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FOREWORD

The purpose of this Toxicological Review is to pogvscientific support and rationale
for the hazard and dose-response assessment ip&rESning to chronic exposure to
tetrahydrofuran. It is not intended to be a cormprsive treatise on the chemical or
toxicological nature of tetrahydrofuran.

The intent of Section 8Jlajor Conclusionsin the Characterization of Hazard and Dose
Responsg, is to present the major conclusions reached iménwation of the reference dose,
reference concentration and cancer assessmeng apglicable, and to characterize the overall
confidence in the quantitative and qualitative atpef hazard and dose response by addressing
the quality of data and related uncertainties. diseussion is intended to convey the limitations
of the assessment and to aid and guide the riglssasin the ensuing steps of the risk
assessment process.

For other general information about this assessenther questions relating to IRIS,
the reader is referred to EPA’s IRIS Hotline atApb66-1676 (phone), (202) 566-1749 (fax), or
hotline.iris@epa.gov (email address).
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1. INTRODUCTION

This document presents background information astification for the Integrated Risk
Information System (IRIS) Summary of the hazard doske-response assessment of
tetrahydrofuran (THF). IRIS Summaries may inclodal reference dose (RfD) and inhalation
reference concentration (RfC) values for chronid atiher exposure durations, and a
carcinogenicity assessment.

The RfD and RfC, if derived, provide quantitativdarmation for use in risk assessments
for health effects known or assumed to be prodtiwenigh a nonlinear (presumed threshold)
mode of action. The RfD (expressed in units ofkgglay) is defined as an estimate (with
uncertainty spanning perhaps an order of magnitatie)daily exposure to the human
population (including sensitive subgroups) thdikisly to be without an appreciable risk of
deleterious effects during a lifetime. The inhialatRfC (expressed in units of mghis
analogous to the oral RfD, but provides a contirsuobnalation exposure estimate. The
inhalation RfC considers toxic effects for both thepiratory system (portal-of-entry) and for
effects peripheral to the respiratory system (egsiratory or systemic effects). Reference
values are generally derived for chronic expos(upgo a lifetime), but may also be derived for
acute €24 hours), short-term (>24 hours up to 30 daygj,sarbchronic (>30 days up to 10% of
lifetime) exposure durations, all of which are gled based on an assumption of continuous
exposure throughout the duration specified. Undpesified otherwise, the RfD and RfC are
derived for chronic exposure duration.

The carcinogenicity assessment provides informaimthe carcinogenic hazard
potential of the substance in question and quanttastimates of risk from oral and inhalation
exposure may be derived. The information inclualesight-of-evidence judgment of the
likelihood that the agent is a human carcinogenthadtonditions under which the carcinogenic
effects may be expressed. Quantitative risk estisnamay be derived from the application of a
low-dose extrapolation procedure. If derived,dh& slope factor is a plausible upper bound on
the estimate of risk per mg/kg-day of oral exposuBenilarly, an inhalation unit risk is a
plausible upper bound on the estimate of riskyg#m® air breathed.

Development of these hazard identification and d¢esponse assessments for
tetrahydrofuran has followed the general guideliioesisk assessment as set forth by the
National Research Council (NRC, 1983). U.S. Envinental Protection Agency (EPA)
Guidelines and Risk Assessment Forum TechnicallFReorts that may have been used in the
development of this assessment include the follgwiBuidelines for the Health Risk
Assessment of Chemical Mixtures (U.S. EPA, 1986a)Guidelines for Mutagenicity Risk
Assessment (U.S. EPA, 1986b)Recommendations for and Documentation of Biological Values
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for Usein Risk Assessment (U.S. EPA, 1988)Guidelines for Developmental Toxicity Risk
Assessment (U.S. EPA, 1991)interim Policy for Particle Sze and Limit Concentration Issuesin
Inhalation Toxicity (U.S. EPA, 1994a)Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry (U.S. EPA, 1994b)Jse of the
Benchmark Dose Approach in Health Risk Assessment (U.S. EPA, 1995)Guidelines for
Reproductive Toxicity Risk Assessment (U.S. EPA, 1996)Guidelines for Neurotoxicity Risk
Assessment (U.S. EPA, 1998)science Policy Council Handbook: Risk Characterization (U.S.
EPA, 2000a)Benchmark Dose Technical Guidance Document (U.S. EPA, 2000b),
Supplementary Guidance for Conducting Health Risk Assessment of Chemical Mixtures (U.S.
EPA, 2000c)A Review of the Reference Dose and Reference Concentration Processes (U.S.
EPA, 2002)Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005aSupplemental
Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens (U.S. EPA,
2005b),cience Policy Council Handbook: Peer Review (U.S. EPA, 2006a), andl Framework
for Assessing Health Risks of Environmental Exposuresto Children (U.S. EPA, 2006b).

