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SUMMARY

Tetrahydrofuran (THF}, a four-carbon cyclic ether, is widely used as an
indusatrial solvent. Although it has been used in large quantities for many
years, few long-term toxicology studies, and no reproductive or developmental
studies, have been conducted on THF. This study addresses the potential for
THF to cause deﬁelopmental toxicity in rodents by exposing Sprague-Dawley rata
and Swiss {(CD-1} mice to 0, 600, 1800, or 5000 ppm tetrahydrofuran (THF)
vapora, 6 h/day, 7 dy/wk. Each treatment group consisted of 10 virgin females
(for comparison), and =~33 positively mated rats or mice. Positively mated
mice were exposed on days 6-17 of gestation (dg), and rats on 6-19 dg. The
day of plug or sperm detection was designated as 0 dg. Body weights were
obﬁained throughout the study period, and uterine and fetal body weighta were
cbtained at sacrifice (rats, 20 dg; mice, 1B dg). Implants were enumerated
and their status recorded and live fetuses were examined for gross, wvisceral,

skeletal, and soft-tissue craniofacial defects.

The only overt symptom exhibited by pregnant rats was a reduction in
body weight gain for the 5000-ppm groupr and there were no maternal deaths.
However, mean body weights of virgin females were not affected, thus
indicating that pregnancy was a factor in the toxicological response. The
pregnancy rate was 9%3%. The mean gravid uterine weight and the extra-
gestaticnal weight gain (EGWG; sacrifice bedy weight minus gravid uterine
weight minus 0 dg weight) were reduced for the 5000=-ppm group relative to the
control, but the difference was not significant. There were no treatment-
related effects on the number of implantations, the mean percent of live
pups/litter and resorptions/litter, or on the fetal sex ratio. Fetal weights
were significantly reduced for the 5000-ppm exposure group relative to
controla. The mean percent affected fetuses per litter wa3a not significantly
different among treatment groups for any individual malformation or variatiocn

or for combined totals.

Mice exhibited overt symptoms of toxicity at the 1800- and 5000-ppm THF
concentrationa. Approximately 30% of the animals in the 1800-ppm group, and

all in the 5000-ppm group, were subject to narcosis. Approximately 27% of the
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pregnant animals and 30% virgins in the 5000-ppm group died during the first
aix days of exposure; consequently, this group was removed from exposure to
prevent further mortality. There were no maternal deaths in either the 600-
or 1800-ppm exposure groups. As in rats, the mean body weights of virgin mice
at sacrifice were not significantly affected by exposure to THF. Mean body
weights of pregnant mice and uterine weights were significantly less than
controls for the 5000- and 1800-ppm groups at sacrifice. The EGWG was also
significantly reduced for the 5000-ppm group.

There was no effect on the number of implantations per dam, and the mean
pregnancy rate for all mated mice was 86%. There was a significant reduction
in the mean percent of live pups/litter for the 1800- and 5000-ppm groups and
a corresponding increase in the percent of resorptions/litter. Pregnant fe-
males in the S5000-ppm exposure group that survived to the scheduled sacrifice
had litters with a 95% incidence of resorption., Neither fetal weight nor the
sex ratio was affected in the 600- or 1800-ppm groups. The mean percent
affected fetuses per litter was not significantly different among treatment
groups for any individual malformation or for combined totals., There was an
exposure-correlated increase in the incidence of reduced sternebral

oggifications; however differences between groups were not significant.

Swiss {(CD-1) mice appeared toc be much more susceptible to the toxic
effects of THF, manifested as narcosis, mortality, and intrauterine death,
than were the rats. The rats appeared unaffected by THF exposure except for a
slight, but significant, decrease in maternal and fetal weight at the 5000-ppm
level, Interestingly, in mice the reduction in maternal weight gain and the
increase in intrauterine death at the 1800-ppm level were not accompanied by a
treatment-associated decline in live fetal weight, neor by an increase in the
incidence of fetal malformations. These facts suggest that in mice, if the
conceptus survives, development as assessed by this experimental design,

continues in a normal fashion.
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ANIRODUCTION

Tetrahydrofuran {THF; Table 1), a four-carbon cyclic ether, is widely
used as an industrial sclvent, primarily in the dissolution of plastic resins
such as polyvinylchloride and vinylidene chleride copolymers, and as a
reaction medium. Approximately 150 million pounds of THF are produced each
year by three major U.S. chemical companies. The National QOc¢cupational Hazard
Survey estimatesa that more than 90,000 workers in 3,000 plants are exposed to
THF; consequently, it is classified in the "high™ category of potential human
expoaure (Little 1987). The combination of its high volatility (b.p. 65°C)
and extensive use create a significant posaibility for industrial exposure to
THF via inhalation. Although THF has been used in industrial settings for
many years, few subchronic and no chronic toxicology studies have been
conducted. No reportsa of studies addressing the potential of THF to cause

reproductive toxicity were found.

The American Conference of Governmental Industrial Hygienists (ACGIH)
has adopted a time-weighted average threshold limit value {(TLV) of 200 ppm
(590 mg/m?) with a short-term exposure limit {(STEL) of 250 ppm (735 mg/m®;
ACGIH, 19%987). Although no permanent effects resulting from short-term
exposures to high concentrations of THF have been reported {(Rosensteel and
Thoburn 19%75), subjects have complained of nausea and occipital headaches
after exposure (Sittig 1985). The inhalation TC;, for humans has been
reported as 25,000 ppm, at which point CNS toxicity appears. At lower

concentrations THF is lrritating to the skin, eyes and mucous membranes,

Acute toxicity studies in laboratory animals, employing both inhalation
and oral routes of exposure, place THF in the moderately toxic range. Lethal
concentrations administered to animals result in narcosis, muscular hypotonia,
disappearance of corneal reflexes, then coma followed by death {(Sax 1986),
Oral deses produce inflammation, necrosis and hemorrhage of the gastro-
intestinal tract, injury to kidney tubules, and inflammation of the liver (Sax
1986). Kimura et al. {1971) compared the acute, oral toxicity of THF in
l4~day old, young adult and older adult rats and found that age had no effect
on the LDsy for the rat.
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Subchronic inhalation exposure of ratas toc four concentrations of THF
(100, 200, 1000 and 5000 ppm) for 4 h/day, S day/wk, over a periocd of twelve
weeks resulted in irritation of the mucous membranes, the severity of which
increased in a dose-related frahion (Katahira et al, 1982a)., The 5000-ppm
group exhibited marked local irritation and morphological damage to the
respiratory epithelium, and had significantly lower white blood cell counts
and blood sugar levels than the control group. Single 4-h inhalation
exposures of rabbits to five concentration levels of THF (100 to 12,000 ppm)
resulted in transient dose-related effects on tracheal ciliary activity

{Ikeoka et al. 1983).

The effect of extended exposure tc THF {12-18 weeks) on body weight is
not clear. Kawata and Itc (1984) reported a decrease in body weight after
four weeks of exposure to 3,000 ppm THF for 1 h/day, while Elovaara et al,
(1984) stated that body weights of rats exposed to concentrations as high as
2,000 ppm, 6 h/day, did not differ significantly from the controls. Another
discrepancy hbetween labhoratories exists in reference to serum tests for liver
function. Kawata and Ito {1984) reported that S$GOT, SGPT, and alkaline
phosphatase values were unchanged following a 12-week exposure te 3,000 ppm
THF, while Katahira et al. (1982b) reported an increase in SGOT and SGPT
values for rats exposed to 1,000 and 5,000 ppm cf THF over the same time

period.

Although no references relevant to the specifics of THF metabolism were
found, Fujita and Suzuki {1973) stated that the metabolism of THF may be
analogous to that of other cyclic ethera., 1In this case, THF would be ring
hydroxylated by liver microsomes at the number-five-carbon, and subsequently,

cleaved to a straight-chain fatty acid by liver cytoscl.

Elovaara et al. (19%984) studied the biochemical effects and the body
burden in rats exposed to THF wvapors (200, 1000 and 2000 ppm) 6 h/day,
5 day/wk, for 2-18 weeks. Brain and body fat concentrations of THF were
measured immediately upon cessation of exposure and were found to be
correlated to dose. However, the concentrations measured declined
progressively during exposure weeks 2 through 18. These declines in tissue
concentrations indicate that oxidative metabolic processes may have been
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induced. Further support for this conjecture was provided when in vitro
experiments performed by these workers demonstrated an increase in liver and
kidney 7-ethoxy-coumarin-O-deethylase activity in the 1000~ and 2000-ppm
groups relative toc that found in the control group. Since the increase in
activity in the 2000-ppm group was not significantly greater than for the
1000-ppm group, they surmised that the lack of c¢orrelation between increasing
expoaure concentration and O-deethylase activity may have been due to toxicity
present at the higher exposure level. Furthermore, the metabolic procegses
induced by THF appear to be quite apecific since no increase in cytochrome-
Pyso content, N-demsthylase activity, or in liver-to-body-weight ratios was
noted. Tetrahydrofuran alao appeared to inhibit alcochol and aldehyde
dehydrogenases. Another in vitro biochemical study found THF to inhibit

ethanol-induced liver microsamal cytochrome-P4s59 (Ullrich et al. 1875).

Kawata and Ito (1984) measured the rate of decline of THF concentrations
in body organa of rats at gpecifie intervals for up to 12 hours post-exposure
to 15,000 ppm THF. Although this was not an in depth study, the results
indicated that the post-exposure concentrations of THF in the organs of rats
exposed daily for seven days (30 min/day) were not greater than for rats
exposed for only one day (30 min) to the same concentration. Furthermore, the
rate of decline of THF concentrations in the organs during the 12-h period
following cesgation of expcsure was accelerated after repeated periods of
daily exposure. These resgults also implied an induction in sxidative

metabolic processes following repeated exposures to THF vapors.

Tetrahydrcfuran has been tested for induction of sex-linked recessive
lethal mutations (SLRL) in Drosophila melanogaster with negative results
{Vvalencia et al. 1985). When THF was tested as a carrier scolvent for the
Salmonella/microsomal assay it was found to be non-mutagenic; however, it was
cytotoxic when administered at greater than 50 ul/plate {Maron et al. 19381).
Arimctc et al. (1982) later reported that the use of THF as a carrier solvent
increased the mutagenicity of two mutagenic tryptophan-pyrolysates. These

workers also reported cytctoxicity when more than 50 gl THF/plate was used.

THF, in conjunction with several other solvents, was implicated in an
allegedly high prevalence of urinary tract infections among all employees, as
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well as reproductive and menstrual problems among the ten female employees, in
a fiber-glasa fabricating plant in Baton Rouge, LA. However, results of a
field investigation conducted by NIOSH in 1979 stated that the incidence of
urinary tract infections was not high, that ncne of the female employees had
experienced reproductive problems, and that exposures to THF (and other
solvents) were well below maximum recommended levels (Markel and Jannerfeldt
1981). Concerns over adverse health effects in Japanese workers exposed to
THF were discussed in a review of THF toxicity (Horiguchi et al. 1983).
Workers in a high~polymer chemistry laboratory and in a university textile
research laboratory reported fatigue, blcating of the atomach, headache,
kidney pain, and tiredness in the lower limbs. Blood cells and elevated
protein levels were cbserved in the urine of workers from both sites and the
textile researchers also exhibited a decrease ir. their white blood cell count
and an increase in liver function enzymes. AtmcsSpheric levels of THF to which

these workers were exposed were not reported.

In summary, results of toxicity studies in laboratory animals indicate
that THF vapors at sublethal doses: 1) are irritants, 2} appear tc be the
cause of decreased tracheal ciliary activity,” 3) cause damage tc respiratory
epithelial cells, and 4) may cause liver and kidney damage. Although the
number of studies addressing the issue are limited, these toxic effects appear
to be transitory. THF concentrations in the major body organs have been shown
to decline within a short period of time aftef cessation of exposure; however,
no detailed pharmacokinetic data are available. There is evidence, both in
vivo and in vitro, to suggest that tetrahydrofuran may induce certain enzymes
in the microsomal mixed-function oxidase complex of male rats, and that
certain dehydrogenases may be inhibited. <Consequently, biochemical changes of
this type may affect the organisms' capacity to metabolize other compounds,
either endogencus or exogenous in corigin. Reports of human health effects
have surfaced, but are not clearly defined. No epidemiological studies

surveying the possible reproductive or carcinogenic effects of THF were found.

Because of the large volumes produced and the wide variety of industrial
processes in which THF is used, there is a potential for a large number of

individuals to be exposed to THF. Consequently, this compound has been
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nominated for testing as a potential carcinogen (Helmes et al, 1983). A
detailed search of the literature and computerized databases did not reveal
any studies addreasing the potential for tetrahydrofuran, or for any closely
related compounds, to cause developmental toxicity. This paucity of available
toxicity data on tetrahydrofuran, and its classification in the 'high' human
exposure category, establish the necessity of testing this material for its

potential to cause developmental toxicity.

The following study was conducted in order to assess the developmental
toxicity of THF in Swiss (CD-1) mice and in Sprague-Dawley rats following
geatational exposure to 0 (filtered air), 600, 1800, or 5000 ppm
tetrahydrofuran {THF) vapcrs 6 h/day, 7 day/week. The highest THF
concentration was chesen with the éoal of producing mild maternal toxicity,
and was based on results obtained from a 90-day Subchronic Study of the
effects of THF-exposure on B6C3Fl mice and Fisher 344/N rats {(Chou et al,
1987a; Chou et al. 1987b). 1In these studies narcocsis was observed in scme
mice at the 1800- and 5000-ppm levels, and some rats were ataxic at the
5000-ppm level. However, since no reductions in body weight gains with
respect to controls were observed for either species at the 5000-ppm level
this concentration was chosen as the highest exposure level. The lowest
exposure concentration was chosen to approximate an estimated no observable
effect level (NOEL}, and the mid-level was chosen to provide a graded

toxicological response.

MAIERIALS AND METHODS

Four groups each of Sprague-~Dawley rats and Swiss (CD-1) mice {(Charles
River, Raleigh, NC), 14 and 11 weeks old, respectively, were exposed to
0 (filtered air), 600, 1800, aor 5000 ppm tetrahydrofuran (THF) vapors 6 h/day,
7 day/week. Each treatment group consisted of 10 virgin females and
approximately 33 positively mated females; all groups were randomly selected.
The day of plug or sperm detection was designated as 0 dg. Virgin and mated
female mice were exposed concurrently for 12 consecutive days (6-17 dg for
mated mice}, and the rats for 14 consecutive days (6-19 dg for mated rats).
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Control animals (0 ppm) were housed in an exposure chamber in the same room,
and were handled in the same manner, as the animals that were exposed to the
test chemical. Developmental evaluations were conducted on pregnant mice
sacrificed on 18 dg, and on pregnant rats sacrificed on 20 dg. Virgin females
of both species were sacrificed on the day after the last day of exposure.
Although rats and mice were not exposed concurrently, the in-life portions of

these atudies were conducted within a 7-week period.
EXPOSURE SYSTEM

Inhalation exposures were conducted in Battelle-designed inhalation
exposure chambers (Harford Systems; Lab Producta, In¢., Aberdeen, MD). The
2.3-m3 stainless-steel chamber (1.7-m? active mixing volume) contained three
levels of caging, each of which was split into two offset tiers. The drawer-
like stainless-steel cage units accommodated individual animal cages, feed
troughs and automatic waterers. Stainless-ateel catch pans for the collection
of urine and feces were suspended below each cage unit. The catch pans, which
remained in the chamber during exposure, were designed to aid in maintaining a
uniform concentration of vapor throughout the chamber. Air (HEPA- and
charcoal-filtered) containing a uniform mixture of the test article flowed
through the chamber at approximately 15 air changes per hour. The uniform
mixture was diverted along the inner surfaces of the chamber and a portion of
the flow was "peeled off™ by each catch pan, thus creating mixing eddies.
Exhaust from each tier was cleared through the space between the tiers. {See

alsc Appendix B.)

The THF exposures were conducted using an automated data acquisition and
control system in an exposure suite. This system monitored and controlled the
basic inhalation chamber environmental parameters at =4-h intervals throughout
the exposure period (e.g. chamber air flow and vacuum, temperature, and
relative humidity). Test chemical concentrations were monitored at =30-min
intervals during THF vapor generation. Conditicns which may have been a
threat to the health of the animals, or constituted an explesaion hazard,
triggered alarms to personnel who were on call z4 h/day. All data acquisition
and control originated from an executive computer which contained the exposure
protocols and controlled a multiplexing-interface system.
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Exposure Chamber Environment

Chamber and room temperatures were measured by resistance temperature
devices (RTD) which were located at the measurement site, and were multiplexed
to a digital thermometer interfaced to the computer. Prior to the start of
the study the RTDs were calibrated to within *0.5°F of a certified mercury
thermometer maintained in a temperature-controlled water bath, Chamber
temperature was controlled primarily by adjusting the temperature of the

exposure room.

Percent relative humidity (%RH) was calculated with an accuracy of 16é%
by pulling an air sample from the measurement location through a Teflon® tube
into a dew point hygrometer located in the control center. Measurements were
taken from different locations using a valving system which multiplexed the
sampling tubes to the hygrometer. Percent RH values were calculated and main-

tained by the executive computer from temperature and dew point measurements.

Chamber air flow was calculated with an accuracy of #*15 l/min by
measuring the pressure drop across calibrated orifices located at the inlet
and exhaust of each chamber. Leaks in the chambers could be detected by
comparison of the measurement of inlet flow with exhaust flow. Flow was
maintained by a computer-controlled gate valve in the exhaust line of each

chamber.
T ia) G .

Tetrahydrofuran was pumped from the bulk reservoir (a modified
stainless-steel, flammable liquid container) at a steady rate by a liquid
micrometering pump designed to operate in potentially explosive atmospheres
{Figure 1). The chemical was pumped intc a rotating flask (100 rpm} which was
partially immersed in a hot water bath maintained at 175°F. The resulting
vapor was forced out of the mouth of the flask into a chilled water condenser
where much of the vapor was condensed, and returned to the evaporator flask.
Uncondensed vapor was carried from the top of the condenser column by the
metered stream of nitrogen. As the vapor laden nitrogen moved through the

condenser it became saturated with THF vapor. The temperature of this exiting
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vapor was monitored by an RTD located at the top of the condenser column. The
saturation vapor pressure at the temperature of the column exit was calculated
so that the output of the generator was known. For example, at an exit

temperature of 15°C, the THF concentration in the exit stream was 150,000 ppm

at a nitrogen flow rate of 25 1l/min,

Following passage through the condensing column, the vapor entered a
short distribution manifeld from which individual delivery lines carried
metered amounts of vapor to each exposure chamber. Flow to each chamber was
maintained by impulse vacuum pumps located at the chamber end of each delivery
line. Chamber concentrations were adjusted by the metering valve and/or by
adjustment of the compressed air pressure to the vacuum pump. Immediately
hefore entry of the atream into the exposure chamber, the nitrogen:THF vapor
mixture was diluted with HEPA and charcoal filtered air in order to achieve

the target concentration,

Normal operation called for up to 20% excess vapor to be exhausted from
the manifold through a flowmeter located at the end of the manifold., This
"excess"™ flow permitted adjustment of vapor flow rates to each chamber without
affecting the flow rate to the other chambers, The excess flow alsgo
maintained a alight positive pressure in the manifold preventing air from
entering the system and thus c¢reating a potentially explosive mixture. A
pressure transducer {(Dwyer Instruments Photohelig, Michigan City, IN)
monitored the pressure drop across the excess vapeor flowmeter. A drop in
pressure to less than 2 cm H;0Q resulted in an automatic shutdown of the

generation system.

Exposure chambers (without animals) and the exposure room were monitorec
for particles with a particle detector (Gardner Associates, Type CN) during
one day of test generation. No particles were found in the control chamber o:

in any of the exposure chambers.

The time for the c¢oncentration to build up to 90% of the final, atable

concentration following the start of generation (Tgg), and the time for the

vapor concentration to decay to 10% of the stable concentration fellowing the

cessation of generation (Tig}, were determined before and after animals were
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placed in the chambers (Figure 2). (These data were cbtained during the NTP-
sponsored Tetrahydrofuran Subchronic Inhalation Toxicity Study conducted at
Battelle-Pacific Northwest Laboratory, February tc May 1987.) The
experimental value for Tgg, with or without animals, was found to range from 8
to 10 minutes. At a chamber air flow rate of 15 air changes per hour, the
theoretical value for Tgp is approximately 12.5 minutes. Since there could
have been variabllicy in buildup times due to fluctuations in chamber flow
rates and sampling accuracy, a Tgg of 12 minutes was chosen for this study.
The value of T ranged from 7 to 9 minutes without animals present, and

increased to 10 to 13 minutes with animals present.

Uniformity of vapor concentration in the exposure chambers was measured
prior to the start of, and once during, the study. The vapcr concentrations
for these determinations were measured using the on-line GC with the automatic
sampling valve disabled to allow continucus monitering from a single input
line. Prior to animal loading, 12 chamber positions 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.
BANALYTICAL CHEMISTRY

All THF used for animal exposures was taken from BNW Lot No. 51437-15,
which was received in four 55-gallon metal drums., This lot was received by
Battelle-Pacific Northwest Laboratory on Rov. 12, 1986 under the NTP
Subchronic Inhalation Study {Contract N01-ES-65165). After completion of that
study, approximately 87 gallons of bulk material were transferred to the NTP
Inhalation Reproductive Toxicology (IRT) Program for use in this inhalation
teratclogy study. Of the four drums in this lot, drums 3 and 4 were used on
this study. Following completion of the teratology study, the remaining bulk
material, approximately 25 gallons, was transferred back to the NTP for
disposition. (A letter from the NTP authorizing these transfers of the THF

bulk material is included in Appendix A).

The daily requirement for generation of the target concentrations of THF
was approximately 4.7 kg. A total of 60.4 gallons of test material was

consumed during the study. Prior to generation test material was maintained
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at room temperature in the LSL-II storage facility. All transfers of THF were
performed under nitrogen to prevent the introduction of air inte the bulk

chemical.
Bulk Chemical Analysis

Bulk chemical analyses were performed using infrared spectroscopy to
confirm test material identity. Purity determinations were conducted by gas
chromatography (GC)}. The initial purity analysis was compared to a reference
material supplied by the Midwest Research Institute (MRI) and subsegquent
analyses were compared to a reference material which had been removed from the
bulk chemical upon receipt and atored at -20°C. Bulk test material purity

was acceptable throughout the study.

A specification for a maximum peroxide content of 300 ppm was applied
throughout the study. Tetrahydrofuran was analyzed for peroxide content once
per month after opening, and contained less than 100 ppm at each analysis. A
peroxide content of less than 300 ppm ensured the safety of the generation
process which involved evaporating THF at a temperature c¢f approximately
175'F. The test material was analyrzed by GC for stabilizer content and found
to contain 0.03% 2,6-di-t~butyl-4-methylphenol (BHT). (See Appendix A for
details.)

Charmt Moni .

A Hewlett-Packard (HP) 5B40 GC system ({(emplcying a 1/8" o.d, x 1.0°
nickel column packed with 1% SP-1000 on 60/80 mesh Carbopack B operated at
145°C} was used to monitor chambers during animal expcsures. This instrument
was equipped with an 8-port stream select valve and measured THF in the three
exposure chambers, the control chamber, the holding chamber, the exposure
room, the on-line standard, and the nitrogen blank. The analysis of bubbler
grab samples, collected in order to confirm values obtained from the on-line
monitor, was performed using an HPSB30 or HP5840 GC with a 2~ or 4-mm i.d. x
1.8-m glass c¢olumn packed with 20% 5P-2100/0.1% Carbowax 1500 on 100/120 mesh

Supelcoport. An on-line, certified standard, 400 ppm THF in nitrogen (MG
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Industries Scientific Gases, Los Angeles, CA), was used to check instrument

drift throughout the exposure day.

Precision of the on-line GC was estimated from 17 consecutive measure-
ments of the 400-ppm on-line THF standard. A 0.26% coefficient of variation
was observed. Linearity of the on-line GC was asgured by calibrating it
against a gravimetrically calibrated GC. (See comments in the "Calibration of
the On-Line Chamber Monitor"™ in Appendix A). The minimum detectable limit of
the GC was estimated from the decay profile for the highest concentration

chamber and estimated to be 0.04 ppm THF.
D at i { Stabili Studi

Stability of the THF in the generator reservoir was determined by aging
the test material in the stainless-steel generator reservoir for 36 days at
room temperature. Portions of this material were analyzed prior to and
following aging. The initial relative purity was 99.3% and the peroxide
content was 14 ppm. After aging, the wvalues for purity and peroxide content
were 99.6% and 7 ppm, respectively., These results indicated that THF was

stable in the generator reservoir.

The stability of THF in the generator flask over the 6-hour exposure
period was evaluated during two test runs. During the first test run the
initial pﬁrity for the THF taken directly from the drum was 99.1% to 99.6%,
while the material from the generator flask was 98.8%, During the second run,
the initial bulk purity was approximately 100%, as was the purity for the
material recovered from the evaporation flask at the end of a typical
exposure. These analyses indicated that the THF was stable in the generator

flask under the conditions used to generate chamber concentrations.

The extent to which less volatile impurities, the BHT stabilizer and
peroxides, concentrated in the generation flask over the 6-hour period was
determined. Using the MRI method {(See Appendix A), the BHT concentration of
bulk test material was found to be 100 ppm and the peroxide content was
14 ppm., Using mass flow calibrations which indicated that 4.7 kg THF was

consumed per day, and that an evaporation flask residue of about 200 to 300 ml
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{0.18 to 0.27 kg) remained at the end of the 6-hour exposure peried, a concer-
tration factor of 17 to 26 was predicted for these compounds. When measured
at the end of the exposure day, the BHT concentration in the generator flask
wasa found to be 1640 ppm, and the peroxide content was 11 ppm. The measured
BHT concentration was near the predicted range of 1700 to 2600 ppm; however,
the percoxide content did not increase as predicted. Since no evidence of
peroxide was found in the exposure chambers (see below), these results
indicate that the small amount of peroxide present in the bulk material may
have reacted within the evaporation flask to form a nonvolatile, polymeric
material. Grab samples of chamber atmospheres were alao analyzed for BHT
concentrationa; however, no evidence of BHT in the expoaure chambers was

obaerved.

Chamber atmospheres were tested for the presence ¢f organic peroxides by
means of a p~hydroxyphenylacetic acid coupling reaction (Kok et al., 1986).
All chambers containing the THF exhibited a response similar to¢ the control
chamber and the areas observed for all samples were near the bottom of the
calibration curve. Thus, the organic peroxide level in the expoaure chambers
was below the calculated limit of detection ({=0.13 ppm) assuming complete

reaction of collected peroxides,

Chamber atmospheres were also teated for the presence of other potential
THF degradation products: furan, isopropancl, and butyraldehyde. Prior
recovery studies indicated that the recoveries of these compounds from spiked
charcoal collection tubea, of the type used to sample the chamber atmosphere,
were greater than B85% for furan and butyraldehyde, but were low for the
relatively non-volatile isopropancl., BAnalysis of actual chamber grab samples
did not reveal the presence of any of the potential THF degradation products

at concentrationsa in excess of 0.1% of the target exposure concentrations.
ANIMAL HUSBANDRY

Upon receipt, all animals were housed in gquarantine rooms for at least
20 days prior to the start of exposure. Males and females were housded
separately on stainless-steel wire racks equipped with automatic waterers

(10-11 mice per cage, 5-6 rats per cage). During the quarantine period at
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least five males and five females of each species were killed and examined for
gross and microscopic lesicons. Nascpharyngeal washes from the animals were
cultured for bacterial pathogens. Serum from each animal was tested for
antibodies to selected pathogens {Appendix D). Annther check for antibodies
to selected pathogens was performed on serum obtained from five females in the
control group and from five females in the S000-ppm group, for each apecies,
at the final sacrifice. All results were negative for significant pathogens
and lesions. Animals were observed daily for mortality, morbidity, and overt

signs of toxicity throughout the study.

Food, pelleted NIH-07 diet (Ziegler Breos. Inc., Gardner, PA), was
provided ad libitum during the entire time the animals were in house. Food
was removed during the 6-h exposure period and replaced for the duration of
the 18-h recovery period; otherwise food was provided ad libitum. Water was
provided ad libitum with automatic waterers throughout the study. Room
lighting was maintained on a 12-h on-off cycle {(0600-1800 h for the light
phase) . During the quarantine period animal room temperature was maintained

at 72+3°F and the percent relative humidity was maintained at 50%15%.

Target champer temperatures during the exposure periods were maintained
within the limits of 75%3°F. Actual chamber temperature means for all
exposure days (both species) were between 73.5 and 76.2°F, all within the
specified limits. Mean percent relative humidity in all exposure chambers was
between 50.5 and 58.7%; these fluctuations were within the specified limits of
55t15%. The average air flow in all chambers for the study was between 14.0
and 15.4 CFM {1 CFM = 1 air change per hour). All flowa were within the
specified limits of 12 to 18 CFM. A complete summary of the daily chamber

envirconmental data can be found in Appendix B.
REYELOPMENTAL TOXICOLOGY

Female mice and rats were weighed and individually identified by ear
tags 1-2 weeks prior to mating. At this time forty virgin females of each
species were randomly chosen for assignment to the four exposure groups by
using body weight as the blocking variable. The remaining females were bred

by caging two to three females overnight with each male. Copulation was
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established con the following morning by the presence of a vaginal plug in the
cage of the mice; cor for rats, by a sperm-positive vaginal lavage smear. If
evidence of mating was detected this day was designated as 0 4dg, and
poaitively mated females were weighed and randomly assigned to exposure groups
using body weight as the blocking variable, Mating was conducted for five
consecutive nights for each species to obtain approximately 130 positively
mated females, approximately 33 animals per group. In order to acclimate
animals to exposure chambers, mated females were individually caged in
exposure chambers with the doors open on 0 dg. The virgins were individually

caged in an open exposure chamber eight days prior to exposure.

Mated female mice were weighed on 0, 6, 9, 12, 15, and 18 dg, and rats
con O, 6, 10, 14,'17 and 20 dg. Virgins were weighed twenty days prior to the
start of exposure, on exposure days 1, 5, and 10 and at sacrifice. Virgin
mice were expcsed for 12 consecutive days (rats for 14 consecutive days)
concurrently with positively mated animals and sacrificed 1 day after the last

day of exposure.

Female mice in the 5000-ppm exposure group exhibited an unexpectedly
high level of toxicity, including a significant degree of mortality {>25%),
after only 6 days of exposure {5 days for virgins). Consequently, mice in
this highest exposure level were removed from exposure at this time and placed
in a chamber supplied with fresh, filtered air until the time of acheduléd

sacrifice.

At the time of sacrifice rats and mice were euthanized with CO2, weighed
and examined grossly for signs of maternal toxicity. Both ovaries from each
female were saved for sectioning and quantitative follicle counts (performed
by another laboratory designated by the sponsor). Apparently nongravid uteri
from positively mated females were stained with 10% ammcnium sulfide to detec:
possible implantation sites. The number, position and status of implants wers
recorded for each gravid uterus. Placentas were examined and discarded unless
abnormal. Live fetuses were weighed, examined for gross defects and their sex
was determined by internal examination of the gounads after euthanagia with an
injection of Nembutal® (sodium pentobarbital). Fifty percent of the live
fetuses and any fetuses with gross external abnormalities were examined for
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visceral defects by dissection of fresh tissue. The heads of fifty percent of
the live fetuses were removed and placed in Bouin's fixative. BAfter fixation
the heads were serially sectioned with a raror blade and examined for soft-
tissue craniofacial abnormalities. All fetal carcasases, with and without
heads, were prepared for skeletal staining. Cartilage as well as ossified
bone was visualized by double-staining with aleian blue and alizarin red S.
The individual identity of each skeletal and head specimen was maintained

throughout the study.

STATISTICRL BANALYSES

All means and standard deviations for animal data were calculated with
ShS 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) with an analysis of variance (ANOVA)
model for unbalanced data. Response variables, either body weight or the arc-
sin transformations of preporticnal incidence data, were analyzed againsat the
class variable, treatment, in a one-way ANOVA model. A Tukey'a t-test (two-
tailed) was used to assess statistically significant differences between
control and exposed groups. If appropriate, the dose-response relationship
was determined by means of an crthogonal trend test (Winer, 1971). In the
case of proportional data this test was performed on transformed variables.

The litter was used as the basis for analyais of fetal variables.
BESULTS

EXRQSURE AND CHEMISTRY

The chemical stability of tetrahydrofuran was evaluated in both the
generator reserveoir and in the exposure chambers (with and without animals}.
Tetrahydrofuran was found to be stable in the generator reservoir, and there
was no evidence of degradation products greater than 0.1% of the target
concentration in the exposure chambers (with or without animals). Direct
measurements of chamber concentrations of BHT and peroxide confirmed that

chamber concentrations of these two less volatile species were insignificant.
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Temperature-programmed GC failed to show evidence of any other degradation

products.

The test material concentration uniformity data was obtained for each
chamber during prestart testing and after animals were in place; all chambers
were acceptable (Table 2), {Complete data are in Appendix B.) In order to
facilitate interpretation of the data in Table 2, the THF concentration
reading at each port was also expressed as a percentage of the mean
measurement at all ports measured. The possible variations of chemical
concentration measured from one sample port to another during the chamber
balance procedure was termed the total port variability (TPV). Three factors
contribute to the TPV: 1) the between port variability (BPV) which represents
the variation of chemical distribution within the chamber; 2) the within port
variability (WPV) which represaents the fluctuation of the average chemical
concentration within the chamber during the time the uniformity measurements
are made; and 3) the variability of the measurement instrument itself. All
uniformity data were satisfactory with respect to percent relative standard

deviations ({(RSD}:; <7%.

The mean chamber temperature in each exposure level in the mouse study
was between 73.5 and 76.2°F, all within the specified limits of 72 to 78°F.
Individual temperature extremes ranged from 69.6 to 79.3°F. The mean values
of relative humidity in all chambers were between 50.5 and 58.7%, all within
the specified limita of 40 to 70%. Relative humidity extremea {(considering
all chambers) ranged from 35 to 75%; 290% of all readings were within
operating range. The mean values of chamber air flow were between 14.9 and
15.4 CFM (1 CFM = 1 air change per hour), all within the specified limits of
12 to 18 CFM. Flow extremes {considering all chambers) ranged from 13.3 to
15.8 CFM.

During the rat study the mean temperatures in all chambers were between
74.5 and 76.2°F, all within the specified limits of 72 to 78°F. Temperature
extremes ranged from 70.3 to 78.7°F. The percent of temperature readings
within the operating range for all chambers were greater than 92%. Mean
percent relative humidity in all chambers was between 52.6 and 56.4%, all
within the specified limits of 40 to 70%. Individual relative humidity
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extremes (considering all chambers) ranged from 33 to 7%%. All chambers were
above the 90% target for the number of readings within operating range. The
mean chamber air flows in all chambers were between 14.0 and 15.1 CFM (1 CFM =
1 air change per hour), all within the gpecified limita of 12 to 18 CFM. Flow
extremes {considering all chambers) ranged from 13.9% to 17.7 CFM; all

readings were within normal operating limitas.

The grand mean of the THF concentration in each chamber for the mouae
study was between 101 and 102% of the target, with relative standard
deviations in the range of 3 to 4% (Table 3). The daily mean concentraticns
for all chambers were within *4% of the target concentrationa (the daily
protocol required the daily means to be within 110% of the target con-—
centrations). At least 98% of all individual concentration measurements were
within *10% of the target levels. The maximum concentration observed in the
control chamber was 0.7 ppm, and in the holding chamber was 0.5 ppm. The
maximum concentration cbserved in the room was 14.2 ppm; this single, high
reading was due to the malfunctioning of a control valve which slightly
pressurized the exhaust line and released THF into the exposure rcom for a

short pericd of time.

The grand means of chamber concentrations for all exposure levels for
the rat study were 100% of the target with relative standard deviations in the
range cf 3 to 4% (Table 4). The daily mean concentrations for all chambers
were within 7% of the target concentrations (the protocol regquired the daily
means to be within $10% of the target concentrations). At least 98% of all
individual concentration measurements were within +10% of the target levels,
the specified coperating limits. No measurable concentration of THF was
observed in the control or holding chamber at any time during rat exposures
and the maximum THF concentration observed in the room during the rat study

was 0.1 ppm.
DEVELOPMENTAL TOXICOLOGY: RAT

Each exposure group consisted of 32-33 sperm-positive female rats and 10
virgin female rats. All sperm-positive females were killed on 20 dg, and the

virgins were killed one day after the 14th day of exposure. The pregnancy
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rate of the sperm-positive females was 93%. There were no maternal deaths;
however, alopecia was noted on 12 rats exposed to THF (five in the 600 ppm;
three in the 1800 ppm; and four in the 5000 ppm). No alopecia waa observed in
the controls. Rside from a reduction in tody weight for the 5000-ppm group,

no other overt symptoma of toxicity were evident.

Mean body weights of virgin females were not significantly affected at
any time during the l4~day exposure period or at sacrifice although there was
a depression in body weight on the 5tR exposure day for the 5000-ppm group
(Table 5). The animals appeared to have recovered by the 10! exposure day
since there was no longer a difference in body weight between the 0- and

5000-ppm groups.

Pregnant females exposed to 5000 ppm THF showed a significant decrease
in mean body weight when compared to O-ppm animals by 10 dg, an effect which
continued to be statistically significant throughout the remainder of the
exposure period (Table 6). Graphing of the mean cumulative weight gains shows
this was due to an initial depression in weight gain, 6-10 dg, followed by a
rate of gain equivalent to control groups for the remainder of the exposure
period (Figure 3). The mean gravid uterine weight and the extragestaticnal
weight gain (EGWG; body weight at the time of sacrifice minus the gravid
uterine weight minus 0 dg weight) were reduced at the time of sacrifice for
the 5000-ppm group as compared to the 0-ppm group and contemporary control
data; however, the difference was not significant (Tabkles 6 and 7). These
reductions were not linearly correlated with increasing exposure
concentration, but occurred abruptly at the 5000-ppm level. There was no
effect on the mean ratio of uterine weight to EGWG for treated animals as

compared to controls (Figure 4).

Exposure of pregnant rats to THF vapors on 6-19 dg had no effect on the
number of implantations, the mean percent of live pups per litter, or the mear
percent of resorptions per litter with respect to the 0-ppm group or to
contemporary control data (Tables 7 and B). Fetal weights (as means of litte:
means) were significantly reduced for the 5000-ppm exposure group when
compared to controls (Tables 7 and 9). Mean bedy weights for both male and
female fetuses were =82% of the mean weights for the control fetuses. The
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ratio of males to females in the litters was naot affected. Although a trend
test showed a significant correlation between fetal weight reduction and
increasing expcosure concentration, the significant trend was due to an abrupt
drop in fetal weight between the 1800- and 5000-ppm groups as opposed to a

gradual decline with increasing exposure concentrations.

The incidence of fetal malformationa was not significantly affected
following gestational exposure to THF (Tables 10, 11 and 12). However,
several malformations were observed in the 5000-ppm group which were not found
in either the {0-ppm group or in the c¢ontemporary control data; anal atreasia,
cleft palate, vestigial tail and vertebral agenesis. The incidence of fetal
variations and reduced ossifications was not significantly altered by exposure
to THF although there was a slight increase in their incidence with respect to
both the 0-ppm group and the contemporary control data (Tables 11, 13 and
14) .1 The mean percent of the litter affected (malformations or variations)
wag not significantly different among treatment groups {Table 11). The mean
percent incidence per litter was calculated based on the number of live
fetuses examined for a given malformation or variation per litter, i.e. the
incidence ¢f visceral defects was based on the number of fetuses in each

litter that received a wvisceral exam.
DEVELOPMENTAL TOXICOLOGY: MICE

Each exposure group, 0, 600, 1800, or 5000 ppm THF, consisted of 33
plug-peositive mice and 10 virgin female mice. All surviving animals were
killed following the 12%h consecutive day of exposure, 18 dg for plug-positive
females. The mean pregnancy rate of plug-positive females for all exposure

groups was 96%.

1 In the case of the pelvis, the skull and the phalanges, reduced

ossifications are presented here as bone group totals, although each beone is
individually evaluated. Por example, of fetuses with reduced ossification in
the skull, 69% percent had reduced ¢ssification of the interparietal bone,
25% of the supraocccipital, 12.5% of the parietal, 6% of the mandible, 6% of
the zygomatic arch, 6% of the nasal, and 6% of the frontal bone.
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There were no maternal deaths in either the 600 or 1800 ppm exposure
groups; however, some animals in the 1800-ppm group and all animals in the
5000-ppm group were subject to narcesis for up to one hour following the daily
shut-down of the THF generation system. Female mice exposed to 5000 ppm THF
vapors exhibited an unexpectedly high mortality; 27% of the plug-positive
females died between 6 and 11 dg (during exposure days 1-6), and 30% of the
virgins died during exposure days 1-5. A 4%™h virgin died nine days after
initiation of exposure. Mated females which survived six exposure days at the
5000-ppm level were placed in another exposure chamber which was supplied with
fresh, filtered ailr on the morning of 12 dg and remained there until the
acheduled sacrifice on 18 dg. The surviving 5000-ppm virgins were alsc placed
in the filtered air chamber on the morning of the sixth exposure day and
remained there until sacrifice. The surviving females did not show any

further signa of overt toxicity.

The mean boedy weights of virgins were significantly reduced by exposure
to THF on exposure day 5, but had recovered by the time of sacrifice
{Table 15). Pregnant females exposed tc 5000 ppm tetrahydrofuran vapors on
6-11 dg showed a significant decrease in body weight when compared to controls
by 9 dg (Table 16). The body weight depression continued through sacrifice,
and can be attributed in large part to the high intrauterine mortality in the
5000 ppm group (discussed below). Mean maternal body weights at sacrifice, as
well as uterine weights, were alsg significantly less than the 0-ppm group and
the contemporary control data for the 1800~-ppm exposure group {(Table 16). The
extra-gestational weight gain (EGWG:; body weight at the time of gacrifice
minus the gravid uterine weight minus dg 0 weight) was significantly reduced
only for the 5000-ppm group. The cumulative weight gain for the S000-ppm
group was significantly less than control animals for the duration cf the
exposure (Figure 5). The mean ratio of uterine weight to EGWG showed an
exposure-dependant decrease which was atatistically significant for the
5000-ppm group when compared to 0-ppm group, undoubtedly due to the high

incidence of resorption (Figure 6).

Exposure of mice to THF vapers on 6-17 dg had nc effect on the number of

implantations per dam. However, there was a aignificant decrease in the
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number of live pups per litter and in the mean percent of live pups per litter
for both the 1800- and 5000-ppm groups when compared to the O-ppm group or the
contemporary control data (Tables 17 and 18). These decreases correaponded to
an increase in the number and percent of rescrptions per litter. Pregnant
females in the 5000-ppm expcaure group that survived to the scheduled
sacrifice had litters with a 95% incidence of early reaorption. Most of the
uteri in this group had to be atained with 10% ammonium sulfide in order to
detect the implantation sitea. Neither fetal weights nor the fetal sex ratio
were affected by gestational exposure of dams to €00 or 1800 ppm THF vapora
{Table 19).

There was no gsignificant increase in the incidence of fetal
malformations in mice following gesatational exposure to THF with respect to
the 0-ppm group or to contemporary contrecl data (Tables 20, 21 and 22).
However, several malformations appeared in the 1800-ppm group which had not
been observed in either the O-ppm grcup or in the contemporary control data;
cleft palate (5 fetuses}, edema (1), ectopic ovaries (1), and undescended
teatea (1). These malformations were all found in a single litter of low
weight fetuses which also had 7 late regsorpticns. There was a slight
increase, not statistically significant, in the incidence of variations and
reduced ossifications? in the 1800-ppm group with respect to the O-ppm group
and the contemporary control data {(Tables 21, 22, and 23}. The elevated
incidence of variations was due primarily to an increase in the number of
reduced sternebral ossification 2ites and was significantly correlated to
increasing exposure concentration. Values for the 5000-ppm group were not
included in statistical analyses since only cne litter with live fetusea was

represented.

¢ Reduced ossifications are presented here as bone group totals, although
each bone is individually evaluated. For example, of fetuses with reduced
ossificationa in the skull, 100% had reduced casification of the
interparietal, parietal and frontal bones, 75% of the supracccipital, and 25%
of the nasal bones.
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RISCUSSION

Results of this study indicate that exposure of Sprague-Dawley rats to
0, 600, 1800 or 5000 ppm tetrahydrofuran vapors did not result in selective
toxicity to the offspring. The only overt sign of maternal toxicity observed
was a significant reduction in body weight for the 5000-pprm group which was
due to a depressed rate of gain from 6-11 dg. The added stress of pregnancy
appeared to exacerbate THF toxicity since no treatment-correlated reduction in
body weight was observed in virgin females., The only observed fetal effect
was a significant reduction in fetal body weight for the 5000-ppm group which
was accompanied by a corresponding reduction in maternal extragestational
weight gain. There were no treatment-related increases in the incidence of
intrauterine mortality, or in the frequency of fetal malformations or

variations.

Swiss (CD-1) mice appeared to be much more susceptible to the toxic
effects of THF than were the rats, The mortality incidence of plug-positive
and virgin females in the 5000-ppm exposure group during the first five days
of exposure was so high that animals in this group were removed from exposure
on the morning of 12 dg (the 6" day of exposure}. The mean body weight at
sacrifice for dams in both the 5000- and 1800-ppm groups was significantly
leas than for the c¢ontrol group. In the 1800-ppm group, this weight reduction
wa3 not du€ to a decrease in maternal extra-gestational weight gain, but to a
significant reduction in uterine weight, reasulting from the increased
resorption incidence. The mean maternal body weight, the uterine weight, and
the extra~gestaticonal gain for the 600-ppm group were not affected relative to

the control group.

This degree of toxicity was surprising in light of the results of a 90-
day subchronic study where a different strain of mouse was used, B6C3Fl, and
where only mild c¢linical symptoms were observed, even after 90 days of
exposure. However, the effects on long-term expeosure to THF vapor were
evident in histopathological examination of ¢rgans of these animals where
evidence of rtoxicity was present in the form of liver cytomegaly, uterine
atrophy and degeneration of the cortex and x-zone of the adrenals. Since
Swiss {CD-1) dams on this were not examined histopatholeogically, nor were they
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exposed for such a long period, a detailed comparison between the two strains

cannct be made.

Gestational exposure of mice to THF resulted in a gsignificant increage
in the incidence of intrauterine mortality at the 1800-ppm exposure level,
The intrauterine mortality was manifested as an increase in the incidence of
both early and late resorptions, but not as an increase in the incidence of
"dead™ fetuses. In the 5000-ppm group, the incidence of intrauterine death
was 95% in surviving dams; the majority of early rescrptions occurred within
one day of implantation (only one litter had live fetuses). Interestingly,
the reduction in maternal weight gain and the increase in intrauterine death
for the 1800-ppm group were not accompanied by a treatment-associated decline
'in fetal weight, nor by an increase in the incidence of fetal malformationa.
The treatment-correlated increase in the mean percent incidence of reduced
sternebral ossification is probably indicative of a slight fetal growth
retardation, and may be linked to the increasing maternal toxicity evidenced
by a treatment-related decline in maternal weight. The lack of an increase in
the incidence of malformations, or a reduction in fetal body weight, suggests
that in the event the conceptus survives, development as assessed by this

experimental design, continues in a normal fashion in the mouse,

Swiss (CD-1) mice were more susceptible to the toxic effects of THF than
were the Sprague-Dawley rats as demonstrated by the severe narcosis and death
of pregnant and virgin female mice in the 5000-ppm exposure level. The mice
exhibited an increased incidence of resorptions at the 1800-ppm level that was
not observed in the rat; however, other fetal parameters {body weight and the
incidence of abnormalities) were not significantly affected in either species.
On the basis of these resulta it ia posaible to identify 1800-ppm THF as a no

observable effect level (MOEL) in the rat and 600 ppm as a NOEL in the mouse.
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TABLE 3. Tetrahydrofuran Teratology Study: Average Daily Exposure
Chambar Concentrations for Mouse Exposures. (cont.)

