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ABSTRACT

The strai ght chai n hydrocarbon, n-hexane, is a volatile, ubiquitous sol -
vent used in industrial, academc, and snaller commercial environments. The
significant opportunity for wonen of chil d-bearing age to be exposed to this
chem cal pronpted the undertaking of a study to assess the devel opnent al toxi -
city of n-hexane in an ani nal nodel. Ti med-pregnant (30 ani mal s per group)
and virgin (10 ani mals per group) Sprague-Dawl ey rats were exposed to 0
(filtered air), 200, 1000, and 5000 prn n-hexane (99. 9% purity) vapor in
i nhal ati on chanbers for 20 h/day for a period of 14 consecutive days. Sperm-
positive femal es were exposed for 6-19 days of gestation (dg) and virgins were
exposed concurrently for 14 consecutive days. The day of spermdetecti on was
designated as 0 dg for nmated fermales. Adult feral e body wei ghts were noni -
tored prior to, throughout the exposure period, and at sacrifice. Werine,
pl acental, and fetal body weights were obtained for gravid fenal es at sacri -
fice. Inplants were enunerated and their status recorded as live fetus, early
or late resorption, or dead. Live fetuses were sexed and exanined for gross,

vi sceral, skeletal, and soft-ti ssue crani of aci al defects.

Maternal toxicity manifested as a reduction in extra-gestati onal naternal
wei ght gain was observed at all exposure levels, and was statistically signif-
icant for the 5000 prn exposure group. Extra-gestational maternal weight gain
(calculated fromo dg to 20 dg) relative to control animals was reduced by 20,
23, and 45%for the 200, 1000, and 5000 pxn exposure groups, respectively.
Cumul ati ve weight gain (cwG) for dans in the 1000 and 5000 prn exposure groups
was significantly reduced with respect to controls by 20 dg. The ON5 for the
5000 prn was al so significantly reduced with respect to controls by 13 dg.

Conpari son of n-hexane exposed groups with the control group (0 ppm
i ndi cated that gestational exposure to n-hexane did not result in an increase
in the incidence of intrauterine deaths or in the incidence of fetal nalforna-
tions. A statistically significant reduction in fetal body weight relative to
controls was observed for nales at the 1000 and 5000 ppm exposure | evels (7
and 15%reduction, respectively). Fermale weights were al so reduced with re-
spect to controls for these exposure levels (3 and 14%reduction, respec-
tively), but the reduction was statistically significant for only the 5000 grn
group. QGavid uterine weight was also significantly | ess than controls for
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the 5000 pom exposure groups. A statistically significant increase in the
mean percent incidence per litter of reduced ossification of sternebrae 1-4
was observed for the 5000 ppm group, and was positively correlated with expo-
sure concentration. This increased incidence of reduced ossification in the
sternebrae, and the reduction in fetal body weight at the 5000 pom level, may

have been inter-related manifestations of a slight growth retardation.

No major abnormalities were found in any of the fetuses. Variations
observed included dilated ureter, renal pelvic cavitation, supernumerary ribs,
and reduced skeletal ossifications at several sites. The increase in mean
percent incidence per litter of reduced ossification of sternebrae 1-4 was
statistically significant for the highest exposure concentration, and the
increase was positively correlated with increasing exposure concentration.

The lowest n-hexane exposure concentration, 200 ppm, proved to be a no observ-

able effect level for developmental toxicity.
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| NTRODUCTI ON

The strai ght-chai n hydrocarbon, n-hexane, is commonly used as a sol vent
for the extraction of oil seeds, as a reaction medium in the production of
pol yol efi ns, el astomers and pharnaceuticals, and as a conponent of quick-
dryi ng cenents, |acquers and adhesives. The production of n-hexane, which was
estimated to be four billion pounds per year in 1979, utilizes stocks of
strai ght-run gasoline and higher boiling liquid products stripped fromnatura
gas or paraffinic fractions of refinery streans. It is also found as a m nor
conponent of gasoline and its conbustion products, hence petrol eum product s
are a naj or source of environnental hexane contam nation. Due to the large-
scal e production and wi despread use of hexane, including teaching | aborato-
ries, the opportunity for industrial, incidental, environmental, or volitional
(gl ue-sni ffing) exposure to hexane vapors is significant. This study was per-
formed due to concern that exposure to n-hexane vapors nay result in a nega-

tive inmpact on human reproductive function and/or fetal devel opnent.

An excel | ent revi ew concerni ng hexacarbon toxicity and netabol i smis
avai l abl e i n Experimental and Clinical Neurotoxicology (edited by Spencer and
Schaumburg, 1980). |In sunmary, pol yneuropathi es have been reported fol |l owi ng
exposure of workers to n-hexane contai ned i n adhesi ves, when used as an i ndus-
trial solvent, or follow ng repeated exposure by glue-sniffing. A netabolite,
2,5-hexanedione, has been shown to be responsible for nost, if not all, of the
neurotoxicity. Younger rats appear to be |l ess sensitive to n-hexane neurotox-
icity than are older aninals. It has been suggested that this difference nay
be due to their having shorter axons with snaller diameters, or to a greater
rate of growh and repair of peripheral nerves as conpared to that of adults
(Howd et al. 1983; Kirmura et al. 1971). Likewi se, G ahamand CGottfried (1984)
hypot hesi zed that mice are | ess sensitive than rats to gama- di ket ones, such
as 2,5-hexanedione, because nyelinated axons in mce are shorter and have

snal | er dianeters than the correspondi ng axons in |arger species.

Phar macoki neti c and di stribution studi es of inhal ed n-hexane have indi -
cated that the saturation concentration of n-hexane in organs is directly pro-
portional to their lipid content, and that bl ood contains nore hexane in rel a-
tionto its lipid content than do organs (Andersen 1981; Bohlen et al. 1973).

n- Hexane Rat Ter at ol ogy Fi nal Report



Baker and R ckert (1981) found that the metabolismand elimnation of n-hexane
wer e dependent upon exposure concentration, but that the tissue concentration

of the nmetabolite, 2,5-hexanedione, was not directly related to n-hexane expo-
sure concentration. Bus et al. (1981), using l4c-labeled n-hexane i n 6-hour

i nhal ati on exposures, found that the distribution of radioactivity was depen-

dent on the exposure concentrati on.

In studi es designed to address the possibility that exposure to hexane
may affect prenatal developrent in rats, Bus et al. (1979) al so determ ned the
distribution and hal f-l1ives of n-hexane (t,,;,=1.2 h) and 2, 5-hexanedione
(t1,2=3.9 h) in maternal organs and fetuses exposed to n-hexane during gesta-
tion. Concentrations of n-hexane and its netabolites in fetuses were approxi -
mately equal to those in maternal blood. Neverthel ess, they observed no sta-
tistically significant effects on intrauterine nortality, fetal body weights,
or in the incidence of fetal anonmalies follow ng daily inhal ati on exposures to
1000 ppmof n-hexane from8-12, 12-16, or 8-16 days of gestation (dg) for
6 h/day. Gowth of the exposed pups was inpaired during the first three post-
natal weeks in the group exposed 8-16 dg, but the possibility of naternally
nmedi at ed effects or postnatal exposure via mlk was not exani ned.

Q her devel opnental studies included those of Marks et al. (1980) who
found that oral adm nistration of n-hexane (2.2 g/kg/day) from6-15 dg in rats
produced one maternal death, but no adverse fetal effects. Wen they adm nis-
tered 2.8, 7.9 or 9.9 g/kg/day of n-hexane subdivided into three oral doses
per day, maternal nortality was increased and fetal weight was reduced in a
dose-rel ated manner for the two higher exposure levels. No fetal nalforna-
tions were observed.

Exposure of female rats for 7 h/day to hexane vapor at concentrations up
to 10,000 ppmfor 15 days prior to conception and through 18 dg produced
nei t her signs of neuropathy nor indications of effects on postnatal maturation
and growth of the pups (Howel | and Cooper 1981; Howell 1979). No effects on
the visual (VER) or interhem spheric (IHR) evoked response of anesthetized
offspring were found in the first series of experiments. However, in a second
set of experinments, there was an increased anplitude of the VER peaks in

unanest heti zed 45-day ol d pups of the hi gh-concentration group.
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These studi es are rather convincing relative to the absence of morpho-
logic effects foll owi ng gestati onal exposure to n-hexane vapors (despite the
| ow exposure concentration of 1000 ppmin one rat study). Wile it is tenpt-
ing to conclude that fetal and neonatal rats and mice are relatively resistant
to the effects of n-hexane exposure, these concl usions are based on i nconpl ete
evidence. In order to provide nore definitive information regardi ng the
potential devel opnental toxicity of n-hexane, the foll ow ng study was per-

formed with the goal of maxim zing maternal exposure during gestation.

Since it appears that toxicity is a function of concentration vs. dura-
tion of exposure over certain concentration ranges for nost chemcals, an ade-
quat e assessnent of the teratol ogic potential of n-hexane requires eval uations
after exposure to a series of concentrations, the highest of which causes sone
maternal toxicity. To achieve this goal, this study in rats enployed multiple
exposure |l evel s ranging up to 5000 ppmfor 20 h/day. (The maxi mumexposure
concentrationwas limted by safety considerations to 50%of the | ower expl o-
sionlimt, =10,000 ppm for n-hexane [NNOSH 19811.) These exposures
ext ended throughout the late inplantation, organogenic, and fetal devel op-
nmental stages (i.e., 6-19 dg). Fetal eval uations were performed on 20 dg. A
simlar study was performed with mce to obtain conparative data i n anot her

species, and will be reported el sewhere.

Reported effects on |ipid metaboli smsuggest the possibility that the
ovari es and/or ovul ation nmay be affected by exposure to n-hexane vapors.
Although the limted data of Howell and Cooper (1981) regardi ng preconception
and prei npl antati on exposure indicated that the ovary was not a target organ
for n-hexane toxicity, the lack of information on the uptake of n-hexane or
its metabolites into the ovary is disturbing. Since the need for a specific
study was not immediately justified, the ovaries fromthe pregnant aninals in
this study were preserved at necropsy for | ater norphol ogi cal evaluation. An
additional group of virgin fenmal es was exposed concurrently with sperm-posi-
tive fenmales to determ ne the effect of n-hexane exposure on the ovaries of
non-pregnant rats. Results fromthis segnent of the study are not reported
here since the ovaries were sent to another |aboratory (designated by the

sponsor) for evaluation and follicle'counts.
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MATERI ALS AND METHODS

Four groups of Sprague-Dawl ey rats (Charles R ver, Raleigh, NO), each
consi sting of 30 randomy sel ected, spermpositive femal es and 10 randomy
selected virgin fenal es, were exposed to 0 (filtered air), 200, 1000, or 5000
ppm n- hexane vapor for 14 consecutive days for 20 h/day. Spermpositive
fenal es were exposed on 6-19 days of gestation (dg). The day of a sperm-posi-
tive vagi nal smear was designated as 0 dg. Exposures comrenced at 12 noon (n
6 dg and continued for 20 hours until 8 AM on the follow ng norning. The
| ast day of exposure began at 12 noon on 19 dg and ended at 8 AM on the norn-
ing of 20 dg. Control animals (0 ppn) were housed in an exposure chanber in
the sanme room and were handled in the sane nanner as the rats that were ex-
posed to the test chemcal. Aninals remained in the exposure chanbers and
were supplied with fresh air, food, and water during the daily 4-h peri od when
n- hexane exposures were not in progress. (See Animal Husbandry section for
details.) The long daily exposure period for n-hexane was chosen in order to
maxi m ze exposures to n-hexane since the maximum vapor concentration in the
chanmbers was not all owed to exceed 50%of the | ower explosion linmt, whichis
=11,000 ppm (NI OSH, 1981).

Exposure Bulk chem cal purity anal yses were performed on the single lot of n-
hexane used for rat exposures. Analytical procedures enployed infrared
spectroscopy and gas chromat ography for the initial identity and purity deter-
mnations. The purity of the n-hexane used during the exposures was 299. 5%
(Research Triangle Institute [RTI] lot no. H 201).

On-1ine measurenents of the n-hexane chanber concentrations were per-
formed with an HP5840 gas chronat ogr aphi c system (Gc) equi pped with a flame
i oni zation detector. A conputer-controlled, rotating 8-port val ve all owed
measur enent of n-hexane concentrations in the control chanber, exposure room
distribution line, and the on-line standard in addition to levels in the expo-
sure chanbers. Al ports were sanpled at |east once every 40 mnutes. The GC
was equi pped with a 1/8" o.d., one-foot nickel colum packed w th 1% SP- 1000
on 60/80 mesh Carbopack B. The oven operating tenperature was 120°C. An on-
l'ine standard, 994 ppm n-hexane in nitrogen (MG Industries Scientific Gases,
11705 S. Alaneda St., Los Angeles, cA), was used to check instrunent drift
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t hroughout the exposure day. See Appendix A for nore detail. The m ni num

detectable linmt of n-hexane was estinmated fromthe decay profile of the 5000
ppm chanber and found to be 0.15 ppm The calibration curve for this anal ysis
showed good linearity over an extended range and was nonitored at intervals by

routi ne anal ysi s of bubbl er-sanpl ers.

I nhal ati on exposures were conducted in Battell e-designed chanbers ( Mss,
Decker and Cannon, 1982; Brown and Mbss, 1981). The 2.3 m? (1.7 n¥ active
m xi ng volume) stainless steel chanbers contained three | evel s of cagi ng, each
of which was split into two offset tiers. A r containinga uniformm xture of
the test article (HEPA and charcoal filtered before addition of the test

article) flowed through the chanber at approximately 15 air changes per hour.

The n- hexane exposures were conduct ed using an autonated data acqui si -
tion and control systemwhich nonitored and controlled the basic inhal ation
test systemfunctions, including chanber air flow, .vacuum tenperature, rel a-
tive humdity, and test chem cal concentration. Conditions which nay have
been a threat to the health of the aninmals, or constituted an expl osi on haz-
ard, triggered alarns to personnel on call 24 n/day. Al data acquisition and
control originated froman executive conputer which contai ned the exposure

protocols and controlled a multiplexing interface system

Ceneration of the n-hexane vapor was achi eved by netered punping of the
liquidchemcal froma 5-gallon reservoir which was renewed daily. The test
mat eri al was delivered through inert delivery tubes to a vaporizer |ocated at
the fresh air inlet of each ani mal exposure chanber. The vaporizer was conm
prised of a stainless steel cylinder covered with a glass fiber wck from
which the liquid was vaporized. The operating tenperature of the vaporizer
was nai ntai ned bel ow 50°c (the boiling point of n-hexane is =70°C). Al gen-
erati on equi pment which came into contact with the n-hexane was stainl ess
steel, Teflon®, or viton®. Al equiprment was contained in the vented, explo-
si on-proof generator cabinet. Chanber air flows were maintained by a com
puter-controlled punp in the exhaust |ine of each chanber. The exposure suite
data acquisition and control conputer autonmatically controlled the concentra-
tion of n-hexane in the chanbers by adjusting the flowrate of dilution air

t hrough i ndi vi dual chanbers.
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The buildup and decay of n-hexane concentrations, with and without ani-
mals in the chambers, were checked during the first week of the study,
Figure 1. The time required to reach 90%of the target concentration (Tgg)
ranged from 11.0 - 11.5 min. The decay time (thetime required to reach 10%
of the target concentration [T;¢]l) with animals present ranged from 10.0 -
11.0 min. Uniformity of vapor concentration in the exposure chambers was
measured prior to the start of, and once during the study. Uniformity in all

chamber was found acceptable (e.g. £10%).

Animal Husbandry Upon receipt, all animals were housed in a quarantine room
for 20 days prior to the start of the study. Males and females were caged
separately on wire racks equipped with automatic waterers (five animals per
cage). At the end of the quarantine period five females and five males were
killed and examined for internal and external parasites and bacterial
pathogens. Serum from each animal was tested for antibodies to selected
pathogens, and histopathologic examinations of lung, liver, kidney, ileum,
colon, heart and Harderian gland were performed (Appendix D). Another check
for antibodies to selected viral pathogens was performed on five females from
the control group and five females from the 5000 pom group on serum obtained
at the final sacrifice. All results were negative. All animals were observed
daily for mortality, morbidity, and overt signs of toxicity throughout the

study.

Food, pelleted NIH-07 diet (Ziegler Bros. Inc., Gardner, PA), was pro-
vided ad libitum during the entire time the animals were in house. Due to
the long daily duration of the exposures, 20 h, food was left in place during
the exposures and replaced daily. Water was provided ad |ibitum with auto-
matic waterers. Room lighting was maintained on a 12-hour on-off cycle (On 6
AM. to 6 pP.M., and off 6 pP.M. to 6 AM.). During the quarantine period animal

room temperature was maintained at 73+3°F and humidity was maintained 50+15%.

During the exposure period all chambers were maintained within the
limits of 75+3°F. Actual temperature means were between 74.2 and 76.8°F, all
within the specified limits. Mean relative humidity in all exposure chambers
was between 52.5 and 57.7%; these values were within the specified limits of
55+15%. The average air flow in all chambers for the study was between 14.3

and 15.3 M (A1 CFM = 1 air change per hour), all flows were within the speci-
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Figure 1. Buildup and decay of vapor concentrations in the 200 and 5000 ppm

chambers (with and without animals present), and in the 1000 ppm chamber
(without animals present).
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fied limts of 12 to 18 CGFM A conpl ete sunmmary of the daily chanber environ-

mental data can be found in Appendi x B

Developmental Toxicology Al fermale rats were wei ghed and individually
identified during the week prior to mating. A this tinme forty (40) fenal es
were randomy chosen, by using body wei ght as a bl ocking variable, for assign-
ment to the study as virgins. The renaining fenal es were bred by cagi ng one
or two fermal es overnight with one nale. Copul ati on was established on the
foll owi ng norni ng by a m croscopi c exam nati on of vaginal |avage fluid for
sperm if positive, this day was designated as 0 dg. A this time, the sperm-
positive fenmal es were wei ghed and randomly assi gned to exposure groups, again
usi ng body wei ght as the bl ocking variable. Mting was conducted for four
successi ve nights to obtain the desired nunber of sperntpositive fenales.
Three days prior to the start of the exposure, virgins and sperntpositive

fermal es were placed i n a hol di ng chanber for acclimatization.

Sperm positive femal es were wei ghed on 0, 6, 13, and 20 dg and virgins
were wei ghed 14 days prior to the start of exposure, on exposure days 1 and 8,
and at the tinme of sacrifice. The pregnant fenal es were renoved fromthe ex-
posure chanbers on the norni ng of 20 dg, wei ghed and eut hani zed with co, after
which their uteri were renmoved and weighed. Virgins were killed on the day
after their last day of exposure. A the time of sacrifice, animals were

exam ned grossly for signs of toxicity.

Apparently nongravid uteri frompositively nmated fenal es were stained
with ammoni umsul fide to detect possible inplantationsites. The nunber,
position and status of inplants was recorded for each gravid uterus and pl a-
centas were exam ned and wei ghed. Live fetuses were wei ghed, exam ned for
gross defects, and their sex was determned. Al |ive fetuses were exam ned
for visceral defects and their sex was confirnmed at this time. Visceral exans
were perforned on fetuses eut hanized with an injection of Nembutal® (sodi um
pentobarbital). Skeletal exam nations were perforned on all fetuses except
that approximately one-half of the fetuses in each litter were decapitated
prior to staining. Consequently, only one-half of the heads were exam ned for
skel etal abnornalities. Cartilage as well as ossified bone was visualized by
doubl e-staining fetal carcasses with alcian blue and alizarinred S The

renoved heads were fixed in Bouin's sol uti on and secti oned with a razor bl ade
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for examination of soft-tissue cranio-facial abnormalities rather than

skeletal defects.

Statistical Analvses All means and standard deviations for animal data were
calculated with SAS statistical software on a VAX 11/780 computer. Mean body
weights (as a mean of litter means for fetal data) were analyzed using the SAS
General Linear Models (GLM) Procedure (SAS, 1985, pp 434-506) with an analysis
of variance (aANOVA) model for unbalanced data. Response variables, either body
weight or the arcsin transformations of proportional incidence data, were
analyzed against the class variable, ‘treatment, in a one-way ANOVA model.
Duncan's multiple-range test (two-tailed) was used to assess statistically
significant differences between control and exposed groups. The dose-response
relationship was determined by use of an orthogonal trend test (Winer, 1971).
In the case of proportional data this test was performed on transformed

variables. The litter was used as a basis for analysis of fetal variables.

RESULTS

Summaries of the concentration data for all chambers are shown in
Table 1. The daily mean concentrations for all chambers were within 8% of the
target concentrations. More detailed summaries of concentration data as wel|
as summaries of environmental data are included in Appendix B along with
graphic illustrations of the daily mean and standard deviation for each

chamber.

Although decomposition of n-hexane was not anticipated under the storage
and generation conditions employed, test material stability for a reservoir
sample aged five days was confirmed. Purity analyses were performed on
samples collected from the high and low chambers before and during animal
exposures. The bulk purity of the aged reservoir sample was 99.1% relative to
reference material and the impurity profile exhibited no significant differ-
ences from those in the reference sample. No evidence of impurities or degra-

dation products were found in samples from the exposure chambers.

Each exposure group consisted of 30 sperm-positive female rats and 10

virgin female rats. All animals were killed following the 14t" day of expo
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Table 1.

N-Hexane Rat Teratology:

Average Dally Exposure Chamber Concentrations

200 ppm n-Hexane

0 ppm n-Hexane
Exposure Mean Std %RSD Min Max
Day Dev

1 0 0 0% 0 0
2 0 0 0% 0 0
3 0 0 0% 0] 0
4 0 0 0% 0 0
5 0 0 0% 0 0
6 0 0 0% 0 0
7 0 0 0% 0 0
8 0 0 0% ] 0
9 0 0 0% 0 0
10 0 0 0% 0 0
11 0 0 0% 0 0
12 o] 0 0% o] 0
13 0 0 0% 0 0
14 0 0 0% 0 a

15 0 0 0% 0
16 0 0 0% 0 0
17 0 0 0% 0 0
Summary 0 0 0% 0 0

1000 ppm n-Hexane
Exposure Mean Std %RSD Min Max
Day Dev

1 1020 100 10% 814 1290
2 1010 106 11% 880 1310
3 1000 91 9% 868 1240
4 993 53 5% 902 1090
5 1020 85 8% 913 1320
6 1000 49 5% 898 1170
7 996 57 6% 916 1240
8 988 51 5% 918 1170
9 1010 53 5% 897 1150
10 998 42 4% 898 1100
11 1010 45 4% 906 1110
12 999 52 5% 878 1120
13 976 91 9% 603 1130
14 999 53 5% 873 1140
15 925 198 21% 468 1470
16 942 169 18% 27 1110
17 1010 58 6% 818 1160
Summary 994 89 9% 27 147¢

n- Hexane Rat

Ter at ol ogy

Exposure Mean Std %RSD Min Max
Day Dev
1 191 36 19% 1 205
2 202 5 2% 189 208
3 201 18 9% 173 276
4 203 11 5% 173 234
5 196 3 2% 188 202
6 204 4 2% 195 209
7 199 3 2% 195 211
8 197 2 1% 191 202
9 205 3 2% 199 220
10 198 6 3% 186 212
11 204 7 3% 194 232
12 203 4 2% 196 212
13 201 5 2% 188 211
14 201 3 1% 196 208
15 198 40 20% 16 218
16 194 35 18% 5 209
17 200 6 3% 188 216
Summary 200 16 8% 1 276
5000 ppm n-Hexane
Fxposure Mean Std %RSD Min Max
Day Dev
1 5030 204 4% 4670 5490
2 5040 270 5% 4170 5340
3 5000 148 3% 4720 5260
4 4960 176 4% 4670 5470
5 4900 55 1% 4740 4990
6 4980 144 3% 4600 5240
7 5030 96 2% 4740 5270
8 4980 100 2% 4770 5120
9 4980 143 3% 4700 5230
10 4900 119 2% 4750 5300
11 5040 115 2% 4710 5280
12 5060 82 2% 4870 5210
13 5050 189 4% 4480 5260
14 5140 73 1% 4970 5260
15 4870 954 20% 735 5380
16 4810 835 17% 17 5220
17 4960 95 2% 4750 5130
Summary 4990 312 6% 17 5490
Fi nal Report



sure, 86% of the sperm-positive females were found to be pregnant at the time
of sacrifice. Exposure to n-hexane vapors on 6-19 dg had no effect on the
number of implantations, the mean percent of live pups per litter, the mean
percent of resorptions per litter, or on the fetal sex ratio, Tables 2 and 3.
There were no maternal deaths and no clinical signs of toxicity were noted;
however, two pregnant dams (5000 ppm group), one non-pregnant female (200 ppmn
group), and one virgin (5000 ppmn group) were found to have ulceration sites in
the cardiac region of the stomach and no food in the digestive tract at the

time of sacrifice.

The mean body weight of virgin females exposed to 5000 ppmn n-hexane
vapor for 14 consecutive days, Table 4, was significantly less than the mean
weight for virgin control animals by exposure day 8, and remained so at the
time of sacrifice. Mean body weights of virgin females in the other two expo-
sure levels, 200 and 1000 ppm, were not affected at any time during the

exposure period or at the time of sacrifice.

Pregnant females exposed to 5000 pprn n-hexane showed a significant
decrease in mean body weight by 13 dg when compared to that of control animals
and an even greater reduction by 20 dg, Table 5. A decrease in body weight
was observed by 13 dg for both the 200 and 1000 ppm with a further reduction
by 20 dg; however, these decreases were not statistically significant. Mean
cumulative weight gains for pregnant rats-exposed to n-hexane vapors and that
for control animals are shown graphically in Figure 2. There was an exposure-
related decrease in the cumulative body weight gain of the pregnant females.
This reduction relative to control animals was statistically significant for

the 1000 ppm group at 20 dg, and for the 5000 pprn group at 13 and 20 dg.

The mean gravid uterine weight at the time of sacrifice was reduced for
all treatment groups as compared to controls; however, the difference was
significant only in the 5000 ppmm group, Table 5. The extra- gestational weight
gain (EGWG; body weight at the time of sacrifice minus the gravid uterine
weight) was also reduced for all treatment groups when compared to controls,
and again, the difference was only significant for the 5000 ppmn group. The
mean ratio of uterine weight to extra-gestational weight gain for the 5000 ppmn
group was significantly greater that the mean ratio for the control group,

Figure 3.
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Table 2. N-Hexane Rat Teratol ogy Study:

(nmean £ std).

Reproductive nmeasures for female rats

. __n- Hexane Chanber cConcentration (ppm)
I 0 I 200 | 1000 | 5000
NUMBER OF:
Sperm positive Rats Exposed (a) 30 30 30 30
Nunber pregnant rats 24 24 27 28
Pregnant rats (%) 80.0 80.0 90.0 93.3
Litters with live fetuses 23 (b) 24 27 28
Implantations/dam 15.8 £+ 2.3 ]15.3 £ 2.4 1155 £ 3.0 15.4 t 2.7
Live fetuses/litter 14.7 £ 2.8 |14.6 £ 2.4 |14.5 * 3.3 | 14.6 £ 2.8
Resorptions/litter 1.1+ 0.8 0.7 1.1 1.0 £1.2 0.8 £1.0
Early 0.9 £ 0.9 0.6 £1.0 0.8 £+ 1.1 0.6 £ 0.9
Late 0.2 £ 0.4 0.1 £ 0.4 0.2 £ 0.4 0.1 £ 0.4
Dead fetuses/litter 0 0 0 0
PERCENT OF:
Live fetuses/litter 92.6 £+ 6.0 | 95.6 £ 6.5 ]92.2 + 11.5| 94.9 £ 6.3
Resorptions/litter 7.4 £ 6.0 4.4 % 6.5 7.8 £ 11.5 5.2 £ 6.3
Early 6.2 t 6.3 3.9 £ 6.2 5.9 £ 8.3 4.3 £ 6.2
Lat e 1.1 £ 2.5 0.6 £ 2.7 1.9 £+ 5.3 0.8 + 2.1
(a) Does not include 10 virgin femal es per exposure group.
(b) One pregnant ani mal dropped from study because of broken tooth;
only 23 litters exam ned.
Tabl e 3. Average fetal and placental weights (g) for rat litters exposed
to n- hexane vapors in utero (mean t std).
_n- Hexane Chanber Concentration (ppm)
0 200 1000 5000
Litters Exam ned 23 24 27 28
Fetuses exam ned 339 350 392 408
Heads exami ned 170 157 186 205
Sex Ratio (M/F) 0.53 £ 0.14 0.48 £ 0.11 0.46 = 0.17 0.54 = 0.14
Fetal weight 3.48 £ 0.37 3.541f0.36 3.27 £ 0.32(a)!2.97 * 0.38(b)
Pl acental wei ght 0.44 % 0.05 0.42 + 0.05 0.41 £ 0.06 0.38 = 0.05(b)
Fetal weight :
Mal e 3.60f0.39 3.66f0.39 3.33 + 0.33(b)|3.05 £ 0.41(b)
Femal e 3.33 £ 0.37 3.43 £ 0.37 3.23 £ 0.32 2.86 + 0.36(b)
Pl acental wei ght
Mal e 0.45f0.05 0.43f0.05 0.41 + 0.05(a)|0.37 £ 0.05(b)
Femal e 0.43 % 0.05 0.42 = 0.05 0.41 £ 0.07 0.37 * 0.05(b)
(a) Significantly less than controls at p<0.05.
(b) Significantly less than controls at p<0.01.
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Table 4. N-Hexane Rat Teratol ogy: Mean Body Weights (g £ std) for Virgins
Exposure Exposure Exposure Day of

Exposur e Day -14 Day 1 Day 8 Sacrifice
Concentration| N  Mean £STD Mean +STD Mean *STD Mean *STD

0 ppm 10 260.0%+ 17.3 272.3+ 18.0 283.0% 22.1 287.6 1t 23.2
200 ppm 10 261.4+ 22.2 273.0% 24.5 288.3% 27.8 290.9+ 29.0
1000 ppm 10 263.6+ 26.3 269.1+ 25.0 283.6% 28.7 282.4+ 29.6
5000 ppm 10 263.5+ 24.4 268.3+ 23.0 256.2+ 27.0 a 252.7+ 33.7 a

a =3Significantly

different fromcontrol

groups at p<0.0S5.

Table 5. N-Hexane Rat Teratol ogy Study: Mean Body, Uterine, and Extra-gestational Wights (g £ std)
for Pregnant Dans.
Body Wi ghts Wi ght s

Extra- gestati onal
Exposur e DG o DG 6 DG 13 DG 20 Uterine Gain
Concentration|] N  Mean #STD Mean +STD Mean +STD Mean +STD Mean +STD Mean £STD
0 ppm 23 278.0% 16.9 302.5% 18.0 331.2% 20.6 408.1 + 29.2 79.2 % 14.6 51.0% 13.4
200 pprn 24 275.8+ 19.5 295.5* 24.6 326.4t 25.6 394.8 + 34.8 78.2 £ 13.7 40.8 £ 20.8
1000 porn 27 272.8% 21.0 297.2% 22.3 325.1% 24.1 385.2 1+.28.4 73.3% 16.5 39.2+ 19.8
5000 ppm 28 274.6+ 19.7 297.4+ 23.9 310.2+ 33.1 a 366.9% 45.0 b] 69.5+ 13.9 a,c 28.5+ 17.5 a,c
a = Significantly different fromcontrol groups at p<0.05.

b = Significantly
c = Uterine weight for aninal

different fr

om control
690 missed, n

groups at p<0.01.
= 27.
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Figure 2. Cumulative weight gain for
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Fetal weights, means of litter means, male and female combined, were
significantly reduced for the two highest exposure groups, 1000 and 5000 ppm,
when compared to controls, Table 5. W mean fetal weights were examined on
the basis of sex, male weights weare found to be significantly reduced for the
1000 and 5000 ppom exposure groups as compared to controls. Mean female fetal
weights were also reduced for both the 1000 and 5000 ppm groups when compared
to controls; however, only the 5000 ppmn group was significantly different from
controls. Although there was a difference in the statistical significance of
the treatment-related weight reduction between male and female fetuses, the
percent reduction in mean fetal weights for male and female fetuses in the

5000 ppm group was equivalent, =15%.

An average of 373 fetuses per exposure group were examined for gross,
visceral and skeletal defects, Table 6. No major malformations were found in
any of the fetuses. Variations observed included dilated ureters, renal
pelvic cavitation, rib anomalies, and reduced ossifications. Reduced ossifi-
cations in the pelvis, the skull, and the phalanges are presented as bone
group totals in Table 6 although each bone in a group was evaluated individu-

ally, i.e. "pelvis" represents the ilium, the ischium, and the pubis.

There was an increase in the mean percent incidence per litter of reduced
ossification in sternebrae 1-41, Table 7. The increase was statistically sig-
nificant for the 5000 pom group, and the correlation to exposure concentration
was highly significant (p<0.001).

DI SCUSSI ON

The only indication of developmental toxicity following exposure of
pregnant rats to 200, 1000 or 5000 pom n-hexane vapors on days 6-19 of
gestation (consecutively) for 20 h/day was a small reduction in fetal body

weight relative to controls. This fetal weight reduction was observed

1 The incidence of reduced ossification in sternebrae 5 and 6 are not reported
here as they were ossified in only =5% of the control fetuses. These findings
are consistent with our historical data.
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Table 6. N-Hexane Rat Teratology Study:

Variations Observed in Live Fetuses.

Fetuses Litters

n-Hexane (ppm) 0 200 1000 5000 0 200 1000 5000

Total fetuses examined (a) 339 350 392 408 23 24 27 28

Heads examined (b) 170 157 186 205 23 24 27 28

Skulls examined (c) 169 193 206 203 23 24 27 28

Dilated ureters NO. 25 24 20 12 9 13 11 7
(%) | (7.4) (6.9) (5.1) (2.9 [(39.1) (54.2) (40.7) (25.0)

Renal pelvic NO. 8 0 3 2 4 0 2 2
cavitation (%) | (2.4) (0.0) (0.8 (0.5 |(17.4) (0.0) (7.4) (7.1)

Supernumary ribs NO. 4 6 12 15 d 3 4 2 6
%) | (1.2) (1.7 (3.1) (3.7) |(13.0) (16.7) (7.4) (21.4)

Bent or knobby ribs NO. 0 0 1 0 0 0 1 0
(%) | (0.0) (0.0) (0.3) (0.0 (0.0) (0.0) (3.7) (0.0)

Reduced Ossification:

Sternebrae 1-4 NO. 42 54 103 157 15 17 22 26
(%) [(12.4) (15.4) (26.3) (38.5) [ (65.2) (70.8) (81.5) (92.9)

Vertebral centra NO. 28 16 19 36 12 8 11 14
(%) | (8.3) (4.6) (4.8 (8.8 | (52.2) (33.3) (40.7) (50.0)

Pelvis (d) NO. 11 7 21 21 4 6 9 7
(%) [(3.2) (2.0) (5.4) (5.1) |(17.4) (25.0) (33.3) (25.0)

Phalanges NO. 4 2 1 7 3 2 1 3
(%) [ (1.2) (0.6) (0.3) (1.7) |(13.0) (8.3) (3.7) (10.7)

Skull (e) NO. 10 6 11 12 4 6 6 6
(%) (5.9) (3.1) (5.3) (5.9) | (17.4) (25.0) (22.2) (21.4)

® A single fetus may be represented more than once in this table.

a) All fetuses examined for external,

visceral and skeletal defects.

stained with Alcian Blue and Alizarin Red S, one-half had heads removed

prior to staining.

b) Heads removed from fetuses and fixed in Bouin's solution then examined
for soft-tissue craniofacial

malformations.

c) Heads remained on the fetuses that were stained for skeletal examination;

see a) above.

All fetuses

d) The ischium, the ilium and the pubis were evaluated individually and then grouped.

Approximately 90% of reduced pelvic ossifications were in the pelvic bone.

e) The interparietal, parietal,

individually and then grouped. Approximately 80% of the reduced skull
ossifications were in the interparietal or parietal bones.

n-Hexane Rat Teratology
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Table 7. N-Hexane Rat Teratology Study:
Meen percent per litter.

Observed variations -

n-Hexane Concentration (ppm)
n-Hexane Concentration 0 200 1000 5000
Number of litters (a) 23 24 27 28
% £ SID % * SID % + SID % + SID

Dilated ureter(s) 8.0 + 14.5 6.8 £ 8.5 48 * 7.0 3.0 £ 5.7
Renal pelvic cavitation 2.5+ 6.0 0.0 £ 0.0 0.6 + 2.4 0.4 £ 1.6
Supernumary ribs 12 + 3.3 20 = 5.5 3.3 + 13.4 36 * 9.7
Bent or knobby ribs 0.0 £ 0.0 0.0 £ 0.0 0.4 £ 21 0.0 £ 0.0
Reduced Ossification:

Sternebrae 1-4 (b) 13.8 + 21.6 16.3 + 16.5 29.0 + 28.6 38.7 £ 23.7 ¢

Vertebral centra 8.8 £ 16.4 5.8 £ 13.6 6.7 £ 12.4 8.5 £ 12.8

Pelvis 4.4 £ 16.3 22 + 4.3 55 % 10.9 54 * 14.7

Phalanges 1.5 £ 48 0.6 £+ 2.0 0.4 £ 21 2.3 £ 8.4

Skul | 3.5 + 10.4 1.8 £ 3.4 3.0 + 6.4 3.0 + 8.4

a) A single fetus may be represented more than once in this table.

b) The increase in the mean percent of the litter affected is directly

correlated with exposure concentration

(p<0.01).

c) Significantly greater than control group (p<0.05).
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for both sexes at the 1000 and 5000 prn exposure | evels (7%and 15%, respec-
tively). There was no exposure-related increase in either the percent of
resorbed fetuses or in the incidence of fetal nalformati ons. The increased

i nci dence of reduced ossificationin sternebrae 1-4 and the reduction in feta
wei ght at the 5000 porn | evel may have been inter-related and naifestations of
a slight growh retardati on.