The literature search strategy employed for thimmound was based on the Chemical
Abstracts Service Registry Number (CASRN) and ast@ne common name. Any pertinent

scientific information submitted by the public tetIRIS Submission Desk was also considered

in the development of this document. The relelitarature was reviewed through January
2011. It should be noted that references have added to the Toxicological Review after the
external peer review in response to public commandsfor the sake of completeness. These

references have not changed the overall qualitaiequantitative conclusions. See Section 7

for a list of the references added after peer vevie
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2. CHEMICAL AND PHYSICAL INFORMATION

Tetrahydrofuran (THF) is a synthesized organic coamgl that is not found in the natural
environment (ACGIH, 2001). It is a colorless, wiéaliquid with an ethereal or acetone-like
smell and is miscible in water and most organieeats. Table 2-1 summarizes the physical and
chemical properties of THF. THF is highly flammablUpon contact with air, THF can
decompose into explosive peroxides and carbon mdeox

Table 2-1. Chemical and physical properties of THF

CAS Registry Number 109-99-9 Verschueren (2001)
Synonym(s) THF; diethyleneoxide; tetramethyleneexid Verschueren (2001)
1,4 -epoxy butane; furanidine;
oxacyclopentane
Melting point, °C -108.5 Verschueren (2001)
Boiling point, °C 65/66 Verschueren (2001)
Vapor pressure, atm at 20°C 0.173 Verschueren (2001)
Density, at 20°C relative to thg).89 Verschueren (2001)
density of HO at 4°C
Flashpoint (closed cup) -1to -21.5°C BASF (1993)
Water solubility Miscible NIOSH (1997)
Log Kow 0.46 SRC (2001)
Odor threshold 2-7.4 ppm ACGIH (2001);
60—150 mg/r RIVM (2001)
Molecular weight 72.10 Verschueren (2001)
Conversion factors 1 ppm = 2.95 mgd/m NIOSH (1997)
Empirical formula GHgO Verschueren (2001)
Chemical structure ') Verschueren (2001)

THF is used as a solvent for polyvinyl chlorideslidene chloride polymers, and
natural and synthetic resins (particularly viny)d in topcoating solutions, polymer coatings,
cellophane, protective coatings, adhesives, magetps, and printing inks. It is also used for
Grignard and metal hydride reactions. THF is usedn intermediate in chemical synthesis.
For example, it is used in the preparation of cleamsj including adipic acid, butadiene, acrylic
acid, butyrolactone, succinic acid, 1,4-butanediatetate, motor fuels, vitamins, hormones,
pharmaceuticals, synthetic perfumes, organometaiiepounds, and insecticides. It is also
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used in the manufacture of polytetramethylene egh@ol, polyurethane elastomers, and elastic
polymers. THF can be used in the fabrication ofemals for food packaging, transport, and
storage. When THF is used in food processingntle an indirect food additive (National
Toxicology Program [NTP], 1998).

Potential exposures to humans result from anthrepiegsources, primarily from
occupational exposures related to THF's use asvarsdor resins, adhesives, printers’ ink, and
coatings. Exposure to THF is primarily throughaldtion or dermal absorption in the
workplace. Nonoccupational exposure is uncommahpiay occur via inhalation and oral
routes from contamination of the environment (ad avater) (NTP, 1998).
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3. PHARMACOKINETICS

3.1. ABSORPTION
3.1.1. Gastrointestinal Absorption

No information on THF absorption from the humantgastestinal (Gl) tract is
available. However, blood and tissue concentradata from a pharmacokinetic study in rats
and mice conducted by DuPont Haskell Laborator@@have demonstrated that THF is
readily absorbed from the Gl tract. In this stusipgle gavage doses of approximately 50 or
500 mg/kg $*C]-THF dissolved in water were administered to naaid female F344 rats and
B6C3FR mice, and the level of THF-associated radioagtivitplasma was monitored for up to
168 hours. The mean values of selected pharmastikiparameters for plasma identified in this
study are presented in Table 3-1. In both ratsmaie, radioactivity appeared in the plasma
soon after the THF treatment, demonstrating thil ralpsorption of THF from the Gl tract. In
rats, detectable levels of radioactivity were pneése the plasma as early as 15 minutes after
dosing (the earliest time point measured). Maxinplasma concentrations were reached after
approximately 4 hours in the low-dose rats and @& hours in the high-dose rats. In the low-
dose group, the plasma concentration reached aimaxi(Gnay) of 19.8ug THF equivalents/g
in males at 4 hours and 131§ THF equivalents/g in females at 3 hours. Intigi-dose group,
the GhaxWas 71.6.g THF equivalents/g plasma in males at 8.0 houds8@2ug THF
equivalents/g plasma in females at 3.2 hours. THhg(the time after administration of a
chemical when the maximum plasma concentratioaeastred; when the rate of absorption
equals the rate of elimination) in females was lyiglariable. Maximum plasma concentrations
were not proportional to the administered dose;esitiax Values differed by approximately
fourfold for males and sevenfold for females betwdese groups, while the administered dose
differed by 10-fold. A similar evaluation of théapma area under the curve (AUC) data
revealed the same pattern of nonproportionalith widse. This phenomenon could reflect the
saturability of absorption processes at high dogdso, independent of absorption, dose-
dependent changes in first-pass metabolism couddilply explain this result. Since Gl tract
absorption rates have not been measured direleyddta are not adequate to attribute the
nonlinearity in maximum plasma concentrations orGslio absorption kinetics. As the values
of many of the kinetic parameters are highly vdedbable 3-1), the study authors (DuPont
Haskell Laboratory, 1998) indicated that there wevyeggender differences for any of the kinetic
parameters in the rat (statistical significancerepbrted by the study authors).
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Table 3-1. Pharmacokinetic parameters in rat and rause plasma following
a single gavage administration of {'C]-THF