1800 ppm Tetrahydrofuran Vapor
Exposure Mean +8D Max Min | Number Number | Percent
Day {opm) {ppm)| {ppm) | Samples |in Range (a}] in Range |
1 1840 + 66 200071 1740 18 15 94
2 1880 + 39 1920| 1750 17 17 100
3 18501 43 1950| 1730 17 17 100
4 1820 ¢ 34 1880 1730 17 17 100
5 1830+ 68 1950 1720 17 17 100
8 1810+ 169 | 1950| 1270 14 13 93
7 1840 + 42 19107 1730 17 17 100
8 1740+ 37 1800} 1870 16 16 100
9 17B0 + 62 1880 | 1880 15 15 100
10 1780+ 63 1850| 1610 15 14 83
11 1840 £ 55 1970 1750 17 17 100
12 1840 1+ 31 1890| 1760 186 16 100
13 1840 + 40 1940 1770 17 17 100
14 1830+ 29 1880{ 1770 15 15 100
15 1830+ 47 1930 | 1740 17 17 100
18 1840 + 64 1980} 1730 15 14 93
Summary]| 1830+ 68 20001 1270 258 254 98
(a) Range = +10% target.
5000 ppm Tetrahydrofuran Vapor
Exposure Mean +SD Max Min | Number Number | Percant
Day {(ppm) (ppm)| (ppm) | Samples |in Range (a)| in Range
i 50701 137 | 5380 | 4820 16 16 100
2 5180+ 82 5320| 4940 17 17 100
3 5150+ 74 5240 | 4920 17 17 100
4 5100+ 102 | 5270 4840 17 17 100
5] 5110+ 164 | 5390 4B40 17 17 100
6 5190+ 217 | 5430 4490 14 13 a3
7 5070+ 110 | 5250 4800 17 17 100
8 4970 x 91 5130 | 4810 15 15 100
9 4950+ 133 |5170| 47860 15 15 100
t0 4950 + 141 5110 | 4560 15 15 100
11 4980+ 122 | 5260 | 4780 17 17 100
12 5010%x 70 5130 4840 16 16 100
13 5090+ B4 5370 4980 17 17 100
14 5050 t 55 - 5130 | 4920 15 15 100
15 4390 + 83 5120 | 4840 17 17 100
16 5150+ 242 | 5780 | 4870 15 13 87
Summary| 5060+ 146 | 5780] 4490 257 _254
{a} Range = +10% target.
TETRAHYDRCFURAN RODENT TERATOLOGY 33 August 1988



TABLE 4. Tetrahydrofuran Teratology Study: Average Daily Exposure
Chamber Concantrations for Rat Exposures.
0 ppm Tetrahydrofuran Vapor
Exposure Mean +5D Max Min | Number Number | Percent
Day {ppm) {(ppm){ (ppm) | Samples Jin Range {b}] in Rangs |
1 <MDL (a) <MDL | <MDL 17 17 100
2 <MDL <MDL | <MDL 17 17 100
3 <MDL <MDL | <MDL 48 48 100
4 <MDL <MDL | <MDL 16 16 100
5 <MDL <MDL [ <MDL 17 17 100
6 <MDL <MDL | <MDL 17 17 100
7 <MDL <MDL | «MDL 17 17 100
8 <MDL <MDL | <MDL 17 17 100
9 <MDL <MDL | <MDL 17 17 100
10 <MDL <MDL | <MDL 17 17 100
11 <MDL <MDL | <MDL 17 17 100
12 <MDL <MDL | «MDL 15 15 100
13 <MDL <MDL | «MDL 17 17 100
14 <MDL <MDL | <MDL 17 17 100
15 <MDL <MDL | <MOL 17 17 100
16 <MDL <MDL | <MOL 17 17 100
17 <MDL <MDL | <MDL 16 16 100
18 <MDL <MDL | <MDL 16 16 100
Summary | <MDL_ <MDL | <MDL 332 332 100
(a) Minimum Detectable Limit (MDL)}=0.04 ppm Tetrahydrofuran.
(b} Range=0-20 ppm Tetrahydrofuran.
600 ppm Tetrahydrofuran Vapor
Exposure Mean £SD Max Min | Number Number Parcent
Day {pom}) ppm}| (ppm) ! Samples lin Range (a)} in Range |
1 589+ 11 605 568 16 16 100
2 582+ 10 597 583 16 16 100
3 600+ 10 814 570 15 15 100
4 587t 18 615 557 15 15 100
5 594 £+ 15 831 571 16 18 100
8 583+ 38 663 493 16 14 88
7 824 + 21 870 598 16 14 a8
8 595+ 20 623 535 15 14 93
9 604+ 25 641 531 16 15 94
10 601t 10 633 591 16 16 100
11 6051 11 630 593 16 16 100
12 597t 12 829 571 14 14 100
13 591 71 628 337 15 14 93
14 599+ 10 627 5687 16 16 100
15 613+ 12 6829 578 1€ 186 100
16 602 + 11 615 581 16 18 100
17 604 £ 12 631 587 18 16 100
18 594 + 21 6286 550 18 18 100
Summary 598 + 25 670 337 282 275 98
(a) Range = £10% target.
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TABLE 4. Tetrahydrofuran Teratology Study: Average Daily Exposure
Chamber Concamirations for Rat Exposures. (cont.)

1800 ppm Tatrahydrofuran Vapar
Exposure Maean +SD Max Min { Number Number | Percent
Day {pprm) {ppm}) (ppm} }Sampies lin Range (a)} in Range
1 1830+ 32 1870 1770 17 17 100
2 1810t 43 1880 | 1720 17 17 100
3 1830+ 35 1890 1740 16 16 100
4 17801 48 1880} 1700 18 16 100
5 1780+ 45 1660 | 1710 16 16 100
8 1750+ 103 {1940| 1460 16 15 94
7 1870+ 72 2030 1790 16 14 88
8 1610+ 48 1900 | 1680 16 16 100
9 1800 81 1910 | 1590 16 15 94
10 17801 42 1890 | 1670 17 17 100
11 1790+ 29 t860| 1720 17 17 100
12 1800+ 37 1910} 1740 14 14 100
13 1790+ 172 | 1880 | 1180 16 15 94
14 1790t 36 19001 1730 17 17 100
15 1840 t 47 1910 | 1730 17 17 100
16 1810t 29 1850 1750 17 17 100
17 1830+ 27 1890 1800 16 16 100
18 1740+ 52 1810| 1630 15 15 100
Summary | 1800+ 69 2030| 1180 292 287 g8
(a) Range = 110% target.
5000 ppm Tetrahydrefuran Vapor
Exposure Mean £50 Max Min | Number Number | Percent
Day (ppm) {(ppm}| (ppm) | Samples lin Range (a)| in Aange
1 50601 78 5260 | 4950 16 186 100
2 4940+ 90 5060] 4690 17 17 100
3 5t40+ 72 5260| 4950 16 16 100
4 4980+ 114 | 5230] 4750 16 16 100
5 4350+ 139 | 5160 4710 16 16 100
6 4680+ 231 | 5010} 3990 16 15 94
7 5040t 146 | 5330 | 4680 16 16 100
8 5020+ 115 | 5230 4850 18 16 100
9 5050+ 139 | 5280 | 4760 16 16 100
10 4950+ 115 | 5220 4680 17 17 100
11 5050+ 74 5220 ] 4960 17 17 100
12 5030+ 92 5320| 4960 14 14 100
13 4990+ 310 | 5200| 3870 16 15 94
14 4940+ 94 5240 | 4830 17 17 100
18 5110+ 114 | 5300| 4850 17 17 100
16 5030+ 75 5140 4870 17 17 100
17 5060t 64 5180 4990 15 15 100
18 4890+ 154 | 5070 ) 4540 15 15 100
Summary | 4990+ 1686 | 5330 3870 | 250 _288 99
(a) Range = 1£10% target.
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TABLE 5. Tetrahydrofuran Rat Teratology: Mean Body Weights for Virgins (g+SD).

Exposure
Concen- Exposure Exposure Exposure
|__tration IN Day1 Day5 Day 10 Sacrifice

0 ppm 10 288.1 1200 297.5+209  302.2 +23.4 300.0 + 24.8
600 ppm |10 284.8 +206 2955+217  301.0+228 303.0 + 25.1
1800 ppm |10 291.7 +23.7 3022+ 296  304.8 + 350 303.0 + 29.4
5000 ppm | 10 285.8 + 211 290.4 +22.2  297.7 + 25.1 301.7 + 32.8

TABLEG. Tetrahydrofuran Rat Teratology Study: Mean Body, tterine, and Extra-gestational
Weights for Pregnant Dams (g = SD).

Exposure
Concen- Extra-gestational
tration N DG 6 DG 10(a) DG 14 (a) DG 17 (a) DG 20 (a) Uterine Weight Gain

0 ppm 31 306.41185 32471200 3444+ 217 368.9 + 233 4053 + 29.0 76.8 211 485+ 147
600 ppm |28 303.31248 32041258 3439 + 274 372.4 £ 29.2 411.5+£ 308 833 +164 524+ 152
1800 ppm |29 300.8+ 184 317.3118.0 336.9 £ 20.0 3675+ 234 4129 1+ 329 795+ 159 5831205
5000 ppm |32 299.1 £+ 26,2 302.8 +24.0(b) 3240 +27.0(b) 349.8 +204{b) 380.8 +32.8(b)] 66.5+ 151 387 + 16.2
{a) Significantly correlated with exposure concentration, p<0.05
{b) Significantly different from control groups, p«<0.05.




TABLE 7. Contemporary Control Data for Sprague Dawley

Rats (N=80 Litters; Mean + SD).

Nurmber Percent
Matemal Weight; 18 dg 404.8 £ 29.0 —
Gravid Wterine Weight 79.6 + 18.7 -
Extra-gestational Weight Gain 48.2 £ 15.0 -
Implants 15.7 £ 29 —
Live Fetuses 14.7 £ 33 925180
Early Resorptions 0.8+ 1.1 6.4+886
Late Resorptions 0.2+ 05 11133
Dead Fetuses 0.0+ 00 0.01+0.0
Total Intrauterine Death 1.1+ 11 751980
Fetal Weight 3.55+033 -
Male 3.64 039 -
Female 3.45 +0.32 —
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TABLE 8.

Tetrahydrefuran Rat Teratology Study: Reproductive Measures (mean + SD).

Tetrahydrofuran Chamber Concentration (ppm)

_ 0 600 1800 5000
Sperm-positive Females 33 32 32 32
Number Pregnant KB 28 29 32
Pregnant {%) 93.9 87.5 80.6 100
Pregnarncies Examined 31 28 29 32
Implantations/Dam 165 +3.7 16.7 £ 3.0 154123 157+ 3.2
Live Fetuses/Litter 145+ 42 15.4 £ 3.3 145+ 25 148+ 3.4
Resorptions/Litter: Total 11212 13136 09+1.4 0910
Early 1.0x1.2 131236 0.7x1.2 08110
Late 01104 00+02 02+05 01+03
Dead Fetuses/Litter 0 0 0 0
PERCENTAGE OF:
Live Fetuses/Litter g16+111 9331151 942+ 85 938 +104
Resorptions/Litter: Tofal 84+111 6.7+ 151 58185 62+10.4
Early 7.7+10.9 64+152 42+74 58+104
Late 071+ 29 02x 1.2 1.6+38 0.4+ 15
Dead Fetuses/Litter 0 0 0 0
Litters with Resorptions 55 43 45 56

TABLE 9. Tetrahydrofuran Rat Teratology Study: Average Fetal Weights (Means of Litter
Means; g+ SD), and Fetal Sex Ratio.

Tetrahydrofuran Chamber Concentration (ppm)

0 600 1800 5000
Litter Examined 31 28 29 {a) 32
Live Fetuses Examined 447 430 421 (a) 474
Fetat Weight (b} 35+03 3.6+03 36+03 29+0.2(c)
Male (b} 36104 38103 36104 3.0+03(c)
Female (b) 35+0.2 35+03 35+03 2810.2(c)
Percent Male Fetuses 468 + 13.6 48.4 + 15.2 48.0+ 166 ]149.4+186.3

(a) One litter was not weighed, therefore N=28 litters for fetal weight mean.

(b} Significantly correlated to exposure concentration, p<0.05.

(c) Significantly different from control group, p<0.05.
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TABLE 10. Tetrahydrofuran Rat Teratology Study: Maliormations Observed in Live Fetuses.

Fetuses (a) Litters (a)
T‘etrq_hydrofuran {(ppm) [i] 600 1800 5000 0 600 1800 5000
Total Examined {b) 447 430 421 474 31 28 29 32
Heads examined (c) 222 216 206 234 31 28 29 32
Skuils axamined {d) 225 214 215 240 31 28 29 32
Viscera examined (8) 226 214 215 241 a1 28 29 a2
Ma!formations:
Anal Atresia NO. v} 0 0 1 0 v} 0 1
() (0.2) (3.1}
Cleft Palate NC. 0 0 1 1 0 0 1 1
() (0.2} {0.2) (3.4 (3.1)
Vestigial Tail NC. 0 0 0 2 0 0 0 2
(%) (0.4) (6.2)
Branched or Fused Ribs NO. 0 2 0 0 0 2 0 v}
(%) (0.5) 7.1}
Fused Sternebras NO. 0 1 0 1 0 1 0 1
%) 0.2 {0.2) (3.6) (3.1)
Fused Vertebrae NO. 1 0 0 0 1 0 0 0
{cervical) (%) | (0.2) {3.2)
Vertebral Agenasis NO. 0 0 0 1 0 0 0 1
{lumbar, sacral, caudal) (%) 0.2 3.1
Ectopic Ovaries NO. 1 0 0 0 1 0 0 0
(%) | (0.4) (3.2}
Retroesophageal NO. 0 0 1 0 0 ¢} 1 0
Rt. Subclavian Artery (%) (0.5) {3.4)
Microphthalmia NO.| t 0 0 0 1 0 0 0
| (%) | {0.5) (3.2)
Total Affactad NO. 2 3 2 4 2 3 2 4
(%) | (0.4) (0.7 (0.5) (0.8) {6.5) (10.7) (6.9 (12.5)

(a) A single fetus or litter may be represented more than once in this table.
(b) All fetuses axamined for external and skeletal dafects.

One-half had heads removed prior to skeletal staining.
(c) Heads fixed in Bouin's solution for soft-tigsue cranio-facial malformations.

{d) Heads remaining on the fetusas for skeletal examination; see (b).

{8} Viscarals performed on approx. 50% of live fetusas
and all fetuses with external defects.
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Table 11, Tetrahydrofuran Rat Teratology Study: Mean Percent of Live Fetuses Aflected per Litter

{mean £SD).
Teirahydrofuran Concentration {ppm)
¢] 800 1800 5000
Number Litters " 28 29 az2
Live Fetuses/Litter 14.4 £ 4.2 15.4 £+ 3.3 14.5+2.5 14.8 + 3.4
Malformations:
Anal Atresia v} 0 Q 0.2+£1.0
Cleft Palate 0 1] 0.2 £1.2 0.2+1.1
Vestigial Tail 1] 0 0 0.4+186
Branched or Fused Ribs 0 0.4+1%.8 0 0
Fused Sternebrae o] 0.2+4.0 0 0.2+1.3
Fused Caervical Vertebrae 0.2+1.0 0 v} v}
Vertebral Agenssis 0 0 0 0.2+1.0
(lumbar,sacral,caudal)
Ectopic Ovaries 0.3+18 0 0 0
Retrossophageal 0 0 0.4+23 0
Rt. Subclavian Artery
Microphthalmia 0.5+26 0 0 0
Total Malformations 0.4+15 09 +27 0.4 +1.6 1.2+ 3.5
Variatlons:
Knobby Ribs 0 03115 0 0
Dilated Ureter 0.8 £ 3.1 3.6 x16.7 6.2 £11.7 1.6+5.3
Misaligned Starnebrae 04215 05118 0.3x14 1.0+29
Missing Innominate Artery 0.5x3.0 0 0 0
Supernumerary Ribs 1.8+5.1 1.8 +42 1.5+ 4.9 1.8 +4.1
Reduced Ossificatiens: _
Pelvis 1.3+55 1.0+ 3.3 0.4 1.7 26154
Phalangas 0.2+1.0 0519 g2+1.2 4.4 +11.2
Ribs(b) 0.2+12 0 0.2+1.2 0.2+1.2
Skull 1.6+6.4 0.412.1 0.5+27 4.0 +10.3
Sternabras 14 6.6 +10.8 9.7 £19.2 6.1 £9.5 14.0 +15.0
Vertebral Centra 3.7 £+ 6.3 3.0+54 5.6 £10.1 4.7+ 7.4
Total Variatlons 15.7 £ 17.3 18.9 + 27.7 17.8 £ 13,7 31.6 + 31.9

(a) Includes malformations, variations, and reduced ossifications.

(b) Includes thoracic rudimentary ribs.
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TABLE 12. Contemporary Control Data on Rat Teranlogy Studies: Malformations.

“Fetuses (a) Litters Mean Percent
Number Number per Litter
{Parcent) {Percent} {x S0)
Total examined (b} t172 ed -
Heads axamined (c) — -
Skulls examined (d) — —
Malformations
Exencophaly No. 1 1 0109
(%) {0.1) (1.3)
Microphthalmia No. 1 1 0107
(%) (0.1) {1.3)
Rudimentary Rib No. 1 3 D07
(%) {0.1) {1.3)
Anophthalmia No. 1 1 0.tx09
(%) {0.1) (1.3
Rachischisis No. 1 1 011£09
%) (0.1) (1.3)
Ectopic Ovaries No. i 1 0.1+086
(%) {0.1) {1.3)_
Toial Fetuses {Litiars) No. 4 [ cs5+28
with Malformailons {%} (0.3} (7.5}

{a) A single fetus or litter may be representad more than onca in this table.

(b) All fetuses examined for external and skaletal defects. One-half had
heads removed prior 1o skaleta! staining.

(¢} Heads fixed in Bouin's solution for soft-tissue craniofacial evaluations.

{d} Heads that remainod on the fetuses had a skeletal examination; see (b).
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TABLE 13. Tetrahydroluran Rat Teratology Study: Variations Observed in Live Fetuses.

Fetuses (a) Litters (a)
Te:rahydrofuran (ppm} 0 600 1800 5000 0 600 1800 5000
Total Examined (b) 447 430 421 474 31 28 29 32
Heads examined (c) 222 218 208 234 R 28 29 3z
Skulls examined (d) 225 214 215 240 31 28 29 32
Viscera examined (&) 228 214 215 241 31 28 29 32
Variatlons:
Knobby Ribs NO, h 1 0 0 0 1 0 0
(%) (0.2) (3.6)
Dilated Urster NO. 2 8 12 4 2 2 8 3
(%){ (0.9) (3.7 (58 (1.7 (6.4) (7.1 (27.68) (9.4)
Misaligned Sternebrae NO, 2 2 1 5 2 2 1 4
%) | (0.4) (05) (0.2) (1.0 (6.4) (7.1) 3.4y (125
Missing Innominate NO. 1 0 0 0 1 0 0 0
Antery (%) [ (0.2) {3.2)
Supernumerary Ribs NO. 7 8 7 9 5 6 4 6
Bl (1.6 (1.9 (1LY {(1.9) | (16.1) (21.4) (13.8) (187
Reduced Ossifications:
Paivis NO. 5 4 2 13 3 3 2 8
@) 1.1y (0.9 (0.5 (2.7) 9.7y (10.7y (6.9 (25.0)
Phalanges NOC. 1 2 1 23 1 2 ] 7
)| 02y (0.5) (0.2) (4.8) (3.2) (7.1) (3.4) (21.9)
Ribs () NO. 0 0 1 1 0 0 1 1
(%) 0.2) (0.2) (34) (@)
Skuil NO. 4 1 1 io 2 1 1 &
(%) | (1.8) {0.5) (0.5) (4.2} (6.4) {3.6) {3.4) {18.7)
Stemnebras NO.| 32 39 27 71 12 13 11 23
)} 7.2y (9.1 (64) (15.0)| (38.7) (46.4) (37.9) (71.9)
Vertebral Centra NO. 16 12 22 19 10 9 11 14
{%) | (3.6) {2.8) {5.2) {4.0) {(32.3) (32.1} (37.9) (43.7)
Total Aftfected NOC.| 59 63 70 111 23 19 25 27
(%) ] (13.2) (14.7} (16.6) (23.5}] (74.2) (67.9) (86.2) (84.4)

{a) A single fetus or litter may be represented more than once in this table.
{b) All fetuses examinad for external and skalstal defects. One-half had heads removed prior to skeletal staining.
{c} Heads fixed in Bouin's solution for soft-tissue cranicfacial evaluations.

{d) Heads remaining on the fetusas for skeletal examination; see (b).

{e) Viscerals performed on approx. 50% of live fetuses and all fetuses with extarnal defects.
{f) Includes rudimentary thoracic ribs.
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TABLE 14. Contemporary Control Data on Rat Teratology Studies:

Variations and Beduced Ossifications.
Feluses (a) Litters Mesuan Parcent
Number Number par Liiter
{Percent) {Parcent) {+ SD)
Total examined (b) 1172 a0 -
Heas!s examined (c) - -
Skulls examined {d) — —
Varlations _
Supemumerary Rib No. 38 17 3.2+84
%) (3.2) {21.3)
Migsing Innominate No. 2 2 02+1.1
Anexy (%) (0.2) (2.5)
Dilated Ureter No. az 15 29+87
(%) (2.7) {18.8)
Ranal Palvic No. 8 4 07134
Cavitation (%) (0.7) {5.0}
Misaligned No. 4 4 03+15
Stemabrae (%) (0.3) {5.0}
.Fl_oducod Ossifications
Stemebrae Na. 95 as 851 15.0
{%) {8.1} (47.5)
Vertebras No. 53 29 471102
%) (4.5) (36.3)
Phalanges No. 9 6 1.0+ 4.0
%) 0.8 (7.5)
Pelvic No. . 21 10 23198
(%) (1.8 (12.5)
Shaill No. 15 7 1.5+8.1
. — (%) {1.3) {8.8}
Total Feiuses (Litters) with No. 204 69 2541373
[Vatlations or Red. Ossii. (%) (17.4) {86.3)

{a} A singla fetus or litter may be representad more than anca in this table.

{t) All fetuses examined for extemal and skeletal defects, One-half had
heeds removed prior 0 skeletal staining.

{c) Heads fixed in Bouin's solution for soft-tissue craniofacial evaluations.

{d} Heads that remained an the fetuses had a skeletal examination; see (b).
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TABLE 15.  Tetrahydrofuran Mouse Teratology: Mean Body Weights for Virgins (g + SD).
Exposure
Concen- Exposure Exposure Exposure

tration N Day 1 Day5 (a) Day 10 Sacrifice
0 ppm 10 27.3x17 279114 276113 262+1.3
600 ppm 10 27115 28.0113 286+14 26.6 +1.7
1800 ppm 10 277118 27.613.1 26.9 1 4.1 26.4 + 3.6
5000 ppm (b} | 10 26.7+25 205 £2.2(cf) 25.8 +4.7(d) 25.0 + 0.9(e)

{a) Significantly correlated with exposure

concentration, p<0.05.
(b) 5000 ppm group exposed for only & days.
{c) N =8, see texi.

{d) N =7, seetext.
(e) N =6, seetext.
(fy Significantty different from control group, p<0.05.

TABLE 16.  Tetrahydrofuran Mouse Teratology Study: Mean Body. Uterine, and Exira-gestational
Weights for Pregnant Dams (gt SD).

Exposure

Concen- Extra-Gestational
fration N DG 6 DG 4 (a) DG 12 (a) DG 15(a) DG 18 {a) Uterine (a) Weight Gain (a)
0 ppm 30 29.3 +1.7 315121 36425 455127 543+ 38 20533 72119

600 ppm 26 28.6 £1.9 31.2+23 36.1 34 438 £ 5.0 5241+ 75 19.0 £ 5.2 6.9+33
1800 ppm 27 293118 311125 35.3 £ 441 41.7 £ 6.7(d) 49.0 £10.1{d)] 15.6 £7.1(d) 6.91t43
5000 ppm {b) ] 20{c) 26.8 +1.3 26.8 +26(d) 27.8+28(d) 29.8 +3.3(d) 2.4+ 5.0(d) 1.0+38(d) 1.4+1.7(d)

(a) Significantly correlated with exposure concentration, p<0.05.
{b) 5000 ppm group exposed from 6-11 dg.

{c} N =20; 7 dams died during exposure, see text.
(d) Significantly ditterent from control group, p<0.05.



TABLE 17. Cortemporary Control Data for Swiss (CD-1)

Mice (N=83 Litters; Mean SD).

Nurmber Percent
Maternal Weight; 18 dg 5644 +56 -
Gravid Uterine Weight 20.2+3.6 -
Extra-gestational Weight Gain 6.6 3.0 —
Implants 12.6 + 2.1 —
Live Fetuses 11.7x22 935173
Early Resorptions 0.6 08 46163
Late Resorptions 0.2+05 1.81+3.7
Dead Fetuses 0.0x00 0.01£0.0
Total Intrauterine Death 0810 85173
Fetal Waight 1.36 £ 0.11 -
Male 1.39 £ 0.1 -
Female 1.34 £ 0.10 —
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TABLE 18. Tetrahydrofuran Mouse Teratology Study: Reproductive Measures (Maan 1 SD).

Tetratydrofuran Chamber Cancentration {(ppm)
Q 600 1800 5000 (a)
Plug-positive Femaies a3 33 33 33
Number Pregnant 31 28 27 27
Pregnant {%) 93.9 84.8 a1.8 a1.8
Pregnancies Examined 30 (b) 26 (c) 27 20 (d)
Implantations/Dam 128+1.8 120122 120+ 1.9 126+ 2.8
Live Fetuses/Litter {(e) 119+ 1.8 111+3.2 93t 4.4 (f) 0.6+ 2.7 (f)
Resorptions/Litter 09+1.1 09+ 1.8 27+ 4.1 120+ 3.7
Early 06+1.0 07+1.8 1.8+ 3.9 119+ 4.0
Late 03105 02+0.5 09+2.2 01+ 0.5
Dead Fetusaes/Litter 0.0+ 0.0 00+0.2 0.0+ 0.0 0.0% 0.0
PERCENTAGE OF:
Live Fetuses/Litter (&) 93.1+8.2 91.2+19.6 774+ 348 (g) 43+ 19.2 (g)
Reasorptions/Litter {e) 69+82 841195 228+ 34.8 (g) 95.7+ 19.2 {g)
Early (o) 47+ 7.6 67+19.4 14.6+ 31.4 (g} 95.0+ 22.4 (g)
Late 21+3.7 1.7+ 45 80+ 21.5 0.7+ 3.2
Dead Fotuses/Litter 001 0.0 03+ 1.6 00+ 0.0 0.0z 0.0
Litters with Resorptions 60 50 63 100 ({f)

(a) 5000 ppm group exposed only 6-11 dg.

{b) One dam removed from study {see Appandix C).
(¢) Two dams removed from study (see Appendix C).
(d) Saven pregnant dams died prior to 18dg.

{e) Significantly correlated with exposure level, p < 0.05.

{fy Signilicantly different from control group, p<0.05.
{g) Significantly different from control group atter arcsine
transformation, p<0.05.

TABLE 19.  Tetrahydrofuran Mouse Teratology Study: Average Fetal Weights (Means of Litter
Meaans; g + SD), and Fatal Sex Ratio.
Tetrahydrofuran Chamber Concentration (ppm)
0 600 1800 5000
Litters Examined 30 25 23 20 (a)
Live Fetuses Examined 358 288 252 12
Fatal Weight 131+ oA 131+ 04 12+ 0.2 1.0 -
Male 14 0.1 141 0.1 13+ 0.2 1.0
Female 13x 0.1 13+ 0.1 1.2+ 0.2 1.0 —
Parcent Male Fetuses 46.6+15.8 470+15.0 50.7+16.2 16.7 & -

{a) Only ona litter had live fetuses.
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TABLE 20. Tetrahydrofuran Mouse Teratlogy Study: Malformations Observed in Live Fetuses.

Fetuses (a} Litters {a)
"Fetrah[droturan {ppm) 0 600 1800 5000 0 600 1800 S000
Totai Examined (b) as58 288 2582 12 30 25 23 1
Heads Examined (c) 181 143 128 6 30 25 23 1
Skulls Examined (d) 177 145 124 6 3o 25 23 1
Viscera Exarmined () 177 146 127 6 30 25 23 1
Malformations:
Cleft Palate NO. 1] ) 5 0 0 0 1 0
(%) (2.0) (4.4)
Edema NO. 0 0 1 0 0 0 1 0
; (%) {0.4) {4.4)
Exancephaly NO. 1 1 0 0 1 1 0 0
o | 03  (0.4) (3.3) (4.0
Forelimb Flexure NO. 1 0 0 0 1 0 0 0
=) | (0.3) (3.3)
Opan Eya NO. 0 1 0 V] 0 1 0 0
(%) (0.4) 4.0)
Folded Retina NO. 1 1 0 0 1 1 0 0
(%) | (0.6} (0.7} {3.3) {4.0)
Ectopic Ovaries NO. 0 0 1 0 0 1] 1 0
%) (0.8) (4.4)
Undescended Testas NO. 0 0 2 0 0 0 1 0
(%) (1.6 (4.4)
Fused Ribs NO. 0 0 0 1 0 0 o] 1
{9%) {8.3) {100.0}
Total Affected NO. 2 1 5 1 2 1 1 1
(%) | (0.3) (0.3} (2.0) {8.3) {6.7) {4.0) (4.4)  {100.0)

{a} A single fetus or litter may be reprasented more than once in this table.

(b) All fetuses examined for axternal and skeletal defacts. One-half had heads removed

prior to skelstal staining.

{e} Heads fixed in Bowln's solution for soft-tissue craniofacial evaluations.

(d) Haads ramaining on the fetuses for skeletal examination; ses (b} above.

(a) Viscaral evaluations were performed on approximately 50% of live fetuses and on all fetuses

with extarnal defacts.
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TABLE 21. Tetrahydrofuran Mouse Teratology Study: Mean Percent of Live Fetuses Atffected per Litter

{mean+3D).
Tetrahydrofuran Concentration (ppm)
0 600 1800 5000

Number Litters 30 25 23 1
Live Fetuses/Litter 119120 111 +£349 11.0+2.0 120%---
Percent Affected Fetuses/Litter (a) 25.1 £24.6 2334223 28.8 +29.1 66.7 £ ---
|[Malformatlons:

Cleft Palate 0 0 3.6x17.4 0

Edema 0 0 0.7+ 35 0

Exaencephaly 041 20 03+ 15 ) 0

Limb Flexure 0.3+ 14 0 0 0

Folded Retina 0.7+ 37 0.5+ 25 0 0

OCpen Eye 0 0.23 + 15 0 0

Ectopic Ovaries 0 0 0.7+& 3.5 0

Undescended Tastas 0 0 1.4+ 7.0 0

Fused Ribs 0 0 0 8.3 +---

Total Malformations 1.0+42 0.9+48 6.5 +31.3 8.3 & ---
Variations:

Misaligned Sternebras 02+ 13 05+ 28 0 16.7 £ -~

Supernumerary Rib 22.4 1255 17,3+ 226 208+ 256 58.3 £ ---
Reduced Ossifications:

Pelvic 0 o 291139 0

Phalanges 0 0 3.6+174 0

Ribs 0.4 20 0 0 0

Skull 0 0 2.9x108 0

Sternabrae (b) 28+ 55 56+ 94 10.5 £ 23.1 16.7 £ -~

Vaertebral centra 0 0 3.6+x174 0

Total Variations 25.9 + 28.1 24.3 + 231 44.0 + 884 91.7 +---

(a) Includes malformations, variations, and reduced cssifications.
(b) Significantly correiated with increasing exposure concentration, p<0.05 {5000 ppm group excluded).
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TABLE 22. Contemporary Control Data on CO-1 Mouse Teratology Studies:

Malformations and Vanatons. -
Fetuses {a) Litters Mesan Percent
Number Number per Litter
{Parcont} {Parcont} &+ 5Dy
Total examined (b} 075 83 —
Heads axamined (c) - -
Shulls examined {(d) — -
[Variations
Supemumerary Hib Na. 178 52 185 £24.4
(%) (17.9) (62.7)
Misaligned No. 23 14 23+ 63
Stemabrae {%s)} {2.4) {16.9)
Reducad Osaifications
Sternebrae No. 36 25 37+ 64
%) 3.7} {30.1)
Skull No. 10 5 1.1+ 48
{%6) (1.0 (6.0
Tolal Fetuses (Litters) with
Vatistlons or Reduced No. 230 67 240 £ 24.5
Quesificationa (%} _(236) (80.7}
Maiformations
Exencephaly No. 1 1 0.1% 1.2
(%} (0.1) (1.2)
Foldad Retina No. 2 2 02+ 15
(%) (0.2} (2.4)
Limb Flexure No. 12 ;] .1+ 38
e {%) {1.2) (9.6)
Total Fetuses (Lltters) with No. 14 10 1.3+40
Malformations {5} {1.4) (12,0}

{a} A single kolus may be represented more than oncg in this table.

(&) All fetuses examined for axternal, viscoral and skaletal defects. All fetuses
stained with alcian biue and alizarin red S, one-half had heads remaved
priof to staining.

{c) Heads removed from fetuses and fixad in Bouin's solution then examired
for soft-tissue cranic-facial malformations.

(d) Heads remained on the fetuzas that were stiined for skeletal examination;
500 a) above,

TETRAHYDROFURAN RODENT TERATOLOGY 49
August 1988



TABLE 23. Tetrahydmofuran Mousa Teratology Study: Varations Obsarved In Live Fetusas.

. Fetuses (a) Linars (a)
Tetrahydrofuran (ppm) 0 600 1800 5000 7] 600 1800 5000
Total Examined (b) asa 288 252 12 30 25 23 1
Heads Examined (c) 181 143 128 6 3o 25 23 ]
Skulls Examined (d) 177 145 124 6 30 25 23 i
Viscera Examined (e) 177 146 127 & 30 25 23 1
Variations:
Misaligned Sternabrae NO. 1 2 ] 2 1 1 0 1
e | (0.3) (0.7) (16.6) | (3.3) (4.0) {100.0)
Supemumarary Rib NO.| 78 49 49 7 23 15 14 1

(%) | (21.8) {17.0) (194) (58.3) | (76.7) (€0.0) (60.9) (100.0)

Reduced Osasifleatlons:

Pelvis NO. 1] 0 4 0 0 Q 1 7]
% (1.6} (4.4)

Phalanges NO. 0 0 5 0 0 0 1 0
(%) (2.0 (4.4)

Hibs {f) NO. 1 0 0 0 1 0 0 0
(%) | (0.3) (3.9)

Skl NO. 0 0 4 0 0 8] -2 0
%) (3.2) (8.7}

Stemebrae NO. L] 19 22 2 7 11 7 1
%) | (2.5 (6.5) {(8.77 {(18.7y{ (23.3) (440) (30.4) (100.0)

Vernebral Cantra NG, 0 0 5 0 4] 0 1 0
(%) (2.0) ~ (4.4)

Total Affected NO. 85 68 87 8 25 20 16 1

(%) | {23.8) (23.5) (26.6) (66.7) | {80.7) (80.0) (69.6) {(100.0)

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

(b} Allifetuses examined for external and skeletal defects. One-half had heads removed prior to skeletal staining.
{¢) Heads fixed in Bouin's solttion for soft-Ussue craniofaclal evaluations.

(d) Heads remaining on the fetuses for skeletal examination; see (b} above.

{8) Viaceral evaluations performad on approximately 50% of live fetuses and on all {etuses with external defects.
{f) Includes rudimentary ribs
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All test material used for animal exposure was taken from BNW Lot No.
51437-15 (Lot No. WK 8-6-86), consisting of four 55 gallon metal drums.
This lot was received at BNW 11/12/86 under the NTP Subchronic Imhalation
Study {Contract N01-E5-65165). Following the NTP Subchronic exposure,
approximately 87 gallons of bulk material was transferred tc the NTP
Inhalation Reproductive Toxicelogy (IRT) Program performed at BNW under a
separate related servicesa contract. Of the four drums received in BNW Lot
No. 51437-15 (Lot No. WK 8-6-86) only drums 3 and 4 were used on the NTP
IRT study. Following termination of the Inhalation Reproductive Toxicology
Program, the remaining tetrahydrofuran (THF) bulk material, approximately
25 gallons, was transferred back to NTP for dispoaition. A letter from NTP
authorizing these tranafera of THF bulk material is included in thia
appendix.

Approximately 4.7 kg of THF per exposure day was required to generate
the target concentrations in the exposure chambers. Test material consumed
during the IRT studies was =60.4 gallons. The test material was maintained
at room temperature in the LSL-II outside chemical storage facility. All
tranafers were performed under a nitrcgen blanket to avoid the introduction
of air to the bulk chemical.

2, Bulk Chemical Analysis

Bulk chemical analysia was performed using infrared spectroscopy to
confirm identity and gas chromatcgraphy for purity determination. The
initial analysis was performed against reference material supplied by
Midwest Research Inatitute (MRI). Subsequent analyses were performed using
gaa chromatcgraphy by major peak comparison to reference material removed
from the bulk chemical upon receipt and stored at approximately -20°C.

BNW Lot No. 51437-15 (Lot No. WK 8-6-86 Batch 03) was analyzed
11/14/86 for initial bulk purity and found to be 100.1% pure relative to
atored frozen reference material BNW 51437-13, received 11/05/86, (Lot No.
WK 8~6-86 Batch 03)]. BNW Lot No. 51437-15 was reanalyzed for bulk purity
02/06/87, 03/19/87, 05/01/87 and 09/09/87 and was found to be 100.3, 99.3,
99.5 and 100.2% relative purity, respectively. Bulk test material purity
was acceptable throughout the study.

A specification for maximum peroxide content of 300 ppm was applied
throughout the study. BNW Lot No. 51437-15 was analyzed for peroxide
content once per month after opening, and contained less than 100 ppm.
This measure ensured the safety of the generation process which involves
evaporating THF at a temperature of approximately 175°F.

BNW Lot No. 51437-15 waa also analyzed for stabilizer content and
found to contain 0.03% 2,6-di-tert-butyl-4-methylphencl {BHT) by gaa
chromatography.

3. VYapor Concentration Monitoring

A Hewlett-Packard 5840 (HP5840) gas chromatographic (GC) aystem
(employing a 1/8" o.d. x 1.0 ft nickel column packed with 1% SP-1000 on
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60/80 mesh Carbopack B; oven temperature at 145°C) was used to monitor
animal exposuresa. This instrument was equipped with an 8-port stream
select valve and measured THF in the three expocsure chambers, the control
chamber, the distribution line, the exposure room, and the on-line
standard.

a. Calil : £ the On=Li ~ham ‘oni

The calibration of the cn-line chamber monitor was based on analysis
of bubbler grab samplea. Thus, the calibration ¢of the on-~line monitor was
tied to gravimetrically prepared standard solutions in dimethyl formalmide
{DMF'} through a second directly calibrated GC which was off-line. The
gravimetrically calibrated GC was used to measure the gquantity of THF
collected from exposure chambers in dimethylformamide (DMF} filled
bubblers. The relationahip between the peak arez observed with the on-line
GC and the concentration of THF in the chamber was defined using chamber
concentrations determined by the gravimetrically calibrated GC.

The analysis of bubbler grab samples was performed using an HP5B830 or
BPF5840 GC with a 2 or 4 mm i.d, x 1.8 m glass c¢olumn packed with 20%
SP-2100/0.1% Carbowax 1500 on 100/120 mesh Supelcopert. The initial oven
temperature was 60°C followed by temperature programming to elute the DMF
solvent peak.

Accurate calibration required guantitatively prepared gravimetric
standards and carefully collected grab samples of a measured volume.
Several quality control measures were applied to ensure accuracy. A set of
four standards was run for each analysis session. The concentration range
of the standards bracketed the concentration range of interest. The
collection efficiency of a single bubbler was less than 100%, since some
THF broke through the primary bubbler. Breakthrcugh was typically 2%.
Breakthrough was measured each time bubblers were ccllected by acquiring
back-up bubblers for the high concentration chamber. The calculation for
chamber concentration by the grab sampling methed included a breakthrough
correction.

b. . e Monit Drif . on-Line S lard

An on-line standard waa used to check instrument drift throughout the
exposure day. The on-line standard waa 400 ppm THF in nitregen from MG
Induatries Scientific Gasesa, 11705 South Alameda St., Los Angelea, CA. The
standard was checked before the atart of any given exposure day, then
monitored every 8th sample throughout the exposure period. The measured
concentration for the standard had to be within #10% of the assigned target
value before any exposure c¢ould begin without conaultation with the
Expoaure Control Task Leader. During the course of the expoaure, if the
on-line atandard waa within 5% of the target value, no change in
calibration was required. If the on-line standard was between 5% and 10%
of its assigned target, the calibration could be updated immediately by an
Expeoaure or Chemiatry Specialist, Such a correction was based upon the on-
line standard. 1If the cumulative drift exceeded 15%, then the calibration
was checked by quantitative analysis of grab samples.
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The sensitivity of the GC was estimated from the decay profile for
the highest concentration chamber. The minimum detectable limit {(MDL) wasa
estimated as 0.04 ppm THF.

q. L . o baol : Eval .

Precision of the on-line GC was estimated from 17 consecutive
measurements made on the 400 ppm on=-line certified standard. A 0.26%
coefficient of variation (CV) was observed. Linearity of the on-line GC
wasg assured by calibrating the on-line GC against a gravimetrically
calibrated GC (alsc see comments in the "Calibration of the On-Line Chamber
Monitor" gection). This was accomplished by analyzing a series of bubbler
grab samples acquired during exposure generation and then implementing the
appropriate on-line GC calibration curve in the data acquisition and
control system. Achievement of linearity for the on-line monitor was
therefore dependent upon defining a linear method for analysis of bubbler
samples. The calibration curve for this analysis showed good linearity
over an extended range. Routine analysis of bubblers was performed using
midrange, high and low level standards in order to assure linearity.

Recovery of the grab method was routinely verified by acquiring back-
up bubblers at the highest concentration level. In addition, the value
found for the certified on-line standard was within 5% of the prepared
value for the entire study. This agreement provides an independent quality
control check of on-line monitor accuracy.

4. Stability Studies at MRI

The May 16, 1985 MRI reprocurement report recommended storage in
glasa bottles at 5°C. A specific investigation of stability under the
recommended storage c¢onditions was not performed for this report. An MRI
study dated September 10, 1981 included a two-week stability test at 25°C.
No loss of purity was noted under these conditions. An MRI report dated
February 27, 19%87 indicated that storage under nitrogen at 65°F in grounded
containers that were protected from light was acceptable.

5., Degradation Studies at BNW

Studies at BNW indicate that significant degradation of the test
material dees not occur in the exposure chamber. Furthermore, the BHT
stabilizer is removed from the test material during the generation process
and is not found in the exposure chambers. The following degradation study
wag performed in support of an earlier NTP sponsored Subchronic Inhalation
Study (2/10/87-5/15/87). HNo changes were made in the generation procedures
between the two inhalation studies.
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DEGRADATION AND STABILITY STUDIES

The stability of THF during generation was evaluated in the generator
regervoir and in exposure chambers with and without animals. Samples were
collected from the generator vessel before and after use in concentration
chambers. The THF was stable in the generator reservoir, and there was no
evidience of decomposition products greater than 0.01% of the target
concentration in the exposure chambers before and after the introduction of
animals.

1. Tesf Material Stability in Reservoir and Geperator Flask

Tetrahydrofuran, BNW Lot No. 51437-15-1, was placed in the stainless
steel generator reservoir and aged for 36 days at room temperature. Aliquots
of this material were analyzed prior to and following aging in the generator.
The initial relative purity was 99.3% and peroxide content was 14 ppm. The
relative purity of the aged resevecir sample was 9%.6% and had a peroxide
content of 7 ppm. These results indicate that there was no change in the THF
aged in the generator reservoir.

The stability of THF in the generator flask was evaluated during test
runs performed on January 9%, 1987, and February 18, 1987. Drum BNW 51437-15-1
was the source of THF. The initial purity for the THF used on January 9,
1987, was 995.1% to 99.6%, while the material from the generator flask was
98.8%, On Pebruary 18, 1987, the initial bulk purity was approximately 100%,
as was the material recovered from the evaporation flask at the end of a
typical exposure. These analyses indicate that the THF was stable in the
generator flask under the conditions used to generate chamber concentrations.

2. Analysis of the Genperatior Flask Contents for BHT and Peroxides

The bulk THF received for exposures was stabilized with 2,6-di-tert-
butyl-4-methylphenol {(BHT). Using the MRI method, the BHT concentration of
bulk test material was determined as 100 ppm and its peroxide content was
determined to be 14 ppm. Peroxides, BHT and cother compounds less velatile
than THF were expected to concentrate in the generator flask at the end of a
six hour exposure day. A concentration factor of about 17 to 2& was predicted
from mags flow calibrations; about 4.7 kg was consumed per day with an
evaporation flask residue of about 200 ml (0.18 kg) to 300 ml (0.27 kg). ¥Wwhen
measured at the end of the exposure day, the BHT concentration in the
generator flask was found to be 1640 ppm and the peroxide content was 11 ppm.
The measured BHT concentration was near the predicted range of 1700 to 2600
ppm; however, the peroxide content did not increase as predicted. As
discussed below, no evidence of peroxide was found in the expogure chambers.
These results indicate that the small amount of peroxide initially present
reacted within the evaporation flask during the generation day te form
nonvolatile polymeric material.

3. Analvsis for BHT in the Exposure Chambers

Grab samplesa for determination of BHT in the chamber atmosphere were
collected from the exposure chambers using the GC method outlined in the MRI
analytical report with the standard curve extended to 0.0129 mg/ml BHT in
methanol. Sample volumes of chamber atmosphere were approximately 10 and 60
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liters. For the 60 liter sample volume a concentration of 0.0129 mg/ml of BHT
corresponds to a lower limit of guantitation equivalent to 0.05% of the 5000
ppm target (2.5 ppm). No evidence of BHT in the exposure chamber was
observed.

4. Analysis for Organic Peroxides in the Exposure Chamber by the
—Hyd ] ] : id C 13 " .

In the presence of hydrogen peroxide and many organic peroxides
p-hydroxyphenylacetic acid will form a flucorescent dimer. This reaction is
catalyzed by horseradish peroxidase and provides a sensitive assay for
peroxides. This procedure reported by GL Kok, K Thompson, and A Lazrus {in
Derivatization Technigque for the Determination of Peroxides in Precipitation,.
anal. Chem., 58:1192-1194, 1986.), was adapted to measure the organic peroxide
concentration in the exposure chambers, A Perkin Elmer fluorescence detector
at 320 nm excitation and 400 nm emission was used for detection., Sample
aliquots were introduced using a 1.5 ml/min flow of basified water to sweep a
25 micreliter sample loop. The detector was standardized using hydrogen
peroxide solutions of 235, 118, 24, 12, and 6 ng/ml.

Several duplicate 9.2 liter chamber samples were collected in 20 ml of
reagent solution in bubblers. Backup bubblers were in place to collect
breakthrough materials. Findings are summarized as follows:

Sample Numbex Desgcription

51437-95-1 & 2 1 hour test generation into unoccupied
5000 ppm chamber

51437-95-3 & 4 3 hours test generation into unoccupied
5000 ppm chamber

51437-95~5 & & 5 hours test generation into unoccupied
5000 ppm chamber

51437-95-7 & B 5 hours test generation into unoccupied
66 ppm chamber

51437-95-9 5 10 Uncoccupied control chamber

The responses observed for samples from the THF chambers and the control
chambers were at background levels. The chambers containing THF exhibited a
response similar to the control chamber. The backup bubbler gave a similar
response as the front bubbler. The area observed for all samples was near the
bottom of the calibration curve. Thus, the organic peroxide level for the
exposure chambers was below the limit of detection. The calculated limit of
detection was about 0.13 ppm, assuming complete reaction of collected
peroxides.

Samples were taken from the 5000 ppm and 66 ppm concentration chambers
without animals present during the last hour of the 6 hour exposure pericd on
1/9/87 and with animals present during the last hour of the exposure period on
2/18/87. A measured volume of gas was pulled through standard gas sampling
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charcoal tubes (Supelco, ORBC-32, large charcoal tubes). Sample size was
adjusted to provide adequate sensitivity for impurities without producing
excessive breakthrough of TEF. Breakthrough of THF was measured by analysis
of the secondary charcoal bed within the tubes. Sampling information is
summarized in Table A.l.

