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SUMMARY

The straight-chain hydrocarbon, n-hexane, is a volatile, ubiguitous so0l-
vent routinely used in industrial environments; conseguently, the opportunity
for industrial, environmental or accidental exposure to hexane vapors is sig-
nificant. Although myelinated nerve tissue is the primary target organ of
hexane, the testes have alsc been identified as being sensitive to hexacarbon
exposure. The objective of this study was to evaluate the epididymal sperm
morphology of male B6C3F1 mice 5 weeks after exposure to 0, 200, 1000, or
5000 ppm n-hexane, 20 h/day for 5 consecutive days. Two concurrent positive
control groups of animals were injected intraperitoneally with either 200 or
250 mg/kg ethyl methanesulfonate, a known mutagen, once each day for 5
consecutive days. The mice were weighed just prior to the first day of
exposure and at weekly intervals until sacrifice. During the fifth post-
exposure week the animals were killed and examined for gross lesions of the
reproductive tract and suspensions of the epididymal sperm were prepared for

morphological evaluations.

The appearance and behavicr of the mice were unremarkable throughout the
experiment and there were nc deaths. No evidence of lesions in any organ was
noted at sacrifice. Mean body weights of male mice exposed to n-hexane were
not significantly different from those for the O-ppm animals at any time
during the study. Analyses of the sperm morphology data obtained 5 weeks
post-exposure (the only time point examined) indicated that exposure of male
mice to relatively high concentrations of n-hexane vapor for 5 days produced
no significant effects on the morphology of sperm relative to that of the
0-ppm control group. Furthermore, there were no significant differences among
classes of sperm abnormalities in mice exposed to increasing concentrations of
n-hexane. & significant, dose-related reduction in the percentage of normal
sperm 5 weeks post-exposure was demonstrated for the positive control agent,
ethyl methanesulfonate. These results indicate that n-hexane inhalation
exposures of short duration, S5 days, do not adversely affect spermatogonia or
primary spermatccytes in the B6C3Fl mouse as determined by examining the
morphology ¢f mature sperm by light microsopy.
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INTRODUCTION

The straight-chain hydrocarbon, n-hexane, is commonly used as a solvent
for the extraction of oil seeds, as a reaction medium in the production of
pelyolefins, elastomers and pharmaceuticals, and as a component of quick-
drying cementa, lacquers and adhesives. The production of n-hexane, which was
estimated to be four billion pounds per year in 1979, utilizes stocks of
straight-run gasoline and higher boiling liquid products stripped from natural
gas or paraffinic fractions of refinery streams. Since it is also found as a
minor component of gasoline and its combustion products, petroleum products
are a major source of environmental hexane contamination. Due to the large-
scale production and widespread use of hexane, including teaching laborato-
ries, the opportunity for industrial, incidental, environmental, or volitional
{glue-sniffing) exposure to hexane vapors is significant. This study was per-
formed due to concern that exposure to n-hexane vapeors 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 Neurotoxicelogy {(edited by Spencer and
Schaumburg, 1980). In summary, polyneuropathies have been reported following
exposure of workers to n-hexane. A metabolite, 2,5-hexanedione (2,5HD), has
been shown to be responsible for most, i1f not all, of the neurctoxicity.
Younger rats appear to be less sensitive to n-hexane neurotoxicity than are
older animals. It has been suggested that this difference may be due to their
having shorter axons with smaller diameters, or to a .greater rate of growth
and repair of peripheral nerves as compared to that of adults {Howd et al.
1983; Kimura et al. 1971). Likewise, Graham and Gottfried (1984) hypothesized
that mice are less sensitive than rats to gamma-diketones, such as 2,5HD,
because myelinated axons in mice are shorter and have smaller diameters than

the corresponding axons in larger species.

Pharmacokinetic and distribution studies of inhaled n-hexane in the rat
indicated that the saturation concentration of n-hexane in organs is directly
proportional to their lipid content, and that blood contains more hexane in

relation to its lipid content than do other organs (Andersen 1%81; Bohlen et
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al. 1973). Baker and Rickert (1981) found that both the metabolism and
elimination of n—hexane in male Fisher-344 rats 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 metabolite, 2,5-
hexanedione (2,5HD), was not directly correlated o increasing n-~hexane expo-
sure concentration. Maximal 2,5HD levels in the blood and in the sciatic
nerve were observed in the 1000-ppm exposure group, but did not increase for
the two higher exposure groups. Bus et al. {1982), using l%C-labeled n-hexane
administered to rats in a single 6-hour inhalation exposure of 500, 1000, 3000
or 10000 ppm observed a similar phenomena. Tissue l%C-concentrations measured
in liver, lung, kidney, testes, brain, sciatic nerve and blood were found to

be maximal at the 3000-ppm level and did not increase at the 10000-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 male
rats in their drinking water and found a decrease in the activity of two
Sertoli cell enzymes, P-glucuronidase and y-glutamyl transpeptidase, after 3
weeks of exposure. No morpholegic changes were noted at three weeks; however,
the testes were essentially azospermic after 6 weeks of exposure, and the few
primary or secondary spermatocytes that were 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 furthermore, that changes in Sertoli cell biochemistry
precede visible morphologic changes in the testes. In a later study, Chapin
et al. (1983) indicated that the Sertoli c¢ell is probably an initial target

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

Cavender et al. (1984) did not detect neurotoxicity or testicular toxic-
ity in rats exposed to 3000, 6500 or 10000 ppm purified hexane vaper(39%.3%)
6 h/day, 5 day/wk for 13 weeks. However, the only measurement of testicular

toxicity obtained in this study was the organ weight; the possibility of his-
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tological or biochemical changes"in the testes was not addressed. Although
the exposure concentrations used in this study were relatively high, the short
daily exposure periods may not have permitted the concentration of the hexane
metabolite, 2,5HD, to build up sufficiently in the blood or tissues to cause

testicular toxicity.

The potential testicular toxicity of n-hexane was investigated in the
sperm morphology assay in mice in light of the reported testicular toxicity of
the hexane metabolite, 2,5HD, in rats. This mouse sperm morphology assay was
originally developed as an in vivo test to detect mutagenic compounds (Wyrobek
and Bruce, 1975; Wyrobek et al., 1979) and typically employed the B6C3F1l
hybrid mouse as the test species. This hybrid mouse was chosen for this assay
because of its low numbers of abnormal sperm and little inter-mouse variation
{Wyrobek and Bruce, 1978). BAccordingly, the objective of this study was to
evaluate the sperm morphology of B6C3Fl male mice five weeks after expcsure to
relatively high cconcentrations of n-hexane vapor, 20 h/day for a 5-day period.
An alternate approach to detecting mutagenic events in spermatogenesis, the
male dominant lethal assay was conducted as a companion study, Mast, et al.
{1988a). 1In this study the potential for n-hexane to cause male dominant
lethal effects in the Swiss (CD-1) mouse was examined following the same

eEposure regimen.

EXPERIMENTAL DESIGN

Six groups of B6C3Fl male mice, each consisting of 20 randomly selected
animals were exposed to 0 (filtered air}, 200, 1000, or 5000 ppm n-hexane
vapor for 5 consecutive days, 20 h/day, or to a positive-contrel agent, ethyl
methanesulfonate (EM5). The long daily inhalation exposure periods were
chosen in order to maximize n-hexane exposures since the maximum vapor concen-
tration of n-hexane in the exposure chambers was not allowed to exceed 50% of
the lower explosion limit, =10,000 ppm. Mice in the positive-control groups
were given intraperitoneal injections of either 200 or 250 mg/kg EM5. The
0-ppm animals were housed in an exposure chamber in the same room, and were

handled in the same manner as the animals exposed to n-hexane vapors. The
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positive-control animals were housed in an exposuze chamber in a separate room
and were injected with EMS on each of 5 consecutive days concurrent with the

n-hexane exposures.

After the 5-day exposure period, the mice were maintained in individual
wire-mesh cages for 4 weeks and were killed during the S?h post-exposure week.
Sperm morphology was evaluated at this time by light microscopy of stained
epididymal sperm preparations {(details follow). "he sacrifice was performed 5
weeks post-exposure since previous work had shown that the peak incidence of
abnormalities in sperm induced by mutagenic agents such as EMS occurred at

about this time (Wyrobek and Bruce 1975).
VAPOR GENERATION AND CHEMICAL ANALYSES

Bulk chemical purity analyses were performed on the single lot of
n-hexane used for the mouse exposures. Analytical procedures employed
infrared spectroscopy and gas chromatography (GC) for the initial identity and
purity determinations. The purity of the n-~hexane used in this study was

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

On-line measurements of the chamber n-hexane concentrations were per-
formed using an HP5840 GC equipped with a flame ionization detector. A
computer-controlled, rotating 8-port wvalve allowecd measurement of n-hexane
concentrations in the exposure room, the control chamber, the exposure cham—
bers, and the on-line standard. &all ports were sampled at least once every
40 minutes. The GC was equipped with a 1/8" o0.d., l-ft nickel column packed
with 1% SP-1000 on 60/80 mesh Carbopack B. The oven operating temperature was
120°C. An on-line standard, 994 ppm n~hexane in ritrogen (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.