50 mg/kg 500 mg/kg

Male ‘ Female Male | Female
Rat
Actual dose (mg/kg) 40.3 45.9 428.7 478.3
Tma (Ors) 4.0 3.0 8.0 3.2
Cmar (10 equivalents/qg) 19.8 13.8 71.6 89.2
Ty (hrs) 52.1 50.5 48.0 59.0
AUC (ugehr/g) 535.8 319.6 2,825.5 1,998.0
Clearance (g/hrekg) 75.2 143.6 151.7 239.4
Mouse
Actual dose (mg/kg) 44.3 38.0 490.3 495.9
Tmax (NrS) 0.5 0.4 0.8 1.0
Cna (ug equivalents/q) 27.7 19.4 149.4 106.0
Ty (hrs) 56.9 51.4 57.3 98.5
AUC (ugehr/g) 207.4 157.3 3,237.9 1,904.4
Clearance (g/hrekg) 213.6 241.6 151.4 260.4

Tz = half-life

Source: Adapted from data in DuPont Haskell Latooya(1998); data are expressed as mean values.

Similar to the observations in the rat, THF-asdedaadioactivity appeared rapidly in
mouse plasma after gavage dosing. Fifteen mirfdatesving the 50 mg/kg treatment, a mean
value of 17.4ug THF equivalents/g plasma was observed in femvaltél® no radiolabel was
detected in males at this sampling time. Followimg500 mg/kg treatment, the mean values at
15 minutes were 84.8 and 5§ THF equivalents/g plasma for males and females,
respectively. Inthe 50 mg/kg dose group, plasad@oactivity reached thepz of 27.7 and
19.4ug THF equivalents/g at approximately 30 minutesradbsing in males and females,
respectively. In the 500 mg/kg group, the plasathaactivity reached g« values of 149.4 and
106.0pug THF equivalents/g at approximately 1 hour aftesidg in males and females,
respectively. No gender differences were obsefeethe mouse Jax values (statistical
significance not reported by the study authord)e mMmouse Jax values were shorter than for the
parallel dose-groups in rats, suggesting that bisemtion of THF is more rapid in mice than in
rats. As was observed in rats, thg,Gralues in mice were not proportional to the adstared
dose. However, evaluation of the plasma AUC datariice suggested that the total absorbed
dose was more than proportional to the administdosgs; the AUC was 12-fold higher at the
high dose in females and 16-fold higher at the kigbe in males as compared to the AUC in the
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corresponding low-dose groups. The lack of propoality of the G,axand AUC is consistent
with an effect of dose on absorption rate. Howgeg#ects of other kinetic parameters such as
metabolism could explain these observations, aecttbre, the apparent nonlinearity in plasma
kinetics cannot be attributed only to absorption.

The oral bioavailability of THF has not been asedgdirectly. However, measurement
of THF-associated radioactivity in the excretalsd tats and mice in the pharmacokinetics study
by DuPont Haskell Laboratory (1998) suggests thagtr(if not all) of orally administered doses
of THF can be absorbed. In rats and mice, thé tathoactivity recovered in urine, feces,
expired air (carbon dioxide [Cor volatile organics), tissues, cage wash, asttlual feed was
measured over a period of 168 hours after gavagegl¢Table 3-2). The total recovery of
radioactivity (i.e., mass balance) was low in badtise groups of rats and the high-dose group of
mice, which was attributed by the study authorsaturation in the CQOcapture system at early
time points after dosing and limited performancéhef solvent used to capture volatile organics.
However, changes in the apparatus for collectioB©f and volatile organics employed for the
low-dose mice yielded much better recovery of tth@iaistered radioactivity. Analysis of data
from the low-dose mice shows that little THF rensaiumabsorbed from the Gl tract, since
recovery of radioactivity in the feces did not amebfor more than 1.4% of the administered
dose. The amount of THF-associated radioactieitpyvered in the feces in these treatment
groups was similar to the low-dose mice, suggeshag THF is nearly completely absorbed
following oral dosing of up to 500 mg/kg in ratsdamice.
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Table 3-2. Overall percent recovery of radioactivy at 168 hours following
gavage administration of }*C]-THF