The smal | anmount of devel opmental toxicity to the conceptus was in con-
trast to the significant | evel of maternal toxicity observed foll owi hg n-hex-
ane exposures. A reduction in nmaternal extra-gestational weight gain was
observed at all exposure |evels although the reduction did not beconme statis-
tically significant until the 5000 prn | evel. Extra-gestational wei ght gain
relative to control ani mals was reduced by 20, 23, and 45%for the 200, 1000,
and 5000 porn exposure groups, respectively.

The exposure-rel ated decrease in fetal weight and the increase in the
i nci dence of reduced ossificationin sternebrae 1-4 in the offspring noted in
this study have al so been noted previously. Simlar findings were reported by
Bus et al. (1979) who exposed a relatively snmall nunber (<10) of Fisher 344
rats to 1000 prn n- hexane vapor on 8-16 dg. Al though they did not observe a
statistically significant reductionin fetal body weight, they reported that
=25% of the fetuses in the exposed groups had reduced ossification of the 4th
sternebra as conpared to 0%in the control group, thus indicating sonme effect
of treatnent on the offspring. It was not possible to assess the | evel of
maternal toxicity achieved intheir study since no maternal data were
reported. Bus et al. (1979) also pointed out that the |ack of fetotoxicity or
teratogenicity foll owi ng gestati onal exposure to n-hexane vapors was not due
to the inability of n-hexane or its major netabolites, methyl butyl ket one and
2,5-hexanedione, to reach the conceptus since the | evels of parent conpound
and metabolites in the fetus closely approxi mated | evel s found i n mat er nal
bl ood.

Pregnancy did not appear to be a significant factor in n-hexane toxicity
to adult feral es since virgin femal es, concurrently exposed to the sane con-
centrations, denonstrated a simlar reduction in weight gain. Like the preg-
nant femal es, virgins exposed to 5000 porn n- hexane showed a significant reduc-

tion in body weight by the 8*" day of exposure as conpared to controls (The
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gth day of exposure for virgins was equivalent to 13 dg in the pregnant

group) -

In summary, exposure to 200, 1000 or 5000 ppm n-hexane duri ng gestation
did not result in an increase in either the incidence of intrauterine death or
in the incidence of fetal nal formations. However, sonme fetal growth retarda-
tion as evidenced by an exposure-related reduction in mean fetal body weights
and an exposure-relatedincrease in the incidence of reduced ossification of
sternebrae 1-4 in the fetuses was observed. An exposure-related reduction in
mat ernal weight gain with respect to controls was al so observed with the re-
duction beconming significant at the 5000 ppm | evel. The | owest n-hexane expo-
sure concentration, 200 ppm proved to be a no observabl e effect | evel for

devel opnental toxicity.
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n- Hexane Rat Ter at ol ogy Study
Appendi x A - Chenistry

ANALYTI CAL CHEM STRY NARRATI VE AND DATA FOR n- HEXANE

1. Test Material Receipt and Usage

n- Hexane, manufactured by Phillips Chem cal Conpany, was received
from Research Triangle Institute (RTI), P.O Box 12194, Research
Triangl e Park, NC 27709-9981. The test material for this study (RTI
Lot #H-201) was received in two shipments. The first shipment arrived
4/ 2/ 86 and consi sted of two 55-gall on drums containing 108 gal | ons of
n- hexane (ldentified as syw Lot 51436-5). The second shi pnent arrived
4/ 17/ 86 and consi sted of two 55-gallon drums containing 102 gal | ons of
n- hexane (ldentified as BNW Lot 51436-6) .

The bul k chemi cal was stored in its original shipping container at
~65°F in a flammbl e storage cabinet and nai ntai ned under a bl anket
of nitrogen. Al transfers fromthe 55-gallon drumto the reservoir
t ook place under a bl anket of nitrogen to avoid the introduction of
air into the bulk chemcal. Approximately 11.5 kg of test material
were required for each exposure day. The usage of n-hexane for the
rat teratology study i s summarized in Table 1.

Table 1. Rat Teratology Study with n-Hexane - Chem cal Usage

Exposure Period RTI Lot# BNW Lot# Test Material lised
5/ 13/ 86 - 5/ 21/ 86 H 201 51436-5 (Drum 2) 104. 1 kg
5/ 22/ 86 - 5/30/86 H 201 51436-6 (Drum 1) 104. 8 kg

2. Bulk Chemical Analysis

Bul k chem cal anal ysis was perfornmed using infrared spectroscopy
and gas chromat ography (Gc) for identity and purity deterninations.
The gas chromat ographi ¢ systemused for purity anal ysis enployed a 4
mm od x 6 ft glass colum packed with 0.1% SP-1000 on 80/100 Car bopak
B. Since RTlI provided no reference material, portions of a previous
shi pnent (BNW 50846-39-1) were placed in septumvials, identified as
BNW 50846- 145, stored in the freezer, then used as reference materi al
BNW Lot 51436-5 was anal yzed for bulk purity and found to be 99. 5%
pure relative to the frozen reference materi al.

3. Vapor Concentration Monitoring

A Hewl ett - Packard 5840 gas chronat ographi ¢ system (enpl oying a
1/8" od x 1.0 foot nickel colum packed with 1% SP-1000 on 60/80 nesh
Car bopack B; oven tenperature was 120°C) was used to nonitor ani ma
exposures. This instrunment was equi pped with an 8-port stream sel ect
val ve and neasured n-hexane in the three exposed chanbers, the contro

chanber, the distributionline, the exposure room and the on-Iline
st andar d.

a. Calibration of the On-Line Chanber Monitor

The calibration of the on-1ine chanber nonitor was based on
anal ysi s of bubbler grab sanples. Thus, the calibration of the on-
line nonitor was tied to gravimetrically prepared standard sol uti ons
i n dodecane through a second directly calibrated GC which was off-
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l'ine. The anal ysis depended upon quantitative preparation of
gravimetric standards and careful grab sanpling. The gravinetrically
calibrated GC was used to neasure the quantity of n-hexane coll ected
from exposure chanbers in dodecane filled bubblers. The relationship
bet ween t he peak area observed with the on-line GC and the
concentration of n-hexane in the chanber was then defined using

chanmber concentrations determ ned by the gravinmetrically calibrated
GC.

The anal ysi s of bubbl er grab sanpl es was performed using a H> 5830
or HP 5840 GCwith a 2 or 4 mm od x 1.8 mgl ass col um packed wth 3%
OV-17 on 100/120 nmesh Supel coport. The tenperature programwas 40°C
for 3 mnutes to 150°C for 10 mnutes at the rate of 15°C/minute. A
set of three standards was run for each anal ysis session. The

concentration range of the standards bracketed the concentration range
of interest.

The calibration procedure required quantitatively prepared
gravimetric standards and carefully col |l ected grab sanples of a
measured volune. The collection efficiency of a single bubbler was
| ess than 100%, sone hexane broke through the primary bubbl er
Br eakt hrough was typically 4-6% Breakthrough was measured each tine
bubbl ers were col | ected by acquiring back-up bubbl ers for the high
concentration chanber. The cal culation for chanber concentration by
t he grab sanpling nethod included a breakthrough correction.

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

An on-1ine standard was used to check instrunent drift throughout
t he exposure day. The on-line standard was 994 ppm n- hexane in
nitrogen (MG Industries Scientific Gases, 11705 South Al ameda S., Los
Angel es, ca). The standard was checked before the start of any given
exposure day, then nonitored every 8th sanpl e throughout the exposure
period. The neasured concentration for the standard had to be within
+10% of the assigned target val ue before any exposure coul d begin
wi thout consultation with the Exposure Control Task Leader. During
t he course of the exposure, if the on-line standard was within 5% of
the target value, no change in calibration was required. |If the on-
l'i ne standard was between 5% and 10%of its assigned target, the
calibration coul d be updated i mredi ately by an Exposure or Chemistry
Specialist. Such a correction was based upon the on-1ine standard.
If the cunul ative drift exceeded 15%, then the calibrati on was checked
by quantitative anal ysis of grab sanpl es.

c. Denonstration of Sensitivity and Specificity

The sensitivity of the GQC was estinmated fromthe decay profile for the
hi ghest concentration chanber. The mninmumdetestable limt (MDL) was
estimated as 0.02 ppm A neasure of chromatographic specificity was
defined by determnation of the anal ytes partition coefficient. The
retention tinme of nethane, assuned to be non-retai ned was 0.19 mn.

the retention time for n-hexane was 1.49 mnutes. Thus, the partition
rati o was about 6. 8.

d. Precision, Linearity and Absol ute Recovery Eval uation
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Precision for the on-l1ine GC was estimated from5 neasurenents
nmade on the 994 pon on-1ine standard; a 0.4%coefficient of variation
(cv) was observed (all values fell within 1 prn of the mean).
Linearity of the on-line GC was assured by calibrating the on-l1ine GC
against a gravinetrically calibrated GC (al so see conments in the
"Calibration of the On-Line Chanber Monitor" section). This was
acconpl i shed by anal yzi ng a series of bubbler grab sanpl es acquired
during exposure generation and then inplenmenting the appropriate on-
line GC calibration curve in the data acquisition and control system

Achi evenent of linearity for the on-line nonitor was therefore
dependent upon defining a |inear nethod for anal ysis of bubbl er
sanpl es. The calibration curve for this analysis showed good
linearity over an extended range. Routine analysis of bubbl ers was
perfornmed using mdrange, high and low | evel standards in order to
assure linearity.

4. n-Hexane Degradation Studies
a. n-Hexane Stability in the Reservoir

Under the storage and generation conditions enpl oyed,
deconposi tion of n-hexane was not anticipated. 2restart tests to
confirmtest material stability included anal ysis of an aged reservoir
sanpl e. n-Hexane (BNW Lot 50846-39) was placed in the reservoir for
generation of chanber atnospheres. A the end of 5 days, an aliquot
of the test material was removed fromthe reservoir. Infrared
spectroscopy and gas chromnat ography were used for identity and purity
determnations. The bulk purity of the aged reservoir sanpl e was
99.1%relative to the reference material

b. n-Hexane Degradation i n Exposure Chanbers

Studi es of the degradati on of n-hexane in the exposure chanbers (with
ani mal s) were conducted on 5/21/86. n-Hexane, BNW Lot 51436-5, was
the source of the test material. During exposure, sanples of chanber
at nospheres fromthe 5000 prn and the 200 prn chanbers were taken by
pul I i ng a measured vol une of gas through standard gas-sanpling
charcoal tubes. The sanple size was adjusted to provi de adequate
sensitivity to detect inpurities. Duplicate charcoal sanples were
taken at 10.6 and 1.0 liter collection volunes for the 5000 prn and
200 pan chanbers. Qccupi ed chanbers were sanpl ed on 5/21/86 and
sanpl es were anal yzed on 6/11/86. The charcoal tubes were desorbed
usi ng carbon disulfide. The GC conditions are sunmari zed on the
attached sanpl e chronat ogr ans.

Br eakt hr ough was measured for each sanple | evel and volume. Less than
1% br eakt hrough of total sanple was observed for the 1.0 and 10.6
liter sanpl es fromthe 203 pgrn chanber. Breakthrough was found to be
approxi mately 3%for the 1.0 liter sanple and 35%for the 10.6 liter
sanpl e fromthe 5000 prn chanber. These deternm nati ons were nade by
anal ysi s of the secondary charcoal bed within the tubes. A peak
observed at 3.5 mnutes in the carbon disul fi de bl ank was obscured by
the n-hexane. Analysis o. these sanpl es showed no evi dence of
inpurities or degradatior. products.
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Gas Chromatography Degradation Analysis of n-Hexane
Chamba  Atmosphere with Charcoal Tube Sample Coll ection
(occupied chambers)

GC Parameters Coumn: 2mm x 1.8m ID glass; packed

TEwP1 408 208 200 .
TInE] 15.88 with Porapack 0S 100/120
INJ TEmMP 4@8 29@ 200
FID TEMP «@é8 238 230
CHY 3PD 8.%8
<E®0 18.0
ATTN 2+ 8
F1% SGNL -8 '
$L® SENS 8.10
APEA PEJ 13
FLOW AR 0.8 38.7
FLOUB 8.1 3.8
DELETE CHANGE RUM @
CH&nCE RUM 0 @
oPTN 9 23 3 )
INJ/BTLSTROKES 1 2
EHANGE RUW 2 7 STOP 200 ppm Front(next tOo glass wool)
STF'T% 69 )
p—— W9 6 PY 1 minute sample
P S &
Ju— ———————— ) > oo
' n-Hexane
WP RUN @ | Jun-11,86 TINME 17121101
ID: 18786 BOTTLE &
AREA %
RT -AREA ARER %
8.03 . 3P4 8.0821
e.27 624 _8.Be6
8.40 139 - a.0e9%
8.52 270 28.818
.12 32470 2.283
.32 2899080 19.673
1.61 960480 6.3572
2.98 12330808 721.4%98
21, FACTOR: 1.8008 E~ §
L e 200 ppm Back(between'foam plu%s)
— 1 minute sample
182 G5y
3.49
W® RUM @ 2 JUN/11 786 TIME 17283213
I1S: 18706 BOTTLE 3
ARER %
RT AREA AREA %
8.83 261 €.068
8.27 786 8.182
8.40 143 8.833
e.5z 298 8.869
1.12 27668 6.392
1.31 291200 67.297
1.61 1814900 23.434
3.9 18968 2.533

A=4



n- Hexane Rat Teratol ogy Study

Appendi x A = Chem stry

5000 opm Front(next to glass wool)

= \=36C52 10 mnute samnle
r - -
—
' n-Hexane
HP PN ® 13 JUNZ11 36 TIME 20:32:49
ID: 1879¢ BOTTLE 2%
AREH %
RT RRER ARER %
0.03 189 9.001
B.27 579 g.9a2
9.410 182 2.008
@a.%2 150 9.009
1.13 25320 9.87e
1.30 734490 1.112
2.92 33938p0e LS. see
sTaRts  pad 5000 ppm Back(between foam pl ugs)
= .8 (S, 10 mnute sanple
P -
_‘ 2> =
n-Hexane
HP RUN O 14 JUN/11/R26 TIME 2p:%%: 7T
ID: 13796 BOTTLE 27
GRER 7
PT APER AREA %
9.83 33T 0.920a1
.27 Ta3 0.J04
Q.49 113 B.981
1.2 2TTS0 [L 1Y
1.22 Z23Toe 2.012
.39 13540900 37.337
sTAeT:  §.p7 Blank-Front(next to gl ass wool)
1.83 CSZ
3.%50
N 18.%50@
HP RUN O 13 JUN/11/864 TIME 22:188:52
ID: 18786 BOTTLE 35
RRER Z
RT AREA AREA *
a.0e3 210 9.9831
e.27 322 0.208
9.52 213 9.837
1.12 24238 S5.847
1.31 373789 98.83%8
2.3%0 12878 2.934
18.950 249 g.961

A-5



n- Hexane Rat Terat ol ogy Study
Appendi x A = Chemi stry

BULK CHEMICAL REANALYSIS

COMPOUND: n-HEXANE _
CAS#—— - - —110-54

LOT# .. Rillips Iot#H 116 (BNW#50846-39 bot h 1-20)
APPEARANCE: . Clear liquid

RECEIPT DATE 2/12/86

ANALYSISHHR (0 Initial

STORAGE TEMPERATURE: Room Temperature

SAMPLE SUBMITTALDATE:  2/27/86

SAMPLE ANALYS SDATE 316,7186

ANALYS SPROCEDURE: Method provided by MR, dated December 17,1984
NOTEBOOK REFERENCE: BNW 5143610

IDENTITY: Infrared gpectroscopy using a Nicolet FT-IR 60 SX wth 4nmNaCl windows
and 0.lmm Spacers.

ASSAY: Gaschromatography using aa 6ft x 4nmmglass column packed with 01% SP-1000 on

80/100 Carbopak C
Instrument: HP 5830A
Reaults % Purty
Date Bulk
3186 RRF 05606 RSD £ 023%

Retention Time of n-Hexane -26 minutes.
Retention Time of Internadl Standard = 74 minutes.
A Mnor impurity peak was detected at ~ 1.8 minutes

Test material sample Vs taken frambottle 1

CONCT USTONS: The badsd the analysisis quantitation of the major componentaf the bulk chemicd

ky GC major pesk comparison to a frozen reference material. No reference material

as provided 5 x 10 m! portions of n-hexane were placed in glass septum vials,
staled with teflon lined Septa and stored frozen for use aSreference materials in
furure analyses. [nfrared spectra was obtained betwezn 4000cm- 1 and 600cm-1. The
spectra Was Smilar to that provided by MRI.

Signature of Technician: K&&m ’{Q 5\4.4.“_5) Date:—2- 24-S%
/"\l s
L |
Signature of Chemist: L\“V&XA‘\Q“‘L Da. 223/

A
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3492 sk
-
BUWSOINE -39 - |

=.C. MOSTICA mIOTLVO

%: r._""-'.%.’.‘-ﬁt‘."‘ ©/e02 18-te00l i Pma Hmas 10 "f‘“"‘)
haa pI WY ;__.‘._.a-xh.l-’:. Nl conOeals ® Mot - S ““%eLo
b [N - gv) * lomg-C
Ie ' LT Thot gaasemadipe, BT-14Y
123 1359 -~ >
ta. 2 | Sy \".’ 14 e
]
Ls?
.
zaa 282
2=8
OVEN RAX «4@3
CHT $PD a.s®
ATTN 2° 12
FI3 SGNL -8
SLP SENS 8.13
ROZA REJ t
FLOW A 2
FLle 8 82
SPTH 22 -38-1
NWSoRHe
xFt 1.8086 €~ 8 J“"“"“‘-‘_""‘Q—
A._._‘ ta, =2 ) B\
ATT w22 -ap-, 2 - - a.3%
1.2
-;z . .37

ST

BOTTLE 33

*e 333BR

NO METHOD
RT AREA ARER %
3.33 3118684 2.872
8.33 <@dl120aea8 93.137
1.24 121688 2.329
1.87 23529 .a332 =
2.83 §-EXE-1 ] 2.428
T 13552008 4.332

»

"
"

[
.

‘0

LRITIFAEIRICINNIO
RS ..

aariiae-t L EIRD

CaraNEY

o)
—

VMW w0 OO
OO NN

NW SO0 Lo

»

>
)
[o ]

AREA

688
294800
403400000
108700
2935
10100

784

214
-19440000

‘-./'UA’.MLL % W - % B :.H3L-(,)O‘\\) @

.~AREA %
0.000
0.570
95.534
0.026
0.001
0.002
0.000
0.000
4.367

N-hexane purily analysis - p. BNW51436-(10-11)

Bolile #BNW50846-39-1
GC HP5830A N807630

Column: 80/100 Carbopack C/0.1% SP1000(1.8 m* 4 mm Id, glass)

( BNW 50846 - 146)

Melhod supplied by MIRl; Ni

1S Contract #N01-ES-45060

E

MRI Projoct #7098-C

MRI Task Description BS-199 .

Dec. 17, 1984.
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BULK CHEMICAL REANALYSS
COMPOUND: n-HEXANE
CAS# 110-54-3
LOT# Fillips lot# H-201 (BNW 51436-5-1)
APPEARANCE: Clear liquid
RECEIPT DATE: 412/86
ANALY S SPERIOD: Initid
STORAGE TEMPERATURE: RoomTemperature
SAMPLE SUBMITTAL DATE: 4/3/86
SAMPLEANALYSSDATE: 4/3,4/86 & 5/5/86
ANALYSSPROCEDURE. . OB-AC-3A15-00
NOTEBOOK REFERENCE BNW 51436-33& BNW 51436-45
IDENTITY:  Infrared spectroscopy Using aNicoletFT-IR 60SX vith 4mm NaCl windows
and 0.1mm spacer. (Figures 1 and 2)
RESULTS The spectra Was Similar to that found in previous BNW andysis.
ASAY: Gas chromatography using a 6ft x 4mm glass column packed vith 0.1% SP-10000n
80/100 Carbopak C.
Insrument: HP 5840A
RESULTS  Relative % Purity (Figures 3and 4b)
Da Bulk
4/86 99.5
Retention time of n-Hexane -28 minutes.
Retention ime of internal standard -80 minutes.
ASSAY: Gas chromatogr ra/ usingab ft x 2mm glasscolumn packed vith 0.1% SP-1000 on
801100 Carbopac
I nstrunent: HPS840A
RESULTS Impurity Profile
Dag Ara %
Reference Test.
5/86 =RT Maid Meid
9.62 0.113 0.182
11.64 0.043 0.063
11.98 0.003
16.92 0.001
24.90 0.003 0.004

At aretention timeof -13.3 minutesa major peak of 99.84% area wasobserved for the
reference material (Figure 5) and 99.75% aeafor the test material(H gure 6). The
reference material showed 5 impurity pesks and the test material showed 3 impurity
pesksall over 0.001%.
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CONCLUSION:  Gaschromatography showsthis test material to be 995% pure by area ratio of an

inernd sandard Theimpurity profile showed threeimpuritiesgreater than 0.001%
for thetcst materiat. An infrared spectrum was obtained between 4000 cm-1 and
600an- 1. Thespectrum wassmilar to previous BNW analysis.

S gnature of Technician _ ¥4\ Axer. D Date:_S_\Ls_LSQ

. 0 Y
Sgnature of Chemist; &2 ' N\ Datc_(/ /3—/%
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n- Hexane Rat
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; WW.
IR ' ES—vsoud %o R
: " \ 'y
9AJE5%—psunguﬂhﬁn-f—4¥4ﬂ§s‘e:— bJCG#K\ g\lg.;;: K}ié
E3CAPE Methad & - Ac—;'sv\\% - Q¢Y

TEMP1 488 158 138

TI{L?E'}ERP %g 882“ 08 B wPSEHORA WRI0FO0W
<
FID TEMP 498 256 250 Camm: X Yoame 1D afanas
Bo,

CHT SPD B.50 /sco(‘.nkho?u.h.\é./o.xﬂz. SP- \ooo
ZERO 18.8 BNW S684L -4 G
FIDSoNL o8

* -
SLP SENS 8.1@ 3- BPNWSIY3L -2 3
AREA REJ

.1
FLOU A 8.B ?1.5
FLOY & 8.0 3.7
DELETE CHANGE RUN 3
CHANGE RUN a3
OPTN # 3
INJ/BTL,STROKE. 123
CHANGE RUN 2 1 STOP

DIL FACTOR 1.8000 E+ L/

MW BMNWIS03AG 145 ~ /
- 0.47

START

2.81

12.01
HP RUN # 2 APR/83/86 TI ME 17: 29: 81
ID 10786 BOTTLE 3
ARER =%

RT HREA ARER %
0.84 2 8.000
0.36 152500 " 8.113
8.47 1214000880 98. 1084
0.66 29208 8.822
8.83 2692 8.882
8.93 568 9.8081
1.18 49239 2.0804
1.2 47980 8.835
1.44 T388 8.883
1.99 3156 8.882
2.18 1384 8.8081
2.31 4315080 2.574
8.00 2263000 6.137

12.01 890 8.8081
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START a3l . 8. 47
3432
2.11
$:83
e — s,ﬂﬂ

HP RUN & 19 APR/83.86 TIME 22: 1S 15
ID: 16786 BOTTLE 37
AREA 7

RT AREA AREA %

8.36 157588 8.121

8.47 121588800 3,398

8.67 30099 2.823

8.85 2670 9.882

8.93 855 2.801

1.19 4378 8.004

1.32 47370 8.336

1.43 498 9.000

2.11 1258 8.001

2.81 4993 2.804

2.18 487 8.2008

8.88 3348088 6.417

NIL FACTOP: 1.9988 E+ 8
7 Jzt--—k““”‘* e BNwS 1436 -5-1

- N ¥

A - - -

START,

b e

w

o
[

'}

w
o
o

H RUN & 14 APR./B82/3 28: :
ID: 18796 R 3% TIME 28231223
HREA %

PT APEA ARER

8.36 153288 8.114

9.a7 1212280880 29.832

9.6 23549 8.922

8.25 2534 9.0832

8.33 s22 2.081

1,13 1339 2.0984

1032 45338 9.83%

1.44 118298 8.389

1.39 €282 3.284

2032 4234008 3.591

%.00 $322888 6.156

DIL FACTOR: 1.988€ E+~ @
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Egcigg ® 34 MAY, 835,86 TIME 19:4%5:@8
ESCAPE S5-5-% wl
remp Prka Onateguod mlians o s
1 400 =g . , : "?
T IMEL S. 98 Y N o -AC- -
RATE 18.08 ZB-AC-3MS - F Y
TERP2 488 223 L. KRPS8uor ww 100
INJ TEMP 488 280 199 A A $ L ETm 1 D
FID TEMP 488 250 2% &y ol S
CHT SPD 8.59 JiRaxhe sk &/0-(% SP-1cco
ZERO 18.8 BNWSINIL-32- 4
ATTN 27T 18B w . ‘f\.
FID SCNL  +
SLP SENS 8.10 A BAw'SCFSC -I‘-IS'/
BREA RRY o8 3.6 )
FLOW B 8.8 3.7 d da-t 3-39'“15 /
14345~
TEMP1 4@8 50 49 3 BuW S 1430 ‘M‘ls BRwS
SR
[ 3
2 TEMP1 apgg S8 S8 e?
2 START \QW*Q'W ,,..hamg_ ONWS M- HS-1, 1 X
- 1.54
+ 3.66
4= 6.47 .
2.68
I 12 22
3 21.28
22.47
HP RUN # 36 MAY - 35/86 TIME 11:3a:26
ID: 10706
AREA %
RY AREA APEA 2%
1.%4 23 g.980@
.56 123 9.884
5.47 225 8.0008
8.%54 20859 8.000
3.82 1238 @.80¢@
2,58 $932588 8.113
18.43 sa7 6.088
19.34 1393 9.0808
11.62 229388 9.843
11.%%6 17318 8.883
12.9? 23 2.008
13.32 5289000088 29.336
15.22 2283 8.2081
19.082 188 8.0088
21.18 351 8.98e
21.2% 287 8.800
23.47 14258 8.083

A-15



n- Hexane Rat Teratol ogy Study

Appendi x A - Chem stry

5.2 Vepion tH) - Sexam Qum,, Ww s1436-S-1, 1l

11.63

4 17.74
:r— 81,88
24.00
| 24.32
HP RUN % 38 MAY 85,96 TIME 13:29:58
| D:-18786
AREA %

RT AREA AREA %
8.25 3 d.80e
1.53 2316 g.000
.62 235688 d.122

£1.53 z25288 8.063
12,37 168 g.088
.34 136000886 99.7%50
17.74 Ts2 9.e00
21.0% 229 9.008
21.25 as 8.008
24.32 221320 g.984

DIL FRACTOR: 1.9068 E+~ @

A-16
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BULK CHEM CAL REANALYSIS

COMPOUND: n-HEXANE

CAS# 110-54-3

LOT# Phillipslot# H-116 (BN'W 50846-39, sampleremoved
from reservoir 3/29/86 - last day of study)

APPEARANCE: Clear liquid

RECH PTDATE: 2/12/86

ANALYSISPER (D Last usageday

STORAGE TEMPERATURE: Room Temperature

SAMPLE SUBMITTAL DATE: 329786

SAMPLE ANALYSI SDATE: 4/3,4/86 & 5/5/86

ANALY S S PROCEDURE: PB-AC-3A15-00

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

IDENTITY: Infrared spectroscopy using a Nicolet FT-IR 60SX with 4mm NaCl windows

RESULTS:
ASSAY:

RESLLTS

4/86

ASSAY:

RESULTS

5/86

and 0.1mm spacer.
Thespectra was Similar to that found in previousBNWanalysis.

Gas chromatography using a 1.8m x 4mm glass column packed vith 0.1% SF-1000on
80/100 Carbopak C,

Instrument: HP 5840A
jve %

Bulk

99.1

Retention time of n-Hexane -28 minutes.
Retention time of intemal standard -8.0 minutes.

Gas chromatography usinga 1.8m x 2mm glass column packed vith 01% SP-1000 on
80/100 Carbopack C.

I nstrunent HP5840A

Impurity Profile
Arca %

Reference Test
=RT Material Materal
9.62 0.113 0112
11.64 0.043 0.044
11.98 0.003 0.003
16.92 0.001
24.90 0.003 0.005

A major pesk of 99.84% area was observed at aretention timeof -13.3 minuies for both
the referenceand test material. The reference matarial showed 5 impurity pesksand the
test material showed 4 impurity peaks all 2 0.001%.
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CONCLUSION:  Gaschromatography shows thistest material to be 99.1% pure by arearatiod an

internal gandard Theimpurity profile showedfour impuritiesgreater than 0.001%
for thetest material. An infrared spectrum wasobt ai ned between 4000cm-1 and
600 cm-1. Thespectrum was sSmilar to previous BNWanalysis.

Sgnature d Techni ci an K4 AT Date-S/2 /26

Q
Signature o Chemist: W‘QAQ}S’L‘? Date:i/izgé
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EXPOSURE DATA AND NARRATIVE FOR N-HEXANE

Animal Exposure Chamber

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

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

Exposure Suite System Description

The hexane exposures were conducted using an automated data
acquisition and control system in an exposure suite (Figures B2 and B3).
This system monitors and controls the basic inhalation test system
functions including chamber air flow, vacuum, temperature and relative
humidity and test chemical concentration. The system computers,
printers, magnetic data storage devices, interface equipment, and
monitoring instruments are located in a central control room and
interface with monitoring and control elements in three exposure rooms.
All data acquisition and control originates from an executive computer
which controls a multiplexing interface system. All experimental
protocols related to data acquisition and control reside in this
computer and are entered into software tables accessed by menus.

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

A dual point alarm system with user defined set points is available
for each parameter measured. Action taken upon alarm depends on the
cause and severity of the alarm and ranges from audio/visual alert to
automatic shutoff of the exposure generator. Alarm conditions which may
be a threat to the health of the animals alert a building power operator
who is on duty 24 hours per day.
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COMPUTER SYSTEM
He 858 3
P -
COLORADO : COMPUTER
DATA SYSTEHS :
INTERFACE HEWLETT PACKARD :
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Fiqure E3. Data Acquisition System For n-Hexane Exposures.
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Temperature is measured with an accuracy of approximately *0.5°F by
Resistance Temperature Devices (RTD's) Tocated at the measurement site.
The RTD's are multiplexed to a digital thermometer which is interfaced
to the computer. Chamber temperature is controlled primarily by
controlling the temperature of the room housing the chambers.

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

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

Chamber vacuum, relative to the control center, is measured with an
accuracy of approximately +0.2 an H,0 using the same pressure transducer
system which measures chamber air flows. Chamber vacuum is maintained
at approximately (-)1" H,0 primarily by inlet resistance provided by the
HEPA and charcoal filters.

Hexane Generation System

A schematic diagram of the Hexane generation and delivery system is
shown in Figure 64. Most of the generator is housed in a vented cabinet
located in the Suite Control Center. The cabinet is vented to the
building exhaust. The hexane to be vaporized is contained in a 19 liter
stainless steel reservoir. This reservoir is filled daily from the
original shipping container by the following method which is designed to
prevent explosion during transfer. All oxygen in the reservoir is
displaced with nitrogen through a purge port. The nitrogen pressure in
the shipping container forces hexane through a filter and into the
reservoir. The reservoir is on an electronic scale during filling so
that the correct level is readily obtained. AIll metal containers are
grounded. The filled reservoir is then transfered and installed into
the generator cabinet.

During exposure the hexane is pumped from the reservoir through a
stainless steel eductor tube and delivery tubes to vaporizors located at
the fresh air inlet of each animal exposure chamber. Stable
micrometering pumps with adjustable drift-free pump rates ranging from
less than 1 x 10 © to greater than 20 ml per minute are used.
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Figure B 4. n-Hexane Generation and Delivery System.
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The vaporizer (Figure B4) 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 residue buildup occurs.
An 80-watt heater and a temperature sensing element are incorporated
within the cylinder and connected to a remotely located temperature
controller. A second temperature monitor is incorporated in the
vaporizer allowing the operating temperature to be recorded by the
automated data acquisition system. The operating temperature of the
vaporizer is maintained below 50°C (the boiling point of hexane is about
70°C). The cylindrical vaporizer is positioned in the fresh air duct
leading directly to the inlet of the exposure chamber.

A clear Teflone tube of measured volume, preceded by a three-way
valve is attached downstream of the pump to facilitate measurement of
the flow rate of the vapor generator. Measurement is accomplished by
momentarily switching the three-way valve from the run position to the
test position. A small bubble of air is pulled by the pump from the
cabinet through the valve and into the clear tube. The progress of this
bubble from one end of the tube to the other (calibrated volume) is
timed with a stop watch. Flow rate is 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 air and is
used as a check on chamber concentrations in addition to GC
measurements.

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

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

Adjustments are made to the air flow only i Fthe concentration is
beyond the Non-Critical Limit (+ 10% of target concentration). The
concentration adjustment is limited to assure that the chamber dilution
air flow is not adjusted beyond the non-critical flow limits (12 to 18
air changes per hour). If the allowed adjustment is not sufficient to
bring the concentration back into the desired operating range, the
computer makes the maximum adjustment possible within the flow limits,
then sets the alarm and indicates to the operator that a manual
adjustment of the generation system must be made.
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will

The following conditions for alarms and concentration adjustments
apply:

Concentration

Concentration

Concentration

Concentration

Concentration

< Target + 10% and > Target = 10%

No action necessary-

> Target + 10% and < Target + 20%

or

< Target = 10% and > Target = 20%

Set no alarms.

Adjust chamber air flow rate to bring
concentration as close to target as possible
within air flow limits (12 to 18 air changes per
hour).

> Target + 20% and < Target + 30%

< Target = 20% and > Target - 30%

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

> Target + 30%

Turn off all generators.

Set audible alarm in control room and exposure
room. |If after normal working hours or if
weekend, also set power operator alarm. Make no
adjustment of chamber air flow.

< Target = 30%

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

: Alarm
I Tumn Off all generators
No Row Adjustment

e ARGET RS0 LY
Alarm
Flow adjustment
TARGET+20% _ . o
No alarm
Flow adjustment
TARGET + 10% -
OPERATING
TARGET RANGE
CONCENTRATION No darms
No adjustments
...... JARGET Z10%_ _ ____.
?No d m
+ Flow adjustment
TARGET - 20%
’ Alam
+ Row adjustment
TARGET - 30%

y No Row Adjustment

The time (Tqq), following the start of generation, for the
concentration to build up to 90%of the final stable concentration in the
chamber and the time (T;q), following the stop of generation for the vapor
concentration to decay to 10%of the stable concentration were determined
before animals were placed in the chambers. The resulting curves for all
chambers are shown in Figure B5. The value of Tqy was found to range from
approximately 11 to 13 minutes. At a chamber air flow rate of 15 air
changes per hour, the theoretical value for Tgq iS approximately 12.5

minutes. A Tgg of 12 minutes was chosen for this study. The value of T;g
ranged from 9 to 10 minutes.
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The buildup and decay of concentration with animals in the chambers
were checked during the first week of the study (Figure B5). These tests
were run on the 200 and 5000 ppm chambers. The values of Tqq ranged from
11 to 11.5 minutes. The decay time, Ty¢ with animals present ranged
between 10 and 11 minutes.

Vapor Concentration Uniformity i n Chambers

Uniformity of vapor concentration in the exposure chambers was
measured prior to the start of and once during the study. The vapor
concentration was measured using the on-line GC with the automatic
8-port sample valve disabled to allow continuous monitoring from a
single input line. Prior to animal loading, 12 chamber positions (two
positions, one in front (F) and one in back (B), for each of the six
possible animal cage unit positions per chamber) were measured. The
second set of gas concentration measurements was taken from the front
and back positions of the chamber only where cage units contained
animals.

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

Table B1. Rat Teratology Study of Hexane in Rats - Summary of Chamber
Uniformity Data Obtained before exposure (Prestart) and during exposure

(Poststart).

TPV (%RSD) We/ (%RSD) BPV (%RSD)
Chamber Prestart Poststart Prestart Poststart Prestart Poststart
200 ppm 2.5 1.9 1.8 1.7 1.8 0.8
1000 ppm 1.2 0.6 0.2 0.3 1.2 0.4
5000 ppm 1.0 0.1 1.8 0.1 0 0.1

Chamber Uniformity Limits

WPV < 5% RD
BPV < 5% RSD
TPV < 7% RSD
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ENVIRONMENTAL DATA DURING EXPOSURE

Summations of chamber air flow, temperature and relative humidity
data for the study are shown in Table B2. This table includes the mean,
standard deviation, mean expressed as a percentage of the target, the
percent relative standard deviation (SD/Mean), maximum, minimum
readings, number of readings and the percent of readings for which the
value was within the specified operating range.

The mean value of temperature in all chambers for the entire study
were between 74.2 and 76.8°F, all within the specified limits of 72 to
78°F. Temperature extremes ranged from 71.7 to 79.3°F. Mean daily
temperatures in the 1000 ppm chamber exceeded the upper limit of 78°F on
3 days, resulting in 86%of samples falling in the operating range. The
percent of temperature readings within the operating range for all other
chamber were greater than 99%.

The mean values of relative humidity in all chambers for the study
were between 525 and 57.7%, all within the specified limits of 40 to
70%. Relative humidity extremes (considering all chambers) ranged from
40 to 72%and at least 97%of all relative humidity readings were
within specified limits throughout the study.