Inhalation exposures were conducted in 2.3-m° stainless steel chambers

(1.7-m? active-mixing volume) designed at Battelle Northwest Laboratories
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{(Brown and Moss 1981; Moss et al. 1982)}. Each chamber contained three levels
of caging, each of which was split into twe 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 acquisgi-
tion and contrel system which monitored and controlled the basic inhalation
test system functions, including chamber air flow, vacuum, temperature, rela-
tive humidity, and test chemical concentrations. Conditions which may have
been a threat to the health of the animals, or constituted an explosion haz-
ard, triggered alarms to personnel on-call 24 h/day. &All data acquisition and
control originated from an executive computer which contained the exposure

protocols and controlled a multiplexing interface system.

Generation of the n-hexane vapor was accomplished by metered pumping of
the liquid chemical from a 5-gallon reservoir which was replenished daily.
The test material was delivered through inert delivery tubes to a vaporizer
located at the fresh air inlet of each animal exposure chamber. The vaporizer
was comprised of a stainless steel cylinder wrapped with a glass fiber wick
from which the liquid was vaporized. The operating temperature of the vapor-
izer was maintained below 50°C (the boiling point of n-hexane is =70°C). All
generation equipment which came into contact with the n-hexane was stainless
steel, Teflon®, or Viton®. All equipment was contained in a vented, explo-
sion-proof generator cabinet. Chamber air flows were maintained by a
computer-controlled pump in the exhauat line of each chamber. The exposure
suite data acquisition and control computer automatically controlled the
concentration of n-hexane in the chambers by adjusting the flow rate of

dilution air through the individual chambers.

The buildup and decay of n-hexane concentrations, without animals in the
chambers, were checked prior to the first week of the study, Figure 1. The
time required to reach 90% of the target concentration (Tgy) ranged from
11.0~13.0 min. The decay time, the time required to decline to 10% of the
target concentration (T,g) after generators were shut off, ranged from
9.0-11.0 min. Uniformity of vapor concentration in the exposure chambers was
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measured prior teo the start cof the study and found to be acceptable in all
chambers (e.g. £5%). A buildup and decay determination with aﬁimals present
in the chambers was not performed due to the short total duration of the
exposure—5 days. However, later evaluations showed that the presence of mice

did not significantly affect build-up and decay times (Mast, et al 198B8Bb).
ANIMAL RUSBANDRY

A total of 137 male B6C3F1 mice, B weeks of age (Charles River Laborato-
ries, Portage, MI), were singly housed in wire-mesh cages in a quarantine rocom
for 24 days. Mice selected for inhalation exposure were acclimated to the
exposure chambers for 3 days prior to the initiation of the study. During the
quarantine periocd 10 animals were killed and examined for bacterial pathogens.
Serum from each animal was tested for antibodies to selected pathogens, and
histopatheologic examinations of lung, liver, kidnay, ileum, colon, and heart
were performed (Appendix D). At necropsy, serum Erom five animals from the
high dose group and five from the control group was alsc tested for antibedies
to selected pathogens. All results were negative for significant pathogens
and gross lesions. All animals were observed daily throughout the study for

morbidity, mortality, and overt signs of toxicity.

Pelleted NIH-07 diet {(Ziegler Bros. Inc., Gardner, PA) was provided ad
libitum during the entire study. Since the daily duration of exposure was so
long, 20 h, food was left in place during the exposure period in crder to
prevent food deprivation and was replaced daily. Water was provided ad
Iibitum by an automatic watering system at all times, Room lighting was

maintained on a 1l2-h on-off cycle starting at 6 &.M.

During guarantine period the animal room was maintained at 72+3°F and
50+15% relative humidity {(RH)., During the exposure period daily mean chamber
temperatures were between 73.0 and 74.8°F, within the normal operating range
of 75%3°F. BActual chamber temperatures ranged between 71.7 and 78.5°F, and
93% of the measurements were within the specified range. Daily mean RH in all
exposure chambers was between 49.9 and 59.8%; RH was within the normal
cperating range of 50*15% for more than 93% of the measurements. The average

air flow in all chambers for the study was 15.0-15.1 CFM; the minimum and
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maximum were 13.2 and 1B8.5 CFM, respectively. B2 detailed summary of the daily

chamber environment is listed in Appendix B.

SPERM MORPHOLOGY

Al)l mice were weighed, identified by numbered eartags, toe-clipped by
exposure group, and randomized on the basis of body weight, during the week
prior to exposure. Body weights were obtained on the 1%t day of exposure and
weekly during the post-exposure period. During the fifth post exposure week,
the mice were killed with CO,, weighed, and examined for gross lesions of the
genital tract and for gross tissue abnormalities. See Appendix C for a

complete tabulaticn of body weight and sperm morphology data.

Sperm suspensions were prepared immediately after sacrifice by mincing
the cauda epididymis in 2 ml phosphate-buffered saline (PBS; Wyrobek and Bruce
1975). Minced tissues were agitated gently in PBS then filtered through an
80-100 pm stainless steel screen. Several drops of 1% Eosin Y stain solution
were added to the filtrate and it was allowed to stand for 45 min. After
resuspension of the cells, four drops were placed on a glass microscope slide
and allowed to air dry overnight. All slides were labeled only with the ani-
mal number in order tc conceal the identity of the treatment group from the
examiner during evaluation. The morphology of at least 500 sperm from each
slide was examined under a light microscope (40x) and classified as either
normal or abnormal. The following types of abnormal sperm were also recorded:

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

The SAS statistical software on a VAX 11/780 computer was used to calcu-
late all means and standard deviations of animal data. Body weights were ana-
lyzed using the SAS General Linear Models (GLM] procedures ({(5AS 1985) with an
analysis of variance {ANQVA)} model for unbalanced data. Values for normal and
abneormal sperm heads were expressed as a proportion of the total number of
cells examined for each slide. The propeortion of abnormal sperm of each type
relative to the total number of abnormal sperm was calculated as well. These

proportional data were subjected to an arcsin transformation and evaluated by
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an ANOVA, Tukey's multiple-range test (two-tailed) was used to ascertain the
presence of statistically significant differences between control and exposed
groups. When appropriate, the data were alsoc evaluated for orthogonal

contrasts to determine significance of trend (Winer 1571).
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REQULTS

The daily mean n-hexane cencentrations feor all exposure chambers are
shown in Table 1. Grand means for all exposure concentraticns were within 6%
of the target concentrations. Detailed summaries of the concentraticn data,
summaries of environmental data, and graphic illustrations of the daily means,

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

The appearance and behavier of the mice were unremarkable throughout the
experiment and no evidence of n-hexane toxicity was observed, No deaths
occurred in any of the four inhalation exposure groups. However, three ethyl
methanesulfonate (EMS) positive-contreol animals {one in the 200 mg/kg group
and two in the 250 mg/kg group) died from EMS toxicity between 4 and 10 days
after treatment was initiated. At the scheduled sacrifice, 5 weeks post-
exposure, no unusual clinical observations were observed for either of the EMS

groups nor were gross lesions noted in any organ.

Significant differences in mean beody weights were not cbserved between
any treatment group at sacrifice (Table 2). Mean body weights of male mice
exposed to n-hexane vapor concentrations as high as 5000 ppm for 5 consecutive
days were not significantly different from the 0-ppm group at any time during
the post-exposure period. However, the body weights of both EMS-treated
positive-control groups were significantly lower than the 0-ppm grcup during
15t and 2"d post-exposure weeks, The mean body weight of the 250-mg/kg group
was also significantly reduced relative to the 0-ppm group during 379 post-—
exposure week, Cumulative weight gains for the 250-mg/kg EMS group were
significantly less than all n-hexane groups throughout the entire post-

exposure period (Figure 2).

Analyses of the sperm morphology data obtained from male mice S5 weeks
post-exposure to 200, 1000 or 5000 ppm n-hexane vapor produced no
statistically significant effects on the percentages of normal or abnormal
sperm relative t¢o the 0-ppm group (Takle 3). Although the percentages of
sperm classified as having a "blunt hook™ were positively correlated to

increasing n-hexane concentration, this is probably of no biclogical
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significance since the 200 and 1000 ppm groups both had lower wvalues than the
O-ppm greup. Ethyl methanesulfonate was shown to be an effective positive-
control agent at the doses used as evidenced by a significant, treatment-
related reductien in the percentage of normal sperm observed at five weeks
post-exposure (Table 3). The proportional distributien of the different types

of abnormalities was not affected (Takle 4).
RISCUSSION

Significant increases in the incidence of sperm abnormalities were not
obse;ved five weeks post-exposure (the only time point examined) in the B6C3F1l
mice exposed to 200, 1000 or 5000 ppm n-hexane vapor for 5 days, 20 h/day.

Nor were any significant treatment-related effects found in a cempanion study
conducted to assess the potential for n-hexane exposure to cause male dominant
lethality in mice (Mast et al. 198Ba). Although the mechanisms producing
abnormal sperm and male dominant lethality may be dissimilar, these two
studies lend support to the conclusion that n-hexane exposures of short
duration do not adversely affect sperm gquality, even when administered at

relatively high concentrations.