50 mg/kg 500 mg/kg

Rat Mouse Rat Mouse
Samplé Male Female Male Female Male Female Male Female
Urine 4.4 3.5 2.7 5.3 2.2 2.2 3.8 3.6
Feces 11 1.0 1.4 0.9 1.0 0.4 1.3 0.8
CGo, 47.8 47.5 58.2 74.6 21.9 18.8 51.1 36.2
Volatile organics | <LOB  |<LOD 17.8 24.5 <LOD <LOD 0.3 0.2
Tissues 141 9.3 3.8 2.0 7.9 4.1 4.4 0.7
Cage wash and |<LOD <LOD 1.3 1.2 <LOD <LOD 1.1 1.9
residual feed
Total 67.5 61.3 85.2 108.5 33.0 255 61.9 43.3

This table contains data from only those individizs$ that had all listed samples collected.
®LOD = Limit of detection.

Source: DuPont Haskell Laboratory (1998).

3.1.2. Respiratory Tract Absorption
The results from several human studies show th&t iSHeadily absorbed from the

respiratory tract. A study of workers in a vidgmananufacturing plant (Ong et al., 1991)
suggested that THF is absorbed by the inhalatiateroln a group of 58 workers, full shift
personal sampling was conducted to estimate brepa#tune concentrations of THF. THF
concentrations in the blood, exhaled air, and uoinhe workers were determined at the end of
the final work shift of the workweek. Time-weightaverage exposures ranged from 0.2 to
143.0 ppm (0.59-422 mgfn The measured air concentrations correlatedvaiésturinary

THF levels (0.88), followed by blood (0.68) and abdd air (0.61). A limitation of the study
was the inability to estimate the rate of THF apson from the respiratory tract since the
overall contribution of dermal exposure (describsdxtensive for some workers) and the
systemic THF levels were not determined. It was ainclear whether dermal exposure might
correlate with THF levels in breathing zone aimother study of THF workers (Ong et al.,
1991) reported that the degree of THF absorptiomfthe respiratory tract is 70% under heavy
workloads and 60% during normal breathing.

Kageyama (1988) investigated the pharmacokinefi@sié in volunteers exposed by the
inhalation route. In the first experiment, sulge(@—20 per group) were exposed for 6 minutes
to THF concentrations of 108-395 ppm, and exhaledas sampled. The authors calculated
the THF uptake ratio based on the concentratioff$467 in the inhaled air divided by the
concentration of THF in the exhaled air. The ageraptake ratio was 64.8% for males and
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72.7% for females during normal breathing and 78fdfmales and 81.3% for females during
deep breathing. No consistent concentration-relatects on uptake were apparent. These
results suggested that as much as 81.3% of thewlddFabsorbed or retained in the lung under
acute exposure conditions. In a second experirfigatmale subjects were exposed for 3 hours
to mean concentrations of 56 ppm THF, followed Hytgour recovery period and then a second
3-hour exposure. Exhaled air was monitored througthe first 3-hour exposure period. The
percentage of THF in expired air relative to inkladér was reported as 40% during normal
breathing and 27% during deep breathing. Thesstsesorrespond to uptake ratios of 60 and
73%, respectively. The same results were obsdordi/e male subjects exposed for a single
3-hour exposure period to a mean THF concentratid®3 ppm THF (experiment 3). The
authors also exposed five male volunteers to apmabely 200 ppm (207 ppm for first exposure
and 178 ppm for second exposure) THF for sequeddiedur exposure periods with a 1-hour
recovery period in between (experiment 4). Bloachgles were collected for several of the
exposure protocols (experiments 2, 3, and 4). KidEtics in blood were highly variable among
individuals. However, the appearance of THF intdlu®d demonstrates the systemic absorption
of THF from the lungs in exposed humans.

Wagner (1974) also reported on the respiratory athsorption of THF in four
volunteers. The volunteers were exposed to 100 pigffor 20 minutes. The absorption rate
of THF was reported to be 60%. The author sugddbts the reported absorption rate
represented 80% of the steady-state absorptiomeaeally reached over a period of several
hours. This value is similar to reports in othentan volunteer studies (Teramoto et al., 1989;
Kageyama, 1988).

Tissue distribution studies in animals also proas&lence for absorption of THF
through the respiratory tract, since measurablel$eaf THF were found in a variety of tissues in
rats exposed through the inhalation route (Elovated., 1984; Kawata and Ito, 1984).