The mean values of chamber flow in all chambers for the study were
between 14.3 and 153 CM (1 M = 1 air change per hour), all within the
specified limits of 12 to 18 CAM  Flow extremes (considering all
chambers) ranged from 10.9 to 16.9 CAM The wide variations were due to
the use of air flow to adjust concentrations during the nightime hours.

A complete summary of the daily chamber environmental data and
notations on any readings which exceeded critical limits follows.

EXPOSURE_DATA

Summaries of the concentration data for all chambers and the
exposure room are included in Table B3. The daily mean concentrations
for all chambers were within 8% of the target concentrations (the daily
protocol required the daily means to be within +10% of the target
concentrations). Standard deviations were outside the 10% protocol-
defined limits on 3 days for the 200 ppm chamber and 1000 ppm chamber and
2 days for the 5000 ppm chamber. The percent of concentration readings
within the operating range for the 1000 ppm chamber was 89%, the other
chambers were greater than 98%.

B-12
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Table B2. Inhdation Toxicity Study of n-Hexanein Rats - Summeation of
Environmental Datafor the Period when Animas were Housed in the Exposure
Chamber. Acceptableranges are aso shown.

Temperature (°F)
Acceptable Range =72 t0 78 °F
Target Chamber Percent of Numberof % Samples
Conc. (ppm)  Mean + SD Target +%RSD Maximum Minimum Samples  inRange
19 74.2f1.0 99+1% 76.2 7 106 99
2Hold 1 76.5+1.1  102+1% 7.7 743 16 100
2Hold?2 74.9K1.7 100£2% 78.0 725 16 100
1200 76.1kL.0  102+1% 73 733 106 99
11000 76.8k1.2 102+2% 7.2 736 106 86
1 5000 75.1k0.8  10011% 76.9 731 106 100

Relative Humidity (% RH)

AcceptableRange=40 to 70 %RH
Target Chamber Percent of Numberd % Samples
1o 57.7£79  105+14% 72 40 106 97
2Hold1 52.5«3.3 95+6% 57 47 15 100
2Hold2 53.5+3.2  97+6% 59 48 15 100
1200 53.5t4.6 97+9% 63 40 108 100
11000 55.0£5.3  100110% 69 40 107 100
15000 55.7k4.2  101+7% 65 43 106 100
Air Flow (CFM)
AcceptableRange= 12 to 18 CFM
Target Chamber Percent of Numberd % Samples
1o 14.6£0.6  97+4% 163 139 108 100
2 Hold1 153401 102+1% 157 15.2 16 100
2 Hold 2 15.1+0.5  100+3% 162 4.7 16 100
1200 150107  100+5% 61 1.9 111 99
1 1000 14.3k1.5 96+10% 169 109 111 98
1 5000 15304  102+3% 159 132 109 100
DataUsed for Andyss

1 5/13/ 86- 5/ 29/ 86
2 5/13/86 5/ 15/ 86



n- Hexane Rat Teratol ogy Study
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Table B3, Hexane Study in Rats - Summary of Concentration Data

Concentration (PPM)
Acceptable Range= Target + 10%
Target Percent Number  Numbe % Samples
Conc, (ppm) Mean+ SD Maximum Minimum Samples InRangein Range
Room 0.07+0.5 e 4 0 658 *643 *08
0 0.00£0.00 _— 0 0 631 *631 *100
Hold11 0.00£0.01 — 01 0 0 *09 *100
Hold21 0.00+0.00 —_— 0 0 101 *101 *100
200 200+15.9 100+8% 276 07 618 604 98
1000 994+89 99+9% 1470 27 629 560 89
5000 49901312 100+£6% 5490 17 625 615 98
<. Gas 1010103 101+10% 1100 7 639 631 99

* Sampleswith concentr ationless than 4 ppm

Dates Used for Analysis: 5/13/86- 5/29/86except 1 5/13/86- 5/15/86.
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Dailv Summatio-

Fo- Hexane - 1PT (Rats:}

From 12 Mav 1928 through 20 Mav 1986

Summary Data for: hexane - 0 ppm-R/M/Concentration 0.00E+0 to 1.00E+0
Date Mean ¥ Target Std Oev % RSP Maximumr Minimur N N ir %N n
13 May 1986  C.Q0E+0 [0 0.000E+0 0% 0.00E+0 0.00E+0 33. 33. 100%
14 May 1986  0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 35. 35. 10C%
15 May 1986  0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 3. 3. 100%
16 May 1986  Q.00E+0 C% 0.000E+0 0% 0.00E+0 0.00E+0 34. 34, 100%
17 May 1986  C.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 37. 37. 100%
18 May 1986  0.00E+Q 0% 0.000E+0 0% 0.00E+0 0.00E+0 38. 38. 100%
19 May 1986  0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 38. 38. 100%
20 Hay 1986  0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 4E. 46. 100%
21 May 1986  0.00E+0 0% 0.000E+0 0X 0.00E+0 0.00E+0 42. 42. 100%
22 May 1986  0.00E+0 [0 0.000E+0 [0 0.00E+0 0.00E+0 45, 45, 100%
23 May 1986 0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 47. a7. 100%
24 Hay 1986  0.00E+0 v 0.000E+0 0% 0.00E+0 0.00E+0 43. 43, 100%
25 May 1986  0.0D0E+0 0% 0.000E+0 y3 0.00E+0 0.00E+0 37. 37. 100%
26 May 1986  0.00E+0 [0 0.000E+0 0X 0.00E+0 0.0CE+0 44, 44, 100%
27 Hay 1986 0.00£+0 0X 0.000E+0 0% 0.00E+0 0.00E+0 22. 22, 100%
26 May 1986  0.00E+0 4 0.000E+0 124 0.00E+0 C.00E+0 41. 41. 100%
29 May 1988  0.00:+0 % C 0QCE+G A 0.00F+0 0.00E+0 4E 46 100%
Summary 0.00E+0 0% 0.000E+0 0% 0.00E+0 0.00E+0 €31. 631. 100%
Hexane - IRT (Rats)
Hexane - O ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Daily Summation For Hexane - IRT (Rats)

From 13 May 1986 through 29 Mav 1986

Summary Data for:

Hexane = 200 ppm-R/M/Concentration

1.80E+2 to 2.20E+2

Date Mean % Target Std_Dev % RSD _Maximum Minimum N N in %N in
13 May 1986 1.91E+2 95% 3.616E+] 19% 2.05E+2 7.14E-1 30. 29. 97%
14 May 1986  2.02E+2 101%  4.629E+0 2%  2.08E+2  1.89E+2 32. 32. 100%
15 May 1986  2.01E+2 100%  1.756E+1 9%  2.76E+2  1.73E+2 35. 32. 91%
16 May 1986 2.03E+2 102% 1.117€+1 5% 2.34E+2 1.73E+2 31. 217. 87%
17 May 1986  1.96E+2 98% 3.200E+0 2% 2.02E+2 1.88E+2 33. 33. 100%
18 May 1986  2.04E+2 102% 3.897E+0 2% 2.09E+2 1.95E+2 37. 37. 100%
19 May 1986 1.99E+2 100% 3.271E+0 2% 2.11E+2 1.95E+2 38. 38. 100%
20 May 1986 1.97E+2 99% 2.344E+0 1% 2.02E+2 1.91E+2 41. 41. 100%
21 May 1986 2.05E+2 102% 3.464E+0 2% 2.20E+2 1.99E+2 38. 37. 97%
22 May 1986  1.98E+2 99%  6.438E+0 3%  2.12642  1.8BE+2 42. 42, 100%
23 May 1986 2.04E+2 102% 6.839E+0 3% 2.32E+2 1.94g+2 43. 42. 98%
24 May 1986  2.03E+2 101% 3.892E+0 2% 2.12E+42 1.86E+2 37. 37. 100%
25 May 1986 2.01E+2 101% 4.747E+0 2% 2.11E+2 1.88E+2 34. 34. 100%
26 May 1986 2.01E+2 101% 2.717E+0 1% 2.08E+2 1.96E+2 37. 37. 100%
27 May 1986 1.98E+2 99% 3.967E+1 20% 2.18E+2 1.81E+1 24. 22. 92%
28 May 1986 1.84E+2 97% 3.513E+1 18% 2.09E+2 S.14E+0 42. 40. 95%
29 Mav_ 1986 2.00E+2 100% 6.171E+0 3% 2.16E+2 1.88E+2 44. 44. 100%
Summary 2.00€+2 100%  1.580E+1 8%  2.76E+2  7.14E-1 618. 604. 98%
Hexane — IRT (Rats)
Hexane — 288 ppm-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Daily Sumnation For Hexane - IRT (Rats) From 13 Mav 1986 through 29 May 1986
Sumry Data for: Hexane - 1000 ppm~R/M/Concentration

9.00E+2 to 1.10E+3

Date Mean % Target Std Dev % RSD _ Maximum Minimum N N in %N in
13 May 1986 1.02E+3 102% 1.000E+2 10% 1.29€+3 8.14E+2 31. 23. 4%
14 May 1986 1.01E+3 101% 1.059E+2 11% 1.31E+3 8.80E+2 34. 28. 82%
15 May 1986  1.00E+3 100% 9.054E+1 9% 1.24E+3 8.68E+2 35. 21. 1%
16 May 1986 9.93E+2 99% 5.325E+1 5% 1.08E+3 9.02E+2 31 3L 100%
17 May 1986 1.02E+3 102% 8.513E+1 8% 1.32E+3 9.13E+2 34. 31. 91%
18 May 1986 1.00E+3 100% 4.852E+1 5% 1.17€+3 8.98E+2 37. 35. 95%
19 May 1986  9.96E+2 100% 5.735E+1 6% 1.24E+3 9.16E+2 39. 37. 95%
20 May 1986  9.88E+2 99% 5.131E+1 5% 1.17€+3 9.18E+2 41. 39. 95%
21 May 1986 1.01E+3 101% 5.280E+1 5% 1.15€+3 8.97E+2 38. 34. 89%
22 May 1986 9.98E+2 100% 4.187E+1 4% 1.10E+3 8.98E+2 42, 41. 98%
23 May 1986 1.01E+3 101% 4.517E+1 4% 1.11E+3 9.06E+2 44, 43. 98%
24 May 1986  9.989E+2 100% S.183E+1 P 1.12E+3 8.78E+2 38. 35. 92%
25 May 1986  9.76E+2 98% 9.113E+] Y% 1.13E+3 6.03E+2 35. 31. 89%
26 May 1986 9.99E+2 100% 5.247E+1 % 1.14€+3 8.73E+2 38. 35. 92%
27 May 1986  8.25E+2 92% 1.982E+2 21% 1.47E+3 4.68E+2 26. 16. 62%
28 May 1986  9.42E+2 94% 1.689E+2 18% 1.11E+3 2.70E+1 42, 36. 86%
29 May 1986  1.01E+3 101% 5.787E+1 6% 1.16E+3 8.18E+2 44. 38. 86%
Sumry 9.94E+2 99% 8.891E+1 9% 1.47E+3 2.70E+1 629. 560. 89%
Hexane = IRT (Rats)
Hexane —1000 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
Y
sé"
.
”~
g
0. é’l'b -
Q v
A g
C .15 -1
° & 3
- ~ =]
- ]
o &
[ 2 "
P -
c ® \ :
1] 1 =
0 3
[ < -
o & - @
O o
v
004,"
4
(,.'l« 1 1 T 1 1 T 1 T T .‘I 1 *I 1 T
& 4 a 4 o & o 4 a4
v N 3 N "2 ? P ¢ P




n-Hexane Rat Teratology Study
Appendix B - Exposure

Daily Summation For Hexane - IRT (Rats) From 13 Mav 1986 throuah 29 May 1986
Summary Data for: Hexane -5000 ppm-R/M/Concentration

4_.50E+3 to 5.50E+3

Date Mean % Target Std Dev % RD  Maximum Minimum N N in % N in
13 May 1986  5.03E+3 101%  2.040E+2 4%  5.49E+3  4.67E+3 31. 31. 100%
14 May 1986  5.04E+3 101%  2.698E+2 50  5.34E+3  4.17E+3 34. 32. 94%
15 May 1986  5.00E+3 100%  1.481E+2 3%  5.26E+3  4.72E+3 35. 35. 100%
16 May 1986  4.96E+3 99%  1.759E+2 4%  5.47E+3  4.B7E+3 31. 31. 100%
17 May 1986  4.90E+3 98%  5.465E+1 1%  4.99E+3  4.74E+3 34. 34. 100%
18 May 1986  4.98E+3 100%  1.442E+2 3%  5.24E+3  4.60E+3 38. 38. 100%
19 May 1986  5.03E+3 101%  9.61BE+1 2% S.27E+3  4.74E+3 39. 39. 100%
20 May 1986  4.98E+3 100%  9.988E+l 2%  5.12E+3  4.77E+3 42. 42. 100%
21 May 1986  4.98E+3 100%  1.434E+2 3%  5.23E+3  4.70E+3 39. 39. 100%
22 May 1986  4.90E+3 98%  1.187€+2 2%  5.30E+3  4.75E+3 42. 42. 100%
23 May 1986  5.D4E+3 101%  1.149E+2 2%  5.28E+3  4.71E+3 44, 44, 100%
24 May 1986  5.06E+3 101%  8.195E+1 2%  5.21E+3  4.87E+3 38. 38. 100%
25 May 1986  5.0SE+3 101%  1.890E+2 4%  5.26E+3  4.48E+3 35. 33. 94%
26 May 1986  5.14E+3 103%  7.300E+1 1%  5.26E+3  4.97E+3 38. 38. 100%
27 May 1986  4.87E+3 97%  9.537€+2 20%  5.38E+3  7.35E+2 24. 21. 88%
28 May 1986 4.81E+3 96%  8.346E+2 17%  5.22E+3  1.B6E+1 37. 34. 92%
29 Mav 1986  4.96E+3 99%  9.4B0E+] 2 5.13E+3 4 TSE+3 44, 44, 100%
Summary 4.99E+3 100%  3.117E+2 6%  5.49€+3  1.66E+l 625. 615. 98%
Hexane — IRT (Rats)
Hexane -5000 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Dailv Sumnation For Hexane - IRT (Rats) From 13 May 1986 through 29 Mav 1986

Summary Data for:

Hexane = 0 ppm/Holdl/Concentration

0.00E+0 to 1.00E+0

Date Mean % Target Std _Oev % RD  Maximum Minimum N N in % Nin
13 May 1986  0.00E+0 X 0.000E+0 0% 0.00E+0 0.00E+0Q 31. 31. 100%
14 May 1986 0.00E+0 X 0.000E+0 X 0.00E+0 0.00E+0 33. 33. 100%
15 May 1986 2.80E-3 0% 1.654E-2 592% 9.79E-2 0.00E+0 35. 35. 100%
16 May 1986
17 May 1986
18 May 1986
19 May 1986
20 May 1986
21 May 1986
22 May 1986
23 May 1986
24 May 1986
25 May 1986
26 May 1986
27 May 1986
28 May 1986
29 Mav 1986
Summary 9.89E-4 0%  9.836E-3 995%  9.79E-2  0.00E+0 99. 99. 100%
Hexane — IRT (Rats)
Hexane — @ ppm/Holdl
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Ter at ol ogy St udy
Appendi x B - Exposure

From 13 May 1986 through 29 May 1986

Summary Data for:

Hexane = 0 ppm/Hold2/Concentration

0.00E+0 to 1.00E+0

Date Mean X Taraet Std Oev X RSD  Maximum Minimum N N in % Nin
13 May 1986  0.0QE+0 0% 0.000E+0 X 0.00E+0 0.00E+0 31. 31. 100%
14 May 1986  0.00E+0 X 0.000E+0 X 0.00E+«0  0.0OF+0 34, 34, 100%
15 May 1986  0.00E+0 X 0.000E+Q 0% 0.00E+0 0.00E+0 36. 36. 100%
16 May 1986
17 May 1986
18 May 1986
19 May 1986
20 May 1986
21 May 1986
22 May 1986
23 May 1986
24 May 1986
25 May 1986
26 May 1986
27 May 1986
28 May 1986
29 Mav 1986
Summary 0.00E+0 OX 0.000E+0 0% 0.00E+0 0.00E+0 101. 101. 100%
Hexane — IRT (Rats)
Hexane — O ppm/HoldZ2
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Daily Summation For Hexane - IRT (Rats) From 13 May 1986 throush 29 Mav 1986

Summary Data for: Hexane - Room/Concentration 0.00E+0 to 1.00E+0
Date Mean % Target Std _OQev % RSO Maximum Minimum N Nin %N in
13 May 1986  0.00E+0 0%  0.000E+0 0%  0.00E+0  0.00E+0 31. 31. 100%
14 May 1986  4.81E-1 0%  1.338E+0 278%  4.18E+0  0.00E+0 34, 30. 88%
15 May 1986  1.27E-2 0%  7.428E-2 583%  4.33E-1  0.00E+0 34, 34. 100%
16 May 1986  0.00E+D 0%  0.000E+0 O 0.00E+0  0.00E+0 34, 34. 100%
17 May 1986  4.84E-3 0% 2.944E-2 608%  1.79E~1  0.00E+0 37. 7. 100%
18 May 1986  0.00E+0 0%  0.000E+0 O 0.00E+0  0.00E+0 38. 38. 100%
19 May 1986  0.00E+0 0%  0.000E+0 0%  0.00E+0  0.00E+0 38. 38. 100%
20 Hay 1986  0.00E+0 0%  0.000E+0 0%  0.006+0  0.00E+0 45, 45, 100%
21 May 1986  7.3BE-3 0%  4.783E-2 648%  3.10E-1  0.00E+0 42. 42. 100%
22 May 1986  3.35E-2 X 2.247€-1 671%  1.51E+0  0.00E+0 45, 44, 98%
23 May 1986  6.31E-2 0%  3.065E-1 486%  2.01E+0  0.00E+0 47. 46. 98%
24 May 1986  3.14E-2 0%  1.822E-1 581%  1.19E+0  0.00E+0 43. 42. 98%
25 May 1986  8.64E-2 0%  5.110E-1 59206  3.02E+0  0.00E+0 35. 34, 97%
26 May 1986  9.10E-2 0%  5.415E-1 595%  3.58E+0  0.00E+0 44, 43. 98%
27 May 1986  5.83E-1 0%  1.058E+0 188%  3.35E+0  0.00E+0 22. 17. 7%
28 May 1986 1.07E-1 0%  6.344E-1 594%  4.15E+0  0.00E+0 43. 42. 98%
29 Mayv 1986 0. Q0E+0 0% 0.000F+0 0.00E+0  0.00E+0 46, 46, 100%
Summary 7.16E-2 0%  4.850E-1 649%  4.18E+0  0.00E+0 658. 643. 98%
Hexane = IRT (Rats)
Hexane = Room
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Oailv_Sumnation For Hexane - IRT (Rats)

Summary Data for: Hexane -Standard Gas/Concentration

From 13 Mav 1986 throuoh 29 Mav 1986

Date

9.00E+2 to 1.10E+3

Mean

X Target Std _Oev % RO  Maximum Minimum N Nin XN in
13 May 1986 1.02E+3 102% 1.586E+0 0% 1.02E+3 1.01E+3 32. 32. 100%
14 May 1986 9.51E+2 95% 2.185E+2 23% 1.02E+3 6.96E+0 31. 28. 90%
15 May 1986 1.04E+3 104% 6.828E+0 1% 1.04E+3 1.01E+3 36. 36. 100%
16 May 1986 1.05E+3 105% 1.426E+1 1% 1.10E+3 1.03E+3 31. 31. 100%
17 May 1986 1.02E+3 102% 1.157E+0 0% 1.03E+3 1.02E+3 35. 35. 100%
18 May 1986 1.03E+3 103% 1.626E+1 2% 1.05E+3 1.00E+3 39. 39. 100%
19 May 1986 1.03E+3 103% 9.719E-1 0% 1.03E+3 1.03E+3 39. 39. 100%
20 May 1986 1.03E+3 103% 8.985E-1 0% 1.03E+3 1.03E+3 43. 43. 100%
21 May 1986 1.03E+3 103% 1.328E+1 1% 1.03E+3 9.92E+2 39. 39. 100%
22 May 1986 9.85E+2 98% 1.247E+1 1% 1.02E+3 9.58E+2 43. 43. 100%
23 May 1986 1.01E+3 101% 1.252E+1 1% 1.02E+3 9.88E+2 44, 44, 100%
24 May 1986 1.02E+3 102% 1.716E+0 0% 1.02E+3 1.01E+3 39. 39. 100%
25 May 1986  9.02E+2 90% 3.243E+2 36% 1.02E+3 8.87E+0 35. 31. 89%
26 May 1986 1.02E+3 102% 1.826E+0 0% 1.03E+3 1.01E+3 39. 39. 100%
27 May 1986 9.70E+2 97% 2.204E+2 23% 1.0SE+3 1.57E+1 21. 20. 95%
28 May 1986 1.01E+3 101% 1.637E+1 2% 1.03E+3 9.95E+2 49. 49. 100%
29 Mav 1986 9.97E+2 100% 2.761E+1 3% 1.05E+3 9.63E+2 44, 44, 100%
Summary 1.01E+3 101%  1.031E+2 1%  1.106+3  6.96E+0 639. 631. 99%
Hexane — IRT (Rats)
Hexane - Standard Gas
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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Dailv Sumnation For Hexane - IRT (Rats) From 13 May 1986 through 29 Mav 1986

Summary Data for: Hexane - 0 ppm-R/M/Exhaust Air Flow 120 to 18.0
Date Mean % Target Std Dev % RSD  Maximum Minimum N N in %N in
13 May 1986 15.0 100% .09 1% 15.1 14.9 5. 5. 100%
14 May 1986 15.2 101% 21 1% 15.4 14.9 5. 5. 100%
15 Hay 1986 15.2 101% .04 0% 15.3 15.2 6. 6. 100%
16 May 1986 15.1 101% .05 0% 15.2 15.1 6. 6. 100%
17 May 1986 15.0 100% .16 1% 15.2 14.8 5. 5. 100%
18 May 1986 14.8 99% .10 1% 15.0 14.7 6. 6. 100%
19 May 1986 15.3 102% .46 3% 16.3 14.9 7. 7. 100%
20 May 1986 15.2 101% .08 0% 15.3 15.1 7. 7. 100%
21 May 1986 15.3 102% .10 1% 15.5 15.2 6. 6. 100%
22 May 1986 14.3 95% .40 3% 15.2 14.1 7. 7. 100%
23 May 1986 14.1 94% .08 1% 14.2 14.0 7. 7. 100%
24 May 1986 14.0 93% .04 0% 14.1 14.0 6. 6. 100%
25 May 1986 14.0 93% 0.00 0% 14.0 14.0 7. 7. 100%
26 May 1986 13.9 93% .05 0% 14.0 13.9 7. 7. 100%
27 May 1986 13.9 93% .05 0% 14.0 13.9 7. 7. 100%
28 May 1986 13.9 93% .08 1% 14.1 13.9 7. 7. 100%
29 May 1986 14.6 38% .34 2% 14.9 13.9 7. 7. 100%
Summary 14.6 97% .58 4% 16.3 13.9 108. 108. 100%

(CFM3

ir Flow

Exhawst

Hexane = IRT (Rats)
Hexane = 8 ppm—-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n- Hexane Rat

Appendi x B - Exposure

Ter at ol ogy St udy

Oailv Sumnation For Hexane = IRT (Rats)

Summary Oata for:

From 13 Mav 1986 throush 29 Mav 1986
Hexane = 200 ppm-R/M/Exhaust Air Flow

12.0 to 18.0

Date Mean % Target Std Oev X RSD  Maximum Minimum N N in XN in
13 May 1986 15.1 101% 12 1% 15.3 15.0 5. 5. 100%
14 May 1986 14.6 97% .25 2% 15.0 14.3 5. 5. 100%
15 May 1986 14.9 99% .86 6% 16.1 14.1 6. 6. 100%
16 May 1986 15.1 101% .59 4% 15.7 14.6 6. 6. 100%
17 May 1986 15.6 104% .10 1% 15.7 15.5 6. 6. 100%
18 May 1986 15.2 101% .07 X 15.3 15.1 7. 7. 100%
19 Hay 1986 15.6 104% .18 1% 15.7 15.2 7. 7. 100%
20 May 1986 15.7 105% .07 % 15.8 15.6 7. 7. 100%
21 May 1986 14.7 98% .08 1% 14.8 14.6 7. 7. 100%
22 May 1986 13.3 89% .76 6% 14.8 12.6 7. 7. 100%
23 May 1986 14.3 95% 1.45 1% 15.3 11.9 7. 6. 86%
24 May 1986 15.1 101% .24 2% 15.2 14.6 6. 6. 100%
25 May 1986 15.1 101% .18 1% 15.2 14.7 7. 7. 100%
26 May 1986 15.1 101% .09 1% 15.2 15.0 7. 7. 100%
27 May 1986 15.0 100% .19 1% 15.2 14.6 7. 7. 100%
28 May 1986 15.1 100% 13 1% 15.3 15.0 7. 7. 100%
29 Mav 1986 15.4 103% .33 2% 15.8 15.1 7. 7. 100%
Summary 15.0 100% .73 5% 16.1 11.9 111. 110. 99%
Hexane IRT (Rats)
Hexane = 200 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n-Hexane Rat Teratology Study
Appendix B - Exposure

Dailv_Sumnation For Hexane - IRT (Rats) From 13 May 1986 through 29 Mav 1986

Summary Data for: Hexane -1000 ppm-R/M/Exhaust Air Flow 12.0 to 18.0
Date Mean % Target Std_Oev % RSD ___ Maximum Minimum N N in %N in
13 May 1986 14.8 99% 1.56 11% 16.6 12.5 5. 5. 100%
14 May 1986 14.9 99% 1.14 8% 16.8 13.8 5. 5. 100%
15 May 1986 15.2 101% .66 4% 15.8 14.0 6. 6. 100%
16 May 1986 14.4 96% 1.26 9% 15.8 12.8 6. 6. 100%
17 Hay 1986 14.2 95% 1.35 9% 15.8 12.7 6. 6. 100%
18 May 1986 13.9 93% 1.32 10% 15.7 12.5 7. 7. 100%
19 May 1986 14.4 96% 1.42 10% 16.5 13.0 7. 7. 100%
20 Hay 1986 143 96% 1.34 9% 16.1 12.5 7. 7. 100%
21 May 1986 14.9 99% 1.71 11% 16.7 13.0 7. 7. 100%
22 Hay 1986 14.0 94% 1.38 10% 16.2 12.9 7. 7. 100%
23 May 1986 13.8 92% 1.25 9% 15.7 12.7 7. 7. 100%
24 May 1986 14.0 93% 1.58 11% 16.2 12.6 6. 6. 100%
25 May 1986 13.4 89% .67 5% 14.7 12.6 7. 7. 100%
26 May 1986 14.4 96% 1.83 13% 16.3 12.4 7. 7. 100%
27 May 1986 14.9 99% .96 6% 155 12.7 7. 7. 100%
28 May 1986 143 95% 2.42 17% 16.9 10.9 7. 5. 71%
29 Mav 1986 14.1 94% 2.51 18% 16.9 12.0 7. 7. 100%
Summary 14.3 96% 1.48 10% 16.9 10.9 111. 109. 98%
Hexane — IRT (Rats)
Hexane —1808 ppm—-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
o)
g
~~
>
Lo ©
U ":a.
Nt
3 o]
K
e ! { K
v l ‘ l e
! |
P | S
T I , o | |
0 I | ! . I N
3 i ! ' l 5
-t . | 1 ®
x v
Ll
01
K3
o T T T T T T T T T T T T T T T
°
o ® o 4 o 45 & Lo 3
N N N N N (3 7 k3




n- Hexane Rat Teratol ogy Study
Appendi x B = Exposure

Oailv Summation For Hexane - IRT (Rats) From 13 Mav 1986 through 29 Mav 1986

Summary Data for: Hexane -5000 ppm-R/M/Exhaust Air Flow 12.0 to 18.0
Oate Mean % Target Std Dev % RSD  Maximum Minimum N N in % Nin
13 May 1986 14.6 97% a7 5% 15.3 13.3 5. 5. 100%
14 May 1986 14.4 96% 71 5% 14.9 13.2 5. 5. 100%
15 May 1986 15.1 101% 37 2% 15.4 14.4 6. 6. 100%
16 May 1986 15.4 102% .27 2% 15.7 15.1 6. 6. 100%
17 May 1986 15.1 101% .05 0% 15.2 15.1 6. 6. 100%
18 May 1986 15.6 104% 21 1% 15.8 15.2 6. 6. 100%
19 May 1986 155 104% .20 1% 15.7 15.1 7. 7. 100%
20 May 1986 15.7 104% .05 0% 15.7 15.6 7. 7. 100%
21 May 1986 15.8 105% 12 1% 15.9 15.6 6. 6. 100%
22 May 1986 15.4 102% .27 2% 15.6 14.8 7. 7. 100%
23 Hay 1986 15.2 102% .30 2% 155 14.7 7. 7. 100%
24 May 1986 15.3 102% .08 1% 154 15.2 6. 6. 100%
25 Hay 1986 15.2 101% 19 1% 15.5 15.0 7. 7. 100%
26 May 1986 15.0 100% .09 1% 15.1 14.9 7. 7. 100%
27 May 1986 15.4 102% 24 2% 15.5 15.0 7. 7. 100%
28 May 1986 155 104% 13 1% 15.7 154 7. 7. 100%
29 Mav 1986 15.3 102% .19 1% 15.6 15.1 7. 7. 100%
Summary 15.3 102% .42 3% 15.9 13.2 109. 109. 100%
Hexane = IRT (Rats)
Hexane -5000 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n- Hexane Rat Ter at ol ogy St udy
Appendi x B - Exposure

Daily Summation For Hexane - IRT (Rats)

From 13 My 1986 through 29 My 1986

Summary Data for:

Date

Hexane - 0 ppm/Holdl/Exhaust Air Fow

Mean

% Target

Std_Dev % RSD__ Maxi mum M ni mum N

12.0 to 18.0
N _in %N in

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
2

Hay
My
My
My
My
My
My
My
My
My
My
My
My
My
My
My
M

1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

15.3
15.3
15.3

102% .09 1%
102% .07 0%
102% .20 1%

15.5
15.4
15.7

15.3 5.
15.2 5.
15.2

5. 100%
5. 100%
6. 100%

Summary

102% 13 1% 15.7

16. 100%

(= M3

ir Flow

=xhaust

Hexane — IRT (Rats)
Hexane - O ppms/Holdl
Mean & Standard Deviation

From 13 May 1986 through 29 May

1986
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n- Hexane Rat Ter at ol ogy Study

Appendi x B - Exposure

Dailv Summation For Hexane - IRT (Rats)

From 13 Mav 1986 through 29 May 1986

Summary Data for:

Date

Hexane = 0 ppm/Hold2/Exhaust Air Flow

Mean

% Taraet

Std_Dev % RO Maximum

Minimu

m

12.0to 180
N in % N in

13 May
14 May
15 May
16 May
17 May
18 May
19 May
20 May
21 May
22 May
23 May
24 May
25 May
26 Hay
27 May
28 May
29 Mav

1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

15.1
14.8
15.3

100%
99%
102%

.33
.07
.63

%%
0%
4%

15.4
14.9
16.2

14.
14.
14.

7
7
8

5. 100%
5 100%
6. 100%

Summary

15.1

100% .46 3% 14.7 16. 16. 100%

Hexane IRT (Rats)
Hexane — O ppm/HoldZ2
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986

Sxhawst Air Flow (CFM)

—_——
y Mean 8 S¢

6 T
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n- Hexane Rat Teratology Study
Appendix B - Exposure

QOailv Summation For Hexane = IRT (Rats) From 13 Mav 1986 through 29 Mav 1986

Summary Data for: Hexane - 0 ppm-R/M/Relative Humrdity 40.0 to 70.0
Date Mean % Taraet Std Dev % RSD  Maximum Minimum N N in %N in
13 May 1986 63.5 115% 4.12 6% 69.0 59.0 4. 4. 100%
14 May 1986 62.4 113% 4.16 % 68.0 58.0 5. 5. 100%
15 May 1986 64.5 117% 2.95 5% 68.0 60.0 6. 6. 100%
16 May 1986 65.0 118% 2.24 3% 68.0 62.0 5. 5. 100%
17 May 1986 67.8 123% 3.92 6% 72.0 62.0 6. 5. 83%
18 May 1986 65.6 119% 2.82 1% 71.0 63.0 7. 6. 86%
19 May 1986 68.0 124% 1.79 3% 71.0 66.0 6. 5. 83%
20 May 1986 59.3 108% 3.04 5% 63.0 54.0 7. 7. 100%
21 May 1988 52.9 96% 4.30 8% 58.0 45.0 7. 7. 100%
22 May 1986 44.0 80% 3.00 7% 48.0 40.0 7. 7. 100%
23 May 1986 55.1 100% 5.46 10% 60.0 46.0 7. 7. 100%
24 May 1986 55.8 102% 2.64 5% 59.0 52.0 6. 6. 100%
25 May 1986 54.5 99% 5.82 11% 60.0 47.0 6. 6. 100%
26 May 1986 55.9 102% 5.05 9% 62.0 50.0 7. 7. 100%
27 May 1986 54.0 98% 8.25 15% 61.0 43.0 6. 6. 100%
28 May 1986 53.0 96% 3.70 % 57.0 47.0 7. 7. 100%
29 Mav 1986 48.7 89% 2.43 5% 51.0 44.0 7. 7. 100%
Summary 57.7 105% 7.85 14% 72.0 40.0 106. 103. 97%

Hexane = IRT (Rats)
Hexane - 0O ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n-Yexane Rat
Appendi x B - Expcsure

Terztology Study

Oailv Summation For Hexane - IRT (Rats)

From 13 Mav 1986 through 29 May 1986

Summary Data for: Hexane = 200 ppm-R/M/Relative Humidity 40.0 to  70.0
Date Mean % Target Std Dev % RO Maximum Minimum N Nin ZNin
13 May 1986 54.0 98% 1.83 3% 56.0 52.0 4, 4. 100%
14 May 1986 51.4 93% 2.70 5% 54.0 48.0 5. 5. 100%
15 May 1986 53.8 98% 3.43 6% 59.0 49.0 6. 6. 100%
16 May 1986 51.7 105% 4.23 % 62.0 52.0 7. 7. 100%
17 May 1986 59.3 108% 3.98 ™% 63.0 53.0 6. 6. 100%
18 May 1986 59.0 107% 2.58 % 62.0 55.0 7. 7. 100%
19 May 1986 56.8 103% 2.23 4% 59.0 54.0 6. 6. 100%
20 May 1986 53.6 97% 2.82 5% 58.0 50.0 7. 7. 100%
21 May 1986 51.3 93% 2.69 5% 55.0 47.0 7. 7. 100%
22 May 1986 53.0 96% 4.00 8% 57.0 48.0 7. 7. 100%
23 May 1986 52.3 95% 4.61 9% 57.0 46.0 7. 7. 100%
24 May 1986 53.2 97% 3.31 6% 57.0 48.0 6. 6. 100%
25 May 1986 50.2 91% 5.71 11% 56.0 43.0 6. 6. 100%
26 May 1986 54.3 99% 4.39 8% 61.0 47.0 7. 7. 100%
27 May 1986 49.3 90% 6.56 13% 55.0 40.0 6. 6. 100%
28 May 1986 50.9 92% 1.57 3% 53.0 48.0 7. 7. 100%
29 Mavy 1986 49.9 91% 1.86 4% 53.0 47.0 7. 7. 100%
Summary 53.5 97% 4.58 9% 63.0 40.0 108. 108. 100%
Hexane — IRT (Rats)

ive TwumiZity (%)

Rela

Hexane = 200 ppm—-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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-Hexane Rat Teratclogy Study
.ppendix B - Exposure

Oailv_Sumnation For Hexane - IRT (Rats) From 13 May 1986 through 29 May 1986

Summary Data for: Hexane -1000 ppm-R/M/Relative Humidity 40.0 to 70.0
Date Mean % Target Std Oev % RSD  Maximum Minimum N N in % Nin
13 May 1986 56.5 103% 1.91 3% 59.0 55.0 4. 4. 100%
14 May 1986 57.0 104% 2.35 1% 59.0 53.0 5. 5. 100%
15 May 1986 57.8 105% 3.06 5% 61.0 52.0 6. 6. 100%
16 May 1986 60.5 110% 3.33 6% 65.0 57.0 6. 6. 100%
17 May 1986 61.3 112% 3.83 6% 65.0 56.0 6. 6. 100%
18 May 1986 63.6 116% 4.54 % 69.0 59.0 7. 7. 100%
19 May 1986 56.2 102% 2.56 5% 59.0 53.0 6. 6. 100%
20 May 1986 55.7 101% 2.36 4% 59.0 52.0 7. 7. 100%
21 May 1986 52.6 96% 3.26 6% 56.0 46.0 7. 7. 100%
22 May 1986 51.3 93% 3.20 6% 54.0 46.0 7. 7. 100%
23 May 1986 53.1 97% 3.72 7% 57.0 47.0 7. 7. 100%
24 May 1986 54.3 99% 2.07 4% 56.0 51.0 6. 6. 100%
25 May 1986 52.0 95% 4.69 9% 58.0 44.0 6. 6. 100%
26 May 1986 54.7 99% 5.09 9% 62.0 48.0 7. 7. 100%
27 May 1986 51.0 93% 7.54 15% 58.0 40.0 6. 6. 100%
28 May 1986 52.6 96% 2.51 5% 56.0 49.0 7. 7. 100%
29 May 1986 47.6 86% 2.30 5% 52.0 45.0 7. 7. 100%
Summary 55.0 100% 5.33 10% 69.0 40.0 107. 107. 100%
Hexane — IRT (Rats)

Hexane -1888 ppm-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986

Relative Humidity (%)

By

ummary Mean & Std

©
W

®
D

d T T T T T T T T T T T T T T T T
2 <l 5 o o 4 4 N

s & & & <+ < * L
N N N N P i 7 7 g




n-Hexane Rat Teratology Study
Appendix B - Exposure

Dailv_Sumnation For Hexane - IRT (Rats)

From 13 Mav 1986 through 29 May 1986

Summary Data for: Hexane -5000 ppm-R/M/Relative Humidity
Date

40.0 to 70.0

Mean X Target Std Dev X RSP Maximum Minimum N Nin XNin
13 May 1986 53.2 97% 4.99 9% 60.0 49.0 4, 4, 100%
14 May 1986 54.6 99% 2.97 5% 58.0 51.0 5. 5. 100%
15 May 1986 56.2 102% 3.13 6% 60.0 52.0 6. 6. 100%
16 May 1986 58.8 107% 1.48 3% 61.0 57.0 5. 5. 100%
17 May 1986 61.2 111% 2.64 4% 64.0 57.0 6. 6. 100%
18 May 1986 59.0 107% 2.16 4% 63.0 56.0 7. 7. 100%
19 May 1986 57.0 104% 1.79 3% 59.0 54.0 6. 6. 100%
20 May 1986 59.6 108% 1.72 3% 62.0 57.0 7. 7. 100%
21 May 1986 55.3 101% 2.87 5% 60.0 51.0 7. 7. 100%
22 May 1986 54.3 99% 2.50 5% 58.0 51.0 7. 7. 100%
23 May 1986 56.1 102% 3.13 6% 59.0 51.0 7. 7. 100%
24 May 1986 55.0 100% 2.10 4% 57.0 51.0 6. 6. 100%
25 May 1986 53.0 96% 4.29 8% 58.0 47.0 6. 6. 100%
26 May 1986 56.0 102% 6.11 11% 65.0 47.0 7. 7. 100%
27 May 1986 53.0 96% 7.07 13% 59.0 43.0 6. 6. 100%
28 May 1986 54.1 98% 1.68 3% 56.0 52.0 7. 7. 100%
29 Mav_ 1986 50.7 92% 2.75 5% 53.0 45.0 7. 7. 100%
Sunmary b5.7 101% 4.15 % 65.0 43.0 106. 106. 100%
Hexane = IRT (Rats)
Hexane -5000 ppm—-R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n-Hexane Rat Teratology Study

Appendix B - Exposure

Dailv_Summation For Hexane - IRT (Rats)

From 13 May 1986 through 29 May 1986

Summary Data for: Hexane = 0 ppm/Holdl/Relative Humidity
% RO Maximum

Date

Mean

% Target

Std Dev

Minimum

40.0 to

Nin

70.0

% Nin

13 May 1986
14 May 1986

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986
May 1986

53.5
53.0
513

97%
96%
93%

2.08
4.06
3.44

4%
8%
7%

56.0
57.0
56.0

51.0
47.0
48.0

4.
5.
6.