In contrast to the lack of observable affects on the sperm noted in this
mouse study, others have reported toxic effects to the testes of rats after
exposure to hexane or its metabolites. Atrophy of testicular germinal
epithelium in rats following the oral administration of n-hexane or its
metabolites was reported by Krasavage et al. (1980); however, n-hexane was much
less petent than its metabolites. The cral administration of the hexane
metabolite, 2,5HD, in drinking water caused demonstrable changes in Sertoli
cell biochemistry which cccurred prier to visible merpholegic changes in the
rat testes (Chapin et al. 1982). The activities of Sertoli cell
BA-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. These results are not consistent with
the studies of Cavender et al. (1984), who failed to detect testicular
toxicity (e.g. as decreased testes weight) in rats exposed to atmospheric

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

n~HEXANE SPEMM MORPHOLOGY STUDY 10 AUGUST 1988



The results of most of the studies reviewed above can not bg directly
compared because of differences in animal species and in experimental design.
However, it is interesting to ncote that negative responses cf the testes or
the sperm have resulted with inhalation exposures whereas positive effects
have been seen in studies employing oral routes of exposure, The differences
in respcnse in rats may be due to differences in effective dose or in the
duration of exposure. The inhalation exposures were either for a short time
period (1-5 days), or for a small fraction of the day (é h}, whereas the oral
studies were generally continuous for up to €& weeks. Krasavage et al. (1980)
showed that a single, oral dose ¢f n-hexane to the rat was rapidly metabolized
to 2,5HD, and that the 2,5HD was completely cleared from the blood in about
18 h. Consequently, a sustained exposure may be required to cause adverse
effects. Mice could be insensitive to testicular effects of n-hexane or

respond differently than rats to n-hexane exposures.

The mouse sperm morphology assay was developed by Wyrcobek and Bruce
{1975) to detect mutagenic compounds and has been applied to a wide variety of
industrial carcinogens and other compounds. However, 1t has shown only
moderate correlation with the in vitro mutagenic assays {Bruce and Heddle,
1979). The mouse sperm morphology assay was also investigated by Osterloch et
al. (1983) as a possible adjunct to assessing testicular toxicity; These
workers examined a broad range of pesticides using the sperm morphology assay
and found surprisingly few positive responses to known testicular toxins
and/or carcinogens, perhaps due to the wide array of mechanisms which may
cause testicular toxicity. Thus, Osterloh et al. (1983) concluded that the
sperm morphology assay was not a suitable method to use in the detection of
testicular toxins. In our study, sperm abnormalities were not detected fol-
lowing n-hexane exposure; however, we were able to demonstrate a dose-response
effect of the positive-control material, EMS, on the incidence of sperm
abnormalities occurring 5 weeks after the cessation of exposure. Under the
conditions of this study, n-hexane inhalation exposures of short—duration, 5
days, did not adversely affect sperm morphology, suggesting the lack of an

effect on spermatogonia or primary spermatocytes in the B6C3F1l mouse.
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Sperm Morphotlogy n-Hexane Study:

124

Pre-Study
wt

28.0
27.8
26.9
24.2
27.8
39.2
27.2
23.9
28.8
28.4
24.2
27.9
26,2
24.4
28.2
27 .4
28.8
28.2
256.2
25.8

Day 1 of
Expoaure

28.8
25.2
28.8
28.48
29.9
1.2
28,2
24.8
27.8
27.8
20.9
28,2
25.8
25.9
21.2
22.8
27.8
27.0
28.8
21.2

Waek 1
(Post-Exposurs)

26.4
20.2
27.2
28.2
29.9
31.4
28.2
28.2
28.4
28.8
2E.8
28.2
28.8
28.8
29.9
26.4
28.4
28.2
28.9
27.8

? ppm n-Haxane -

Week 2
(Post-Exposure)

27.4
3.4
27.8
27.2
2¢.8
a2.8
209.2
27.8
20.8
20.8
26.2
26.8
268.2
27.2
32.8
25.8
29.2
29.8
27.8
20.4

Body Weights (g) for Male Mice

Week 3
(Post-Exposure)

27.8
aw.e
28.4
27.2
2%.8
az.s
29.4
28.2
29.8
3p.8
28.2
29.4
26.8
28.2
31.8
26.9
29.4
2¢.8
27.8
27.8

Weak 4
{Post~Expoaura)

20.4
31.4
20.9
28.2
38.2
34.4
jo.e
20.4
3.8
§1.8
27.2
3a.9
26.8
28,8
32.8
3.8
3.8
av.9
29.0
29.9

Secrifice
Wt

28.1
1.4
27.9
27.89
26.8
83.2
28.8
29.7
2.6
31.8
27.5
29.9
27.0
20.9
1.9
29.8
3.3
30.4
28.6
28.6
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ale
Id

Pre-Study
wt

27.8
28.2
24.8
29.8
25,2
24.4
25.8
23.4
27.9
27.8
26.9
26.9
23.8
28.9
28.4
26.8
2g.2
27.4
28.4
26.4

Sperm Morphology n-Hexane Study:

Day 1 of
Expowure

20.8
27.4
26.8
39.8
27.0
28.2
27.8
26.6
28.4
29.9
27.8
27.6
25.2
27.8
20.2
20.8
29.2
28.4
28.8
27.4

Weak 1
(Post-Exposure)

3a.2
27.8
28,2
31.4
28.8
27.0
29.8
27.8
2g.2
29.4
28.8
27.2
28.8
29.8
ae.2
28.8
.0
29.9
27.6
29.4

~w= 208 ppm n—-Hexane --

ook 2
(Pest-Exposure)

30.4
27.8
26.8
31.6
28.8
27.8
29.2
27.8
29.2
29.0
28.4
27 .4
27.2
20.4
3a.8
29.4
39.2
29.0
29.2
28.89

Body Weaighte (g) for Mels Mice

Week 3
(Post-Exposure)

al.a
2p.2
28.6
2.e
2.8
27.2
28.8
28.2
28.6
29.9
29¢.2
27.4
28.2
3.0
..
29.4
31.2
29.6
28.8
26.8

Week 4
{Post-Expomure)

al.e
29.8
27.2
32.4
29.8
27.8
29.8
28.8
29.2
29.4
20.4
28.8
28.4
32.8
3al.2
33.8
3l.2
3a.a
29.4
30.8

Sacritice
wt

1.8
27.8
28.5
31.@
29.1
27.2
28.3
29.3
28.9
29.3
29.8
8.1
2B.2
Al.7
al.1
29.8
3l.1
29.2
28.8
29.8
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Male
1d

Pre-Study
Wt

28.0
25.4
28.4
28.2
24.8
27.2
28.2
28.2
24 .4
23.2
27.8
27 .4
27.0
25.8
28.8
25.2
23.8
28.4
25.2
29.8

Sperm Morphelogy n-Hexane Study:

Day 1 of
Exposurs

28.8
27.8
27.8
2B8.2
26.8
27 .4
28.2
27.8
26.2
26.8
29.9
29.4
27.4
27 .9
28.9
28.2
26.4
28.8
26.4
29.2

Weak 1
(Post-Exposure)

27.2
28.9
28.8
28.8
28.¢
28.8
28.2
27.8
26.8
28.4
28.8
.8
26.8
28.2
29.9
27.8
27.4
28.a
29.@
0.2

1299 ppm n-Hexane

Wask 2
{Poat-Exposure)

28.8
27.2
29.8
28.2
28.2
28.4
27.8
29,2
28.8
27.0
28.8
31.8
29.2
28.8
29.9
27.8
29.2
29.8
20.8
2.8

—_————————

Body Weighte (g) for Male Mice

Woek 3
{Post~Expoaure)

26.8
27.8
28.8
28.8
28.8
2B.4
28.9
2B.4
28.6
27.8
26.9
2.8
e.d
28.8
26.8
28.9
28.4
26,8
20.4
3.9

Week 4
(Post-Exposurs)

27.6
27.8
29.2
28.2
27.2
29.2
29.9
29.2
2t.8
28.2
29.2
32.4
3l.e
29.8
39.9
29.08
28.8
.2
28.2
3l.e

i — e e i

Sacrifice
Wt

27.3
27.6
29.4
28.8
28.2
29.8
28.6
29.9
27.1
28.1
29.4
33.3
3e.7
28.9
29.6
28.6
29.7
2g.6
29.2
39.2
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Sparm Morphology n-Hexane Study:

Mals
14

]

7
12
16
22
20
k=13
g
40
42
48
51
10
87
08
pil
112
118
117
119

Pre-Study
wt

25.8
28.9
23.6
20.2
24,4
28.8
26.2
25.9
26.4
27.8
27.2
25.4
24.2
26.9
26.8
28,0
27.8
28.4
28.4
27.9

Day 1 of
Exposure

26.8
26.8
26.8
27.2
26.0
27.8
28.2
27 .4
28.6
20.8
26.2
28.8
24.8
27.8
265.8
20.8
28.4
27.8
29.9
29.8

Week 1
(Post-Exposure)

26.¢8
208.8
20.6
26.4
28.8
30.0
27.2
28.8
1.0
in.4
3e.2
26.4
28.8
28.4
27.¢
.2
3i.s
29.8
81.0
26.8

6280 ppm n-Hexane

Week 2
(Post-Exposure)