TABLE A.1. 13-Week Subchronic Inhalation Toxicity Study of
Tetrahydrofuran in Rats - Chemical Stability Chamber Samples

] ken Wit} imals in the E Cham

Chamber Sample Sample Amount
Concentration Time Volume Absorbed
—  Jdppmd  {mip} = {liters) = __(mg) = Breakthrough
5000 S 4.6 67.6 0.1-2.0%
66 60 55.4 10.7 5-6%

samples Tak Witl imals in the E chamt

Chamber Sample Sample Amount
Concentration Time Volume Absorbed
————lppm}  {mip}  {liters}  ___{mgd = Breakthrough
5000 5 4.5 66.1 ~0.2%
66 60 53.7 10.4 ~2%

The charcoal from the sampling tubes was transferred to GC autosample
vials and desorbed using 1 ml carbon disulfide (CS») with about 1 minute of
ultrasound treatment. Table A.2 summarizes the gas chromatographic system
used to analyze the charcoal tubes. A series of three standards over the
range of ~ 1 to 0.01 mg/ml of furan, iscopropanol and butyraldehyde placed on
charcoal were analyzed. When these results were compared to results obtained
from a set prepared without charcoal contact, a recovery of ~93% off charcoal
was shown for furan down to 0.1 mg; at 0.01 mg the recovery for furan was
about 74%.
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Table A.2. 13-Week Subchronic Inhalation Toxicity Study of
Tetrahydrofuran in Rats - Gas Chromatographic Conditions
for Analyais of Charcoal Ahsorption Tubes

Instrument: Hewlett Packard 5890

Column ; Fused Silica Capillary, 3¢ meter DB-
5, 1.5 micron film thicknesa, 0.53
mm id

Initial Temperature: 45°C

Initial Isothermal Time: 5 min

Temperature Program Rat: 10°C/min

Final Temperature: 250°C

Final Time : 5 min

Detector: FID

Detector Temperature: 300°C

Injector Temperature: 250°

RT Unk Bulk Impurity

(81 mg/ml): ~19.97 min (~0.07% of total peak area

in bulk test material)

RT THF: ~2.25 min

RT Butyraldehyde: ~1.76 and 1.83 (suspect isomer in

standard)

RT Furan: ~1.28 min

RT Propanocl: ~1.43 min

RT CS; {(desorbent): ~1.54 min {main peak) and ~2.64

{trace)

Butyraldehyde exhibited two peaks, recovery was about 87% for the high
standard, while no recovery was seen off charcoal at 0.1 mg. The recovery of
propanol was very poor at all levels, possibly due to the high polarity of
alcohols. However, the low level furan standard wasg very easily detected;
note that 0.01 mg was 0.1% of the amount of THF acgquired for the 66 ppm
concentration chamber. Chromatograms for a €S, blank, 81 mg/ml standard of
bulk THF, and a 5000 ppm chamber gsample are shown in Figures 1,2, and 3,
respectively. No impurity peaks were observed in any of the chamber samples.
The standard bulk THF was run to flag any pre-existing impurities initially
present in the bulk test material and prevent them from being errcneoualy
called out as generator caused degradation products. As shown in Figure 2
this standard does exhibit a peak {(19.9 min) not seen for the chamber samples.
Based upon retention time peak was identified as BHT., Recovery of BHT at the
concentration encountered in the bulk test material is about 38%.

6. S | D . £ Stabili St udi

The vapor generation system uses a rotary evaporator to saturate a
nitrogen stream with TEF vapor. The rotary evaporator is operated in reflux
mode with a fairly substantial reflux ratio. This provides good separation of
impurities substantially leas volatile than THF. However, the basic design
offers little, if any, possibility of removal of compounds of only slightly
lesser volatility than THF and absolutely none for compounds more volatile.
Thus, it is expected that chamber composition is similar to the bulk material
with respect to compounds mcre volatile than THF and depleted with compounds
less wvolatile than THF. The results of the chemical stability studiea are
consistent with these fracticnation characterisitics of the vapor generation
system.
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Direct measurements of chamber concentration of BHT and peroxide confirm
that chamber concentrations of these two less volatile species are
ingignificant. Temperature programmed GC with a fused silica capillary column
failed to show any evidence of degradation products.

Peroxides were found not to accumulate in the evaporation flask. These
regults indicate that the peroxide initially present was destroyed and/or
partially removed via vaporization during test atmosphere generation. The
reactive nature of peroxides probably results in a substantial concentration
decrease in the generation flask by chemical reaction.
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TETRAHYDROTURAN

Management Information

CAS NO.: 109-99-9
MRI REQUEST NO.: 101N
MRI TASK DESIGNATION: RE-18537
SUBMITTER: Nationmal Toxicology Program
TOXICITY STUDY SUPPORTED: Carcimogenesis
MRI RECEIPT DATE: 10/03/86
INTERIM REPORT TO NTP: HNone
SUPPLIER DATA:
Company: Chem Central
910 N. Prospect
Ransas City, MO 64120

Purchase Order Date: 10/02/86

Company Lot No.: WKB8-6-86

MRI Assigned Lot No.: None

MRI Batch No.: 03

Amount Available for Toxicology Laboratory: &4 x 535 gal metal drums
4 x (181 kg)

Purity Grade: MNot available

Haoufacturer Specifications: Nof available

Typical Lot Apnalysis: Not available

Actnal Lot Analysis: Not available

Chemical Information

o

MOLECULAR FORMULA: C,HgO
MOLECULAR WEIGHT: 72.11

STRUCTURE :
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EXECUTIVE SIMMARY

This batch of chemical was identified as tetrahydrofuran. Cumu-
lative analytical data indicated a purity of approximately 99%, which was
consistent with the purity of Batch No. 01. These cenclusions are based on
the following information:

The infrared and nuclear magnetic resonance spectra were consis~
tent with the structure of tetrahydrofuranm, available literature references,
and the spectra obtained for Batch No. 01. The ultraviolet/visible spectrum
was consistent with that expected for tetrahydrofurac containing a small
amount of BHT (Butylated Hydroxytoluene), literature references for tetra-
hydrofuran and BHT, and the spectrum cbtained for Batch No. 01.

The elemental analysis results for hydrogen agreed with theoreti-
cal values; however, the results for carbon were slightly low. Xarl Fischer
titration indicated 0.06% (w/w) water or less. Peroxide test indicated a
peroxide content of less tham 1.5 ppm.

Two gas chromatographic systems (20% SP-2100/0.1% Carbowax 1500
and 80/100 Carbeopack C/0.1% S5P-1000) resolved z major peak and no impuri-
ties 0.1% or greater relative to the major peak. Quantitation of BHT by
gas chromatography versus a BHT standard indicated a level of 0.28 %
0.01(s) mg/mL, equivalent to 0.032 * 0.001(s)% (w/w). A& gas chromato-
graphic major peak comparison indicated that this batch of tetrahydrofuran
had a purity of 100.3 * 0.3(s)% relative to a frozen reference sample of
Batch No. 01,

The reanalysis protoceols im this repcrt were revised at NIP's

request. These protocols are based on BHT quantitation by gas chromatog-
raphy and peroxide titrationm.
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ANALYSIS OF REPROCURED CHEMICAL - TETRAHYDROFURAN

~I. INTRODUCTION

The purpose of this work was to provide chemical support for tox-
icity studies. This support consisted of chemical analyses of reprocured
material. The analyses are described in this report. A revision of the
bulk chemical amalysis protccols for the toxicology laboratory is also in-
cluded in this report.

II. CHEMICAL HANDLING

This section describes procedures used to homogenize, sample and
store the material after receipt at MRI.

A. HOMOGENIZATION

Both 535~gal. metal drums of tetrahydrofuran were independently
homogenized by tumbling them for ~ 15 min. One drum was labeled "&," the
other "B."

B. SUBBATCH EQUIVALENCY

1, SAMPLING

Samples were removed from both drums. The samples taken from "A"
and "B" were used for subbatch equivalency analyses. The sample from "A"
was alsc used for the full complement of analyses for chemical characteriza-
tion.

2. ANALYSES

a. Gas Chromatographic Impurity Profile

(1) Methed: Samples from the two subbatches were con-
comitantly analyzed by gas chromatographic impurity profiling. (See
Section III.F.l.a., p. 5, and Section III.F.1.b., pp. S-6, for parameters.)

= (2} Results: A major peak and no impurities greater
than or equal to 0.1% relative to the major peak were observed for both sub-
batches in each of the two gas chromatographic systems.

System 1:
Retention Retention Time Area
Peak No. Time (min) (Relative to Major Peak) (% of Major Peak)
A =
1 5.0 1.00 100 130
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Svstem 2:

Retention Retention Time Area
Peak No. Time (min) (Relative to Major Peak) % of Major Peak)
A B
1 5.0 1.00 100 100

b. Quantitation of 2,6-Di-tert-butyl-4-methvlphenol (BHT)

(1) Method: Samples from the two subbatches were
concomitantly analyzed by gas chromatography for BHT. (See Section
IIT1.F.2. p. 6.)

(2) Results: Quantitation of BHT versus a BHT standard
indicated a2 level of 0.28 * 0.01(s) mg/mL, equivalent to 0.032 % 0.001(s)%
(w/w) for both subbatches.

c.. Gas Chromatographic Major Peak Comparison

(1) Method: Samples from the two subbatches were con-
comitantly analyzed by gas chromatographic major peak comparison. (See
Section III.F.3. pp. 6-7.)

(2) Results:

Tetrahydrofuran Content (%)

Sample (Normalized to Batch No. 01)
Batch No. 01 (frozen reference) 100.0 + 0.5(s)%
Batch No. 03 (4) 100.3 % 0.3(s)%
Batch No. 03 (B) 100.6 % 0.6(s5)%

3. CONCLUSIQONS

Gas chromatographic analyses indicated that the subbatches ("a"
and "B") are equivalent within the limits of experimental error.

C. STORAGE

The téErah&drofuran was stored in its origipazl 55-gal. drums
under nitrogen headspace at ~ 65°F. The drums were grounded.

ITII. CHEMICAL CHARACTERIZATION

This section presents the results of identity confirmation, purity
analyses, and impurity profile determinations for the sample of tetrahydrofuran.

A. APPEARANCE

Clear, colorless liquid.
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B. SPECTROSCOPY

1. INFRARED

Instrument: Perkin-Elmer 283

Cell: Neat, thin film between silver chloride plates

Results: The spectrum (Figure 1, attached) was consistent
with the structure of tetrahydrofuran, a literature
reference,! and the spectrum obtained for Batch No. 01.2

2. VULTRAVIOLET/VISIBLE

Instrument: Varian DMS 1008

Solvent: Methanol

Results: The spectrum was similar to that of a sample of THF
containing a small amount of BHT, a literature spectrum,3
and the spectrum obtained for Batch No. 01.2 No absorbance
was observed in the visible region (800-350 aom) for a
concentration of 10% {(v/v). Absorbances were observed in
the ultraviolet region (350-200 om) which were consistept
with the presence of small amounts of BHT.* The results
of the analysis and literature data are tabulated below.

Literature Raference

Apax (80 e x 1073%° g x 10°3€ Maax (o) e x 10724
278 1.89 £ 0.01(s) 2.02 283 (shoulder) 2.2
233 0.70 * 0.01(s) 0.74 277 2.2
227 5.6
"Solvent: Iscpropanol
: Duplicate determinations.
c Assuming a BHT concentration of 0.28 mg/mL present in tetrahydrofuran.
Concomitant analysis of uninkhibited THF spiked with 0.27 mg/mL BHT and
J diluted 10% (v/v) in methanol.
£ values calculated from the literature reference for BHT.
! Pouchert, J. (ed.), The Aldrich Library of Infrared Spectra, 3rd Edition,
Aldrich Chemical Company, Milwaukee, Wisconsin, 139G (1981).
2 MRI Report: Tetrahydrofuran (Lot No. C0S298>., Batch No. 01),
September 10, 1981.
3 Przybytek, J. T. (ed.), High Purity Solvent Guide, Burdick and Jackson
Laboratories, Inc., Muskegon, Michigan, p. 109 (1980).
4

Weast, R. C. (ed.), CRC Handbook of Chemistrv and Physics, S6th
Edition, CRC Press, Cleveland, Chio, C131 (1875).




3. NUCLEAR MAGNETIC RESONANCE

Instrument: Varian EM-360A

Solvent: Neat

Internal Reference: Tetramethylsilane

Results: The spectrum (see Figure 2, attached) was consistent
with the structure of tetrahydrofuran, and a literature
reference,® and the spectrum obtained for Batch Ne. 01.2
The assignments, multiplicity, and integration for the
spectrum are tahulated below.

Assignment Hultiplicity Cbserved Theoretical
(a) & 1.60-2.03 ppm m 3.86 4
(b) & 3.38-3.97 ppm m 4.14 4

C. ELEMENTAL ANALYSIS

Element \ C H

Theoretical % (T) 66.63 11.18

Determined % (D) 65.86 11.08
66.08 10.99
65.58

Difference from Theoretical (D-T) =-0.80 -0.16

Relative agreement (%) (D-T) _ 98.80 98.57

D. WATER ANALYSIS

Method: Karl Fischer titrimetry
Results: Less than or equal to 0.06% (w/w)

E. TEST FOR PEROXIDE CONTENTS

Procedure: The sample was analyzed for peroxide content using a
commercially available test strip.

Results? Less than 1.5 mg/L (ppm)

5 Pouchert, J. (ed.), The Aldrich Library of NMR Spectra, Aldrich Chemical
Company, Inc., Milwaukee, Wiscoasin, 1, 149C (1974).
Merckoquanoc® 10 011 Peroxide Test.

]
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F. GAS CHROMATOGRAPHY

1. IMPURITY PROFILE

a, Svstem 1

~Ipstrument: Variap Vista 6000 with Nelson 4400 Data
System
Detector: Flame ionization
Inilet Temperature: 150°C
Detector Temperature: 250°C
Carrier Gas: Nitrogen
Carrier Flow Rate: 70 cc/min
Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120
Supelcoport, 1.8 m x 4 mm ID, glass
Oven Temperature:
Isothermal: 70°C
Program:
Initial Temperature, 40°C (5-min hold)
Program Rate, 10°C/min
Final Temperature, 170°C
Samples Injected: Neat liquid (program) and a 1% {v/v)
solution in o-dichlorobenzene (program) to estimate
impurity concentrations; 1% and 0.5% (v/v) solutions
in o~dichlorobenzene to confirm detector linearity.
Volume Injected: ~ 2.9 pL
Results: A major peak and oo impurity peaks with
individual areas greater than or equal to 0.1% of the
major peak were observed up to 20 min after the major
peak eluted. The results from this analysis are
tabulated below and illustrated in Figure 3, attached.

Retention Ratention Time Area
Peak No. Time (min) (Relative to HMajor Peak) (% of Major Peak)
1 5.0 1.00 100
b. System 2

Instrument and Parameters

The instrument and parameters described above for System 1
were used with the following exceptions:

Column: 80/100 Carbopack £/0.1% SP-1000,
1.8 m x 4 mm ID, glass
Oven Temperature:
Isothermal: B80°C
Program:
Initial Temperature, 40°C (5-min hold)
Program Rate, 10°C/min
Final Temperature, 220°C
Velume injected: ~ 2.5 plL
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Results: A major peak and ao impurity peaks with individual
areas greater than or equal to 0.1% of the major peak were
observed. No additiocal impurities were observed up to
20 min after the major peak eluted. The results from this
analysis are tabulated below,

Retention Retention Time Area
Peak No. Time (min) (Relative to Major Peak) (% of Major Peak)
1 5.0 1.00 100

2. QUANTITATION OF 2,6-DI-pert-BUTYL-4-METHYLPHENOL (BHT)

Method: The quantitation was performed by making injections of
BHT standard solutions and the sample. The area of the BHT peak in each
chromatogram was compared to an internal standard peak area and the BHT con-
tent calculated from the standard curve obtained by comparing the peak area
ratio (BHT peak area/intermal standard peak area) to the BHT concentration
of the standards. The linearity of the standard curve was evaluated over a
BHT concentration range of 0.05908 to 0.31104 mg/mL. The limear correlation
coefficient was 0.99952. The instrument and parameters described om p. 5
for the impurity profile (System 1) were used with the following exceptions:

Instrument: Varian 3700 with Autosampler and Nelson 4400 Data
System

Oven Temperature:
Isothermal: 160°C

Samples Injected: Standard solutions with BHT concentrations
of 0.05908, 0.10140, ©.20200, and 0.31104 mg/ml each containing
0.1045 mg/mlL p-tert-butylphenol as internal standard, in meth-
anol. Triplicate solutions containing 40% (v/v) tetrahydrofuran
and 0.1045 mg/mL p-tert-butylohenol as intermal standard in
methanol. A blank solution containing 0.1045 mg/ml internal
standard in methanol.

Retention Times:
p-tert-Butylphenol (internal standard) - 5.8 min
BHT - 14.8 min

Results: The content of BHT in tetrahydrofuran was determined
to be 0.28 * 0.01(s) mg/mlL, equivalent to 0.032 * 0.001(s)% (w/w).

3. HMAJOR PEAK COMPARISON

The current batch (No. 03) and Batch No. 01 (frozen reference)
were concomitantly analyzed for the tetranvdrofuran content. Weighted peak
area ratios (major peak:internal standard peak) were calculated for each
sample and the amount of tetrahydrofuran in Batch No. 03 was compared to
that in Batch No. 01 (frozen reference). The instrumenrtal parameters listed
in Section III.F.l.a. (p. 5) of this report were used, with the following
exceptions:
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Instrument: Varian 3700 with Autosampler and Nelson 4400 Data
System :

Column Temperature: 70°C, isothermal

Volume Injected: 3.5 uL

Solutions Injected: 0.5% (v/v) tetrahydrofuran in toluene
contaiping 0.25% (v/v) acetone internal standard

Retention Times:
Acetone (Intermal Standard) - 0.9 min
Tetrahydrofuran - 1.9 min

Results:
Tetrahydrofuran Content (%)
Sample (Normalized to Batch No. 01)
Batch No. 01 (frozezm reference) 100.0 + 0.5(s)%
Batch No. 03 100.3 £ 0.3(s)%

Pooled standard deviation: 0.5(s)%

G. SUMMARY AND DISCUSSICN

The infrared and nuclear magnetic resonance spectra were copsistent
with the structure of tetrahydrofuran, available literature references, and
the spectra obtained for Batch No. 01.2 The ultraviolet/visible spectrum
was consistent with that expected for tetrahydrofuran containing a small
amount of BHT, literature references for tetrahydrofuran and BHT, and the
spectrum obtained for Batch No. 01.2

The elemental analysis results for btydrogen agreed with theoretical
values; however, the results for carbon were slightly low. Karl Fischer
titration indicated less than or equal to 0.06% water. Peroxide test indi-
cated a peroxide tontent of less than 1.5 ppm.

Two gas chromatographic systems (20% SP-2100/0.1% Carbowax 1500
and 80/100 Carbopack C/0.1% SP-1000) resolved a major peak and no impurities
0.1% or greater relative to the major peak. Quantitation of BHT by gas chro-
matography versus a BHT standard indicated a level of 0.28 % 0.01(s) mg/mL,
equivalent to 0.032 £ 0.001(s)% (w/w). A gas chromatographic major peak com-
parison indicated that this batch of tetrahydrofuran had a purity of 100.3 %
0.3(s)% relative to a frozen refersnce sample of Batch Ne. 01,

The table om p. 8 compares the results for this analysis of Batct
Neo. 03 to those of the previous analyses of Batch Nos. 01 and 02.
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Analvsis

Batch No. 012

Batch No. 027

Batch No. 03

Water apalysis
Peroxide content

Gas chromatography
System 1

System 2

Quantitation
of BHT

GC major peak
comparison
(relative to
Batch No. 01)

H. CONCLUSION

0.024 * 0.001(s)%

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

0.26 £ 0.01(s) mg/mL

100.0 £ 1.0(s)%

0.014 £ 0.001(s)%

< 26 ppm

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

0.28 * 0.01(s) mg/mL

98.6

+

0.7(s)%

S 0.06 + 0.037(5)%

< 1.5 ppm

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

A major peak and
no impurities
with areas 2 0.1%
relative to the
major peak area.

0.28 £ 0.01(s) mg/mL

100.3 + 0.5(s)%

This batch of chemical was ideptified as tetrahydrofuran by

Spectroscopy.

which is comparable to that obtained for Batch No. 01.2

IV. REVISED PROTOCOLS FOR THE TOXICOLOGY LABORATORY

The combined analytical data indicated a purity of ~ 99%,

This sectien countains chemical handling and bulk chemical

protocols for the toxicology laboratory.

A. CHEMICAL HANDLING PROTQCOLS

Chemical handling protocols are described in the NTP Health and
Safety Package for Tetrahydrofuran and should be consulted for safety and

epergency procedures in handling this chemical, as well as pertipnent chemi-

cal properties.

T

MRI Reprocurement Report:
Batch No. 02}, MRI Task Designation:
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DISCLAIHER

The information contained therein is based on data from
current published literature and is believed to be accurate. How-
ever, ne warranty is expressed or implied regarding the accuracy
cf these data .or the results to be obtained from the use thereof.

B. BULK CHEMICAL PROTOCOLS

This section centains protocols to be followed upon receipt of
the bulk chemical, for imitial confirmation of identity and purity, and for
subsequent analyses of the bulk chemical during storage at the toxicology
laboratory.

1. RECEIPT OF BULK CHEMICAL

a. Removal and Storage of Reference Material

When the bulk chemical is received, remove 85-ml portions
for each subsequent analysis. Place each sample in an appropriately label-
ed glass vial equipped with a Taflon®-lined screwcap, then tightly close
and seal the vial, and store at =-20°C. Use this material io subsequent
analyses, at intervals specified by the NTP, to replace the reference
standard initially supplied by MRI.

b. Bulk Chemical Storage

Store the bulk chemical under nitrogen at é5°F or less, and
protected from light. The c¢ontainers should be grounded.

2. CONFIRMATION QOF IDENRTITY AND PURITY OF BULK CHEMICAL

Datermine whether the bulk chemical receivad by the toxicology
laboratery is identical to that analyzed by MRI. Confirm the identity and
purity of the bulk chemical as scon after receipt as practical, using in-
frared spectroscopy and gas chromatography (pp. 10-11). These analyses
require the concomitant analysis of a frozen reference standard supplied by
MRI (shipped under separate covar).

Upon receipt, carefully inspect the standard supplied by MRI and
store at -20°C prior to analysis. In case of damage to the standard, or if
the shipping container does not contain dry ice, notify MRI.* Use this stand-
ard only for confirmatory identity and purity analyses upon receipt of the
bulk chemical. Subsequent purity anmalyses (pp. 11-13) require the use of
reference material removed by the toxicology laboratory upon receipt of the
bulk chemical.

* Steven Graves
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a. ldentity Confirmation bv Infrared Spectroscopy

The basis of this analysis is visual comparison of the infra-
red spectrum obtained for the bulk chemical to the spectrum of the reference
standard supplied by MRI.

. (1) Prepare separate thin films for both the bulk chemi-
cal and the standard supplied by MRI by placing approximately ome drop of
tetrahydrofurac between silver chloride plates. Be sure no air bubbles are
trapped in the cell.

_ (2) Obtain spectra for the two samples from 600 to
4000 em ! using a suitable infrared spectrophotometer. Adjust the instru-
ment settings or sample thickness to obtain baselines of about 80% trans-
mission, keeping the largest absorbances at greater than or equal to 10%
transmission.

b. Purity Analysis by Gas Chromatogranhy

The basis of this analysis is quantitatiom of the major com-
ponent of the bulk chemical by GC major peak comparison to the reference
standard supplied by MRI.

(1) Procedure

Note: 1In the following procedure, use only Class A
volumetric pipets ["to deliver" (TD)]. Use ACS reagent grade solvents or
equivalent.

Prepare triplicate sclutions for both the bulk chemical
and the reference standard.

(a) Accurately pipet 5 mL of acetone, the internal
standard, into a 100 ml volumetric flask and dilute to volume with toluene.
Shake well to mix.

_ {b) Accurately pipet 1 mL of the appropriate sample
into a 200-ml volumetric flask. Pipet 10 mlL of the intermal standard solu-
tion into each flask and dilute to volume with toluene. Shake well to mix.

- (c) Prepare a blank solution by pipetting 10 mL
of the intermal standard solutior into a 200-mlL volumetric flask and dilut~
ing to volume with toluene. Shake well to mix.

(d) Inject each solution at least twice. Use an
attenuation to produce peaks with at least half-scale deflection. Use the
system parameters described on p. 11, adjusting the oven temperature, if
necessary, to cbtain retention times close to those reported by MRI.
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Detection: Flame iczizaticn

Inlet Temperature: 130°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc/min

Columm: 20% SP-2100/0.1% Carbowax 1500 om 100/120
Supelcoport, 1.8 m x & mm ID, glass

Oven Temperature: 70°C

Injection Volume: ~ 3.5 uL

Retention Times: Acetone {Internal Standard - 0.9 min

Tetrahydrofuran - 1.9 min

(2} Calculations

{(a) Determine the areas of the tetrahydrofuran
and intermal standard peaks. Use the injections of the blank solutien to
determine that there are no interfering peaks under the test sample peak.

{b) cCalculate, to at least four significant fig-
ures, a RRF (relative response factor) for each bulk chemical and reference
standard injection as follows:

- Peak Area Compound
~ Peak Area Internal Standard

(c) Calculate the average RRF and standard devia-
tion fer both the bulk chemical and reference standard.

(d} Calculate, to two significant figures, the
relative standard deviation (RSD, %) for both the RRF bulk chemical and RRF
reference standard.

(e} Determine, to the tenths place, the relative
purity of the bulk chemical by the formula:

. , _ RRF Bulk Chemical x 100
Relative Purity (%) = RRF Reference Standard

(f) Note and report any impurities detected in
the bulk chemical during the amalysis.

3. SUBSEQUENT ANALYSES

Determine whether the purity of the bulk chemical remains unchanged
during the toxicity study. Use referemce material stored at -20°C for com-
parison to the stored bulk chemical in these subsequent analyses. (Instruc-
tions for the removal and storage of this refsrence material from the bulk
chemical shipment were described on p. 9 of this report.) Use gas chro-
matography, quantitation of BHT by gas chromatography, and titration for
peroxide content {pp. 12-16)} to momitor the purity of the bulk chemical at
intervals specified by the NTP during the toxi:zity study.
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For all subsequent analyses, remove a single vial of the reference
material from the freezer approximately 4 hr prior to analysis. Obtain a
sample of the stored bulk chemical. Analyze the two samples concomitantly
so that the two sets of tests results can be directly compared.

a. Purity Anmalysis by Gas Chromatography

Use the procedure and calculations contained in Section IV.B.2.b.
(pp. 10-11) to analyze the bulk chemical by gas chromatographic major peak com-
parison. Replace the standard supplied by MRI with the reference material
removed upon receipt of the bulk chemical, as des¢ribed in Section IV.B.1l.a.

{(p. 9).

b. Quantitation of BHT by Gas Chromatography

The basis of this analysis is quantitation of the 2,6-di-tert-
butyl-4-methylphenol (BHT) stabilizer by gas chromatographic analysis using
standard solutioms.

(1} Procedure

Note: 1In the following procedure, use only Class A
volumetric pipets ["to deliver" (TD)]. Use ACS reagent grade solvents or
equivalent, and low-actinic (e.g., amber) glassware.

Prepare duplicate solutions for both the bulk chemical
and the reference material.

(a) Accurately weigh approximately 40 mg of p-tert-
butylphenol, the intermal standard, into a 100-mL volumetric flask and dilute
to volume with methanol. Shake well to mix.

(b) Accurately pipet 4 ml of the appropriate sample
into a 10-mL volumetric flask. Pipet 2 mlL of the intermal standard solution
into each flask and dilute to volume with methapcl. Shake well to mix.

(c) Prepare four BHT stundard® stock solutions by
accurately weighing ~ 30, 530, 100, and 150 mg of BHT into separate 100-mL
volumetric flasks and diluting to volume with methbanocl. Shake well to mix.

- (d) Pipet 2 mL of the BHT stock solution into
separate 10-mL volumetric flasks. Pipet 2 mL of the intermal standard solu-
tion into each flask and dilute to volume with metRanol to give standard
solutions with concentrations of 0.06, 0.1, 0.2, and 0.3 mg/ml BHT contain-
ing 0.08 mg/mL internal standard.

{(e) Prepare a blank solution by pipetting 2 mL of
the internal standard solution intec a 10-mL volumetric flask and dilutimg to
volume with methanol. Shake well to mix.

e
™

Available from Aldrich Chemical Company.
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(f) Inject each soluticn at least twice. Use an
attenuation where the most concentrated standard is approximately 70% of
full-scale. Use the system parameters described below, adjusting the oven
temperature, if necessary, to obtain retention zimes close to those reported
by MRI.

Detector: Flame iomization

Inlet Temperature: 150°C

Detector Temperature: 250°C

Carrier Gas: Nitrogen

Carrier Flow Rate: 70 cc¢/min

Column: 20% SP-2100/0.1% Carbowax 1500 on 100/120
Supelcoport, 1.8 m x 4 mm ID, glass

Oven Temperature: 160°C, isothermal

Injection Volume: ~ 3.5 pL

Retention Times:
p-tert-Butylphenol (Internal Standard) - 6.4 min
BHT - 16.9 min

(2) Calculations

{a) Determine the areas of the BET and internal
standard peaks. Use the injections of the blank solution to determine that
there are no interfering peaks under the BHT peak.

{b) Calculate, to at least four significant fig-
ures, a RRF {relative response factor) for each bulk chemical, reference
material, and BHT standard injectien as follows:

Peak Area EBHT

RRE = Peak Area Intermal Standard

{¢) Calculate the average RRF for the duplicate
injections of each solution of the bulk chemical, reference material, and
BHT standards.

(d) Compute the linear regression equation for the
BHT standard data, relating the RRF of the BHT peak for each standard to the
corresponding comcentration (mg/mL) of BHT injected.

(e) Calculate the concentration (mg/mL) of BHT
present in the sample (40% solution) for both the bulk chemical and refer-

ence material using the regression equation apnd the RRF for BHT from the
duplicate injections of each sample scolution.

(f) Calculate the average concentration of BHT for
both the bulk chemical and reference material.

(g) Determizne the percent {w/w) of BHT in both the
bulk sample of tetrahydrofuran and the reference material by the following
formula:
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A x 100

2
88

Calin

% (w/w) =

X
_5-:’:
where A = concentration of BHT from step (f) above.

_ (h) Note and report any additiomal impurities
detected in the bulk chemical during the analysis.

c. Titration for Peroxide Content (as Tetrahvdrofuran
hydroperoxide)

The basis of this amalysis is the iodometric titration of
any peroxide present in the sample. The sample is dissolved in water and a
mixture of concentrated sulfuric acid and water. After additicn of ammooium
molybdate solution and an excess of potassium iodide, the sample is allowed
to react in the dark for 15 min. After the 15-min storage time, starch
indicator is added and the sample titrated to a colorimetric endpoint with
~ 0.005 N sodium thiosulfate,

(1) Standardization of Sodium Thiosulfate

Hote: 1In the followiag procedure use only Class A volu-
metric pipets ["to deliver™ (TD)]. Titrate at least triplicate standard
solutions.

(a) Accurately weigh approximately 50 mg of pri-
mary standard grade potassium iodate (KIO3)%* and transfer to a 100-mL volu=-
metric flask. Dilute to volume with deionized water.

{b) Accurately pipet 10 mL of the solution pre-
pared in step (a) into a suitable titration vessel. Add 50 mlL of deionized
water and ~ 1 g of potassium iodide (XI), followed by 5 mL of 1.0 N hydro-
chloric acid.

(¢) Immediately titrate the KIOs with 0.005 N
sodium thiosulfatet to a light yellow color. Add 3 mL of starch indicater
TSTt and continue titrating to the disappearance of the blue color. A 5-mg
sample of KIOz should require approximately 25 mL of titrant.

- {d) Titrate at least duplicate blanks of 50 mLl of
deicnized water, ~ 1 g of potassium iodids, 5 mL of 1.0 N bydrochloric acid,

*  Weight of tetrahydrofuran in 1 mL based on density determined in the
analysis of Batch No. 01.2

** Dried for 1 hr at 115°C.

t Prepared from commercially available 0.1 N; dilute 50 ml to 1 L with
deionized water.

Tt Prepare fresh by mixing 250 mg of a suitable starch with sufficient cold
deionized water to make a thir paste. Add 50 ml of boiling water,
boil for 1 mim with continuous stirring, and cool. Use only the clear
solutiom.
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and 3 mL of the starch indicator solutisa., If the addition of 3 mL of starch
indicatar solution produces no blue color, there is no titratable blaok.

(2) Calculations

(a) Calculate the normality of the titrant to four
significant figures, using the following formula:

IP xW=x 6
A - B) x 214.0

Normality = T

where LP = label purity {(i.e., 99.9% = .999),
W = weight of KI0; (in mg),
A = volume of titrant required for KIC; ¢in mL), and
B = volume of titrant required for blank (in mL).

(b) Calculate the average normality and the stan-
dard deviation to four significant figures. Calculate the relative standard
deviation (RSD, %) to two significant figures.

(3) Titration of Tetrahydrofuran

Note: Titrate at least triplicate samples of bath the
bulk chemical and the referepce material.

(a) Place 200 mL of distilled water, 25 mL of a
1:4 mixture of concentrated sulfuric acid and water (100 mlL of acid and
400 mL of water), them 3 drops of 5% ammonium molybdate solution inte a
500-mL glass-stoppered Erlenmever flask.

(b) Accurately pipet 10 mL of the sample inta the
flask.

(¢) Bubble a gentle stream of nitrogen through the
solution for 2 min. Add 25 ml of 40% potassium icdide to the flask while
continuing the nitrogen flow. Maintain the nitrogen flow inte the solutien
for an additional 2 min, then stopper the flask immediately and place it in
the dark fer 15 min.

(d) After the 15-min storage time, resume the
nitroger flow through the solution while magnetically stirring. Add 2 mL
of 0.5% starch solution and then titrate with 0.005 N sodium thiosulfate to
the starch endpoint, blue to vellow. If no blue ceolor is produced after
addition of the starch solutiecn, titrate to the disappearance of the yellow
coler. Since this gives a high value, report results as a "less than' value.

(e) Titrate at least duplicate blanks, repeating
the procedure described above, omitting the sample. If addition of the
starch indicator solution produces no blue color, there is no titratable
blank.
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EXPOSURE OPERATION DISCUSSION SHEET
INCLUDES DISCUSSIONS AND/OR EXPLANATIONS OF PROBLEMS AFFECTING ANIMAL
ENVIRONMENT AND EXPOSURES. EXPLANATIONS ARE INCLUDED FOR DATA IN WHICH THERE
WERE EXCURSIONS OF DAILY MEAN OR STANDARD DEVIATION BEYOND ATLOWABLE
OPERATING LIMITS OR EXCURSIONS OF INDIVIDUAL DATUM BEYOND CRITICAL LIMITS.
STUDY: IRT Tetrahydrofuran Rat Teratology

REPORTING PERIOD: Aug 14 - Sept 3, 1987
NOTE: 24 Hour Data Collection Period extends from ~5:00 a.m. to ~5:00 am

COMPILED BY: _R.] Weigel DATE: 9 /_10 / 87

CHAMBER CONCENTRATION

DATE DRISCUSSION OR EXPLANATION

8/22/87 Concentration in the S000 ppm chamber (1 reading = 3990 ppm} exceeded the critical low operating
limit (4000 ppm) at 12:44. In reducing chemical levels in the flask, generator operating temperature
fell, reducing the generator output. Daily mean and standard deviations are within the operating
limits.

8/24/87 Power outage at 11:00 (1:05 into exposure)} interrupted exposure, Exposure was continued beginning
at 13:44. Total exposure time for the day was 6:00.

8/29/87 Due to a drop in the distribution line exhaust flow (12:50), a potential safety hazard, the computer
shut down the generator for 10 min until the flow was increased by the operator. As a result
concentrations in all chambers exceeded the critical low operating limits.

Chamber Time = Reading ~  Critical Low Limit

600 ppm  12:56 387 ppm 400 ppm
1800 ppm 12:59 1160 1440 ppm
5000 ppm  13:01 3870 4000 ppm
The % relative standard deviation far the 600 ppm chamber (12%) exceeded the protocol defined limt of

10%.

TEMPERATURE & RELATIVE HUMIDITY

DATE DISCUSSION OR EXPLANATION

8/17/87 % RH exceeded the critical lower operating limit (35%) in the 0 ppm chamber (1 reading: 33%) at
12:11. Operator made adjustments at that time to bring it within operating limits. As a result, the
daily mean for RH in the 0 ppm chamber was 39.3%, exceeding the protocol defined limit of 40%.

8/26/87 Due to a loose stopper in the O ppm chamber, environmental data except temperature was not collected
after 16:39. Animal care personnel were reminded o verify chamber integrity before leaving for the
night.

CHAMBER FLOW & VACUUM

DATE RISCUSSION OR EXPLANATION
No problems or excursions during this reporting period.
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APPENDIX C

DEVELOPMENTAL TOXICOLOGY DATA



THF Mocuss Teratology Study: Body Waights (g) for Virgin Females

--------------- —— - - @& ppm THF -—————— o= e
MATNO Pre-study Exposure Exposure Exposure Sacrifice
Wt Dayl Dayt Dayl® we
17 27.1 3.0 29.7 ag.l 28.5
19 23.3 27.8 28.9 28.2 26.8
32 22.6 27.3 28.3 27.8 28.8
91 24.8 29.9 3.2 28.3 27.8
174 2.9 26.2 27.¢0 27.4 25.3
2485 25.8 28.1 26.9 26.5 2E6.8
248 24.3 28.3 28,9 29.1 27.6
278 26.€ 28.¢ 28.0 27.8 28.8
203 24.1 26.8 26.9 26.2 24.1
328 28.6 26.3 26.6 27.8 24.8
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THF Mouse Terstology Study: Body Weights (g) for ¥Yirgin Females

——————————— - 828 ppm THF -
MATNO Pre-study Exposurs Exposure Exposure Sacrifice
wt Dayl Day§ ayld Wt
43 27.9 38.8 31.2 3l.4 8.3
2] 28.9 27.8 28.2 28 .6 27.5
ag 23.9 26.8 27.8 27.7 28.9
116 23.9 26.9 27.1 27.9 26.2
187 28.6 27.2 . 27.1 27 .9 24.3
204 25.1 - 271.8 27.1 27.7 25.8
221 23.1 27.2 28.5 30.2 27.9
242 26.3 27.3 28.6 29.1 27.1
247 23.1 26.6 27.8 29.2 28.9
267 24.1 26.8 28.4 27.7 28.1
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THF Mouse Teratology Study: Body Weights (g) for Yirgin Femalea 3

- e e T e 1808 ppm THF ———— - - e

MATNO Pra-study Exposure Exposure Expoaure Sacrifice
wt Dayl DayB Bnylﬂ wt
8 28.8 31.2 3B.3 29.8 28.8
12 26.8 27.3 29.9 23.2 22.8
17 23.3 28.2 26.8 26.5 18.3
131 27.1 29.8 a2.8 88.9 29.4
141 25.3 28.1 2Q.4 32.7 29.0
184 24.0 25.1 28.0 25.8 24.2
211 24.1 28.9 27.7 27.8 28.2
287 25.9 28.8 39.8 a1.9 29.0
391 23.8 28.7 27.8 28.7 27.2
age 22.9 28.6 27 .8 28.9 27.1
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THF Mouss Teratology Study: Body Weights (g) fer Yirgin Females

- - 6208 ppm THF - il L L L LTl

MATND Pre-study Exposurs Exposure Exposure Sacrifice

Wt Dayl DayB Dayl® Wt

4 26.5 27.4 DEAD . .
52 23.2 24,2 23.2 28.9 23.8
a7 24 .4 26.6 19.1 29.4 26.8
124 24.0 24.7 17.8 27.6 26.9
142 23.3 24.8 108.9 26.5 24 .9
148 26.2 28.0 DEAD . .
291 24 .2 28.1 19.5 28.9 26.4
284 26.1 s1.8 21.6 16.3 CGEAD
202 28.4 .3 28.2 DEAD .
310 22.7 26.1 24.9 27.7 24.1

%0




Tetrahydrofuran Rat Teratolegy Study: Body Weighta {(g) for Virgin Females

gD

428
449
460
470
486
4102
G648
bee
820
824

261.4
201.9
261.8
280.8
243.1
256.1
276.6
268.2
272.1
280.7

Exposure
Dayl

278.9
284.4
277.3

- 268.8
271.3
261.4
812.3
205.9
31.3
323.1

@ ppm THF -——--

Exposure
ayb

293.4
296.9
291.2
261.2
278.8
209.8
326.4
298.9
316.8
327.5

Exposure
Dayl@

2906.3
288.3
293.8
207.6
278.4
292.9
346.2
324 .8
310.6
320.9

Sacritice
Wt

291.88
3v1.91
296.74
288.88
268.97
292.34
432.71
323.29
312.47
339.356



Tetrashydrofuran Rat Teratology Study: Body Weights {g) for Virgin Females

9°2

MATNO

416
437
461
487
4756
539
E81
689
690
832

Pre-study
Wi

289.1
274.2
244.3
266.2
268.8
286.7
281.2
266.9
249.9@
235.9

828 ppm THF
ExBouuro Exposure
ayl Dayb
2686.8 296.9
o .e agn.2
273.4 280.7
280.8 300.8
200.7 304.8
332.0 343.2
283.8 291.7
277.1 282.7
266.1 200.1
257.7 287.9

Exposura
Dayl®

292.68
3190.4
296.6
ave.e
317.6
349.6
321.8
280.8
2e9.8
287.6

Secrifice
wt

319.89
313.44
296.78
308.32
328.83
A47.98
328 .34
282.94
279.22
269.76



Tetrahydrofuran Rat Teratology Study: Body Weights (g) for Yirgin Females

£°0

-——— —————rr——— - 1608 ppm THF --——--

MATNO Pr;-ltudy Exposure Exposure Exposure Sacrifice
t

Dayl Dayb Dayl@® wt
422 284 .4 304 .8 e.7 322.0 323.78
427 209.7 296.6 205.2 300.9 299.47
434 260.4 280.3 288.3 287.2 289.11
6686 313.1 342.7 373.38 388.2 373.49
666 267.8 292.8 208.6 299.7 298.17
672 289.9 321.9 3a8.7 31@.90 3gse.12
586 281.6 297 .4 329.6 318.7 age.a7
588 247 .4 271.8 276.4 284.7 283,67
599 242.1 266.6 265.2 262.3 287.11
a1 253.8 274 .4 292.6 291.6 288.77



Tetrahydrofuran Rat Terstology Study: Body Weights (g) for Virgin Females

_______________________________ --b2@3 ppm THF - - —————————— e

HATNOD Pre-study Exposure Exposure Exposure Secrifice
Wt

Dayl Dayb Dayle We
404 286.7 285.4 392.2 327.8 368.83
482 262.8 ag4.2 304.7 309.0 ' 308.76
474 287.8 263.0 296.9 an1.9 204.75
483 266.8 260.3 277.9 279.9 288.72
465 260.5 3a1.1 337.4 337.7 338,86
508 259.8 204.2 286.8 296.8 396,49
512 243.6 289.7 269.6 300.0 309.37
530 248.2 266.0 263.7 262.9 271.44
578 28d.1 287.8 291.3 303.8 300.97
825 246.8 267.8 261.8 259.3 248,44

870
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THF Mouse Teratelogy Study: Body Weights (g) for Plug-positive Females

MATHO Pre-study

328

we (g)

28.8
26.65
28.2
24.4
23.5
28.3
26.4
28.7
24 .8
25.2
26.6
22.4
26.9
28.9
27.6
24.8
23.6
29.1
21.2
26.2
25.8
24.9
27.4
24.8
23.8
26.4
23.9
26.8
24 .4
23.9
28.1
27.3

o d
wt (g)

22.8
28.6
28.7
26.6
26.6
27.8
27.9
27.3
28.2
28.9
27.4
24.5
26.8
28.7
27.4
26.7
25.8
28.0
27.9
27.a
26,8
26.9
20.1
24,86
24,2
28.6
25.1
29.8
28.2
26.7
32.6
21.6

8 d
wt (g)

26.1
8.2
29.4
29.7
27.8
0.8
20.3
39.2
28.4
29.8
0.9
27.0
28.4
20.8
29.1
28.2
29.3
29.4
81.4
28.6
2.5
20.8
0.4
25.6
271.9
26.9
27.9
32.1
27.9
29.8
33.6
3l1.2

9d

we ?9)
27.9
31.8
31.6
38.4
30.6
33.6
az.e
33.7
31.a
33.9
3a.e
26.7
31.6
3e.1
31.4
31.0
32.8
32.8
29.6
a1.7
27.4
3z.1
33.2
26.1
30.8
29.4
30.9
34.5
26.7
31.9
36.9
32.4

12 dg
¥t (g)

3l1.7
87.8
39.9
36.9
36.9
32.6
38.9
38.9
36.8
ag.o
39.7
36.9
3s.0
33.6
a71.3
8.6
as.3
ig.l
ar.9
84.6
az.e
39.1
8.0
28.3
37.3
34.1
29.8
34.2
28.3
ar.l
42.4
38.9

2 ppm THF

16 dg 18 dg
Wt (g) Wt (g)
ar.7 46.1
47 .4 668.7
46.6 66.8
42.9 6d.2
42.0 48.1
48 .9 62.6
44.9 b1.5
46.2 63.2
46.1 665.6
48.2 b4.5
49.8 68.1
43.3 63.3
44.3 62.3
49.2 47 .0
465.4 56.4
456.1 7.8
47.9 68.0
47.7 §7.6
45.9 64.3
42.3 48.1
46. 4 68.6
47.3 69.2
46.1 67.8
28.6 26.0
45.8 66.6
44.3 52.8
44.9 62.2
49.7 802.1
28.0 26.7
44 .9 64.2
48.8 68.9
47.7 56.9

Uter
¥t (g)

15.9
20.7
19.68
19.9
16.2
18.6
19.6
16.1
21.5
21.5
29.3
19.8
17.1
18.6
22.3
24.7
25.6
22.8
28.7
14.2
21.4
23.8
21.9

22.3
20.5
17.4
24.0

9.2
29.9
20.8
23.8

Pregnant LIYE EARLY LATE DEAD IMPLANT

b gt put (S b pd P ek R Pk ek b e et e ek b ol b ek b et e b e fd e b b el ek

RSN -AaE-AaleNEA-R=E

- S

-1 0.