100%
100%
100%

Summary

52.5

95% 3.29 6% 57.0 47.0 15. 15. 100%

Relative “umidity (%)

Hexane - IRT (Rats)
Hexane - O ppm/Holdl
Mean & Standard Deviation

From 13 May 1986 through 29 May 1986
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n- Hexane Rat Teratol ogy Study
Appendi x B - Exposure

Dailv_Summation For Hexane - IRT (Rats)

From 13 Mav 1986 throuoh 29 May 1986

Summary Data for:

Date Mean X Taraget Std Dev X RSD

Hexane = 0 ppm/Hold2/Relative Humidity

Maximum Minimum N

Nin

40.0 to

70.0
XN in

1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

53.2
54.0
53.2

97%
98%
97%

.96
4.74
3.13

%%
9%
6%

13 May
14 Hay
15 May
16 Hay
17 May
18 May
19 May
20 May
21 May
22 May
23 May
24 May
25 May
26 May
27 May
28 May
29 Mav

54.0
59.0
57.0

48.0

o

52.0 4. 4.
5
50.0 6. 6.

100%
100%
100%

Summary 53.5 97% 3.20 6%

59.0 15

15

100%

Hexane
Hexane

From

IRT (Rats)

- O ppm/HoldZ2
Mean & Standard Deviation
13 May 1986 through 29 May 1986

dity (%)

“wmi

Rel ot i ve

Std B

So ® Moan &
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n-Hexane Rat Teratol ogy Study

Appendix B - Exposure

Daily Sumnation For Hexane - IRT (Rats)

From 13 May 1986 through 29 May 1986

Summary Data for: Hexane - 0 ppm-R/M/Temperature 72.0 to 78.0
Date Mean % Taraet Std Dev % RO Maximum Minimum N N in % N in
13 May 1986 72.3 96% .51 1% 73.1 71.7 5. 4. 80%
14 May 1986 73.6 98% .55 1% 74.2 73.0 5. 5. 100%
15 May 1986 74.8 100% .55 1% 75.4 73.9 6. 6. 100%
16 May 1986 74.8 100% .59 1% 75.6 74.0 5. 5. 100%
17 May 1986 74.5 99% 22 0% 74.8 74.3 6. 6. 100%
18 May 1986 75.6 101% A7 1% 76.2 74.9 7. 7. 100%
19 May 1986 74.0 99% .51 1% 74.7 73.3 6. 6. 100%
20 May 1986 74.0 99% 42 1% 74.4 73.3 6. 6. 100%
21 May 1986 73.9 98% .64 1% 74.6 2.7 7. 7. 100%
22 May 1986 75.2 100% .63 1% 75.8 74.0 6. 6. 100%
23 May 1986 74.3 99% .68 1% 75.2 73.1 7. 7. 100%
24 May 1986 74.2 99% 47 1% 74.6 73.6 7. 7. 100%
25 May 1986 75.0 100% 51 1% 75.5 74.2 6. 6. 100%
26 May 1986 75.1 100% .46 1% 76.1 74.8 7. 7. 100%
27 May 1986 74.2 99% .96 1% 74.9 72.1 7. 7. 100%
28 May 1986 735 98% 49 1% 73.9 72.5 7. 7. 100%
29 Mav 1986 72.9 97% .31 0% 73.4 72.5 6. 6. 100%
Summary 74.2 99% .95 1% 76.2 71.7 106. 105. 99%
Hexane — IRT (Rats)
Hexane - O ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n- Hexane Rat Teratology Study
Appendix B - Exposure

Daily Sumnation For Hexane - IRT (Rats) From 13 Mav_1986 through 29 Mav 1986

Summary Data for: Hexane = 200 ppm-R/M/Temperature 72.0 to 78.0
Date Mean % Target Std _Dev % RSD__ Maximum Minimum N N in %N in
13 May 1986 74.4 99% .58 1% 75.3 73.7 5. 5. 100%
14 May 1986 75.9 101% .62 1% 76.6 75.2 5. 5. 100%
15 May 1986 76.5 102% 57 1% 77.0 75.4 6. 6. 100%
16 May 1986 76.5 102% .88 1% 77.4 75.5 5. 5. 100%
17 May 1986 76.7 102% 43 1% 77.1 75.9 6. 6. 100%
18 May 1986 77.1 103% 37 % 77.4 76.5 7. 7. 100%
19 May 1986 75.5 101% .34 % 76.1 75.1 6. 6. 100%
20 May 1986 76.4 102% .50 1% 77.0 75.6 6. 6. 100%
21 May 1986 76.6 102% .93 1% 77.4 74.7 7. 7. 100%
22 May 1986 76.8 102% .45 1% 7.4 76.1 6. 6. 100%
23 May 1986 76.4 102% .67 1% 77.2 75.6 7. 7. 100%
24 May 1986 76.1 101% .72 1% 77.1 75.0 7. 7. 100%
25 May 1986 76.7 102% .54 1% 77.2 75.8 6. 6. 100%
26 May 1986 77.1 103% .75 1% 78.3 76.1 7. 6. 86%
27 May 1986 75.9 101% .89 1% 76.7 74.0 7. 7. 100%
28 May 1986 75.3 100% .48 1% 75.9 74.5 7. 7. 100%
29 Mav 1986 73.9 99% .40 1% 74.5 73.3 6. 6. 100%
Summary 76.1 102% 1.03 1% 78.3 73.3 106. 105. 99%
Hexane = IRT (Rats)
Hexane = 200 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n-Hexane Rat Teratol ogy Study
Appendix B - Exposure

Oailv Summation For Hexane - JRT (Rats) From 13 May 1986 throuoh 29 May 1986
Sunmary Data for: Hexane -1000 ppm-R/M/Temperature 72.0 to 78.0
Date Mean X Target Std Oev X RSD  Maximum Minimum N N in Y N ip
13 May 1986 75.6 101% .81 1% 76.6 74.5 5. 5. 100%
14 May 1986 76.8 102% a7 1% 77.9 76.1 5. 5. 100%
15 May 1986 78.1 104% .54 1% 78.7 77.2 6. 2. 33%
16 May 1986 77.8 104% .36 X 78.4 77.5 5. 4, 80%
17 May 1986 78.2 104% .49 1% 78.7 77.5 6. 2. 33%
18 May 1986 78.5 105% .61 1% 79.2 77.8 7. 3. 43%
19 May 1986 77.0 103% .52 1% 77.6 76.1 6. B. 100%
20 May 1986 77.3 103% .69 1% 78.0 76.5 6. 6. 100%
21 May 1986 76.1 101% a7 1% 77.2 74.9 7. 7. 100%
22 May 1986 76.6 102% .28 0% 76.9 76.3 6. 6. 100%
23 May 1986 76.3 102% 1.03 1% 715 74.5 7. 7. 100%
24 May 1986 76.6 102% .48 1% 77.2 76.1 7. 7. 100%
25 May 1986 77.2 103% .57 1% 78.1 76.4 6. 5. 83%
26 May 1986 77.2 103% .95 1% 78.9 76.2 7. 6. 86%
27 May 1986 76.1 102% .90 1% 77.4 74.4 7. 7. 100%
28 May 1986 75.5 101% 1.12 1% 77.1 73.8 7. 7. 100%
29 May 1986 74.6 100% 71 1% 75.5 73.6 6. 6. 100%
Summary 76.8 102% 1.21 2% 79.2 73.6 106. 91, 86%
Hexane — IRT (Rats)
Hexane -1888 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n- Hexane Rat Teratol ogy Study
Appendi x B - Exposure

Oailv_Sumnation For Hexane - IRT (Rats) From 13 May 1986 through 29 Mav 1986

Summary Oata for: Hexane -5000 ppm-R/M/Temperature 72.0 to 78.0
Date Mean % Target Std Qev % RSD  Maximum Minimum N N in %Nin
13 May 1986 73.9 99% .59 1% 4.7 73.3 5. 5. 100%
14 May 1986 74.3 99% A7 1% 74.9 73.6 5. 5. 100%
15 May 1986 75.8 101% .53 1% 76.4 75.1 6. 6. 100%
16 May 1986 75.4 101% .40 1% 75.8 74.9 5. 5. 100%
17 May 1986 76.0 101% .49 1% 76.9 75.6 6. 6. 100%
18 May 1986 76.2 102% .28 0% 76.6 75.8 7. 7. 100%
19 May 1986 74.9 100% .45 1% 75.2 74.2 6. 6. 100%
20 May 1986 74.8 100% .35 0% 75.2 74.2 6. 6. 100%
21 May 1986 74.7 100% .49 1% 75.3 73.8 7. 7. 100%
22 May 1986 75.0 100% .32 o 75.5 74.7 6. 6. 100%
23 May 1986 75.0 100% .61 1% 75.8 74.2 7. 7. 100%
24 May 1986 75.2 100% .50 1% 76.1 74.5 7. 7. 100%
25 May 1986 75.9 101% .62 1% 76.8 75.1 6. 6. 100%
26 May 1986 76.1 102% .40 1% 76.9 75.7 7. 7. 100%
27 May 1986 74.9 100% .83 1% 75.6 73.1 7. 7. 100%
28 May 1986 74.5 99% .38 1% 75.0 73.8 7. 7. 100%
29 Mav 1986 74.1 99% .28 % 74.4 73.8 6. 6. 100%
Sunmary 75.1 100% .81 1% 76.9 73.1 106 106 100%

Hexane = IRT (Rats)
Hexane -5888 ppm—R/M
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986
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n-Hexane Rat
Appendix B - Exposure

Ter at ol ogy St udy

Dailv Sumnation For Hexane = IRT (Rats)

From 13 May 1986 throuoh 29 May 1986

Summary Data for: Hexane - 0 ppm/Holdl/Temperature

Date

Mean

Std Dev

4% laraget

% BD  Maximum  Minimum N

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29 Mav 1986

Summary

May
May
May
May
May
May
Hay
May
May
May
May
May
May
May
May
May

1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

77.2
77.3
75.2

103%
103%
100%

72.0 to

78.0

Nin %N in

48 1% 7.7
.38 0% 7.7
.55 1% 75.9

76.9

76.5 5.

o1

74.3 6.

5. 100%
5. 100%
6. 100%

76.5

102%

112 1% Al

74.3 16.

18. 100%

Hexane = IRT (Rats)
Hexane = B8 ppms/Holdl

Mean & Standard Deviation

From 13 May 1986 through 29 May 1986

(F)

Temperature
s

——

Summary Mean & Std Dev

B-39




n- Hexane Rat Teratol ogy Study
Appendi x B - Exposure

Dai lv_Sumation For Hexane = IRT (& ts} From 13 May 1986 throuah 29 Mav 1986

Summary Data for:

Dat

e

Hexane = 0 ppm/Hold2/Temperature 72.0 to
Mean X Target Std Dev X RSD  Maximim _ Minimum N N in

78.0
% Nin

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29 Mav

May
May
May
May
May
May
May
May
May
May
May
Hay
Hay
May
May
May

1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986

739 99% 42 1% 74.6 73.5 5. 5.
77.0 103% .63 1% 78.0 76.4 5. 5.
73.9 99% .95 1% 75.1 72.5 6. 6.

100%
100%
100%

Summary

74.8 100% 1.85 a3 78.0 72.5 16. 16.

100%

(F)

Temperatwre

Hexane - IRT (Rats)
Hexane = 0O ppm/Hold2
Mean & Standard Deviation
From 13 May 1986 through 29 May 1986




n- Hexane Rat Teratol ogy Study
Appendi x B - Exposure

EXPOSURE OPERATION DISCUSSION SHEET

INCLUDES DISCUSSIONSAND/OR EXPLANATIONS OF PROBLEMS AFFECTING ANl MAL ENVIRONMENT
AND EXPOSURES. EXPLANATIONSARE| NCLUDEDFOR DATA IN VW CHTHERE V\ERE EXCURSIONS

OFDAILY MEAN OR STANDARDDEVIATION BEYOND ALLOMBLE OPERATINGLIMTSOR
EXCURSIONS OF INDIVIDUAL DATUM BEYOND CRITICAL LIMITS.

STUDY: INHALATION REPRCDUCT] VETOXICOLOGY - n-HEXANE RAT TERATOLOGY

REPCRTI NGPERIOD: May 12 - 31,1986
NOTE: 24 Hour Data Collection Period extends from~8:00 am. 1o ~8:00 a.m.

COMPILED BY: W%Célf oate: 7 1 4 ¥

CHAMBER CONCENTRATION

During theexposure Period, concentrationin the 200 ppm chamber (1 reading = 0.7 ppm) exceeded
thelower critical operating limit (800 pprn). There was no indication of any problem and the next
samplecycle showed the expected concentrationlevel Although the daily mean was within operating
limits( mean = 191 ppm), the standard deviation (36.2 ppm) exceeded the£10% requirement. No
action was taken.

Alsoduring theexposureperiod, the 1000 pprn chamber (3 readings = 1234,1216, and 1288 ppm)
exceeded theupper critical operatinglimits (1200 pprn). Necessary adjustments were made to
chamber dilution air flow to bring concentrationswithin goecs The daily mean and standard deviation
were within operating limits( mean = 1020 + 100 pprn).
The executivecomputer hung up at OL: 18 and failed to mgger the security alert, consequently no one
was contacted to correct the condition until staff arrived later in the morning. No environmental or
concentration dat a was collected until 06:46 when the problem was detected and corrected. Also,
because of the hangup, no control of chamber conditionswas possible. The first GC readings of
concentrationfollowing correction of thecomputer problem were:

200 pprn 1st reading = 201.9 pprn

1000 pprn 1st reading = 1075 pprn

5000 pprn 1st reading = 5313 pprn
Since these readings are within 3% of the final GC readings taken before the computer hung up, it is
reasonableto assumethat the system ran stablefor theintervening 5 1/2 hour period. The stabiiity
o the system operation can be confirmed by mass baance measurementsi.e. by subtracting the mass
of material consumed during monitoring periods from that consumed during the entire exposure
period.

5/14/86 During the exposure period, the 1000 pprn chamber (3 readings = 1307, 1293, and 1204 ppm)
exceeded the upper critical operating limits (1200 ppm). Necessary adjustments were made t0
chamber dilutionair flow or chemical pump rate to bring concentrations within specs.

At 22:51 the executivecomputer hung up entering data from the CDS box. Communication was
restored a 00:13. No datacollection or environmental control was possibleduri ng the intervening 1
174 hours. All indicationsare that the exposure was stable duringthi s period. The first GC readings
following resumption of dat a collection were:

200 pprn 1st reading = 203.8 pprn

1000 pprn 1st reading = 903.8 pprn

5000 pprn 1st reading = 5135 pprn
At 3:48 the executivecomputer alerted the specialist that the chamber concentrations in al chambers
wereexceeding the lower cridcal operatdng limits. The specialist on cal checked chemical pump rates
and chamber airflows and found that chamber concentrations were within specs via mass balance

DATE
5/13/86
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5/15/86

5/16/86

5/17/86

5/18/86

5/19/86

determinations. Repeated mass balance determinations i ndicated thet concentrations were close to
specs. At 7:28 it was discovered that the sample flow rate to the GC wastoo low for correct
readings. GC datafor this period has been excluded from the daily summation and results of mass
ba ancedeterminations were added.
During the exposure peiad, concentration in the 200 ppm chamber (1 reading = 275.7 ppm) and the
1000 pprn chamber (1 reading = 1244 ppm) exceeded the upper critical operating Limits (240 and
1200 ppm, respectively). Necessary adjusanents were nade to chamber dilution air flow or chemical
pump rate to bring concentrationswithin specs. Daily means were unaffected.
At 02:19 theexecutive computer hung up entering datafrom the CDS box. Communication was
restored at 03:49. No data collection or environmental control was possible during the intervening 1
172 hours. Al indications are that the exposure was stable during this period The first GC readings
following resumption of data collection were:

200 pprn 1st reading = 212.7 pprn

1000 pprn 1st reading = 1030 pprn

5000 pprn 1st reading = 4962 pprn
At 05:53 the executive computer again hung up entering datafrom the CDS box. Communication
was restored at 07:28. No data collection or environmental control was possible during the
intervening 1 1/2 hours. Al indicationsare that the exposure was stable during this period. The first
GC readingsfollowing resumption of datacollection were:

200 ppm 1st reading = 192.7 pprn

1000 pprn 1st reading = 1008 pprn

5000 pprn 1st reading = 4717 pprn

The executive computer hung up at 02:30 and failed to trigger the security dert, consequently no one
was contacted to correct the condition until staff arrived later in the morning. No environmental or
concentration data wascollected until 06:32 when the problem was detected and corrected Also,
becauseof the hangup, no conwrol of chamber conditions was possible. The first GC readings of
concentration following correction of the computer problem were:

200 pprn 1st reading = 192.8 pprn

1000 pprn 1streading = 975.1 pprn

5000 pprn 1st reading = 4753 pprn
Since these readings are within 2% of the final GC readings before the computer hung up, itis
reasonabl e to assumethat the system ran stable for the intervening 4 hour period.
During the exposure period, concentration in the 1000 ppm chamber (2 readings, 1251 and 1318
ppm) exceeded the upper critical operating limit (1200 ppm). Adjustments were made to the chamber
dilution air flow and chemical pump rate to bring the concentration within specs. Daily mean and
standard deviation were unaffected by the excursion.
At 19:37 the executive computer hung up entering data from the CDS box. Communication was
restored at 21:01. No data collection or environmental control was possible during the intervening 1
172 hours. All indications are that the exposure was stable during this period. Other comrnunicanon
failuresoccurred at 22:42 (restored at 00:15) and 3:36 (restored at 5:04). From the first GC readings
following restoration of communication, the system appears to have run stable during the
intervening peri ods.
At 19:20 the executive computer hung up entering data from the CDS box. Communication was
restored at 20:14. No data collection or environmental control was possible during the intervening 1
hour. Al indicationsare that the exposure was stable during this period. The first GC readings
following resumption of data collection were:

200 pprn 1t reading = 207.8 pprn

1000 pprn 1st reading = 977.1 pprn

5000 pprn 1st reading = 5110 pprn
At 06:02 the executive computer again hung up. Data collection and exposure control was resumed at
06:51.

The exposure was started 1 hour 13 minutes late due to thefailure to properly seal a chamber
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5/20/86

5/21/86

5/22/86

5/24/86

5/25/86

following animal care tasks.
At 05:15 the executivecomputer hung up whileentering data from the CDS box. Thecondition was
not corrected until 06:50. Allindicationsare that the exposure was stableduring thispeniod. Thefirst
GC readingsfollowing resumption of data collection were

200 pprn 1st reading = 199.0 pprn

1000 pprn 1st reading = 987.6 ppmn

5000 pprn 1streading = 4970 ppn
During the exposure period, 1 reading for the 1000 pprn chamber (1244 ppm) exceeded the upper
critical operating limit (1200 pprn). The computer adjusted chamber air flow to increase dilution and
bring theconcentration within bounds.
At 05:46 the executivecomputer hung up while entering data from the CDS box. Thecondition was
not corrected until 06:23. All indications are that the exposure was stable during this pericd. The first
GC readings following resumption of datacollection were:

200 pprn st reading = 199.8 pprn

1000 pprn 1streading = 967.8 ppmn

5000 pprn 1streading = 5011 pprn
At 01:54 the executivecomputer hung up entering data from the CDS box. Communication was
restored a 03:12. No data collection or environmenta control was possible during the intervening
1-1/4 hour. Al indications are that the exposure was stableduring this period The first GC readings
following resumption of data collection were:

200 pprn 1st reading = 207.8 pprn

1000 pprn 1streading = 977.1 ppm

5000 pprn 1st reading = 5110 pprn

The exposure was started 1 hour 17 minutes late due o thefailure to properly seal achamber
following animd w etasks. Thecomputer W not alow exposures to begin util all chambers pass
aleak test
At 00:36 the executivecomputer hung up whileentering datafrom the CDS box. The condition was
not corrected util 02:00. All indicationsare that the exposure was stable during thi s period. The first
GC readings following resumption of data collection were:

200 pprn 1st reading = 203.2 pprn

1000 pprn 1streading = 1014 pprn

5000 pprn 1st reading = 4947 ppm
At 06:00 the executivecomputer again hung up while entering datafrom the CDS box. The
condition was not corrected until 07:20. Al indicationsare that the exposure was stableduring this
period Thefirst GC readingsfollowing resumption of data collection were:

200 ppm 1<t reading = 2037 ppn

1000 pprn 1streading = 996.9 ppm

5000 pprn 1st reeding = 4974 pprn
The start of exposur es was delayed - 3 hours becaused the evacuation of the building necessitated
by afire alarm
During the exposure period, an ar bubble napped in theinlet line to the 1000 pprn chemica pump
resulted in adrop in chamber concentradon (1 reading = 603.2 ppm) which exceeded the lower critical
operating limit (800 ppm). The exposurespecialist removed thear bubble and concentration returned
to spec by the next samplerotation.
Hexane to 3 pprn was detected in the exposure room. Furt her investigationrevealed that sampleflow
through the samplelines had dropped bdow the set flowrate. Thisresultedin the reversa of flow
direction, sample being drawn from alocation other t han the room.
At 05:24 the executivecomputer again hung up while entering data from the CDS box. The
condition was not corrected until 07: 17. All indicationsare that the exposure was stable during this
period The first GC readings following resumption of data collecnon were:

200 pprn 1st reading = 201.6 ppmn

1000 ppm 1< reading = 944.0 ppmn
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5/27/86

5/28/86

TEMPERATUR

DATE
5/12/86

5/15/86
5/17/86

5/18/86

5000 ppr 1t reading = 5105 ppm
Twenty-five minutes after expiration of the Tgg, the exposure system shut off for unknown reasons.
Generation resumed 11 minutes later, however chamber concentrations recorded during this period
exceeded the lower critical operating limits. Reported vaueswere: 1000 pprn chamber, 1 reading =
540 ppm; and 5000 pprnchamber, 1 reading = 735 ppm During the next samplecycle,
concentrationin the 1000 ppm chamber (1 reeding = 1467 ppm) exceeded the upper critical operating
limit (1200 pprn). Thesystem was again shut off, resulting in low chamber readings the following
samplecycle, e.g. 200 pprn chamber, 1 reading = 16.1 ppm; 1000 pprn chamber, 1 reading = 468
ppm; and 5000 pprn chamber, 1 reading = 3616 ppm Generation was again resumed. At 21:58 the
GC stream select valve stuck and failed to cycle. Mass baance measurements were usad to predict
chamber concentrationthroughout the remainder of the exposureperi od. These measurements
indicated thet the 1000 pprn chamber ran below the lower critical operating limit. No adjustments
were attempted. Daily mean concentrations were within specs but standard deviationsexceeded the
*+10% operating limit. Reporteddataare

200 ppm mean = 198 £ 40 pprn

1000 ppm mean = 925+ 198 ppm

5000 ppm nean = 4870 + 954 ppm
The streamselect vave to the GC wasincorrectly connected and prevented the proper determination
of chamber concentrationfor the 5000 ppm chamber. Mass baance (i.e. chemica pump ddivery rate
and chamber dilution air flow rate) was used to determinechamber concentration after Sartup. The
problem was remedied about 2 hours 20 minutesinto the exposure. GC readingsof the 5000 ppm
chamber after correctiond the problem indicated that concentration was within specs.
At ~02:00 the darm loop tripped for unknown reasons and shut off the exposure system The
exposuresystemwas turned back on manudly at ~02:55 and chamber concentrationswere
reestablished by 03:11. Low concentrations exceeding the lower critical operating limitswere
reportedasfollows

200 ppm 2 readings 5.1 and 85.0 pprn

1000 pprn 3 readings. 27.0, 570, and 783 ppm

5000 pprn 1 reading: 16.6 ppm
Though daily mean concentrations werewithin specs, sandard deviationsexceeded the operating limit
o +10% becaused the system shutdown.

E & RELATIVE HUMIDITY

DISCUSSION OR EXPLANATION

Severa chambersexceeded the lower operating limit for meen temperature (72°F). This was the first
day of holding in the exposure chambers and the effect of animal loading was unknown so the room
temperature hed been lowered 2-3°F in anticipation of greater heat remova capability. Those
chambersexceeding the lower limit were0 ppm, mean = 69.8 + 1.9°F; 200 ppm, mean =715 +
1.7°F; and 5000 ppm, mean = 71.8 + 1.9°F.

Meen temperaturefor the 1000 ppm chamber (78.1°F, maximum = 78.7°F) exceeded the operating
limit (78°F). Room temperaturewas reduced 1°F.

Meen temperaturefor the 1000 ppm chamber (78.2°F, maximum = 78.7°F) exceeded the operating
limit (78°F). No action taken &t this time. Room temperaturewes reduced 1°F on 5/19/86.

Meen temperaturefor the 1000 ppm chamber (78.5°F, maximum = 79.2°F) exceeded the operating
limit (78°F). No action taken at thistime. Room temperature was reduced 1°F on 5/19/86.

CHAMBER FLOW & VACUUM

DATE
5/15/86

DISCUSSION OR EXPI ANATION
Low vacuum wes detected in the 0 ppm Hold 2 chamber (1 reading = 02" H20), Water vias placed in
the trgp at the bottom of the chamber and vacuum returned to specs.



APPENDIX C

DEVELOPMENTAL TOXI COLOGY DATA






n-Hexane Rat Teratology Study: Body Weights (Q)

MATNO

498
661
596
809
810
880
708
771
878
883

Pro-study
Wt

246.60

270.00

288.
260.
243.
268,
283.
.60
.00
232,

288
263

20
80
40
6o
40

Exposure
Day 1

263.40
276 .00
286.00
284 .00
248.20
2668.00
302.20
298.80
283.80
257.80

Exposure
Day 8

269.40
289.80
284.20
279.20
256.00
277.20
322.80
318.20
287.20
266.60

for Virgin Females

Sacrifice
Wt

278.60
299.70
279.90
283.70
282.10
282.99
330.00
323.19
272.80
2683.60
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n-Hexane Rat Teratology Study: Body Weights (g)

MATNO

496
600
664
669
676
618
712
724
888
923

Pro-study
Wt

249.80
270.80
240.80
266.80
249.80
306.60
226.00
284.60
282.00
269.00

Exposure
Day 1

266.80
279.60

260.60

280.00

273.60
311.80
232.40
276.40
308.00
261.80

Exposure
Day 8

263.20
296.80
270.00
296.60
291.20
327.20
239.40
301.20
327.60
272.00

for Virgin

Females

Sacrifice
Wt

270.90
296.60

267.90

297.70
297.90
327.30
242.40
308.39
335.680
266.490
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n-Hexane Rat Teratology Study: Body Weights (g)

MATNO

622
629
686
642
764
876
896
902
973
976

Pro-study
Wt

268.60
323.80
261.60
260.00
246.60
285.40
232.60
2b66.60
240.80
271.60

for Virgin

Females

1¢e? ppm n-Hexane----

Exposure
Day 1

268.00
314.80
263.60
271.00
263.40
299.88
227 .40
2683.40
247.80
281.60

Exposure
Day 8

270.60
346.20
276.60
280.00
280.80
314.20
240.60
276.20
264 .00
288.40

Sacrifice
Wt

261.20
333.10
286.70
276.10
286.80
321.80
233.00
276.70
267 .00
294.10
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n-Hexane Rat Teratology Study: Body Weights (g)

4569
480
491
543
660
754
773
803
824
908

Pre-study
Wt

242.40
246.80
232.40
266.20
260.880
282.00
276.80
282.40
257.40
317.80

Exposure
Day 1

245.00
246.80
262.40
267.60
267.00
276.20
276.40
292.80
280.80
318.00

Exposure
Day 8

234.40
242.60
204.00
263.40
267.60
244.20
283.20
2688.20
263.40
301.40

for Virgin

Females

Sacrifice
Wt

240.69
260.70
233.10
244.80
248.60
182.69
272.90
286.90
258.90
307.80
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n-Hexane Rat Teratology Study: Body Weights (g) for Sperm-positive Females 1

-0

MATNO

450
507
612
614
648
650
653
666
6687
568
679
634
612
620
832
848
847
878
681
6956
748
786
806
882
926
936
963
969
976

Prestudy
wt

283.88
249.40
260.80
263.20
281.00
266.00
2566.20
272.20
267 .80
277 .00
276.20
272.60
296 .80
244 .00
318.60
248.00
240 .40
247 .60
274 .00
229.00
269.80
269.80
273.208
230.00
266.40
279.68
278.28
267.20
267.688

269.80
291.00
286. 40
269.60
284 .80
268.49
282.40
290 .60
287.80
302.80
248.00
316.20
266.80
260.20
266.60
287.80
239.00
272.40
269.60
293.80
238.490
256.60
300.20
277.60
262.20
266.60

297 .40
283.00
302.60
293.00
316.80
307.80
287.40
300.20
282.00
317.00
320.20
318.60
328.00
282.20
343.80
296.20
269.40
284 .00
307.20
241.60
303.49
294.40
303.00
268.60
282.80
328.00
294 .80
284.20
296.80

319.40
308.40
316.80
336.40
363.2¢
333.60
328.60
312.40
282.60
368.8@
339.88
362.40
373.60
299.80
368.00
307.80
287.40
333.40
339.40
247 .00
322.00
303.60
322.00
275.60
322.20
338.690
344.00
313.20
329.68

20
Wt

313

376.
308.
409.

422

393.

392

402.

278
468
439
436
445
272
464
408
346
401
414
266
424
393
407
249
376
429
414
367
386

dg

.60

90
70
.40
20
.60
70
.00
.38
.60
.98
.10
.20
.90
.30
.00
.40
.00
.40
.30
.30
.78
.10
.20
.98
.60
.40
.40

Uter
Wt

2.80
72.80

2.60
82.10
85.80
89.30
665.40
67.90

2.50
96.40
94.70
86.30
906.60

1.20
84.10
86.70
89.10
74.70
84 .40

2.90
92.00
77.80
82.48

2.680
61.18
94.60
102.40
41.10
74.70

Pregnant

T T TSy ToroTsy sy Yoruyoyoyoy Yoy .|

IMPLANT

14

18
17
18
14
12

17
19
17
18

18
16
13
16
18

17
17
13

14
18
19

14

LIVE

13

17
18
17
12
192

17
18
17
18

18
16
13
14
16

18
18
11

12
18
19

12

EARLY

QRO BN: NOEE: N Qs

N bt et o

OB ERN-.

LATE

00 HHOED: OBER: BHEHE: 8-

DEAD

AN GG e cREEE: &
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n-Hexane Rat Teratology Study: Body Weights (g) for Sperm-positive Females 2

MATNO Prestudy 0 dg 8 dg 13 dg 20 dg Uter Pregnant IMPLANT LIVE EARLY LATE DEAD
wt Wt we we we wt

445 266.2w 291.6w 326.8W 367.80 415.3W 61.10 1 19 12 o 9 "
448 298.6W 296 . 4W 313.2W 342.81 436.4W 99.680 1 18 18 2 0 "
4563 271.8W 274.8W 287.4W 309.20 361.1W 665.00 1 16 12 3 2 2
499 274.2W 284 .4W 299.8W 320.080 297.6W 2.80 4 . . . . .
616 2689.0W 282.4W 303.6W 338.21 4368.56W 106.20 1 17 17 0 0 ")
634 250.2W 268.2W 281.6W 294 .81 276.7W 0.70 4 . . . . .
661 245,81 283.2w 276.0W 309.81 378.0W 76.90 1 13 13 2 0 2
662 314.8W 324.4W 366.6W 392.2W 466.6W 61.80 1 14 13 1 0 0
670 302, 40 287.8w 308.6W 360.21 418.4W 64.60 1 9 9 0 2 e
699 246.80 269.0wW 284.0W 310.4W 363.1W 69.308 1 186 13 ] 2 0
821 237.2mW 261.8w 273.0W 306 .8W 361.6W 76.60 1 16 16 0 2 "}
813 276.6W 288.0wW 304.20W 336.20 399.8W 76.49 1 16 13 2 2 9
614 284.20 289.4W 323.8W 346.68W 409.6W 88.80 1 19 17 2 2 0
829 282,80 264.0W 293.4W 333.8W 402.8W 84.10 1 18 18 e 2 o
840 248. 400 283.8w 274.8W 316.8W 376.6wW 77.60 1 17 17 ] 0 &
862 261,21 266.4W 284.2W 306 .20 376.7w 78.20 1 18 16 1 2 e
882 239.80 262.0w 261.8W 290 .68W 368. 4w 81.80 1 18 16 1 2 2
871 264. 400 273.68w 307.6W 333.40 423.0W 96.990 1 17 17 9 2 o
o 688 269.2W 279.9w 306.0W 342.20 416.4m 80.20 1 13 13 0 0 o
5\696 242,00 277.8w 261.40W 284 .40 361.8m 79.40 1 16 16 ] 0 2
718 247.80 263.2w 283.6W 298.6W 261.1@ 0.60 0 . . . . .
763 286.0W 302.8m 317.0W 327.8W 404.1W 93.30 1 17 17 ] 0 2
770 269, 81 276.8w 301.4W 331.8W 398.6m 74.20 1 16 16 "] 2 (]
777 239,60 281.68w 277.2W 312.8W 3768.3w 87.00 1 13 13 ] L] ]
823 268. 20 282.8y 286.00W 294 .20 277.7w 2.80 4 . . . . .
843 261,20 278.4m 300.8W 334.80W 412.6m 84.00 1 18 16 3 2 "
896 233,00 242 .4y 266.0W 266 .80 261.0m 1.00 o . . . . .
931 284,00 294.6w 307.4W 348.40 423.7w 94 .80 1 18 18 ] " ]
933 265, 8W 2687.92w 294 .0W 307 .40 287.7w 2.70 0 . . . . .
942 229,80 234.8p 244 .80 276.8W 303.2w 66.49 1 18 14 2 2 2
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LD

MATNO

460
479
478
481
610
620
644
649
666
689
691
8356
649
8563
664
689
691
697
768
807
838
866
906
911
918
921
926
944
966
972

Prestudy
wt

262.20
231.69
248.00
260.00
274 .40
288.40
272.60
266.60
263 .80
273.60
242.00
260.00
260.00
249.80
237.80
262.80
287 .40
240.40
286.40
260.00
270.40
321.89
241.80
266.00
273.80
263.80
277 .60
287 .89
276.40
276.60

n-Hexane Rat Teratology Study: tAd> Weights (g] for Sperm-positive Females

267.00
220 .40
26~.80
261.00
280.40
290.60
281.00
288.60
260.80
283.00
260.00
283.00
266.00
271.20
248.00
277.00
284.40
264.680
300.80
268.900
286.80
336.80
266.20
277 .00
276.688
266.20
291.80
274.80
306.20
283.200

20 =g
wt

361.680
332.70
338.30
378.108
423.40
368.80
373.30
397.10
387.00
408.30
379.30
380.20
397.90
410.90
360.30
366.60
317.40
376.90
376.80
376.60
286.00
468.70
400.60
430.70
420.70
3682.00
307.50
388.30
3689.10
400.80

Uter
wt

71.90
74.80
62.20
66.99
78.60
12.40
78.68
78.30
86.90
78.40
68.60
80.10
81.60
86.68
89.60
48.10

8.79
76.48
66.30
51.19

8.70
87.80
81.60
83.20
97.20
81.70

9.60
86.40
86.60
81.20

P-ognont

et et () b hd b b b () (b b (b () et Db b (b b b b b (e b b e b e b

IMPLANT

168
16
16
16
16

4
17
17
18
17
14
168
16
18
14
14

14
17
1

21
168
17
18
16

17
16
16

LIVE

16
16
14
13
18

2
16
16
17
18
14
168
16
16
13

9

13
18
9

18
16
17
18
16

17
18
16

EARLY

QOO W M.