28.2
28.8
27.8
29.9
28.8
89.2
27.2
29.8
al.4
3a.2
29.2
28.9
27.8
28.2
26.4
3g.e
32.4
31.8
32.9
30.4

Body Weighta (g) for Male Mice

Week 3
(Poat-Exposure)

27.4
28.8
28.4
29.4
27.2
3.2
27.4
32.9
31.8
31.0
i9.2
28.8
29.2
25.9
27.8
31.@2
33.2
3z.8
33.4
31.4

Woak 4
(Post-Exposurae)

27.8
27.2
20.8
20.2
27.2
32.8
28.2
3e.4
31.8
l.e
3.8
29.&
29.8
28.8
28.2
32.4
33.8
az.e
1.2
al.2

Sacrifice
Wt

26.8
28.9
20.1
28.8
28.8
39.1
27 .4
0.4
31.3
3.9
38.6
28.8
29.8
28.4
28.2
31.6
2.7
31.8
al.s
32.8
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Sperm Morphology n-Hexsns Study:

Maie
Id

Pre-Study
Wt

27.8
28.8
28.2
24.2
26.4
24,4
24.9
25.8
25.2
27.9
28.4
29.2
25.4
28.4
23.4
25.0
28.4
28.2
27.2
27 .4

Dey 1 of
Exposure

27.9
27.8
26.8
23.8
28.6
24.8
26.8
26.8
26.8
27 .6
28.6
ag. 4
28.8
28.9
24.1
25.3
28.7
28.2
27.9
28.98

Woek 1
(Post-Expowsure)

26.8
25.9
23.6
23.8
28.3
25.4
24.2
24.3
25.4
27.1
27.3
28.9

28.6
24.2
26.1
26.7
24.9
28.8
28.6

200 mg/kg EMS ---

Weeok 2
{Post-Exposura)

28.4
27.0
26.8
26.2
20.2
26.6
28.2
26.6
27.2
28.8
28.6
3n.2

27.4
26.2
28.8
27.2
20.4
28.2
27.0

Dody Weights (g) for Mals Mice

Wook 3
(Post-Exposure)

29.8
27.8
28.8
26.8
290.2
27.8
27.8
27.2
28.2
30.2
29.4
32.8

26.8
26.4
28.2
28.9
27.2
28.4
28.4

Week 4
(Post-Expoaure)

32.8
28.4
28.8
27.6
29.4
28.4
29 .4
28.8
29.2
1.2
30.2
24.2

20.4
26.8
28.0
29.2
268.8
2p.6
26.9

Sacritice
wt

3.8
28.4
27.1
27.1
29.4
28.7
28.1
29.9
8.2
31.8
32.8
33.9

29.6
28.8
29.4
28.6
28.7
29.6
20.2
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Sparm Morphology n-Hexane Study:

Pre-Study
we

28.9
28.4
26.8
24.4
27.0
28.2
24.8
26.8
27.4
26.2
21.@
23.8
28.2
27.8
28.8
25.4
24,2
28.8
268.2
25.9

Day 1 of
Exposure

28.3
28.8
26.8
24.2
28.2
27.6
256.1
26.6
27.6
28.6
28.0
24.8
28.9
28.8
28.7
28.1
26.4
27.5
27.1
26.2

Weak 1
{Post-Exposure)

23.9
24.8
24.2
21.8

25.4
21.8
28.8
17.7
22.1
24.8
22.4
24 .9
28.8
26.8
24 .4
22.8
22.8
24.3
23.1

2560 mg/kg EMS

Weeok 2
(Post—Exposure)

25.4
26.8
28.4
24.9

26.8
26.2
28.80

26.8
208.8
23.4
28.2
28.8
26.8
26.2
24.8
28.4
28.9
26.9

Body Weighte (g) for Male Mice

Week 3
(Post-Exposurae)

26.9
26.8
208.8
26.8

28.8
26.¢0
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SAS 6
n-Haxans Sperm Morphology Study: Abnormailities in Sperm Observed in Male Mice
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n-Hexane Sperm Morphology Study: Calendar of Events

Exposed concurrent with dominant lethal study males
Hexane exposure levels; tmt1-4; 20M each (5 day; 20 hriday) 0,200,1000,5000 ppm

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

250 mg/Kg

Qrdered B6C3F1 mice 2-14-886
Received males (ARS#860034) 2-25-86
individually caged males 3-05-886
Health scresn 10 males 3-17-88
Eartagged, weighed & randomized males 3-19-86
Toe-clipped by treatment group 3-20-86
Moved study males 1o exposure roem 3.21-86
Released for study 3-22-86
Exposure; 5 days 20hr/day 3-24 to 3-28-86
Body weights

Hexane exposure day 1 3-24-88

EMS dose period- daily, 5 days 3-24 to 3-28-86

Hexane & EMS week 1 postexposure 3-31-86

Hexane & EMS week 2 postexposure 4-07-86

Hexane & EMS week 3 postexposure 4-14-86

Hexane & EMS week 4 postexposure 4-21-86
Sacrificed & weighed; post-exposure week 5; 117 males 4-28-86 terminal serology

(3 dead prior to sacrifice)

Completed slide evaluations 9-17-87



n~-HEXANE MCOUSE SPERM MORPHOLOGY STUDY DISPOSITION

Number of Mice

Exposure Treatment Removed
Group Code On Study From Study Sacrificed
Control (0 ppm) 1 20 J 20
200 ppm 2 20 J 20
1000 ppm 3 20 it 20
5000 ppm 4 20 3 20
200 mg/kg EMS {a} 5 20 1(b) 19
250 mg/kg EMS (a} 6 20 2ic) 18

{a) ethyl methanesulfonate (EMS), positive control animals
{b) 1 died from EMS toxicity
{c) 2 died from EMS toxicity
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APPENDIX E

QUALITY ASSURANCE STATEMENT



SPERM MORPHOLOGY STUDY OF B6C3F1 MICE
EXPOSED TO n-HEXANE

Quality Assurance Statement

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

Date Findings Submitted
in Writing to
Phase/Procedure Reviewed Review Date Study Director/Management
Animal Receipt 2/25/86 3/03/86
Health Screen 3/17&18/86* 3720/86
Animal Identification 3/19/86* , 3/20/86
Body Weights 3/19/86* 3/20/86
Dosing 3/258&27/86* 3/28/86
Data 3/28/86* 4/18/86
Necropsy 4/29/86* 4/30/86
Data 2/03/88* 5/04/88
Data 4/19&20/88* 5/04/88
Draft Report 4720 & 5/3/88 5/04/88
Final Report 8/22/88 8/22/88

* Reviewed specifically for this study.

£/22/ 88
ity Assurance Specialist Date
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PROTOCOL FOR INHALATION REPRODUCTIVE STUDIES
n=-HEXANE

JTLE
Sperm Morphology Study of BEC3F1 Mice Exposed to n-Hexane.

PURPQSE OF STUDY

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

Several excellent reviews conceming hexacarbon toxicity and metabolism are available in
Experimental and Clinical Neurgtoxicology (edited by Spencer and Schumburg, 198} and in CRC
Critical Reviews in Toxicology (Spencer, Schaumburg, Sabri, and Veronesi, 1982). In summary,
polyneuropathies have been reported following exposure of workers {o n-hexane contained in
adhesives or used as an industrial solvent as well as following repeated exposure by glue sniffing. A
metabolite, 2,5-hexanedione, has been shown to be responsible for most, if not all, of the
neurotoxicity.

Pharmacokinetic and distribution studies indicated that the hexane saturation concentration of

organs foliowing inhalation is directly proportional to their lipid content, and that blood contains more

hexane in relation to its lipid content than do organs (Andersen, 1981; Bohlen et al., 1973). Baker

and Rickert (1981) found that metabolism and elimination of n-hexane were dependent upon

exposure concentration, but that the tissue concentration of the metabolite, 2,5-hexanedione, was

not d:rectly related {0 n-hexane exposure concentration. Bus et al. (1982), using 6-hour exposures
4C-labeled n-hexane, found that the distribution of radioactivity was dose-dependent.

Although myelinated nerve tracts are the primary target organ, the testes have been identified as
being sensitive 10 hexacarbon toxicity. Krasavage et al. (198Q) reported testicular atrophy following
oral administration of n-hexane and several of its metabolites. Chapin et al. (1982) administered a
1% solution of the hexane metabolite, 2,5-hexanedione, to male rats in their drinking water and
found a decrease in the activity of two Sertoli cell enzymes, b-glucronidase and g-transferase, atter
3 weeks of exposure. No morphologic changes were detected at this time; however, after 6 weeks
of exposurs the testes were essentially azospermic. The few primary or secondary spermatocytes
that were observed exhibited severe degenerative changes. Since circulating levels of testosterone
and the gonadotropins remained normal throughout the study, these workers concluded that
2.5-hexanedione does not act via the central gonadotropin control systems to induce azospermia
and that demonstrable changes in Sertoli cell biochemistry precede visible morphologic changes in
the testes.