3.1.3. Dermal Absorption

Limited information is available on the dermal atpgimn of THF in either humans or
animals. Systemic toxicity observed in acute détodcity studies (Stasenkova and
Kochetkova, 1963) showed that THF can be absoltredigh the skin. Brooke et al. (1998)
demonstrated that uptake of vapor of industriatesals across the skin can also occur in
humans, but the degree of dermal uptake appedes negligible (compared to inhalation).
Under the conditions of the study in which fourwtteers, two with and two without masks,
were exposed to 150 ppm THF vapor for 4 hours, deuptake of THF vapor (in volunteers
with masks) was found to contribute around 1-2%efbody burden received following whole-
body (including inhalation) exposure (in volunteetithout masks).
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3.2. DISTRIBUTION

No tissue distribution studies have been conduictedumans exposed to THF by any
route of exposure. However, Ong et al. (1991) repiothat occupational exposures (potentially
inhalation and dermal) to THF resulted in measw#ibod and urine THF levels. Kageyama
(1988) and Droz et al. (1999) reported measurabledoconcentrations of THF in volunteers
exposed by the inhalation route. These resultdstrate the potential for wide tissue
distribution of THF.

Tissue distribution of THF has been studied comgmslvely in rats and mice following
oral dosing (DuPont Haskell Laboratory, 1998). girgavage doses ofC]-THF at target
concentrations of 50 or 500 mg/kg were administéoedale and female F344 rats or B6¢3F
mice, and radioactive residues were measured ipl#sena, red blood cells (RBCs), skin, whole
blood, bone marrow, brain, fat, heart, lungs, spléeer, kidney, Gl tract and Gl tract contents,
ovaries, testes, adrenals, plasma, uterus, musmie, and carcass.

For rats, plasma and RBCs were collected at maltipte points, and, at 168 hours after
dosing, the animals were sacrificed and tissues Warvested for analysis of THF-associated
radioactivity. The presence of radioactivity im@ina demonstrates that THF or its metabolites
are available for systemic distribution. Comparmiséd kinetic data for plasma and RBCs
provides information on partitioning of THF (or itgetabolites) in the blood compartment. The
Cmax values for plasma were consistently higher thag @alues for RBCs, ranging from 2.7- to
4.8-fold among both dose groups in males and fegsnaléhen the AUC data are compared for
plasma versus RBCs, the opposite relationship Wwasreed (i.e., AUC values were higher in
RBCs than in plasma), consistent with the longeldgical half-life (T,») in RBCs as compared
to plasma (see Table 3-1). No data on proteinibgsh the plasma were available. These data
suggest that THF-associated radioactivity partgticapidly to the plasma, resulting in higher
peak concentrations in the plasma than in RBCs.

Total recovery of the administered dose in tissu@s minimal, ranging from 3.7 to
10.3% among the two dose groups in male and feratde The highest percent recovery was in
the carcass, indicating that THF or its metabokteswidely distributed. Tissue-specific data on
a concentration basigd equivalent THF/g tissue) are shown in Table 3FBese data indicate
that the liver has the highest concentrations dibictivity, followed by the fat and adrenal
glands. Both male and female rats had similaepasdtin the tissue distribution of THF-
associated radioactivity at the two treatment dosgggesting that at doses between 50 and
500 mg/kg, no significant shift in relative targissue doses would be expected.
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Table 3-3. Radiolabel concentration in tissues ofts and mice at 168 hours
following gavage administration of {*C]-THF

Rat Mouse Rat Mouse
Male ‘ Female Male | Female Male ‘ Female Male Female
50 mg/kg 500 mg/kg
Tissue Tissue concentration fig equivalent/g)
Carcass 2.0 15 1.4 0.9 11.9 8.8 14.2 12.4
Skin 2.4 1.6 15 0.9 14.7 7.4 18.1 14.6
Whole blood 1.0 0.7 0.8 0.5 6.1 5.1 8.6 5.5
Bone marrow 3.7 2.9 1.1 2.4 17.0 9.4 0.2 9.9
Brain 2.1 1.3 1.4 1.0 8.3 7.7 12.3 10.0
Fat 4.1 3.0 3.1 2.2 31.3 14.0 35.7 20.5
RBCs (terminal) 1.8 1.2 1.2 0.9 8.5 8.1 12.8 8.8
Heart 1.7 1.4 1.0 0.8 10.1 7.8 11.6 9.0
Lungs 2.1 1.4 1.1 0.6 11.9 7.9 11.6 8.6
Spleen 2.2 1.1 1.0 0.7 9.5 6.6 12.9 9.1
Liver 15.4 11.9 1.4 0.9 60.5 38.3 17.9 12.9
Kidney 2.7 2.0 1.7 1.1 15.8 12.2 22.8 14.1
Gl tract 1.8 1.0 0.9 0.6 8.4 6.0 11.3 8.0
Gl contents 0.5 0.2 0.2 0.1 1.3 0.9 1.5 1.2
Ovaries - 1.4 - 1.1 - 8.4 - 13.0
Testes 1.8 - 1.4 — 7.3 — 12.5 -
Adrenals 5.4 3.9 3.0 1.4 30.2 18.5 27.1 23.5
Plasma (terminal) 0.6 0.3 0.3 0.2 3.4 2.2 3.1 4.3
Uterus - 1.1 - 0.8 - 7.8 - 8.5
Muscle 2.0 1.7 1.3 1.0 11.5 10.3 12.5 9.7
Bone 1.8 1.2 1.2 0.6 10.6 7.5 8.3 6.3