LATE

e~ ea~=~a~rans

e 08

[-X-X-X

3

N@® 7pm n-Hexane-—————c————ce— e e e

DEAD

[ F- RN R R N.-E- N R R.-R-N-R-X-J.]
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MATNO

451
4567
4568
472
488
606
638
638
642
674
686
808
822
823
838
841
668
890
782
800
806
814
883
11
880
922
938
948
961
964

8-0

a) Uterus

Prestudy
Wt

2680.80
292.80
244 .80
262.20
248.20
246.680
2765.080
278.80
278.40
245.680
302.20
287.80
248.680
2688.20
280 .40
231.62
241.80
2684.20
242 .80
284.20
229.00
279.80
275.60
287.680
278.490
266 .00
257.680
274.20
276.20
2569.60

n-Hexane Rat Teratology Study: Body Weights (g)

264 .00
297.20
281.40
264 .40
262.00
261.60
282.80
288.20
290.080
244 .40
317.40
270.40
268 .40
276.80
291.80
238.680
262.40
262.80
263.40
279.40
242.40
284.00
301.40
263.80
311.00
277.60
274 .60
279.60
278.80
281.60

303.40
2868.40
297.40
248 .00
313.00
332.00
283.00
328.40
296.20
300.60
302.80
317.80
308.20

inadvertantly not weighed.

336.20
334.20
346.08
328.20

28 dg
Wt

366.00
413.90
269.60
376.70
320.00
278.70
379.90
406 .70
402.00
339.10
416.90
346.90
336.20
394 .00
360.60
327 .40
362.60
202.10
361.60
378.20
342.00
372.10
392.20
307.20
419.60
371.70
386.00
404.30
424 .80
374.40

Uter
Wt

87.10
687.90

8.60
80.60
60.80

0.80
61.20
89.60
79.60
29.90
89.70
83.40
69.80
76.70
68.40
69.20
64.40

61.70
83.10
83.90
41.00
70.00
49.60
91.30
66.90
72.90
86.20
78.70
72.40

(a)

Pregnant

Omb pmb (b Pub Pub Pmb pub b b Pub b Pub Pub Pub Pmb Gud b b Pub Pud Gmb Pub Pmb b () 4= Pt () 0= b

IMPLANT

168
17

17
16
14
18
16

for Sperm-positive Females

LIVE

14
16

17
16

14
18
16

6
16
16
16
16
16
16
14
12
14
17
18

8
14
10
19
14
16
16
16
16

EARLY

aa. an

NE=Sae=anNnEaEeENNNND=Eaw-aa-aaaEt:

LATE

-8

TN R R NN -R-R-R-F oo -R - N E-X.-J.-N.-N.-X.-N.-J.-3)

(X" I3
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n-Hexane Rat Teratology Study: Raw Fetal Data 1

----------------------------------------------------------- 2 ppm n-Hexane------—--- -- —— ———————— e

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG

No Nt(g) Wt(g)

607 1 1 2 3.10 0.41

607 2 1 2 3.00 0.36

607 3 1 1 3.64 0.43 DIUR

607 4 1 1 3.60 0.40

607 1 1 1 3.46 0.43

607 (] 1 2 3.21 0.43

607 7 1 1 3.28 0.49

607 8 1 1 3.60 0.62

607 9 1 1 3.36 0.46

687 10 1 1 3.70 0.46

607 11 1 1 3.92 0.61

687 12 1 2 3.62 0.46

687 13 2 . . .

687 14 1 1 4.02 2.64 DIUR

614 1 1 2 3.19 2.49 DIUR ROST

614 2 1 2 3.10 2.49

614 3 1 2 2.83 2.34 ROST

614 4 1 2 3.24 2.46

614 6 1 2 3.17 2.60 DIUR ROSK
a 614 [ 1 1 3.19 2.38 ROST
i 614 7 1 2 3.00 2.31
et 614 8 1 1 3.36 0.47

614 9 1 1 2.98 2.29 ROST

614 10 1 1 3.31 2.42 DIUR

614 11 1 2 2.98 2.36 ROST ROVE

614 12 1 1 3.42 2.46

514 13 1 2 3.14 .44

614 14 2 . . .

614 16 1 2 2.78 2.41 ROST

614 16 1 2 3.24 2.47

614 17 1 1 3.28 2.39

614 18 1 2 2.96 2.46

648 1 1 1 3.61 .47

648 2 1 2 3.45 2.39 ROVE

648 3 1 1 3.79 2.40 ROST

648 4 1 2 3.63 2.38

548 B 1 2 3.80 2.38 ROPH

648 8 1 1 3.84 .43

648 7 4 . . .

648 8 1 2 3.49 2.38

648 9 1 2 3.49 .41

548 10 1 1 3.88 2.33 ROST

648 11 1 1 3.42 2.38

648 12 1 2 3.680 2.48

648 13 1 1 3.66 2.34

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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01-0

Mat
No

648
648
648
648
660
660
660
660
660
668
660
660
660
660
660
660
660
660
660
660
660
660
663
663
663
663
663
663
663
663
663
663
663
663
663
663
666
666
666
666
666
666
666
666
666

Sex:

Site

14
16
18
17

OCONOONWN R

dale

n-Hexane Rat Teratology Study:

Status Sex Fetal Placenta
Nt(g) Nt(g)

1 1 3.64 0.37
1 2 3.66 0.43
1 2 3.39 0.36
1 1 3.43 0.60
1 1 3.39 0.43
1 1 3.76 0.46
1 2 3.49 0.42
2 . . .
1 2 3.43 9.43
1 1 3.63 0.40
1 2 3.46 0.42
1 2 3.71 0.41
1 1 3.96 0.48
1 2 3.71 0.39
1 2 3.46 0.37
1 2 3.26 0.34
1 2 3.66 0.38
1 1 3.40 0.42
1 1 3.33 0.37
1 1 3.49 0.36
1 1 3.92 0.38
1 2 3.80 0.46
1 2 3.06 0.44
1 1 3.46 0.60
1 1 3.80 0.47
1 1 3.71 0.48
1 1 3.66 0.63
2 - .

1 1 3.60 2.41
1 2 3.01 0.43
1 1 3.40 9.66
1 1 3.71 0.49
1 1 3.30 0.44
1 1 3.70 0.62
1 1 3.46 0.39
4 . .

1 2 2.69 0.68
1 1 4.43 0.64
1 2 3.93 0.69
1 2 3.82 0.62
1 1 4.32 0.68
1 1 3.89 0.48
1 2 3.94 0.64
1 2 3.10 0.61
1 2 3.90 0.66

Raw Fetal Data 2

ABN1 ABN2 ABN3 ABN4 ABNG

ROST
ROVE

DIUR
DIUR ROST
DIUR RPCA

DIUR RPCA ROPB
DIUR ROPB ROST

DIUR RPCA

DIUR ROST
DIUR
ROST
DIUR
ROVE
DIUR RPCA

DIUR RPCA ROST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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N Xexane Rat Teratology Study
A pPendix C - Toxicology Data

ABNG6
ROPH

ABN4
ROPB
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c-11

ies [ABNn]

gtion
normalit

4 = Late Resopr

Early Resorption;

1; Female = 2 See Code Sheet 39 for identification of a

2

Status: 1 = Live;

Male =

Sex:



¢1-D

832
832
832
832
832
832
832
832
832
832
832
832
832
832
832
832

Sex:

n-Hexane Rat Teratology Study:

2 ppm n-Hexane

Status

b fub b fuh fuh fuh DD Pub fub fud fud N B G fuh fud fuh fud e fud fd D) Bmb b P fud feh b fuh e DD Ged fd beh fud e e fed fed fed e fed fed b

Status:
1; Female

Sex Fetal
Wt (g)

3.30
3.10
2.96
3.39
3.21
3.03
2.92
3.28
3.38
3.48
3.64
3.18
3.69

DO =0 0=t 0= =2 =2 D R N =2 D =4 0

3.46
3.88
3.80
3.32
3.97
3.78
3.24
3.64
3.48

3.94
3.97
3.68
4.29
4.17
3.63
3.63
3.26
3.80

NN = =2 e et N) o

PO N D =2 1= 0= ND 0= 0= o

3.30
3.62
3.89
4.04

=t NN

3.27
3.79
3.64
3.84
3.79
3.98

NN

Placenta
Wt (g)

8.38
0.43
0.40
0.40
9.36
9.38
9.37
9.31
0.40
0.42
0.42
0.60
2.38

2.47
0.42
0.40
0.41
0.45
0.41
0.43
8.368
0.40

0.47
8.51
0.42
0.41
0.60
2.38
8.38
8.33
2.38

0.34
8.39
0.38
8.39

9.33
9.32
0.33
2.38
0.44
0.40

Raw Fetal Data 4

ABN1 ABN2 ABN3

DIUR

DIUR

DIUR RPCA

ROST SRRR

1 = Live; 2 = Early Resorption; 4 = Late Resorption
= 2 See Code Sheet 39 for identification of abnormalities [ABNn]

e3eqg Aboroorxol - D xToued ¥
Apnigs ABoTo3rIal Y DUEXDH U



n-Hexane Rat Teratology Study: Raw Fetal Data 6
---------------------------------- ———— ~=—=eec—=e--@ ppm n-Hexane---~--- ———— - e —m e - ———
Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG6
No Wt(g) Wt(g)
832 17 1 2 3.63 0.36
832 18 1 1 . .
648 1 1 1 3.42 9.38 DIUR RPCA
848 2 1 2 3.74 0.48
648 3 1 1 3.83 2.66 DIUR RPCA
846 4 1 1 3.88 0.48
648 6 1 1 3.42 0.41
846 8 1 1 3.68 0.40
648 7 1 1 4.14 0.41
846 8 1 2 3.99 0.41
648 9 1 2 3.86 0.42
648 19 1 1 4.09 0.38
648 11 1 1 4.18 0.47
648 12 1 2 3.79 0.49
648 13 1 2 3.67 9.39
846 14 1 1 3.87 .61
848 16 1 1 4.23 0.43
647 1 1 2 3.69 0.46
847 2 1 2 3.66 0.40
847 3 1 1 4.18 0.46
? 847 4 1 1 3.98 0.456
— 847 6 1 2 3.04 0.63
w 647 8 1 1 3.94 0.44
847 7 1 2 3.49 0.49
647 8 1 1 3.73 0.41
847 9 1 2 3.73 8.39
847 19 1 1 3.08 8.82 ROST
6847 11 1 1 3.61 0.456
847 12 1 2 3.73 0.60
847 13 1 1 3.76 0.61
8786 1 1 1 3.66 0.43
676 2 1 1 3.33 0.44
878 3 1 2 3.29 8.38
876 4 1 2 3.23 8.39
878 6 1 2 3.34 0.43
878 8 1 2 3.26 0.38
878 7 1 2 3.46 0.40
878 8 1 1 3.44 0.44
878 9 1 2 3.41 0.42
878 19 1 2 3.22 .37
878 11 4 . . .
876 12 1 2 3.19 0.40
878 13 1 1 3.61 0.40
876 14 1 1 3.83 0.41 DIUR
878 16 1 2 3.13 9.43

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn}
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n-xexane Rat Teratology Study
Appen@ix C - Toxicology Data

Raw Fetal Data

n-Hexane Rat Teratology Study:

emeemememmmmmmeccceccceccccmecmcmccc e ceceeeeae==@ ppm h-Hexane--

ABN2 ABN3 ABN4 ABNG6

ABN1

Site Status Sex

Mat

No

ROVE
ROVE
ROST
ROVE
ROSK
ROSK
ROSK

OCNDONG® *+OONTOMOOWOAITMONOTINOOND *HAO gNOIFTNHOONDO
TLOIIT MOIIITOOOITOTIFTOOTITOITT Bom cmmmmaT MM
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WWMWs~ O NSO ONNUVLNOO~NOANNSIQ W [ X X. X ] VO NQOAOY—~OON
MNMOOHOHO™ OO OCTTOHOOMOT™ NO®M™m Tmm MONNNOONM®™

et Nrtrtrt NN Nt NNNNNAt NNt Nt NN crt NN =t NN NN ™ N e

rririririri Cririririvririririririvririririririririririririri(NN i et et N vl vl v vl v v v v

"NOTLONMNDNY NN CVLONNTVLONDNY NN TVONTNMTVLONRODI N

vt vt v v v v R R e R R R ] v v
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C-14

tion

ies [ABNn]

normal

E

4 = Late Resor

1 = Live;

Status:

Male = 1; Female

2 = Early Resorption;

= 2 See Code Sheet 39 for identification of a

Sex:



n-Hexane Rat Teratology Study: Raw Fetal Data 7

------------------------------ - ———— @ ppm n-Hexane e m————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No we(g) wt(g)
786 13 1 2 3.14 0.48
786 14 1 1 2.92 0.41
786 16 1 2 2.64 0.37
786 18 1 1 2.81 0.36 ROVE
786 17 1 1 3.02 0.27 ROSK ROVE
806 1 1 1 4.02 0.63
806 2 2 . . .
8056 3 1 2 3.39 0.41
806 4 1 1 3.61 2.46
806 6 1 1 3.92 .39
806 8 1 1 3.82 .42
806 7 1 1 3.87 d.62
8056 8 1 2 2.81 0.63 ROST
806 9 2 . .
806 10 1 2 3.48 2.68
806 11 1 1 3.73 0.42
806 12 1 2 3.30 0.40
806 13 1 1 4.086 2.47
928 1 1 2 2.88 0.62
a 926 2 2 . . .
1 926 3 1 1 3.38 9.48
— 928 4 1 1 3.15 0.66
“ 928 b 1 1 3.32 0.46 ROST
928 8 1 1 3.10 0.39 ROST
926 7 1 2 3.04 0.42
928 8 1 1 3.42 0.43
928 9 1 2 3.29 0.46
928 10 1 2 3.30 0.46
928 11 1 2 3.99 0.47
928 12 1 2 3.24 0.60
928 13 2 . .
926 14 1 2 3.12 0.38
938 1 1 2 3.48 0.73 ROVE
938 2 1 2 3.49 0.39
936 3 1 1 3.49 0.48
936 4 1 2 3.86 0.63
936 B 1 1 3.69 0.48
938 8 1 1 2.88 0.36
936 7 1 2 2.93 0.44
936 8 1 2 3.28 0.46 ROVE
938 9 1 2 2.86 0.43
9368 10 1 2 3.16 0.43
936 11 1 2 2.92 0.41
938 12 1 1 3.20 0.43
938 13 1 1 3.81 0.37

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption L.
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexana Rat Teratology Study: Raw Fatal Data

----------------------------------------------------------- @ ppm n-Hexane - -

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNB
No We(g) Wt(g)
9368 14 1 2 3.48 0.43
9368 16 1 1 3.67 0.61
938 18 1 1 3.64 0. 49
938 17 1 2 2.91 0.34
938 18 1 2 3.28 0. 47
983 1 1 1 3.40 0. 46
983 2 1 1 3.38 0.43
9683 3 1 2 3.32 0. 48
983 4 1 1 3.83 0.48
983 5 1 1 3.73 0.38
9683 8 1 1 4.03 0.39
9683 7 1 2 3.38 0. 40
983 8 1 1 3.78 0. 47
963 9 1 1 4.01 0.43
9683 10 1 2 3.80 0.34
983 11 1 1 2.73 0.37
983 12 1 2 3.34 0.44
983 13 1 2 3.33 0.43 ROST
983 14 1 1 3.48 0.48
a 983 16 1 1 3.74 0. 26 ROST
] 983 18 1 2 3.40 0. 36
; 983 17 1 2 3.64 0.44 ROST
983 18 1 1 3.86 0. 46
963 19 1 1 3.82 0.37
989 1 1 2 1.90 0. 69 ROSK ROST ROPB ROPH
989 2 2 . . .
989 3 1 1 2.33 2.64 ROST ROPB
989 4 1 2 1.96 0.44 ROSK ROST ROVE ROPB ROPH
969 6 1 1 2.47 0.44 ROST ROPB
989 8 1 1 2.44 0.41 ROSK ROST
969 7 1 1 2.07 0. 66 ROST ROPB
969 8 2 . . .
969 9 1 2 2.23 0. 42 ROST ROVE ROPB
9689 18 1 1 2.24 0. 67 ROST ROPB
989 11 1 1 2.40 0. 46 ROSK ROST
978 1 1 2 2.76 0.64
978 2 1 1 4.08 0. 68 SRRR ROVE
978 3 1 1 4.33 0. 68 ROVE
976 4 2 .
976 6 1 2 3.93 0. 46
978 6 1 1 4.79 0. 62 ROVE
976 7 1 2 3. 66 0. 47 ROVE
976 8 1 2 3.94 0.49 ROVE
976 9 2 . .
976 19 1 1 3.78 2.53 ROVE

Status: 1

Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Yale = 1; Female

2 See Code Sheet 39 for identification of abnormalities [ABNn]
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Mat
No

976
978

978

Site

11
12

13

n-Hexane Rat Teratology Study: Raw Fetal Data

----------------------------------------------------------- @ ppm n-Hexane--- -——
Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNB
We(g) Wt(g)
1 1 4.33 @.68
1 1 4.28 @.48 ROVE
1 1 4.41 2.61 DIUR ROVE
1 1 4.22 9.60 DIUR ROVE

L1-D

976

Sex:

14

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 19

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG6
No We(g) Wt(g)
445 1 1 1 3.23 0.41
445 2 1 2 3.14 0.47
445 3 1 1 3.34 0.40
445 . 4 1 1 3.31 0.61 ROST ROVE
445 6 1 1 3.16 0.43 ROVE
4456 6 1 2 3.17 0.44 ROVE
4456 7 1 2 3.04 0.41 ROVE
445 8 1 2 3.18 0.42 ROST ROVE
445 9 1 1 3.19 0.46 DIUR ROVE
446 19 1 2 3.10 0.46
448 1 1 2 3.87 0.60
448 2 1 2 3.87 0.46
448 3 1 2 3.89 0.41
448 4 1 2 3.46 0.39
448 6 1 2 3.69 0.44
448 8 1 1 3.88 0.40
448 7 1 1 3.9 0.46
448 8 1 2 3.87 0.47
448 9 1 2 3.82 0.60
448 10 1 1 3.83 0.43
o 448 11 1 2 3.42 0.43 ROST
— 448 12 1 1 3.81 0.39
x 448 13 1 2 4.03 0.46
448 14 1 2 3.81 0.37 ROST
448 16 1 1 3.76 0.44
448 16 1 2 4.01 0.40
448 17 1 2 3.97 0.61
448 18 1 1 3.90 0.42
463 1 1 1 3.561 0.40 SRRR
463 2 1 1 3.44 0.40 ROST
463 3 1 2 3.39 0.43 ROST SRRR
463 4 2 . .
463 6 2 . .
463 8 1 1 3.69 0.36 ROST SRRR
4563 7 1 2 3.46 0.40
463 8 1 1 3.64 0.43
463 9 1 1 3.83 0.36
463 10 1 2 3.22 0.39
463 11 1 2 3.41 0.38
463 12 1 1 3.49 0.48
463 13 1 2 3.49 0.38
463 14 1 1 3.70 0.34
463 16 2 . . .
618 | 1 1 2 4.17 2.36
618 2 1 2 4.07 2.39

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorgtion
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 11

---------------------------------------- -———= -200 ppm n-Hexane - ————— ————-

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No Wt(g) Wt(g)
618 3 1 2 4.32 0.41
618 4 1 2 4.31 0.39
618 6 1 2 4.33 0.39
618 8 1 2 4.86 0.40
618 7 1 2 4.12 0.33
618 8 1 2 4.39 0.36 DIUR
618 9 1 1 4.83 0.40
618 10 1 2 4.86 0.38
618 11 1 1 4.89 0.36
618 12 1 2 4.67 0.36
618 13 1 1 4.48 0.36
618 14 1 2 4.88 0.39
618 16 1 1 6.07 0.40
618 18 1 2 4.91 0.36
618 17 1 1 4.93 0.44
661 1 1 2 3.80 2.50 ROVE
681 2 1 1 3.90 0.66
661 3 1 1 3.83 0.60
6681 4 1 2 3.78 0.60
661 6 1 1 4.16 0.66
% 661 8 1 1 3.79 0.47
— 661 7 1 2 3.86 0.66
o 681 8 1 2 3.61 0.63 DIUR
681 9 1 1 3.86 0.63
661 10 1 2 3.66 0.48 DIUR
661 11 1 2 3.69 0.49
681 12 1 1 3.98 0.61
661 13 1 1 4.13 0.66
6682 1 1 2 2.80 0.44
662 2 1 1 3.08 0.46 ROST
682 3 1 2 2.88 0.36
682 4 1 1 3.27 0.32 SRRR
662 6 1 1 3.09 0.32 ROST ROPB
682 8 2 . . .
682 7 1 2 2.711 2.31 ROST ROPB
682 8 1 1 3.12 0.38
662 9 1 1 2.83 0.39
6682 10 1 1 3.32 0.31
682 11 1 2 2.88 0.32
6682 12 1 1 3.48 0.36
682 13 1 1 3.46 0.34
6682 14 1 1 3.47 0.41
670 1 1 2 3.12 0.60 ROST
670 2 1 2 3.24 0.46 ROVE
678 3 1 1 3.81 0.66

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 12

-------------------- - ——— -—— 200 ppm n-Hexane---- - - —————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No Wt(g) Wt(g)
670 4 1 1 3.63 0.67 ROSK ROST ROVE ROPB
670 6 1 2 3.30 0.69
b70 6 1 1 3.89 0.62
670 7 1 2 3.66 8.60
670 8 1 1 3.93 0.62
670 9 1 1 3.99 0.61 ROVE
690 1 1 2 2.81 8.36 ROST ROPB
690 2 4 . . .
590 3 1 2 3.68 0.40
690 4 1 2 3.28 0.40 ROST
590 6 1 2 2.30 0.31 ROST
690 6 4 .
590 7 1 1 3.18 0.43 ROST
690 8 1 2 3.13 0.31 ROST
690 9 1 2 2.36 0.39 ROSK ROST ROPH ROVE
690 10 1 2 3.32 0.41
690 11 1 1 3.67 0.39 ROST
690 12 1 1 3.66 0.40
690 13 1 1 3.40 0.43 ROST
690 14 1 1 3.49 0.49
O 690 16 1 2 3.29 0.62
NS 601 1 1 2 3.18 0.40
o 601 2 1 2 3.29 0.44
601 3 1 2 3.40 0.40
601 4 1 1 3.62 0.36 DIUR
601 6 1 2 3.66 8.43 ROST
601 6 1 2 3.36 0.36 ROST
601 7 1 1 3.40 0.41
601 8 1 2 3.32 0.37
601 9 1 2 3.28 0.40
601 10 1 1 3.47 0.40
601 11 1 1 3.31 0.39 DIUR
601 12 1 1 3.16 0.33 ROVE
601 13 1 2 3.36 0.36
601 14 1 1 3.62 0.40
601 16 1 2 3.32 0.34
613 1 1 2 3.38 0.43
813 2 2
613 3 1 1 4.00 0.46
613 4 1 1 3.87 0.47 DIUR ROST
613 6 1 2 3.98 0.62 ROST
813 6 1 2 3.80 0.46
613 7 1 2 3.81 0.47
613 8 1 2 3.84 0.47 SRRR
613 9 1 1 4.16 0.60 DIUR

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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Mat
No

813
813
813
813
813
613
614
814
614
614
614
614
814
814
614
6814
614
614
614
614
814
614
6814
6814
6814
829
829
829
829
829
629
629
829
829
829
629
829
829
829
829
829
840
840
640
840

Site

n-Hexane Rat Teratology Study:

Status

b 0 b (b Pb b ek G b b b b b Pub P b b b b (b b b b b (b ek pb ek Pub D (b (b b bd G b b R Db b Bt N B b b

Status:

)

- .

=N =ENDN -

N = N =2 0= NN 0= N =3 NN 0= ) =3 ND N 0= =3 b=2 N =3 ) =2 ) 0= ) b= N)

1 = Live;

3.28
3.39
3.47
3.80
3.19
3.11
3.72

3.42
3.69
3.63
3.38
3.66
3.73
3.62
3.49
3.71
3.19
3.60
3.88
3.82
3.34
3.47
3.36
3.33
3.31
3.27
3.49
3.20
3.67
2.689
1.96
3.34
2.81
2.88
2.91
3.18

Raw Fetal Data

208 ppm n-Hexane -———— - - ——

Placenta
Wt (g

0.42
0.60
0.61

0.46
0.36
0.38

62

o
WwWwwPAwW
O W

»n
-~

A WAEAhoNWWWWAWLDWWAIAWWWWANAWAWWNLALSL

SO0 RNESESEEREREE8E 8OO0 OC
NWRANANNSNNNEHOLOOEHRONAOANN=OOONOALNWOWR W,

ABN1 ABN2 ABN3 ABN4 ABNS

DIUR
DIUR

DIUR

DIUR
DIUR

DIUR

DIUR

ROSK ROST ROVE ROPB ROPH

ROST
ROVE

2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data

---------- - —————— - 200 ppm n-Hexane

Mat Sit. Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNS
No Wt(g) Wt(g)
840 13 1 1 2.93 0.49 ROVE
840 8 1 1 3.04 0.40
840 7 1 1 2.93 0.38
840 8 1 1 2.78 0.31
840 9 1 1 2.86 0.38
840 10 1 2 2.84 0.36
840 11 1 1 2.86 0.36
840 12 1 2 2.88 0.37 ROST
840 13 1 1 3.08 0.37
840 14 1 2 2.83 0.33 ROST
840 16 1 2 2.60 0.44 ROST
840 18 1 1 3.17 0.43 ROST
840 17 1 2 2.79 0.44
862 1 1 1 3.66 0.46 ROSK
862 2 1 1 3.71 0.48
862 3 1 1 3.39 0.43 DIUR
662 4 1 2 3.63 0.38
862 & 1 2 3.19 0.36 ROPB
662 8 1 2 3.45 0.40
a 662 7 1 2 3.30 0.42
1 862 8 1 2 3.62 0.60
5 662 9 1 2 3.00 0.43
662 10 1 2 3.23 0.37
862 11 1 2 3.26 0.37
862 12 2 . . .
662 13 1 1 3.70 0.45
662 14 1 2 3.41 0.37
6562 16 1 2 3.33 0.37
662 18 1 2 3.09 0.38
862 1 1 1 4.24 0.43
882 2 2 . . .
862 3 1 2 3.60 .38 ROVE
662 4 1 1 3.80 0.37
662 ] 1 2 3.68 0.40
662 8 1 2 3.456 0.46
662 7 1 2 3.62 0.41
6682 8 1 2 3.78 0.36
862 9 1 2 3.80 0.41
662 10 1 1 4.24 0.46
662 11 1 1 3.68 0.47 ROST
662 12 1 1 3.73 0.36
862 13 1 2 3.40 0.36
882 14 1 1 4.03 0.47
882 16 1 1 2.17 0.28 ROSK ROST ROPB
882 18 1 1 4.13 0.36

Status: 1 = Live; 2 = Early Resorption; 4 = La}e Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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Mat
No

871
871
871
871
871
871
871
871
871
871
871
871
871
871
871
871
871
1:1:
888
-1-1-]
e8s8
1:1-
888
1:1]
888
e8s
888
888
888
1:1-
896
898
898
898
898
898
698
896
898
698
896
898
8968
8968
898

Sex:

Site

OONONEWN =

Status

bub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub pub fub pub pub pub fub pub pub pub pub pub pub pub b pub pud pub b fb b

Status
1; Femal

n-Hexane Rat Teratology Study:

1

2

b D b pub pub b fub Bt N ND N ND D ND b D R 0= 0=t R $=b 0=b RD D ND D 14 0=t D 0= R N 0= D 1=5 D $=b p=b (D B=b b=b p=b N) =4 pub

Live; 2 = Early Resorption; 4 = Late Resorption

i
S

Fetal
Wt (g)

3.0l
3.72
3.28
4.11
3.98
4.20
3.73
4.08
4.11
3.81
4.10
3.47
4.00
3.91
4.10
4.29
3.89
4.38
4.01
4.12
4.24
3.72
2.96

SHNS

Lnah

O3 ) U3 (0 09 & & oy WO ||| OO W
O 3 00 W O N 0
LOWRANN

200 ppm n-Hexane--

Placenta
Wt (g)

0.60
0.43
0.37
0.456
0.50
0.43
2.41
0.44
0.40
2.36
0.48
2.38
0.40
8.37
0.49
0.47
0.40
2.42
0.61
8.69
2.64
2.46
2.86
8.62
0.80
0.45
9.51
0.67
0.48
0.49
0.562
0.48
0.41
0.38
0.43
0.38
0.39
0.34
.37
0.43
0.48
0.34
9.39
0.24
9.38

Raw Fetal Data

ABN1 ABN2

DIUR
SRRR

ROST

DIUR

ROST

ROST

ABNG6

ee Code Sheet 39 for identification of abnormalities [ABNn]
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.......................................................... 200 ppm n-Hexane

(XA)

Mat
No

763
763
763
763
763
763
763
763
763
763
783
763
763
763
763
763
763
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
77
77
77
77
77
77
77
77
77
77
77
77
77

Sex:

Site

e PRRR R R RRRRpR
wwﬁawmﬂmmhwmpm#wwpawmﬂmmhwmpﬂom#wmﬁowmﬂmmhwmp

Yale

n-Hexane Rat Teratology Study: Raw Fetal Data

Status

SRR RRRBRRRRRRRRRRRRRRRPRRRRRPRRRRRRRRRRRBRRRRRRRRRRRR

Status:
1; Female

16

Sex Fetal ﬁlakcenta ABN1 ABN2 ABN3 ABN4 ABNG6
Wt (9) t(g)
2 3.93 0.47
1 3.76 0.39
1 3.81 0.47
2 3.64 0.36
1 3.66 0.43
2 3.72 0.39
1 4.07 0.46
1 3.79 0.43
2 4.14 0.46
1 4 00 0.41
1 4.02 0.43 ROSK
2 3.72 0.43
2 3.92 0.40
1 3.93 0.46
2 3.76 0.41
2 3.70 0.40
1 3.72 0.40
1 3.44 0.60
1 3.42 0.61
1 3.62 0.40
2 3.27 0.47
2 3.07 0.37
2 3.31 0.60
1 3.36 0.64
2 3.13 0.38 ROST
1 3.11 0.38
2 3.02 0.39
1 3.19 0.39
2 2.86 0.29 ROST
1 3.70 0.43
1 3.40 0.36
2 3.12 0.40
1 3.48 0.37
2 3.46 0.42
2 3.37 0.34
1 3.68 0.44
2 3.69 0.36
1 3.38 0.43
2 3.07 0.47
1 3.89 0.41
2 3.48 0.41
2 3.60 0.36
2 3.36 0.42
2 3.18 0.41
1 3.18 0.34

1 = Live; 2 = Early Resorption; 4 = Late Resorption

2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 17

---------------------------------- —-—— meme=—=—=200 ppm n-Hexane--=--=--—mccccaacc-- ———— - R

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No We(g)™ We(g)
843 1 2 . . .
843 2 1 1 3.94 0.456 DIUR
843 3 1 1 3.49 0.40 ROST
843 4 1 1 3.97 0.41 DIUR ROST
843 6 2 . . .
843 8 1 2 3.78 0.456 DIUR
843 7 1 2 3.33 0.42
843 8 2 . . .
843 9 1 2 3.64 0.42
843 19 1 1 3.76 0.41 ROST
843 11 1 2 3.688 9.51
843 12 1 2 3.86 0.48 ROST
843 13 1 1 4.41 0.54 DIUR
843 14 1 1 3.78 9.36
843 16 1 1 3.96 0.40
843 18 1 2 3.688 0.45
843 17 1 2 3.684 0.43
843 18 1 2 3.18 0.43
931 1 1 2 3.83 0.34
931 2 1 2 3.87 .37

‘P 931 3 1 2 3.38 9.39

~ 931 4 1 1 3.98 0.45

wn 931 6 1 2 3.82 2.48
931 8 1 2 3.68 9.35
931 7 1 2 3.62 0.41 DIUR
931 8 1 1 3.78 9.39
931 9 1 2 3.28 9.41
931 19 1 1 2.69 0.47
931 11 1 1 3.68 9.29
931 12 1 2 3.62 0.46
931 13 1 1 4.22 0.48
931 14 1 2 3.66 .38
931 16 1 1 4.01 0.54
931 16 1 1 3.60 9.36
931 17 1 2 3.66 0.41
931 18 1 2 3.68 0.34
942 1 1 1 2.68 0.44
942 2 1 1 3.20 0.456 ROST
942 3 1 1 3.44 0.44 ROST
942 4 1 2 3.11 0.41 ROST
942 [ 1 1 3.08 0.43 ROST
942 8 1 1 3.11 9.51 ROST
942 7 1 2 3.06 2.44 ROST
942 8 1 2 2.78 .36 DIUR
942 9 2 . . .

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study

Mat
No

942
942
942
942
942
942
942

Sex:

Site Status

[y
w
N 1= 0oh b Pub Pt b

Status:
Male = 1; Female

Sex

. e NN

el

3.08
2.80
3.29
3.22
3.41
2.39

1=Live;, 2 =

2

See Code Sheet 39 for identification of abnormalities [ABNn]

---200 ppm n-Hexane
| lacenta
9) el'fko)

0.40
0.44
0.44
.50

Row Fetal Data

ABN1 ABN2 ABN3

0.48 ROST
0.42 ROST

Early Resorption;

4 = Late Resorption
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n-Hexane Rat Tsratology Study: Raw Fetal Data 19

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABN6
No We(g) Wt(g)

4609 1 1 2 2.35 9.37 ROST
469 2 1 2 2.82 0.36

460 3 1 1 2.78 0.68

460 4 1 1 2.88 0.44

480 6 1 1 3.03 9.39

4808 8 1 1 3.19 Q.49

480 7 1 1 3.11 0.46

480 8 1 1 2.84 B.44

480 9 1 1 3.03 0.490

480 10 1 2 2.80 0.39 ROST
480 11 1 2 2.74 B.44

460 12 1 1 3.17 2.46

460. 13 1 2 3.04 0.62

460 14 1 1 3.18 9.36

4680 16 1 1 2.78 0.47

4680 18 2 . . .

479 1 1 1 3.27 9.29 ROST
470 2 1 2 3.07 0.49 ROST
470 3 1 2 3.04 0.41 ROST
470 4 1 1 3.37 0.40 ROST
470 6 1 2 3.64 0.46

470 8 1 2 3.24 .42 ROST
470 7 1 1 3.34 9.42

470 8 1 1 3.08 9.39 ROST
470 g 1 1 2.68 9.43 ROST ROPB
479 10 1 2 2.83 9.33 ROST
479 11 1 1 3.28 0.44 ROST
479 12 1 1 3.86 0.39 ROST
479 13 1 1 3.09 9.39 ROST
470 14 1 2 3.24 9.39 ROST
4790 16 1 1 3.38 9.38 ROST
478 1 1 2 2.81 0.32 ROST
4786 2 1 2 2.88 0.32 ROST
478 3 1 1 2.92 0.33 ROST
478 4 1 2 2.90 0.30

478 6 1 2 2.82 0.34 ROST
478 8 1 2 3.00 2.33 ROSK
478 7 1 2 3.08 2.33 ROST
478 8 1 2 2.87 9.43 ROST
478 9 1 1 3.21 9.36 ROVE
478 10 1 1 2.88 0.39 ROSK ROST
478 11 1 2 2.90 2.38 ROST
478 12 1 2 2.82 8.32

478 13 2 . . .

