 72.01 /4.0
23 Jul 16:8 B3| B0 720 4.0
33 ad th A3 6:0) [0 00| 2.0[ 740
23wl th 209 .58 ALl 0010 28] A0
3l 1.8 4.8 7001 72,0 74.0
3 ad G AB 14:58 43 B0 20} 740
3 al Ch 28 B0l .40 001 20| 740
23 cul 1B:20F B 007 20| 740
23l Rocs 8:3] [ 00] 20| 70
22l Weqtl 880 001 RO 240
&3 aul |Flow & A0 e 124 14| 1.0 170
a3 &l 15:3] 18y 120 150 1.0
3 al th A5 53 o1 12.0] 5.0} 17.0
3 Ch #08 0:3] 00 1201 15.0] 170
3l 1geatl 202 1201 150! 120
23l {Concentration th 23 10:45)4, 506+, 000e+0| 7. S00E+3 |1, 000E+
23 ad 10:30[4, 2506415, 000E+) 17, 3006+0 11, 000E+1
&3 ad % 11:01|4.20064015. 000E+017.300E+0 11, 000E+1
22wl i 11:14]4, 1€ 445 000E+0| 7. S00E+0 1,000 +1
2 .l f 111:2814, 506401 (00E17, S0E+01 1. 000E+1
23 wl ICh 26 P 9:06{1. 143E+1i5,000E+0 17, 5006+ 1,000+
3 212111, 194641115, 0006407, 5006401 1, 000E+1
23 ad S:06]1.052E41:15.000E+017., 500€+401 1, 000E+1
23wl (ch 08 {11:46] 1.001E+15,J00E+D17 . S00E+0{ 1. 000E+!
2 | 11229711000+ 1 000E+017. 300€+011..000E:

FIGURE 14. Example of 24-Hour Data "Outlier Table" Printout
from Data Acquisition and Control Computer. Table
shows data which were beyond the defined operating
limits.
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SPONSOR: NTP-IRT CHEMICAL: n-HEXANE
STUDY: DOMINANT LETHAL CHAMBER: Treatment #1
ROOM: 436 CONCENTRATION: 0 ppm (Control)

DATE: 3.24-86 to 3-29-86
£SXU  LEVEL 3

Cage Cage Cage Cage
15 30 45 60
14 29 44 58
13 ' 28 43 58
12 27 42 57
11 26 41 56
10t 1764 25| 1790 40 | 1838 55
2 | 1751 24 | 1787 39 | 1832 54
81 1742 23| 17381 38 | 1830 53
71 1739 221 1779 37 | 1829 52
61 1729 21| 1777 36 | 1827 51
51 1720 20| 1778 35 | 1826 50
4 17089 19| 1774 34 | 1823 49
3| 1708 18| 1767 33 | 1801 48
2| 1708 17| 1766 32 | qgoC 47
11 1705 16| 1765 31 | 1791 46
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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-% LEVEL 3

Cage Cage _ Cage Cage

15 30 45 60

14 29 44 59

13 28 43 58

12 27 42 57

1 26 41 56

10l 1747 25} 1802 40 | 1841 55

91 1743 24| 1796 39 | 1840 54

8| 1738 23| 1795 38 { 1837 53

71 1737 22| 1783 37 | 1834 52

6| 1733 21 [ 1702 36 | 1822 51

51 1732 20| 1778 35 | 1820 50

4] 1726 19 | 1773 34 | 1818 49

3 1717 18 1771 33 1810 49

2| 1715 17| 1782 32 | 1809 47

1 1704 16| 1756 31 | 1805 48

F.45




SPONSOR: NTP-IRT CHEMICAL: n-HEXANE

STUDY: DOMINANT LETHAL CHAMBER: Treatment #3
ROOM: 436 - CONCENTRATION: 1000 ppm (Megium}
DATE: 3-24-86 1o 3-29-88
; LEVEL 3

Cage Cage Cage Cage

15 30 45 60

14 29 44 59

13 28 43 58

12 87 42 57

1t 26 41 56

101 1750 25| 1798 40 1842 55

9 1744 241 1793 a9 1839 54

8 1741 23| 1792 38 1833 53

7 1734 22| 1788 a7 | 1831 52

] 1725 21 1786 36 1825 59

5 1718 20| 1785 35 1824 50

4 1713 19| 1784 34 1815 49

3 1712 181 1758 33 1814 48

2 1711 171 1757 32 1813 47

1 1710 16| 1752 31 1803 46
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SPONSOR: CHEMICAL: n-HEXANE
STUDY: DOMINANT LETHAL CHAMBER: Treatment #4
ROOM: 4386 CONCENTRATION: 5000 ppm (High)
DATE: 3-24-86 to 3'29'8%\3 LEVEL 3
Cage Cage Cage Cage
15 30 45 60
14 29 44 59
13 28 43 58
12 57 42 57
11 26 41 56
10| 1728 25 40 | 1g28 55
91 1724 241 1797 39 | 1819 54
8 1723 23 1794 38 | 1817 53
71 1729 22| 1780 37 | 1818 52
6 | 1718 241 1772 36 | 1812 51
5| 1714 20| 1768 351 1811 50
41 (707 19| 41755 34 | 1808 49
3 1703 18| 1754 a3 | 1807 48
2| 1702 171 1749 32 | 1808 47
1 1701 16 | 1736 at | 1804 46
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