REFFARGREER-EDFEEFERGE G S5

RWE-

12
14
12
14
14
19
14
13
16
12
16
12
18
12
13
13
14
16
13
19
13
13
13

12
13

9
17

11
14
16



THF Mouse Taratoiogy Study: Body Weighte (g) for Plug-positive Females

0i°0

- 830 ppm THF
MATNO Fre-study @ d ? 12 dg 16 dg 18 dg Uter Pregnant LIVE EARLY LATE DEAD TIMPLANT
we (g) we (9) “*— (a) "‘f- g) Wt (9) Wt (9) W (9) Wwe (0
a7 24.9 28.3 28.9 26.9 az.e 38.8 45.9 13.7 1 B 1 1 2 10
as 26.6 24.9 28.4 38.1 34.7 41.8 48.9 16.7 1 10 1 @ ] 11
39 28.4 28.8 28.8 31.8 a6k.o 43.9 5P.8 18.2 1 18 2 1 2 11
51 25.6 28.2 26.9 31.4 36.9 48.0 6.8 2d.8 1 14 a ] P 14
66 26.2 20.6 26.3 31.0 37.6 48.3 8.0 22.7 1 13 -] @ & 13
78 256.7 28.2 3l.4 33.3 39.9 50.9 81.9 22.3 1 12 4 @ ) 13
78 24.2 24 .4 28.8 g.4 ag.3d 41.8 48,2 16.9 1 9 a 2 "] 11
B3 24.4 26.2 27.2 2¢.2 36.3 43.9 53.1 21.2 1 16 o a - 18
104 24.1 26.8 28.0 26 .9 28.4 20.4 28.1 0.2 ) . . . . .
113 28.1 26.7 26.4 27.7 32.2 39.1 47.8 18.2 1 16 -] - ] 12
114 27.0 27.4 31.8 34.2 39.1 47.6 7.6 21.5 1 13 1 & a 14
132 26.1 27.6 30.2 33.3 39.8 49.2 59.2 24.89 1 14 1 ) ) 15
140 27.4 27.3 32.9 33.8 3.8 49,2 69.8 23.¢ 1 14 a a a 14
166 23.6 27.2 29.7 28.3 29.6 39.0 28.4 8.1 a - . . . .
168 24.8 28.6 27.8 27.0 26.8 28.1 26.9 a.7 1 2 8 -] ] 9
177 25.3 26.9 29.7 28.56 3.8 39.1 29.8 . -] . . . . '
182 28.2 27.8 .2 .9 41.6 48.2 6.4 22.3 1 12 ] & ] 12
184 26.2 27.9 26.6 29.1 34.3 45.5 80.3 25.7 1 14 1 a ) 15
187 24.8 28.0 20.4 39.2 20.0 29.2 27.3 9.1 & . . . . .
205 24.1 27.3 38,2 32.1 7.7 48.1 59.8 23.8 1 15 "] -] ") 16
210 25.3 27.6 0.6 32.8 38.5 48.4 67.2 26.9 1 13 1 ) ] 14
220 28.7 26.4 29.9 34 .4 ar.6 46.6 EE.T 0.9 1 12 "] -] ] 12
240 24.7 25.6 27.8 31.3 38.6 43.8 52.4 20.7 1 11 1 ) e 12
2489 24.1 26.2 27.6 39.9 36.7 44.7 62.8 19.2 1 11 - @ a 11
275 23.3 23.3 24.2 25.7 29.9 36.9 41.7 14.7 1 9 1 a @ 10
288 26.9 27.2 2.9 33.2 87.9 45.3 54.2 19,3 1 10 a 1 1 12
204 24.7 28.3 38.90 33.4 34.0 41.2 45.8 12.8 1 7 a ] - 7
ag3 24.8 26.68 27.1 7.4 28.2 20.6 268.1 8.1 - . . . . .
a1a 22.7 28.2 28.0 0.2 34.9 42.8 49.2 17.4 1 10 1 @ e 11
330 24.7 26.9 28.0 31.3 3g.a 44 .2 81.9 18.9 1 1i & " [ 11
3al 24.7 2e.1 31.e 32.5 3e.7 44 .4 52.8 17.7 1 9 @ a "] )



THF Mouse Teratolopy Study: Body Weights (g) for Plug-poaitive Females

{1-o

—— 1829 ppm THF -

MATND Pre-study 0 dg 8 dg 9 d 12 dg 15 dg 18 dg Uter Pregnant LIVE EARLY LATE DEAD TMPLANT
% (9) we (g} Wt (g) Wt ?a) We () Wt (p) Wt (9) Wt (o)
13 23.7 26.4 27 .4 38.5 31.4 31.4 32.6 2.2 -] . . . . .
29 21.9 24 .8 28.9 24.2 27.8 27.2 28.8 a.2 1 ] 14 "] ] 14
27 23.9 20.1 30.9 al.2 ar.s 46.4 E3.7 19.7 1 13 2 a 2 16
44 268.9 27.9 28.2 33.4 36.3 41.0 62.9 17.6 1 11 1 a @ 12
46 24.2 26.8 28.8 33.4 34.3 42.2 6B8.b 17.1 1 11 2 1 ) 12
AT 25.1 27.9 3z.8 29.7 20.8 28.7 3.8 2.2 ] . . . . '
53 25.3 28.8 28.0 32.8 ar.e 48.2 56.7 19.7 1 13 2 - 9 13
68 28.8 27.7 30.5 4.2 7.8 46.5 53.8 16.7 1 9 a -] @ ']
el 24.7 28.7 28.8 2.8 33.1 42.2 52.08 16 .4 1 11 1 [ a 12
868 26.7 27.1 30.8 3.7 8.2 42.8 63.4 18.5 1 13 1 2 a 14
76 25.8 26.9 38.7 32.2 az.2 44.2 62.8 18.8 1 11 -] ] ] 11
a5 26.2 286.7 32.8 32.56 33.5 az.8 31.9 8.3 1 -] 11 -] a 1
88 23.8 23.4 24.4 23.1 22.6 27.2 2.7 2.4 1 2 -] @ a ]
92 21.8 20.4 29.9 2.4 89.8 47.1 b6 .4 18.2 1 18 -] & "] 19
128 24.8 28.4 al.1 33.0 38.4 41.3 E6.4 20.6 1 11 -] 2 a 13
13e 26.8 27.8 28.3 27.9 .0 28.7 29.9 . o . - . . .
149 28.2 29.68 az.e 33.5 42.2 51.8 81.3 21.8 1 16 2 ) ) 15
1BT 22.9 23.3 26.6 28.56 28.4 29.8 28,8 2.2 1 @& 12 ) ) 12
178 25.1 27.5 .0 33.2 37.1 44.8 51.9 21.4 1 11 ] 2 2 11
200 28.7 28.9 31.6 33.3 38.8 48.3 57.7 25.4 1 13 ] a 2 18
298 27.1 28.3 28.8 .o 32.1 27.9 23.3 . a . . . . .
228 23.7 2.8 27.4 39.7 36.2 43.4 51.9 19.0 1 12 o o -] 12
239 24.7 20.8 28.65 28.8 27.2 20.9 27.0 8.1 ] . . . . .
280 24.9 27.98 28.7 w.e 38.7 45.8 62.7 21.4 1 11 1 2 -] 14
283 .1 31.1 az.e al.se 29.7 27.3 27 .4 6.4 1 8 -] 7 2 13
278 23.4 26.3 20.2 81.5 36.9 43.8 51.9 18.3 1 11 3 - - 14
274 20.1 26.8 3.2 31.9 a7.56 48 .4 64.8 18.7 1 11 2 1 -] 12
287 2.8 27.3 28,8 31.4 86.1 41.8 49.5 1E.7 1 9 2 ] [ 11
293 26.9 27.1 20.4 80.2 36.7 48.6 E6.3 2l1.68 1 13 "] -] -] 13
208 26.9 24 .8 28.0 31.6 a6.¢ 42.2 47.1 11.9 1 T o 2 2 7
a1 28.3 28.0 26.9 28.7 28.1 29.8 28.a 9.1 e - . . . .
321 28.9 28.7 28,3 az2.¢ 38.6 43.4 62,4 16.7 1 18 1 ) [ 11
329 24.2 29.9 3.0 az.s 38.9 46.7 56.9 17.8 1 1@ 2 2 -] 12



THF Mouse Teratolegy Study: Body Waighte (g} for Plug-positive Femaies

————— 530d ppm THF —~———-—==-

Z1'0

MATNO Pre-study @ d ad 9 dg 12 dg 16 dg 18 dg Uter Pregnant LIVE EARLY LATE DEAD IWPLANT
ve o Y we'lo wln wile) W (@ We(g) W W (o)
28 25.4 26.7 31.6 28.8 26.89 20.1  20.9 8.2 1 g 12 o @ 13
28 24.3 26.56 30.7 28.9 29.8 29.4  29.1 2.1 1 @ 12 @ 't 12
31 27.8 as.e 82.5 38.7 32.1 238.9  29.6 9.2 1 8 15 2 @ 16
33 28.2 28.7 29.8 27.1 28.4  30.7  238.2 .1 1 8 12 @ o 12
38 26.7 26.4  29.9 . . . . . 1 ) . . . .
48 27.8 27.1 20.4 23.2 28.7 28.6  26.9 2.1 1 & 12 8 8 12
69 26.6 28,2  29.7 . . . . : 1 . ) ) . .
81 28.7 27.6 28.6 23.7 28.8 80.8  27.8 8.1 1 g 16 o 8 16
82 26.1 26.9 28.8 26.6 21.4 28.8  26.3 8.1 1 a 13 2 rt 13
B4 24.1 23.4 26.8 24.3  27.3 26.9  25.8 . o . . . ) 5
90 24.7 26.7  27.2 . . . . . 1 . . . . .
97 23.8 26.2 26.8 25.8 26.6 26.7  26.1 8.2 1 g 12 o 2 12
105 23.9 24.8 27.1 22.5 22.83 28.1 271.7 8.1 1 @ g o 2 9
106 28.1 26.1 20.8  21.3 . . . . & X ) . . )
126 26.2 25.9 20.1 27.7 27.2 28.8  27.1 .1 1 e 13 8 8 13
151 26.8 0.6 38.8 27.8 80.0 230.3  29.2 6.4 1 s 5 @ 2 5
166 24.8 27.6 86.4 27.8 306.6 38.2  29.8 8.2 1 8 18 8 2 18
182 23.2 25.7 20.8 28.2 26.1  27.1  26.8 8.3 1 ¢ 18 2 @ 18
179 26.8 26.1 27.2 24.8  27.4 27.4  28.2 8.3 1 ¢ 19 o o 19
196 26.9 26,6 29.7  25.4 . . . : 8 \ . X ) ;
208 24.p 28.6 26.4 24.8 27.86 27.8  21.B 2.4 1 8 11 2 8 11
213 25.2 27.4 20.9¢ 239.9¢ 29.8 31.8 80.B 8.2 1 o 14 o P4 14
218 26.6 286.8 82.6 31.7 306.9 31.4  29.7 6.3 1 @ 15 e o 15
219 24.8 28.5 20.4 26.7 24.7 28.4  26.8 e.1 1 2 12 e a 12
222 26.8 27.7 20.3 27.1 28.3 29.4  31.4 8.2 @ . . . . .
2265 28.3 27.7 20.3 24.7 25.6 21.8  28.8 8.1 P . . . . .
231 25.3 27.8 38.4 30.8 38.4 42.2  49.9  17.8 1 12 2 2 8 14
238 28.8 27.2  28.2 . . . . . 1 \ ) . . .
266 24.0 26.7  28.2 . . . . : 1 . . : . :
268 26.4 28.7  28.7 . . . . . 1 . . . : .
273 24.7 27.2  20.5 . . . . . 1 . . . : .
280 26.8 26,5 29.8 27.3 239.8  38.1  27.3 2.1 1 e 10 ) o 10
327 24.9 2a.8 28.3 23.9 26.9 26.8  25.8 2.2 F 5 ) . .



£1'0

MATND Pre-study @ dp

423
485
418
426
433
452
464
486
471
417
491
495
409
602
516
521
5626
629
Ba?
641
667
66d
be4
673
GT4
678
3-1-]
697
ésa
812
818
817
&é18

we (g)

2567 .4
278.1
283.3
237.8
287 .4
237.0
277.5
272.8
262.3
25@.8
206.4
273.6
268.3
278.5
273.2
281.9
267.9
271.7
258.2
252.2
279.8
284.0
245.8
266.9
290.4
251.2
281.8
286.8
273.1
288.8
231.2
280.1
233.7

We (g)

276,7
291.7
273.5
244.1
av2.9
265.6
294.5
279.3
283.7
282.4
288.0
2848.¢
286.5
92.8
282.3
283.3
273.8
2768.4
276.5
282.9
203.2
316.3
276.5
271.7
93 .4
286.8
281.2
3l0.8
283.4
a00.6
244 .8
281.5
248.6

8 dg
Wt (g)

303.2
314.7
an4.8
289.2
337.6
284 .8
a17.8
ags.7
319.2
292.9
303.3
313.9
3aT.1
324.3
al4 .4
3vE.0
287.@
308.9
288.1
297.2
329.4
334.4
2083.9
azl.2
aze.5
201.6
324.1
342.3
316.5
329.7
287.8
312.5
271.3

12 dg
Wt (g)

2¢5.@
334.1
329.1
282.8
353.7
ao4.7
337.6
321.0
338.8
316.8
322.3
3490.4
339.8
aar.7
327.8
327.9
308.2
312.8&
320.9
313.3
363.4
351.@
308.5
314.2
a49.2
398.2
3a7.8
364.6
331.8
aE2.4
292.3
az29.¢@
281.3

14 dg
Wt (g)

269.8
362.9
349.2
304.8
360.6
a19.9
367.3
366.6
358.8
327.8
ain.l
380.8
366.9
8.9
340.4
344.8
218.9
37.

349.3
334 .4
373.4
371a.2
399.2
330.8
376.1
514.90
356.6
374.7
381.9
ari.4
312.7
345.2
393.3

-8 ppm THF

17 dg 20 dg

Wt (g) Wt (9)
30e.8 286.99
376.4 413.88
a7e.1 418.23
312.@ 326.32
341.4 338.38
344 .4 379.84
ael.1 430.17
373.4 399.84
383.6 425.80
364.8 ag4 .86
384.56 393.67
ag2.b 415.64
394.3 429,856
374.4 423.36
367.9 a77.656
3gs.8 496 .88
341.2 386 .83
3e4.7 394.29
a77.8 427 .94
388.9 388.71
308.3 449,60
392.5 442,75
338.9 372.92
367.9 412 .47
419.8 463.11
349.3 390.34
383.6 425.12
367.4 414.18
379.2 417 .88
408 .2 445 .24
344 .9 386.43
372.a 3pa.156
321.4 347 .42

Uter
we (g)

2.58
49,80
88.26
26.17

2.9
76.63
93.69
8@.368
70.96
76.82
73.14
76.97
97.889

192.38
21.83
79.71
ea.80
83.94
92.79
72.42
90.63
99.24
78.64
£9.85
99.88
B7.76

199.87
48.41
83.53
82.88
86.89
84.682
448.8%9

Pregnant LIVE EARLY LATE DEAD IMPLANT
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Tetrahydrofursn Rat Teratology Study: Body Weights (g) for Sperm-positive Females

?1°D

----- -~800 ppm THF —————— - —————
MATNO Pre-study 2 d 8 dg 1% dg 14 dg 17 dg 20 dg Uter Pregnant LIVE EARLY LATE DEAD IMPLANT
We (g) | We g Wb (g) We () We (3) W () We (3) We (g)
401 208.6 200.6 333.2 337.8 3685.9 397.7 448.68 94.18 1 18 ] 2 2 18
412 269.9 274.7 avo.8 322.8 361.9 383.4 422.19 868.77 1 18 2 2 e 1B
419 288.9 286.2 307.09 324.1 341.8 373.1 416.87 77.03 1 14 1 2 2 16
420 262.1 296.8 323.9 342.6 382.3 §89.8 420.98 78.69 1. 18 [} ) 2 18
421 237.2 286.7 280.4 g4 .8 318.2 343.5 387 .60 89.45 1 13 2 2 2 16
436 247 .8 264.7 278.7 208.8 6.2 838.4 378 .90 84.76 1 16 2 2 -] 17
444 267.7 283.9 311.9 327.6 ab3.1 386.2 433.17 88.18 1 17 1 2 2 18
448 281.9 280.8 2856.8 277.1 1.3 329.7 388.66 86 .41 1 15 [} 1 -] 18
489 24¢9.1 288.7 292.6 313.8 333.8 389.6 417 .29 109.40 1 20 ] 2 2 20
482 233.6 242.2 280.1 273.8 202.2 318.8 367.563 88.87 1 17 2 ] ] 17
404 263.4 29¢.6 324 .8 347.1 373.9 398.4 444 52 92.48 1 18 2 2 ] 18
404 264.2 282.8 292.2 3l10.0 342.2 are.7 487 .91 B2.38 1 18 2 2 2 18
605 249.8 281.8 322.9 298.1 aGe.1 388.5 444 .79 92,63 1 17 [} 2 ] 17
629 280.7 296.9 234 .8 204.7 204 .4 3ge.2 304,44 9.63 ") . . . . .
613 3e3.7 33e.e 370.1 392.1 418.8 468.2 4B88.80 94 .91 1 18 [} 2 2 18
BlB 239.8 240.2 287.3 2981.9 312.8 8338.7 are.ar 99.28 1 17 @ a 2 17
627 241.2 249.8 274 .0 266.4 307 .4 33g.8 374.69 84.18 1 16 @ 2 2 156
640 248.8 268.4 262.2 294.8 318.8 334.9 are.ep 73.27 1 14 2 ] a 18
642 227.4 249.9 26856.2 3R6.1 326.2 349.6 394 .01 84.78 1 18 2 [ ") 18
668 260.6 2688.1 294.3 309.8 340.8 are.o 432.91 109.48 1 20 2 a 2 20
669 280.9 298.8 311.2 317.6  322.7 aze.3 a24.81 9.58 - . . . . .
687 262.4 258.3 2656.8 319.8 346.9 a7e.1 406 .86 63.14 1 11 2 " ") 11
671 272.8 204 .0 324.9 349.9 372.38 3el.7 428,18 77.16 1 14 2 a 2 18
587 267.9 279.6  293.2 321.4 2406.86 377.8 416.20 94.32 1 18 " "} a 1e
504 266.4 263.3 308.9 333.3 349.2 367.8 374.79 33.31 1 [ 19 " ") 24
698 268.4 281.8 312.8 320.9 346.4 365.4 405,88 76.98 1 14 2 2 a 14
823 2668.4 287.8 282.9 298.8 281.8 296.9 289.37 2.83 -} . . . . .
apa 2861.8 2688.9 3@3.8 327.4 362.9 3683.4 430.88 23.63 1 17 1 2] ") 18
él1E 274.8 3a1.8 327.0 341.0 360.7 aps.3 415,98 99.17 1 19 2 " 2 1e
828 280.9 308 . 4 333.1 ab4.1 376.9 398.1 413.97 41 .97 i 1 [°) "] ] 7
829 274 .4 299.2 31B.1 339.2 388.8 4921.1 462 .88 20.62 1 17 2 "] ] 17
633 246.8 260.0 276.7 288.2 277.8 278 .4 271.10 . (=) @ . . N ' .

a) Uterus inadvertantly not weighed.



Tetrahydrofursn Rat Teratology Study: Body Weighta (g) for Sperm-positive Females

-------------- - —_— —————-—=1808 ppm THF ———- -———
MATNO Pre-study @ dg 8 d? 19 dg 14 dg 17 dg 20 dg Uter Pregnant LIVE EARLY LATE DEAD IMPLANT
wt (g)

W (9) Wt (g) Vo (g) We (@) W (g) We (@) W (g)

408 264.3 288.0 311.56 328.0 348.6 3765.4 413.70 74.38 1 16 2 2 B 15
411 237.9 261.4 277.2 286.2 316.9 330.4 373.21 78,30 1 13 2 ? B 156
413 244.6 2E88.86 283.8 281.1 al2.e 338.7 373.66 88.92 1 18 2 ] 2 18
428 276.8 297.6 322.4 830.4 318.1 383.2 426 .80 74.13 1 14 -] 1 [} 16
432 260.8 270.7 298.86 319.6 322.2 i61.1 498.32 80.89 1 15 1 2 2 18
445 278.2 201.3 311.3 a33.2 349.9 aasz.e 431.88 86.88 1 15 2 ] 2 16
454 245,1 279.6 ng.e 20.4 339.5 arl.1 422 .99 84 .83 1 18 -] 2 ] 18
466 262.8 2718.1 3l5.8 331.9 383.0 388.8 421,49 70,34 1 13 1 2 ] 14
478 3908.9 33r.9 347 .0 381.8 368.4 427.8 488 .08 B82.14 1 16 2 ] 2 17
479 283.7 276.1 313.8 §21.1 338.3 aea.7 398.44 71.88 1 13 a3 2 P 18
481 274 .1 293.4 320.0 339.2 383.0 a94.3 439,21 79.87 1 148 2 2 2 18
498 243.8 269.1 261.4 318.1 326.7 368.6 403 .64 87.1%9 1 17 2 & -] 19
503 277.6 298.0 33il1.8 848.8 a73.8 493.8B 439.29 38.68 1 8 2 1 [ T
624 268.8 285.7 294.7 al6.6 3a7.8 387.0 391 .63 65.87 1 13 1 1 2 16
B22 248.1 282.9 292.7 7.4 3z22.9 344.2 626.1¢ 122.96 1 14 2 2 e 14
528 288.5 278.1 awl.2 310.9 815.2 ape.4 ags.17 e.73 2 . . . . .
63l 260.7 289,2 289.1 94.1 323.1 a68.0 393,89 72.73 1 13 2 2 2 13
632 269.7 273.8 295.8 aie.2 3at.9 367.9 398.38 78.27 1 16 2 2 2 17
634 242.4 269.8 281.8 291.4 817.7 240.2 384 .55 77 .84 1 16 B "] ] 1B
638 257.7 279.1 319.1 aze.1l 3kg.1 385.5 429,00 Bl,87 1 18 2 2 2 18
G444 244.9 273.8 2681.1 320.8 343.6 are.3 418.43 81.83 1 18 2 ] 2 18
o~ B4B 283.0 291.3 321.0 3l8.8 346.8 are.2 430.33 82.a7 1 1b 1 2 2 18
. 582 262.9 2688.8 208.6 320.1 384.6 388.1 420.98 88.84 1 17 ") 2 2 17
G; BT7 229.8 243.0 279.2 296.8 307 .4 333.3 381.656 59.88 1 19 6 1 2 18
683 239.2 254 .0 2738.3 298.3 9.7 334.9 are.e2 g0 .44 1 16 a ] -] 156
[3:1 2562.3 2688.8 290 .4 294.3 azl.e 367 .4 416.64 94 .82 1 18 a a ] 18
881 263.3 273.8 286,56 a18.1 326.9 3563.3 395.28 Bl.16 1 16 2 2 2 15
804 248.2 280 .6 316.6 317.8 339.3 3le.@ 3l4.88 2.71 %] . . . . .
a7 267.3 263.3 383.7 318.2 340.1 383 .4 42¢ .86 119.94 1 18 a ] 2 19
813 284 .8 313.56 333.3 345 .8 343.56 344.6 338.32 2.87 ] . . . . .
az23 289.3 2.6 316.1 343.23 383.8 368.4 441 .91 84 .08 1 18 2 ] [} 18
832 239.9 283.1 279.3 203.3 324.2 341.5 372 .48 60 .40 1 11 2 2 ] 11



Tetrshydrofuran Rast Teratology Study: Body Weights (g) for Sperm—positive Females

- 6092 ppm THF -- R ———

g1°D

MATNO Pre-study @ d? ; 8 d 10 dg 14 dg 17 dg 20 dg Uter Pregnant LIYE EARLY LATE DEAD IMPLANT
g .

Wt (g) L1 Wt (g) W (g) Wt (@) Wt (g) Wt (g) Wt (g)
408 264.2 261.8 293.4 298.7 383.3 32¢.8 362.99 66.65 1 18 . e a 186
414 268.2 274.7 395.8 382.4 326.7 362.3 396.48 66.29 1 18 a 2 @ 18
418 261.6 283.8 294.7 392.2 331.5 368.1 399.45 73.69 1 18 . 0 2 18
429 246.9 266.6 208.3 289.8 311.4 3834.8 387.18 64.71 1 16 1 . o 18
431 283.6 271.0 295.8 209.4 328.8 339.4 374,90 ©1.84 1 18 1 9 . 19
447 290.4 200.4 340.7 336.3 363.8 892.8 428.00 70.12 1 18 1 2 o 17
468 260.4 208.3 200.2 275.6 395.9 341.2 373.19 63.20 1 16 1 ] ] 18
468 264.1 264.6 203.8 203.3 312.1 339.4 386,84 58.74 1 13 1 2 2 14
473 266.2 271.e 316.2 321.3 341,80 2361.5 369.46 75.60 1 16 1 o " 18
489 268, 4 269.4 293.8 2089.0 399.3 825.8 367.47 61.88 1 14 1 e a 15
488 262.4 279.6 309.4 2394.3 819.5 363.9 3868.81 78.29 1 17 1 e o 18
497 231.4 243.5 2680.1 256.8 271.9 293.2 332.38 £8B.01 1 16 ) 2 . 16
503 204.8 327.6 3E4.4 369.0 401.1 42B.4 481.41 74.04 1 18 2 2 ] 18
508 273.3 291.3 317.4 913.5 342.1 389.1 498,62 63.74 1 14 2 9 o 14
607 27¢.6 263.1 329.8 334.8 369.¢ 8B3.5 4168.92 57.49 1 13 1 o ] 14
518 248.9 267.2 206.4 281.9 296.3 321.6 354.80 67,14 1 15 2 o e 17
524 282.1 273.2 308.8 387.6 326.3 364.4 376.91 73.00 1 18 ? 2 " 18
628 271.1 204.4 302.0 326.8 2318.9 360.2 384.57 60.20 1 16 2 ] . 16
549 248.2 264.2 275.6 278.8 394.8 332.1 381.88 77.62 1 17 2 2 2 17
563 244.1 260.2 278.7 2B81.8 3Pd4.8 3265.8 374.70 87.68 1 18 ? 2 o 18
5683 272.7 291.2 319.1 317.1 344.3 374.9 484.91 81.27 1 18 . 2 ) 16
588 289.2 291.4 324.8 348.6 389.4 407.8 442.16 77.17 1 18 2 . 2 18
576 268.0 290.9 318.6 3P8.8 323.6 362.7 3765.28 68.87 1 18 2 2 o 18
580 264.7 278.8 284.8 2968.3 319.8 344.8 2374.38 72.30 1 - 18 2 o o 18
684 277.9 202.4 383.7 313.7 327.1 348.3 393.88 65,22 1 15 2 e ad 17
693 261.9 288.2 318.3 328.7 838.7 3686.2 395.16 &9.04 1 14 a @ 2 14
811 2665.5 289.3 321.3 320.¢ 366.9 363.8 417.96 76.85 1 18 1 ] . 18
614 264.90 276.6 304.,1 3ge.1 328.7 363.8 388.87 72.91 1 16 2 . . 17
829 243.8 2608.7 2868.8 278.4 291.7 312.2 329.34 G7.G6 1 14 . 1 o 16
631 234.9 265.8 284.5 286.1 291,80 302.1 324.04 14.40 1 3 2 o o 3
8as 2E58.2 271.8 299.4 3082.4 324.6 342.8 349.86 1B.81 1 3 4 o 2 7
839 239.6 273.7 2098.8 2682.8 284.4 321.2 349.85 82.92 1 18 2 1 2 19
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Tetrahydrofuran Mouse Terastology Study: Rew Fetal Data

Site Status Sex

1 1 2
2 1 2
a 1 1
4 1 2
& 1 1
a 1 2
7 1 2
8 1 1
] 1 1
1@ 4 .
1 1 1
2 1 1
3 1 1
4 1 1
6 1 1
8 1 1
7 2 .
] 1 2
g 1 1
12 1 2
11 1 2
12 1 1
13 1 2
14 1 1
1 1 2
2 1 2
3 1 2
4 1 2
1 1 1
a8 1 2
7 1 1
8 1 1
9 1 1
12 1 1
11 1 1
12 1 2
1 1 1
2 1 1
3 1 2
4 1 1
1 1 1
a8 1 2
7 2 .
8 1 1
] 1 2
19 1 2
11 1 2
12 1 2
Status

Sex: Male = 1; Femal

-]

1

Fetal
Wt (g)

1.343
1,259
1.398
1.343
1.208
1.172
1.068
1.316
1.285

1.818
1.37@
1.178
1.216
1.131
1.247

1.182
1.254
1,276
1.283
1.409
1.246
1.379
1.288
1.217
@.991
1.2756
1.386
1.284
1.339
1.321
1.368
1.4208
1.406
1.327
1.412
1.998
1.013
1.135
1,198
1.879

1.010
1,897
9.997
1.084
1.289

= Li
2;

- B ppm THF - ————————— - --

Head ABN1 ABN2 ABN3 ABN4 ABNG ABHG
or Yisceral

ROST

SURB
SURB
SURB
SURB
SURB
SURB

SURB
SURB

SURB
SURB
SURB
SURB

SURB

SURB

SURB

SURB
SURB

I ITCICTICLCTHCICTICICTCTCTANINIC TIT NI CTICTCTICIC

SURB

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

ABNT



SAS

TJetrahydrofuran Mouse Teratology Study: Rew Fetal Data

—————— - ————— == & ppm THF =wa-- - ————
Matno Site Status Sex Fotal Head ABN1 ABN2 ABNA ABN4 ABNB ABNB ABNT
Wt (g) or Visceral
64 13 1 2 1.885 H SURB
e4 14 1 1 1.081 ¥
71 1 2 . .
7 2 1 2 1.389 H
71 3 2 . .
71 4 1 2 1.445 v
71 5 1 1 1.390 H
71 8 1 1 1.189 v SURB
71 7 1 2 1.280 H
71 8 b 2 1.38B ¥
71 9 1 2 1.420 H
71 18 1 2 2.606 HV EXCE FRET
71 11 4 . .
71 12 2 . .
71 13 1 2 1.285 v ROST
71 14 2 . .
T 1 1 2 1.526 ¥
80 2 1 2 1.294 H
80 a 1 2 1.322 v
a 8a 4 1 2 1.311 H
. 8d 3 1 1 1.328 v
-~ 80 8 1 2 1.338 H
o 80 7 1 2 1.235 v
80 8 1 2 1.341 H
Gl 9 1 1 1.351 ¥
T] 12 1 2 1.323 H
100 1 1 1 1.364 v
180 2 1 1 1.251 H
180 a 1 1 1.1688 v
198 4 1 1 1.222 H
122 B 2 . .
108 e 1 2 1.321 v
108 7 1 2 1.260 H
108 8 1 2 1,233 v
108 9 1 2 1.238 H
103 10 2 . .
120 11 1 1 1.338 v
109 12 1 2 1.185 H
100 13 1 2 1.2489 v
100 14 1 1 1.327 H
118 1 1 2 1.420 H
118 2 1 1 1.547 v ROST SURB
118 3 2 . .
118 4 2 . .
118 B 1 1 1.516 v SURB
118 8 1 1 1.498 H
118 7 1 1 1.496 ¥

Status

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

1 =
= 2; See Code Sheet 3@ for identification of abnormalities [ABNn)



61°D

122
122
122
122
122
122
122
122
122
122
122
122
130
13e
130
132
13@
138
1318
130
130
139
139
13@
132
130

Tetrshydrofuran Mouse Teratology Study: Raw Fetsl Data

SAS

Site Status Sex

]

BIAY = BIN R -

e
OO~ BN EGMNERN-R OO 00NN

18
11
12
13
14

e N e e e el el el el el el o o el o e o e g T e e T N W W e e gy L

0 N b b s b Y el ek b B RS R R D b pek D R WD RY D Bt 3 R B ek DD R b b B RS B D e ) B -

Stetu
Sox: Male = 1; Fema

.
H
L]

Fetal
Wt (a)

1.493

1.418
1.381
1.390
1.611
1,319
1.251
1,362
1.238
1.328
1.126
1,159
2.9688
1.1848
1.292
1.3a38
1.202
1.270
1,328
1.691
1.441
1.448
1.489
1.522
1.414
1.413
1,481
1.394
1.523
1.687
1.487
1,286
1.131
1.154
1.209
1.198
1.184
1.314
1.178
1.280

1.233
1.391
1.338

1 =
= 2;

¥
5

Head
or Yisceral

H

T X I I I ICI LT T CTCCTCTCTCTICLICT CITITCITx

@ ppm THF

ABN1

SURB

SURB
SURE

SURB

SURB
SURB

SURB

ROST

SURB

SURB
SURB

SURB

SURB

ROST

ABN2

ROST

ABN3

ABN4

Live; 2 = Early Resorption; 4 = Late Resorption

ABNB

ABNS

es Code Sheet 38 for identificetion of sbnormalities [ABNn]

ABNT



SAS 4

Tetrahydrofuran Mouse Terstology Study: Raw Fetal Datas

S, —- me B PPM THF ~ e e m e i dm - —— e —————— e

02*3

Matno Site Status Sex Fetsl Head ABN1 ABN2 ABN3 ABN4 ABNS AENS ABN7
weig) or Visceral

139 16 1 1 1,338 Yy
137 1 1 2 1.318 Yy
137 2 1 1 1.418 H
137 3 1 2 1.238 Yy
137 4 1 1 1.396 H
137 B 1 2 1.337 Y SURB
137 8 1 1 1.861 H SURB
137 T 1 1 1.3189 Y SURB
137 2} 1 1 1.448 H SURB
137 9 1 2 1.328 Yy
137 1a 1 2 1.280 H SURB
137 11 1 2 1.3689 Y SURB
137 12 1 1 1.349 H SURB
138 1 1 2 1.391 H SURB
138 2 4 . .
139 3 1 2 1.480 Y SURB
139 4 1 1 1.369 H ROST SURB
13¢ B 1 2 1.274 v RURD SURB
139 8 1 1 1.386 H SURB
139 T 1 1 1,187 v SURB
139 8 1 1 1.37a H SURB
139 9 1 2 1.330 v SURB
139 12 1 1 1,366 H SURB
164 1 1 2 1.2928 v
164 2 1 1 1.143 H
164 3 1 2 1.148 v SURB
164 4 1 2 1.289 H
164 B 2 . .
164 é 1 1 1.336 v SURB
164 T 1 1 1.027 H
164 8 1 1 1.127 v SURB
164 ) 1 2 1.286 H
164 12 1 2 1.246 v
164 11 1 1 1.268 H SURB
164 12 1 2 1.262 v
169 1 1 2 1.273 v
169 2 1 2 1.337 H SURB
169 3 1 2 1.486 v SURB
1E9 4 1 1 1.427 H
169 [ 1 1 1.383 v
169 8 1 2 1,439 H
169 7 1 2 1.388 v
169 8 1 1 1,381 H
169 9 1 1 1.420 v SURB
169 18 1 1 1.449 H
168 11 4 . .
1686 12 1 2 1,336 v

Live; 2 = Early Resorption; 4 = Late Resorption

Status: 1

= ¥
Sex: Male = 1; Female = 2; See Code Sheet 32 for identification of abnormalities [ABHn]



SAS

12°D

1

;; See Code Sheet 3@ for identification of abnormalities [ABNn]

2 ppm THF --- e —————————

Tetrahydrofuran Mouse Teratology Study: Raw Fetsl Dats

Mutno Fatal Head ABN1 ABN2 ABM3 ABN4 ABNB
wt (g) or Visceral

169 3 1 1 1.416 H

186 1 1 2 1.388 H

186 2 1 2 1.233 v

186 3 1 2 1.33¢9 H

186 4 1 2 1.33¢8 v

186 b 1 2 1.423 H SURB
186 .3 1 2 1.337 v

1686 7 1 2 1.341 H

186 8 1 1 1.4908 v SURB
186 9 1 1 1.418 H

186 10 1 2 1.23@ v

186 11 1 2 1.372 H

186 12 1 2 1.332 v

186 13 1 1 1.448 H SURB
198 1 1 1 1.229 H

198 2 1 2 1.199 v

198 3 1 2 1.288 H

190 4 1 1 1.368 v

163 b 1 2 1.188 H

108 8 1 1 1.247 v

199 7 1 1 1.323 H

168 8 1 2 1.3562 v

198 9 1 1 1.281 H

198 12 1 2 1.263 v

168 11 1 1 1.369 H

199 12 1 1 1.387 v

198 13 1 1 1.291 H

190 14 1 2 1.342 Y

192 1 1 1 1.364 H

192 2 1 1 1.272 v

192 3 1 1 1.219 H

192 4 1 1 1.266 v

182 &6 1 2 1.224 H

192 ] 1 1 1.207 v MAST
192 7 1 1 1.3901 H

192 8 1 2 1.218 v

192 9 2 . .

192 18 1 1 1.182 H

192 11 1 1 1.458 v

182 12 1 1 1.423 H

192 13 1 1 1.377 v SURB
192 14 1 1 1.218 H

192 16 1 1 1.418 v

212 1 2 1.286 H

212 1 2 1.226 v

212 1 2 1.124 H SURB
212 1 2 1.204 v

L.ive; 2 = Early Resorption; 4 = Late Resorption



(44

212
212
212
212
212
212
212
212
212
223
223
223
223
223
223
223
223
223
223
228
228
228
228
228
228
228
228
228
228
228
228
228
238
238
238
238
238
234
238
236
238
236
238
238
238
266
268

s ek b
HORR=ERDHR~DNn

oy
D= = RBO@ DNk N

e
-5

[y
DD~ 00 R N

Sex:

Status

[ N g T T T L T e T Y VY Y T S ey S S P

Male

Tetrahydrof

SAS

uran Mouse Teratology Study: Rew Fets! Data

Sex Fatal
Wt (g)

1.18¥9
1.197
1.248
1.3064
1.308
1.29)
1.244
1.328
1,244
1.329
1.287
1,432

Bk gt B bk =k RO RO N = RO RO WY

1.306

1,387
1.200
1.286
1.936
1,362
1,218
1.387
1.378
1.449
1.339
1.437
1.289
1.3682
1.4B63
1.286
1.349
1.487
1.3E66
1.337
1.538
1.66@
1.c88
1,633
1.458
1,629
1.4686
1,488
1,392
1.473
1.387
1.293

(RN LR

B bk B R b b R R AT = RO R RO RO N e b ek gt N Bk D D e N -

Status:; 1 = Li
1; Female = 2;

B ppm THF ~eemm e e

Head ABN1 ABNZ2 ABN3 ABN4 ABNG ABNS
or Visceral

SURB
SURB
SURB
SURB

SURB
SURB

-

SURB

SURB

LMFL

CTICICICICICICICICICICICINCI ITCICTIT « IXIICICICICTI

va: 2 = Early Resorption; 4 = Late Resorption
See Code Shoet 32 for identification of abnormelities [ABNn]

ABNT



SAS

Tetrahydrofuran Mouse Teratology Study: Raw Fetal Date

----------------------------------- .- - - @ ppm THF - -— - -—

Matno Site Status Sex Fetal Haad ABN1 ABN2 ABN3 ABDN4 ABNB ABNS ABN7?7
Wi (g) or Viaceral

258 3 1 1 1.432 H
254 4 1 2 1.348B v
268 B 1 1 1.436 H
2568 8 1 1 1.382 Y
268 7 1 1 1.409 H
268 8 1 2 1.288 ¥
266 "] 1 2 1.388 H
258 19 1 2 1,333 ¥
268 11 1 2 1,382 H
268 12 1 2 1.089 Y
268 13 1 2 1.481 H
271 1 1 1 1.804 H
271 2 1 2 1,429 Y SURB
271 3 1 1 1.682 H
271 4 1 1 1.668 ¥
271 3 4 ' .
271 a 1 1 1.622 H
271 T 1 2 1.6561 4
271 8 1 1 1.510 H SURB
[p] 271 2 1 1 1.589 Y
;o 271 1@ 1 2 1.477 H
W 271 11 1 1 1.684 Y
271 12 1 2 1.6E3 H SURB
278 1 1 2 1,434 ¥
278 2 1 2 1.396 H
278 3 1 1 1.3863 ¥
278 4 1 1 1,321 H
278 3 1 1 1.491 ¥
278 & 1 2 1.434 H
278 7 1 2 1.376 ¥
278 8 1 1 1.371 H
278 ) 1 2 1.333  J
278 1@ 1 1 1.374 H
278 11 2 . .
278 12 1 1 1.328 Y SURB
278 13 1 1 1.439 H
298 1 1 1 1.682 H
298 2 1 1 1.499 ¥
298 3 1 2 1.618 H
298 4 1 2 1.642 ¥
298 b 1 1 1.674 H
298 8 1 1 1.489 ¥
298 T 1 1 1.6a82 H
298 8 1 1 1.6688 Y
298 9 1 2 1.601 H
32 1 2 .
3e2 2 1 1 1.388 H
Stetus: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Mele = 1; Femala = 2; See Code Sheet 3@ for identification of sbnorme!ities [ABNn]



w23

02
92
Jo2
gz
02
Je2
o2
o2
3oz
J@a2
gz
182
Ja2
322
o2
avs
s
o8
aps
k1.1
aes
avs
ags
avs
a8
os
326
326
326
326
326
326
26
326
326
326
326
326
326
26
Jaze
328
328
328
328
328
J28

SAS

Tetrahydrofuran Mouse Teratology Study: Raw Fetal Date

---------------- -— -- @ ppm THF -- — ———————

Site Status Sex Fotal Heoad ABN1 ABN2 ABN3 ABN4 ABNB ABNB
Wt (g) or Yisceral

1.188
1,168
1.251
1.266
1.981
1.177
1.174
1.226
1.210
1.278
1.22e
1.224
1.386
1.17@
1,181
1,648
1.481
1.451
1,388
1.608
1.441
1.488

1.611
1.487
1.613
1.428
1.314
1,309
1.174

SURB

ot et b b ol ot b ek
B NARN=EROO~NOON AW

SURB

SURB

B RS D i i N3 At RO R ek bt B bt Y b D D b RO RO RO R b R b D b e )

1.368
1.276
1.142
1.883
1.312
1.274
1,273
1.334
1.340
1.368
1.167
1.2682
1,280
1.343
1.339
1.384

SURB

-
CE~NO0MNMAWNEHEEDTODR~-DOT AWN
ITXILXTITCITALCTCIACT CILTITICT T I I I T T LTIl T T

b b ek e ek b et b el Bk B et ek ek KD b e ek b b el b b Bl b e et b b ek el el ek b b el e ek ek el ek el b ek

et bt b b
-0 WA R
B bt b R R R RS b RS e e b B R e Y

Live: 2 = Early Resorption; 4 = Late Resorption

Status: 1 =
= 2; See Code Sheet 3@ for ldentification of abnormalities [ABNn]

Sex; Male = 1; Famale

—— e

ABNY



SAS 9

Toetrahydrofursn Mouse Terstology Study: Rew Fetal Data

- e @ ppm THF —— ——— - .
Mstno Site Status Sex Fotal Head ABN1 ABN2 ABN3 ABN4 ABNE ABNS ABNT
Wt (g) or Yisceral
aze B 1 2 1.284 ¥
328 9 1 2 1.3E68 H
aze 18 1 1 1.200 v ROST
328 11 1 2 a.9088 H ROST
328 12 1 1 1.218 ¥
328 13 1 1 1.271 H
azs 14 1 1 1,278 ¥
3zé 16 1 1 1,224 H
o]
ha
v
Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sax: Male = 1; Female = 2; See Code Sheet 3@ for identification of abnormalities [ABNn]



SAS

Tetrahydrofuran Mouse Teratology Study: Rew Fetal Dasts
—————————————————————————————————————————————————————————— 822 ppm THF =—=-- - - —————

Matno Site Status Sex Fetal Head ABN1 ABN2 ABN3 ABN4 ABNG ABNS8 ABNT

Wwtig) or Yisceral

a7 1 2 . .
a7 2 1 2 1.238 H
ar 3 1 2 1.311 Y
a7 4 1 1 1,262 H SURB
a7 5 1 1 1.s818 Y
a7 8 4 . .
37 7 1 2 1.866 H
37 a 1 1 1.347 Y
a7 9 1 2 1.300 H
a7 18 1 2 1.202 Y
38 1 1 2 1.196 Y
38 2 1 1 1.264 H
g 3 1 - 2 1.1e8 Y
38 4 2 . -
38 [ 1 2 1.229 H
a8 8 1 1 1.382 Y
a8 7 1 1 1.174 H
3 ;) 1 1 1.202 ¥
38 g 1 2 1.197 H
O £} g 1 2 1.147 ¥
o a8 11 1 1 1.227 H
2 s 1 1 2 1.319 H SURB
a9 2 1 2 1.3823 v SURB
s 3 1 2 1.281 Y
39 4 1 1 1.397 ¥
39 [ 1 1 1.431 H
s -] 1 1 1.246 Y ROST SURB
ag ki 1 2 1.314 H
39 a 4 . '
ag g 1 1 1,284 Y
g 18 1 2 1.204 H
39 11 1 2 1.37a Y
61 1 1 2 1.318 Y
61 2 1 2 1.241 H
61 3 1 2 1.128 Y
61 4 1 1 9,933 H ROST
61 6 1 1 1.187 Y
61 8 1 1 1,833 H
61 7 1 2 1.926 Y
b1 8 1 1 1.147 R ROST
61 9 1 1 1.318 Y
61 18 1 2 1.168 H
b1 11 1 2 1.127 Y
61 12 1 1 1.197 H
61 13 1 2 1.871 Y
61 14 1 2 1.072 H
E6 1 1 2 1.200 H SURB
Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex; Male = 1; Female = 2; See Code Sheet 30 for identification of sbnormalities [ABNn}



SAS 11

Tetrshydrofuran Mouse Terstology Study: Rew Fetsl Datas
———— e et 688 ppm THF - —————— -

Matno Site Status Sex Fatal Head ABN1 ABNZ2 ABN3 ABN4 ABNB ADNE ABNT
Wt (g) or Viscaral

[ 2 1 2 1.283 v
1 3 1 2 1.339 H ROST SURB
[ 4 1 1 1.406 v SURB
17 3 1 2 1.338 H SURB
BB 8 1 1 1.430 Y SURB
BB 7 1 1 1.4209 H
1 B 1 2 1.268 HY EXCE DPEY FRET SURB
BB *] 1 1 1.417 H SURB
BB 12 1 2 1.363 Y
b6 11 1 2 1,437 H SURB
1 12 1 1 1.482 v
BB 13 1 1 1.4485 H SURB
T2 1 1 1 1.4686 H
7@ 2 1 2 1.892 Y
78 3 1 1 1.386 H
72 4 1 1 1.388 v
79 b 1 2 1.333 H
70 8 1 2 1.388 v
ia 7 1 2 1.319 H ROST
bl -] 1 1 1.306 v
[ o 1 1 1.460 H
~ e 18 1 2 1.363 L)
~d 8 11 1 2 1.338 H
bl 12 1 1 1.493 v
T8 13 1 1 1.380 H
78 1 1 1 1.648 Y
76 2 1 1 1.462 H
78 k] 1 2 1,396 Y
76 4 1 2 1.117 H SURB
78 b 1 2 1.2087 Y
76 ] 1 1 1.360 H
78 7 4 . .
78 -] 1 1 1.348 Y
76 g 1 1 1.341 H
78 18 1 1 1.383 ¥ SURB
78 11 4 . .
83 1 1 2 1.0848 H ROST
83 2 1 1 a.988 ¥
aa 3 1 2 1.088 H
83 4 1 1 1.8562 Y
83 [ 1 2 1.826 H ROST
83 & 1 1 1.042 Y
a3 7 1 2 1,084 H
a3 -] 1 2 l1.912 L)
a3 ] 1 1 1.181 H
a3 12 1 1 1.189 L) ROST
a3 11 1 2 1.878 H
Live; 2 = Early Resorption; 4 = Lete Resorption

Status: 1

Sex: Male = 1; Female = 2; See Code Sheet 38 for identification of abnormalitiss [ABNn]



Tetrshydrofuran Mouse Teratology Study: Raw Fatal Dats

SAS

87D

Matno

a3

83

83

a3

83
113
113
113
113
113
113
113
113
113
113
114
114
114
114
114
114
114
114
114
114
114
114
114
114
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
140
144
140

Site Status Sex
12 1 1
13 1 2
14 1 1
16 1 2
18 1 2

1 1 2
2 1 2
3 1 1
4 1 1
[ 1 2
8 1 2
7 1 1
8 1 2
-] 1 2
19 1 2
1 1 1
2 1 2
3 1 2
4 1 2
b 1 2
] 1 1
7 1 2
B 1 1
9 2 v
10 1 2
11 1 1
12 1 2
13 1 1
14 1 1
1 1 1
2 1 2
3 1 1
4 1 1
1) 1 1
8 2 .
7 1 1
8 1 1
9 1 1
19 1 2
11 1 2
12 1 2
13 1 1
14 1 2
16 1 2
1 1 2
2 1 1
3 1 2
Status

3 1
Sex: Mele = 1; Female =

Fetal
Wt {g)

1.129
8.954
2.876
8.9089
1.059
1.278
1.248
1.320
1.287
1.227
1.361
1.271
1.208
1.259
1.326
1.461
1.311
1.328
1,241 -
1.224
1.291
1.2608
1.370

1.409
1.388
1.328
1.2e88
1.371
1.620
1.444
1.469
1.473
1.489

1.473
1,423
1.408
1.428
1.4086
1.278
1.4567
1.381
1,486
1.339
1,367
1.327

Hesd
or Viscersl

Y

CTCICITCTCITACT T CITLTCTANTI T I AL T T I C T T T CTCT T

828 ppm THF

ABN1

ROST
ROST
ROST

ROST
SURB

SURD

ROST

SURB

SURB

ROST
ROST

SURB

SURB
SURB

ABN2

ABN3

= Live: 2 = Early Resorption; 4 = Late Resorption
2; See Code Sheet 3@ for identification of abnormalities [ABNn}

12

ABNE

ABNS

ABNT



SAS

Tetrehydrofuran Mouss Teratology Study: Raw Fetal Dats

YA

Matno

148
140
140
l48
148
140
140
140
140
140
l48
laés
180
l88
lae
168
168
188
188
l88
183
183
183
183
183
183
183
183
183
183
183
183
184
184
184
l1e4
184
1684
184
184
1684
184
184
184
184
184
184

Sits Status Sex

4 1 2
6 1 2
a 1 2
7 1 2
e 1 1
) 1 2
10 1 2
11 1 2
12 1 1
13 1 2
14 1 1
1 2 .
2 2 ‘
3 2 .
4 2 .
b 2 .
8 2 .
7 2 .
8 2 .
) 2 .
1 1 2
2 1 2
3 1 2
4 1 1
b 1 1
a 1 1
7 1 1
8 1 2
g 1 1
1@ 1 2
11 1 2
12 1 1
1 1 2
2 1 2
3 1 2
4 1 1
6 1 2
a 2 .
7 1 2
8 1 2
g 1 1
i@ 1 2
11 1 1
12 1 2
13 1 2
14 1 2
16 1 2

Fetal
Wt (g)

1.383
1.311
1.262
1.348
1,366
1.223
1.327
1,362
1,387
1.392
1.323

.
3
L3
.
.