478 14 1 1 3.21 0.40

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]}
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n-Hexane Rat Teratology Study: Raw Fetal Data 20
-------------- -- 1008 ppm n-Hexane --- e L L LT
Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNB
No welg)  welo)
476 16 1 1 3.04 0.36
481 1 4 . .
481 2 1 | 3.10 2.39 ROST
481 3 1 2 3.66 0.36 ROST
481 4 1 2 3.26 0.34 ROST
481" 5 1 2 3.11 0.32 ROST ROVE
481 6 1 1 3.46 0.44
481 7 1 2 3.46 0.39
481 8 2 .
481 9 1 1 3.682 0.40 ROST
481 10 1 2 3.13 0.36 ROVE
481 11 1 1 3.64 0.43 ROST
481 12 1 1 3.49 0.41 ROST
481 13 1 2 3.66 0.40 ROST
481 14 1 1 3.33 0.38 ROST ROVE
481 16 1 1 3.19 0.46
610 1 1 1 2.98 0.39 ROSK ROVE
610 2 1 2 2.89 0.37 ROST
610 3 1 2 2.66 0.39 ROSK ROPB
610 4 1 1 3.34 0.46
610 6 1 2 3.71 0.42
610 6 1 1 2.81 0.40 ROST
610 7 1 1 3.32 0.46
610 8 1 1 3.66 0.60
610 9 1 2 2.73 0.39 DIUR
610 18 1 2 2.94 0.40
610 11 1 2 2.46 0.41 ROSK ROST ROPB
610 12 1 1 3.19 0.39
610 13 1 1 3.36 0.43
610 14 1 2 3.62 0.47
610 16 1 2 3.02 0.38
610 16 1 2 3.43 0.43
620 1 1 1 3.33 0.68 ROST ROVE
620 2 4
620 3 2 . .
620 4 1 2 3.27 8.71 ROST
6544 1 4 . . .
6544 2 1 2 3.07 9.39 ROST
644 3 1 2 3.17 8.33 DIUR
644 4 1 1 3.30 9.41 ROST
644 6 1 1 3.61 9.37
644 8 1 2 3.28 9.39 ROST
644 7 1 2 3.38 @9.38 ROST
6544 8 1 2 3.33 .23 ROST
644 9 1 1 3.32 9.33 ROST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNRn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 21

--------------------------------------------------------- 1008 ppm n-Hexane e r e ccm e c e — e e e —————————————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNS
No Wt(g) Wt(g)
644 10 1 2 2.98 0.36 ROST
644 11 1 1 3.10 0.42 ROST
644 12 1 2 3.21 0.32 ROST
644 13 1 2 3.17 0.30 ROST
644 14 1 2 3.31 8.37 ROST
644 16 1 2 3.20 0.34
644 18 1 1 3.37 0.40
644 17 1 2 3.36 0.38 ROST
649 1 1 1 3.47 0.34
649 2 1 1 3.60 0.39
649 3 1 1 3.48 0.36
649 4 1 2 2.98 0.36
649 6 1 2 3.32 8.32
649 6 2 . . .
649 7 1 2 3.4 0.43
649 8 1 1 3.78 0.43
649 9 1 2 3.48 8.41
649 18 1 2 3.a9 8.37
649 11 2 - . .

a 549 12 1 | 3.48 0.42

A\ 649 13 1 2 3.30 8.38

© 649 14 1 1 3.82 8.41
649 16 1 1 3.84 8.43
649 16 1 1 3.73 8.42
649 17 1 1 3.86 8.39
666 1 1 1 3.13 8.42
666 2 1 2 3.10 8.38
666 3 1 1 3.e8 8.45
666 4 1 1 3.22 0.42 ROST
666 6 1 2 3.51 B.44
666 8 1 1 3.27 0.38 ROST
666 7 1 1 3.24 0.48 DIUR  ROST
666 8 1 2 3.17 6.34
666 9 1 1 3.03 8.39 DIUR
666 10 1 1 3.34 0.39 DIUR  ROST
666 11 1 1 3.23 .60 ROST
666 12 1 2 3.19 8.37
566 13 1 2 3.06 0.40
566 14 2 . . .
566 16 1 2 3.44 0.43 DIUR
566 18 1 2 2.98 0.38 ROST
666 17 1 2 3.29 0.34
666 18 1 1 3.89 8.41
580 1 1 1 3.42 0.36
580 2 1 1 3.50 8.36

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexano Rat Teratology Study: Raw Fatal Data

- - - - - - - - - - - - - - - - -

0€-2

Mat
No

680
680
680
680
680
680
680
680
680
680
680
680
680
680
680
691
691
691
691
691
691
691
691
691
691
691
691
691
691
836
836
636
836
836
636
836
836
836
836
836
836
836
636
836
836

Sex:

Sit. Status

Y T O O T S O T Ty oy e e T Ty S L L Ty T Ty Ty T

b pub Pt Pt b P Pt b Pt b b Pb
OANAWONHIRODONONAEAWNHAWBOEHROONONAWN =

Status:
Male = 1; Female

1

e meem———— 1900 ppm n-Hexane-=------ -———

Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
We(g) Wt(g)

2 3.18 0. 36

1 2.97 0.31 ROST
1 3.32 0.33

1 3.38 0.32 ROST
2 3.22 0.34

2 3.44 0. 38

1 3.47 0.34

2 3.08 0.33

1 3. 66 0. 33

1 3.39 0. 36

1 3.46 0. 36

1 3.42 0.33 ROST
2 3.13 0.33 ROST
1 3.04 0.27

1 3.03 0. 63

2 3.02 0.36 ROST
2 3.64 0. 40

2 2.98 0.44

2 3.61 0. 49

1 3.40 0. 40

2 3.21 0. 49

2 3.40 0.42

2 2.61 0.33 ROSK
2 3.20 0. 48 ROST
2 3.09 0.44

1 3.61 0.41

2 3.02 0.40

2 3.28 0.48

2 3.31 0. 39

2 3.62 0. 36

2 3.26 0.43

2 3.37 0.36

2 2.86 0. 40

1 3.41 0. 38

2 2.67 0. 39 ROST
2 3.26 0. 46 ROST ROVE
1 3.06 0.44

2 3.60 0.27

1 3.41 0.36 ROST
2 3.08 0. 42 ROST
2 3.37 0. 40 ROST
1 3.41 0.41

2 3.46 0. 38

2 3.16 0. 46

= Live; 2 = Early Resorption; 4 = Late Resorption
2 See Code Sheet 39 for identification of abnormalities [ABNn]}
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Mat
No

849
849
849
849
849
849
849
849
849
849
849
849
849
849
849
863
6563
663
863
6563

) 653

! 853

853
663
663
663
863
6563
8563
6563
853
8563
853
664
884
664
664
884
664
664
664
664
884
6864
664

Sex:

n-Hexane Rat Teratology Study:

Site Status

OONOONEWN -

[l o o ol el ol el e e N R e R S W s ol e ol ol e e e ol N

Status:
Male = 1; Female

1

Sex Fetal

2

NNNNNEERNN RN N S DN =N

HNNNN =,

=HEENNDNDN=SNODN-

=N

Wt (g)

.60
.99
.61
.28
.66
.48

08

47
.20
.89

[ee]
5

3.08
3.69
3.67

3.67
3.19
3.40
3.68
3.37
3.60
3.63
3.66
3.72

3.38
3.92
3.71

Placenta
Wt (g)

0.37
0.47
0.36
0.36
0.36
0.34
0.31
0.35
0.37

0.36

ORMDMNBAADWW

.

D)

OCPEOQOE: ROOWHOU 2 RHO®D

. .

.

.
AW DAWAWILWWE bdwwwo DD
VO~N: ONANANEBNO®D-

A0 R EE BEREE OO0OO0O0O0O0O0O0O0O0

Raw Fetal Data

ABN1 ABN2 'ABN3 ABN4 ABNS

DIUR ROST

Live; 2 = Early Resorption; 4 = Late Resor
See Code Sheet 39 for

identification of a

ROPB

b

tion
normalities [ABNn)
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Ze-0

697
697
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768

Site

n-Hexane Rat Teratology Study:

Status

RREPRRPRPRNRPRPRPRRPRRPRPPRRPRRPRPRRPRRBRPRPRNPRENR P ENENREND N R R

Status:

Sex

NN "N N 7 " NDNNDN

[l - R

NFENFRPNEFENDNDNNNNNNRFRPRFRPRPEFENDNERE T

NNONRNNN.

1 = Live;

Fetal
Wt (g)

3.78
3.89
3.17
3.30

3.50
3.24
3.38

3.48
2.57
3.86

3.51
3.88

4.26
3.86
3.86
4.01
3.73
3.63
4.09
3.76
3.83
3.60
3.98
3.87
2.40
2.86
2.68
2.63
2.73
2.44
2.24

2.42
2.31
2.19
2.87
2.37
2.27
2.64

Placenta
Wt (g)

.39
.39
8.42
8.47
8.57
8.560
8.46
8.63
8.47
8.45

8.49
.49

~NONAEE

QO

S d e eaaans
v e e s e e ae e e o
WWWENEN zJLAG»O|g¢»AMDJ-OJL&JL&Jh&

ONAM=OEO®:.

Raw Fetal Data

ABN1 ABN2 ABN3

DIUR

ROST ROPB

ROST ROPB

2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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€€-0

Sex:

n-Hexane Rat Teratology Study:

Site Status

-

OO EWN OO WN—_NO

=OoOOVN1oOO) ™

-
e N NN N eEe_ = _AN——

Status:
Male = 1; Female

1

Sex

2

NN N——

—_. NN NN ——

—N NN

Live; 2 = Early Resorption; 4 = Late Resorption

i
S

Fetal
Wt (g)

2.28
§.45
3.47
3.09
3.84

3:8%

3.31
3.49
3.680
2.98
7.83
3.20
2.86
2.92
2.79

3.04
3.37
2.39
3.47
3.39
2.83
3.03
2.88
3.10
3.02
2.85
2.82

W WWwWwwWwww
N bWAN~NAOI=
e ~NHOOOANEND

1200 ppm n-Hexane

Placenta
Wt (9)

Sagaoasad asoens aad
WWEALELLWAIWWE 2AWWNDL AW
GAONNE=HWANENODD HNNNON Oh~

e S88R8_ 68
S DA EGHEM
8*‘&

~N WO

S
o
~

Raw Fetal Data

AGN |

ROST

ROSK

SRRR
ROSK

ROPB
DIUR

DIUR
ROST

DIUR

DIUR
ROST
DIUR

ROVE

ROPB

DIUR

ROPB

NANON

ROPB
SRRR

RPCA
ROVE

RPCA

ABN3

ROPH

-

ABN4

ROPB

ABNG

ee Code Sheet 39 for identification of abnormalities [ABNn]
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Mat
No

906
906
906
906
906
911
911
911
911
911
911
911
911
911
911
911
911
911
911
911
911
911
918
918
918
918
918
918
918
918
918
918
918
918
918
918
918
918
918
918
921
921
921
921
921

Sex:

Site

12
13
14
16
16

OCONOORWNR

[
[}

RPRRERRRERR P - HHHHHHE
ORWNRONOORWNHEBOONODORAWNRNOOAWN

n-Hexane Rat Teratology Study:

Status

RRRRRRPRRRRRRRRRRRERRERRRRRRRRRRRRERRRRRRERRRRRRRERR

Status:

Sex

NRRRRERERENNNNNNRRERENNNNNRERENNNNNNNNRERENRRERENNRERNNNRRRR R

1 = Live;

Wi la)

.66
.66
.61
.63
.62
.07
.49
.97
.46
.69
.41
.11
.42
.36
.46
.40
17
.28
.16

D
[e¢]

1000 ppm n-Hexane----------

Placenta
t(9)

©0000000000000000000000000000000000000000000
ARABRRMPADNDODMDPWABRDNPWAPODORADWDRARWWDRARWWNANWWRLWWWWWDhoOR~O
OROONRPNORANNORNODOPODOOWNOONWNOOONOONOOOWN WR W N

©
N
S

Raw Fetal Data

ABN1 ABN2 ABN3

DIUR ROST

ROST

DIUR RPCA

ROST
ROST

DIUR

ROST ROVE

2 = Early Resorption; 4 = Late Resorption
Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]

ABN4

ABNG
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n-Hexane Rat Teratology Study: Raw Fetal Data 27

--------------------------------------------------------- 1000 ppm n-Hexane - B e

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNS
No Wt(g) Wt (g)
921 8 1 1 4.19 0.44 ROVE
921 7 1 2 2.84 0.31 DIUR  ROST  ROVE
921 8 1 1 4.03 0.46
921 9 1 2 3.82 0.38
921 18 1 2 3.88 0.40
921 11 1 2 3.90 0.39
921 12 1 2 4.04 0.42
921 13 1 2 3.88 0.41 ROVE
921 14 1 1 3.83 0.43
921 16 1 2 4.08 0.40
944 1 1 1 3.32 0.41 ROVE
944 2 1 2 3.17 0.30
944 3 1 2 3.37 0.46
944 4 1 1 3.29 0.37
944 6 1 2 3.18 0.39
944 8 1 1 3.32 0.33
944 7 1 2 3.18 0.32
944 8 1 1 3.66 0.38
944 9 1 1 3.24 0.42
944 18 1 1 3.08 0.32
@ 944 11 1 2 3.30 0.36
w 944 12 1 2 3.22 0.37
n 944 13 1 1 3.18 0.32
944 14 1 2 3.14 0.36
944 16 1 2 3.41 0.40
944 18 1 1 3.63 0.34
944 17 1 2 3.26 0.39
966 1 1 2 3.10 0.34
966 2 1 1 3.87 0.43
986 3 1 2 3.89 0.41
966 4 1 2 3.19 0.47
966 6 1 1 3.17 0.44
966 8 1 2 3.47 0.44
986 7 1 2 3.17 0.36
985 8 1 1 3.60 0.39
965 9 1 2 3.54 0.43
965 18 1 2 3.30 0.40
965 11 1 1 3.82 0.43
965 12 1 2 3.42 0.39
966 13 1 1 3.44 0.39
965 14 1 1 3.88 0.40
9685 16 1 1 3.93 0.40
965 18 1 2 3.70 0.21
972 1 1 2 3.33 0.36
972 2 1 1 3.44 0.41

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 28
--------------------------------------------------------- 1008 ppm n-Hexane - ———eeee—————

Mat Sit. Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG6
No We ?9) Wtaks)

972 3 1 1 3.48 0.38 DIUR

972 4 1 2 3.46 0.40

972 6 1 1 3.24 0.28 DIUR ROVE
972 8 1 1 2.94 0.29

972 7 1 2 2.97 0.38 ROST

972 8 1 2 3.36 0.37

972 9 1 1 3.41 0.37

972 10 1 1 3.70 0.40

972 11 1 2 3.14 0.41

972 12 1 1 3.32 0.34

972 13 1 2 3.27 0.37

972 14 1 1 3.48 0.40

972 16 1 2 3.72 0.48

972 18 1 1 3.61 0.32

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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Mat
No

451
451
461
461
461
451
461
451
461
461
461
461
461
451
461
451
457
4567
467
467
4567
4567
457
467
467
457
4567
467
457
467
467
457
4567
472
472
472
472
472
472
472
472
472
472
472
472

Sex:

n-Hexane Rat Teratology Study:

Site Status

[l ety [l el el ol el = [ el el el
NHBOONOONAWNHENONAWNHEHROONRAAWNHOOAIAWNHEBODONONAWN =
Ll e N e e e e  l  alal a E N CN C  oy  y l  N  CY el Ny ey e ey e

Status:
Male = 1; Female

1

Sex Fetal

2

D = A

NRNEHNNEERDERDNDENDNDHE - N

HENEEDEEDNDENDEEEDNDN .

Wt (g)

3.20
3.21
3.23
2.87
3.03
3.10
3.23

1.92

3.34
3.42
3.14
3.17
3.67
3.47
2.64
2.51
2.82
2.83
2.81
2.78
2.67
2.60
2.67
2.48

2.41
2.48
2.61
2.88
2.82
2.73
3.00
3.26
2.93
2.61
3.06
3.18
3.08
3.19
3.02
2.96
2.99
2.96

Live; 2 = Early Resorption;

6008 ppm n-Hexane-

Placenta

Wt (g)

0.42
0.37
0.44
0.44
0.36
0.39
0.44

.39

0.42
.38
.36
0.43
©8.39
0.49
8.39
8.31
.37
08.38
.38
0.41
.34
9.32
0.34
0.38

0.30
0.26
9.38
0.34
9.39
2.36
0.38
0.34
0.37
0.33
0.41
.48
0.37
8.32
.33
B.49
.38
2.36

Raw Fetal Data

ABN1

DIUR
ROST

ROST

ROST
DIUR

ROPB
ROST
ROST

ROST
ROST
ROST
ROST
ROST

ROST
ROST
DIUR
ROST
DIUR
ROST
ROST
ROST
ROST
ROST
ROST
ROST

ROST

ABN2 ABN3 ABN4 ABNB

ROPH

ROPB
ROVE
ROST

RPCA
ROVE

ROVE

4 = Late Resorption

See Code Sheet 39 for identification of abnormalities [ABNa]
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n-Hexane Rat Teratology Study
Appendix C - Toxicology Data

30

Raw Fetal Data

n-Hexane Rat Teratology Study:

5080 ppm n-Hexane------—--

ABN3 ABN4 ABNG6

ABN2

Site Status Sex

Mat

No

ROST ROVE

ROST

ROST

ROST ROVE

ROST

ROST ROPB

ROST ROPB

ROST

ROST

ROST ROPB ROVE
ROST

ROST

ROST

ROST

ROVE

ROVE

ROST

DIUR

ROVE

DIUR ROST ROVE
ROST ROVE

DIUR RPCA ROVE

ROST
ROST
ROST

LNV YONLNMSMLADDFNMWLODP DOV RDODENAMWLAEONRONNNMNDOMN
MDONNCTONDONNNNNNDONNDONNNDNDNCNNONNDNONNNNNNOECTWLEETMME T
VNIV S
DOV NDHADNDDODRRNOFDOONDOINCTROMNMORT-OWOMNVWHNDDONROCDND
VRARVNNOOUNMNCTOMNMNTNFRDODOYINDONFNDOIRFRNMONRPONRIINNFANIQ O
DDDODNDNNNNNNNNNNNNNNNONNNNNNONNNNDBNNNDONDONONDN

Nrdri N A N AN AN AT NN A A mmFNNNNNNA A NN NNNA NS NN NNNN

ririririririrird il i el

13
14
16
18
17

fNMTLO~RDODNY
(o]

12
13

CTOUANNMTVDOFRDRANNTNDCTATNMNMTODONDRNE
- Nttt o

11

N ON N ON CNH 0D 0D G0 0 00 G0 00000 MMM MWD DD DDD DD DD D MWD MMM M®D®dDDD
PP PP 00 00 00 G0 D0 a0 a0 OO OO0 00 MM MMM MMM MMM MMM MMMMMMMMMM
CTEACACCTCTCETTCTETETETETETAETCTTVLVOLDOLODOLVLLVLVLOLVLVLLVLLVLWLWLLWLWLWWWWW W

C-38

Status:

Male = 1; Female

4 = Late Resorption

2 = Early Resorption;
2 See Code Sheet 39 for identification of abnormalities [ABNn]

1 = Live;

Sex:



n-Hexane Rat Teratology Study: Raw Fetal Data 31

--------------------------------------------------------- 6080 ppm n-Hexana-- - ———— - —em———

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNB
No We(g) Wt(g)
638 12 1 1 3.33 0.44 ROST ROVE
638 13 1 1 3.29 0.43 ROVE
638 14 1 1 3.61 0.46
638 16 1 1 3.33 0.62
638 16 1 1 3.60 0.37 ROVE
638 17 1 1 3.46 0.42 ROVE
638 18 1 1 3.22 0.40
642 1 1 1 3.68 0.41
642 2 1 1 3.46 0.43 ROVE
642 3 1 2 3.62 0.40
642 4 1 2 3.63 0.48
642 6 1 1 3.80 0.44
642 6 1 2 3.79 0.36 ROST
6542 7 1 2 3.54 2.48
642 8 1 1 3.569 .41
642 9 1 2 3.42 O.44
6542 19 1 1 3.69 2.39
b42 11 1 2 3.36 2.42
b42 12 1 2 3.68 8.37 SRRR
642 13 1 1 3.21 0.44
1 642 14 1 1 3.47 0.42 ROVE
3 642 16 1 2 3.48 0.44
674 1 1 1 2.98 0.48
674 2 1 1 2.88 2.67 DIUR
674 3 1 1 2.88 2.38 ROST
674 4 1 1 3.28 9.61 ROST
674 [ 1 2 2.88 2.46 ROST ROPH
674 8 1 2 2.83 0.42
688 1 1 1 2.70 2.29 ROST
688 2 1 1 2.42 2.31 ROST
688 3 1 1 2.99 2.38 ROST
688 4 1 2 2.69 2.34 ROST
688 [ 1 2 2.79 2.30 ROST
686 8 1 2 2.98 2.36 ROST
688 7 1 2 3.21 2.39
688 8 1 1 3.68 2.38
688 9 1 1 3.22 8.32
688 10 1 2 3.90 2.37 ROST
688 11 1 2 3.17 2.38 ROVE
688 12 1 2 3.15 2.34 ROST
688 13 1 1 3.28 2.38
688 14 1 2 3.08 2.41
688 156 2 . . .
688 18 1 2 2.74 2.30
808 1 1 1 2.18 2.39 ROST ROPB

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 32

------------- - —memmeceecceccrreeen-=~-600@ ppm n-Hexane —rmer e cce————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4
No Wt (g) Wt (g) ABNG
808 2 1 2 2.61 2.39

808 3 1 1 2.44 2.32

808 4 1 1 2.41 2.43 DIUR
808 6 1 2 2.40 2.39

808 8 1 2 2.36 2.32

808 7 1 1 2.61 2.38

808 8 1 2 2.80 2.34

808 9 1 2 2.43 2.38

8028 12 1 1 2.27 2.3

808 11 1 1 2.31 2.38

808 12 1 1 2.47 2.39

808 13 1 1 2.63 2.36 ROPB
898 14 1 2 2.682 2.38

808 16 1 2 2.16 2.38 ROST
822 1 1 2 2.72 2.33

822 2 1 2 2.80 2.30

822 3 1 2 2.79 2.33

822 4 1 1 2.89 2.29 ROST
822 6 1 2 2.86 2.30 ROST
822 8 1 1 2.82 2.31 ROST
822 7 1 1 3.19 2.32 ROST
822 8 1 1 3.23 2.34 ROST ROVE
822 9 1 2 2.81 . 2.29 ROST
822 10 1 2 2.684 2.29 ROST
822 11 1 1 2.94 2.29 ROST
822 12 1 1 2.98 2.30 ROST ROSK
822 13 1 2 2.82 2.29 ROST
822 14 1 1 2.98 2.30 ROST
822 16 1 1 3.19 2.30

822 18 1 1 3.04 2.31

823 1 1 1 2.99 2.39 ROST
823 2 1 2 2.92 O.44

823 3 1 1 3.37 0.42 ROST
823 4 1 2 3.04 2.43

823 3 1 1 3.36 0.48 ROST
823 8 1 1 3.38 2.43

823 7 1 2 3.92 O.44 ROVE
823 8 1 2 3.16 0.38 ROVE
823 9 2 . . .

823 18 1 2 2.97 0.42

823 11 1 1 3.36 0.42

823 12 1 1 3.19 2.39

823 13 1 1 3.32 2.38 ROSK
823 14 1 2 2.78 0.38 ROST
823 16 1 1 3.66 0.43

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identifisation of abnormalities [ABNn]
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Mat
No

823
838
838
838
638
838
838
838
838
838
836
838
838
838
838
838
838
838
838
641
841
641
641
641
841
841
841
641
641
841
641
641
641
641
668
668
668
668
668
68
858
8568
668
668
668

Sex:

n-Hexane Rat Teratology Study:

Site Status Sex Fetal

Wt (9)

18 1 1 3.37
1 1 2 2.93
2 2 . .
3 1 2 2 94
4 1 1 3.04
5 1 2 3.12
6 1 2 3.00
7 2 . .
8 1 1 2.66
9 1 2 2.61
10 1 1 2.97
11 1 2 2.79
12 2 .

13 1 2 3.16
14 1 2 2.99
16 1 1 2.99
16 1 2 2.80
17 1 1 2.88
18 1 2 3.12
1 1 1 2.46
2 1 2 3.16
3 1 2 3@
4 1 1 3.30
5 1 2 2.81
6 1 2 3.06
7 1 2 2.96
8 1 2 2.90
9 1 2 2. 96
10 1 2 3.06
11 1 1 2.93
12 1 1 321
13 1 1 2.98
14 1 1 2.9
16 1 1 3.03
1 1 1 2.90
2 1 1 2.73
3 1 1 3.03
4 1 2 2.97
5 1 1 3.26
6 1 2 2.91
7 1 1 3a
8 1 2 2. 96
9 1 2 3.03
10 1 2 2.87
11 1 2 2.90

Status: 1 = Live; 2 = Early Resorption;

Placenta
Wt (g)

0.33
0.37

0.40
0.31

0.34
0.32

8.31
40
34
33

OO0 000OO0O00O00000000CO000000000 000
w
(00]

Raw Fetal Data

ABN1

ROST
ROST

ROSK
ROST
ROSK

ROST
ROST
ROST
ROST

ROST

-

ABN2 ABN3 ABN4 ABNG

ROST
ROST

4 = |Late Resorption

Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 34

-------------------- - ———— ccecree-=-6000 ppm n-Hexane------ - - - ———————————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No We(g) Wt(g)
668 12 1 1 3.07 0.47
668 13 2 . . .
668 14 1 2 3.00 2.31
668 16 1 2 2.89 2.36
890 1 1 2 1.79 9.37 ROST
890 2 1 2 1.82 9.32 ROST SRRR
890 3 1 2 1.39 2.27 ROSK ROST ROPE ROPH
890 4 1 1 1.64 2.28 ROST ROPE
890 6 1 1 1.63 2.30 ROSK ROST ROPE
890 8 1 2 1.48 0.27 ROST ROPE
890 7 1 2 1.19 9.27 ROSK ROST ROVE ROPE ROPH
690 8 1 2 1.40 2.28 ROST ROVE ROPE ROPH
890 9 2 . . .
890 19 1 1 1.81 9.32 ROSK ROST ROPE
690 11 2 . . .
6990 12 1 1 1.26 2.34 ROST ROVE ROPH
890 13 1 1 1.33 2.28 ROSK ROPE ROVE ROPH
890 14 1 1 1.84 9.30 ROST ROPB
782 1 4 . . .
) 782 2 2 . . .
é‘ 762 3 1 1 2.83 2.39 DIUR
o 762 4 1 1 2.79 2.49 ROST
762 6 2 . . .
762 8 1 2 2.45 .30
762 7 1 2 2.765 2.34 ROST
762 8 1 1 2.87 2.41
762 9 1 2 2.87 2.32 ROST
7682 10 1 2 2.61 0.34
782 11 1 1 2.868 - 0.36 ROST
782 12 1 2 2.60 0.34
782 13 1 1 2.87 0.36
782 14 1 1 2.69 0.38 SRRR
762 16 1 1 2.96 8.46
762 16 1 2 2.76 8.36 ROST
762 17 1 2 2.90 8.36 ROST
800 1 1 1 3.10 0.38
800 2 1 1 3.31 0.36
800 3 4 . .
800 4 1 2 3.00 0.43
800 6 1 2 3.26 0.43
800 ) 1 1 3.44 0.43
800 7 1 2 3.60 0.33 ROST
800 8 1 2 2.89 0.38 ROST
800 9 1 1 3.37 0.46
800 10 1 1 3.37 0.38

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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ndix C - Toxicology Data

n-Hexane Rat Teratology Study
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n-Hexane Rat Teratology Study: Raw Fetal Data 36

--------------------------------------------------------- 5000 ppm n-Hexane —— ————— ——me——cmc e e ——

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG6
No We(g) Wt(g)
863 10 1 2 3.01 8.39
863 11 1 1 3.38 8.38
863 12 1 2 3.17 0.40
863 13 1 1 3.49 5.41
863 14 1 2 2.79 8.39
868 1 1 2 2.21 8.60
868 2 1 2 3.86 8.456 ROST
868 3 1 2 2.94 0.64
868 4 1 1 3.62 5.43 SRRR
868 6 1 2 3.69 B.456 ROST SRRR
868 8 1 2 2.38 8.61 ROST
868 7 1 2 3.68 0.40 SRRR
868 8 1 2 3.83 8.39
868 9 1 2 2.36 0.48 ROST
868 10 1 1 3.28 0.40
868 11 2 . . .
880 1 1 1 2.97 .34 ROST
880 2 1 2 3.17 8.31
880 3 1 2 3.02 2.34
) 880 4 1 1 3.60 8.37
18 880 3 1 2 3.19 8.33 SRRR
~ 880 8 1 1 3.680 2.36 SRRR
880 7 1 2 3.22 8.33 ROSK SRRR
880 8 1 2 3.23 0.41 DIUR ROVE SRRR
880 9 1 1 2.93 8.32 ROSK ROST ROVE
888 18 1 1 3.18 2.30 ROVE
880 11 1 1 3.27 8.31 ROVE
888 = 12 1 1 3.27 8.33 SRRR
880 13 1 1 3.37 B.44 SRRR
880 14 1 2 2.84 8.33 ROST
880 16 1 2 3.32 8.33
880 18 1 1 3.28 8.38 ROST SRRR
880 17 1 2 2.98 8.30 SRRR
880 18 1 1 3.31 8.32 DIUR ROST
880 19 1 1 3.66 8.32
922 1 1 1 3.08 8.36
922 2 1 1 2.99 8.37 ROVE
922 3 1 1 3.26 9.38
922 4 1 2 2.82 9.33 ROST ROVE
922 6 1 2 3.4 9.49 ROST
922 8 1 1 2.93 8.60 ROST
922 7 1 1 3.24 9.38 ROST
922 8 1 2 2.86 2.47
922 9 1 1 3.17 0.49
922 10 1 2 2.99 8.38

Live; 2 = Early Resorption; 4 = Late Resorption

Status: 1 =
= 2 See Code Sheet 39 for identification of abnormalities [ABNn]

Sex: Male = 1; Female
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n-Hexane Rat Teratology Study: Raw Fetal Data 37

--------------------------------------------------------- 6000 ppm n-Hexane---====-- ———— ——— ————————

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No Wt(g) Wt(g)

922 11 1 1 2.88 0.490

922 12 1 2 3.17 .48 ROST
922 13 1 1 3.17 0.34 ROST
922 14 1 2 2.79 0.24 ROST
938 1 1 2 3.08 2.34

938 2 1 2 2.98 9.27

938 3 1 1 3.49 9.32

938 4 1 1 3.41 2.38

938 b 1 2 3.18 9.28 ROST
938 8 1 2 2.89 29.32

938 7 1 1 3.44 2.37

938 8 1 1 3.39 2.36 ROST
938 9 1 1 2.99 2.29

938 10 1 2 3.97 2.29

938 11 1 2 2.93 2.27 ROST
938 12 1 1 3.48 2.36 ROST
938 13 1 1 3.42 2.34

938 14 1 2 3.46 2.34

938 16 1 2 2.42 2.40

948 1 1 1 3.20 9.50

948 2 1 1 3.67 2.47 ROST
948 3 1 1 3.68 2.48 ROST
948 4 1 1 3.33 2.39 ROST
948 6 1 2 3.37 0.60 ROST
948 8 1 1 3.93 .44

948 7 1 1 3.79 0.44 ROST
948 8 1 1 3.20 .43

948 9 1 1 3.83 2.43 ROST
948 10 1 1 3.49 2.41 ROST
948 11 1 1 3.71 .44 ROST
948 12 2 . . .

948 13 1 2 3.49 9.46

948 14 1 1 3.87 2.61

948 16 1 2 2.93 D.44 ROST
948 18 1 1 3.78 2.60 SRRR
948 17 1 1 3.80 2.49 ROST
961 1 1 1 2.99 9.38

961 2 1 1 2.66 2.33 ROST ROPB
961 3 1 2 2.88 9.43 ROPB
961 4 1 1 3.39 9.45

961 1 1 1 3.31 9.43

961 8 1 1 2.78 2.39

961 7 1 2 2.82 9.42 ROST
961 8 1 1 3.30 2.43 ROST
961 9 1 2 2.78 9.38 ROST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study: Raw Fetal Data 38

--------------------------------------------------------- 5008 ppm n-Hexane: - ,——eeccc e ———

Mat Site Status Sex Fetal Placenta ABN1 ABN2 ABN3 ABN4 ABNG
No Wt(g) Wt(g)
961 10 1 2 2.92 0.34
961 11 4 . . .
961 12 1 1 3.23 2.48
961 13 1 1 3.22 2.38
961 14 1 2 3.20 2.43
951 16 1 1 3.16 0.41
961 18 1 1 3.19 0.40
9561 17 1 1 3.04 0.40
964 1 2 . . .
964 2 1 2 2.86 9.33 ROST
964 3 1 2 2.86 9.38
964 4 1 1 3.68 9.38 ROST
964 6 1 1 3.43 0.40 ROST
064 8 1 1 3.41 0.37
984 7 1 1 3.10 9.33 ROST
984 8 1 1 2.70 9.38 ROST
964 9 1 1 3.22 9.38 ROST
964 10 1 1 2.98 9.32
964 11 1 2 3.43 9.38

a 964 12 1 1 3.32 9.37

| 984 13 1 1 3.456 0.43

by 984 14 1 2 2.76 .34 ROST
964 16 1 1 3.40 2.37 ROST
964 18 1 1 3.04 2.38 ROST
964 17 b/ B . .

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2 See Code Sheet 39 for identification of abnormalities [ABNn]
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n-Hexane Rat Teratology Study:

Code Sheet for Identification of Fetal Abnormalities

ANOR
DIUR
ROPB
ROPH
ROSK
ROST
ROVE
RPCA
SRRR

Bent or knobby rib.
Dilated ureter.
Reduced ossification -
Reduced ossification -
Reduced ossification -
Reduced ossification -
Reduced ossification -
Rensl pelvic cavitatio
Supernumerary rib.

pelvis.
phalanges.
skull.
sternebrae 1-4.
vertebrae.

Ruw Foetal Data

39
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n-Hexane Rat Teratology Study
Appendix C - Toxicology Data

CALENDAR OF EVENTS: RAT TERATOLOGY STUDY OF n-HEXANE

Receipt of animals:

Initial health screen:

Detection of copulation (0 dg):

Exposure (20 hours/day; 6-19 dg):

Sacrifice (20 dg):

Completion of fetal exams

C-48

4/1/86 (ARS #860047; birthdate 2/6/86)
4/21/86

(A) 5/07/86

(B) 5/08/86

(C) 5/09/86

(D) 5/10/86

) 5/13-26/86

A

B) 5/14-27/86
C) 5/15-28/86
D

(
(
(
(D) 5/16-29/86
(

VIRGINS) 5/15-28/86

(A
(B
(C
(D

(VIRGINS) 5/29/86

5/27/86

)

) 5/28/86
) 5/29/86
)

5/30/86

5/1/87



n-Hexane Rat Teratology Study
Appendix C - Toxicology Data

Males: Received 146
Health Screen 5
Used for breeding 140
Excessed (bad teeth) 1

Total 146 146

Females: R=ceived 536
: H=alth Scrsen 5
T=sratology Study 119
Teratolgy Study-r=moved 1
Virgins 40
S»erm-negativs-sxcsssed 233
Scerm-positivs-s=xcsssed 18
B=havior Pilos 3tuoy? 120

536 536

The following animals had ulcers in the cardiac region of the stomach at
the time of sacrifice:

608 pregnant

690 pregnant

716 non-pregnant
754 virgin

a) This study has been reported elsewhere.
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n-Hexane Rat Teratology Study
Appendi x 3 - Health Screen

ARC DTAGNQSTIC LABQRATORY REPORT

INVESTIGATOR 54820/t LAB N0 e

EXPERIMENT A uerw = kit Terntc/eces DATE ¢ /2 /7%

COST CODE _ — ! ANIMAL OR HPYNT  NO. Qeccyy
BULDING ¢scil SOURCE (Z¢-knsieel A2 4 REC'D o-/ =3 ¢
PEN, ROOM  #29 SPECIES & STRAIN A7 )

SEX 570 /5/= AGE B0. 2-4 -4 ¢
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n-Hexane Rat Teratology Study
Appendix D - Health Screen

fadwe .3

ARC 2IASNOSTIC (ADORATORY ELISA REPAT
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n-Hexane Rat Teratol ogy Study
Appendix D - Health Screen

HEALTH EVALUATI ON

HI STOPATHOLOGY
Y- 6
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xare Rat Taratology Study
ndix D - Hsal:th Screen
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n- Hexane Rat Teratology Study
Appendi x E - Quality Assurance

n-HEXANE RAT TERATOLOGY STUDY
(Final Report)

Quality Assurance Statement

Listed below are the phases and/or proceduresincluded in the study described in thisreport which
werereviewed by the Quaity Assirance Unit during the period, 3/1/86- 6/30/86, specifically for this
study and the dates the reviews were performed and findingsreported to management. (All findings
were reported to the study directoi or hisdesigneeat thetime o thereview.)

Date Findings Submitted
in Writing to
Phase/Procedure Reviewed Review Date Study Director/Management
Dosing 3/27/86 3/28/86
Animal Receipt 4/01/36* 4/07/86
Randomization 4/07/86* 4/07/86
Health Screen 4/21/86* 4/28/86
Anima Identification 5/01/86* 5/02/86
Data 5/01/86* 5/02/86
Mating 5/08/86* 5/09/86
Body Weights 5/09/86* 5/09/86
Dosing 5/21/86* 5/23/86
Necropsy 5/28/86* 6/02/86
Data 8/21&9/6,7/87* 10/01/87
Draft Report 9/3,6,7,28-30/87 10/01/87
Final Report 1/08/38 1/08/88
" Reviewed specifically for thiz study.
@ﬁ, ) e ' LI PS5
Quality Assurance Specialist Date
) R
/A ;éaérmm 11818

Quality Assurance Speciadist Date






APPENDI X F

PROTOCOL AND CAGE MAPS






n- Hexane Rat Teratol ogy Stu iy
Appendi x F = Study Protocol

INHALATION REPRODUCTIVE TOXICOLOGY STUDY PROTOCOL
n- HEXANE

|. TITLE: Teratology Study of n-Hexanein Rats

. PURPOSE CF STUDY

The straight-chain hydrocarbon, n-hexane, iscommonly used as asolvent for the
extractionof oil seeds, as areaction mediumin the production of polyolefins, eastomers and
pharmaceuticals, and as acomponent of quick-drying cements, lacquers and adhesives. The
production of n-hexane, which was estimated to befour billion pounds per year in 1979,
utilizesstocks of straight-run gasolineand higher boiling liquid products stripped from natural
gas or paraffinic fractions of refinery streams. Itisalso foundas a minor component of
gasolineand its combustion products, hence petroleum productsare a mgor source of
environmenta hexanecontamination. Due to thelarge-scal eproduction and widespread use of
hexane, including teaching laboratories, the opportunity for industria, incidental
environmental, or volitional (glue-sniffmg) exposureto hexane vaporsissignificant. The
studies described herein are proposed as aresult of aconcernthat thisexposuremay resultin a
negative impact on human reproductivefunction.