Cavender et al. (1984) were unabie to detect neurctoxicity or testicular toxicity in rats exposed to

puritied hexane {39.3%; via inhalation at 19,200 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 concentrations used in this study were relatively high, ©, 3022, 6500, and 10,200
F.l
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ppm, the short exposure periods—& hr/day—may not have allowed significant buildup of major
metabolites in blood and tissues.

Because of apparent ditferences in the induction of reproductive deficits between males exposed to
n-hexane orally and by inhalation, it is important that more sensitive measures be employed 10 assess
the eftects of exposure by the latter route. Evaluation of test animals for the presence of dominant
lethal mutations and/or changes in sperm morphology may serve as a means of detecting testicular
effects produced in males by inhalation exposure. Accordingly, sperm morphology studies will be
performed on BEC3F1 mice which have been exposed 1o @, 200, 1000, or 5002 ppm n-hexane,
22 hr/dy for 5 days, foliowing standard timing and evaluation procedures. Dominant lethal mutation
studies will be performed concurrently on CD-1 male mice. As a supplement to the standard tests,
the testes of these animals will be preserved at necropsy and supplied to NIEHS for examination.

SPONSOR AND SPONSOR'S REPRESENTATIVE

A.

B.

B.

Spensor -

National institute of Environmental Health and Safety
National Toxicology Program (NTP)

P.0O. Box 12233; Research Triangie Park, NC 27703

Sponsors Representatives
Dr. Bryan Hardin
Dr. Bermard Schwetz

TESTING LABQRATORY
A

Facility
Pacific Northwest Labaratories {PNL)
P.O. Box ©99; Richland, WA 99352

Studv Co-Directors

Dr. Patricia L. Hackett

Dr. Beatrice J. McClanahan
[Dr. Terryl J. Mast]*?

PROPOSED SCHEDULE OF EVENTS (This proposed scredule may be altered. All changes will 2e
appended to the protocol.)

A. Prestart audit for GLP compliance: 3/17/86.

B. The BEC3F1 male mice will amrive the week of 2724/86.

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

D. Exposure imterval: 3/24/86 - 3/28/85.

E. Necropsies will be performed during the week of 4!28!86 {4 weekKs post-exposure).

F. Evaluation of data: 4/28/86 - 7/15/86.

G. Cornpletion of draft report: #3@/&86~ (5/15/88]4*

—H—Gempietion-of-fimatreport—9/30/86- A

JEST SYSTEM

A. Species: mouse.

B. Strain: BBC3F1.

C. Number of Animals and Supolier: 132 male animals will be purchased from the Charles River

Laboratories, Portage Facility.

D. Age of Animals Upon Ammival: 7-8 weeks.
+A pdded 5/1/88 by Amendment A, F.2

84 Corrected 5/1/88 by Ammendment A.
-A Deleted 5/1/88 by Amendment A.
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E. Strain: BEC3F1 males.

F. Numberof Animals in Study. 2@ males will comprise each of the four treatment groups exposed
to air or ane of thrae levels of n-hexane for 5 consecutive days. A fifth group, consisting of 15
males will serve as a positive control group and will receive 5 daily doses of 220 mgXkg of
ethylmethanesuifonate (EMS) by intraperitoneal administration during the samg mtprval as the
hexane inhatation exposure. [A sixth group of 15 males was given 250 mgkg EMS A

G. Test Svstem Justiication: The assay for induction of sperm abnormalities has been developed
using rmice tor many chemicals classiied, by means of other assays, as mutagens, carcinogens or
teratogens.

1. Upon amival at PNL, the animals will be quarantined (©B-AA-3FO3) for 4-5 weeks in the LSL-lI
Building.

2. Temperatures in all rooms will be maintained at 729+3 F and relative humidities at 52+15%
during the quarantine, acclimatization and exposure periods. These values will be measured
and recorded twice daily.

3. During the gquarantine period the animals will be housed singly in wire-mesh cages.

4, Prior to exposure the males will be acclimated for 2-3 days in individual compantments of
wire-mesh cages within exposure chambers (with chamber doors open).

B. Eged: NIH-07 Open Formula Diet (pellets) will be provided ad libitym during the acclimation and
experimental period. Feed will remain in place during the exposure period and will be changed
daily.

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

system.

Bandomization: During the week prior to exposure, male mice will be weighed; their weights wili be

ranked fromn lightest to heaviest and each animal will be randomly assigned o a treatment group by

means of a computer-assisted randomization program which is based on a single biocking factor;
body weight (2B-DT-3B@B).

o

1. All experimental maie mice will be individually identified by metal ear tags (@B-DT-3B21).

2. Exposure groups will be designated by distinctive 1oe clipping and by placement within the
individual compariments of the chamber cage units (OB-DT-3B01).

3. Cage maps {@B-DT-3B03} showing piacernent of individual animals in each cage unit of the
exposune chamber will be prepared and updated as needed. Each exposure chamber will be
identified by chamber number and exposure level. The proposed arrangement of the
expasure chambers is included in Attachemmt 2.

G Animal Disease Screaning Program (PR-AA-3FD2): Approximately 2-3 weeks after receipt of the
animal shipmen t, ten males will be examined for intemal and external parasites and bacterial
pathogens; their sera will be tested for antibodies 1o selected pathogens and histopathologic
examinations of lung, liver, kidney, ileum, coion and heart will be performed. At necropsy, serum
from 5 animats in the cornitrol group and 5 trom the high dose goup will be tested for antibodies to
selected pathogens.

JEST ARTICLE

A, Chemical name: n-hexane,

B. Eommuia: CHg(CHglgq CH3

C. Man rer: Phillips Chemical Company

D. Source: Research Triangle institute, Research Triangle Park, NC.

+A Added 5/1/88 by Amendment A. F.3
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CAS No.: 119-54-3
NTP No.: 12189-N
LOT No.: RTI log number: 4811-100-01
PNL 15t Shipment BNW 50846-39
Date of Receipt: 15! Shipment 2/12/86
Test Adicle Prenaration and Storage Areas: 2-day reserve in rms 311 and 315 LSL-It; the
remainder in the Research Technology Laboratory {(RTL) chemical storage facility.
The vehicle control will be fikered air.

Anatvlical Chemigtry

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

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

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

DESCRIPTION OF INHALATION EXPQSURE SYSTEM

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

EXPZRIME CSIGN AN E | EVE

A

C.

Experimenta! Design: Four groups of animals, consisting of 22 male mice in each group, will be
exposed to air or to the test chemical on 5 consecutive days. Simuttaneously, a fifth group of 15
males will be injected (IP) with 289 mg of ethyl methanesulionate (EMS)/kg daily on five days
(@B-DT-3B14) 1o serve as a positive contral goup. This dose levei of EMS is expected to induce
excess sperm abnormalities and minimal mortality. All males will be held for 4 weeks and sacrifized
during the 5th post-exposure week for spem morphoiogy evaluations. Previous studies {Wyrcbek
and Bruce, 1975) have indicated that the peak incidence of sperm abnormalities induced by
chemical mutanens is observed at this time during the post-treatment interval.

fA sixth group of 15 males was given 250 mg/kg EMS]*A

Exposure Regimen: Chamber atmespheric cancentrations of n-hexane will be & (filtered air),
200, 1000 and 5200 ppm. Male mice will be exposed for 20 hr/iday for 5 consecutive days.
Conirol mice (@ ppm) will be housed in an exposure chamber in the same room, and wiil be
handled in the same manner as the mice that are expcsed 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 mairtained at 753 OF and
relative humidities at 55 15%. Air flow will be maintained at 1533 ctm and the chamber pressure
at approximately 1" water negative with respect to the room pressure.

Selection of Atmospherie Concentrations: The maximum exposure chamber atmespheric
concentration of hexane, 5228 ppm, is 58% of the LEL (lower explosion limit}. in order to
maximize exposure the expsoure time will be 20 hr/day for ali doses; exposure concentrations
were approved by the Co-Project Ofticers.

+A pdded 5/1/88 by Amendment A.

F.4
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EXPERIMENTAL OBSERVATIONS

A. Clinical Observations: The animals will be observed once daily for moriality, morbidity, and signs of

toxicity. The date and approximate time of death or euthanasia of moribund animals will be
recorded and the animals will be necropsied according to ©B-DT-3BOF.

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

Scheduled Necropsy: The twenty males in each dose group will be euthanized with CO5 and

necrospied during the fifth postexposure week. Al necropsy (©B-DT-3812) all males will be
weighed and exarnined for iesions of the reproductive tract and for gross tissue abnormalities. To
document the presence of lesions which may be due to chemical exposure, any organs or tissues
with iesions will be preserved in neutral butfered formalin {NBF); in this case, comparable organs or
tissues from approximately 28% of the control animals will be preserved in NBF; all other tissues
will be discarded.

The right cauda epidiymis will be removed and processed to obtain the sperm suspensions. The
sperm suspensions will be stained with 1% Eosin Y and smears will be prepared on microscope
slides (4 slides/animai). The dried smears will be mounted under coverslips with mounting
medium. During microscopic examination of these preparations, the quality of the slides will be
noted (qualitative observations on the maount of debris, degree of crystaliization, clumping of
sperm) and at least 522 sperm from each mouse will be examined for abnormalities (NTP
Technical Protocol for Sperm Momhology and Vaginal Cytology Evaluation in Toxicity Testing for
Rats and Mice: revised 12/13/83).