1.468
1.5617
1.618
1.51@
1.636
1.662
1.527
1.517
1.436
1.378
1.428
1.B6E
1.367
1.332
1.324
1.311
1.188

1.228
1.273
1.3808
1.318
1.437
1.3@8
1.258
1.241
1.328

13

608 ppm THF - - -

Haad ABH1 ABN2 ABN3 ABN4 ABNG ABN8
or Yisceral

H

T T LI CITCIT

ROST
SURB

MAST ROST

MAST

T TETCTCT T T LT LT CTCTCICTL

Status: 1 = Live; 2 = Early Resorption; 4 = Late Rescrption

Sex: Male = 1; Female

2;

See Code Sheet 3@ for ldentification of abnormalities {ABNn]

ABNT



SAS 14

Tetrahydrofuran Mouss Terstology Study: Raw Fetsl Data

------------------------------- - 823 ppm THF - ——— - m—————————

Matno Site Status Sex Fatul Head ABN1 ABN2 ABN3 ABN4 ABNE ABNE ABNT
Wt (g) or Visceralt

206 1 1 2 1.261 H
206 2 1 1 1.388 v
206 3 1 1 1.242 H SURB
205 4 1 2 1.221 v
226 6 1 2 1.317 H
206 8 1 2 1.186 v SURB
206 7 1 2 1.288 H SURB
206 8 1 2 1.218 v SURB
206 2 1 2 1.321 H
208 18 1 1 1.318 v SURB
226 11 1 1 1.213 H SURB
206 12 1 1 1.281 v
206 13 1 2 1.364 H SURB
205 14 1 1 1.378 v SURB
285 16 1 2 1.276 H SURB
21@ 1 1 2 1.458 v
210 2 1 1 1.554 H SURB
218 3 2 . .
218 4 1 1 1.410 v
212 6 1 2 1.365 H
o 210 8 1 1 1.424 v
. 210 7 1 1 1.427 H
S 218 8 1 1 1.403 v
210 8 1 1 1.409 H
218 10 1 2 1.297 v
212 11 1 2 1.228 H
210 12 1 2 1.352 v
210 13 1 1 1.439 H
218 14 1 1 1.383 ¥
220 1 1 2 1.330 H
228 2 1 2 1.464 v
228 3 1 1 1.489 H
220 4 1 2 1.304 v
220 & 1 2 1.228 H
220 8 1 2 1.272 v
220 7 1 2 1.272 H
228 8 1 2 1.308 v
222 ® 1 2 1.261 H SURB
228 10 1 1 1.382 v
220 11 1 1 1.319 H
220 12 1 1 1.506 v
240 1 1 2 1,516 v
240 2 1 1 1.606 H
242 3 1 1 1.688 v
248 4 1 2 1.538 H SURB
242 5 1 2 1.544 v
242 8 1 1 1.442 H SURB

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Nale = 1; Female = 2; See {ude Sheei 32 for identification of abnormalities [ABNn]



SAS

Tetrahydrofuran Mouge Terstology Study: Raw Fetasl Data
————————————————————————————————— 608 ppm THF === ——————— -

Matno Site Status Sex Fetal Head ABN1 ABN2 ABN3 ABN4 ABMNB ABNB ABNT
wt{g) or Visceral

240 T 1 2 1.668 Y

249 8 1 1 1.480 H SURB

240 8 2 . .

249 1@ 1 2 1,498 Y

248 11 1 2 1.461 H

248 12 1 1 1.384 ¥

249 1 1 1 1,428 v

249 2 1 1 1.439 H

249 3 1 2 1.353 v

249 4 1 2 1.413 H

249 [ 1 1 1.366 ¥

249 @ 1 2 1.381 H

249 7 1 1 1.418 v

249 8 1 2 1.273 H

249 o 1 1 1.4648 v

249 18 1 2 1.387 H

249 11 1 2 1.467 v

2E6 1 1 2 1.834 v

276 1 1 2 1,369 v SURB

2756 2 1 1 1.388 H
M 276 3 1 1 1.228 ¥ SURB
w 276 4 1 2 1.284 H SURB

276 b 1 1 1.3717 v SURB

276 a8 1 1 1.288 H SURB

278 T 2 . .

276 - 1 2 1.374 v SURB

276 e 1 2 1.371 H SURB

276 12 1 2 1.318 Y

268 1 1 1 1.389 v

288 2 1 2 1.447 H

288 3 1 2 1.387 v

288 4 4 . .

288 b 1 2 1.251 H

288 a 1 1 1.336 v

288 T B . .

268 - 1 1 1.282 H

288 e 1 2 1.099 v

288 12 1 1 1.317 H

rd: 1] 11 1 2 1.3¢00 v

268 12 1 2 1.224 H

294 1 1 2 1.488 v

254 2 1 1 1.40@ H

204 3 1 2 1.343 v

294 4 1 2 1.38%9 H

294 & 1 2 1.334 Y

294 8 1 2 1.3b3 H SURB

294 7 1 1 1.422 v

Li

Status: 1

e; 2 = Early Resorption; 4 = Lete Resorption
Sex: Male = 1; Female o

2; s Code Shest 33 for identification of abnormalities [ABNn)



SAS 18

Tetrahydrofuran Mouse Teratology Study: Raw Fetal Data

FA TS

-— 88a ppm THF e o e e

Matne Site Status Sex Fetal Head ABN1 ABN2 ABN3 ABN4 ABNB ABNA ABNT
Wt (g) or VYiaceral

313 1 1 1 1.388 H

313 2 1 2 1.413 v

313 3 1 1 1.328 H SURB
313 4 1 1 1.384 Y

a1l ) 1 2 1.389 H

313 -] 1 1 1.342 v

313 7 1 1 1.340 H SURB
al3a 8 1 2 1.4093 v

al3 9 1 1 1.462 H

3J1a 18 1 1 1.4p8 Y SURB
313 11 2 . .

330 1 1 2 1.421 H

138 2 1 1 1.480 Y SURB
330 3 1 1 1,387 H ROST
330 4 1 2 1.2409 Y

330 b 1 1 1.383 H

33e 8 1 1 1.411 4 SURB
330 7 1 1 1.488 H

3a@ a 1 1 1.349 v

3ae 9 1 2 1.428 H

338 10 1 1 1.470 Y

33ad 11 1 2 1.381 H

azl 1 1 1 . ¥

n 2 1 1 . H ROST
331 3 1 1 . v

331 4 1 1 . H

ail & 1 1 . Y

331 8 1 1 - H

331 T i 1 . i J

31 -] 1 2 f H

331 9 1 1 . v

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

1

Sex; Maie = 1; Femai; 2; 5Ses Code Sheet 38 for identification of abnormalitims [ABNn]



£E€*D

28
28
28
20
20
20
29

20
20
20
20
20
28

27
27
27
27

27
27

27
27
27

27
27
44
44
44
44
44
44
44
44
44
44
44
44
46
46
46
4B
46
4B

Tetrashydrofursn Mouse Teratology Study: Rew Fetal Data

Site Status Sex Fata)

Wt (@)
1 2 . .
2 2 ) .
3 2 . .
4 2 . .
5 2 . .
8 2 . .
7 2 . .
8 2 . .
9 2 . .
10 2 . .
11 2 . .
12 2 . .
13 2 . .
14 2 . .
1 1 1 1.303
2 1 1 1.277
3 1 1 1.309
4 2 . .
3 1 2 1.148
8 1 1 1.208
7 1 2 1.264
8 1 1 1.219
9 1 2 1.179
19 1 2 1.928
11 1 1 1.139
12 1 2 1.239
13 2 . .
14 1 1 1.273
16 1 1 1.134
1 2 . .
2 1 1 1.262
3 1 2 1.308
4 1 2 1.2683
3 1 2 1.279
é 1 1 1.278
7 1 2 1.267
g 1 2 1.244
9 1 2 1.238
10 1 2 1.249
11 1 2 1.826
12 1 2 1.204
1 1 1 1.278
2 1 2 1.181
3 1 1 1.289
4 1 2 1.189
6 1 1 1.274
8 1 1 1.366

Status: 1

Sex: Male = 1; Female 2;

Head
or Visceral

T ITCTITCITCTITCTICTILICTIT I« ITCILTL T« IT«T

-—— 1808 ppm THF ---~

ABN1

ROST

ROST

SURB
SURB

SURB
SURB

SURB

17

ABN2Z ABN3 ABN4

SURB

Live; 2 = Early Resorption; 4 = Lata Resorption
See Code Sheet 3@ for identification of sbnormalitiss [ABNn]

ABNGB

ABNS

ABN7



SAS

Tetrahydrofuran Mouse Terstology Study: Raw Fetal Data

we D

—————————————— ——m————- -=== 1828 ppm THF —- -

Watno Site Status Sex Fatal Head ABN1 ABN2 ABN3 ABN4 ABNB ABNO ABNT
Wi (@) or Yiscersti

456 7 1 2 1.2838 Y

45 8 4 . .

45 ] 1 2 1.214 H

46 19 1 1 1.283 ¥

45 11 1 2 1.224 H

AE 12 1 1 1.23b6 Y

53 1 1 2 1.224 H

B3 2 1 1 1.186 v

63 | 1 2 1.211 H

63 4 1 2 1.160 )

B3 b 1 1 1.225 H

E3 8 1 4 1.266 v

63 7 1 2 1.212 H

b3 B 1 1 1.188 v

B3 e 1 2 1.139 H SURB
63 18 1 2 1.162 Y SURB
B3 11 1 1 1.272 H

B3 12 1 2 1.188 Y

b3 13 1 1 1.268 H

-] 1 1 1 1.387 v SURB
58 2 1 1 1.428 H SURB
b8 3 1 2 1.293 Y SURB
68 4 1 1 1.368 H

(] 3 1 1 1.171 ¥ SURB
b8 -] 1 1 1.408 H

5d 7 1 1 1.3989 L

b8 B8 1 1 1.329 H

ba ] 1 1 1.278 Y SURB
81 1 1 1 1.091 H

8l 2 1 1 1.1684 v

8l 3 1 1 1,272 H

&1 4 1 2 1.119 v

81 17 1 2 1.116 H

81 8 1 2 1.089 Y

&1 7 2 . .

a1 a8 1 1 1.128 H

a1 ] 1 2 1.884 ¥

81 18 1 1 1.222 H

a1 11 1 2 1.813 Y

al 12 1 1 1.186 H

88 1 1 2 1.198 H

a8 2 1 2 1.124 ¥ ROST
88 a 1 1 1.218 H

a8 4 1 2 1.163 v

a8 ] 1 1 1.149 H

88 8 1 2 1.219 v

B8 7 2 . .

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex. Maie = 1; Female = 2; bee Lode Sheat 38 for identification of abnormalities [ABNn]
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SAS

Tetrahydrofuran douse Terstology Study: Raw Fetal Dats

Site Status Sex Fetnl

¥t (g)
) 1 1 1.129
8 1 2 1.172
1@ 1 2 1.162
11 1 1 1.233
12 1 1 1.168
13 1 2 1.148
14 1 2 1.139
1 1 2 1.481
2 1 1 1.414
3 1 1 1.347
4 1 2 1.37a@
& 1 2 1.327
8 1 2 1.342
7 1 1 1.208
- 1 2 1.348
8 1 2 1.389
18 1 2 1.414
11 1 1 1.368
i 2 . .
2 2 . .
3 2 . .
4 2 . .
& 2 . .
8 2 . .
7 2 . .
a8 2 . .
) 2 . .
18 2 R .
11 2 . .
1 4 . .
2 4 . .
a 4 . .
4 4 . .
b 4 . .
-] 4 . -
7 4 . .
8 4 . .
] 4 . .
1 1 2 1.416
2 1 1 1.488
3 1 2 1.354
4 1 1 1.454
3 1 2 1.347
8 1 1 1.388
7 1 2 1.316
8 1 1 1.338
8 1 1 1.461

Head
or Visceral

WIS I LT XCITCITCI T

T T TCT LT

19

1802 ppm THF ————-——-=- - -—

ABN1 ABN2 ABN3 ABN4

ROST

SURB
SURB

ROSK SURB
SURB
SURB

ROST

ROST
SURB

Status: 1 = Live; 2 = Esrly Resorption; 4 = Late Resorption

Sex: Male = 1; Female = 2;

ABNG

ABH8

Ses Code Sheet 30 for identificetion of sbnormalities [ABNn]

ABNT



SAS 2a

Tetrahydrofursn Mouse Teratology Study: Raw Fetal Deta
______________________________ - ====-— 1808 ppm THF =---- ———m- i it

Matno Site Status Sex Fatal Head ABN1 ABN2 ABN3 ABN4 ABNE ABNS ABNT
wt(g) or Viscersl
82 1@ 1 1 1.417 v
198 1 1 1 1.367 ¥
108 2 1 2 1.346 H
128 3 1 2 1.389 v
108 aq 1 1 1.316 H SURB
198 B 1 2 1.32¢9 v
128 8 4 . f
128 7 4 N .
128 a 1 2 1.344 H
128 e 1 2 1.287  J
188 1@ 1 1 1.466 H
128 11 1 1 1.348 ¥
198 12 1 2 1.280 H
188 13 1 2 1.288 v
149 1 1 1 1.168 H
149 C 2 1 2 1.199 L
149 3 1 2 1.124 H
149 4 1 2 1.1848 v
149 5 1 2 1.009 H
o 149 a 1 1 l1.076 v
. 148 7 1 1 1.996 H
W 149 B 1 2 1.823 v
o 149 8 1 2 1.831 H
149 10 1 2 1.193 Y
149 11 1 2 1.174 H
149 12 1 2 1.097 Y
148 13 1 1 1,212 H
148 14 1 1 1.1692 v
149 16 1 2 1.087 H
157 1 2 . .
167 2 . N
167 3 2 . .
167 4 2 . B
167 B 2 . N
167 ] 2 . .
167 T 2 . .
167 8 2 . N
157 2 2 N .
167 1@ 2 . .
167 11 2 N N
167 12 2 . .
178 1 1 1 1.39¢ H
178 2 1 1 1,363 ¥
178 3 1 2 1.321 H
178 4 1 2 1.329 L4
178 b5 1 2 1.999 H SURB
178 -] 1 1 1.308 k]

Status: 1 = Live; 2 = Eerly Resorption; 4 = Late Resorpticn
Sex: Male = 1; Female = 2; Ses Code Sheet 3@ for identification of abnormalitiss [ABNn]



SAS 21

Tetrahydreofuran Mouse Terstology Study: Raw Fetal Data

---------------------------------------------------------- 1808 ppm THF —--—-- B -- U

Matne Site Status Sex Fotsl Head ABN1 ABNZ ABN3 ABN4 ABNG ABNS ABNT
wt(g) or Yisceral

1718 7 1 1 1,336 H
176 e 1 2 1.349 Y
178 e 1 2 - 1,312 H
178 10 1 2 1.281 v SURB
176 11 1 2 1.297 H
200 1 1 2 1.378 v
200 2 1 1 1.477 H
200 3 1 1 1.492 ¥
200 4 1 2 1.368 H
200 1 1 2 1,402 ¥
200 8 1 1 1,397 H
200 T 1 2 1.248 v
200 B 1 1 1.383 H
280 ] 1 2 1.202 v
2a0 12 1 1 1.381 H
200 11 1 2 1.384 v
200 12 1 2 1.484 H
200 13 1 1 1.459 ¥
226 1 1 1 1.328 H ROST
228 2 1 2 1.267 ¥ ROST
o 226 3 1 1 1.268 H
[ 228 4 1 1 1.247 ¥
~ 228 6 1 2 1.217 H ROST
228 -] 1 1 1.248 Y
228 7 1 2 1.111 H
228 -] 1 2 1.136 v ROST
228 e 1 1 1,322 H
228 10 1 2 1.260 v ROST
228 11 1 2 1.329 H
228 12 1 2 1.262 ¥
260 1 1 1 1.418 H SURB
260 2 1 1 1,364 4 SURB
260 2 1 1 1.302 H SURB
268 4 4 . .
280 1 2 . .
280 8 1 1 1.287 v SURB
280 7 1 2 1.360 H
280 8 1 2 1.262 Y SURB
280 8 4 . .
280 19 1 1 1,344 H SURB
260 11 1 1 1.278 v SURB
260 12 1 1 1.288 H
260 13 1 2 1.1859 v SURB
288 14 1 1 1.369 H
283 1 1 2 B.820 v ROSK ROST
283 2 4 . .
283 a 1 1 2.602 ¥H CLPA UNTE ROST SURB ROPB ROVE ROPH
Li 2 = Earty Resorption; 4 = Late Resorption

Status: 1

ve;
Sex: Male = 1; Female See Code Sheet 32 for identification of abnormalities [ABNn]

2;



BE™D

SAS

Tetrahydrofuran Mouse Teratclogy Study: Raw Fetal Datas

Watno

203
283
263
263
283
283
283
283
283
283
270
279
279
270
270
270
279
270
279
278
278
270
278
270
274
274
274
274
274
274
274
274
274
274
274
274
287
287
287
287
287
287
287
287
287
287
287

Site

[y
N D @ O

=SOoD-OMAWN

b

Sex;

Status

N T T e O e g - I W e o L g e g R e e W N X

1;

Sex

o

Y ot b ol et b P B BT s s 4 RO bt s

B MW

S

B pd b n b ot = RIBI MM RN RN

AR

Status:
Female

1

1.329
1.428
1.354
1.328
1.318
1.340
1.328
1.342
1.2856

1.357
1.200

1.278
1.280
1.384
1,229

1.19%
1.242
1.22a
1.176
1.277
1.241
1.320
1.611
1.420
1,440

1.432
1.272
1.359

1.456
1.397
1.410

Head
or Visceral

T TEIT LTCCTCAITLTE TCT T o« TLATCICTICT

1800 ppm THF --

ABN1

EDEM

CLPA
CLPA
CLPA

SURB
SURB
SURB
SURB

SURB
SURB
SURB
SURB

SURB
SURB
SURB

SURB
SURB

22
ABNZ ABN3 ABN4 ABNG ABNG ABNT
CLPA ROSK ROST SURB ROVE ROPH
UNTE ROST ROVE ROPB ROPH
ROSK ROST ROVE ROPB ROPH
ECOV SURB ROST ROYE ROPB ROPH

= Live: 2 = Early Resorption; 4 = Late Resorptien
2; Seo Lode Sheet 38 for identification of mbnormelities [ABNn)



SAS

Tetrahydrofursn Mouse Teratology Study: Raw Fetasl Data

6£°0

Matno

263
293
283
293
203
283
293
203
293
283
283
203
293
298
2688
298
298
298
298
298
3zl
321
3az1
321
az1
a1
121
321
az1
321
821
32e
az2e
329
329
329
329
329
aze
329
329
az2g
29

Site Status Sexn

Pk et et
N DD~ DO ARy

[y

OO~ NMAGNHERPOO~NEAAWGN DD AR
ORI R bk el B B ek ek B bl B Y Bk r R R RO bk ek ek D ek ek ek ) B e e el Bl ek bk Y B K e ek

A el ol s Ll el e o B e R ) T T Y TR Eges

18 1

11 2

12 1
Statua

Sex: Male = 1; Femal

H
L

1

Fetai
We(g)

1,388
1.872
1.323
1.228
1.2498
1.387
1.417
1.437
1.473
1.439
1.289
1.383
1.356
1.147
1.166
1.282
1.268
1.066
1.831
1.118
1.266
1.288
1.179
1.286

1.289
1.128
1.13@
1.2883
1.182
1.284
1.0236
1.117
1.113
1.326
1.288
1.288
1.2562

1.364
1,247
1.409

= L1
2;

- -——- 1800 ppm THF - - - e

Hasd ABN1 ABN2 ABNI ABN4 ABNE ABNA
or Yiscoral

H

¥

H

¥

H

v

H

¥

H

v

B

Y

H

H

Yy

H

¥

H

¥

H

v

B

¥

H

Y ROST
H ROST
¥ ROST
H )

¥ SURB
H ROST
¥

H ROST
¥

H

¥ SURB
H

¥ SURB

T X

vae; 2 = Early Resorption; 4 = Late Resorption
See Code Sheet 3@ for identification of abnormalities [ABNn]
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SAS

Tetrahydrofuran Mouse Teratology Study: Raw Fotal Data

------------------------------------ 6022 ppm THF - - - -

0%°D

Watno

28
28
28
28
28
26
28
28
28
28
28
26
28
28
28
28
20
28
28
2g
28
28
28
28
28
a1
a1
a1
31
a1
31
a1
a1
a1
31
31
31
al
a1
31
a3
33
33
33
33
33
33

24

Site Status Sex Fetai Head ABN1 ABN2 ABN3 ABN4 ABMNB ABNG
Wt {g) or Visceral

O~ Do WA=

L T T T T S R Y

pod ek
NSO~ ,aWwN =

PR

P A N B

NNRNMMNMNNROMNNONBBNRNNRRNBRORNRDRNNBRONNEDNROKRNDRRRDDNRORRRBRDRNR Y

L I T e T T T T T I T T T e T

otk h b
~N ARG ROD~IOON LW

Status

: Live; 2 = Esrly Resorption; 4 = Late Resorption
Sex: Male = 1; Female

1= v
= 2; See Code Sheet 32 for identification of abrnormalities [ABNn]

ABNT



SAS

Tetrahydrofuran Mouse Teratology Study: Raw Fetal! Data

%0

Matno

Site Status Sex

= F s % 4 = m o4 " N & = o8 o

Lol el bt gl ek
OO~NOAWNEN=SBOODNOMAWRHN-GD®

P e

PR TS

L

MRNNNRRRRNMNNNNNRBRRRRODNNNNNRBRRRORNNDNNRDNNRERNBNRODODRBONNRODNDRODRORN

Status
Sex; Male = 1; Famal

.
H
a

1

Fotal
Wt (g)

T S T T T T T O S T

2;

- 6080 ppm THF --- ——— -

Head ABN1 ABN2 ABN3 ABN4 ABMNB ABNE
or Visceral

2 = Early Resorption; 4 = Late Resorption
Code Sheet 3@ for identification of abnormalities [ABNn]

25
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SAS

Tetrahydrofuran Mouse Taratoiogy Study: Raw Fetal Data

¢y

Matno

87

87

87

87

a7

e7

87

o7

27

87
146
126
136
186
126
186
186
186
106
126
126
126
126
126
126
126
126
126
126
126
126
126
161
151
161
161
161
166
166
166
166
166
166
166
166
166
166

Site Status Sen

T T T T S T T SR S

el et = bt b
W RO S0 Wk DD~ 00 R ) YD~ DO

n s v % s % s & oa

RNRNNRNNNNRONRNRRRRRRNNNROENNNONNNRDNRNODNRNRRNDNDNNRRNRDRRORNDON N

GO @D~ D0 W

-t

*

Status
Sex: Male = 1; Femal

1

——————————————————————————————— 6028 ppm THF -- - - -

Fatal Head ABN1 ABN2 ABN3 ABN4 ABNB ABNE
Wt (g) or Yisceral

LI R . T T T O T T S T T T T N SR SR

P T

2;

Live; 2 = Early Resorpticn; 4 = Late Resorption
See Code Sheet 30 for identification of abnormalities [ABNn]

28

ABNTY



SAS 27

Teatrahydrofuran Mouse Teramtology Study: Raw Fetal Data

13 A

e - 6803 ppm THF - e e e

Matno Site Status Sex Fatel Head ABN1 ABN2 ABN3 ABN4 ABNE ABNS ABN7?
N Wt {(g) or Yiscersl

186 11
166 12
166 13
166 14
166 16
166 18
16 17
156 18
182
182
182
182
182
182
182
182
182
laz
182
162
182
182
182
182
179
179
178
1789
179
179
179
178
i79
179
208
208
288
208
208
208
204
208
288
208
2p8
213
213

b d ekt et et et
=t O O e el B e TR D D OO N

I
NMEMSOONOMARN=ERODSENALDLN

-
D e w o E e % s e e b h s o oN R s b om o B N s omow e B s owor s oaow s

RMRONRNNRNRNENENRRNMNMBNRNRERNRONDRDRRNRNROBNNNERRRBNNRRNBNNNDNROODN

.

Status

; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Femnl

ve
See Cods Sheet 3@ for identification of abnormeiities [ABNn]



SAS

Tetrahydrofuran Mouse Teratology Study: Raw Fotal Datm

Y90

Matno

213
213
213
213
213
213
213
213
212
213
213
213
218
218
218
218
218
21a
218
218
218
218
218
218
218
218
218
219
219
219
218
219
219
219
219
219
219
219
219
231
231
231
231
231
231
231
231

- —_— — s e

Site Status Sex Fatal

Wt (g)
3 2 v .
4 'S . .
6 2 . .
8 2 . .
7 2 . .
g 2 - .
9 2 . .
e ') . .
11 2 . -
12 2 . .
13 2 . .
14 2 . .
1 2 . .
2 2 . .
3 2 . .
4 2 . .
6 2 . .
a 2 . .
7 2 . .
8 2 . .
g 2 . .
18 2 . .
11 2 . .
12 2 . .
13 2 . .
14 2 . .
16 2 . .
1 2 . .
2 2 . .
3 2 . .
4 2 . .
& 2 . .
8 2 . .
7 2 . .
8 2 . .
9 2 . .
10 2 . .
11 2 . .
12 2 . .
1 1 1 1.887
2 1 2 1.9948
3 1 2 1.984
4 1 2 1.863
B 1 2 1.818
& 1 2 2.869
7 1 2 9.922
8 1 2 8.968

- 6288 ppm THF —=-- - —— ——

Head
or Yisceral

T T Tl

ABN1

SURB
SURB

SURB
SURB

MAST
FURB

28

ABNZ ABN3 ABN4 ABNG ABNS

ROST SURB
SURB

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

Sex: Maie = 1; Femele = 2;

See Code Sheet 33 for identification of abnormalities [ABNn)

ABNT



SAS 29

Teatrahydrofuran Mouse Teratology Study: Raw Fatal Data

——————— - -—— e mm— e — e mee———ee— E333 ppm THF -- -- -——- ——————— e
Matno Site Status Sex Fatal Head ABN1 ABNZ ABN3 ABN4 ABNB ABN8 ABNT
wt{g) or ¥Yisceral
231 ] 1 2 2.908 L
231 18 4 . .
231 11 1 2 a.969 H
231 12 1 1 2.914 v MAST ROST
231 13 L] . .
231 14 1 2 9.9656 H SURB
2808 1 2 . .
288 2 2 . .
280 3 2 . .
288 4 2 R .
289 b 2 . .
2808 8 2 . .
280 7 2 . .
280 a 2 N .
288 9 2 . .
2008 19 2 . .

S0

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Femele = 2; See Code Sheet 3@ for identificetion of sbnormalities [ABNn]



SAS

Tetrahydrofuran Mouse Teratology Study: Raw Feta! Data

Code Sheet for Identification of Fotal Abnormslities
CLPA CTeft Falate_

ECOY
EDEM
EXCE
FRET
FURB
LMFL
MAST
OPEY
ROPB
ROPH
ROSK
ROVE
RURB
SURB
UNTE

9%*0

Ectopic Ovaries
Edema

Excencephaly

Folded Retina

Fused Ribs

Limb Flexure
Misnligned Sternebra
Open Eye

Reduced Ossification
Reduced Ossification
Reduced Ossification
Reduced Ossification
Rudimentary Ribs
Supernumary Rib
Undescended Testes

Pelvic
Phalanges
Skull
Veartebrs

32



SAS 1

Tetrahydeofuran Rat Taratology Study: Raw Fetal Data

A

————————————————————————————————————————————————————————————— @ ppm THF ——rna——- -— -~ e ———_———
Matne Site Status Feta| Sex Heound ABN1 ABN2 ABN3 ABM4 ABNB ABNE
Wiig) or Yisceral
486 1 1 a.o20 2 H
4886 2 1 3.197 1 v ROVE
426 3 1 3.739 1 H
426 4 1 4.084 1 v COST
485 6 2 -1.008 -1
406 8 1 a.128 2 H
426 7 1 3,746 1 A
406 8 1 3.004 2 H
406 9 2 -1.8aa -1
406 i 1 3.474 2 v ROYE
426 11 1 3.b634 2 H
4a6 12 2 -1.008 -1
418 1 1 3.473 1 ¥
418 2 1 2,084 1 H ROST
418 3 1 3.181 2 Y
418 4 1 3.666 2 H
418 b 1 3.411 1 v
418 8 1 3.121 1 H
418 ¥ 1 3.069 1 v
418 8 1 3.821 1 H
418 0 1 3.846 1 v
418 12 1 3,318 2 H
418 11 1 3.768 1 v
4148 12 1 3.661 1 H
418 13 1 3.041 2 v
4148 14 1 3.684 2 H
418 1B 1 3.713 1 v
418 18 1 1.0824 2 H
418 17 1 a.27@ 1 v
426 1 2 ~1.009 -1
426 2 1 2.090 1 v
426 3 2 -1.,208 -1
426 4 2 ~1.929 -1
426 b 1 3.801 2 H
426 8 1 3,760 2 v
426 7 2 -1.809 -1
426 8 1 3.606 2 H
452 1 1 3.3b8 1 v
462 2 1 3.137 1 H ROST
462 3 1 3.3719 1 v
462 4 1 3.304 1 H ROST SURB
452 & 1 3.204 2 v ROST
462 8 1 3.644 2 H
462 T 1 3,381 2 Y
462 ;] 1 3.282 1 H
462 9 1 3.382 1 v
462 19 2 -1.080 -1
Status: 1 = Live; 2 = Farly Resorption; 4 = Late Resorption
Sex: Male = 1; Female = 2; Ses Code Lheet 43 for identification of abnormalities [ABNn]



SAS 2

Tetrahydrofursn Rat Taratology Study: Rew Fetal Date

g%"d

——————————————————————————————————————————— d ppm THF ———————- o e
Matno Site Status Fatel Sex Head ABN1 ABNZ ABH3 ABN4 ABMNE ABNS
wt(g) or Yiaceral

462 11 1 3.348 1 H

462 12 2 -1.808 -1

462 13 1 3.389 1 v ROST

462 14 1 3.282 1 H

462 16 1 3.694 1 v

462 18 1 3.329 2 H

462 17 2 -1.003 -1

4B2 18 1 3.620 1 v ROST MAST
484 1 1 3.496 1 v

4684 2 1 3.318 1 H

464 3 1 3,208 1 v

464 4 1 3.437 1 H

484 6 1 3.179 1 v ROVE

484 8 1 3.441 1 H ROVE

484 T 1 3.317 1 v

484 8 2 -1.008 -1

484 '] 1 3.628 2 H

404 12 1 3.217 2 v

484 11 1 3.662 1 H

484 12 1 3.693 1 Y

404 13 1 3.440 1 H

404 14 1 3,261 2 v

484 16 1 3.844 1 H

484 18 1 3.308 2 v

404 17 1 3.424 2 H

404 18 1 3,378 2 v

404 19 1 3,304 1 H

484 20 1 3.847 1 ¥

448 1 1 3.433 2 H

488 2 1 3.634 2 v €osT

488 3 1 3.828 2 H COsT

4488 4 1 3.700 1 v COsT ROVE
488 [ 1 a.g29 1 H COST

488 a8 2 ~1.0008 -1

488 T 2 -1.008 -1

488 8 1 3.333 1 v

488 9 1 4,018 1 H CoOsT

4188 19 1 3.478 2 v

488 11 1 3.4808 2 H ROVE

4188 12 1 3,712 2 Y COST

488 13 1 3,089 2 H COST

471 1 1 3.516 2 H

471 2 1 3.620 2 v

471 3 1 3.3688 1 H

471 4 1 3.878 1 v

471 6 1 3.403 2 H

471 8 1 3,472 2 v

Status: 1 = Live; 2 = Early Resorption; 4 = |l ate Resorption
Sex: Male = 1; Female = 2; See Code Sheet 43 for identification of abnormalities [ABNn]



SAS 3

Tetrahydrofuran Rat Terstology Study: Raw Fetal Data

6%°0

————————————————————————————————————————————————————————————— @ ppm THF w=remcm e e — e L
Watno Sitae Status Fatwl Sex Head ABN1 ABN2 ABN3 ABN4 ABNE ABNB
Wt (g) or Yiscoral

471 7 1 a.719 1 H

471 [} 1 3.428 2 ¥

471 ) 1 3.497 2 H

471 10 1 2.121 2 v MIIN ROVE
471 11 2 ~-1.000 -1

471 12 1 3.6801 1 H

471 13 1 4,146 1 v

471 14 1 3.489 1 H

477 1 1 3.236 2 H

477 2 1 3.ao8 1 ¥

417 a 2 -1.000 -1

477 4 1 3.342 1 H

477 b 1 3.680 2 v

477 8 1 3.641 2 H

47 7 1 3.188 2 ¥

A77 ) 1 3.82e 1 H

477 9 1 3.160 2 v

477 1@ 1 3.414 4 H

477 11 1 3.488 1 v

477 12 1 3.883 1 H COST
477 13 1 3.eve 2 ¥

477 14 1 3.112 1 H

477 16 1 3.883 2 v

477 18 1 2.934 2 H

491 1 1 3.442 1 H

491 2 1 3.382 2 v

491 a 1 3.6856 2 H

491 4 1 3.997 2 v

491 B 1 3.848 2 H

491 a 1 A.704 2 v

491 7 1 3.404 2 H

491 ;] 1 3,080 2 v

491 ") 1 3.881 1 H

491 12 1 3.480 2 v

491 11 1 a.lve 1 H ROST
491 12 1 3.617 2 v ROVE
491 13 2 -1.908 -1

491 14 1 3.641 2 H

491 16 1 3a.pol 1 ¥ ROVE
49E 1 1 3,287 1 H ROST
496 2 1 3.371 1 v

496 3 2 -1.e00 -1

496 4 1 A.699 1 H

496 b 1 3.606 2 v

496 -] 1 a.5611 2 H

496 7 1 3.478 2 ¥

495 2] 2 -1.000 -1

Status:

Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Famale

; See Code Sheet 43 for identification of abnormelitiea [ABNn]

e
MNH



SAS 4

Tetrahydrofuran Rat Teratology Study: Raw Fetal Datas

————————————————————————————————————————————————————————————— & ppm THF ~—-—--—- e ——————
Matno Site Status Fetal Sex Head ABN1 ABN2 ABN3 ABN4 ABNG ABN8
Wt {p) or Visceral
406 9 1 3.289 2 H
496 18 1 3.485 2 v
496 11 1 3.701 1 H
496 12 1 3.637 1 v
496 13 1 3.794 1 H
496 14 2 ~-1.000 -1
49b 16 1 2.430 2 v
496 18 1 a.8a2 2 H
496 17 1 3.a08 2 v
499 1 1 3.168 2 H
4090 2 1 2.496 2 L)
4199 k} 1 3.662 2 H
499 4 1 3.339 2 L
499 6 1 3.332 2 H
499 8 1 1,261 2 4
499 T 1 3.197 1 H
499 8 1 3.878 1 v
499 9 1 3.298 2 H ROST
499 12 1 3.686 1 v
4199 11 1 3.238 1 H
0 499 12 1 3.4488 1 ¥
o 499 13 1 3.648 1 H
o 499 14 1 3.726 1 L
499 16 1 3,262 2 H
499 18 2 -1.008 -1
499 17 1 3.662 2 ¥
499 18 1 3.208 2 H
499 16 1 3.413 2 ¥ ROST
62 1 1 3.676 1 ¥
602 2 1 3.326 2 H ROST
682 3 1 3.220 1 ¥
D2 4 1 3.447 1 H
6az2 6 1 2.683 2 v ROST
682 a 1 3.686 1 H
ca2 T 1 3.282 1 ¥
622 -] 1 3.6841 1 H
682 9 1 3.043 1 ¥
622 12 1 3.247 2 H
682 11 1 3.689 1 L
6d2 12 1 3. 447 2 H
baz2 13 1 3.342 2 ¥
622 14 1 2,900 2 H
662 1B 1 a.3le 1 ¥
6a2 18 1 3.317 2 H
E@2 17 1 3.9680 1 ¥ ROST
622 18 1 3.489 2 H
622 19 1 3.are 1 ¥ ROST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
bex: Male = 1; Female = 2; See Codo Sheet 43 for identification of ngnormalition [ABNn]
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————————————————————————————————————————————————————————————— d ppm THF w——mrme e e e

615
615
616
E16
621
621
B21
621
521
B21
621
521
B21
621
621
521
B21
621
621
621
521
B2b
626
E26
E2B
b2b
626
6286
6286
626
626
626
626
625
5256
5256
526
625
625
529
E2g
629
529
B29
629
629
629

SAS

Tetrahydrofuran Rat Terstolopy Study: Raw Fetal Datm

Sita Status Fetal

OO = 00 A R A Gk R

Status:
Sex;: Wule = 1; Female
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Sex Head ABN1 ABN2 ABM3 ABN4 ABNG
or Viaceral

ROST
ROST
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ve; 2 = Early Resorption; 4 = Lete Rescrption
ae Coda Sheet 43 for identification of abnormalities [ABNn])

ABHB



SAS 8

Tetrahydrofuran Rat Teratology Study: Raw Fetal Data

AR

---------------- - m——mmmmm—m— == @ pptt THF - e e e
Matno Site Status Fetal Sen Head ABH1 ABNZ ABN3 ABN4 ABNE ABNS
Wt (g) or Visceral

529 ] 1 3.862 2 Y
b2u 10 1 3.847 2 H
529 11 1 4.931 1 Y
6289 12 1 3.484 2 H
629 13 2 -1.880 ~1

629 14 1 3.601 2 v
637 1 1 4 .087 1 v
637 2 1 3.702 1 H
637 3 1 4,822 2 v
B3t 4 1 3.600 2 H
637y [ 1 4,260 1 Y
637 8 1 3.848 2 H
637 7 1 4.220 1 Y
637 ;] 1 4.931 1 H
EA7 -] 1 3.857 2 Y
6a7 1@ 2 -1.990 -1

637 11 1 3.873 2 H
637 12 1 4,042 1 v
637 13 1 4.0817 1 H
637 14 1 3.018 1 Y
637 16 1 3.772 1 H
BaTy 18 1 3.603 2 Y
637 17 1 4.8831 1 H
B4l 1 1 3.2806 1 H
641 2 1 31.841 1 v
B41 3 1 3.717 1 H
B4l 4 1 3.761 1 v
b4l B 2 ~-1.000 ~1

b4l L] 1 3.884 2 H
G41 7 1 3.812 2 Y
641 8 1 3,783 2 H
641 *] 1 3.43¢0 1 Y
b41 10 2 -1.P80 -1

641 11 1 3.280 2 H
E41 12 1 3.721 1 Y
641 13 1 3.8a7 1 H
641 14 1 3.730 1 Y ROVE
B41 16 1 3.687 2 H
541 18 1 a.924 1 v
bb7 1 1 3.629 1 H
EB7 2 1 3.843 1 Y
667 3 1 3.000 2 H
BB7 4 i 3.78b6 i v
1Y [ 1 3.400 2 H
bb7 8 1 3.837 2 Y
667 7 1 3.742 1 H
bb7 ] 1 3.892 2 v

ve; 2 = Early Regorption; 4 = Late Resorption
ee Code Sheet 43 for idencvification of abnormalities [ABNn]

[

Sox, Maie = i; Female = 2;



SAS 7

Tetrahydrofuran Rat Teratology Study: Raw Fetal Data

€5°D

————————————————————————————————————————————————————————————— @ ppm THF ~comem e e _—— —mmm——————
Matno Site Stetus Fatsl Sex Heand ABN1 ABN2 ABN3 ABN4 ABNG ABNS
wt{g) or Visceral

667 ] 1 3.911 2 H

667 108 1 3.464 2 Y

667 11 1 3.866 1 H

66T 12 1 3.693 1 ¥

BBT 13 1 3.6190 2 H COST
6B7 14 1 3.443 2 L)

BET 16 1 3.832 1 H

667 18 1 4,042 1 ¥

667 17 1 3,902 1 H COsT
6éa 1 1 3.311 2 v ROSK
(3.1} 2 1 3.340 1 H

&g 3 1 3.473 1 Y

688 4 1 3.648 2 H

1.1} B 1 3.239 2 ¥ ROYE
1.1 . 1 a.a30e 1 H

1.1 T 1 3.882 2 v

1:1 [:] 1 3.6066 1 H

1.1 ] 1 3.379 2 v

668 18 1 3.608 1 H

1.1 ] 11 1 3.173 2 Y ROSK ROFPB
[ Y.1-} 12 1 3.448 2 H

bég 13 1 3.4856 2 Y

Bao 14 1 3.368 1 H

689 16 1 3.623 1 ¥

688 168 1 3.638 1 H

Y1) 17 1 3.608 1 v ROSK
.1 18 1 3.604 1 H

1.1 18 1 3.613 2 Yy

bé4 1 1 3.213 2 Y

Ba4 2 1 3.243 2 H

684 3 1 3.612 1 ¥

(-1 4 1 3.7189 1 H ROST
b&4 [ 1 3.717 1 v

684 8 1 3.084 1 H ROST
664 T 1 3.6876 2 Y

B84 8 4 -1.228 -1

bé4 ) 1 3,380 1 H

Ba4 12 1 3.30¢0 2 v ROST
684 11 1 3.441 1 H MOPT
B&4 12 1 A.447 1 v

B84 13 1 3,243 2 H

84 14 1 3.199 2 L4

B&4d 16 1 3.327 2 H

B84 18 1 a.ee7 1 Y

673 1 1 3.172 1 H ROST
B73 2 1 3.044 2 v

573 3 1 3.094 1 H

Statum: 1 = Live; 2 = Early Resorption; 4 = Late Rosorcbion
Sex: Wale = 1; Female = 2; See Code Sheet 43 for identiflicakion of sbnormalities [ABNn]
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B78
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B78
B78

SAS 8
Tetrahydrofuran Rat Teratology Study: Rew Fetal Data
————————————————————————————————————————————————————————————— @ ppm THF —————— e mrmm e —————————
Site Statun Fetal Sex Head ABN1 ABN2 ABN3 ABN4 ABNB ABMNE
wt(g) or Viacaral
4 1 3.367 1 v ROVE
6 1 3.524 1 H
8 1 3.380 2 v SURB
7 1 3.368 2 H
8 1 3,301 2 v
8 1 3.424 2 H
12 1 3,348 2 Vv
11 1 3.ain 2 H
12 1 3.680 1 v
13 1 1,389 2 HV ECOV ROST ROVE ROPBH ROPH FUYA
14 1 3.686 1 v
16 1 3.303 2 H
18 1 2.982 2 y
17 1 3,649 1 H
18 1 3.474 2 v ROVE
1 1 4.083 1 H
2 1 3.932 1 v
3 1 3.684 1 H COST
4 1 3.863 2 ¥
3 1 3.7a3 2 H
a 1 4.831 1 Y
7 1 4.222 1 H
-] 1 3.188 1 v
9 1 3.489 1 H
1P 1 3.662 2 v
11 1 3.604 2 H
12 1 3.842 2 v
13 1 3.768 2 H ROVE
14 1 4.0086 1 ¥
16 1 3.008 1 H
18 1 3.809 1 Y
17 1 4,020 1 H
18 1 3.778 1 v
1 1 i.038 2 v RURB
2 1 4.004 1 H COST
a 1 3.068 1 v COST
4 1 4.0838 2 H COST ROYE
& 1 4.164 1 v DIUR cosT
a 1 3.01a 1 H
7 1 3.e748 i v COST
8 1 3.993 1 H COST
9 1 4.102 2 v
ig 1 3.476 2 H
11 1 3.747 2 v
12 1 3.6846 2 H COST
13 1 3.782 2 v
14 1 3,744 2 H
Status: 1 Live; 2 = Early Resorption; 4 = Late Resorption

A

= L1
Maie - 1, fomale = 2; See Code Sheet 43 for identification of sbnormaiities [ABNaj
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SAS 9

Tatceshydeafuran Rat Teratology Study: Raw Fotal Data

————————————————————————————————————————————————————————————— & ppm THF - - - e et L S L
Matno Site Stetus Fetal Sex Hoad ABN1 ABN2 ABN3 ABMN4 ABNE ABNa
wt{g) or Viscernal

E78 1b 1 3.876 2 v

508 1 1 3.664 2 H

73+1.] 2 1 3.809 2 v ROST MAST
ED8 3 1 3.760 1 H

598 4 1 3.779 2 v

bg8 & 1 3.389 2 H

698 8 1 3.622 2 v ROST
658 7 1 4.083 1 H

698 8 1 2.749 1 ¥ ROST
(31} ] 1 3,748 2 H

608 14 1 3,869 1 A

598 11 1 3.729 2 H

E98 12 1 3,687 1 v

3.} 13 1 3.604 2 H ROST
598 14 1 3.992 1 v

698 16 1 3.742 1 H

698 18 1 3.888 1 v

698 17 1 3.7a7 2 H

698 18 1 3.471 2 v

698 19 1 3.659 2 H ROST
Go8 20 1 3.83¢6 2 v

597 1 1 4.2423 1 ¥

597 2 1 3.818 2 H

687 3 1 3.968 2 v

ES7Y 4 1 3.713 2 H SURB
697 b 1 4,140 1 v

6897 8 1 3.p00 1 H SURB
697 7 1 3,903 2 v

687 8 1 1.888 2 H

ada 1 1 31.677 1 H

aas 2 1 3,349 2 v

8o8 3 1 3.457 2 H

808 4 1 3.378 2 v DIUR
828 [ 1 3.611 2 H

éos 8 1 3.633 1 v

ade 7 1 3.347 1 H

a2a 8 1 3.328 2 v

&0 9 1 a.68% 2 H cosT
808 19 1 1.829 1 v

aas 11 1 3.203 2 H

808 12 1 3.641 1 v

&ga 13 1 3.499 2 H

808 14 1 3.734 1 v

806 1B 1 3.608 1 H

&8 18 1 3,983 1 v

é12 1 1 3.300 2 v

812 2 1 3.142 1 H ROST

Status: 1 = Live; 2 = Eurly Rescrption; 4 = Late Resorption
Sex; Male = 1; Female = 2; Seo Code Sheat 43 for identification of sbnormalities [ABNA]