Severd excellent reviewsconcerning hexacarbon toxicity and metabolismare available
in Experimental and Climical Neurotoxicology (edited by Spencer and Schaumburg, 1980) and
in CRC Critical Reviews in Toxicology (Spencer, Schaumburg, Sabri, and Verones, 1980).
In summary, polyneuropathies have been reported following exposure of workersto
n-hexane contained in adhesives or when used as an industrial solvent as well as following
repeated volitional exposure by glue sniffing. A metabolite, 2,5-hexanedione, has been
shown to be responsiblefor mogt, if notdl, of the neurotoxicity. Y ounger rats appear to be
less sengditive to n-hexane neurotoxicity than are older animals. |t has been suggested that this
difference may be due to their having shorter axons with smaller diameters, or to agreater rate
of growth and repair in peripheral nerves compared to that of adults(Howd et d., 1983;
Kimura et d., 1971). Likewise, Graham and Gottfried (1984) hypothesized that mice are less
sensitive than rats to gammardiketones, such as 2,5-hexanedione, 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 have indicated that the
hexane saturation concentration of organsisdirectly proportional to their lipid content, and that
blood contains more hexane in relation to its lipid content than do organs (Andersen,1981;
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Bohlen et d., 1973). Baker and Rickert (1981) found that the metabolism and elimination of
n-hexane were dependent upon exposure concentration, but that the tissue concentration of the
metabolite, 2,5-hexanedione, was not directly related to n-uexane exposureconcentration. Bus
et al. (1982), using 14C-labeled n-hexane in 6-hour exposures, found that the distribution of
radioactivity was dosedependent.

In studies designed to address the possiblity that exposureto hexane may affect
prenatal development Bus et al. (1979) a so determined thedistribution and half-livesof

n-hexane(t; p= 1.2 hr) and 2,5-hexanedione (t; 5=3.9 hr) in materna organs and fetuses

exposed to n-hexane during gestation. Concentrationsof n-hexaneand its metabolitesin
fetuses were approximately equal to thosein maternal blood. Nevertheless, they observed no
dtatistically significant effectson intrauterinemortality, fetal body weightsor the incidenceof
fetal anomalies following 6-hour daily inhalation exposuresto 1000 pprn of n-hexanefrom
8-12, 12-16, or 8-16dg. Growth of pups wasimpaired during the first 3 postnata weeksin
the group exposed from 8-16 dg, but the possibility of maternaly-mediated effects or postnatal
exposure viamilk was not examined.

Other developmentd studiesinclude thoseof Marks et al. (1981) whofound that oral
administration of n-hexane (22 g/kg) daily from 6 through 15 dg in rats produced one maternal
death, but nofetal effects. When they administered 2.8, 7.9 or 9.9 g/kg/day of n-hexaneas 3
daily doses, maternal mortality wasincreased in adose-related nanner and fetal weight was
reduced at the two hi gher doselevels, but nofetal malformations were observed

Exposureof femaleratsfor 7 hours per day to hexane vapor at concentrationsup to
10,000 ppm for LS days prior to conception and through 18 dg produced neither signs of
neuropathy nor indications of effectson postnatal maturation and growth of the pups (Howell
and Cooper, 1981; Howdll, 1979). No effectson the visud (VER) or interhemispheric (THR)
evoked response of anesthesized offspring were found in one series of experiments.
However, in asecond set of experiments, there was an increased amplitudecof the VER pesks
in unanesthesized 45-day old pupsof the high-concentration group.

Thesestudies are rather convincing relative to the absenceof rnorphologiceffects
(despite the low exposure concentrationof 1000 ppmin onerat study). Although the altered
VER may suggest functional impairment of the fetal/neonatal nervous system, the more Likdy
explanation- maternd toxicity - has not been addressed. Whileit is tempting to conclude that
fetal and neonatal rats and mice are relatively resistant to the effectsof n-hexaneexposure,
these conclusionsare basad on incomplete evidence. In order to provide more definitive
information regarding the teratogenic potential (or lack thereof) of n-hexanethefollowing



n- Hexane Rat Teratol ogy Study
Appendi x F - Study Protocol

study will be performed with the goa of maximizing maternal exposuresduring gestation.

Sinceit appears that toxicity isafunction of concentration vs time factors, an adequate
assessment of the ter...ologic potential reguires evaluations after prolonged exposuresto high
concentrationsin severa species. To accomplishthis, the study inras defined in this protocol
will employ multiplelevel sranging up to the maximum practicable concentration—5000
ppm—ifor 20 hour per day. These exposureswill extend throughout thelate implantation,
organogenic, and fetal development stages (ie., 6 through 20 dg), with detailed teratologic
evauationsperformed at 20 dg. A similar study will be performed with mice to obtain
comparativedatain another species. To examinethe potentia for neurotoxicity, subsequent
studiesin rats will be performed using the same prenatal exposureregimenin additionto a
postnatal exposure, in which primary emphasis would be placed on evaluation of postnatal
growth, development, and sensory-motor functions.

Reported effectson lipid metabolism suggest the possibility that the ovaries and/or
ovulation may be affected by inhdation exposure. Althoughthe limited dat a of Howell and
Cooper (1981) regarding preconception and preimplantation exposureindicate that the ovary is
not atarget organ for n-hexane toxicity, the lack of information on the uptakedf n-hexaneor its
metabolitesinto the ovary isdisturbing. Sincethe need for a specific sudy is not immediately
judtified, the ovariesfrom the pregnant animasin this study will be preserved a necropsy and
provided to another laboratory (designated by the sponsor) for cocyte enumerations. An
additional group of animals will be exposed concurrently to determine the effect of n-hexane
exposureon virgin femalerats.

1. SPONSOR AND SPONSOR SREPRESENTATIVE

A. Sponsor:

National Institute of Environmental Hedlth and Sfety
Nationd Toxicology Program (N'TP)

P.O. Box 12233;

Research TrianglePa.,N.C. 27709

B. Sponsor's Representatives:
Dr. Bryan Hardin
Dr. Bernard Schwetz

IV. TESTI NGLABORATORY

A. Eacility
Pecific Northwest L aboratories(PNL)
P.0.Box 999; Richland, Washington 99352
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V.

5 Dr. Mel\-/in R Sikov

Dr. PatriciaL. Hackett

(This proposed schedule may be dtered. All changes

will be appended to the protocol.)

A. Prestart audit for G_P compliance: 4/3086

B. Animals arrive: week of 3/ 31/86

C. Quarantine, hedthevauation and identification of femdes. 3/31/86 - 4/28/86

D. Initiationof breeding proceduresand randomizationdf animalsinto treatment groups.
4/28/86

E Initiation of exposure: 5/5/86

F. Initiation of necropsies: 5/19/86

G Evauationd fetal specimensand datar 5/19/86- 7/15/86

H. Completiondf draft report: 8/15/86

|. Completionadf final report: 10/15/86

JEST SYSTEM

A. Species: Rat

B. Strain: Outbred derivativedt SpragueDawley [Cr1:CD(SD)BR]

C. Number of Animdsand Supplier: 260 femae and 60 male animaswill be purchased from

Charles River Breeding Laboratories, Raleigh, NC

Age of AnimalsUpon Amival: 7-8 weeks

E. Experimental Animas(Females): 40 ras (to be exposed as virgins) will be randomly
selected and assigned to four dose groups (10/group) from the total female pool
(2B-DT-3B@B). The remaining femalerats will be mated by placing two females with
one male overnight in abreeding cage (@B-DT-3B@D). Nine AM of the day that
copulationisestablished (by determination of spermin the vaging) will be designated as
0dg.

F. Numberdof Animdsin Study: A minimum of 30 sperm-positivefemaes (toobtain 20
pregnant females) and 10 virgins will compriseeach of the four trestment groups. The
minimum number of sperm-positivefemalesto be exposed will be 120.

G Tes Svdem Judification: The use of rats as a test system was specified by the sponsor.
Sincedifferencesin sengtivity to induced neuropathiesfollowing exposure to the hexane
metabolite, 2,5-hexanedione, have been reported for rats and mice. Data from this study
will be compared with the results from a concurrent teratology study in mice which will be

O
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performed using an identical exposure regimen.

VILTEST SYSTEM HOUSING. HANDLING AND ENVIRONMENTAL CONDITIONS
A. Quarantine and Acdimation:

1. Upon arrival a PNL, the animaswill be quarantined (9B-AR-3F@3) for 3-4 weeksin
the LS- 11 Building.

2. Temperaturesin all r oons will be maintained at 73+ 3 °F and relative humidities at 50
£ 15% during the quarantine, acclimation and exposure periods. These valueswill be
measured and recorded twicedally.

3. During the quarantineperiod the animals W be housed by sex, 5 ras per cage, in
wire-mesh cages.

4. During the breeding period the animaswill be housed (2females:1 mae) in the
quarantineroom.

5. Sperm-positivefemaeswll beacclimated from 0 to 3dgin individua compartments
of wire-mesh cages within exposure chambers (with chamber doorsopen). On 3 dg
the animaswill be moved to the exposureroom and put into chambers. Chambers
doorswill beclosed and basdline environmenta datarecorded util the beginning of
exposureto thechemica. Virginfemales will be acclimated under the same
conditions.

B. Feed: NIH-07 Open FormulaDiet (pellets) will be provided ad libitum during the

acclimation and experimentd period. Fesd will remainin place during the exposure period
and wwill be changed daily.

C. Randomijzation: Virginfemaeswll berandomly chosen and assigned to dose groupson

the day of eartagging and first weighing. Weightswll  beranked from lightest to heaviest
and then each anima will be randomly assigned to a trestment group by meansof a
computer-assi stedrandomization program which is based on asingle blocking factor, body
weight (@B-DT-3B@B). On theday of sperm detection (0 dg), the mated rats will be
weighed and assigned to dose groups as defined above.

D. Identification:

1. Allfemaeratswill beindividualy identified by metal ear tegs prior to mating
(9B-DT-3B@1).

2. Exposuregroupswill bedesignated by distinctive toe clipping and by placement
within the individual compartmentsof the chamber cage units (9B-DT-3B31).

3. Cage maps (@B-DT-3B@3) showing placement of individual animasin each cage unit
of the exposure chamber will be prepared and updated daily. Each exposure chamber
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will be identified by chamber number and exposure level. The proposed arrangement
of theexposurechambersisincluded in Attachment 1.

E. Anima DiseaseScreening Program (ZB.AR.3F@2): Approximately 2-3 weeks after
receipt of theanimals, fivefemaesand five maeswill beexamined for internal and
externa parasitesand bacterid pathogens, their serawill be tested for antibodiesto selected
pathogens and histopathologicexaminationsof lung, liver, kidney, ileum, colon and heart
will be performed. At necropsy, serum from 5 animalsin the control group and 5 from the
high dose group will be tested for antibodiesto seected pathogens.

VIILTEST ARTICLE
Chemicd name n-Hexane

Formula: CH3(CH5)4CH3

Manufacturer: PhillipsChemica Company

Source: Research TrianglelInstitute, Research TrianglePark, NC

CASNo: 110-%4-3

NTP No. 10189-N

LOT No: RTTIlog number: 4911-100-01

PNL |5t Shipment: BNW 50846-39

Date of Receipt: 15t Shipment 2/12/86

Test Article Preparationand Storage Areas:  2-day reservein Rms 311 or 315 LSL-II; the

remainder in the Research Technology Laboratory (RTL) chemical storagefacility.

The vehiclecontrol will be filtered air.

K. Andytica Chemidry:

1. Upon receipt, identity and gross purity analysesdf the bulk chemical will be
performed by infrared spectroscopy. Gas chromatography (GC) will be used to
determine purity by major peak comparison and a so to generate an impurity profile
(@B-AC-3A15). Upon completionof the anima exposures GC will be used to
determine test materid purity and generate an impurity profile.

2. n-Hexaneconcentrationswithin the exposure chambers will be monitored
(9B-AC-3B1P) usng an HP-5840 gas chromatograph calibrated by the method
detailed in @B-AC-3COW (see Attachment 1).

@mmoQn W >
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IX. DE [PTION OF INHALATION EXP SYSTEM
Theinhaation chambers will be located in Room 436 of the LSL-I building. A detailed
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Xl.

descriptionof theinhalation exposuresystem to be used in thisstudy isincluded in Attachment
1 of this protocol.

EXPERIMENTAL DESTANAND DOSELEVELS

A. Experimental Design: Four groupsof animals, consisting of at least 30 sperm-positive rats
in each group, will be exposed to the test chemical on 14 consecutive days (6 dg through
19dg). Theanimaswill be necropsied on 20 dg for maternal and fetal evaluations.
Inaddition, 10 virgin females will be added to the control and to each dose group for the
purpose of obtaining ovariesfor quantitativefollicle counts. Theseanimaswill be
exposed for 14 consecutivedays concurrently with the sperm-positive animasand
sacrificed the day following cessation of exposure.

B. Exposure Regimen: Target chamber concentrationsof n-hexane will be0 (filtered air), 200,
1000 and 5000 ppm. Sperm-positiveratsand the virgin females will be exposedfor 20
hrs/day for 14 consecutivedays. Control rats (0 ppm) W be housed in an exposure
chamber in the same room, and will be handled in the same manner as therats that are
exposed to thetest chemical. The exposure chamber doorswill be closed throughout the
exposureand nonexposure periods, except during animal care procedures. Exposure
chamber temperatureswill be maintained at 75 £ 3 °F and relative humiditiesat 55 + 15%.
Air flow Wl be maintained at 15 + 3 cfm and the chamber pressure a approximately 2.5
cm (1inch) water negative with respect to room pressure.

C. Selection of AtmosphericConcentrations: The n@axi numexposure chamber atmospheric
concentrationof hexane, 5000 ppm, is50% of the LEL (lower explosion limit). |n order
to maximize maternal exposure the exposure time is extended to 20 hr/day for all doses,
exposureconcentrationsand duration were approved by the Co-Project Officers.

EXPERIMENTAL OBSERVATIONS

A. Clinical Observations: Theanimalswill be observed daily for mortality, morbidity, and
dgnsof toxicity. The date and time of death or euthanasiaof moribund animals will be
recorded and the animals will be necropsied according to @B-DT-3BQJF.

B. Body Weights: All female rats will be weighed during the week prior to mating. Virgin
females (10/group) will be randomly selected a this time (see Randomization, pg. 5). After
breeding sperm-positive femaleswill be weighed on 0, 6, 13, and 20 dg (@B-DT-3BJC).
Virgin females will be weighed on the 15¢ and 7th day of exposure and on theday of
necropsy. The body weight on 0 dg will be used for randomization of sperm-positive
animals(@B-DT-3B@B) into four exposure groups.
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C. Scheduled Necropsy: The rats are scheduled to be euthanized with CO on 20dg. At

necre=sy (9B-DT-3B@G) materna animals will be weighed and examined for gross tissue
abnormalities. To document the presenceof lesions which may be due to chemical
exposure, any organsor tissueswith lesions will be preserved in neutral buffered formalin
(NBF); inthiscase, comparableorgansor tissuesfrom approximately 20% of the control
animaswill be preservedin NBF; d| other tissueswill bediscarded. The gravid uterus
Wl beremoved and weighed, and the number, position and status of implants will be
recorded. The placentas will be weighed and examined. Theidentity of live fetuses (by
study, dam number and uterine position) will be retained throughoutd| examinationsand
archiving. Livefetuseswill be examinedfor grossdefects, their sex will be determined
and they will beweighed. Visceral examination (Staples, 1977; @B-DT-3BOG) and
examination of skeletons(prepared by the method of Kimmel, C., persona
communication, 1985 and Hendrickx, A.G., personal communication, 1985;
(@B-DT-3B@G]) will be parformedondl fetuseslived maternd sacrifice; approximately
0% of thefetal heads will be examined by razor-bladesectioning of fixed preparations
(Wilson, 1965; @B-DT-3B@I). Recordsof morphologic |esionsobservedin gross and
visceral examinationswill include photographs (@B-DT-3B@I) of representativelesions.

Both ovariesf r omthe virgin females and one ovary from each of the pregnant females wil
be collected at the time of sacrifice (@B-DT-3B1J). Collected ovaries will be fixed in
Bouin's Fluid for 24 hr then transferred to 70%ethanol and sent Dr. Mattison at National

Center for Toxicological Research, Pine Bluff, AX for sectioning and quantitativefollicle
counts.

D. Indices of Effects: Thefollowing parameters, expressed as mean = SE, when appropriate,
will be computed from data for inseminated animas and their littersand will be presented
in the Final Report for each treatment group:

*  Number of dead maternal animals, animals removed from the study and reason for
removal
Summary of maternal toxicity, including incidenceof changes detected during clinical
observations

»  Number and percent pregnant
Maternal body weight on 0, 6, 13, and 20 dg

« Waeightof gravid uterus

« Extragestational weight and weightgain
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Number of implantation sites/litter

Number of litterswith livefetuses

Number and percent of livefetuses/litter

Body weight of live fetuses/litter

Body weight of live male and femd e fetuses/litter

Placental weights from live fetuses/litter

Sex ratioof fetuses/litter

Number and percent of early and |ate resorptions/litter

Number and percent of non-live/litter (early and |ateresorptions and dead fetuses)
Listing of malformationsand variationsobserved in fetuses/litters
Number and percent of malformed fetuses

Number and percent of litters with malformed fetuses

XTI.PROPOSED STATISTICAL METHADS
The methods proposedfor the statistical analysesof representative maternd, reproductiveand
fetal indices of effectsarelistedin TableL

XIII. STORAGE OF STUDY MATERIALS
All raw dataand study records will be retainedin the Project Office (room 1519); d| tissues
and fetal specimens will be temporarily stored in the Teratology L aboratory( r oom 1428). Both
of theseroomsarelocatedin Life SciencelLaboratory I, Battelle, Pacific Northwest
Laboratories. All tissue specimenswill beshipped to the NTP Archives. Records generatedin
the conduct of the study will be microfiched. Computer tapes of biologica data, theorigina
and one copy o the microfiche, and the microficheindex will be sent to Dr. Schwetz (NTEHS)
for storagein the NTP Archives. One copy of the microficheand the microficheindex will be
sent to Dr. Hardin (NIOSH). The Quality Assurance Unit at PNL will retain the following
materias

Personnel training and experience records and job descriptions (alist of people who
participated 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 equiprnent.)
Bound PNL laboratory notebooks.
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INDICES

TABLE 1. PROPOSED STATISTICAL METHODS

ARCSIN TRANS-
FEORMATION

CHI-  FISHER'S TREND TESTS
ANOVA SQUARE EXACT ARMITAGE ORTHOGONAL

MATERNAL:
Number/percent dead
Body weight

Weight of gravid uterus
Extragestational weight

REPRODUCTIVE:
Number/percent pregnant
Number of implantation
sites/litter
Number/percent resorp-
tions/titter
Number/percent litters
with resorptions
Percent resorptions in
Iitters with resorptions
Number/percent live
fetuses/itter
Number/percent non-liive
(resorptions + dead
fetuseaitter)
Placental weight

FETAL:

Body weight

Sex ratio

Number/percent of litters

with maiformed fetuses

Number/percent of
malformed fetuses

Number/percent of mai-
formed fetusesitter

Analysis of variance (Steel and Tomie, 1980)
Chi-square test (Siegel, 1956)
Fisher's exact test (Siegel, 1956)

Armitage’s trend test (1955)

Orthogonal contrast tend test (Winer, 1971)

F-10
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XIV.RECORDS RETENTION
Thefollowing records, generated during the course of the study, will be maintained at PNL
until they are shippedto the NTP archives. Someof theserecords may be presented in the
protocol or in study reports.
A. Personnel Records:

1

2.

Current professional resumeand job description for each person recording data.
Safety Training records, including respirator and hazardous material, and specific-task
training records.

Accident/injury reportsfor personnel in contact with the test material or test system.
Record of removal of any individual, becauseof illness, from direct contact with the
test system.

B. Study Protocol:

1

Study protocol prepared prior to theinitiation of the study and approved by the PNL
Study Director(s), the PNL QAU Officer and the NTP Project Officer(s).

All amendmentsto the study protocol resulting franmeodifications in the study or time
schedule.

A record of any deviationsfrom the protocol and correctiveactionsthat could affect the
integrity of thestudy.

C. Equipment Records:

1
2.

Schedulefor cleaning, calibrating, inspecting and maintaining equi pment
Documentation of routine cleaning, inspection, calibration, and maintenance of
equipment.

Documentationof any nonroutine maintenance

a Description of mafunction.

b. Descriptionof remedial action taken.

D. Ted MateridsRecords.

1

Test materiasidentity recordsincluding manufacturer, quantity, lot number(s) and
purity grade.

Recordsfrom NTP analytica contractor concerning characterization, bulk stability and
shipment.

PNL recordsfor receipt and storage of materia, including storage conditions.

PNL recordsfor bulk analysis and degradation.

PNL recordsof inventory, usage and shipment of unused test material to the NTP
repository.

F-11
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E Delivery SydemforTes Material:

1

Detailed descriptionsof systemsfor exposurecontrol, test material generation, animal
vaposure and dataacquisition.

Chamber concentration monitoring records including chamber uniformity and
equilibriumtests and test system exposure records.

Chamber environmental data (temperatureand humidity), chamber vacuum and airflow
daa

F Animal Records:
1 Animal receiving recordsincluding supplier, species, strain, birth week, sex, number

2.

6.

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

Health evaluation records of findings, written release from quarantine/acclimation or
reasonsfor rejectionfor use.in the study and resultsof serologic examination at
sacrifice.

Housing recordsfor 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 chamberswithin the exposure room, cage
assignment of individual animals within the exposure chamber and sanitation
procedures (frequency and methodsof cage and room cleaning/sterilization).

Feed recordsof commercial source and product information (feed tags, |ot numbers
and milling dates), analysesand mode and frequency of feeding.

Records of mode and frequency of watering, annual analysisand weekly water
hardnesstests (records are maintained in offices of the building engineer or building
manager).

Animal disposition records.

G. Study Implementation and Conduct Records:

OoAwN R

Mating recordsand assignment of animalsto treatment groups.

Body weights.

Dates of exposureintervalsfor individual animas.

Daily observations,

Time of death/euthanasia of animalsoccurring prior to scheduled sacrifice and results
of gross necropsy.

At scheduled sacrifice, gross necropsy findings in maternal animal's; number and
placement of implantation and resorption sites, number and placement of live and dead
fetuses; placenta weights; fetal body weights and sexes; resultsfrom external,
visceral, head and skeletal examinations; photographsdf representative fetal
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morphologic aterations.
H Allr t corr n
|. Reports:
1 LiteratureSurvey and Recommendations for Studies
2. Monthly Progress Reports
3. Draft Fina and Final Reports
J  Internal Computer Generated Forms and Tables
1 Study dataand statistical analyses.
2 Andyticd data
3. Exposure suitecontrol center computer printouts.
K. Standard Operating Procedures: Thelist of SOP's to be used in thisstudy appearsin
Attachment 2
L. Hedth and Safety Records:
NTP safety and toxicity package.
PNL Biohazard Protocol and Health and Safety Plan.
Personnel respirator and hazardous materia training records; accident/injury reports.
Monitoringrecordsof ventilation system, hoods and exhaust systems used in this
study.
Relevant sections of the Health and Safety Monthly Progress Reports.
NTP sitevisit reports, attention items and rel ated correspondence concerning hedth
and safety.

A ODdDPRE

o O

XV. OTHER SPECTFICATIONS
A. Thisstudy will be performed in compliance with the FDA Good Laboratory Practice
Regulationsfor Non-Clinical Laboratory Studies (21 CFR 58).
B. ThisProtocol will be the controlling document in caseof discrepancies between the
Protocol and SOPs. If discrepancies are noted, the Study Director is to be notified
immediately to resolveand document the variance between the Protocol and SOP.

XVIL.HEALTH AND SAFETY
PNL's Hedlth and Safety Plan, which has been submitted for NTP approval, is detailed in
@B-HS-3S1C. Inaddition, arespiratory programisoutlinedin @B-HS-3S1B. Thisis
supplemented by an SOP (@B-HS-3S19) which coversthe use of supplied-air respirators
which will be worn by personnel during periods of animal care while the chambers are open,
and by an SOP (©B-HS-3S1A) which covers the use of a self-contained breathing apparatus

F-13
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for use when entering ar oomunder emergency conditionsfollowing an accidenta release of
the chemicd.

Personnel training, protective equipment and facilities aredesigned to conform with DOE

health and safety requirementsand with Health and Safety Minimum Requirements for
Laboratorics under Contract to the NTP Svstemic Toxicoloey Branch, dated November 19,

1984 and consisting of a basc document of eight pages, Appendix | of ten pagesand Appendix
O of two pages.

XVIL APPROVALBYP

?J iév/ aeiett Date: ?///[_96

Co-Study Director

Sl

Co-Study Director

% A pe~ Dae__ #-5-8©

Quality Assurance Auditor
XVIII APPROVAL BY NTP

BASM Date ZOMXQ

Co-Study Officer N

u,g/zj/f‘bk Q/WZ//» L Dae  Ro [lge, /I7C

“CdStudy Officer
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EXPOSURE SYSTM DESCRI PTI ON

ANDMAL EXPOSURE CHAMBER

The Battel |l e- designed stainless steel chanber (U.S. Patent
#4,216,741) available from Hazleton Systems, Inc., Aberdeen, MD, iS used
for inhalation exposures (Figure 1lA). The total volune of the chanber
is 23 %, the chanber has an active mxing volume of 17 =m®, the
remai nder being the non-mxing inlet and exhaust volumes. There are
three I evels of caging, each level split into two tiers vhich are offset
from each other and fromthe chanber walls (Figure 1B). Drawer-like
stainl ess steel cage units conposed of individual animal cages, are
suspended in the space above each tier. Stainless steel catch pans for
collection of urine and feces are suspended bel ow each cage unit. Catch
pans are left in position during each exposure period. Instructions for
mai ntenance of these chanbers is detailed in SOP# @B-BE-3D@6.

The chamber was designed so that uniformaerosol or vapor
concentrations can be maintained throughout the chamber when the catch
pans are in position. Incoming air containing a uniformmxture of test
material is diverted so that it flows vertically along the inner
surfaces of the chanber. \aves are fornmed (Figure 1B) at each tier as
the aerosol or vapor flows past the catch pans. Stagnant zones that
woul d nornal |y 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 bottomtiers by netal
strips in the apace between the catch pan and wall. Tests have shown
that aerosol or vapor concentrations uniformto wthin 8% throughout the
chanmber can be obtained repeatedly provided the aerosol or vapor is
uniformly ni xed before passing through the chanber inlet.

Rats and nmice are exposed in individual cages with automatic
watering. The floor area of an individual nmouse cage is 106 cn? and of
a rat cage 270 cm? (representing dinensions 140 cmby 7.6 cm with
height 150 em, and 27.9 em by 9.7 cm with height 20.0 cm
respectively). There are 60 nmice or 24 rat individual cages per cage
unit. Up to six cage units can fit in a chanber.

II  EXPOSURE SU TE CONTROL CENTER

A conputer located in the Suite Control Center interfaces with
systemnonitors and controls the basic functions of chanber air flow,
test chem cal concentration, vacuum tenperature and relative humdity
in each of three exposure rooms (Figure 2. The arrangenent of conputer
control and interface instrumentation is shown in Figure 3. The
executive conputer is an Hew ett Packard Mbdel 9816. Al data
acqui sition and automated systemcontrol originates fromthis conputer
Al experinental protocols related to the data acquisition and contro
system(such as data channel assignments, rmonitoring frequencies, and
alarmsettings) reside in the executive conputer and are entered into
tabl es accessed by nenus.
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Data input to the executive computer is acconplished through
several interface instrunents. Al gas chromatographic (GC) data is
col l ected and preconditioned by Hewlett Packard Mddel 85B conputers, one
for each of the exposure roons. Conditioned data is transferred to the
executive conputer for analysis, storage, printing and concentration
control. U to two GCa can be attached to each HP85B conputer. Data
Zrom all = aitoring equipment other than the GCs are inputted through a
Col orado Data Systens (CDS) Model S53A-IBX .Intelligent |nterface System

S;scem control is provided from the conputer by means of contro
relays in the CDS Intelligent Interface System These relays control
such devices as valves, drive notors, audible alarms, indicator |anps,
etc.

A compl ete description of the software for this systemis contained
in docunent @B-BE-SE@l. Mhintenance of the system is detailed in SOP
#0B-BE-3DPE. Routine operation of the conputer systemis detailed in
SCOP #¢B-BE-3G@4. Routine daily operation of the systemhardware is
detailed in SCP #@B-BE-3B2Y.

c. TEST ARTI CLE GENERATI ON, MONI TORI NG

1 Hexane Vapor Ceneration System

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

During exposure the hexane will be punped fromthe reservoir
through a stainless steel eductor tube and delivery tubes to vaporizers
| ocated at the fresh air inlet of each animal exposure chanber. Stable
m cromet ering punps vith adjustable drift-free punp rates ranging from
less than 1 x 1073 to greater than 20 ml per minute will be used.

The vaporizer (Figure 5) conprises a stainless steel cylinder
covered vith a glass fiber wick fromwhich the liquid is vaporized. The
wi ck can be easily and inexpensively replaced if necessitated by residue
bui l dup. An 80-watt heater and a tenperature sensing elenent are
incorporated within the cylinder and connected to a renotely | ocated
tenperature controller. A second tenperature monitor is incorporated in
the vaporizer allowi ng the operating tenperature to be recorded by the
automat ed data acquisition system The operating tenperature of the
vaporlzer wi |l be naintained bel ow 50°C (the boiling point of hexane is
about 70°C). The cylindrical vaporizer will be positioned in the fresh
air duct leading directly to the inlet of the exposure chanber.
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A clear-teflon® tube of neasured volune, preceded by a three-way
valve Wi || be attached just upstreamof the punp to facilitate
measurenent of the liquid £low rate of the vapor generator. Measurenent
will be acconplished by monentarfly switching the three-way valve from
the run positionto the test position. A-swmall bubble of air will be
pul led by the punp fromthe cabinet through the valve and into the clear
tube. The progress of this bubble fromone end to the other of the tube
(calibrated volume) will be timed with a stop watch. Flowrate will be
calculated by dividing the volume by the time. The concentrationm in the
exposure chamber can be calcul ated fromthe flow neasurenents of |iquid
and dilution of air.

Al generation equipment which comgs in contact with the hexane
will be stainless-steel, teffon” or viton . ALl equi pnment contained in
the vented generator cabinet will be explosion proof.

Detailed operating instructions for this systemare contained in
SOP's DB-BE-3B2Y and QB-BE-3DQM.

2 Test Article Concentration Monitoring

An #P Model 5840 gas chromatograph with a flame ionization detector
(FID) will be used to nonitor the exposure chanbers, the control
chanber, the exposure roomand a hexane standard gas. Sanpling from
mul tiple positions will be acconplished by neans of an autonated
mul tipl exed eight-port sanpling valve. The sanpling system (Figure 6)
is incorporated into the relative humdity (RE) sanpling system
Sanpl es of the atnosphere from each sanple | ocation are continuously
drawn by a vacuum punp through pol ytetrafl uoroethyl ene-1ined,
stainl ess-steel sanple lines to a location near the input to the
eight-port sanple valve. This assures fresh sanples at the nonitor.
The sanple lines, which continue fromthe point where they "T' off to
the eight-port valve to the dew point monitor, are polytetrafluoro-
et hyl ene.

Sanpl e val ues are accunul ated and printed by an EP nodel 85B \
conputer until sanples fromall eight ports of the sanple valve have |
been neasured. These values are then sent to the executive conputer for
printing and storage. As each value is sent to the H® 858, it is |
conpared with limt values for that particular location. If the value |
is beyond the control limts, the #P 85B will imrediately send the
information to the executive conputer, which will then take the |
appropriate action as foll ows:

. Concentration 2 non-critical lowlimt and s non-critica
high limt:

Nb action

. Concentration < non-critical lowlimt but 2 critical |ow |
limict: ‘

I ncrease concentration by decreasing chanber air flow \
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. Concentration < critical lov limt:

Increase comcent .ition Dby . creasing chc -er air flow and
activate audible al arm

. Concentration > non=critical high limt but s critical high
limt:

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

Turn of f generation systemand activate audible alarm

The monitor will be calibrated by quantitative analysis of grab
samples. Additionally, the operation of the chanber- nmonitoring gas
chromat ograph will be checked daily against an on-line standard. This
check provides a neasure of day-to-day instrument drift. Additional
calibration checks with grab sanples will be performed to check the
monitor calibration when drift of the on-line standard response factor
i's detected. Under normal circumstances, the calibration check will be
performed once nonthly (SOP #@B-AC-3C@W).

Dai |y operating procedures for the concentration nonitoring
systemare contained in SOP #JB-AC-3B1P. Routine maintenance of the gas
chromatograph is covered in SOP #@B-AC-3D@2.

The uniformty of the distribution of test chemcals in the chanber
wi || 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 Sanple Iines
fromall chanbers containing test chemcals "T' off fromthe chanber
sanple streamto the dewpoint hygroneter. Equal sanmple rates from each
of these lines are controlled by flow meters incorporating five metering
valves. Sanple flov fromeach Iine is mxed in a plenum containing the
expl osive- l evel detector head. The detector will be set to alarm if the
| evel in any one chanber reaches 20%of the |ower explosive limt while
the level in all other chambers is zero (SOP #@B-BE-3C@U) and
@B-BE-3C@B). An alarm condition will automatically shut off the flow of
test conpound to all chanbers.

D ENVI RONVENTAL MONI TORI NG

1 Tenperature Measurements

Temperatures of the exposure chanmbers, exposure roons and, if
necessary, test chem cal generators, are measured by Resistance
Tenperature Devices (RTDs). The RTDs will be placed in a
representative |ocation in each chanber (a top sanple port on the
back side). Each RTD can be connected to an Omega Mydel 412B
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digital thermoneter by a manual select switch or by computer controlled
scanner relays in the cps IIS (Figure 7. This allows tenperature to be
read manually or to be recorded automatically. Al tenperature
measuresx. t equipm: .: except the [@s will be located in the Suite
Control Center. Temperatures will be automatically recorded at regul ar
periods during each 24-hour day

The RTD will be calibrated at |east once every 2 nonths (SCP
#9B-BE-3C@PD and @B-BE-3CAL). Calibration will generate val ues for
of fset and slope, which will be entered into the computer for each RID
Calibration data will be included as part of the study archives.

2 Rel ative Hum dity Measurenents

Rel ative humdity (RE) will be measured using a EG&G Mdel 910
chilled-mrror dewpoint hygrometer [ocated in the Suite Control Center.
Sanpl es of the air fromeach measurement location will be pulled through
i ndi vidual pol ytetrafluoroethylene sanple lines to a central l[ocation in
the Suite Control Center (Figure 6. This assures a fresh sanple of the
air at the point of neasurement. Air from exposure chanbers will be
sanpled froma representative location(a top port on the back side).
Sample air froma particular |ocation passes through a three-uay valve
to the systemexhaust. Wen the RHis to be measured at that |ocation
the three-way valve is switched to divert the flowto the dewpoint
hygroneter. The val ve can be controlled by either a manua
switch or by a conputer-controlled relay in the ¢ds IIs. This allows
RH to be nmeasured nmanual |y or automatically. Once the dewpoint has been
determined by the hygroneter, the RH is automatically calculated by the
executive conputer using the dewpoint value (T;) and the drybulb
tenperature (T2), measured simultaneously at that measurenent |ocation.

The followi ng equation is used for this calculation:

9.91 - 2714.55
" (579 (T|-32)+293.3
ZRH = x LOO
2714.55
10 .91 - (579)(T,-32)+293.3

wher e: T, = dewpoint tenperature, °F
Tz = drybulb tenperature, °F

Calibration of the dewpoint hygroneter will be checked before the
start of the study and at |east once every two months thereafter
(@B-BE-3C@J and @B-BE-3BlX). The procedure requires comparison Of the
RH cal cul ated by the system nonitor to nmeasurements made by calibrated
dewpoint hygroneter a- the sanple location. Calibration of the system
monitor can be acconplished by Inserting a value for offset and slope in
the conputer for each measurenent location. Calibration data will be
included as part of the study archive. RHw | be recorded at regul ar
periods during each 24-hour day.
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3 Chanber Air- Fl ow Heasurenent s

Chanber air flow is neasured by a multiplexed orifice-neter system
(Figure 8. Calibrated flow orifices are.installed at the inlet and
exhaust of each chanber. The desired floworifice is attached to a
Val i dyne Model DP- 45 pressure transducer gnd CD-18 carrier denodul ator
pressur e- meaeur ement system through Tygon tubes by neans of sol enoid
valves. The valves can be operated either by a manual switch or by
conputer activated relays in the cDS IIS. This allows flow to be
neasured either nmanual ly or automatically. Pressure is read manually on
a Validyne Model PM-12 voltneter. Usually chanber floww |l be measured
using the exhaust floworifice; however, after closing of the chanber
doors, both inlet and exhaust flow neasurenents will be made and
conpared to determine if there are leaks in the chanber. |If leaks are
present, the executive conputer will notify the operator and vill not
al | ow exposures to proceed until the leak iIs repaired.