Source: Adapted from DuPont Haskell Laboratoryd@)9

Similar to rats, THF-associated radioactivity appdaapidly in the plasma of mice after
oral exposure. Evaluation of kinetic parameterdfood compartments showed that peak
concentrations were higher, but total integratesedd AUC) were lower in plasma compared to
RBCs. In mice, the total percent of the adminedestose recovered within 168 hours after oral
dosing in these tissues ranged from 3.1 to 4.0%e highest percent of the dose was recovered
in the carcass, indicating that THF or its metdbslivere widely distributed. Tissue-specific
data on a concentration basig equivalent THF/g tissue) at 168 hours are showirable 3-3.
Tissue distribution of THF-associated radioactivitys reported for male mice at multiple time
points until terminal sacrifice at 168 hours aflesing. In the high-dose males, peak
concentrations were reached within 4 hours aftemdpfor all of the tissues studied, with peak
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concentrations notably higher in the adrenal glalvsr, and kidney. The rate of decrease in
the levels of radioactivity was tissue dependénbst notably, at longer time points, fat had
higher levels of radioactivity than liver. At th@wv dose, the peak concentrations of radioactivity
in the liver and kidney, but not adrenal glandsten@gher than in other tissues. As in the high-
dose group, the concentration of radioactivityhie fat of the low-dose group at 168 hours was
higher than in other tissues measured.

Hara et al. (1987) investigated the distributiom bl by giving 300 and 700 mg/kg THF
orally to male Wistar rats and rabbits (strain wtsfred), respectively. Blood and tissue
samples were collected for analysis of THF coneioins from groups of three rats at 10 and
30 minutes and at 1, 2, 3, and 5 hours and fronrabbits at 7 or 8.5 hours after administration.
No significant differences were observed betweernwo species. Ratios of tissue levels to
blood levels were approximately 1.5-2.0 in adipissie and kidney and about 1.0 in the brain,
liver, spleen, and muscle.

The distribution of THF has also been studied feifgy inhalation exposures in animals.
Elovaara et al. (1984) measured the distributiomtdF into the brain and fat tissue of rats
exposed to 0, 200, 1,000, or 2,000 ppm (0, 59G®,8nd 5,900 mg/f THF 6 hours/day,

5 days/week for 2—-18 weeks. The exposed rats saméficed at 2, 8, 13, or 18 weeks, and THF
concentrations were measured in the brain andgmadifat. At all of the time points, THF
concentrations in the fat were consistently highan in the brain by a factor of approximately
two- to threefold. THF in both tissues increaseith WHF exposure concentration. As the
treatment extended from 2 to 18 weeks, the THF eatnations in both tissues gradually
decreased. The authors suggested that the deandeseie levels with longer exposure duration
was due to induction of the oxidative metabolisnTHF, as evidenced by increases in liver and
kidney 7-ethoxycoumarin O-deethylase activity (asaaker for metabolic enzyme activity) in
THF-exposed animals beginning at 2 weeks (not duratependent). However, the observed
statistically significant increases in enzymatithaty appeared to reflect a decrease in the
activity in control animals rather than an increamsactivity in the treated animals. No changes
in liver cytochrome P450 (CYP450) content were ol at the end of the study. Comparison
of tissue levels of THF revealed, at the highegiosyre concentration, that tissue levels were
greater than the 10-fold difference in dose. Tasilt is consistent with the greater partitioning
of THF as the parent compound into fatty tissuediscussed above for the oral dosing study in
mice.

Kawata and Ito (1984) compared the distributiof ldF following several different
inhalation exposure regimens. Male Wistar ratsq®trol group and 25/experimental group)
were exposed to 15,000 ppm (44,250 my/fHF for a single 30-minute exposure or for seven
daily 30-minute exposures. In addition, rats werposed to 3,000 ppm (8,850 mgymHF
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vapor for 1 hour/day, 5 days/week for 12 weeks.Fdncentration was determined in tissues
immediately and 1, 3, 6, and 12 hours following ltdet exposure. Tissues evaluated in the study
were the brain, thymus, lung, heart, liver, kidngyleen, and blood. For the single exposure
group, immediately after exposure, the patterntéF Histribution in organs was: blood > brain
= kidneys = heart > liver = spleen = thymus = lung¢ithin 1 hour, differences among the
tissue levels began to decrease, with only the lemgls being significantly lower and blood
levels being significantly higher than the othesties. No significant difference in THF levels
was observed among the tissues within 3 hours yjosseire. The study authors suggested that
lower levels of THF in the lung reflected elimiratiof unmetabolized THF. Lower levels of
THF in the liver and kidney would be consistenthitie metabolic capacity of these organs,
since THF was measured as the parent compoundsiattily. Repeated exposure to 15,000
ppm resulted in a similar pattern of tissue lee&tLept that immediately after exposure only the
lung (significantly lower) and blood (significanttygher) levels were different from the other
tissues.