SAS 12

Tetrashydrofuran Rat Terastelogy Study: Raw Fetal Duta

————————————————————————————————————————————————————————————— ? ppm THF ——————e e e —————
Watno Site Status Fatal Sex Head ABN1 ABN2 ABN3 ABN4 ABNE ABNS
Wt {g) or Yiesceral
812 3 1 3.326 2 ¥
612 4 1 1.608@ 1 H
812 11 1 2.881 2 v ROST
812 8 1 1,700 1 H
612 7 1 3.629 1 ¥ SURB
612 8 1 3,601 1 H
812 8 1 3.413 1 U}
812 12 1 31,042 2 H
a12 11 2 -1.008 -1
812 12 1 3.204 2 v
812 13 1 3.3 2 H
612 14 1 3.633 1 ¥
812 16 1 3.068 2 H
612 18 2 -1.008 -1
612 17 1 3.672 2 ¥
812 18 2 -1.0088 -1
612 19 1 3.278 2 H
818 1 1 3.gal 1 H SURB
é18 2 1 3.611 2 \i
a18 3 1 4,831 1 H
@] 818 4 1 3.803 2 \i
T 818 3 1 4.003 1 H SURB
= al1é 8 1 3.739 1 ¥
alé 7 1 3.760 1 H
818 -} 1 3.E681 2 \d
alie ] 1 31.638 2 H
6168 18 1 3.441 2 ¥
ale 11 1 3.088 2 H
6lé 12 1 3.8968 i v
818 13 1 1.723 2 H
a18 14 1 3.006 1 ¥
618 16 1 4.1289 1 H
als 18 1 3.206 2 ¥
817 1 1 3.374 1 H
a17 2 1 3.206 1 v
817 3 1 4,037 1 H
a17 4 1 3.64g 1 v
617 b 1 3.108 2 H
617 -] 1 3.516 1 v
817 7 1 3.255 2 H
817 8 1 a,lae 1 ¥
817 *] 1 3.196 2 H
a17 i@ 1 3.724 2 v
817 11 1 3.203 1 H
e17 12 1 3.b29 1 v
818 1 1 3.817 2 v
818 2 4 -1.000 -1

Status: 1 = Live; 2 = Early Resorption; 4 = Lete Resorption
Sox. Male = 1, Femasis = 2; See Code Sheet 43 for identificatlcn of sbnormalitiss [ABNnj



S5AS 11

Tetrahydrofuran Rat Taratology Study: Rew Fatal Data

AN

————————————————————————————————————————————————————————————— @ ppm THF —ccmm e e e ————— P
Matno Site Status Fatal Sex Haad ABN1 ABN2 ABN3 ABN4 ABNE ABNS
Wt (g) or Yiaceral
aie 3 1 3.320 2 H
éls 4 1 3.049 2 Y
é1s b 1 2.8608 1 H ROST ROPB
818 6 1 3.988 2 v
a1se ? 2 ~1.880 -1
éis ] 1 2.363 2 H ROST ROFPB
éig g 1 2,177 1 Y
618 1ie 1 3.877 1 H ROST ROPB
ale 11 1 3.159 2 v ROSK ROST
3] 12 1 2.824 2 H
éig 13 4 -1.000 -1
Status: 1 ve; 2 = Early Resorption; 4 = Late Resorption

= L1
Sex: Male = 1; Female 2; 5ee Code Sheet 43 for identification of abnormelities [ABNn]



SAS 12

Tetrahydrofuran Rat Terstology Study: Raw Fetal Data

86°0

------------------------------------------------------------ 8238 ppm THF ~——————- —_—— ——— . M ——————————
Matno Site Status Fatel Sex Head ABN1 ABN2 ABN3 ABN4 ABNSB ABNB
¥t (g) or Yiscersl

401 1 1 3.467 2 H

401 2 1 3.600 1 v

491 3 1 3.817 1 H

491 4 1 A.744 1 \ i

491 B 1 3.4888 1 H

491 8 1 3,422 1 v

4901 7 1 3.814 2 H

491 B 1 3.373 2 ¥

421 9 1 3,388 1 H

491 19 1 2.823 1 v

481 11 1 3.870 1 H COST
421 12 1 3.886 1 Y

481 13 1 3.836 1 H ROST
401 14 1 3.62D 1 ¥

401 16 1 a.218 2 H

421 18 1 3.448 2 v

421 17 1 3.886 2 H

401 18 1 3,388 2 v FUST
412 1 1 3.744 2 H

412 2 1 3.638 2 ¥

412 3 1 3.860 2 H

412 4 1 3.922 1 Y

412 & 1 3.631 2 H

412 8 1 3.969 1 v

412 T 1 3.866 2 H

412 B 1 a.8p48 . 2 v

412 4 1 3,831 2 H

412 12 1 3.880 1 Y

412 11 1 3.771 1 H

412 12 2 ~1,000 -1

412 13 2 -1.,000 -]

412 14 1 3.646 2 ¥

412 16 1 3.932 1 H

412 18 1 4,003 1 Y

412 17 1 3.962 1 H

412 18 1 3.84b 2 ¥

418 1 1 3.8099 2 v ROYVE DIUR
419 2 1 3.478 2 H

419 3 1 3.878 1 v COST
419 4 1 3.718 1 H COST
418 [ 1 3.868 2 v CosT
419 8 1 3.6862 1 H

418 7 1 3.7603 1 v ROVE
419 a 1 3.701 1 H COST
419 *] 1 3.681 2 v CosT
419 12 1 . 772 1 H

419 11 1 i.a1e 1 Y

Status: 1 = Live; 2 = Early Resorption; 4 = Late Rosorﬁtion
Sex: Maie = i; Femaie = 2; See Lode Sheet 43 for identification of sbnormalities [ABNn]



SAS 13

Tetrshydrofuran Rat Teratology Study: Raw Fetmi Data

65°0

———————————————————————————————————————————————————————————— BBB Ppm THF — e e e e
Watno Site Status Fatwnl Sex Head ABN1 ABN2 ABN3 ABN4 ABHG ABN8
weig) or Viscersl

419 12 1 3.648 1 H

419 13 2 ~1.800 -1

419 14 1 3.084 2 v ROVE

419 16 1 3.948 2 H

420 1 1 3.838 1 ¥

42 2 1 3.002 2 H

420 3 1 3.4561 2 v

428 4 1 3.360 2 H

4268 [ 1 3.414 2 A

428 8 1 3.269 2 H

429 7 1 3.406 1 ¥

420 a8 1 3.381 1 H

429 g 1 3.011 2 H

420 1@ 1 8.344 1 v

429 11 1 2.970 2 H

4208 12 1 3,437 2 ¥

428 13 1 3.4900 2 H

429 14 1 3.488 1 H

429 156 1 3.431 2 v

42& 18 1 3.481 2 H

421 1 1 2.499 2 ¥ ROST ROPH
421 2 1 3.034 1 H ROST ROVE
421 3 2 ~1.,008 -1

421 4 1 3.873 2 ¥ ROST

421 1 1 2.987 1 H

421 a8 1 2.393 2 v ROST ROPB
421 7 1 3.017 2 H ROST SURB
421 8 1 3.182 2 ¥ ROST

421 g 1 2.888 1 H ROST

421 18 1 2.788 2 ¥ ROST

421 11 1 3.406 1 H AHOR

421 12 1 2.978 1 ¥ ROST ROPB
421 13 2 -1.088 wl

421 14 1 3.z20a 2 H

421 16 1 3.623 1 ¥ ROST

436 1 1 4.818 1 H

434 2 1 4.028 1 v

438 3 1 3.673 2 [}

438 4 1 4,008 2 ¥

438 ) 2 ~1.088 -1

438 ] 1 3.968 2 H

438 7 1 3.481 2 ¥

438 B 1 3.420 2 H

434 1°] 1 3.8886 1 v

438 18 1 2.836 2 H

438 11 2 -1.808 -1

438 12 1 3.483 1 ¥

Status:

[T

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

Sex: Male = 1; Fomale ;; eo Code Sheot 43 for jdentification of sbnormmiities [ABNR])



SAS 14

Tetrahydrofuran Rat Teratology Study: Raw Feta! Data

09°D

———————————————————————————————————————————————————————————— 838 ppm THF ~wem———————~ - - e
Matno Site Status Fetnl Sex Head ABN1 ABNZ2 ABN3 ABN4 ABNB ABN@8
wt(g) or Yiscornl
436 13 1 3.833 1 H
438 14 1 4.08081 1 ¥
438 16 1 3.683 2 H
436 18 1 3.761 2 v
438 17 1 3.084 1 H
444 1 1 J.lesg 2 )
444 2 1 3.382 1 H
444 k] 1 3.199 2 v
444 4 2 -1,000 -1
444 5 1 3.164 2 H
d44 a 1 3.436 1 v
444 T 1 2.838 2 H ROST
444 8 1 3.068 2 v
444 '] 1 3.141 2 H
444 10 1 3.833 1 v
444 11 1 3,270 2 H
444 12 1 1.864 2 v ROSK ROST BRRB FURB SURB ROPB
444 13 1 A.408 2 H
444 14 1 3.187 2 v
444 16 1 3.469 1 H
444 18 1 3.203 2 v
444 17 1 3.3480 1 H
444 18 1 2.099 2 v
448 1 1 3.570 2 v DIUR
448 2 1 3.807 1 H
448 3 1 3.044 1 Y DIUR
448 4 1 3.766 1 H
448 [ 1 3.800 1 v DIUR
448 8 1 2.776 2 H
448 7 1 3.698 2 v DIUR
448 8 1 3.276 2 H
448 '} 1 3.463 2 v DIUR
448 19 1 3.472 2 H
448 11 1 3,897 1 v DIUR
448 12 4 ~1.000 -1
448 13 1 3.678 2 H
448 14 1 3.683 2 v DIUR
448 16 1 3.eav 2 H
448 18 | 3.468 2 v
489 1 1 .68 1 ¥
489 2 1 3.200 2 H
489 3 1 3.214 2 ¥
4849 4 1 3.098 1 H
489 b 1 3.627 1 v
489 a8 1 3.634 1 H
489 7 1 3.367 1 v
489 8 1 3.4b4 2 H

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
bex: Male = 1; Fomaie = 2; See Coda Sheet 43 for identification of abnormmlities [ABNR]
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Tetrshydrofuran Rest Teratology Study: Raw Fetal Data

———————————————————————————————————————————————————————————— 889 ppm THF - it e i
Matno Site Status Fatal Seox Head ABN1 ABN2 ABH3 ABH4 ADNE ABNB
we (g) or Yiacernl
489 g 1 3.683 1 v
489 1@ 1 3,347 2 H
489 11 1 3.497 1 v
489 12 1 4,201 1 H
489 13 1 3.044 1 Y
489 14 1 3.204 2 H
489 16 1 3,572 1 v
489 18 1 2.808 2 H ROVE
489 17 1 3.471 2 L
489 18 1 3,414 2 H
489 18 1 3,480 1 v
489 28 1 3.880 1 H
482 1 1 3.281 1 H
482 2 1 3.8087 1 Y
482 3 1 3.409 1 H
4682 4 1 3.384 1 v
482 G 1 3.3989 2 H
482 a 1 3.5625 1 v
482 7 1 3.466 2 H CoOsT
482 8 1 3,081 2 v
o 4682 ] 1 3,o01 2 H
. 482 19 1 2.449 1 v
— 482 11 1 3.233 1 H
482 12 1 3.488 1 v COsT
482 13 1 3.016 1 H COST
492 14 1 3.273 1 v
492 16 1 3.581 2 H
492 18 1 3.498 2 v
492 17 1 3.6856% 1 H
484 1 1 3.932 2 v
484 2 1 3,491 1 H
A84 3 1 3.a21 2 L
484 4 2 -1.00@ ~1
484 b 1 3,464 1 H
484 ] 1 3.9486 1 Y
484 T 1 3.606 2 H SURB
484 8 1 3.776 2 L
484 9 1 3,863 1 H COST
484 12 1 3.821 1 v COST
484 11 1 3.983 2 H
484 12 1 4.076 1 v
404 13 2 -1.8008 -1
484 14 1 3.889 2 H
464 15 1 3.948 1 v MAST COsT
404 18 1 3.0B64 2 H
484 17 1 3.p30 2 v
484 18 1 3.o08 1 H
Stetus: 1 = Live; 2 = Eurly Resorption; 4 = Late Resorption
Sex: Male = 1; Fomale = 2; Seo Cod. Sheet 43 for ldant!flcation of sbnormalities [ABHn]
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Tetrashydrofuran Rat Teratology Study: Raw Fetal Data

____________________________________________________________ 628 ppm THF —=-veeuo——na ———— e ——————— e ——————

Watno Site Status Fatal Sex Hoad ABN] ABN2 ABN3 ABN4 ABKB ABMNS
Wt (g) or Visceral
494 1 1 3.483 1 Y SURB
494 2 1 3.ez1 1 H
404 3 1 3.884 1 v COST
494 4 1 3.364 2 H
4194 b 1 3.301 1 Y
494 é 1 3.488 2 H
494 7 1 3,402 1 Y COST SURB
494 a 1 3.66b 1 H SUR
494 2 1 3.619 2 Y
494 18 1 3.202 2 H
494 11 1 3.738 1 Yy COST
4194 12 1 a.048 1 H
494 13 1 3.608 1 Yy COST
404 14 1 3.872 1 H
494 16 1 3.837 2 v
494 18 1 3.a81 2 H
1.1 1 1 a.lae 2 H
111 2 1 3.408 1 v
11 3 1 3.627 1 H
[.1+.19 4 1 3.480 1 Y
o) E2B 6 1 3.668 1 H
o= =11 8 1 a.716 1 ¥
o 115 7 1 3.872 1 H
1713 ] 1 3.808 1 Y
7+11 9 1 3.469 2 H
.11 18 1 3.843 2 Y
1213 11 1 3.883 1 H
111 12 1 3.434 1 Yy
11 13 1 3.336 2 H
119 14 1 3.636 1 Yy
6RG 16 1 i.sls 2 H
71 18 1 3.B76 2 v
EBB 17 1 4.08b 1 H ROVE
613 1 1 4,118 1 v COST
613 2 1 3.829 1 H
613 3 1 2,788 2 v
613 4 1 3.829 1 H COST
B13 [ 1 3.672 2 v
613 8 1 3.400 2 H COsST
B13 7 1 3.887 1 Yy
613 8 1 2.788 1 H
613 9 1 3.668 1 Yy COsT
513 10 1 3.748 1 H
613 11 1 3.666 2 Yy
613 12 1 3.176 1 H
613 13 1 4 .0886 1 Y CosT
613 14 1 3.926 1 H COST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
bex: Msle = ]; remaie = 2; Ses (ode Sheet 43 for identification of abnormalities [ABNn)
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613
Bla
613
Bl13
Blg
Ble
G189
3%
Ble
Ble
Elg
619
619
619
Blg
Ble
619
618
619
619
519
B27
B27
B27
627
627
627
627
B27
B27
B27
627
627
B27
B27
627
G4@
BAD
B4D
b4
640
b48
642
b4@
542
540
G483

SAS

Tetrahydrofuran Rat Teratology Study: Raw Fetal Data
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Status
Sex: Mele = 1; Fomuli
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__________ 823 ppm THF
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ve; 2 = Early Resorption; 4 = Late Reaorption

COST
COST

ROVE

ROST

ROST
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ROST
ROST
ROST
FURB
ROST
ROST

ROST
ROST
COST

COST

ABN2

SURB

ROVE

ABN3

17

ee Code Sheet 43 for jdentification of abnormalities [ABNn]
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SAS 18

Tetrahydrofuran Rat Terstology Study: Raw Fetal Data

%90

———————————————————————————————————————————————————————————— 888 ppm THF w-o e
Matno Site Stestus Fatasl Sex Head ABN1 ABN2 ABN3 ABN4 ABNG ABNG
Wt (g} or Yisceral
549 12 1 3,360 2 H )
G4 13 1 1.997 2 v ROST ROFB ROFH
640 14 i a.797 1 H MAST
G4& 16 2 -1.080 -1
640 14 2 -1.000 -1
642 1 1 3.604 1 H
642 2 1 3.206 1 Y
542 3 1 3.210 2 H
542 4 1 3.683 1 Y
542 6 1 3.3a9 1 H ROYE
642 8 1 1.641 1 Y
542 7 1 3.0ho 2 H ROST
542 8 1 3.441 2 Y
542 8 1 3.118 1 H
542 19 1 4,812 1 Y
542 11 1 3.592 1 H
542 12 1 3.477 1 v
542 13 1 3.833 1 H
642 14 1 3.799 1 v
542 156 1 3.2324 2 H
542 18 1 3.73@ 1 )
642 17 2 -1.000 -1
542 18 2 ~-1.003 -1
GE® 1 1 3.862 1 H ROST
GEa 2 1 3.302 1 v
660 3 1 1.480 1 H
6GED 4 1 1.896 1 v
GED b 1 3.601 2 H
660 8 H 3.680 2 ¥
66D T 1 3.708 2 H ROST
Gb& ;] 1 4.0613 1 k4
Gb@ 8 1 3.817 1 H
43 1@ 1 3.826 2 v
66@ 11 1 31.406 2 H
562 - 12 1 3,923 1 v
1] 13 1 3.886 1 H
6GE@ 14 1 3.123 2 v ROST
660 16 1 3.760 1 H
660 18 1 1.914 2 ¥
66D 17 1 3.871 1 H
(34 18 1 3.622 1 ¥
13-} 19 1 2.829 2 H ROST
650 29 1 3.719 2 ¥
687 1 1 4.172 1 ¥
687 2 1 3.861 2 H
687 3 1 4.270 1 v
6687 4 1 3.983 2 H
Status; 1 = Live; 2 = Esrly Resorption; 4 = Late Resorption
Sex: Mate = 1; Femala = 2: Sea Code Shest 43 for identificetion of abnormalitisas [ABNa]
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Tetrahydrofuran Rat Teratology Study: Rew Fatal Data

5972

———————————————————————————————————————————————————————————— 888 ppm THF —————mmmmmr e e e e -—
Matno Site Status Fetal Sex’ Head ABN1 ABNZ ABN3 ABN4 ABNG ABNS
Wt {g) or Yiscaral

Ba7 [ 1 4,163 2 ¥
687 -] 1 4,119 1 H
687 7 1 3.801 2 Y
o7 8 1 3.886 2 H
667 1] 1 3.014 1 Y
647 1 1 4.06@ 2 H
1-¥4 11 1 3.e1a 2 v
671 1 2 -1.208 =1

671 2 1 3.798 1 H
671 3 1 3.488 2 Y
671 4 1 3.614 2 H
671 [ 1 3.881 1 ¥
671 ] 1 3.462 2 H
B71 7 1 3.248 2 Y
B71 8 1 3.687 1 H
671 '] 1 3,968 1 ¥
B71 1a 1 3.403 2 H
671 11 1 3.182 2 ¥ ROST
E71 12 1 2.788 2 H
671 13 1 3.c28 1 v
671 14 1 3.781 1 H
671 16 2 -1.000 -1

671 18 1 3.b48 2 v
BBY 1 1 4,184 1 H
Ba7 2 1 3.083 1 Y
587 3 1 4.296 1 H
687 4 1 4.170 2 Y
EBT ] 1 4,145 2 H
687 .} 1 4,018 2 v
Ba7 7 1 4.138 1 H
687 B 1 3.677 2 ¥
BBT g 1 41.198 2 H
BB7 18 1 4,200 1 ¥
587 11 1 3.048 2 H
687 12 1 4,738 1 v
687 13 1 4,289 2 H
5e7 14 1 4.608 1 v
6a7 16 1 4,158 2 H
687 18 1 4 .000 1 Y
694 1 2 -1.000 -1

654 2 2 -1.008 -1

5b4 3 2 -1.008 -1

(32 ] 4 2 -1.00d -1

504 [ 2 -1.0aa -1

654 8 2 ~1.0808 -1

b94 7 2 -1.088 =1

594 a 2 ~1.880 -1

Status:

o=

Live; 2 = Early Resorption; 4 = Late Resorption
Se
¥

Sex: Mule = 1; Female e Code Sheet 43 for identification of abnormalities [ABMR]
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Totrehydrofuran Rat Terstelogy Study: Raw Fetal Data

999

———————————————————————————————————————————————————————————— 828 ppm THF -- -— s
Matno Site Status Fotal Sex Hewd ABN1 ABN2 ABN3 ABN4 ABNB ABNS
weg) or Yieceral

6a4 9 2 -1.208 -1

694 18 2 -1.308 -1

594 11 1 4.008 2 H

694 12 2 -1.000 -1

694 13 2 -1.008 -1

594 14 2 -1.200 -1

684 1B 2 -1.000 -1

694 18 2 -1.200 -1

694 17 2 -1.020 -1

694 18 1 3.0908 2 v

ED4 18 2 -1.002 -1

694 20 2 -1.0802 -1

3] 21 2 ~1.000 -1

684 22 1 3.867 1 H

604 23 1 4.08812 2 Y

584 24 1 4.232 2 H

E98 1 1 3.679 1 H

688 2 1 4,238 1 v

E58 3 1 3.726 2 H

598 4 1 3,873 1 ¥

Eg8 s 1 3.661 2 H

Eo8 ] 1 3.790 1 ¥

6908 T 1 2.049 2 H

698 8 1 3.861 2 v

cag 9 1 3.79¢ 2 H

31 ] 19 1 3.412 2 ¥

698 11 1 3.6ae 2 H

698 12 1 4.087 1 v

3:]:] 13 i 3.048 2 H

598 14 1 3.6898 2 v

.1 ] 1 1 3.714 1 v

a28 2 1 3.648 2 H

aoe 3 1 3.018 1 v

828 4 2 ~-1.2908 -1

ede & 1 3.779 1 H

avs 8 1 3.178 2 v

828 7 1 3.307 2 H

aos 8 1 3.808 1 v

828 ] 1 3.769 1 H ROST
ede 16 1 3.663 2 Y

808 11 1 3.414 2 H

ede 12 1 3.B673 1 v

888 13 1 3.477 2 H SURB
aga 14 1 3.768 2 ¥

and 15 1 3.762 1 H cosT
aoa 18 1 3.272 2 v

828 17 1 3.8238 2 H

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex. weie -~ i, Tema'e = 2; See Code Sheet 43 for identitication of abnormalities [ABNn]
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1]
a1%
816
al1e
a16
81E
616
g1k
81k
a1k
a1b
ais
ai1s
a1s
815
&16
&16
816
816
616
828
azée
&28
828
azéa
628
azs
a2g
829
6829
829
a9
az2g
829
aze
a2e
629
aze
az2g
&29
629
az2e
e2o9

SAS

Tetrahydrofuran Rat Taratology Study: Raw Fetal Data

———————————————————————————————————————————————————————————— 823 ppm THF
Site Status Fatul Sexn Heand
we{g) or Yisceral
18 1 3.642 2 Y
1 1 a.2en 2 H
2 1 5.664 2 Y
k] 1 3.431 2 H
4 1 3.8089 2 Y
[ 1 3.493 2 H
8 1 3.344 2 v
7 1 3.874 1 H
-] 1 3,712 2 Y
] 1 3.4786 1 H
i@ 1 3.882 2 v
11 1 3.883 2 H
12 1 3.5626 2 Y
13 1 3,672 1 H
14 1 3.462 2 Y
16 1 3.803 2 H
18 1 3.344 2 ¥
17 1 3.380 2 H
18 1 3.808 2 Y
19 1 1,864 1 H
1 1 4,319 1 H
2 1 4._368 1 v
k) 1 4.083 2 H
4 1 3.924 2 Y
B 1 4 .018 2 H
8 1 3.239 2 v
7 1 3.683 2 H
1 1 3.673 1 Y
2 1 3.897 1 H
3 1 4._240 1 Y
4 1 3.027 1 H
& 1 4.111 1 Y
a 1 3.7187 2 H
7 1 3.814 2 Y
e 1 3.e82 1 H
8 1 3,928 2 Y
1@ 1 3.997 1 H
11 1 4.044 1 Y
12 1 4,078 1 H
13 1 3.868 2 L
14 1 4.288 1 H
16 1 3.696 2 Y
18 1 3,449 2 H
17 1 4,127 1 Y

529

Status: 1
Sex: Male = 1; Female =

ABN1

ROST

COST
ROST

ROST

ROST
ROYE
ROST
ROST
ROYE
ROST

ABN2 ABN3 ABN4

ROVE

= Live; 2 = Esrly Resorption; 4 = Late Resorption
2; Ses Code Sheet 43 for identification of abnormalities [ABNn]
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SAS 22

Tetrahydrofuran Rat Teratology Study: Raw Fetal Dats
———————————————————————————————————————————— 1688 ppm THF oo e e e e e -

89°D

Matno Site Status Fetal Sex Head ABN1 ABN2 ABH3 ABN4 ABNE ABNS
Wt (g) or Viscersl

4908 1 1 ~1.002 2 ¥

428 2 1 -1.000 1 H

4908 3 1 -1.9009 2 ¥

428 4 1 -1.0088 2 H

4908 13 1 -1.0088 2 v

408 8 1 ~-1.088 2 H

4908 T 1 -1.008 1 v ROST
408 8 1 -1.0068 2 H

408 ] 1 =1.238a 2 v ROST
408 10 1 -1.000 1 H ROST
4028 11 1 =1.28a8 1 v

4908 12 1 -1.208 2 H

408 13 1 -1.008 1 Y

408 14 1 -1.003 2 H ROST SURB
4928 16 1 -1.000 1 ¥

411 1 1 3.232 1 Y

411 2 1 3.934 1 H

411 3 2 ~1.028 =1

411 4 2 -1.088 -1

411 1 1 3.887 1 v

411 8 1 3.489 2 H

411 7 1 3.008 1 v

411 -] 1 3.836 1 H

411 ] 1 3.306 1 Y

411 19 1 3.466 1 H MAST
411 11 1 a.6B3 1 v

411 12 1 3.772 2 H

411 13 1 3.383 2 v

411 14 1 a.a8gBs 1 H

411 1b6 1 3.477 2 v

413 1 1 3.270 2 v COST
413 2 1 1,249 2 H

413 3 1 .02 2 v

413 4 1 3.452 1 H

413 1Y 1 3.382 2 Y

413 .} 1 3.826 1 H

413 7 1 1.407 2 v

413 8 1 2.874 1 H

413 9 1 3.8567 1 v

413 i@ 1 1.0836 1 H

413 11 1 3.282 2 v COST
413 12 1 3.236 2 H

413 13 1 3.208 2 v

413 14 1 3.314 1 H

413 16 1 3.881 1 v

413 18 1 3.260 2 H ROST
428 1 1 3.143 1 H

Stetus: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Males = 1; Female = 2; Ses Code Sheet 43 for identificetion of abnormaiities [ABNn]
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Tetrshydrofuran Rat Terstolagy Study: Raw Fetal| Dats

69D

e e m e e —— 1888 ppm THF cw-————mmcms e i

Matno Site Status Fatal Sex Head ABN1 ABN2 ABN3 ABN4 ABNG ABNS
we(g) or Visceral

428 2 1 3.826 1 Y

428 3 1 3,404 2 H

428 4 1 3.614 1 v

428 b 1 3.618 1 H

428 a 1 3.464 2 b

428 T 1 3.642 1 H

428 8 1 3.662 1 Y

428 9 1 3.602 2 H ROVE
428 12 1 3.6148 2 v

428 11 1 3,487 2 H

428 12 1 3.a876 2 v

428 13 4 ~1.008 1

428 14 1 3.480 2 H

428 16 1 3.3909 2 Y

432 1 1 3.216 2 Yy

432 2 1 3.338 1 H

432 3 1 A.479 1 Yy

432 4 1 3,936 2 H ROVE
432 3 1 3.41% 2 v

432 8 1 3.441 1 H ROVE
432 ? 1 3.470 1 v

432 ] 1 3.208 2 H

432 2 1 3.386 2 Yy

432 1d 1 a.748 1 H ROST
432 11 1 3.396 1 ¥

432 12 1 3.002 1 H

432 13 1 2,428 2 v ROST
432 14 1 3,482 1 H

432 16 2 ~1.008 -1

432 18 1 3.74a48 2 v

4456 1 1 3.896 2 Yy

4456 2 1 a.7e7 2 H

445 3 1 3,602 2 ¥

41456 4 1 3,778 1 H

445 b 1 3.601 1 v

445 a 1 3.283 2 H ROST
446 T 1 4.176 1 ¥

4486 8 1 3.006 1 H

445 4 1 3.977 1 Y

445 18 1 3.687 2 H ROST
446 11 1 3.829 2 ¥

445 12 1 4,189 1 H

446 13 1 3.839 1 v ROST
446 14 1 3.787 1 H

446 16 1 3.748 2 Y

464 1 1 3.879 1 ¥ ROVE
464 2 1 3.805 1 H

Status:

=

Liva; 2 = Esrly Resorption; 4 = Late Reaorttion

Sex: Msle = 1; Fomale ;; See Cods Sheet 43 for identification of swbnormalities [ABNn]
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Tetrahydrofuran Ret Teratology Study: Raw Fetal Data

————————————————————————————————————————————————— 1828 ppm THF ~wvm e e

0£°D

Matno Site Status Fetal Sex Hoad ABN1 ABNZ2 ABN3 ABN4 ABNB ABNG
wi(g) or Yiscaral

464 3 1 3.222 1 '

464 4 1 3.288 2 H ROST
464 ] 1 3.218 2 '

464 8 1 3,819 1 H SURB
464 7 1 3.114 2 '

464 a8 1 3,461 2 H

464 ] 1 3.8717 1 '

464 10 1 3.604 1 H SURB
454 11 1 3.674 1 v

454 12 1 3.204 2 H SURB
454 13 1 3.224 2 Y ROVE
464 14 1 3.841 1 H

4B4 16 1 3.90e 2 v SURB
454 18 1 3,100 1 H

4EB 1 1 3.983 1 v ROST
466 2 2 -1.000 =1

466 3 1 ~1.000 2 H

4GB 4 1 3.e88 2 Y

466 [ 1 -1.000 2 H

. 4B6 8 1 3.4081 1 Y cosT
466 7 1 =1,000 2 H

466 a 1 3.483 1 L'

466 g 1 -1.000 2 H

466 1@ 1 3,397 2 v

466 11 1 -1.900 2 H

46E 12 1 3.808 2 Y ROVE
466 13 1 =-1.000 2 H

4556 14 1 3.3719 2 v

478 1 1 3.614 1 v

478 2 1 3.883 1 H

478 a 2 -1.000 -1

478 4 1 3.423 2 '

478 [ 1 3.E6098 2 H

478 a 1 3.723 1 v

478 7 1 3.814 2 H

478 8 1 3.851 1 v DIUR
478 *] 1 3.343 2 H

478 10 1 a.882 1 '

478 11 1 3.a07 2 H

478 12 1 3,800 1 v

478 13 1 3.207 2 H

478 14 1 3.3488 2 v

478 16 2 ~1.208 -1

478 18 1 3.0068 1 )]

478 17 1 3.68a7 1 v

479 1 1 3.682 2 v

479 2 1 3.666 2 H

Status: 1 = Live; 2 = Earliy Resorption; 4 = Late Resorption
Sex: Male = 1; Femaie = 2; See Code Sheet 43 for identification of abnormelitiss |[ABNR]



1£°0

SAS 26

Tetrahydrofuran Rat Teratology Study: Raw Fetal Data
—————————————————————————————— ——— - ——rma—e————- 1800 ppm THF -=w—— - e e

Matno Site Status Featal Seox Hend ABN1 ABN2 ABN3 ABN4 ABNG ABNG
we(g) or Yisceral

470 3 1 3,964 1 A4 DIUR

479 4 1 3.687 1 H

4719 b 1 3.618 2 ¥

4AT0 a 1 3.024 2 H

470 7 1 3.882 2 ¥

479 -] 1 3.832 2 H

478 4] 1 3.961 1 v

479 12 1 3a.723 2 H

479 11 2 -1,0ed -1

479 12 1 3.627 2 v

479 13 2 -1.000 -1

479 14 1 3.001 1 H

478 1B 1 3,731 2 v

479 18 2 -1.8008 -1

481 1 1 3.008 2 H

481 2 1 3.004 2 v

481 3 1 3.632 2 H

481 4 1 3.781 1 v

481 b 1 3.329 2 H

491 8 1 a.1iepg 2 v

481 7 1 3.276 2 H

481 8 1 3.248 2 ¥

481 ] 1 2,933 2 H

481 1@ 1 2.470 2 ¥

481 11 1 3.330 2 H

481 12 1 3.124 2 ¥

481 13 1 3,240 2 H

481 14 1 3.434 2 ¥

481 16 1 3.386 2 H

481 18 1 3.223 1 ¥

406 1 1 3.081 1 v

468 2 1 3.660 1 H

4906 3 1 3.263 2 Y CasT

498 4 1 3.400 2 H

498 B 1 3.347 2 v

498 a8 1 3.602 1 H

490 ¥ 1 3.322 2 \'

4198 8 1 3.1688 2 H

4988 ] 1 3.099 2 v

498 198 1 4,881 2 H

498 11 1 3.637 1 ¥

458 12 2 -1.008 -1

498 13 2 -1,008 -1

498 14 1 3.080 1 H COST

498 16 1 3.016 1 v

498 i8 1 3.412 2 H

4198 17 1 3.6486 1 ¥

Stetus: 1

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

;; Sea Code Sheet 43 for identification of ebnormalities [ABNn)
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Tetrahydrofuran Rat Teratology Study: Raw Feta| Datas
------------------------------------------------------------ 1828 ppm THF ~—--eee—e - ———— e

2D

Matno Site Status Fetal Sex Heaad ABN1 ABN2 ABN3 ABNA4 ABNB ABNG
wt(g) or Viaceral

498 18 1 2.943 1 H

498 19 1 3.674 1 ¥

b2 1 1 3.469 2 H

60 2 4 ~1.080 -1

[} 3 1 3.781 1 v ROYE
bda 4 1 4,139 1 H

bed [ 1 3.686 1 v DIUR
b2 8 1 4.323 1 H

bod T 1 3.861 1 v

624 1 1 3.143 1 ¥

bd4 2 1 3,128 2 H

b4 3 1 3.a068 2 ¥

604 4 1 3.222 1 H

604 ] 1 3.1084 2 ¥

624 8 2 ~1.088 =1

624 7 1 3.672 1 H COsT
6a4 a8 4 -1.088 -1

604 ] 1 3.163 2 v ROSK
b4 10 1 3.149 2 H

o4 11 1 3.288 1 ¥

b4 12 1 3.388 1 H

Ga4 13 1 3.161 2 v

b4 14 1 3,276 2 H

b4 16 1 3.334 1 v

522 1 1 j.are 1 H

b22 2 1 3,889 2 v DIUR
b22 3 1 3.737 1 H

622 4 1 4,000 1 v

622 b 1 3.e29 1 H CosT
522 a 1 3.836 2 v

622 7 1 3.716 2 H

622 8 1 a.T1e 2 v DIUR
622 9 1 3.962 1 H COST
622 12 1 3.938 1 v

622 11 1 4.004 1 H

622 12 1 4,883 2 v

622 13 1 4.168 1 H COsST
622 14 1 3.923 1 v

531 1 1 3.881 2 v

631 2 1 3.791 1 H

531 3 1 3.360 2 v ROYE
631 4 1 3.845 2 H

631 [ 1 3.882 1 Y

631 8 1 3.382 2 H

631 T 1 4,031 1 v

531 8 1 4.219 1 H COST
631 b1l 1 3.814 2 v

Status: 1 = Live; 2 = Early Resorption; 4 = Late Remorpticon
Sex: Male = 1; Femals = 2; See Code Sheet 43 for identificetlon of sbnormslities {[ABNn]
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SAS 27

Tetrahydrofuran Rat Terstology Study: Raw Fetal Duata
———————————————————————————————————————————————————————————— 1888 ppm THF -~v==w=a —— - ——— e

datne Site Status Fetal Sex Haad ABN1 ABN2 ABN3 ABN4 ABNB ABNS
wt(g) or Visceral

B3l 1@ 1 3.8094 1 H
bal 11 1 .ra2r 2 v
B3l 12 1 3.872 1 H
63l 13 1 3.228 1 v
63a2 1 1 2.863 1 H ROST ROPB
632 2 1 2.93a7 1 ¥
6az2 3 1 3.382 2 H
632 4 1 3.288 2 Y ROVE
632 3 1 3.183 2 H
6a2 a 1 3.348 1 v ROST
6az2 7 1 3.264 1 H
632 B 1 3.218 1 ¥ ROST
E ¥ ] 4 ~-1.000 -1
532 19 1 3.424 2 H
632 11 1 3.434 1 v

- 63z 12 1 3.200 2 H
5az2 13 4 -1.008 -1
5az2 14 1 3.492 2 ¥
B32 16 1 3.2b64 1 H ROST
532 18 1 3,378 2 v ROST
632 17 1 3.610 2 H
634 1 1 2.8081 2 H
634 2 1 3.387 1 ¥ DIUR
6a4d 3 1 3.6Q3 1 H
634 4 1 3.248 2 v
634 b 1 3.431 2 H
534 8 1 3.116 1 ¥
534 7 1 3.378 1 H
B34 8 1 A.6E6 1 ¥
634 -] 1 3.423 2 H
634 19 1 3.21a8 2 ¥ DIUR
634 11 1 3.214 2 H
B4 12 1 3.3r2 1 v
B34 13 1 a.3b2 1 H
B34 14 1 a.129 2 ¥ DIUR
B34 16 1 2.679 2 H
538 1 1 2.817 2 v
6asg 2 1 3.304 1 H
638 3 1 3.343 2 ¥
538 4 1 a.832 1 H
6ag 1) 1 a.412 2 v
EaB ] 1 a.r121 1 H
638 7 1 3.821 1 ¥
538 | 1 2.316 2 H
63p 2] 1 2.921 1 ¥
basg 1@ 1 3,418 2 H
| % 1:] 11 1 3.6E1 1 v

Status: 1 = Live; 2 = Early Rasorption; 4 = Late R.-orgtion
Sex: Male = 1; Female = 2; Ses Code Sheet 43 for identification of abnormalities [ARNn]
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Tetcahydrofuran Ret Teratology Study: Raw Fetsl Data
------------------------------------------------------------ 1880 ppm THF ~ oo oo e e e

L0

Hatno Site Stetus Fetal Sex Haad ABN1 ABN2 ABN3 ABN4 ABNB ABNB
we {g) or Visceral

bao 12 1 3.763 1 H COST
[ %]} 13 1 A.676 1 ¥

538 14 1 3.640 2 H

%)) 156 1 3.6091 2 v

638 18 1 1.412 2 H

G44 1 1 3.368 1 H

B4 2 1 3.204 1 v

G44 3 1 3.33)3 2 H

B44 4 1 3.604 1 v

B4d4 B 1 3.338 2 H

G44 L] 1 3.689 1 v

G44 7 1 3.207 2 H

b4d4 B 1 3.6809 1 v

G444 ] 1 1.9356 1 H RDST
bd4 12 1 3.287 2 v

bd4 11 1 i.806 2 H

544 12 1 3.787 1 v DIUR
Ed4 13 1 3.286 1 H

44 14 1 3,423 1 L4

G444 15 1 2.382 1 H CLPA ROVE ROST ROPH
bd4 18 1 31.5063 2 ¥

64b 1 1 i.218 2 v

E4b 2 1 3.212 2 H

E4b k] 1 3.873 2 v

645 4 1 3.784 1 H

G456 b 1 3,822 1 14

645 L] 2 -1.080 -1

B46 7 1 3.208 1 H

b46 B 1 3.5623 2 L4

b46 g 1 i.722 2 H

G456 1@ 1 a.ret 1 Y

646 11 1 1.2984 2 H RORB
64b 12 1 3.864 2 ¥ DIUR
E46 13 1 3.B68 1 H

545 14 1 2.821 2 y

545 15 1 3.3680 2 H

5456 18 1 3.684b 2 Y

b82 1 1 3,204 2 H

682 2 1 3.p08 1 v

pa2 3 1 3.8809 2 H ROVE
b82 4 1 3.608 2 v

682 b 1 3.436 2 H

6582 8 1 3.816 2 ¥

662 7 1 3.3e1 2 H COST
b82 8 1 3.384 2 v

b82 '] 1 3.626 1 H

6582 12 1 3.642 2 ¥

) Status: 1 = Live; 2 = Eariy Resorption; 4 = Late Resorpticn
Sex; Maie = i; Femaie = £; dee Code Sheet 43 tor i1dentificetion of abnormalities [ABNn]
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5AS 29

Tetrahydrofuran Rat Teratology Study: Raw Fetal Data
------------------------------------------------------------ 180 ppm THF —-—- - - ————— o

Matno Site Statue Fotul Sex Hend ABN1 ABN2 ABN2 ABN4 ABNG ABNS
We(g) or Yisceral

682 11 1 3,300 2 H ROVE
682 12 1 3.684 2 v MAVM
682 13 1 3.440 2 H

562 14 1 3,802 2 ¥ CosT
682 16 1 3.523 2 H

582 18 1 3.5456 2 ¥ ROVE
a2 17 1 3.618 2 H ROVE
677 1 1 4.063 2 H

677 2 1 3,234 2 ¥

677 3 1 3.808 1 H

677 L 1 3.966 1 v

677 b 1 3.762 1 H

677 .} 1 3.883 2 v

677 7 2 ~1.000 -1

677 ) 2 -1.008 -1

677 *) 4 =-1.008 -1

617 18 2 -1.208 -1

677 11 1 3.667 2 H

677 12 2 -1.008 -1

677 13 2 -1.000 -1

677 14 1 3.319 2 ¥

677 16 1 3,801 1 H

677 16 1 3.636 2 v

583 1 1 3.298 2 v

583 2 1 3.8686 1 H

583 3 1 3,237 2 v ROST
583 4 1 3.347 2 H

683 6 1 3.4a6 2 v

6823 8 1 3.4816 1 H

683 T 1 3.406 2 ¥

683 -] 1 3.r7és 1 H

683 ] 1 3.629 1 v

E83 12 1 3.441 1 H

683 i1 1 3,861 1 v ROST
583 i2 1 3.838 1 H

683 13 1 3.448 2 v

583 14 1 3.628 1 H

583 16 1 3.468 2 Y

696 1 1 3.paa 1 H

3] 2 1 3.630 2 v

696 3 1 3.148 2 H ROVE
696 4 1 3.708 1 v

EOE 6 1 3,888 1 H CosT
595 a 1 1.821 2 v CosT
696 T 1 3.378 2 H

B3b ;] 1 3.832 2 L)

3411 9 1 1,881 1 H

Status: 2 = Early Resorption; 4 = Lute Resorption

o=

= Live;
Sex; Male = 1; Fomale 2; See Code Sheet 43 for identification of ebnormalities [ABHA1
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SAS 38

Totrahydrofuran Rat Teratology Study: Raw Fetul Data

———————————————————————————————————————————————————————————— 1608 ppm THF =~ mrmmmmmeme e ——- ——————

Matnoe Slte Status Fetal Sex Hend ABN1 ABN2 ABN3a ABN4 ABNG ABNS
Wt {g) or Viscersal

6095 1a 1 3.189 2 ¥ ROYE
:3:1 11 1 3.326 2 H

31 12 1 3.689. 1 Y ROYE
4] 3 13 1 3.382 2 H

696 14 1 3.399 2 v

686 16 1 3.687 2 H

696 18 1 3.&800 1 L'

696 17 1 3.372 2 H

696 18 1 3.806 1 ¥

a1l 1 1 2.917 2 H

821 2 1 3.611 1 v ROST
8a1 3 1 3.865 2 H

ao1 4 b3 3.632 2 v SURB
aa1 ) 1 3.742 1 H

adal1 .} 1 4.000 2 ¥

o1 7 1 4.024 1 H ROST
a1 -] 1 3.n881 2 ¥ COST
agl 2 1 3.428 1 H

sl 18 1 3.661 2 ¥ ROST
821 11 1 3.812 2 H

a1 12 1 3,471 2 Y

aal 13 1 4.119 1 H

a1 14 1 3.494 2 v

a1l 16 1 3,886 2 H

ap7 1 1 4.879 2 ¥

aar 2 1 6.183 1 H COST
.11 3 1 6.Q@3 1 ¥ DIUR
(.1 X 4 1 4.887 2 H

aa7 b i 6.331 1 v

a7 .} 1 6.289 1 H

a7 7 1 4.861 1 v

.1 X 8 1 6.100 2 H

a7 2 1 B.246 1 ¥

a7 18 1 5.366 1 H

én7 11 1 6.151 2 Y COsT SURB
a7 12 1 4.670 2 H

aa7 13 1 6.299 1 v DIUR COST
a7 14 1 4.904 1 H COsT
a7 16 1 B.R48 1 v COST
a7 18 1 6.214 2 H

-1- ¥ 17 1 4.900 2 Y

eo7 18 1 B.140 2 H

é23a 1 1 3.231 1 H

823 2 2 -1.000 -1

823 3 2 -1.880 -1

az23 4 1 3.188 2 v

823 6 1 3.819 2 H

Status: 1 = Llve; 2 = Early Resorption; 4 = Late Rescorption
Saex: Ma's = 1; Femala = 2, Ses Code Sheet 43 for identification of abnormaiities [ABHNn}
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SAS a1

Tetrahydrofuran Rat Teratology Study: Resw Fetal Data
———————————————————————————————————————————————————————————— 1808 ppm THF morrmm et e e et e e e

Matno Site Status Fatatl Sex Head ABM1 ABN2 ABN3 ABN4 ABNB ABNS
Wt (g) or Yiscers!

823 ] 1 .78 1 Y

623 7 1 3.438 2 H ROFPB
823 8 1 3.564 2 v

a23 2 1 3.248 1 H

823 1@ 1 3.648 1 Y

&23 11 1 3.831 1 H ROST
823 12 1 2.9081 1 v ROST
823 13 1 3.291 1 H

823 14 1 3.392 1 v

823 15 1 3.378 1 H

823 18 1 3,363 2 v

€23 17 1 3.162 1 H

823 18 1 a.444 1 Y ROST
838 1 1 3.768 1 Y CosT
gie 2 1 j.ege 1 H

&3a 3 1 3.6086 2 v ROYE
é38 4 1 3.863 1 H ROYE
83 ] 1 3.793 1 v ROVE
8ig -] 1 3.746 1 H

83a T 1 3.687 2 Y

830 -] 1 3.902 1 H

a83g g 1 j.e68 1 v

&3p 1@ 1 3.883 2 H ROVE
838 11 1 3.928 1 v ROYE

Status

t 1 =Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Male = 1; Fomale = 2; See

Code Shest 43 for identificetion of abnormalities [ABNn]
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- —— — . o o

496
428
408
408
428
426
498
426
498
408
406
4DE
406
426
406
426
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
414
418
418
418
418
418
418
419
416
418
416
418
418
418
418
418

SAS

az

Tetrahydrofuran Rat Teratology Study: Raw Fetm| Duta

Site Status Fetal Sex Hesd ABN1
Wt {g) or Visceral
1 1 2.812 2 v ROVE
2 1 2.887 2 H ROPH
3 1 2.787 2 v
4 1 2.637 2 H ROPH
6 1 2.646 2 ¥ ROPH
8 1 2.611 1 H ROST
7 1 2.496 2 v ROPH
8 1 2.682 1 H
] 1 2.74d 1 ¥
18 1 2,478 2 H ROST
11 1 2.691 1 Y ROPH
12 1 2.6068 1 H
13 1 2,240 2 ¥ CLPA
14 1 2.799 2 H
1B 1 2.6981 2 ¥ ROST
18 1 2,322 2 H ROST
1 1 2.679 1 H
2 1 2.009 1 Y ROST
3 1 2.887 2 H ROST
4 1 2.723 2 Y ROST
B 1 2.834 1 H
a8 1 2.867 1 ¥
7 1 2.761 2 H
[*] 1 2.872 1 v
] 1 2.278 2 H ROST
19 1 2.781 1 ¥ ROPH
11 1 2.4098 2 H ROST
12 1 2.748 1 ¥ ROST
13 1 2,882 1 H
14 1 2.742 1 v ROST
16 1 2.926 2 H
18 1 2.717 1 v ROST
1 1 2.004 2 H
2 1 2.e68 2 ¥ ROYE
3 1 .01 2 H
4 1 2.001 2 ¥
b 1 4,378 1 H
8 1 2.936 2 Y
7 1 3.126 1 H
8 1 2.823 2 Y
*] 1 3.116 1 H
1@ 1 2.988 2 ¥
11 1 2.6881 2 H
12 1 3.320 1 ¥
13 1 2.001 2 H
14 1 2.887 2 Y
i6 1 3.07a 2 H ROST

ROFPH

DIUR

ROPB
MAST

ROPH

ROPH
MAST

ROFH

--------------------------------------- 5288 ppm THF wocm e mmrrrmem ———— e

ABM3 ABN4 ABNG ABMNE

ROST MAST

ROPH
ROFH

Status: 1 = Live; 2 = Early Resorption; 4. = Late Rosorgtion

Sex: Male = 1; Female = 2; See Code Sheet 43 for identification of a

nermalities [ABNn]J
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SAS a3

Tetrshydrofuran Rat Teratology Study: Raw Fetal Dsta
------------------------------------------------------------ BBAB ppm THF ~—— s e mee e e e mm s v mms e mmm—mmmmm

Matno Site Status Fetal Sex Hoad ABN1 ABN2 ABN3 ABN4 ABNB ABNS
we(g). or VYiaceral

418 18 1 2.976 1 v

429 1 1 2.338 2 H ROST
429 2 1 2.608 2 v ROST
429 a 1 2.721 1 H SURB
429 4 1 2.888 1 v

420 B 1 2.946 1 H ROST SURB
429 -] 2 -1.000 -1

429 7 1 Z.608 1 v

429 8 1 2.836 1 H ROST
429 *] 1 2.434 2 v

429 12 1 2.378 2 H

429 11 1 2.614 2 v ROST
420 12 1 2.466 2 H ROST ROVE
429 13 1 2,400 2 v

429 14 1 2.406 2 H

429 16 1 2.6863 1 ¥

429 18 1 2.198 2 H ROST
431 1 1 3.838 2 v

431 2 1 3.011 1 H

431 3 1 4.600 2 v

431 4 1 J.ov81 1 H

431 b 1 3.666 2 ¥

431 8 1 3.9216 2 H

431 7 1 2.774 2 v

431 8 1 3.089 1 H

431 ] 1 2.873 2 v

431 10 1 3,320 1 H

431 11 1 3.208 1 v

431 12 1 2.796 2 H

431 13 1 2.996 1 L

431 14 2 -1.9000 -1

431 16 1 2.628 1 H

431 18 1 3.314 1 v

431 17 1 3.098 2 H

431 18 1 3.021 2 v

431 19 1 2.797 1 H

447 1 1 2.782 1 H

447 2 1 2.682 1 v

447 3 1 2.308 2 H

447 4 1 2.0888 1 v

447 5 1 2.742 1 H

447 L] 1 2.380 1 v

447 7 1 2.848 1 H

447 8 1 2.211 2 v ROSK ROST
447 4] 1 2.839 1 H

47 19 1 2.347 2 v ROSK
447 11 1 2,673 2 H

Stetus: 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex: Mule = 1; Fomale = 2; See Code Sheet 43 for identification of atnormllltles [ABNN]



SAS 34

Tetrahydrofuran Rat Teratology Study: Raw Fetal Dats

-------------------------------------------- 6800 ppm THF ————————————— RO

08*D

Matno Site Status Fatal Sex Head ABN1 ABN2 ABN3 ABN4 ABNE ABN8
wt{g) or Viscers!