One testes and corresponding epididymis from each of these animals will be treated as follows:
tixed in 12% buftered formalin {24 hr), transected and transterred to 4% giutaraldehyde in ©.1 M.
cacodylate butfer at pH 7.4 (at least 24 hr), imbedded in glycol methacrylate , cut into 2-micron
sections and stained with PAS-hematoxylin. Slides will be sent to Dr. Chapin at NIEHS for
evaluation of germinal epithelium.

Indices of Effects: The following parameters, expressed as mean = SE, when appropriate, will be

computed from data for males will be presented in the Final Repor for each treatment group:
Number of dead animals, animals removed from the study and reason for removal.

«  Summary of toxicity, including incidence of changes detected during clinical observations.

= Body weight of males before and after exposure, on each of the 4 postexposure weeks and at
necropsy.

= Number and petcentage of normal sperm heads and each observed category of abnormality,
such as biunt hook, banana, amorphous, pin-head, two heads, two tails, and short sperm
head.

= Summary of qualitative observations of the sperm preparations.

PROSPOSED STATISTICAL METHODS

Body weights will be analyzed by repeated measures analysis of variance (Steel and Torrie, 198Q).
The number sperm (and sperm with momhologic alterations) will be expressed as a percentage of the
total cells examined for each animal, transformed by an arcsin fransformation and analyzed by an

analysis of variance. Orthogonal contrasts witl be employed to test for dose response trends {Winer,
1971).

F.5



n-HEXANE PB-DT-1FRA-QD-155 Page: 6 of 19
Sperm Morphology March 4, 1986

XIIL.

XIv.

STORAGE OF STUDY MATERIAL

All raw data and study records will be retained in the Project Office (room 1518); all tissues and slides
will be termporarily stored in the Teratology Laboratory (room 1428). Both of these rooms are located in
Life Sciences Laboratory Il, Battelle, Pacific Northwest Laboratories. All tissue spacimens will be
shipped to the NTP Archives. Records generated in the conduct of the study will be microfiched.
Computer tapes of biclogical 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 materials:

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

«  Personnel training and experience records and job descriptions for persons participating in the
study is sent to NTP archives.

» Maintenance and calibration records of equipment used on the study. (Exception: if the
equipment is government-owned, the records would accompany the equipment.)

RECORDS KETENTION

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

A, E.QEE.QDD.E_E.B.GD.LQS
Current professional resurne and job description for each person recording data.

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

3. Accidentinjury reports for personnel in contact with the test rmaterial or test system.

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

B. S.tudy_.mmm.
Study protocol prepared prior to the initiation of the study and approved by the PNL Study
Director{s), the PNL QAU Officer and the NTP Project Officer(s).

2. Allamendments to the study pratocol resulting from modifications in the study or time
schedule.

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

C. EQLUD.MB.QQQ_EL&
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. Documentation of any nonroutine maintenance:

« Description of malfunction _—
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= Description of remedial action.

D. IesLMatenals_Eemcds
Test materials identity records including manufacturer, quartity, lot number(s) and purity
grade.

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

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

4. PNL records for bulk analysis and dégradalion.

5. PNL records of inventroy, usage and shipmertt of unused test material to the NTP reposilory.

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

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

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

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

5. Records of mode and frequency of watering, annual analysis and weekly water hardness tests

{records are maintained in offices of the building engineer or building manager.
i

6. Animal disposition records.

G. Mmmiahmand&mﬁmﬂ.ﬂmﬂs
Records of assignment of animals to treatment groups.

2. Body weights.
3. Dates of exposure intervals for individual animals.

4. Daily observations.

5. Time of deathveuthanasia of animals occurring prior to scheduled sacrifice and results of gross
necropsy.

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

H. Al relevant correspondence.
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XV,

XVi.

Reports:
1. Literature survey and recommendations for studies.

2. Monthly progress reports.
3. Draft final and final reports.

J.
1. Study data and statistical analyses.
2. Analytical data.
3. Exposure suite control center cormputer printouts.
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. NTP safety and toxicity packaga.
2. PNL Biohazard Protocol and Health and Safety Plari,
3. Personnel repirator and hazardous material training records: accident/injury reports.
4. Monitoring records of ventilation systemn, hoods and exhaust systems used in this study.
5. Relevant sections of the Health and Safety Monthly Progress Reports.
8. NTP site visit reports, attention items and related correspondence concerning health and
safety.
OTHER SPECIFICATIONS

A. This study will be performed in compliance with the FDA Good Laboratory Practice Regulations for

Non-Clinical Laboaratory Studies (21 CFR 58).

B. This Protocol will be the controliing document in case of discrepancies between the Protocol ard
SOP's. If discrepancies are noted, the Study Director is to be notified immediately to resoive 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-HS-3519) which covers the use of supplied-air respirators which will be worn by personel during
periods of animal care while the chambers are open, and by an SOP {©B-HS-381A) which covers the
use of a self-contained breathing apparatus for use when entering a room under emergency conditions
following an accidental release of the chemical.

Personnel training, protective equipment and facilities are designed to conform with DOE health and

safety requirements and with Health and Safety Minimum Reguirements for Laboratories under
Contract to the NTP Systemnic Toxicology Branch, dated November 18, 1984 and consisting of a basic
document of eight pages, Appendix | of ten pages and Appendix Ii of two pages.

F.8
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XVI.

Xviil.

XIX.

APPROVAL BY PNL

R foattert— w3t [66

Co-Study Director

89'%—&4«-‘&-— Date: 5/‘(/36

Co-@{idy Director

Lt w315 186
Quality Assurance Auditor

APPRQVAL BY NTP

AN SM a0 Mon 30

Co-Project Officer

%ﬁﬂ Date: W///WZ /756

Co—ngem Officer
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XX. CHANGES AND/OR REVISIONS TO THE PROTOCOL

Revisian A:

Paged IV,
Add Dr. Terryl J. Mast as Study Cao-Director.
Reason: See attached memo.

Baga2V,
Change complation date of Dralt Report to 5/15/88 and delete V.H since # is an unknown quantity.
HReason: To correct calender dates.

Bage 3.VI.
Add a sixth group as a second positive-control group, 250 mgkg EMS.

Reason: Requestad by Project Officars.

Bage 4. X,
Add a sixth group as a sacond positive-control group, 250 mg/kg EMS.
Reason: Requested by Project Officers.

Reprinted percent relative humidity formuta to clarity,
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STANDARD OPERATING PROCEDURES FOR INHALATION
REPRODUCTIVE TOXICOLOGY STUDIES

EXPOSURE SYSTEM
CDS DMM Card Calbration @B-BE-3C2T
Bubbler Sample Collection via the

Critical Orifice Sample System 28-BE-3C2Q
Inhalation Exposure Chamber Balance 2B-BE-3B24
Mode! 1 Chamber Leak Tester OB-BE-3D26
Calibration and Check of Chambaer Airflow Using Digital Anemometer 2B-BE-3CQV
Digital Anemometer Calibration ©B-BE-3CRS
Dwyer Manometer Calibration Check 2B-BE-3C2X
Validyne Pressure Transducer Calibration OB-BE-3COW
Filling Out Data Sheets ©B-BE-3B27
EG&G Hygrometer: Operation, Maintenance and

Calibration 2B-BE-3CQJ
Relative Humidity Determination Via Use of

Dewpoirt Hygrometer 2B-BE-3B1X
Exposure Suite Computer Program Documentation @B-BE-5E21
Exposure Suite Data Analysis Program Documentation ©B-BE-5E23
Exposure Suite Data Analysis Program Operation 2B-BE-3E2B
Exposure Suite Routine Computer Operation OB-BE-3GQ24
Exposure Suite Routine Data Disk Operation @B-BE-3EQA
Software Change Protocol ©B-BE-5ED2
Study Protocol Entry irto Exposure Suite Computers 2B-BE-3ER9
Exposure Suite Emergency Evacuation Procedurs 2B-BE-3801
Exposure Suite QC, Mairtenance and Calibration ©B-BE-3DGE
Selection of RTD's and Digital Thermometer Calibration 2B-BE-3CAD
Cmega RTD Thermometer Calibration OB-BE-3COL
ERDCO FGD Maintenance & Calibration @B-BE-3CSU
Flammable Gas Detector (ERDCOQ} Checkout Prcedures @B-BE-3C2B
Hexane Exposure System Daily Operating Procedure ©B-BE-3B2Y
Hexane Exposure System Quality Corttrol, Mairtenance

and Calibration g8-BE-3D2M
ANALYTI HEMISTRY AND MONITORIN
Operation of HP584Q Gas Chromatograph for

Manitoring n-Hexane in Inhalation Chamber @8-AC-381P
Calibration of n-Hexane Inhalation Chamber Monitor 2B-AC-3COW
Buk Chemical Analysis of n-Hexane @B-AC-3A15
Use of Mettler H51 Anaiytical Balance QB-AC-3BOP
Special Operating Procedure for Care and Use of

Volumetric Glassware ©B-AC-380R
Use of Pipets 2B-AC-3B8QS
Ordering, Receipt, Recording Use and Returning Chemicals @B-AC-3EQ5
Labeling of Reagerts and Chemicals ©B-AC-3812
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Operation of Toledo Scale (Model 2120} to Weigh Large
Containers of Test Matenial