In the rats exposed to 3,000 ppm THF for 12 weaksfferent pattern of distribution
was observed. Immediately after the last expoJUfE, tissue levels were greatest in the
thymus, followed by spleen > brain = heart > lunigleod > liver = kidney. The concentration
of THF in thymus was significantly higher than Téncentration in other tissues and remained
higher for up to 12 hours postexposure. Tissuel$eof THF measured immediately after the
last exposure for the 1-day and the 6- or 12-we@RBppm exposure regimens were compared.
THF levels were proportionally higher with increagiduration of exposure from 1 day to
6 weeks, although for many tissues, THF levelswweéks were similar to those observed at
12 weeks. Daily tissue accumulation was most agpdor the thymus, in which tissue
concentrations were nearly twice as high as foother tissues immediately after the last
exposure at 12 weeks. Beginning at 6 weeks of ®xeo THF concentrations were also notably
higher in the spleen than in other tissues. Ta&gather, these data show that THF is taken up
in the blood and is widely distributed followingpmosure by the inhalation route. Longer
duration exposures may generate daily accumulatisome organs, although tissue levels
decrease to background rapidly after cessatioxmdsure. THF distributed preferably to the
thymus and spleen following subchronic exposuid®e study authors suggested that higher
THF concentrations in the thymus after longer-texposures might reflect increased age-
associated fattening of the thymus periphery, wksdms to coincide with the normal age-
related atrophy in the parenchyma of this organweler, the spleen was also noted as an organ
with high tissue concentrations, suggesting tostndy authors (Kawata and Ito, 1984) the
possibility of THF distribution through the lymplistem.
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Pellizzari et al. (1982) reported the presencetdf Th the milk from mothers who were
living in one of four urban areas in the Unitedt&sa THF was found in one of eight samples
that were analyzed. This study did not providengjtetive data on the concentrations of THF
that were present or information on mothers’ exp@su

No data on placental transfer of THF or fetal disition is available in humans or in
animal studies.

3.3. METABOLISM

Several lines of evidence suggest that THF undergriglative metabolism by liver
microsomal CYP450 enzymes followed by further hyghis catalyzed by lactonase (also
known as paraoxonasel or PON1) and additional bwidéy cytosolic dehydrogenases. Based
on the available in vivo and in vitro data, themtte metabolite of THF is C(and the
proposed metabolic pathway for this conversiorrésented in Figure 3-1 (Couper and
Marinetti, 2002; DuPont Haskell Laboratory, 200@)xcording to this pathway, THF undergoes
oxidative metabolism to form the intermediates Stoxy-THF and 4-hydroxybutanal which
may undergo further oxidation febutyrolactone (GBL)y-hydroxybutyric acid (GHB), and
succinaldehyde.

In vivo studies on THF metabolism indicate that,@G$the major terminal metabolite, as
shown in Table 3-2 (DuPont Haskell Laboratory, 998 mice administered a single gavage
dose of 50 mg/kg’C-THF, the percent of the radioactivity recoversdC&} was 58.2% in
males and 74.6% in females. Volatile organics gjiibg as unmetabolized THF) accounted for
17.8% of the administered dose in males and 24 S¥#tecadministered dose in females. In mice
administered a single dose of 500 mgff@THF, the percent of the administered dose
recovered as CQOwvas 51.1 and 36.2% for males and females, respécti Rat metabolism
studies also demonstrated that oxidative metabaiisiHF to CQ is an important pathway. In
rats given a single gavage dose of 50 mg/K@®fTHF, 47.8 and 47.5% ofC-THF in males
and females, respectively, was recovered in tha fwrCG. In rats given 500 mg/kg of
radiolabeled THF, these percentages were 21.9%alesnand 18.8% in females.

In both sexes of mice and rats, metabolism of THHE®, was greater at the low dose,
suggesting that metabolism may be saturated aehapses. Although the data suggest that
there might be species differences in the contiobudf CG, to THF metabolism, potential
saturation of the C&trap and therefore loss of G@ the rat study make comparison of the rat
and mice data unreliable.

The metabolism of GBL and GHB has also been stueh¢ensively (NSF, 2003). GBL
may readily convert to GHB, as lactones are knawreadily equilibrate in agueous media
between their closed (lactone) and open (hydrogig)dorms, a process that may be influenced
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by pH and structural features of the specific laetfTeiber et al., 2003; Roth and Giarman,
1966). Hydrolysis of lactones to the correspondirganic acids as well as the reverse reaction,
namely formation of lactones from hydroxy acidsyéneecently been shown to be catalyzed by
liver and serum enzymes known as paraoxonases (HBganov et al., 2005; Teiber et al.,
2003; Billecke et al., 2000). In these studiesesal lactone and hydroxy acid substrates,
including GBL and GHB, were converted to the cquaexling hydroxy acids and lactones by a
specific human serum PON isoenzyme (PON1).
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Figure 3-1. Possible metabolic pathways of THF.
Source: Modified from Couper and Marinetti (20@2d DuPont Haskell Laboratory (2000).
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It is well established that, in the absence of expe to THF, normal brain and peripheral
tissues from several mammalian species, includumgans, have built in metabolic machinery to
produce and process GHB. High concentrations oB®Blve been found in normal brain and in
peripheral tissues including brown fat, liver, ieapleen, and kidneys from human and other
species where endogenous formation of brain GHBasght to come from the neurotransmitter
y-aminobutyric acid (GABA) and possibly 1,4-butar@dNelson et al., 1981; Doherty et al.,
1978; Roth and Giarman, 1968). More recently, 88&éteptor from a human brain frontal
cortex cDNA library has also been cloned and chareed (Andriamampandry et al., 2007).