447 12 1 2.482 1 Y

447 13 2 -1.008 -1

447 14 1 2.568 1 H

447 16 1 2,645 2 v

447 18 1 2.388 2 H

447 17 1 2,862 1 Y

458 1 1 2.871 1 H

458 2 1 2,774 2 v

4568 2 1 3.023 1 H

458 4 1 3.208 1 v

458 B 1 2,064 2 H

4568 L] 1 2.962 1 v

458 7 1 2.3064 2 H ROST ROPB
468 -] 1 2.688 1 v

468 °] 1 2.761 2 H

468 10 1 2.633 2 Y ROPB
468 11 1 2.781 2 H ROST
468 12 1 2.784 2 v ROST
468 13 1 2.639 2 H ROST
468 14 1 2.678 1 L) ROPB
468 ) § 1 2.31¢0 2 H ROST
468 18 2 -1.000 -1

468 1 1 2.002 2 Y

468 2 1 2.783 1 H

468 3 1 2.6833 2 v

468 4 1 2,799 1 H

468 [ 2 -1.000 -1

468 ] 1 2.01b6 2 Y

468 T 1 2.974 1 H

468 ] 1 2,783 1 v

468 g 1 2.416 1 H

468 18 1 2.408 1 v

468 11 1 2.916 2 H

4568 12 1 2.880 1 v

450 13 1 3.138 2 H

460 14 1 3.1e8 1 Y

473 1 1 2.980 2 v RORB
473 2 1 2.940 2 H

473 3 1 3.468 1 v

473 4 1 3.411 1 H ROST
473 [ 1 a.z2e7 1 v

473 ] 1 3,602 1 H

473 7 1 3.486 1 v DIUR
473 2] 1 3,230 2 H ROYE
473 ] 1 3.326 2 ¥

473 18 1 1.044 2 H ROVYE
473 11 1 3.216 1 ¥ COST

Status: 1 = Live; 2 = Early Resorption; 4 = Late Resorttion )
Sex: Mais = 1; Femaie = 2; 3ee Code Sheet 43 for identificemtion of abnormmiities [ABNn]
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SAS

Tatrahydrofuran Rat Teratology Study: Raw Fetal Data

473
473
473
473
473
4189
4188
480
480
4180
408
480
480
4162
488
480
480
4188
4108
4880
488
488
488
488
488
488
498
468
488
488
408
488
4188
488
488
488
488
488
497
497
497
497
497
497
497
41587
497

- - - e e 6220 ppm THF - e ——————————

Site Status Fotal Sex Head ABN1 ABN2 ABN3 ABN4 ABMB
wWt{g) or Yiscaral

3,189
2.918
3.689
3.349
-1.208
2.904
3.l1a
2,822
2.7¢90
3.p82
3.089
2.897
3.301
-1,008
2,182
2.827
2.899
2,880
2.27@
2.922
2.878
3.28l
~1.088
3.9148
2.868
2.839
2,869
3.012
2.080
2.960
3.324
2.812
3.931
3.131
2.887
2.718
2.871
2.747
2.618
2.983
3.881
2.962
2.812
2.616
2,811
2.734
2.878

A YETA

RDST MAST SURB

SURD

PR R B b gt ek ) Y D A b bk R b gt ek ek D bt B R e ek b Y D bk RO D= ) RO R b DO R R N et RO e et DD

ROST

ROST

P ol ol Ll el o R e e O W e P ey S Sy N T Ty
T T T TITCLT T TITCLTLTLTLCTLTE TETCTITLCTE TETCTICLT LT alT

e ey R
OO OMNAGNFEODOOAWN = EDOD 00N WND-

Statua; 1 = Live; 2 = Early Resorption; 4 = Lute Ranorgtion
Sex: Male = 1; Famale = 2; See (ode Sheet 43 for identiflcetion of abnormalities [ABNn]

aB



SAS a8

Tetrahydrofursn Rat Teratology Study: Rew Fetal Data

------------------------------- ——- E860 ppm THF ——————- - e

Z8° D

Matno Site Status Fatal Seax Head ABN1 ABN2 ABN3 ABN4 ABNE ABNG
wt{g) or Yiaceral

497 10 1 2.977 1 H

497 11 1 2.834 1 ¥ COST
497 12 1 3.084 2 H

497 13 1 3.826 2 L' cosT
497 14 1 3.060 1 H

487 16 1 3.230 1 L

623 1 1 1.6812 2 H ROST ROPB SURB ROPH
603 2 1 i.008 1 ¥

B3 3 1 2.813 2 H ROST
603 4 2 -1.008 -1

623 [ 1 3.381 1 ¥ DIUR
EB3 8 1 3.341 2 H

583 7 1 2.969 1 ¥

63 -] 1 2.709 2 H ROST
683 ] 1 3.137 1 ¥

683 1@ 1 3.p27 2 H

603 11 2 ~1.000 -1

63 12 1 2.862 1 L ROST
6d3 13 1 3.433 1 H

B3 14 1 2.466 2 ¥

683 16 1 2.9080 2 H

-k} 18 1 2.084 2 Y DIUR ROST
bd3 17 1 2.6986 2 H ROVE
EB3 1@ 1 3.e87 2 L

Y"1 1 1 2.041 1 H

1. 2 1 2.883 2 v ROPB
88 3 1 3.118 1 H

628 4 1 3.1E63 1 v

11} [ 1 3.168 1 H

1] 8 1 3.099 2 Y ROST
Y13 7 1 3.222 2 H

11,3 ;] 1 2,722 2 Y ROVE
B8 9 1 3.188 2 H

bS8 12 1 2.8E67 2 v

628 11 1 2.979 2 H

628 12 1 2.492 2 ¥ ROST
1~ 1.] 13 1 2.678 2 H

-T2 14 1 2.967 2 ¥

687 1 1 2.322 2 Y

B27 2 1 2.732 2 H

6a7 3 2 -1.808 -1

607 4 1 2.822 2 ¥

eaT [ 1 3,126 1 H

67 8 1 2.808 2 Y

687 7 1 2.763 1 H

607 e 1 2.674 2 Y

&7 9 1 2.727 2 H

Status;
Sex: Maie = 1; Femals

1]

= Live; 2 = Early Remorption; 4 = Late Resorption
2; See Code Sheet 43 for identification of sbnormalitiea [ABNn]



£€8°D

SAS 37

Tetrahydrofuren Rat Terastology Study: Raw Fetal Data
------------------------------------------------------------ 6088 ppm THF -=oe-———ce ———- U —

hatno 51te Status Fetn! Sex Hend ABN1 ABN2 ABH3 ABN4 ABMGE ABNO
we(g) or Viscersl

607 19 1 3.134 1 v

bO7 11 1 2.820 2 H

607 12 1 2.966 1 Y

607 13 1 3.133 1 H

587 14 1 2.921 1 v

518 1 1 2.864 1 H ROST
518 2 1 2,976 1 v

618 3 1 2.607 2 H

618 4 1 2.836 2 L)

El@ 6 2 -1.089 -1

518 o 1 3.838 2 H

18 7 1 2.999 2 v

618 8 1 3,204 1 H COST
618 ) 1 2.781 2 v

El18 18 1 3.287 1 H

618 11 2 ~1.000 -1

618 12 1 3.474 1 v

E18 13 1 2.000 2 H

618 14 1 3.010 2 Y

618 16 1 3.121 1 H

Ela 18 1 2.949 z v ROST
518 17 1 3.331 1 H

524 1 1 2.4060 2 H

624 2 1 3.3 2 v

624 3 1 3.266 1 H

624 4 1 3.231 2 v

624 6 1 3.332 1 H SURB
b24 8 1 3.047 1 v

624 7 1 2.788 2 H

624 8 1 3.003 1 Y ROVE
624 a8 1 3,981 2 H

624 1@ 1 3.1186 1 Y

624 11 1 2.883 2 H

624 12 1 3.008 1 v ROST
624 13 1 3.212 2 H

624 14 1 2.661 2 v

E24 16 1 2.878 2 H

624 18 1 3.334 1 v

628 1 1 2.183 2 H

628 2 1 2.6833 1 v

628 3 1 2.636 2 H

628 4 1 2,786 1 Y

628 [ 1 2.612 2 H

628 8 1 2.616 2 ¥

628 7 1 2.197 1 H ROST
628 a 1 2.167 2 ¥ ROST
628 e 1 2.688 2 H

Status; 1 = Live; 2 = Early Resorption; 4 = Late Resorption
Sex;: Male = 1; Female = 2; Sea Codes Sheet 43 for identificstion of abnormatities [ABNn]
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Matno

528
b28
628
b28
628
628
649
649
649
649
649
G449
649
649
G4%
649
G449
B49
649
B49
549
b49
648
bb3
13
563
563
663
bE3
663
663
663
663
663
563
663
bb3
663
bE3
663
663
663
683
643
683
683
683

Site

1@
11
12
13
14
16

SAS

Tetrahydrofursn Rat Teratology Study: Raw Fetet Data

Status Fotal

Pk ek ek ke ek ek ek bk et ek ek ek ke ke ek B bk ke et b el ek kel e ek e ek ek el ek ek el o et b e ok et el e

2.661
2.804
2.b48
2,769
2.777
2.819
2.298
2.622
2.648
2.083
2.8080
2.471
2.769
2.1490
2.p88
2.716
3.053
2.884
2.954
3.0684
2.862
3.1406

Bk B ek D e N et ek D et Y et e ek kB bt b et D bk D RS R b B R B P b e B RD Bt R B D R BRI A R e BD el et el D

Head
or Visceral

T T T T T T T T Tl T, Tl T Tl T Tl T, Tl Tl Tl Tl Tl Tl Tl

60008 ppm THF

ABN1

COST

ROST

SURB

ROST
ROST
ROST

ROST

ROPH

ABH2

SURB

ABN3 ABN4 ABNEB

Status: 1 = Live; 2 = Early Resorpticn; 4 = Late ResorE
Sox: Maile = 1; Fomale = 2; See Lode dheet 43 for identification of @

tion
normeiities [ABNR]J

3a

ABN8



SAS 39

Tetrahydrofuran Rat Terateclogy Study: Raw Fetal Data

15" R

———————————————————————————————————————————— 622@ ppm THF ————eeeme e - - - _—

Matno Site Statue Fetnl Sex Head ABN1 ABN2 ABN3 ABNA4 ABNEB ABNB
we{p} or Yisceral

683 T 1 3.088 1 H

683 a8 1 2.831 2 v

683 ] 1 2.445 2 H ROPH
683 10 1 2.738 1 ¥

683 11 1 3.088 1 H

583 12 1 2.964 1 ¥ YETA IMAN MIVE ROYE
ba3 13 1 2.688 2 H

643 14 1 3.426 1 ¥

6583 16 1 3.646 1 H

b&3 18 1 2,718 2 v

683 17 1 3.487 1 H

E83 18 1 2.6811 2 Y

E&8 1 1 2,791 1 H ROST
.11 2 1 3.138 1 Y

648 3 1 3.e28 2 H

-1} 4 1 3,429 1 ¥

588 B 1 3.387 1 H

31,3 8 1 3.962 2 v

1.1 7 1 3.216 2 H

E88 8 1 3,412 1 v

[Y-1.1 '] 1 2,998 2 H

-1} 12 1 2.908 2 v ROSK
-1 11 1 3.113 1 H

688 12 1 3.390 1 v

548 13 1 3.21e 1 H

cas 14 1 a,228 1 v

cas 16 1 3.448 1 H

688 18 1 3.3e0 1 v

676 1 1 2.164 1 H ROST ROFB ROPH
B76 2 1 2.179 1 v ROST
E76 3 1 2.788 1 H

676 4 1 2.7687 2 v ROVE
BTE [ 1 2.778 1 H

ETE 8 1 3.031 1 v

676 T 1 2,668 2 H

BTE 2] 1 2.980 1 v

B76 4] 1 2.414 2 H

676 12 1 2.806 1 Y ROVE
%43 11 1 2,212 2 H ROVE
BTG 12 1 2.7713 1 v

BT6 13 1 2.788 1 H

B7TE 14 1 2.731 1 v

676 15 1 2.729 2 H

676 18 1 2.763 1 v

321 1 2 -1.000 -1

217 2 1 2.701 2 H ROST
(=] 3 1 3.183 1 Y

Status:

1=
N

Live; 2 = Early Resorption; 4 = Late Re:orgtlon

Sex: Male = 1; Female ; Sea Code Shaet 43 for identification of abnormalities [ABNn}



SAS 49

Tetrahydrofuran Rat Teratology Study: Raw Fatal Data
——————————————————————————————— _— -———— —— BA2B ppm THF ==- et e e e

980

Matno Site Status Fatal Sex Head ABH1 ABN2 ABN3 ABN4 ABNE ABNS
wt(g) or Yiascersl
[ 4:-1] 4 1 2.687 1 H
1:1) 1 1 3,093 1 v
Ee@ a 1 2.766 2 H
14:T". 7 1 2.018 2 ¥ ROST ROPH
(7-1"] a 1 2.714 1 H ROST ROFH
[1:]} 9 1 2.680 2 ¥ ROSK
B8R 18 1 3.003 2 H
&80 11 1 2.777 2 Y ROSK ROST ROPH
(-1 12 1 3.138 1 H ROPH
[ :1) 13 1 2.848 1 Y ROSK ROST ROPB ROPH
321"} 14 1 3.148 1 H ROVE SURB
-1} 16 1 2.997 2 Y
B8R 18 1 3.299 1 H
[ 3:1) 17 1 1.048 2 Y ROSK ROST ROPB ROPH
11} bY:) 2 ~-1.008 -1
584 1 1 2.314 1 v ROST MAST
584 2 1 2.614 2 H ROST
BB4 a 2 ~1.200 -1
6a4 4 1 2.488 1 Y
684 b 1 2.711 1 H
684 8 1 2.398 2 Y
684 T 1 2.369 2 H
B4 8 1 2.702 1 ¥
BEB4 ] 2 ~1.020 -1
6B4 18 1 2.749 1 H
BEB4 11 1 2.678 1 Y
B84 12 1 2.411 2 H
664 13 1 2.6823 2 ¥
584 14 1 2.271 1 H
B4 1b 1 2.469 2 Y
BB4 18 1 2.883 2 H
6a4 17 1 2.787 1 Y
[k 1 1 3.466 1 H
663 2 1 3.264 1 v COsT
693 k] 1 3.3490 1 H
593 4 1 2.738 2 Y ROYE
| 3+k ] b 1 3.600 1 H COST
593 ] 1 3,402 1 Y
603 7 1 3.9248 2 H
663 ] 1 3.176 1 ¥
693 9 1 3.464 1 H FUST ROST
593 18 1 3.397 2 L4
693 11 1 3.33r 1 H ROVE
BB3 12 1 3.209 2 ¥
693 13 1 3.478 1 H
B93 14 1 3.208 1 ¥ cosT
él1 1 1 2.726 2 ¥
Status: 1 L ; 2 = Early Resorption; 4 = Late Resorption

= Live
Sex;: Male = 1; Female = 2; See Code Sheet 43 for identification of sbnormalitias [4BNn)



SAS

Tetrshydrofursn Rat Terstology Study: Raw Fetal Date

41

———————————————————————————————————————————————————————————— 6308 ppm THF ~——-——vmr——— e ——— -——

{8'D

Matno

611
811
811
a11
a11
611
611
€11
811
811
a11
811
811
611
a11
811
611
a11
814
al4
al4
814
814
614
a14
814
814
614
814
814
814
814
814
£14
814
a2a
a20
é2¢
820
aze
é28
82@
62@
aze
820
820
a2a

Site

12
11
12

Sex:

Status Fatal Sex Head ABN1 ABNZ ABN3 ABN4 ABNG

[ R o Ty N N R e Y L o) LY ywyw,

wt(g) or Yiscerasl

ROST

¢
-
.
&
-]
-]
|

ROST ROPE
ROST

ROST
ROVE

|
[
.
-]
&
-]
|

L]
=
=
&
&

]

ROVE
COST
ROSK

COsT

]
d w
-] 'y
& ~
= -]
|
bt ek et b bk ek B e ek WD R b g gl e ek b gk B bk N R R bk Y bl b B R = R R RO RO e b b R R MY B e R R WY

€ TCICTICLICITCLTICINCLNIN TLICT CTCICITCTLICICICTIC T

Statue: 1 = Live; 2 = Early Rescorptlon; 4 = Late Resorption
1; Female = 2; Sea Code Sheet 43 for jdentificeation of abnormeiitles [ABNn)

ABNG

o



BB*D

———————————————————————————————————————————————————————————— 6228 ppm THF —~-—-

Site

Sex:

Status

e e e T L ey e Ry LR LR Ly L Y Ty

Status: 1
= 1; Female =

SAS

Tetrahydrofuran Rat Teratology Study: Rew Fetal Data

2;

Sex Hand ABN1
or Yiscers!
2 H
1 ¥ ROSK
2 H
2 v
2 H
2 v ROVE
-1
1 ¥
-1
~1
2 H
-1
1 v
1 H
2 ¥
1 H
-1
1 ¥
2 H ROST
2 v
2 H ROST
-1
1 v ROSK
2 H ROST
1 v ROST
1 H
1 ¥
2 H
1 v
=1
1 H ROST
1 v ROST

e e ot _— —

ABNZ ABN3 ABN4 ABNGB
ROFB ROFH

ROST ROVE ROPE

ROPB

ive; 2 = Early Resorption; 4 = Late Resorption
See Code Sheet 43 for identification of abnormallities [ABHn}

42



SAS

Tetrahydrofuran Rat Teratology Study: Raw Fetal Dats

Code Sheet for Identification of Fetel Abnormalities

AMNDR Anomalous Rib (knobby, wevy, bant)
BRRB Brenched Rib
CLPA Cleft Palate
COST Completely Ossified Sternebra 1-8
DIUR Dilated Urater
ECOV Ectopic Ovaries
FURB Fused Ribs
FUST Fused Sternebras
FUYA Fused Vertabral Arch
IMAN Imperforate Anus
MAST Wisaligned Sternsbra
MAVM Mujor Vosas! Malformation
RIIN Missing Innominate
MIVE Missing Vertebra
MOPT Micropthalmia
ROPB Reducad Ouwsification Palvic
ROPH Reduced Osmification Phalanges
RORB Reduced Osaification Rib
ROSK Reduced Oseification Skull
ROST Reduced Ossification Sternebrs
ROVE Reduced Osaification Vertsbra
O RURB Rudimentary Rib
o SURB Supernumary Rib
o VETA Yestigial ¥ail



Tetrahydrofuran Mcuse Teratology Study:

Exposure levels; Treatments 1-4
Ordered mice

Received mice (ARC# 870049)
Ear.agged & weighed females
Virgins selected and randomized
Health screen; 5 males, 5 females
Virgins individuvally caged

Detection of copulation (0dg),
welghed, randomized, individually caged

Released from quarantine & moved to exposure room

Exposure; tmt 1-3 {hours/day; 6-17 dg}

Exposure; tmt 4 (6hours/day; 6-11 dg @ 5000 ppm)

Exposure; tmt 4 (6hours/day; 12-17 dg @ 0 ppm)

Weighed ({6dg) start exposure
Weighed (9dg}
Welghed (12dqg)
Weighed {15dg)

Sacrifice (1Bdg):

Virgins exposed 12 days concurrent with Grp B
Weighed exposure day 1
Weighed exposure day 5
Tmc 4 inteo holding chamber on exposure day 6
Weighed exposure day 10
Sacrifice one day post-exposure

Fetal exams completed

C.90

Calendar of Events

0.

600,

5-15-87

6-16-8"

6-25-8"

6-25-8"

7-7-87

7-8-87

(&)
{B)
{c)
{D}
{E)

7-49-87

7-10-B7
T-11-87
7-12-87
7-13-87

7-13-87

(A}
(B}
(C}
(m
(E}

(A)
(B)
{C)
()
(E)

(A)
(B)
{c)
(D)
{E}

{A-E)
{A-E)
{A-E)}
(A-E)

(A}
(B}
(C}
(D)
(E}

1-15-87
7-~16-87
7-11-87
7-18-87
7-19-87

T-15-87
7-16-87
7-17-87
7-18-87
7-15-87

7-:1-87
7-z2-87
T-23-87
7-24-87
7-25-87

7-37-87
7-28-87
7-29-87
7-30-87
7-31-87

7-16-87
1-20-87
7-21-87
7-25-87
7-28-87%

8-24-87

1800,

(
(
«
(
(

to
to
to
to
to

to
to
to
to
to

to
to
Lo
Lo
to

T-15-87
i-18-87
T-21-87
i-24-87

te

5000 ppm THF

29%)
18)
84; 45 on study)
27)
13

1-26-87
1-27-87
1-28-87
1-29-87
7-30-87

7-~20-87
1-21-87
7-22-87
7-23-87
T-24-87

T-26-87
J-27-87
7-28-87
I-29-87
7-30-87

to 7-19-87
to 7-22-87
to 7-25-87
to 7-28-87

rminal serology



Tetrahydrofuran Rat Teratology Study: Calendar of Events

Exposure levels; Treatments 1+4 0, &00, 1800, 5000 ppm THF
Ordered rats 5-15-87
Received rats (ARC# 870057) 7-14-87
Preliminary health screen; 3 males F-20-87
Health screen; 5 males, 5 females 8-3-B7

{5 test exposure males used for health screen)

Eartagged & weighed females B-4-87

Virgins selected and randomized 8-4-87

Released from quarantine a-7-871

Virgins individually caged 8-10-87

Detection of copulation ({0Ddg), {A) 8-11-87 (33
weighed, randomized, individually caged (A) 8-12-87 (121

(C) 8-13-87 (15)
(D) B-14-87 (44)
{E) B-15-871 (25)

Moved to exposure room; gIp A, B, C & virgins g-14-87
grp D & E B-18-87
Exposure (6 hours/day; 6-19 dg) {A} B-17 to 8-30-8B7

{B) 8-18 to 8-31-87
{C) 8-19 to 9-1-87
{D) 8-20 to 9-2-87
(E) 8-21 to 9-3-87

Welghed (6dg) start exposure {A-E) 8-17 to 8-21-87
Weighed (10dq) (A-E} 8-21 to B-25-87
Weighed (l4dg) (A-E) B-25 to B8-29-87
Weighed (17dg) (A-E} B8-28 to 9-1-87
Sacrifice (20dg) {AR) B-31-87 terminal serology
{B) 9-1-87
{C) 9-2-87
(D) 9-3-87
(E} 9-4-87
Virgins exposed 14 days concurrent with grp B. B-18 to 8-31-87
Weighed exposure day 1 8-18-87
Weighed exposure day 5 8-22-87
Weighed exposure day 10 8-27-87
Sacrifice one day post-exposure 4-1-87
Fetal exams completed 10-2B-8B7

c.91



<60

TETRAHYDROFURAN MOUSE TERATOLCGY STUDY DISPOSITION

Plug-Pogsitive Teratology Mice

Exposure Removed Litters

Group Treatment Virgins On Study(a) From Study Sacrifice Examined
Control (0 ppm) 1 10 33 1(b) 32 ~ 30
600 ppm 2 10 33 2(c} 31 26
1800 ppm 3 10 33 0 i3 27
5000 ppm 4 10 {e) 33 0 24 {d) 20

{(a) The study protocol required a minimum <f 33 plug-positive females
{tc obtain 20 pregnant females).
{b) 1 dam - premature delivery of litter
{c) 1 dam - premature delivery of litter
1 dam - litter £ 2 implants
{d) Nine mice died during exposure due to toxicity.
{e) Four of the original 10 virgin mice died during exposure due to toxicity.

TETRAHYDROFURAN RAT TERATOLOGY STUDY DISPOSITICN

sperm—-Positive Teratology Rats
Exposure Removed Litters
Group Treatment Virgins|On Studvy({a) From Study Sacrifice Examined (b)
Control (0 ppm} 1 10 33 0 33 31
600 ppm 2 10 3z 0 32 28
1800 ppm 3 1qQ 32 0 32 29
5000 ppm 4 10 32 0 32 32

{a) The study protocol regquired a minimum of 30 sperm-positive females
{to obtain 20 pregnant females).
{b} Includes reaorbed litters
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ANIMAL EEALTH SCREEN



ARC RODENT HEALTH SCREEN REPORT

Lab mo: P-103

Investigator: Mast Animal /Shipment no: B7004%
Study: THF Teratology Date rc’d: &/14/8B7
Buiiding: LS5L Il Source:r CR Raleigh ROZ
Room: 433 Species/Strain: Mices/CDi
Date initiated: 7/7/87 Sex: M/F Age: BD 4/23/87

Status: Ten mice (5 male #1-5, 5 female #56—-10) submitted for pre-
exposure health screen including nasopharyngeal wash cultures,
gross necropsy, serclogy and histopathology

Gross Mecropsy

Eye (#1) The cornea of right eye 'is dry and ulcerated and
the globe is protruding from the orbit. A
1.2%1x0.5 cm mass is located behind and lateral
to globe. The mass extends ventrally to the
mandible, Upon incision, the mass in the area of
the mandible exudes white purulent material.
Lateral to the eye mass has a more solid
appearanca, is light brown in calor and has only
a slight exudate from the cut surface. A
culture was initiated from the mass.

Abdominal {(#1) The spleen is enlarged (2.8x.6x.3 cm).
viscera
Ventral neck The rignt submandibular lymph node is moderately
($#1) enlarged.
Thaoracic A lmm diameter, roughly spherical light brown
viscera mass is evident an medial surface of the right
(#1) cardiac lobe of lung.

Masopharvngeal culfure

D/10 * Beta hemolvtic Streptococcus

/10 Bardetella bronchissptica

1/10 Citrobacter sp.

G110 Coagulase pasitive Staphvylococcus
0/10 Klebsiella ouzvytoca

1710 Elebsiella pneumaniae

0/10 Pasturella multocida

010 Pseudomanas a@rudinogss

Q/10 Streptococcus pneumnoniae

Number of positiwve cultures/number cul tured



Culture results:

- Abcess {(mouse #i) culture
Direct smear: Rare WHC
Rare gram positive cocci

Culture: 3+ coagulase positive Staphylococcus sp.

Seroloqy: Mouse

0/10 Mycoplasma pulmonis
G0 Sendai virus

0s/10 Frneumonia virus of mice
o110 Mouse hepatitis virus
0/10 GD VII virus

#Number of positive tests/number tested

Jistopathology

i71i¢ Colen Focal inflammation is present in adipose
tissue adjacent to the calon {#%5)

2/10Q Liver Dccasional tiny focus of inflammation (#5,7)

1710 Colon Focus of slight inflammation in
submucosa {#8}

1710 Lung Rare tocus of slight perivascul ar
inflammation (#1)

1/1C Liver Occasional tiny focus of PMN’'s in hepatic
parenchyma{#l;

1716 Kidney Rare tiny focus of tubular degenerative
change (#2)

1710 Kidney Rare focus of periarterial inflammation in

kidney and focal slignt inflammation in
pelvis of kidney (#2)
1710 Mass Granulomatous inflammation invalving
{head:’ Harderian glamd and other tissues of the
head; origin may be im Harderian gland but
this could not be determinmed with any
certainty{(#1)

#Number affected/number examined

Correlation/Summary

There were a number of imcidental lesions in these
animale; but taken imdividually or as a whole, they are not
considered indicative of any contagious disease. The lesion in
the head of male #1 mav have originated as a wound with secondary
Staphylecoccus infection. The microscepic lesions ip liver and
the spleen of that animal were probably csused by bacteremia or
toxemia secorndary to the infection in the head.The cause of the
lesions in the other animal was not determined but these are




considered only incidental findings. Serologic tests for
antibodies toc viral pathogans were naegative,

Rel eased for Study on 7/13/87.

Released fram Quarantinme on 7/13/B7.

%M Infs? At 7// %7

ologist /¢ét7finarian




ROLENT HEALTH SCREEN
HISTOPATHOLCGY

Lab Number //03

-STUDY/Species '(/7//; -~ 14 7 //’4/66'- Histo Number _2237 ~ /0 3/
ANIMAL NUMBER 1 2 3 4 5 ] 7 8 9 10
Lung Syt s iy AN ey

|_Trachea X 1kl eI x| x1K XixX ly | x
fteum ! A I A I R A 4 N A
Colon / NN ¢ | /

Harderian Gland (rat
Safivary Glang (rat)
Submand. Lymoh Node (rat)

Haart / f / f / { ( f /
Liver & i / / /1= 3 ! / /
Kidnsv l .7; 4 / ! / / / / /

MY flead 9

OBSERAVATIONS:

X Mot axamired {tssus not submittad or kst in processing)

1 Ma signiticam lesions b

2 Lprod 1] o /g@ad%%ﬁ;gé/méwrﬁfép
el 1 7/ / g

3 Decogernd Fg Jc AR N A
Lo 94 Mf wm WA WL

T Ko | , -
ralldl;, 'Mf.'

é /Q(cﬂ'f‘-”"’o ‘ : fT it & M”’ o ‘ZM Jja,-.mad-.m-—-’
{7 i t—-—-J/
f_ﬁ;& é‘m 9 gellofe.t JM../?;‘, m% ad Lpccl? Muf _/wa

e

Lo {",Q!U"”'*T /{’QM
Rai: B AF{-GF@E

Iy < Sl ﬂ“f:._,.z

AR, """‘(”’3 mf»‘::'g" 9’-"/2 3/87




RODENT HEALTH SCREEN
GROSS NECROPSY
\

Lab Numbar Pio3

STUDY/Species 72’/"/”“‘” : Date Performed _%7/87
ANIMAL NUMBER 1M 2m| 3m|l 4 smf 8- 7] 8Fl 9oF| 10F
Haircoat/Skin i ] # / ! ! ! / / / /
|__Ventral Neck Area - A __" / ! / / / / (§/
Abdoming! Viscera 3 11 1/ / { ! (b Ly
| T Viscers N VY / b e ot
Middle Ear ! oy f ! Py ! [}
Eves/Conitinctiva _ 2 f / / / ! f / / /
Harderian G o dpda | — : =
| Brin / ! Pl -4 / / i
"I Tissuesrsaved in 10% NEF™ e v | [l e | e | e e
_ z@fg?é?/f
| |
QOBSERVATIONS: .
X _Nolexamined
i Signhean gsors B T T L
x -‘ ‘ = at g 14 ...,

4 ' Crd &f Zata. 7/7/ 2 & g

T"  Tasues saved: lungs with tracnsa, hean, saiivary gland, rignt kidney, brain, iieum, colon. iver, splesen, astis/ovary
Wwrbinmes, ayss with harderian giand {rms), other

Ref: BB-AR-3FD2
9/8/86



ARC RODENT HEALTH SCREEN REPORT

Lab no: P-121

Investigator: HMast Animal /Shipment no: BT70049
Study: THF-IRT Teratology Date re’d: 6/16/87
Building: LSL II Source: CR Raleigh ROC3
Room: 433 Species/Strain: Mice/CD1
Date initiated: 7/29/87 Sex: M/F Age: BD 4/23/87

gtatus: Received ten mouse blood samplea for serology testing at
tarminal sacrifice

0/10
0/10
0/10
0/10
0/10

: Mouse
* Mvcowlasma pulmopis
Sendai virus
Pneumonia virus oI mice
Mouse hepatitis virus
@D VII virus

*Number of positive tests/number tested

-

)

All serologic tests were negative indicating these mice

did not have antibodies to any of the above .pathogens.
LE Qa8 fs7 %ﬁjﬁw .57/7/377

Technologist Ygzéiyharian




ARC RODENT HEALTH SCREEN REPORT

Lab nos P~iée /o fype CEJ Jis/t

Investigator: Mast Animal /Shipment no: B700T7
Study: THF-Teratology Date rc'd: 7/14/87
Building: LSL II Source: CR/Raleigh RO4
Room: 433 Species/Strain: Rat/CD
Date initiated: 7/20/87 Sex: M Age: BDS/14/B7

-

Status: Received T rats for pre-exposure health screen

Gross Necropsy
No significant lesians

Serclogy: Rat
O/3 # Mvcoplasma pul monis

/3 Sendal virus

0/ Fraumonia virus of mice
0o/ RCV/SDAV

0/3 KRV /H1

sNumber of pasitive tests/number tested

Histogatholacv
1/5% Liver Rare tiny focus af inflammation in hepatic

parsnchyma
*Number affected/number sesxamined

Correlation/Summarwv
This is a preliminary health screen done bacause the
investigator wants to move rats from this group into the ongaing
THF~IRT mouse study. No evidence of infection or disease was
found in the 3 rats examingd. However, because of trne small
number examined and early examination relative to the arrival
data, this provides only marginal assuramce that tne aroup has
not b&en exposed to and infected with some significant pathogen.
Therefore the mouse exposure room should by placed an guarantine
until additional rats from the oroup are tested beginpning
Auagust .

A ettt

D.7



STUDY/Species 74 - Te:

g‘;l/ LAT

RODENT HEALTH SCREEN

GROSS NECROPSY

Lab Number Z/6

ANIMAL NUMBER

1M

2M

6 7 B

Date Perlormed _ Zb /&7
o -

g 10

Haircoal/Skin

Vertral Neck Araa

|
{

Apgdominat Viscera

——

Thoracic Viscers

Middle Ear

Eveg/Coniyrictiva

Hgrderian Gland (rat)

Brain

Tissues saved in 10% NBF™

:
;

Vo /10

!

QOBSZRVATIONS:

X_Not examined

1 No significant lesions

2

wininales, aves wiin Aaroernian glanc (fats), oine:

Tasues saves: lungs wim raznea, heari, saivary guanc. riont Kidnsy, Sram, WU, GO0, iVe!, SOMAN, IASUMOVATY §\

Fe: Zo-AR-3FEZ
3/8/88




RODENT HEALTH SCREEN
HISTOPATHOLOGY

Lab Numbe; ///é’

STUDY/Species _/ /f[ £ - I/@%dd%’ Histo Number _28 7~ /6 2 3
ANIMAL NUMBER 4 5 6 7 8 9 10
Lung ( ( ' /

Tracheg { { (

lieum / ( [ J

Colon / i / /

Harderian Gland (rat / i / KJ

Salvary Glang {raf) ! | f ; \g

Submand. Lymph Node {rath / ')( X J&J

Heart / ! (N ]

Liver j { 2 N \?

Kignev /AR A

|

OBSERVATIONS:

X Not exarmined (tmsue not submined ar kst in orocassing)

1_No sianificart,lesions /" / ) / )

2 7174.-. /) Lans Auﬁ/rféf: //@4—5%: B

%MW S -7/2,;,/@)

Ref: 25-AR-JF@2
107086

D.9



ARC RODENT HEALTH SCREEN REPORT

Lab nc: P-123

Investigator: Mast Animal/Shipment no: 870057
Study: THF-Teratology Date reo'd: 7/14/87
Building: LSL II Source: CR Raleigh RO4
Reom: 433 & 424 Species/Strain: Rat/CD
Date initiated: B8/3/B7 Sex: M/F Age: BD 5/14/B7

Status: Received 10 rats {(EM, #1-5; 5F, #6-10) for pre-exposure
health screen. The male rats were taken from room 424 on 7/31/87
and housed in lab 1428 with food and water until 8/3/87.

Gross Negropsy

No zignificant lesions

1/10 % Bata hemolytic Streptococcus, Group G ($.apginosus)

Q0/10 Bordetella bronghisentica

0/10 freundii

5710 Coagulaze positive Staphylococcus

0/10 Klebsiella oxvtoca

0/10 Klebsiella prneumoniae

0/10 Basturella multocida

0/10 Eseudomonas aerusincosa

0/10 Streptococcus pneumoniae

xNumber of positive cultures/number cultured
: Rat

a/10 * Hvcoplaspa pulmenis

0/10 Sendai virus

0/10 Pneumonia virus of mice

0/10 RCVY/SDAV

/10 KRV /H1

*Number of positive tests/number tested

j =]

3710 = Liver Rare small focus of ipflammation in hepatic
parenchyma (£2,7,8)
1/10 Sub.man. Slight hyperplasia; erythrophagocytosis
Lym.node (#B)
1/10 Liver Occasional sligh% pericheclangial

inflammation (#6)



1/10 Lung Cccasional perivascular cuffing with mixed

WBC (87)

1/10 Kidney ‘Blight chronic pyelitis (#3)

x*Number affected/number examined

The Group G Streptococcus seen in one rat from this group
was also recovered from another shipment of CD rats received from
Raleigh in October 86. The 1986 shipment came from RC1l while
thias one is from RC4. Group G Strep are not known to be a
significant pathogen for rata. The coagulase positive Staph is a
common isolate from barrier reared rats and is not of concern.
The histopathologic findings are considered incidental and are
not an indication of a significant grocup health problem.

Released for Study on 8/7/87.

Released from Quarantine on 8/7/87.
@Z- /e
JEsate Sz

Technologist /Vgﬁer narian




RODENT HEALTH SCREEN
GROSS NECROPSY

-~
| Lab Number __2-/23

STUDY/Species /¥ ?"77{/'7//4’# fere fo Joc i_f_//mﬁf Date Performed _§-3-57
ANIMAL NUMBER | 1t 2ml ak Aty LM &% TF - Yoo os| 104
Haircoat/Skin [ ] ! / S, A f /
Vertral Neck Area ( ! ! / / ! / ! /
Abdominal Viscera / f / J / ’ / ! ! /
Thoracic Visgera { ! I 1 f / ! / ! ;o
Middle Ear ! ay anamy ' .
Eves/Conijunctiva - ! / / / / ¢ / / /
Harderian Gland {raf) / : ! ! / ! I ! / I
Brain { ! K 4 / .y / ¢
Tissues saved in 10% NBF™ v’ J o - e — e | e e
E"még 330 4 | 530b| 53651 536F 13563 ol o AT

|

| AL

OBSERVATIONS:

X Nat axamined

1 Ne sionificant lesions

2

T Tissuams saved: lungs with trachez, hean, salivary olané, rignt kianey, brain, isum, coion, liver, spieer., 18stisiovery
lurbinates, evas with nardenan giand {rzis), other

Ret: @B-AR.-3FD2
9/8/86 : D.12



RODENT HEALTH SCREEN
HISTCPATHOLOGY

-
lLab Number p" /2‘:’

STUDY/Species _j¢rT* Mt tincteligs, Histo Number 287 = /0 37
ANIMAL NUMBER 1 2—_‘7 3 4 5 B 7 8—, 8 10
Lung ! ! { ! ( [ S / !
Traghes [ 1l x { f X ( ! / [ 1 X
leurm Sl e v pe b b by gl
Colgn { ! J { [ X i / !
Harderian Gland {raf) |/ { | A / / / / {

alivary Gland (rat / i L { [ / { ¥ (

Submang. LymohNedetraty | W | X | | X ] r;’? / { | X

Hean [ [ A W A 2 A Y A I B

Liver J / 2 /—_] L [ < 2- / s A

Kidnev / [ 1] Ly v/ [ [ 161y

| | 1

COBSZRVATIONS:

X Not exzmined flissus pot subminted or kst in orocessing}

1_No sionificant lesions

2 Koy i ‘..A ' Lt/&~mwu-¥ah o feg il F it 1

bt bt O @ 00l il el 4

TN s pbnic Y b et b Fin
S Dcemund Mool (;ZZ/% e eyl A

TR A Seq_ 97
v i o T L

ref: ©B-AR-3F@2
10/2/86

D.13



ARC RODENT HEALTH SCREEN REPORT

Investigator: Maat
Study: THF IRT Teratology
Building: LSL II

Room: 433

Date initiated:

8/31/87

Lab no: P-135
Animal /Shipment no:
Date rc'd: T/14/87
Source:
Species/Strain:
Sex. F Age:

B70057

CR Raleigh RO4
Rat/CD
5/14 /87

Status: Received the following specimens from terminal sacrifice
rats for viral serology:

NO.

1.

=D O - 010 e LB

Animal #
425 -
431
418
418
408
468
403
477
473
401

|+ + + +

+ 4+

Serglogyv: Rat

0/10 =
0/10
0/10
0/10
0/10

Mvegolasma pulmonis
Sendai virus

Pneumonia virus of mice
RCV/SDAV

KRV /H1

Lipemia({serum)

*Number of positive tests/number tested

-

v

There was no serologic evidence (presence of antibodies)
of current or previous infection by any of the above mentioned

pathogens.

&,

Teclnologist

The cause of

7/2¢ /67

the lipemia wa= not determined.

A

ﬂet rinarian

laslo
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QUALITY ASSURANCE STATEMENT



TERATOLOGY STUDY OF TETRAHYDROFURAN IN MICE AND RATS
(Final Report)

Quality Assurance Statement

Listed below are the phases and/or procedures included in the stady described in this report which were reviewed by the

Quality Assurance Unit during the period, 6/01/88 - 11/30/87, specifically for this study and the dates the reviews were
performed and findings reported to management. {All findings were reporied (o the study directar or his designee at the

time of the review.)

Daic Findings Submitied
in Writing to
Phase/Procedure Reviewed Review Date Stady Director/Management
Animal Receipt 6/16/87 6/17/88
Animal Identification 6/25/87 6/30/87
Health Screen T/07/87 7/07/87
Dosing 7/18/87 7/21/87
Body Weights 7/19/87 7122187
Maling 8/14/87 8/14/87
Developmental Evaluations 9f04/87 9/21/87
Necropsy 9/04/87 9721787
Body Weights 10/19,22/87 10/24/87
Maling 10/19,22/87 10/24/87
Data 10/14,27-28/87 11/10/87
Data 10/21-23,26-28/87 11/10/87
Draft Report 4/4.13-154&18/38 4/19/88
Final Report 9/2,5/88 5/05/88
—
%A.&&mv 26 /82
uality Assurance Specialist Date
Catiicin L flatrn loe 91558
Quality Assurance Specialist Date
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INHALATION REPRODUCTIVE TOXICOLOGY STUDY PROTOCOL
TETRAHYDROFURAN

I. TITLE:Teratology Study of Tetrahydreofuran in Mice and
Rats

II. PURPOSE OF STUDX

Tetrahydrofuran (THF), a four-carbon cyclic ether, is widely used as an
industrial sclvent, primarily in the dissolution of plastic resins such as
polyvinylchloride and vinylidene chloride copolymers, and as a reaction
medium., Approximately 150 million pounds of THF are produced each year by
three major U.S. chemical companies. The National Occupational Hazard Survey
estimates that more than 90,000 workers in 3,000 plants are exposed to THF;
consequently, it is classified in the "high" category of potential human
exposure (Little, 1984). The combination of its high wvolatility (bp 65 °C)
and extensive use create a significant possibility for industrial exposure to
THF via inhalation. Although THF has been used in industrial settings for a
considerable number of years, few subchrenic, and no chronic, toxicology
studies have been conducted, nor has its potential for reproductive toxicity
been assessed.

The National Institute of Occupational Health and Safety has established
a time-weighted average threshold limit walue (TLV) of 200 ppm (590 mg/m3)
with a short-term exposure limit (STEL) of 250 ppm (735 mg/m3). Although no
permanent effects have been observed from short-term exposures tec high
concentrations of THF (Rosensteel, 1976), subjects have complained of
cccipital headaches after exposure (Internaticnal Labor Office). The
inhalation lowest toxic¢ concentration ({(TC)low) for humans has been reported as
25,000 ppm, at which peint CNS toxicity appears. At lower concentrations THT
ig irritating to the skin, eyes and mucous membranes.

Acute toxicity studies in laboratory animals, with both inhalation and
oral routes of exposure, place THF in the moderately toxic range. Lethal con-
centrations administered to animals result in narcesis, muscular hypotonia,
disappearance of corneal reflexes, then coma followed by death (Internaticnal
Labor 0ffice). Qral doses produce inflammation, necrosis and hemorrhage of
the gastrointestinal tract, injury to kidney tubules, and inflammation of the
liver (International Labor QOffice}. Kimura et al. (1571) compared the acute,
oral toxigcity of THF in l4-day old, young adult and older adult rats and found
that age had no effect on the ILD50 for the rart.

Subchronic inhalation exposure of rats to four concentrations of THF
(100, 200, 1000 and 5000 ppm) for 4 hr/day, 5 day/wk, over a period of twelve
weeks resulted in irritation of the mucous membranes; severity increased in a
dose-related fashion (Katahira, et al. 1982). The 5000 ppm group exhibited
marked lecal irritation and meorphological damage to the respiratory
epithelium, and had significantly lower white blood cell counts and bloed
sugar levels than the control group. 8ingle 4-hr inhalation exposures of
rabbits to five concentration levels of THF (100 to 12,000 ppm) also resulted
in transient dose-related effects on tracheal ciliary activity (Ikeoka, et
al., 1983).
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The effect of extended {12 - 18 weeks) exposure to THF on body weight is
not clear. Kawata and Ito (1984} report a decrease in body weight after 4
weeks of expcosure to 3,000 ppm TEF for 1 hr/day while Elgvaara, et al.{1984)
state that body weights of exposed animals {up to 2,000 ppm, 6 hr/day) did
not differ significantly from the controls. Another discrepancy between
laboratories exists in reference to serum tests for liver function. Kawata
and Ito (1984) repert that SGOT, SGPT, and alkaline phosphatase values were
unchanged after 12 weeks exposure to 3,000 ppm while Katahira, et al. (1982)
report an increase in SGOT and SGPT values for rats exposed to 1,000 and 5,000
ppm concentrations of THF for 12 weeks.

Although no references relevant to the specifics of THF metabolism were
found, Fujita and Suzuki {(1973) state that the metabolism of THF is analogous
to that of cother cyclic ethers. THE is ring hydroxylated by liver microsomes
at the number five carbon and subsequently cleaved to a straight-chain fatty
acid by liver cytosol.