Job Orientation and Training
Barrier Procedures for LSL Il Animal Facility
Operation and Maintenance of the Clean Comidor Area
Operation of the Regulated Corridor
Operation and Maintenance of the Street Corridor
Moving Animals from LSL il 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-1}l 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 Exposure Rooms
Processing Laundry for the LSL Il 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 I}
Changing Out Racks Having individual-Compartment Cage Units
Pre-exposure Health Screening for Rodents
Quarantine of Animals
Daily Care of Bioassay Animals
and Cleaning ol Exposure Hooms
Daity Care of Rodenis | luusud I Cuge Unils
and Cleaning of Animal Holding or Exposure Rooms
Daily Care of Animals Housed in Holding Cages and
Cleaning of Animal Holding Rooms
Handiing Escaped Small Animals
Determination of Ammonia Levels Within the
Exposure Chambers
Handling of Animal Death Records and ARC Daily
Observation Records
Moribund Sacrifice
Weighing Rodents with Toledo Semi-Automatic Weighing
System Using the 733 ASR Terminal

= = =

Identification of Animals
Cage Location Maps and Daily Observations
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©B-QA-3BD7
2B-AR-3BOG
©B-AR-3BQ5
©B-AR-3B1Y
©B-AR-3B26
©B-AR-3B@N
©B-AR-3FQ5

©B-AR-3GO1
©B-AR-3G@2
©B-AR-3GO3
0B-AR-3G24
PB-AR-3GQ5
©B-AR-3GQ7
W@-5L-3Ca1

©B-AR-3HO1
©B-AR-3HQO3
©B-AR-3B07
DB-AR-3HOA
©B-AR-3B@3
©B-AR-3B@D
@B-AR-3B1U
©B-AR-3B1V
©B-AR-3FQ2
2B-AR-3FQ3
©B-AR-3FQA
©B-AR-3FON

©B-AR-3BGC
©B-AR-3BQ8

@B-AR-3A01
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Randomization of Animals

Animal Body Weights

Rodent Mating Procedures

Necropsies for Health Evaluation and of Dead and
Moribund Animals

Positive Control Treatment for Sperm Morphology Studies

Sacrifices for Sperm Momhology Study

Photography

Data Acquistion and Transfer with a Microcomputer

Data Handiing and Storage

Biohazard Protocol n-Hexane

Bioassay Studies: Health and Safety Plan

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

Bioassay Respiratory Protection Program
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INHALATION EXPOSURE SYSTEM DESCRIPTION

A. MIIMAL EXPOSURE CHAMBER

The Battelle~designed stainless steel chamber (U.S. Patent
#4,216,741) available from Hazleten Systems, Inc., Aberdeen, MD, is used
for inhalation exposures (Figure lA), The total volume of the chamber
is 2.3 n®, 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 IB). 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 fecea are suspendad below each cage unit. Catch
pans are left in position during each exposure period. Instructions for
maintenance of these chambers is detailed in SOP# @B-BE-3D@6.

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

Rats and mice are housed in individual cages having feed troughs
and automatic watering. During exposure the feed will be removed from
each cage unit. The floor area of an individual mouse cage is 106 cm?
and of a rat cage 270 cm® (representing dimensioms 14.0 cm 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. Up to six cage units can fit in a chamber.

B. EXPOSURE SUITE CONTROL CENTER

A computer located in the Suite Control Center interfaces with
system monitors and provides control of the basic functions (e.g.,
chamber air flow, test chemwical concentration, vacuum, and relative
humidity) in three exposure rooms (Figure 2). The arrangement of
computer control and interface instrumentation is shown in Figure 3,
The executive computer 1s an Hewlett Packard Model (HP) 9816. All data
acquisition and automated system control originates from this computer.
All experimental protocols related to the data acquisition and control
system (such as data channel assignments, monitoring frequencies, and
alarm settings) reside in the executive computer and are entered inco
tables accessed by menus.
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Data input to the executive computer is accomplished through

several interface instruments. All gas chromatographic (GC) data is
collected and preconditioned by Hewlett Packard Model 85B computers, one
for each of the exposure rooms. Conditioned data is transferred to the
executive computer for analysis, storage, printing and concentration
control., Up to two GCs can be attached to each HPB3B computer. Data
from allimonitoring equipzent other tha- the GCs are inputted through a
Colorado Data Systems (CDS) Model 53A~Inf Intelligent Interface System.

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

A complete description of the software for this system is contained
in document @B-BE-5E@l. Maintenance of the system is detailed in SOP
#0B-BE-3DPE. Routine operation of the computer system i3 detailed in
SOP #¢B-BE-3GP4. Routine daily operation of the system hardware is
detailed in 50P #¢B-BE-3B2Y.

c. TEST ARTICLE GENERATION, MONITORING

1. Hexane Vapor Generation System

A Scbematic diagram of the hexane vapor generatlion and delivery
system is shown In Figure 4. Most of the hexane generator system will
be enclosed within a vented cabinet locatd in the Expoaure 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
digplaced 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 & vented vapor hood and the filled reservoir
will then be transferred and installed inco the generator cabinet.

4

During exposure the hexane will be pumped from the reservoir
through a stainless steel eductor tube and delivery tubes to vaporizers
located at the fresh air inlet of each animal exposure chamber., Stable
micrometering pumps with adjustable drifc-free pump rates ranging from
less than 1 x 10 2 to greater than 20 ml per minute will be used,

The vaporizer (Figure 5) comprises & 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 80-wart heater and a temperature sensing element are
incorporated within rhe cylinder and connected to a Temotely located
temperature controller. A second temperature monitor is incorporated in
the vaporizer allowing the operating temperature to be recorded by the
automated data acquisition system. The operating temperature of the
vaporizer will be maintained below 50°C (the boiling point of hexane is
about 70°C). The cylindrical vaperizer will be pesitioned in the fresh
air ducr leading directly ro the inlet of the exposure chamber.
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A clear teflon® tube of measured volume, preceded by a three-way
valve will be attached just upstream of the pump to facilitate
meagurement of the liquid flow rate of the vapor generator., Measurement
will be kmccomplished by momentarily switching the three-way valve from
the run position to the test position. A small bubble of air will be
pulled by the pump from the cabinet through the valve and into the clear
tube, The progress of this bubble from one end to the other of the tube
(calibrated volume) will be timed with a stop watch. Flow rate will be
calculated by dividing the volume by the time. The concentration in the
exposure chamber can be calculated from the flow measurements of liquid
and dilution of air.

All generation equipment which comgs in contact with the hexane
will be atainless-steel, teflon or viton . All equipment contained in
the vented generator cabinet will be explosion proof.

Detailed operating instructiong for this system are contained ‘in
SOP's PB=-BE-3B2Y and QB-BE-3D§M.

2. Test Article Concentration Monitoring

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

Sample values are accumulated and printed by an HP model 85B
computer until samples from all eight ports of the sample valve have
been measured. These values are then sent to the executive computer for
printing and storage. As each value is sent to the EP 858, it is
compared with limit values for that particular location. 1If the wvalue
is beyond the control limits, the EP 85B will immedizately send the
information to the executive computer, which will then take the
appropriate action as follows:

. Concentratiecon 2 non-critical low limit and £ non-eritcical
high limit:

No action

. Concentration < non=-critical low limir but 2 critical low
limict:

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

g Increase concentration by ds.reasing chamber air flow and
activate audible alarm.

. Concentration > non-c¢ritical high limit but 3 -critical high
limie:

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

Turn off generation system and activate audible alamm.

The monitor will be calibrated by quantitative analysis of grab
samples. Additionally, the operation of the chamber-monitoring gas
chromatograph will be checked daily against an on-line standard. This
check provides a measure of day-to-day instrument drift. Additiomal
calibration checks with grab samples will be performed to check the
monitor calibration when drift of the on-line standard responae factor
i5 detected. Under normal circumstances, the calibration check will be
performed once monthly (SOP #@B-AC-3C@W),

Daily operating procedures for the concentration monitoring
system are contained in SOP #@B-AC-3B1P. 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 retes from each
of these lines are controlled by flow meters incorporating five metering
valves. Sample flow from each line is mixed in a plenum containing the
explogive-level detector head. The detector will be set to alarm if the
level in any one chamber reaches 20Z of the lower explosive limit while
the lavel in all other chambers is zero (SOP #@B-BE-3CPU) and
@B-BE~3CPB). An alarm condition will automatically shut off the flow of
test compound to all chambers.

D. ENVIRONMENTAL MONITORING

1. Temperature Measurements

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

The RID will be calibrated at least once every 2 months (SOP
#@B-BE-3COD and @B-BE-3CPL). Calibration will generate values for
offset and slope, which will be entered into the computer for each RTD.
Calibration data will be included as part of the atudy archives.