Al'l flow measurenent equi pment, except the nultiplexed sol enoid
valves, is located in the Suite Control Center. Flowwl| be
automatically recorded at regular intervals during the 24-hour day. The
Val i dyne pressure transducer rill be calibrated once each week
(#B-BE-3COW and @B-BE-3C@X). Calibration of the floworifices will be
checked once every two nonths (SOPs #@B-BE-3C®S and @B-BE-3C@V).
Calibration of each orifice vill generate coefficients that will be
inserted into the conputer flov equation for each orifice, Calibration
data will be included as part of the study archive.

4 Chanber Vacuum Measur enent s

The sane Validyne pressure transducer system used to neasure
chamber flows vill be used to neasure chanber vacuum(Figure 8. Vacuum
in the chanber vill be measured relative to atnospheric pressure in the
Suite Control Room Vacuumwi || be automatically recorded at regular
intervals during the 24-hour day.

Vacuumwi | | al so be continuously nmonitored by a pressure switch
mounted near each chanber. |f the chanber should develop a |eak (for
exanpl e, a door inadvertently opened or a sanple port stopper jarred
| oose), the pressure svitch vill imediately shut off the flow of
conpound to the chanber and alert the executive conputer of the
condition. The conmputer vill activate an audio alarmand print and
display a comment for the operator.

E ENVI RONMENTAL GONTRCLS

1. Animal Facility Ar Handling System

Supply air enters the building through two identical parallel air
handl i ng systems (Figure 9). Each systemconsists 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 COi| 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
tenperature of the air exiting the air conditio::ng systemat about
53°F, The chilling coils also dry the aizr to a dewpoint not greater
than S3°E.

2. Ani ral _Room Air_Handling System

The air fromthe two building air handling systems is then m xed
together by an air mxing unit and is divided into two ducts which feed
the rooms on East and \Wst sides of the animal quarters. |f necessary,
steamis injected into the air in these ducts to maintain the RH of the
roomat between 35% and 65%

3. Chanber Relative Humi dity (RH) Control

Figure 10 shows a schematic diagramof the systemused to control
the relative humdity in the exposure chambers. FEquipment |ocated in
the RH Control Equi pment Room(Room 335) provides separate ducts of dry
and noist air to each exposure chanber. A mxing valve, controlled by
the conmputer, mxes the proper proportions of the noist and dry air to
mai ntai n the proper HE in each chanber.

Filtered air with a nmaxi mum dewpoint of about 53°F is supplied to
the RHE control equipnent by the building air handling system. This air
is evenly delivered to two ducts. Air fromthe first duct passes into a
pl enum where steamis injected to bring the air to a dewpoint of about
65°F. This provides moist air to the mixing valves. Steamis generated
fromcity tap water with no additional additives. The air fromthe
second duct passes through a refrigeration coil which reduces the
moi sture content of the air to a dewpoint of about 38°F. This provides
"dry" air to the mxing val ves.

Chamber RH is measured by the multiplexed dewpoint hygroneter. If
the RE is found to be beyond the RH control range, the conputer will
cal cul ate and make the appropriate adjustment to the mxing valve to
bring the chamber RH to the desired target val ue.

4 Chanber Air- Fl ow Control

Flow of air through the chanber is maintained by an AlR-VAC
Engi neering Mbdel TDRH 1000 air- multiplier punp located in the exhaust
duct of the chamber (Figure 11). This air-pressure-driven punp is
stable, contains no noving parts, and is very reliable. Exhaust air
fromthe chamber is HEPA-filtered before passing through this punp to
remove particles which may reduce punp reliability. The pressure
regul ator, which controls the punp rate, is operated by a notor drive
system The notor drive can be controlled by a manual switch or
automatically by the conputer through a relay in the COS IIS. Fine
control of exposure concentration will be acconplished by automatically
adj usting the chamber air flowwithin the allowable flowlimts. Goss
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adj ustnments of concentration nust be done manual |y by adjustnent of the
generation system  Mintenance of the chanber air flaw control system
is covered in SOP #¢B-BE-3DQE.

Exhaust from al| chambers is collected into a central chanber
exhaust duct within the exposure room The exhaust fromthe chanber
punp is rigidly attached tc the central chanber exhaust duct. This
rigid attachment prevents the possible escape of test conpound into the
roan. The vacuum |evel in the central duct is regulated by a motor-
driven feedback danper to prevent variatioms in building exhaust
pressure from affecting chanber air-flowrates.

The air-flowrate in the central chanber exhaust duct is con-
tinuously monitored and alarnmed. |If the flowin this duct falls below
50%of the normal flow, the nonitor tripe the alarmvhich i mediately
shuts off the test conpound generator system. Mintenance and
calibration of the exhaust duct nonitor is covered in SCP #¢B-BE-3DQE.

5. Chanber Tenperature Control

Nearly all of the heat |oad contributed to the exposure chanmber by
the animals i s dissipated from the chanber by radiation through the
chanber walls (Bermstein and Drew, 1980). Consequent |y, tenperature
of the air supplied to the chanber has little effect on the tenperature
of the chanber while, on the other hand, the temperature of the room
housi ng the chanber has a great deal of effect. For thie reason, the
maj or method of chanber tenperature will be control of the room
tenperature. However, sonme cooling of chanbers full of animals will be
affected by the cool incomng air fromthe chanber's RE control system
Typically, a chanber full of animals will require the addition of dry
air to maintain the proper RE The dry air fromthe RH control system
is cooler than roomtenperature. n the other hand, sone warming of a
chanber containing few animal s will be affected by the warmair fromthe
chanber's RH control system Typically, a chanber with few aninmals will
require the addition of vet air to maintain the proper chanber RH. The
wet air is equal to or wanner than the room tenperature.

F. CHAMBER EXHAUST WASTE TREATMENT

The exhaust fromthe central chanber exhaust duct is mxed with the
exhaust fromthe entire animal facility (75,000 cfm) prior to being
exhausted fromthe building stack. Dilution of chamber exhaust with
bui | di ng exhaust results in an acceptable stack concentration of |ess
than 10% of the threshold limt value (TLV) for the test article.

G DATA HANDLI NG

Data from each exposure room are stored in the Exposure Suite
Control Center on separate magnetic diskettes by Hew ett Packard Mdel

9121 mcro-floppy disk drives. Data and comments from each exposure
roomare printed on separate thernmal dot-matrix printers (Hew ett
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Packard Model 21716). Data are printed and stored immediately upon
compl etion of the measurement to a Daily Log (exanple, Figure 12). A
the end of the day (24-hour period), the daily data are analyzed and a
summary is printe- (Figure 13). This sumr vy includes the nean,
standard deviation, maxi num mnimumand-target values for each set of
data for-the 24-hour period. A second printout (Figure 14) provides
a list of outliers(i.s., all data points which were beyond the defined
critical limts). This printout will allow quick review of the data.

Dat a handling and anal ysis procedures are described in the
SOPs @¢B-BE-5E@3, @B-BE-3E@A, and ¢B-BE-3E@B.

H EQUIPMENT OR POAER FAI LURE PROTECTI ON SYSTEMS

In the event of equipment failure, or of a short-term power
failure, two paraneters nust be considered noat inportant to the
wel | - being of the animals - tenperature and air flov. To understand the
factors protecting against either of these two parameters becom ng
life-threatening to the animals, one nust understand both the emergency
power system and the emergency air handling equipment.

Parer is provided to the Battelle complex fromtw separate city
substations through an automatic switching device. This significantly
reduces the possibility of losing city power. Parer fromthe city is
routed to equipment in LSL-II through two types of notor control
centers. One type can switch power to the equipnent fromeither city
power or emergency power from the LSL-II diesel generator. The other
has access only to city power. The energency- power-type motor contro
center has a | ow voltage detector on each leg of the three- phase input
power. |f 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 notor control
center.

Al'l equipnment critical to the well-being of the animals is
connected to the energency- power-type motor control centers. A list of
this equipnment is as follows:

Emergency lighting and electrical outlets
Chillers #1 and #2
=  -Boiler and feedwater punp systems #1 and #2
- Air conpressors #1 and #2
Air supply fans #1 and #2
- Air exhaust fans #1 and #2

It should be noted that there are two identical units of all of the
equi pment that is vital to the well-being of the aninmals (heating
cooling, supply air, exhaust air, and conpressed air). Either of the
two units has sufficient capacity to maintain the animal environment
within a safe range. In all cases, the energency power system will
operate one of the two identical units. If, during a power outage, the
unit of equipment that is on emergency power should happen to fail, the
other unit of identical equipment can be manually switched to run on
ener gency power.
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Al building or chanber systens which are essential to the
survivial of the animals are alarmed. |f a system malfunctions, an
alar 1s tripped in the pover operator's office. A power ~perator iS on
duty 24-hours/day, 7 days/week. |f the power-operator is not authorized
to correct the problemthat caused the alarm, he immediately calls the
appropriate personnel, including the Task Leader(s) or the Principal
Investigator(s) of the program(s) affected.

Ref erences
1 Bernstein, D.M. and RT. Drew 1980. The major paraneters

affecting tenperature inside inhal ation chanbers. AIHAJ, (41)
6/ 80, pp. 420-426.
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FRONT VIEW SIDE VIEW

FIGURE 1. Inhalation Exposure Chambe Designed at BNW
(A. Obligue cutaway view of the chamber;
B. Airflow patterns)
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EXPOSURE SUITE #1
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FIGURE 2. Schematic Diagram of the Three Exposure Rooms in the Automated

I nhal ation Exposure Suite.
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COMPUTER SYSTEM

4 HP 858 )
r4- -4
COLORADO EXECUTIVE COMPUTER i | COMPUTER
. DATA SYSTENMS 5
INTERFACE HEWLETT PACKARD P
MODEL 9816 : HP 858 RS 232 SERIAL
DESKTOP :H'{ cotruTer [ ¢ ( IR ACK 0
""" ' o TEMPERATURE 34 COMPUTER :
----- M *Am sSaPLNGORM) 30 : HoNToRS
""" ¥ o cuarmer LoV go = :
o UPSTREANM REc oo BUS T H
* DOVRNSTRE AN |l At cedrececane el {ey HPOSB | PUY
----- 'l o CHAMBER VACUUM (O . : : COtIPUTER 4
----- ¥ ¢ ANALOS mruTs 20 . H .
* RAM WPUTS 3 . H
j : ']
CONTROL HP MODEL 91210 E HP MODEL 9121D
4---- ° CONTROL OUTPUTS 20 X 60 DUAL FLOPPY E DUAL FLOPPV
o MEASUREMENT MPX DISK DRIVE : DISK DRIVE
o CHAMBER FLOV :
o CHAMBER RH 270K ®YTE DISKS | 270 K BYVE DISKS
o ALARM OUTPUTS :
.’ ......... ....-& ........... .' ........................... !
4 4 4
' . J . i
HP HODEL 26716 HP HODEL 26716 HP MODEL 26716
THERMAL THERMAL THERMAL
DOT MATRIX DOT MHATRIX DOT MATRIX
PRINTER PRINTER PRINTER

FIGURE 3. Block Diagram of Data Acquisition andControl Computers
and Interface Instrumentation
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VAPOR
GENER ATORS RUN

e
—

[ PURGE
L VALVES T

PURGE
LINE T CALIBRATED VOLUVE

AUN LIQUD FLOY
—— CALBRATION TUBES l
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I VALVE MICRO-METERING
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CONTROL ROOM
GENERATOR CABINET

FIGURE 4. Schematic Diagram of the Hexane Vapor Generation
System.
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% , % SEAL
DILUTION AIR < 27 LiguiD
INLET TUBE Z z /— %Tansooucmu
4 ‘. ST oA .
;/f £ e s et
/‘ HBUHHHUBHURHEBHBHHIHHHEHBITHEHHKRHEHH Vet e oo o7
; mrrrn, (S
G%’E%%’%Iﬁé AR ifss RinRHHIG YAy abere et
o bl /s N L
SCREW ~ BAAAY AN ‘ ‘v
‘ PLASTER
INSULATION
GLASS FIBER
WICK
TEMPERATURE
CONTROL
PROBE
e T
EXCHANGER O

FIGURE 5. Cutaway Drawing of the Hexane Vapor Generator Located
in the Fresh-Air Inlet Tube of the Exposure Chamber.
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JuTSIDE /ASTE AIR
MR INTAKE EXHAUST
PRE - HEAT PRL- HEAT CRITICAL | | CRITICAL
EOIL coiL EXHAUST EXHAUST
FAN ®1 FAN ®2
ROLL FILTER ROLL fILTER
PRE-FILTER PRE-FILTLR I
HEPA FILTER
24 FILTER BAG FILTER B
HEAT COIL HUTCOItL I
CHILLERCUIL CHILLER COIL -
CRITICAL SUPPLY ' CRITICAL SUPPLY
FAN #®1 FAN ®#2 1
AUTOMATIC DAMPER | UTUHAUC DAMPER
AIR MIXER
HUMIDIFIER HUMIDIFIER 70 GTHER CHAMBER
STEAM STEAM RHCONDITIONING
INJECTORS INJLCTORS s | Svsters
TO EAST
ANIMAL
ROOMS
m...I 1
TO WEST F?LE::R EXMAUST FROM
ANIMAL EXPOSURE CHAMBERS
RE - HEAT Room  peepmyd
ROOM CoiL CLm-ul L—I
PRE
FILTER Exposure
HEPA ch
fILTER
HEP A
——— FLTER EXHAUST FROM
AR EXPOSURE ROOM EXPOSURE ROOMS
FIGURE 9. air Handling System for Animl Rooms
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and Control Computer.

of columns.

" -

Era #! Demonstration Program: 85.01 24 July 1985
|rim Locati on ! Functi-n Data
21:01|/Ch #¢ -- Room 324 Tenperature (BSL ~ 79.1 F
21:02|Ch #2 == Room 324 Relwgttlve Humidity K| 40. %
21:03|Ch *3 == Rboom 324  |[Flow OKI 16.3 CFM
21:06|Ch #2 -- Room 436 Rel ative Humidity (BSE 65. %
21:07|/Ch #2 -~ Room 436 Vacuua <QKE 1.5 HOH
21:08|Qh 1 = Room acuum o <8SI .8  HOH
21:10|Ch #2 -- Room 324 |Relative Huaidity <OKI 35, %
21:13|Ch #3 -- Room 324 Concentration OKI S.000E+1 PPM
21:16|Ch #2 -~ Room 436 Relative Humidity EBSE gsé yA
‘ H — ) . .
21:17 21 -- Room 324 T%Fn‘;‘:‘%%aturo <BS 81.1 gﬂH
21:18|Ch #2 -~ Room 324 Relative Humidity OKI 46. YA
21:181Ch #3 == Room 324 Flow o OKI 16.3 CFM
21:19|Ch #2 -- Room 436 Relative Humdity (BSE 65, %
21:20 20 -- 859"“' 4
21:21]Ch #1 -~ Room 324 acuun <8§§ .8 HOH
21:25{Ch »2 -- Room 324 Relative Humidity <0K | 3S. X
21:26|Ch #3 -- Room 324 Concentration OKI S.000E+! PPM
21:26|Ch #2 -- Room 436 Rel ati ve Humidity (BSE 65. %

:27 EHF:Z -~ Raom 436 Vacuua <OKE 1.3 HOH

' This 1s a demonstration Of the comment routine. ThiS routine is

available fron every nenu.

21:40|Ch #2 -- Room 436 |Relative Humidity (gsg 65.8 ﬁ

X - | <OKE . EE |
21:48 2] -- Room 324 %acuun <BSI .8 H
21:50|Ch #2 == Room 324 Relative Humidity <0OKI 35. A
2':53|Ch #3 -- Room 324 Concentration OKI S.000E+! PPM
21:56|Ch #2 -- Room 436 Relative Humidity (BSE 65. 4

:08ICh #2 == Raom 436 Vaguun JKE, S HOH
——

FIGURE 12. Example of "Daily Log" Printout from Data Acquisition

See following page for explanation
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DESCRI PTI ON COMPUTER "LOG BOGK" QUTPUT

The exposure nu. rer, exposure name, program szrsion and exposure date
will be printed at the top of every report page.

Time--This is the far left coumn. This 1s the time that the
messurement was taken.

Location--This identifies where the data came from. A1s0 referred
to In the maws as "Location'. This cdumn allows for 20
characters.

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

Data—-This is the rav data. This coum includes an alarm code, a
status code, the data value axd a units 1abd .

Alarm code--"(" meas that the data has exceeded non-critical
alarm Timits. o
"<" meas that the data has exceeded critical

alarm limits.

Status code--0K1 - Ckay and calibrated. Dda is included in
summary.

OKE - Okey and calibrated. Daa is not included
in summary. _ o

BS1 - Beyad service time  Daa is included in
summary. _ _ _

BE - Bgod service time. Daa is not included
IN summary.

Daa format--Data will ke expressed as four significant
digits with nn significant zeros suppressed.
Nurbe of decima points wes determined in the
mewus  (Functfon Assgnments Meaw.)
Exandes:  DODO.
000.D
00.0D
D. DDD
.D0DD
D.DDDESZ

Units label --This coumn alows 9 characters. Examples ppm,
°F, °C, HOH.

NOTE: At amost any time during the exposure day, a comment can le
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 dow only the time and the operator's full rame The
next 1fneswill contain -the body of the comment.

FIGURE 12. (Continued)
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Samation for therile: 23 aly 1985 2xpcsure: Oemorstration
TFgm an X Tare | Stdlew 7R | ‘aumm Mimme ¥ Tyreet |
F) 3.4 101 1B 1 A5 | 0.7 10 720
G R 74.3 13 138 2 B3| 127 5 72.0
h 703 1.2 101 1A % B3| A7 18 72.0
Ch 204 3D B J31 Re| 87 5 720
Ch #05 7331) 0 A3 2 | B3| @/ 5| 720
Ch 206 734) 102 13 2 . B3 7 15 72.0
Ch 207 3.4 % RE) I | 743| &7 10 2.1
Ch 28 70.20 B RK 2 | B3| 127 15 720
FRoos 7.2 108 BK 2 753 2.7 15 72.0
Flow e JTan | Tl R0 | Mximm Min; N
Ch 201 1410 94 .20 3 | 1701 120 g
Ch #02 7.9 110 .00 4 1 190 14.0 12
Ch 203 15.30 108 . .400 3 | 10 120 5
704 13.30 R . 200 % | 50 120 16
5 . 108 [/ 200 1 10 8.0 18
#06 14.80 9 400 3 | 170 120 19
07 16.80 12 20 s | 00| 40| 14
(h 78 1460 9 400 3 DO 20| 15
Relative ~mugity | “egn 7 Tam | Stg ey 7 3 'mﬂ-m__gas_‘* I
Ch 201 31.0 1@ 5.10 | 10 q. 1“1 A
h AR @8.0 % . 11 . 5. 14 9.
A3 2.0 106 3.3 0 ! ®. 14 .
M4 1.0 102 510 0 70, 41, 14 A.
a5 4.0 % 5.0 " 3. ) 14 0.
6 |20 | 16 5.30 D 0.0 &1 14| 3.
A I 3.0 102 30 i - 10. 11, 14 0.
28 Lo @0 ] S0 1 . 8. U 3.
com 2.0 106 3.9 10 70.| 6. 14 3.

FIGURE 13. Example of 24- Hour Data "Summation” Printout from
Daca Acquisition and Control Computer. Data are
organized by data type.
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“utlier Taple far the File : 24 July 185 “xposure: Desonstration
Criaip Cunction Tiu_r_uan_ﬂ_'.mr__Tang_m
ul | Tesperature Ch A0t 16:8)- 8.3 0.0 720} 740
al : 16:48| S8.2: 72007 7.0 74.0
al 18:51] |80 70.0] 72.0) 740
al 18:5) A1 00| 20| 4.0
18:58] 230 700 7,01 740
3 al Gh a2 16:47] 8.1 0.0 72.0] 74.0
3 6.8 83| 70.0| 72.0| 74.0
23 al & a3 18:90| 3.0 70.0| 72.0] 740
23wl th 24 16:58] 75.1 : 00| 722.0| 74.0
‘ 17:08] 7481 700( 72.0! 740
3 .l th A5 14:58] 743 70.0] 72.0]| 74.0
23 ol Ch a8 .M 6.1 700 2.0} 74.0
23 .l 16:0 || 700! 20| 74.0
23 Roos 16:83] J|.04 720.0| 72.0] 74.0
3 .l w41l 33,84 M0 7204 74.0]
23 aul|Flow Ch A1 12:6f. 112 12.0] 1501 17.0
23 15:23] 181 12.0] 1S.0| 17.0
23 ad Ch A5 15:3] 1t 1201 1504 17.0
3 ad th 8 10:3] 2.1 120] 10| 17,0
2 al g4 202 1501 17.0
23 .ul {Concentration th A3 10:45]4.5606+00 (5. 000E+3|7. S00E+0| 1. 000E+1
23 10:50 4. 3506+ 5. 000E+){ 7 . S00E+0 | 1 . 000E+1
23 al l 11:01]4.2006+) 7.500e+011.000E+1
23 ad ' 11:1418,10E+) 7. .500E+0(1.000E+1
.l | 11:2814. 30EHS. 7.5006+0 1. 0006+
3 ad |Ch 08 S:.0611. .J00E+017 .S00E+0{1.000€+1
PN C:2111.194€+11[5.000€+0 | 7 . S00E+0| 1. 000E+1
23 al 2:0611,05F+1/5.000E+0 |7 .500€+0| 1,000 +1
23 & A8 111:4611,001E+115.000E+017 . 300E+0 | 1.000E+1
3l |L12:07 1,00+, 000E+)17 . S00€+011.000€+1 |

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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ATTACHMENT 2

STANDARD OPERATING PROCEDURESFOR INHALATION
REPRODUCTIVE TOXICOLOGY STUDIES

F-44
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STANDARD OPERATING PROCEDURESFOR INHAL .TION

REPRODUCTIVE TOXICOLOGY STUDIES

EXPOSURE SYSTEM

CDS DMM Card Cdlibration

Bubbler Sample Collection viathe
Critical Orifice Sample System

| nhalation Exposure Chamber Balance

Mode 1 Chamber Leak Tester

Calibrationand Check of Chamber Airflow Using Digital Anemometer

Digitd Anemometer Calibration
Dwyer Manometer Calibration Check
ValidynePressure Transducer Calibration
Filling Out Data Sheets
EG&G Hygrometer: Operation, Maintenance and
Cadlibration
RelativeHumidity Determination ViaUse of
Dewpoint Hygrometer
Exposure Suite Computer Program Documentation
Exposure Suite Data AnalysisPr ogr amDocumentation
Exposure Suite Data AnalysisProgram Operation
Exposure Suite Routine Computer Operation
Exposure Suite Routine Data Disk Operation
Software Change Protocol
Study Protocol Entry into Exposure Suite Computers
Exposure Suite Emergency Evacuation Procedure
Exposure Suite QC, Maintenance and Calibration
Selection of RTD's and Digital Thermometer Calibration
OmegaRTD Thermometer Calibration
ERDCO FGD Maintenance & Calibration
Flammable Gas Detector( ERDO0) Checkout Preedures
Hexane Exposure System Daily Operating Procedure
Hexane Iéx&fowre System Quality Control, Maintenance
and Calibration

Operation of HP5840 Gas Chromatographfor
Monitoring n-Hexane in Inhalation Chamber
Cdlibrationof n-Hexane Inhalation Chamber Monitor

Bulk Chemical Anaysisof n-Hexane

Use of Mettler H51 Andytical Balance

Specia Operating Procedure for Care and Use of
Volumetric Glassware

Useof Pipets

Ordering, Receipt, Recording Use and Returning Chemicals

Labeling of Reagentsand Chemicals

Digpensing Test Material to Exposure Suite Control Center
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Operation of Toledo Scale (Modd 2120) to Wegh Large
Containersof Test Materia

ANIMAL RESOURCE CF
Job Onentation and Training
Barrier Proceduresfor LSL I Animdl Fecility
Operation and Maintenanceaf the Clean Corridor Area
Operation of the Regulated Corridor
Operation and Maintenanceof the Street Corridor
Moving AnimalsfromLS. I Animal Resources Center
Management of Anima Feed
Pre-cleaning Equipment and Operation of Cage,
Bottleand Rack Washers
Operation of Steam, Gas and Bulk Sterilizers
Kaye Digistrip-III Room-Temperature Recorder
Operation of Garb-El Waste Disposal
Operation of Clark-A-Matic Floor Scrubber
Operating Proceduresfor Pathological Incinerator
Calibration/Service of Balances
Biweekly Degp Cleaning of Exposure Rooms
and Occupied Anima Rooms
Deep-Cleaning and Sanitizing Empty
Animal and Exposure Rooms
ProcessingLaundry for the LSL I Animd Facility
Sanitizing Operations Monitoring
Handling and Changing Out ExposureChamber and
Cage Ulits
Handling, Changing and Storageof Anima Cagesand Racks
Cage and Rack Change-Out and Rotatation for LSL I
Changing Out Racks Having Individua-Compartment Cage Units
Pre-exposure Health Screening for Rodents
Quarantineof 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 Anima Holding Rooms
Handling Escaped Small Animals
Determinationof AmmoniaLevelsWithin the
Exposure Chambers
Handling of Anima Desth Recordsand ARC Dally
Observation Records
Moribund Sacrifice
Weighing Rodents with Toledo Semi-Automatic Weighing
System Using the 733 ASR Terminal

REPRODUCTIVE AND DEVELOPMENTAIL. TOXICOLOGY
|dentificationof Animals
Cage L ocation Maps and Daily Observations
Randomizationof Animals
Anima Body Weights
Rodent Mating Procedures
Necropsiesfor Hedth Evaluationand of Dead and
Moribund Animals
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Necropsy and Developmenta Evauationsfor Teratology
Studies—Rodentsand Rabbits

Examination of Fetal HeadsFixed in Bouin'sSolution

Photography

Data Acquistion and Transfer with a Microcomputer

DataHandl i ng and Storage

Sample Storage/Shipment

Examinationof Fetal SkeletonsStained vith
Alcian Blue/Alizarin Red

Preparation of the Reproductive System for Histologic Eva uation

HEALTH AND SAFETY

Biohazard Protocol n-Hexane

Bioassay Studies: Health and Safety Plan

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

Respiratory ProtectionProgram

F-47

@B-DT-3BOG
@B-DT-3B@I
@B-DT-3B@J
@B-DT-3BOK
¥B-DT-3BOL
@B-DT-3BOM

@B-DT-3B@QY
@B-DT-3B1J

@B-HS-3S1S
@B-HS-351C
®B-HS-3519
@B-HS-3S1A
@B-HS-3S1B



n- Hexane Rat Terat ol ogy Study
Appendi x F - Study Protocol

TERATALGGY STUDY ON N- HEXANE

Sper m posi ti ve Body Daily Litters
Q oup Fenal e Rat s* Virgins Véi ght s (bs. Exam ned
Control (o0 ppm) 30 10 40 40 23
200 ppm 30 10 40 40 24
1000 ppm 30 10 40 40 27
5000 ppm 30 10 40 40 28

*

The study protocol requires a mnimumof 30 spermpositive fenal es
(to obtain 20 pregnant fenal es).

Five additional rats of each sex were used for heal th screening.



n- Hexane Rat

Terat ol ogy Study
Appendi x F = Study Protocol

EXPOSURE CHAMBER CAGE LOCATION

SPONSCOR: NTP-IRT » CHEM CAL: n-Hexane
STUDY: RAT TERATOLOGY/BEHAVIOR PI LOT CHAMBER: 1
ROOM: 436 CONCENTRATI ON: 0ppim
DATE: 5/ 17/86 @_&p/
“AVEL 1 LEVEL 2
CAGE® CAGE # CAGER CAGEt
BACK 12 24 BACK 12§ S12(B) 695 (CY 24
11 23 11 450(B) &b (C) |23
10 22 10 804 (C) 122
g 21 o[ 976 (A) 21
8 2 8| 969 (A) 363 (B) |20
7 19 N 6ela) G26(B) |19
) 18 6] olZ(4d) gaz(B) |18
5 17 S| S53(Ay | 681(B) |17
4 16 4 SE0(A) | 5By |16
2 e 3[ S4B(A) [ SBC(EY |1S
e 14 2 S5 (A | Sev(B) |14
FRONT 1} 3 FRONT [ S07(A) | ©14:5) |13
LEYEL 3 LEYEL 4 .
CAGES CAGE# CAGES CAGE 4
BACK 12 e BACK 121 eé9(a) o2 (CY 124
11 23 IS 149 (Y |23
10 22 10 543 (&) TR(CY 122
9 21 9 Bd3(A) | 0l |2
G EEY) p S| 5l6(A) | €02.C) |20
7 dOS (DY 18 N o2 {a) Sad {7y |19
Bl (o5 (D) 18 bf 581 (&) 39 113
S| 746Dy | 1?7 S SA3is) | a%6(Cy |17
A e on | 16 A e k) | 15
3 646 (L) 15 A IEEEY a7 Ay 1S
W P 14 o[ 86Ty | FoR(A) |14
FRONT |1 Soa Dy 13 FROMT 1] d63(a; | &icidr (13
LEYEL 5 LEYEL 6
CAGER CAGE # CAGES CAGE &
BACK 12] 24 BACK 12 24
11 3 11 23
10 @2 1wl s o
9 2t S 21
8 20 s 1 2
dEIY) 19 S 19
& a4 (D) 18 & =Sy 13
St 795Dy 17 S s10 17
44 DY 1 4 od 116
ClHEEET)) 15 S I S
ANIERE) 14 2 el 14
FRONT 1} 443 /D) 13 FRONT ) 495 113
LEVEL 2 & 5 TERATOLOGT v
LEVEL 4 & 5BEHAVIOR P LOT * A rat behavioral pilot study was

LEVEL 6 VIRGINS

F-49

conducted concurrently in the sane

chanbers.



n- Hexane Rat
Appendix F -

Teratol ogy Study
St udy Protocol

EXPOSURE CHAMBER CAGELOCATION

SPONSCR: NTP-| RT
STUDY: RAT TERATOLOGY/BEHAYIOR PILOT

ROOM «36
DATE: 5/17/86

BaCK

WONT

BACK

FRONT

&K

FRONT

CHEMICAL: n-Hexane
CHAMBER: 2

CONCENTRATION: 200ppm
538
LEYEL t LEYEL 2
CAGES® CAGE # CAGES - CAGE#
12 24 BACK 12] 516(By | 777(C) |24
11 23 11[ 499 (B) TS |3
10 22 10 640 (C) |22
9 21 9| 942 (A S0 (T |21
8 2l 8| 931 (&) 20
7 19 7 652 {&) 895 (B) 119
6 18 B 629 (A) g23(8) |18
S 17 S| p14{A) 6ya (B) |17
4 16 613 (A) 571 (By |16
3 15 HIENIEEY mng (B |15
2 14 2| 961 (A) <90 (B) 114
1 13 FRONT 1{ 453 (A} 362 (B} |13
LEYEL 3 LEVEL 4
CAGE# CAGE & CAGE® CACES
12 29 BACK 12] 933 (&) SSo () |24
11 23 11 930 A 1430 |23
10 22 10] 928 (&) 41(Cy |22
9 21 I SCAAN 723{C) |2
g I3y 20 s 99 &y | a3 () |
7 3434/D) 19 HEESEEY) 1% {Cy |19
6 763 (L) 18 IEECTEN) S93¢0y 18
si 716D} 17 DR EEY J) iy {17
4 g8 (DY 16 - i H
3 534Dy 15 3 ST (1S
2| 448 (In 14 2 ARG (& 14
1[5 D; 13 FRONT 1 TaF Ay L3
LEYEL § LEYEL 6
CAGER CAGE & TEGES CAGER
12 24 BACK 12 24
11 23 1! 23
10 a2 1 23 o2
9 21 E 21
8 Pl 724 20
LDy 13 ? Tz 19
AR 18 £ 3¢ 18
S| gDy 17 S B 17
48 23S0 118 4 ced 15
MEES 1S 3 Crd 1=
20 IR 14 2 =] 14
1} 714Dy 13 FROHT 1 [ J9s ' 13
LBYEL 2 & ITERATOLOGY % . )
LBVEL 4 % S BFHAVIOR PILGT A rat behavioral pilot study was

LBYBL & YIRGIHNS

conducted concurrently in the sane

chanbers.



SPONSOR: NTP-IRT
STUDY:RAT TERATOLOGY/BEHAYIOR PILOT

n-Hexane Rat Teratology Study
Appendix F - Study Protocol

EXPOSURE CHAMZZR CAGE LOCATION

CHEMICAL: n-Hexane
GHAMBER: 3

*

ROOM: 436 CONCENTRATION: 1000ppm
DATE: 5/17/860 .
LEYEL 1 LEYEL 2
CAGES CAGE ¢ CAGE® CAGE®
BACK 2 24 2ACK 12} S10(B) 24
11 23 11 481 (B) 49 (C) 123
10 22 10} 470(B) 580 (C) |22
9 21 9 476 (2 1Rl
8 <0 8| 325 (A) 20
7 19 HIEETEEY) 972 {B) 19
) 18 6| tod (&) Q44 (B) S
5 17 5635 (&) 218y |17
4 16 4 35S (A) 855 (B) 16
3 15 3f Sdd(A) 3368y 1S
2 14 2] S20 (&) 807 (B) 14
FRONT 1 13 RONT 1] 460 (A) RS (B) 13
LEYEL 3 LEYEL 4
CAGE# CASE S CAGES TLGE %
BACK 12 | 24 2aCK 12] 335(8) 24
11 23 11] 05%d:d) Wy 123
10 2 10 Rddis) %8 (TY 122
o[ 385 (D) 21 A TTgA T 35y |2
g 918{D) o 3] 387:4) 784(C) |20
HIEEISE)) 19 7 SBZ{&) 57d iy (19
6{ 305 (LY 18 Bl /1 (&) SE2¢0) |13
S| 7e3{DM 17 SIOSE7 A 731 |17
4 897 (T | 16 H 4T A) 16
3| maavwily 15 RN EEETEN IS
2l 91 (Y 14 2 Sdra)y EREA L
FRONT 1 S<49{Dn 13 FEONT O SdAAT | BdRIAY (13
LEVEL 5 LEVEL 6
TLGER CAGE#% CAGER CAGE #
BACK 12 24 ZACK 12 ! 124
11 23
10 22 e
g 21 " o
g| s 2 13 N2 | 20
) 19 7 aug 13
&6 731D 13 & e 18
8 T3y 17 = Ted 17
d| €370 16 K fee 16
I e21iDy 15 3 Tis 15
&l oll (D 14 P 39 : 14
FROMNT 1] 597.Dn 13 TRONT 1 Sl ] 13
CETFEN
—Z7EL 2% 3 TERATCLOGY A rat behavioral pilot study was
“:‘ig: ;f;éé?ﬁfmon PILCT conducted concurrently in the game

chambers.

F-51



n- Hexane Rat
Appendi x F -

Ter at ol ogy St udy
St udy Prot ocol

EXPOSURE CHAMBER CAGE LOCATICN

SPONZOR: NTP-IRT ‘
STUDY: RAT TERATOLOGYI!BEHAVIOR PILOT

ROOM: 436
DATE: 5/17/35@%
LEYEL 1
CAGES CAGE %
BACK 12 24
1 23
10 22
9 21
8 20
" 14
6 18
S 17
4 16
3 15
2 14
FRONT 1 13
LEVEL 3
CAGES TAGE S
B&CK 12 24
11 >3
10 2
) 21
8 88n(D) 20
?l 883 (DY 14
&) 300 18
5| A4 (D) 17
4 /23T 16
L eld il | 15
2| S42(m 14
FRGHNT 1 481Dy 13
LEVEL 5
CAGES CAGE #
BaCK 1 24
23
s
gl il
g 37D 2Q
REEEEEY 19
81 S19.0y 18
St TeeDy 17
4b 78I 16
HIKEIRT 1)
20 B30 Dn 14
TRONT 1} <485 12

LEVEL 2 % 3 TERATOLI2Y

LEVEL 4% S BEHAVIOR PILOT

LEYEL & YIRGINZ

F-52

CHEMICAL: n-Hexane

CHAMBER: 4

CONCENTRATION: S(0Qppm

LEVEL 2
CAGE# CAGE 3
EACK 12 %36 (E) WSO 124
11| 457(B) 933 (Y |23
10 T621C) |22
NEERY S05¢Cy |21
al 630 (A) 0
T 536 (&) 954 (B) 19
£ 566 (&) 322.8) |18
5[ 574i&) 36306y 17
4] 5384 314 (B) 1é
RIEEETEN wie by |15
ol 472(A) 555 (B) 14
FRONT 1 453¢4) nce By [13
LEYEL 4
CAGE# CAGER
BaCK HEEIEE 24
(1 eif5t4) 2540 123
100 a5 00Ty 122
9 SS40A; FE2{CY |2
g 235 (&) 724{C)y |20
N OS3i{a) Ty |19
Bl S3514) GEL{C) 113
SolTiA 45500 17
ST 16
MoAdEZa) 1 9Seiay |15
NI IR
FROMT U 4840AY =50 Ay (13
LEYEL 6
TGRS CAGE S
BaCK 12 24
i 3
1 0] e
9 B <l
a 03 z
7 373 19
] Tod 3
S EEL i7
4 43 18
3 g4 i
2 S 14
FRONT 1 B | 13
V\"A’:\'\
* A rat behavioral pilot study was

conducted concurrently in the same

chanbers.
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