Elovaara et al. (1584) studied the bicchemical effects and the body
burden in rats exposed toc THF vapors (200, 1000 and 2000 ppm) for 6 hr/day, S
day/wk, for Z-18 weeks. Brain and body fat concentrations of THF were
measured immediately upon cessation of exposure; the concentrations were
correlated to dose, but declined progressively during exposure weeks 2 through
18. These declines in concentraticn indicate that oxidative metabolic
processes may have been induced. Further support for this conjecture was
provided when in vitro experiments performed by these workers demonstrated an
increase in liver and kidney 7-ethoxy-coumarin-O-deethylase activity in the
1000 and 2000 ppm groups relative to that found in the controls. The increase
in activity in the high dose group was no%t significantly greater than the mid-
dose group. They surmise the lack of correlation between increasing dose and
O-deethylase activity to be a result of toxicity at the high dose level.
Furthermore, the metabolic processes induced by THF appear to be gquite
specific as no increase in cytochrome-P450 content, N-demethylase activity, or
liver to body weight ratios was noted. Additionally, alcohol and azldehyde
dehydrogenase appeared to be inhibited. Another in vitro bicchemical study
found THF to inhibit ethancl-induced liver microsomal cytochrome-P450
(Ullrich, et al. 1975).

Kawata and Itc (1984) measured the rate of decline of THF concentrations
in body organs of rats at specific intervals for up to 12 hr post-exposure.
Although this was not an in depth study, the resalts indicated that the post-
exposure concentrations of THF in the organs of rats exposed daily for seven
days were not greater than for rats exposed for cnly one day. Furthermcre,
the rate of decline of THF concentrationg in the organs during the 1l2-hr
period following cessation of exposure increased after extended periods of
daily exposure. These results also imply an induction in oxidative metabolic
processes following repeated exposure to THF vapors.

THF has been tested for induction of sex-linked recessive lethal
mutations (SLRLs) in Drosphila melanocgaster with negative results (Valencia,
et al. 1985). When THF was tested as a carrier solvent for the
Salmonella/microsomal assay it was found to be non-mutagenic; however, it was
cytotoxic when administered at greater than 50 ul/plate {(Maron, et al, 1981}).
Arimoto et al. (1982) later reported that the use of THF as a carrier solvent
increased the mutagenicity of two mutagenic tryptophan-pyrolysates. These
workers alsc reported cytotoxicity when more than 50 ul THF/plate was used.

F.4
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THF, in conjunction with several cother sclvents, was suspect in an
allegedly high prevalence of urinary tract infections among all employees as
well as reproductive and menstrual problems among the ten female emplovees in
a fiber-glass fabricating plant in Baten Rouge, LA. However, results of a
field investigation conducted by NIOS5H in 1579 stated that the incidence of
urinary tract infections was not high, that none of the female employees had
experienced reproductive problems, and that exposures to THF (and other
solvents) were well below recommended levels. Concerns over adverse health
effects in Japanese workers exposed to THF were discussed in a review of THF
toxicity (Horiguchi, et al. 1983). Workers in a high-polymer chemistry
laboratery and in a university textile research laboratory reported fatigue,
bleoating of the stomach, headache, kidney pain, and tiredness in the lower
limbs. Blood cells and elevated protein levels were observed in the urine of
workers from both sites and the textile researchers also exhibited a decrease
in white blcocod cell count and an increase in liver function enzymes.
Atmospheric levels of THF to which these workers were exposed were not
reported.

In swmmary, results of toxicity studies in laboratory animals indicate
that THF vapors at sublethal doses: 1) are irritants, 2) appear to be the
cause of decreased tracheal c¢iliary activity, 3) cause damage to respiratory
epithelial cells, and 4) may cause liver and kidney damage. Although the
number of studies addressing the issue are limited these toxic effects appear
to be transitory. THF concentrations in the major body organs decline within
a short periocd of time after cessation of exposure; however, no detailed
pharmacokinetic information is available. There is evidence, both in vivo and
in vitro, to suggest that tetrahydrofuran may induce certain enzymes in the
microsomal mixed-function oxidase complex and inhibit specific¢ dehydrogenases.
Biochemical changes of this type may consequently affect the organisms'
capacity to metabolize other compounds, either endogenous or exogenous in
origin. Reports of human health effects have surfaced, but are not clearly
defined. No epidemiclogical studies surveying possible reproductive or
carcinogenic effects of TEF were found.

As a result of the high-volume production of THF and its wide variety of
industrial uses there i1s potential for a large number of individuals to be ex-
posed to TEF: ceonsequently, it has been nominated for potential carcinogen
testing (Helmes, et al. 1983). A detailed search of the literature and
computerized databases did not reveal any studies addressing the potential for
reproductive toxicity of tetrahydrofuran or for any closely related compounds.
Accordingly, the paucity of available toxicity data and its classification in
the 'high' human exposure category point out the necessity of testing of this
nature.

F.5
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ITI. SEONSQOR AND SPONSOR'S REPRESENTATIVE

A. Sponagr:
National Institute of Environmental Health Sciences
National Toxicology Program (NTP)
P.O. Box 12233;
Research Triangle Park, N.C. 27709

B. Sponsox's Representatives:
Dr. Bernard Schwetz
Dr. Richard Morrissey

IVv. IESTING  LARORATORY
A. Facility ‘
Battelle - Pacific Northwest Laboratory (PNL)
P.0O.Box 999; Richland, Washington 99352
B. Study Director:
Dr. Terryl J. Mast

V. BEROPOSED SCHEDULE OF EVENTS (This proposed schedule may

be alterad. All changes will be appanded to the protocol.)
Mice Rats
A, Prestart audit for GLP compliance: 6/15/87 6/15/87
B. Animals arrive week of: 6/15/87 /14787
C. Identification of females: 30187 424407
16/25/8718%  [8/4/B7)5A
D. Health screen : 7/07/87 8/03/87
E. Initiate breeding procedures: 71/08/87 03157
(B/10/B7]%A
F. Initiate exposure : 7/15/87 0L82
[8/17/871%3
G. Initiate necropsy: 7/27/87 24487
(B/31/87)¢A
H, Evaluate fetal specimens: B/3/87 - 9/21/87

éA Changed by Amendment & 4/4/88. F.6
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Combined
I. Submit draft report: T8 [4/30/88)¢8A
J. Submit final report: ' 33403483 [5/30/88]%6A

VI. IEST SYSTEM
A, Species: mouse and rats

¢ Changed by Amendment A 4/4/88. F.7
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B. Skraipn: Mice: CrI:CD-1(ICR)BR; rats: Sprague-Dawley [CrI:CD(S$D)BR]

C. Numbker of Animals and Supplier: Charles River Breeding Laboratories,
Raleigh, NC. Mice: 85 males ’
310 females
Rats: 55 males
245 females

D, Age of Animals Upon Arrival: Mice: 7-8 weeks
' Rata: 8-9 weeks

E. Experimepntal RAnimals (Females): 40 virgin female mice or rats will
be randomly selected and assigned to four dose groups (10/group)
from the total female pool (OB-DT-3B@B). The remaining females will
be mated by placing at least two females with one male overnight in
a breeding cage (PB-DT-3B@D). Nine AM of the day that copulation is
established will be designated as 0 dg (@B-DT-3BE@D).

F. Number of Animals ip Study: A minimum of 33 plug~positive female
mice or 30 sperm-positive rats {to obtain 20 pregnant females) will
comprise each of the four treatment groups; the minimum number of
maced females to be exposed will be 132 mice or 120 rats. There
will also be 10 virgins (females) of each species per exposure
level.

There will also be 15 pairs on one level of the control (0 ppm)
chamber to be used for a small pilot study. These animals are from
the same shipment as study animals and will individually identified
with eartags.

VII. EXPERIMENTAL DFRSIGN AND DOSE __LEVELD

A, Experimental Desigp: Four groups of mated female mice will be exposed to
the test chemical on 12 consecutive days (6 dg - 17 dg). The animals will
be necropsied on 18 dg for maternal and fetal evaluations.

Four groups of mated female rats will be exposed to the test chemical on 14
consecutive days (6-19 dg}. The rats will be necropsied on 20 dg for
maternal and fetal evaluations,

In addition, 10 virgin females of each species will be added to each
exposure group for the purpose of obtaining ovaries to be used for
quantitative ovarian follicle counts. These animals will be exposed
concurrently with the mated females and sacrificed immediately after
the last exposure period.

B. Exposwure Regimen: Chamber atmospheric ceoncentrations of tetrahydrofuran
will be 0 (filtered air), 600, 1800 and 5000 ppm. Plug-positive and
virgin mice will be expocsed for 6 hrs/day for 12 consecutive days (6 dg -
17 dg [for mated females)*? )} {See note on page 1lBa.]*® ; sperm-positive
and virgin rats for 14 consecutive days (6 dg - 1% dg [for mated
females]*®}, 6 hr/day. The exposure chamber doors will be closed
throughout the exposure and non—exposure periods, except during animal
care procedures. Exposure chamber temperatures will be maintained at 75 %

F.8

*A Added by Amendment A 4/4/88.
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3°F and relative humidities at 55 % 15%. Air flow will be maintained at
15%3 c¢fm and the chamber pressure at approximately 1™ water negative with
respect to room pressure.

F.9
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C. Selectdon of Atmospheri¢ Concentrations: Exposure chamber
concentrations are based on results from a subchronic toxicology
study of tetrahydrofuran in mice and rats sponsored by NTP and
conducted at Battelle — Pacific Northwest Laboratory and were
approved by sponsor. The highest exposure concentration, 5000 ppm,
was also used in the subchronic study and produced significant
narcosis in the test animals.

VIII. IEST SYSTEM HOUSING, HANDLING AND ENVIRONMENTAL
CONDITIONS

A. Quarantipe and Acclimatization (FR-AR-3IF@3)

1. Animal shipping crates will be examined upon arrival for evidence
of conditions likely to permit exposure to pathogens (soiled, wet
or otherwise damaged).

2. The uncrating will be conducted at the door of the quarantine
room. While being removed from the crates the animals will be
examined for evidence of shipping stress.

3. The animals will be gquarantined and acclimatized in the LSL-II
Building for 3-4 weeks prior to the start of the study.

4. During part of the quarantine/acclimatization period the animzls
will be housed by sex, approximately 10 mice or 5 rats per cage in
wire cages on flush racks. The cage space will meet the
requirements stated in the NIH "Guide for Care and Use of
Laboratory Animals™.

5. During the breeding period the animals will be housed in the
quarantine room.

6. Plug-positive mice or sperm—-positive rats will be acclimated from
0 dg in individual compartments of wire-mesh cages within exposure
chambers (with chamber doors open). Virgin females will be
acclimated for approximately 1 week prior to exposure under the
same conditions.

7. Room temperature during the acclimatization and exposure periods
will be maintained at 72%3° F and relative humidity at 50f15%.
These measurements will be recorded at least twice daily.

B. Twelve hours light and twelve hours dark will be maintained with
light starting at 0600.

9. Five male and five female animals will be randemly selected for
pre-exposure health screening ({(@B-AR-3F22). They will be examined
by gross necropsy, histopathology and nasopharyngeal culture for
evidence of disease and the presence of potentially pathogenic
organisms.

10. The clinical veterinarian will make a visual inspection of the
animals to be used in the study just prior tc their release for
the study (documented on the last gquarantine/ acclimatization
record) .

F.10
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11. As an added screen for viral infection, 5 animals from the
control group and 5 animals from the highest dose group will ke
tested promptly after gsacrifice at BNW for viral pathogens (ZB-AR-
3B1R) .

12. Females not selected for the study or health screen will be
discarded during the first exposu:ie week. The dispeosition of
these females will be recorded on the Animal Disposition Record
and retained in the study files {(@B-AR-3F@23}. Males, (they are
not individually identified) will alsc be discarded.

Feed {(ZB-AR-3IFZS)

1. NTP pre-approved NIH-07 Cpen Formula Diet (pellets) from Ziegler
Bros., Inc., Gardner, PA will be used during the
quarantine/acclimatization periods and throughout the duration of
the experiment.

2. Feed will be provided ad libitum in slot feeders during the
experiment, except during exposure hours.

Hater

1. Fresh softened water (ion exchange softener, Illinois Water
Treatment Company, Model 2R-2240, Rockford, IL) will be supplied
ad libkbitum at all times. The hardness of the water will be
checked approximately once every week. Records will be retained
in the LSL-II Building Engineer's office.

2. The automatic watering system (Edstrom Industries, Waterford, WI)
will be used for the gquarantine/acclimatization period and
throughout the duration of the study.

3. A representative sample of animal drinking water from one of the
NTP study rooms will be analyzed for contaminants at least once
each calendar year.

. Randomization: Virgin females will be randomly chosen by eartag

number and then assigned to dose groups based on the first body
weights, Their weights will be ranked from lightest to heaviest and
each animal randomly assigned t¢ a treatment group by means of a
computer—assisted randeomization program which is based on a single
blocking factor, body weight (@2B-DT-3BZB). On the day of plug or
sperm detection (0 dg), the mated animasls will be weighed and
assigned to dose groups as above.

Identification:

1. All female animals will be individually identified by metal ear
tags during the first weighing session (@B-DT-3FZC)

2, Cage maps (@B-DT-3BR3) showing placement of individual animals in
each cage unit of the exposure chamber will be prepared and
updated as needed. Each exposure chamber will be identified by
chamber number and exposure level. The proposed arrangement of
the exposure chambers is included in Figure 1.

F.11
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IX. IEST ARIICLE

A

Chemical name: tetrahydrofuran

Formula: C4qHgO

. Manufacturer: Chemcentral

7050 W, 7lst St.
Chicago, IL 60638

CAS No.: 109-59-9

LOT No.:BNW LOT No.:51437-15
MRI No.:101lN Lot No.:WK B-6-86 Batch KNo:03

The vehicle control will be filtered air.

Storage conditions: A ready reserve is maintained in a flamnable
storage cabinet at room temperature in the LSLII Building. The
remaining inventery is stored at or below 65°F in a chemical storage
facility adjacent te the Research Technology Laboratery (RTL). The
bulk test material is maintained in 55-gallen metal drums with a
nitrogen headspace.

Bnalytical Chemistry

1. Upon receipt, identity and gross purity analyses of the bulk
chemical were performed by infrared spectroscopy. Bulk purity is
periodically determined using gas chromatography with a 20%
SP2100/0.1% Carbowax 1500 on 100/20Q0 Supelcoport column. The
concentration of the BRHT stabilizer is determined using gas
chromatography with the same column packing. & peroxide content
of 300 ppm has been established as an upper limit for material to
be used in animal exposures.

2. Tetrahydrofuran concentrations within the exposure chambers will
be monitored using an HP=-5840 gas chromatographic system. Details
of the calibration method are given in Attachment 2.

Analysis Schedule

1. Purity analysis was performed on the bulk chemical upon receipt.
and will be performed once during the study.

™ 5 am

The inhalation chambers will be locatec in room 424 of the LSL-II
building. A detailed description of the inhalation exposure system
toc be used in this study is included in Attachment 2 of this
protocel., The location of the exposure room and chamber laycut are
shown in Figure 1. '

A. Environmental Monitoring

1. Air filtration: HEPA and charccal filters will be used for intake
air, and a HEPA filter will be used for exhaust air.

F.12
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Temperatures will be monitored by RTDs multiplexed to a
digital thermometer with computer data acquisition at
approximately 4-hour cycles for 24 hours per day. The
control range is 75+3° F with critical limits, <70 or >80°
F. Any chamber temperature excursion beyond the critical
limits will be recorded and alarmed automatically.

Relative humidity will be monitored by a single dew point
hygrometer in conjunction with a multiplexed sampling system with
computer data acquisition at approximately 4-hour cycles, 24 hours
per day. The control range is 55%15% with critical limits of <35%
or >75%, Any relative humidity excursion beyond the critical
limits will be recorded and alarmed automatically.

Chamber air flow will be monitored at an exhaust orifice using a
multiplexed Validyne pressure transcducer system with computer data
acquisition at approximately 4-hour cycles, 24 hours per day. The
control range is 15f3 air changes/hour (=15+3 CFM) with critical
limits of <10 CFM or >20 CFM. Any chamber flow excursion beyond
critical limits will be recorded and alarmed automatically.
Tetrahydrofuran concentrations in the chambers will be controlled
primarily by the automatic adjustment of chamber air flow.

Chamber vacuum will be monitored using a multiplexed Validyne
pressure transducer system with computer data acguisition at
approximately 4-hour cycles, 24 hours per day. The zontrol range
is =0.2 to =2.0 inches of water pressure with critical limits set
at the same wvalues. Any chamber vacuum excursion beyond the
critical limits will be recorded and alarmed auvtomatically. 1If
chamber vacuum exceeds the limits of -0.2 inch of water, the
chamber wvalve will be automatically turned off,

Uniformity of the concentration of the test chemiczl in each of
the chambers {(i.e., chamber balance) was determined during the
development of exposure generation without animals; at the
beginning of the l3-week NTP-sponsored study with the animals in
the chamber; and at least once during that study. Chamber
balances will be verified within the first week of the mouse
teratology and again within the first week of the rat teratology
study.

The exposure chambers test chemical buildup and decay time was
determined prior to start of the 13-week study to determine 790
curves.

Prior to the start of the l3-week study, samples were taken from
the chamber using a Gardner condensaticn nuclei counter to assure
that the vapor generation did not produce an aerosol of
tetrahydrofuran.
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9. A study of test material stability in the exposure chambers and in
the generator reservoir was conducted during the developmental
work for the l3-week study without animals in the chambers and
once during the first week of the animal exposures. The chamber
samples were taken from the high and low dose chambers during the
last nour of exposure. A generator regervoir sample was taken at
the end of an exposure day.

Effluent Treatment {@B-AC-3A0F)

Chamber exhaust will be diluted to comply with applicable State and
Federal Regulations prior to release from the building exhaust stack.

XI. EXPERIMENTAL ORSERVAIIONS

A.

Clirigal Chservatisreme: The animals will be observed daily for
mortality, morbidity, and signs of toxicity (@B-DT-3BZ3). The date
and time of death or euthanasia of moribund animals will he recorded
and the animals will be necropsied according to (@B-DT-3Bg&F).

Body Heights: All females will be weighed prier to mating. Plug-
positive mice will be weighed on 0, &, 9, 12, 15, and 18 dg (ZB-DT-
3B@C). Sperm-positive rats will be weighed on 0, 6, 1G, 14, 17, and
20 dg. Virgin females will be weighed on the 18%, s5ths 10D day of
exposure and at sacrifice.

Scheduled Necropsv: The mice are scheduled to be euthanized with Cos
oen 18 dg and the rats on 20 dg. At necropsy {(@B-DT-3B@G) maternal
animals will be weighed and examined for gross tissue abnormalities.
To document the presence of lesions which may be due to chemical
exposure, any organs or tissues with lesions will be preserved in
neutral buffered formalin {(NBF); in this case, comparable organs or
tissues from approximately 20% of the control animals will be
preserved in NBF; all other tissues will be discarded. The gravid
uterus will be removed and weighed, and the number, position and
status of implants will be recorded. The placentas will be examined.
The identity of live fetuses (by study, dam number and uterine
position} will be retained throughout all examinations and archiving.
Live fetuses will be examined for gross defects and weighed. A
complete visceral examination will be performed on 50% of all fetuses
and on any fetuses with gross abnormalities. (@B=-DT-3BBG) Sex will
be determined on all fetuses by internal examination. All skeletons
will be double-stained and examined for cartilage formation and
centers of ossification. (ZB-DT-3B@G). Approximately 50% of the
fetal heads will be examined by razor-blade secticoning of fixed
preparations (Wilson, 19%653; [@B-DT-3BZI]). Records of morphologic
lesions observed in gross and visceral examinations will include
photographs (2B~DT-3B&J) of representative lesions.
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Both ovaries from the virgin females and one ovary from each of the
pregnant females will be collected at the time of sacrifice. (@PB-DT-
3BPG). Collected ovaries will be fixed for 24 hr in Bouin's fluid
then transferred to 70% ethanol and sent to Dr. Donald Mattison at
the National Center for Toxicological Research for sectioning and
quantitative follicle counts.

D. Indices of Bffects: The following parameters, expressed as mean
SE, when appropriate, will be computed from data for inseminated
animals and their litters and will be presented in the Final Report
for each treatment group:

*» Number of dead maternal animals, animals removed from the study
and reascon for removal

* Summary of maternal toxicity, including incidence of changes
detected during clinical observations

*+ HNumber and percent pregnant
* Maternal body weights:

Mice on 0, 6, 8, 12, 15 and 18 d¢
Rats on 0, &, 10, 14, 17, and 20 dg

* Weight of gravid uterus

+ Extragestational weight and weight g¢ain

* Number of implantation sites/litter

* Number of litters with live fetuses

* Number and percent of live fetuses/litter

» Body weight of live fetuses/litter

« Body weight of male and female fetuses/litter

» Sex ratio of fetuses/litter

+ Number and percent of early and late resorptions/litter

* Number and percent of non-live/litter (early and late resorptions
and dead fetuses)

» Listing of malformations and variatlons observed in
fetuses/litters

* HNumber and percent of malformed fetuses

+ Number and percent of litters with malformed fetuses
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XITI. RRQRQOSED STATISTIICAL METHODS

The methods proposed for the statistical analyses of representative
maternal, reproductive and fetal indices of effects are: summary
statistics, N, mean, standard deviation, with accompanying ANOVA
based on multiple comparisons where appropriate. Arc sin
transformations will be performed on data presented as percent
incidence. Purther statistical analyses may be performed at
discretion of aponsor.

XIII.RECORDS RETENTION (@B-9A-3E@6)

Records that accumulate during the study will be retained at BNW
until requested and shipped to NIP archives, 5Some ©f these records
may be presented as part of the protocel or reports. These will
include but not be limited to the following records:

1. List of BNW perscnnel participating in the study.
2., Name, address, and function of any ocutside consultant(s)

3. Record of removal of any individual from direct contact of the
test system due to illness.

Health and Safety Records (eriginal records and five copies of
microfiche will be submitted to NTP within approximately two months
after the end of each fiscal year}., Chemical specific records will
be submitted with the study. Facility specific records will be
submitted annually.

1. Medical records of all personnel participating in the study.
These records will be retained by Hanford Environmental Health
Foundation (HEHF), P.0. Box 100, Richland, Wh 99352 for a minimum
of 40 years. & letter verifying this arrangement will be retained
for each test material file.

2. Records and results of any biclogical menitoring on laboratery
personnel (if applicable).

3. NTP Health and Safety package for tetrahydrofuran.

4. BNW bichazard protocols and BNW Health and Safety Plan.
5. Chemical specific health and safety training records.
6. Waste disposal records.

7. Respiratory protection program with documentation of user training
(specific fit testing if needed) for each type of respirator.

8. Building ventilaticn system, hoods and exhausting system
meniteoring records {pertinent to NTP studies) .

F.17
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5.

10.
11.

12,

Hanford Environmental Health Foundaticn {HEHF) formaldehyde sampling
results.

Health and Safety Section of the Monthly Progress Reports.
Accident/injury reports for personnel inveolved in this study.

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

C. Brotocols
1, Approved and dated BNW study protocol.
2. Protocol amendments including NTP technical contract modifications which
affect the study.
3. Documentation of any deviation from <he protocol.
4. Documenting any unforeseen circumstances that may affect the integrity

of the atudy and ceorrective actions <aken.

D. Test Material Records

14.

15.

Test material identity records including manufacturer, guantity, lot
number (s), purity grade and date(s), etc.

NTP analytical contractor characterization reports.

NTP analytical contractor bulk stability reports.

NTP analytical c¢ontractor shipment racords (if available).

BNW test chemical receipt records.

BNW storage records including storags conditions.

BNW bulk analysis and degradation records.

BENW method development records.

Chemical exposure generation system description and procedures.
Chamber concentration monitoring records, including GC tracings.
Uniformity {(chamber balance) records.

Gas chromatograph calibration records.
Generation and chamber degradation study records. .
BNW test material inventory and usage records.

Records of shipment to NTP repesitory of any unused test
material.

F.18
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E.

Animal Records - Pretest

1. Animal receiving records including supplier, species, strain, birth
week, sex, number of animals for each sex, receiving date and receiving
conditions (photocopy of a representative animal shipping crate label).

2. Quarantine and acclimatization recoxds.

3. Pretest health screening records and animal health notebocok.

4., Randomization records.

5. Animal identification records.

6. Written release records from ¢linical veterinarian.

7. Digposal of excess animals,

8. Bedding type.

1. Exposure room location and chamber layout records.

2. Chamber cage map.

3. Cage type, rack type and the rotation scheme during study.
4. Cageboard type.

5. Type of watering system.

6. Body weight records,

7. Daily observation records

8. Clinical signs of toxicity records.

9. Serology data and reports.

10. Pathological specimen inventory records.

l. Feed tags with manufacturer, lot numbers and milling dates.

2. Feed analysis records as provided by NTP analytical contract laboratory.
Hater

1. Rnnual water analysis.

2. Weekly water hardness check (records will be maintained in building
engineer and/cr building manager's office}.
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XTIV,

I.

M.

: . E : i Inhalati )
Records

1. Exposure chamber description.
2. Exposure suite control center description.
3. Temperature raw data and daily and monthly summation reports.

4. Relative humidity raw data and daily and monthly summation
reports.

5. Air flow raw data and daily and monthly summation reports.

6. Chamber vacuum raw data and daily and meonthly summation reports.
7. Exposure system monitors calibraticn and maintenance records.

8. Descripticn of the lighting system and light/dark regimen.

9. Sanitation procedures and pest control program.

1. Monthly Progress Report.

2. Special study reports if any:

3. Incident reports (if applicable).
4. Tinal Teratology Report.

T sl - ™ Mol

1. Teratoclogy results and statistical analyses.
2. Analytical chemistry results.
3. Exposure suite contrel center computer printouts.

4. XYBION printouts (if any).

OTHER SPECIFICATIONS

A,

This study will be performed in compliance with the FDA Good
Laboratory Practice Regulaticns for Non-Clinical Laboratory Studies
(21 CFR 58) except where deviations are regquired by the NTP January,
1984 General Statement of Work and subsequent modifications.

This Protocol will be the contreolling document in case of

discrepancies between the Protocol and SOPs. If this occurs the
Study Director is to be notified immediately for clarification.

F.20
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C. A list of all relevant Standard Operating Procedures (S0Ps) for this
study are present in Attachment 1.

Xvi. HEALTH AND SAFETY {(@B-HS5-3812)

BNW's Health and Safety Plan (PB-HS-~3S51C) has been approved by NTP. 1In
addition, a respiratory program is instituted. This is supplemented by using
supplied-air respirators (OB-HS5-351%) which will be worn by personnel during
periods of animal care while the chambers are open and by having available
self-contained breathing apparatus for use when entering a room under
emergency conditions following a leak,

F.21
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XVII. CHANGES AND/OR REVISIONS TO THE PROTOCOL

4/4/88

RMENDHMENT A

Page 4, Section V. A-J. Amendment corrects Schedule of Events
to reflect. actual dates.

Page 5, Section VII. B. Amendment clarifies exposure regimen
for virgin rats and mice.

Page 5, Section VII. B, Exposures of the 5000-ppm group for
mice, plug-positive and virgins, were terminated prematurely
due to an unexpected mortality. Plug-peostive mice were placed
in fresh air chambers on the morning of 12 dg, and virgins were
placed in fresh air chamber on the morning of the 5tP day of
exposure. Approval of Project Officer, Dr. Bern Schwetz, was
obtained by telephone on July 21, 1587.

Study Director

F.23
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ATTACHMENT 1

ATTACHMENT 1

STANDARD OPERATING PROCEDURES FCOR INHALATION REPRCDUCTIVE

TOXICCLOGY STUDIES

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY

ZB-DT-3B23
@B-DT-3BEB
ZB-DT-3BQC
@B8-DT-3B@D

ZB-DT-3BOF

@B-DT-3BR2G
@B-DT-3B&1
' @B-DT-3BOJ
@B-DT-3B2L
@BE-DT-3BOM

@B~DT-3B@Y

26-DT-3BlJ

@5-SI-3EQ1

@5-5I-3E@3

ANIMAL FACILITIES

@B-AR-3BOG

ZB-AR-3G@1

ZB-AR-3GE2B

@B~AR-3BE3

PB—-AR-3EUB
FBE~AR-3F@2

@B-AR~3F23

Cage Location Maps and Caily Observations
Randomization cf Animals

Animal Body Weights

Rodent Mating Procedures

Necrcpsies for Health Evaluation and of Dead and
Moribund Animals

Developmental Evaluatiors for Teratology Studies
Examination of Fetal Heazds Fixed in Bouin's Solution
Photography

Data Handling and Storage

Sample Storage/Shipment

Examination of Fetal Skeletons Stained with Alcian EBlue
and Alizarin Red.

Preparation of the Reproductive System for Histologic
Evaluation

Macintosh Data Collection System using Arbor Balance for
Teratclogy and Dominant Lethal Sacrifice.

Data Transfer from Macintosh to VAX using MacTerminal

Barrier Procedures for LSL-II Animal Facility

Pre-Cleaning Equipment and Operation of Cage - Bottle and
Rack Washers

Animal Weighing Using Xybion PATH/TOX System

Handling and Changing Out Exposure Charbers and Cage
Units

Handling Escaped Small Animals
Pre-Exposure Health Screening of Rodents

Quarantine of Animals
F.26
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ATTRCHMENT 1

#B~AR-3FGC
@B~AR-3FB5

PB-AR-3FZB

PB-AR-3B1R

@B-AR~3FDA

Rodent Identification with Ear Tags
Management of Animal Feed

Selecticon and Notification Procedures, Moribund
Sacrifice Animals and Animals Found Dead

Pathogen Monitoring

Daily Care of Bioassay Animals and Cleaning of
Exposure Rooms

INHALATION EXPOSURE AND BIOCENGINEERING

@2B-QA-3EBA
@B-BE-3B24
gB-BE-3CBL
@B-BE-3DGE
@B-BE-3EQ9
@B-BE-3G@4
@B-BE-3EDB

ZB~BE-3CBJ

@B-BE-3C@V

@B-BE-3B1X

@B-BE-3G@3

@B-BE-3C13

@B-BE-3D@6

@B~-BE-3B3A

PB-BE-3DBHN

Filling Out Data Sheets

Inhalation Exposure Chamber Balance

RTD Thermometer Calibration

Exposure Suite QC, Maintenance, and Calibration
Study Protocel Entry Into Exposure Suite Computers
Exposure Suite Routine Computer Operaticn

Exposure Suite Data Analysis Program Operation

EG&S Hygrometer: Operation, Maintenance, and
Calibration

Calipration and Check of Chamber Airflow Using
Digital Anemometer

Relative Humidity Determination via Use of Dewpoint
Hygrometer

Operating Procedures for the Gardner Type CN Small-
Particle Detector

General FGD Calibration-Exposure Chamber and
Generator Cabinets

Model 1 Chamber Leak Tester

Tetrahydrofuran Exposure System Daily Operating
Procedure

Tetrahydrofuran Exposure System QC,Maintenance, and
Calibraticn

ANALYTICAL CHEMISTRY

@B-AC-3AlA

@B-AC-3A0F

@BE-ARC-3B1V

Bulk Analysis of Tetrahydrofuran
Analysis of Building Exhaust by Gas Chromatography
Operation of HP5840 GC for Monitoring Tetrahydrofuran

F.27
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PB-RC-3DE22 Routine Maintenance of the HF 5840 GC

ZR-AC-3C2X Calibration of the Tetrahydrofuran Chamber Monitor

SAFETY

@B-HS-3519 The 3M Brand W-2860 Harccap, Continuous-Flow Air Line
Respirator

gB-H§-3581C Bioassay Studies: Health and Safety Plan

£B-H5-351P Biocassay Studies:; Respiratory Protection Program

#B-~-HS-35812 Eiohazard Protocol = Tetrahydrofuran

NTP PROJECT OFFICE

@B-9A-3EJ6 Data Handling and Storage of NTP Study Documents and
Materials
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UNIFORMITY OF CHAMBER EXPOSURE ATMOSPHERE (SOW II.D.7.f.}

Data regarding uniformity of the vapor in the exposure chamber has been
collected for all sample ports for all chambers. The data sheet, attached as
Fiqure 7, demonstrates goed mixing of the exposure atmosphere at all levels of
the chamber. The uniformity data are surmarized in Table 3, which includes
Total Port Variability (TPV), Within Port Variability (WPV) and Between Port
vVariability (BPV), all expressed as % Relative Standard Deviation (%RSD}. The
uniformity criteria, as set forth in SOF #@B-BE-3BZ4 and listed below, were
easily met for all chambers.

Chamber Uniformity Limits
WPV < 5% RSD
BPFY < 5% RSD
TPV £ 7% RSD

Table 3 . Summary of Pre-Start Chamber Uniformity Data
Chamber TPV (%RSD) WPV (%RSD) 3PV {%RSD)
5000 ppm: 1.0 1.5 0
1800 ppm 1.2 1.8 0
600 ppm 2.2 2.8 0
200 ppm 1.8 2.2 0
66 ppm 1.2 2.0 0

CHAMBER CONCENTRATION VERSUS TIME (SOW II.D.7.g. & h.)

Plots showing the buildup and decay of vapor concentration in all chambers are
attached as Figure 9. The T30 values (time for the concentration to reach 90%
of the target value following start of exposure) and the T10 values ( the time
for the concentration to reach 10% of the target value following termination
of the exposure) for all chambers are summarized in Table 4. Buildup times
range from 6 to B.5 minutes while decay times range from 5.5 to 9.5 minutes.
Variation is due to a combination of slightly different flow rates in each
chamber and to the variation of the discrete gas chromatograph samples times
relative to the times of exposure start or stop. The theoretical TS0 at a flow
rate of 15 air changes per hour is 11 minutes. To conform with other inhala-
tion studies currently underway and as a hedge against the possible effects of
animal loading, a value of 12 minutes will be used for T90 for this study.

Table 4. Summary of T90 and T10 for all Exposure Chambers
Chamber T90 {min) T10 {min)
5000 ppm B.S 7.5
1800 ppm 8 B
600 ppm 10 B
200 ppm g.5 9.5
66 ppm 7.5 8
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CONCENTRATION STABILITY (SOW II.D.7.e.}

Table 5 lists the concentration summary for zll exposure chambers for three 6-
hour test expesure runs on January 9, 12, and 13, 1987. The protocol requires
that the daily average concentration be within = 10% of target and that the
percent relative standard deviation (%RSD} be £ 10% of the daily average con-
centration. The summary data show that the system i1s capable of maintaining
concentrations to these specifications. Minor adjustments were made to indi-
vidual chambers to fine tune the concentraticn levels during these test expo-
sures.

Table 5.

Concentration Summary for all Exposure Chambers for a é-hour Exposure Period

(L/08/87)
Chambexr: 5000 ppm 1800 ppm 600 ppm 200 ppm 66 ppm
Mean Concentration: 4984 1745 €23 206 62.8
% of Target: 99.7% 86.9% 104% 103% 95.2%
Standard Deviation: 2289 B7 25 B 2.6
% RSD;: 5% 5% 4% 4% 1%
Concentration Summary for all Exposure Chambers for a é-hour Exposure Pericod
{1/12/8T
Chamber: 5000 ppm 1800 ppm 600 ppm 200 ppm 66 ppm
Mean Concentration: 5142 1888 631 211 66.7
% of Target: 103% 105% 105% 106% 101%
Standard Deviation: 215 70 30 19 4.7
% RSD: 1% 4% 5% 9% 7%
Congentration Summary for all Exposure Chambers for a 6-hour Exposure Period
(1/13/87)
Chamber: 5000 ppm 1800 ppm 600 ppm 200 ppm 66 ppm
Mean Concentration: 4500 1780 596 154 65.0
% of Target: 93% 99% 59% 957% 9B%
Standard Deviation: 128 59 15 9 2.2
% RSD: 3% 3% 3% 5% 3%

TEST FOR AERCSOL IN EXPOSURE ATMOSPRERE (SOW II.D.7.3.}

& Gardner type CN small particle detector was used to check the chambers
{without animals) and the room for particles during generation on 1/12/87.
Table 6 shows the results of these tests. No particles were found in the con-
trol chamber or any of the exposure chambers. The particle count in the room
was slightly higher than nermally found in the HEPA-filtered rooms because the
room had not been cleaned following installation of the delivery system for
the chemical.
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Table 6.
Analysis of Particle Count in Chambers During Exposure

Particle Concentration
Sample Area (Particles / end)

Room 720
Control Chamber
66 ppm Chamber
200 ppm Chamber
600 ppm Chamber
1800 ppm Chamber
5000 ppm Chamber

o0 o0 o0

EXPOSURE ROOM MONITORING AND EXHAUST

In conjunction with concentration stability tests (SOW II.D.7.e.} performed on
exposure chambers during three 6-hour runs as detailed above, exposure room
air monitoring was alsc conducted. The sample location was approximately
breathing zone height near the room exhaust vent. No trace of tetrahydrofuran
vapor was detected at any time in the room during test generation. The pre-
“dicted building exhaust concentration of tetrahydrofuran vapor is <2.1 ppm
(the TLV for tetrahydrofuran is 200 ppm). Building exhaust concentration will
be measured during the teratelegy study to confirm the predicted wvalue.
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CHAMPEI UNIFORNITY DATA SUEET
COMPDUND: Tetralvpdeelizran CXVPOSURE RQOM NUMDER: 424
Y MEASURFAIENTS
CHAMBER:] (6 pome 200 pym 00 pprmn 1800 ppin 50C0 ppm
DATE: |/R/%7 17387 LB/B7 HB/RT 11887
SAMITE MONLIOR . MONTIOR MONITOR MONITOR MONITOR
rony READING % of Mean | READING % of Mean | READING % of Mean | READING % of Mean | READING % of Mean
BACK:  In|___38.0 NN 395.0 96.8% 3 4000 H R 16300 59.8% 30110 10L.3%
m_ Mg 95m 920 ontm | 418.0 2% | 16220 99.3% 4912.0 100.3%
an 370 9.3% | _ 3910 981m | 4410 $9I% | I6iov A% 48390 _ 936 %
An| 810 995% %40 PRe% 443.0 99.5% 16350 ImM.i% 4916.0 ler R )
snf 810 00.5% |_ 3910 97A% | _ 4330 [0¢.6% 1624.0 59.5% 49494 A%
oh 9.0 _  101dm 3910 99.3% |_ 4600 = 10)1% 15999 97 9% 49100 1m.2Hm
FROMT:  2r 878 9%Fm 408.0 1% 420 ¥.% 16730 102.4% 4502.0 m. %
: 26 B5.0 07.2% | _ 4060 l0lew | _ 4170 9%8.0% 1o Hei% {48000 97.2%
e 87.0 99.5% 401.8 101.3% 440.0 98.7% | 16420 10U6% A3810 = 99E%
ar 89.0 101.8% | __4i20 103. 1% 440.0 98.7% IGAE0 1A% | 4869.0 99.4%
sef_ 230 I A0S0 10L3% | _ 4390 9B A% 16480 1009% | 48440 ory®
o B8.0 [00.7% 3970 $9.3% 139.¢ 98.4% 1609.0 98.5% 4381.0¢ ¥9.6%
MEAN: 874 100.0% 199.8 100.0% 4460 100.2% 16328 100.0% 4§99.2 1.0
my: 1.08 1.2% 7.3 L.8% 9.63 2% I8.35 1.2% St 1.0%
W B T 0% NI 0% TN <0% HRUBIIN 0% RN 7%
WY MEASUIEMENTS
INLLINE 1w 380 L% 3950 99.4% 460.0 103.1% 1630.0 95 4% 3011.0 0L.1%
2n 33.0 101.1% 3900 98.2% 441.0 92.9% | 16150 98.5% 48730 99.0%
Inl g5.0 "% 1010 A% 431.0 98.0% 1675.0 102.1% 4883.0 99.3%
MIEARE: R7.0 100.41% 3913 130.0% 4160 100.0% 1640.0 100.0% 4924.0 005
wry: 173 0% L 2% 12.29 2.3% 3123 19% 1532 1.5%
MOMIFTOR TYPE: (ias Chromaiopraph SERIAL £ : DHW 509569
SOMUTOR DATA LOCATTION:
COMMENS: e expasere o homogeneily measurements without aniais. Daus laken from job notebook FBNY 12272, page 41,
] ? RN/ / / .
ENTERED BY: ﬁ),% zéﬂ[ Da-;-r;_xf,{'_-//? 7= REVIEWED n‘r:_f_fgt_)i : ;\/(,/‘ 4 DA rE:__;:rf‘_‘::/ i~
/ £

Figure 9. Results of Chamber Huwogeneity teasuroments.
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Buildup and Decay diagrams for Tetrahydrofuran

NTPF THF: &0 ppm Chamber

O Damiy et Amawm
O- Dy wee Asmtens
I Bnimus wr Amia
O Decwre wr Asemai

&= Iecleuy wro AzooRE
O Ducay wep Anicenis
N Balan w Anma

O Ducry w Ascrnais

10e 0 —
" I..lo.l r-‘.".
= ’
* el wZ
LI \‘\ il b
T \n I3 [
A W Y
: ¥4 |
row—ry
L A \_ |
g jT') I. \h'\ ' !
¥ g f( D‘\\_ | i
‘W / oy ‘ !
¥ i T TR ¢
0w ' e G GGt
(¥ 30 10 50 0 Y
TIE (ma]
NTP THF: 1800 ppm Chambaer
o . - W
o O e |
» r ol e
* w \ ‘ 1._ L
N R
e N1V
P TR
: LN |
¢l fmhl ) |
K 3 F N N | |
[ o4 ’ ;‘\ Uh'- i
' v Swgoo=z 1
om ."‘D—-f:_‘.'ﬁ:ﬁ-napu-lc-_ho.q
0o v 100 80 a0 s
TN (mia}

NTP THF: 5000 ppm Chamber

B B weo A
- D w0 A
- Balanpw Anma

0 Decwe wv amoomis

P = i B
s S NT &7 l i
s oo lt  Mw J ]
W gt e ' ! ! '
! |_ow I\ | ! l :
o
S S I S T
c b "1 , \ i :\ t : l -
S w8 N "
£ " [’ '~ H'\‘r' l
e | . i !
. .J e e e T e T e D i Dt S
an LT o ua s B

TDeR {msia}

F.47




Jet. 15, 1987

To: Tetrahydrofuran: Rat Teratoclogy File

From: Study Direfto: ;
Tezrzyl J._‘aaﬁk{\dgl
=7\

té?;:%

-

Re: Randemiration of Sperm-positive Rats for Teratology Study

Sperm-positive females were assigned to exposure groups on the basis of
eartag number, rather than body weight as specified in the study protocel.
This error occurred when the eartag number instead of the body weight was
specified as the blocking variable for the computerized randomizatien program.
Computer printouts listing treatment assignment: were entered in the TET study
logbook on Rug. 11-17,  1387; however, the exrzor was nct noted until Oz:zoher
15, 1987. Since 2ll assigned groups had mean body weights with acceptanle
percent relative standard deviations, all were £11%, this error did not cause

a sicmiflcant between group weight vazistion.
Project ofificers, Drs. Schwetz and Mcrrisey, were informed of this

protocol deviation on Octeobexr 13, 1987.

co: ki Gelman
Sextazher Monthly Report
tudy Logbook
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SPONSERL__NTP-1RT CHEMICAL:___ THF
STUDY: ___ MOUSE TERATOLOGY CHAMBER:

“'PUW 424 CONCENTRRATION: O PPM
DRTE: 07 /21 /87 TR

LEVEL 3

15 30 45 60

14 29 44 59

13 302 28 43 58

12 296 27 42 57

il 278 26 328 41 56

10 B0 25 238 40 55

9| {(&R= &) 24 223 39 s4

8 271 23 150 18 53

7 268 22 185 37 325 5%

5 159 20| 122 35 308 [ 50

4] 139 19 120 34 05 | 49

3 71 18 118 33 192 | ag 228
T2 64 17 100 32 154 i 47 212
A 54 16 34 31 8 | asl 137

{GRF &) ER? &) IZRF (2EE T
LEVEL 4

15 30 45 | | 60

14 29 44 i =g

13 28 43 | sal

12 27 42 I 521

11 26 41 | 56

10 328 25 40 55
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K 248 22 3 Ty

6 245 21 36 51

51 174 i 20 IS i 501

4 i g7 I 19 34 | 491

3| 32 | 18 33 | | 48

2 19 17] i 32§ i 47

1] 17 161 31 | i 46

C {(VIRGIKS) ) |

COMMENTS WEieuzd &&P £ (de o =22 o) £ 40P D/ 007 —2
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SPONSER: NTP-|RT CHEMICAL:_ _ THF
STUDY: ___ MOUSE TERATOLOGY CHAMBER: __ 2
ROOM: 424 CONCENTRATION:__600 PPM
DATE: _07 /21 /87 T#L.
LEVEL 3

15 30 45 60

14 29 44 59

13 331 28 13 58

12 294 27 313 42 57

11 70 26 303 41 56

37 25 210 40 55

9| (GRF= B) | 24 205 39 54

g 23 187 38 S3

7 240 22 184 37 330 52

6 220 21 165 36 288 51

5 183 20 132 35 275 50

4 177 19 104 34 250 49
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2 a2 17 51 32 174 47 38
R 78 16 39 3 133 46 24

(GRP A) (GRP 2) (23" ) (3EF E
LEUEL 4

15 30 43 66|

i4 29 44 5q |

13 28 43 58

12 27 42 57

11 26 41 56

10 257 25 40 55 |

9 287 24 39 54|

8 242 23 38 53§

7 221 22 37 | 521

6 204 21 36 | 511

a 115 19 34 | 49i

3 88 18| 33 48|

2 | 50 171 32 47 |

1] 43 16! 31 | 46 |

(VIRGIND)

COMMENTS MZigusD 420 804012 - 270 + 2o 4 -
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STUDY: ___MQUSE TERATOLOGY CHAMBER: 3
RDOM: 424 CONCENTRRTION:__1800 PPM

DATE: 07 /21 /8?7 2

LEDEL 3

15 30 45 60

14 328 29 44 59

13 226 28 43 58

12 149 27 42 57

11 85 26 287 41 56
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B 23 200 38 : 53
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1] 20 16 13 31 a7 46 274

(GRP A) (GRE T) (GRF T} {3RF 2
LEUEL 4

15 30 45 60 |

14 29 44 59
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12§ 27 42 57

11 26 41 | 56

10 309 25 4D i 55

g 301 24 39 | 54}

8 267 23 38 53

7] 211 22 37 52

6 | 164 21 36 51

5 | 141 20 zc | 50!

4 131 19 34 | ! 49|

3 77 18 33 i | 48

2 iZ 171 32 | | 47

1 [ 186] 3| | 46




SPONSERL_NTP-1RY CHEMICAL: __ THF
STUDY: ___MOUSE TERATOLOGY CHAMBER: 4

ROOM: 424 CONCENTRRTION:__5000 PPM
ORTE: 07/ 21787 &

LEVEL 3
15 30 45 60
14 2880 29 44 5y
13 238(rgwn) | 28 43 S8
12 219 27 42 57
11 218 26 SR3(Tern) | 41 56
10 162 25 222 40 55
9] (GRF B) 24 213 33 54
B 23 125 38 53
7 22 HoSeno) | 37 327 52
6 21 B (o) | 36 285 (vern) | 51
5 20 82 35 155 50
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(GRP C) (@r= D) {GRP =)
LEVUEL 4
15 30 45 60
14 29 44 59
13 28 43 g
12 27 42 57
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2 17 32 47
1 16 31 46|
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NoeTe - no animals LetT in Hotdiftz] Lhamber
2

PROJECT:

NTP-IRT

STUDY: _BRATTERATOLOGY

HDi?E § 24%41 87 f_‘_‘.}imuql'\ %2‘:8:{-\

R g (g or WE v

20-371 RER,

CHEMICAL: _THE _
CHAMBER: 1

CONCENTRATION: O PPM

LEVEL 4 LEVEL 3
816
596
578 529
574 515
E57 618 485 617
537 808 491 541
521 597 477 464
471 573 4588 13Re o)
452 560 425 612
433 525 476 564
405 502 403 499
(AP D) (GRP E) aFP A (BRP B)
LEVEL 5
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PROJECT: CHEMICAL: —IHE
AT — T CONCENTRATION: 500 FPM_
DATE: G /21787 -t’nrouqh ?;z%f £ .
T eerchay, BEver THIZ #2347
LEVEL 4 LEVEL 3
629
594
587
567 527 633
550 519 571
540 626 513 505
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