2. Relative Humidity Measurements

Relative humidity (RH) will be measured using a EG&G Model 910
chilled-mirror dewpoint hygrometer located in the Suite Control Center.
Samples of the &ir from each measurement location will be pulled through
individual polytetrafluorcethylene sample lines to & central leocation in
the Suite Control Center (Figure 6). This assures a fresh sample of the
air at the point of measurement. Alr from exposure chambers will be
sampled from a representative location {a top port on the back side).
Sample air from a particular location passes through a three-way valve
to the system exhaust. When the RH is to be measured at that locatiom,
the three-way valve is switched to divert the flow to the dewpoint
hygrometer. The valve can be controlled by either a manual
switch or by a computer-controlled reley in the CDS IIS. This allows
RE to be measured manually or automatically. Once the dewpoint has been
determined by the hygrometer, the RHE 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 1ig used for this calculation:

&A

2714.55 591 —2F 55—
E,Ql— (5/9) ('5—32)*293.3] - e L — T
- - 10 - _l_e_ l x
%RH = —— —T X100 3 pE-= ——100-
10{_9'9]‘ (519) ('1'1—32)+293.3:l —0-93 - CXRLLTE
’ — e e 23 83—
10— 2

where: '1'1 = dewpoint temperature, °F
T2 = drybulb temperature, °F

Calibration of the dewpoint hvgrcmeter will be checked before the
start of the study and ar least once every two months thereafter
(PB-3E-3CAJ and PE-BE-3BIX). The procecure requires compacison of the
RH calculated by the system monitor ro measurements made by calibrated
dewpoint hygrometer at the sample location. Calibration of the system
monicor can be accomplished by inserting a value for oifset and slope in
the computer for each measurement location. Calibrarion data will be
included as part of the study archive. RH will be recorded at regular
periods during each 24-hour day,

8A Corracted 5/1/88 by Ammendment A. F.22



n-HEXANE PB-DT-1FQA-@0-2155 Page: 8 of 27

Sperm Morphology Attachment 2 March 3, 1986
3. Chamber Alr-Flow Measurements
Ohamber air flow measured by - wmultiplexed orifice-meter system

(Figure 8). Calibrated flow orifices are installed at the irnlet and
exhaust of each chamber. The desired flow orifice is attached to &
Validyne Model DP-45 pressure transducer gnd CD-18 carrier demodulator
pressure-measurement system through Tygon tubes by means of solenoid
valves. The valves can be operated either by a manual switch or by
computer activated relays in the CDS IIS. This allows flow to be
measured either manually or autowatically. Pressure is read manually on
a Validyne Model PM-12 voltmeter. Usually chamber flow will be measured
uaing the exhaust flow orifice; however, after closing of the chamber
doors, both inlet and exhaust flow measurements will be made and
compared to determine if there are leaks in the chamber. If leaks are
present, the executive computer will notify the operator and will not
allow exposures to proceed until the leak is repaired. '

All flow measurement equipment, except the multiplexed solenoid
valves, 18 located in the Suite Control Center, Flow will be
automatically recorded at regular intervals during the 24-hour day. The
Validyne pressure transducer will be calibrared once each week
(@B=BE-IC@W and @B=-BE-3CPX), Calibration of the flow orifices will be
checked once every two months (SOPs #@B-BE~IC@S and @B-BE-3COV).
Calibration of each orifice will generate coefficients that will be
inserted into the computer flow equation for each orifice. Calibraticn
data will be included as part of the study archive.

4. Chamber Vacuum Measurements

The same Validyne pressure transducer system used to measure
chamber flows will be used to measure chamber vacuum (Figure B8). Vacuum
in the chamber will be measured relative to atmospheric pressure in the
Suite Control Room. Vacuum will be automatically recorded at regular
intervals during the 24-hour day.

Vacuum will also be continuously monitored by a pressure switch
mounted near each chamber., If the chamber should develop a2 leak {for
example, a door inadvertently opened or a sample port stopper jarred
loose), the pressure switch will immediarely shur off the flow of
compound to the chamber and alert the executive computer of the
condition. The computer will activate an audio alarm and print and
display a comment for the operator.

E. ENVIRONMENTAL CONTROLS

1. Animal Facility Air Eandling System

Supply air enters the building through two identical parallel air
handling systems (Figure 9). Each system consists of a pre-~hear 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
temperamur- of the air exiting the air conditioning system at about
53°F, The chilling coils also dry the air to a dewpoint not greater
than 53°F.

2. Anims]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 West sides of the animel quarters. 1f necessary,
steam is injected into the air in these ducts to maintain the RH of the
room at batween 35% and 65%.

3. Chamber Relative Aumidity (RH) Control

Figure 10 shows a schematic diagram of the system used to control
the relative humidity in the exposure chambers. Equipment located in
the RH Control Equipment Room (Room 335) provides separate ducts of dry
and moist air to each exposure chamber, 4 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 1s supplied to
the RH control equipment by the building air handling system. This air
is evenly delivered to two ducts. Alr from the first duct passes into a
plenum where steam is injected to bring the air to a dewpolnt of about
65°F., This provides moist air to the mixing valves. Steam 1s generaced
from city tap water with no additional additives. The air from the
second duct passes through a refrigeration coil which reduces the
moisture content of the air to a dewpoint of about 38°F. This provides
"dry" air to the mixing valves.

| 8

Chamber RH is measured by the multiplexed dewpoint hygrometer. If
the RH is found to be beyond the RH control range, the computer will
calculate and meke the appropriate adjustment to the mixing valve ro
bring the chamber RH to the desired target value.

4, Chamber Ailr-Flow Control

Flow of air through the chamber 13 maintained by an AILR-VAC
Engineering Model TDRE 1000 air- wmultiplier pump located in the exhaust
duct of the chamber (Figure 1l). This air-pressure-driven pump is
stable, contains no moving parts, and is very reliable. Exhaust air
from the chamber is HEPA-filtered before passing through this pump to
remove particles which may reduce pump reliability, The pressure
regulator, which controls the pump rate, is operated by a motor drive
system, The motor drive can be controlled by a manual switch or
automatically by the computer through a relay ia the CDS IIS. Fine
control of exposure concentration will be accomplished by automatically
adjusting the chamber air flow within the allowable flow limits. Gross
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adjustments of concentration must be done manually by adjustment of the
generation system. Maintenance of the chamber air flow control system
is covered in SOP #@B-BE-3D{E.

1

Exhaust from all chambers is collected into a central chamber
exhaust duct within the exposure room. The exhaust from the chamber
pump is rigidly attached to the central chamber exhaust duct. This
rigid attachment prevents the possible escape of test compound into the
room. The vacuum level in the central duct is regulated by a motor-
driven feedback damper to prevent variations in buillding 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-3D@E.

5. Chamber Temperature Control

Nearly all of the heat load contributed to the exposure chamber by
the animals is dissipated from the chamber by radiation through the
chamber walls (Bernstein and Drew, 1980). Consequently, temperature
of the air supplied to the chamber has little effect on the temperature
of the chamber while, on the other hand, the temperature of the room
housing the chamber has a great deal of effect. For this reason, the
major method of chamber temperature will be control of the room
temperature. However, some cooling of chambers full of animals will be
affected by the cool incoming air from the chamber's RH control system.
Typically, a chamber full of animals will require the addition of dry
air to maintain the proper RE. The dry air from the RH control system
is cooler than room temperature. On the other hand, some warming of a
chamber containing few animals will be affected by the warm air from the
chambé¥'s RE control system. Typically, a chamber with few animals will
require the addition of wet air to maintain the proper chamber RH. The
wet air 1is equal to or warmer than the room temperature.

F. CHAMBER EXHAUST WASTE TREATMENT

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

G. DATA BANDLING

Data from each exposure room are stored in the Exposure Suite
Control Center on separate magnetic diskettes by Hewlett Packard Model
9121 micro-floppy disk drives. Data and comments from each exposura
room are printed on separate thermal dot-matrix printers (Hewlert
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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 i{s printed (Figure 13)..:-7. is summary includes the mean,
standard deviation, maximum, minimum and rarget values for each set of
data for the 24-hour period. A sgecond printout (Figure 14) provides
a list of outliers(i.e., all data points which were beyond the defined
critical limits). This printout will allow quick review of the data.

Data handling and analysis procedures are described in the
SOPs ¢B-BE-5E@3, ¢B-BE-3E@A, 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 muet be considered most important to the
well-being of the animals - temperature and air flow. To understand the
factors protecting against elther of these two parameters becoming
life-threatening to the animals, one must underscand both the emergency
power system and the emergency alr handling equipwment.

Power 1s provided to the Battelle complex from two separate city
subgtations 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, Ome type can switch power to the equipment from either city
power OTr emergency power from the LSL-II diesel generator. The other
has access only to city power. The emergency-power-type motor control
center has a low voltage detector on each leg of the three~phase input
power. If the city-supplied power should fail or "browm out™, these
detectors automatically start the emergency power diesel generator, and
route the emergency power to the equpiment supplied by the motor control
center.

3

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

- Imergency lighring and electrical outlets

- Chillers #1 and #2 .

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

- Air supply fans #1 and #2

- Air exhaust fans f#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 te maintain the animal environment
within a safe range. In all cases, the emergency power system will
operate one of the two identical units, 1If, during a power outage, the
unict of equipment that is on emergency power should happen to fail, the
other unit of identical equipment can be manually switched to rum on
emergency pOWer. F.26





































