GHB can be oxidized to succinic semialdehyde (Si8A3 cytosolic NADP dependent
GHB dehydrogenase commonly found in brain as weleveral other tissues including brown
fat, liver, heart, spleen, and kidneys (Kaufman Betson, 1987; Kaufman et al., 1979). An
enzyme known as succinic semialdehyde dehydrogehaesexidizes SSA to succinic acid
(Kaufman and Nelson, 1987; Gibson et al., 1983ctig an intermediate in the citric acid cycle
that ultimately generates GQwater, and usable energy. As discussed edteiin vivo
metabolism studies of THF have shown that @Qhe predominant metabolite.

In an in vitro experiment with hepatic microsome¢marations from rats, mice, or
humans, the only metabolite of THF identified wasydroxybutyric acid (GHB) (DuPont
Haskell Laboratory, 2000). The/for disappearance of THF in these reactions wasodds
for rat microsomes, 28 hours for human microsoraed,9 hours for mouse microsomes. The
data suggest that liver microsomes in mice may bhayeater capacity to metabolize THF than
do human or rat microsomes. No data are avaitaldenfirm whether these relative rates of
metabolism by microsomes are predictive of THF imgtiam among species in vivo. Further,
though no attempt was made to characterize theof@pecific metabolizing enzymes, the fact
that microsomes were used, in the presence of d@dMHAgenerating system (DuPont Haskell
Laboratory, 2000), strongly suggests that one aierobthe CYP450 isoenzymes were involved.

The metabolism of THF to GBL is further supportgdbetabolic studies of p-dioxane, a
structural analogue of THF. p-Dioxane-2-one, #0lae with a six-member ring analogous to
GBL, has actually been identified as the majoranymmetabolite of p-dioxane in rats (Woo et
al., 1977). In addition, in vitro studies of stiur@lly related compounds with a THF ring or
similar ring structures indicate that there areimber of possible pathways (see Figure 3-1) for
the metabolism of THF to GHB, including (@hydroxylation (by microsomal CYP450
enzymes) to 5-hydroxy-THF, which can be rapidlywented to GBL and GHB (Woo et al.,
1977; Fujita and Suzuoki, 1973); (2) oxidation &fH (by cytosolic enzymes) to
4-hydroxybutanal, followed by immediate oxidatianGHB and GBL or reversibly reduced to
1,4-butanediol (ElI Sayed and Sadée, 1983; RotlGaaiean, 1968); and (3) direct oxidation of
THF to succinaldehyde (by microsomal CYP450 enzyme®t shown in Figure 3-1, followed
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by reversible reduction to 4-hydroxybutanal anddakion to GBL or GHB in the presence of
cytosolic soluble enzymes. The formation of GBLG3B from succinaldehyde by soluble
enzymes could also occur by oxidation to SSA, feéd by reversible reduction (El Sayed and
Sadée, 1983).

The implication of these metabolic intermediatethoverall toxicity of THF is unclear.
Many of these intermediates (i.e., 5-hydroxy-THHhydroxybutanal, 1,4-butanediol,
succinaldehyde) are expected to be unstable amtlyamdergo further metabolism to GHB.
Studies in rats have shown that 1,4-butanedioletabolized in the blood and brain to GHB and
that GHB is the active intermediate responsiblatiercentral nervous system (CNS) effects of
1,4-butanediol (Roth and Giarman, 1968). In facyitro and in vivo studies have shown that
GHB can be converted to the neurotransmitter, GABayer et al., 1985; DeFeudis and Collier,
1970), which provides a possible mechanistic liatngen THF and its potential for causing
CNS effects. Appreciable amounts of radioactieelad GABA were detected in the brains of
mice 60, 120, and 180 minutes after intraperitofigal) injection of 1**C-GHB (DeFeudis and
Collier, 1970). Increased tissue level of GABA gnudrescine (the primary source of GABA in
many tissues) may also be hypothesized to plajeandhe THF-induced cell proliferation and
carcinogenicity in the liver (see Section 4.7.3.2).

3.4. ELIMINATION

The available human data suggest that expiratian isnportant route of excretion for
THF. In a human occupational study (Ong et al91)9workers exposed to THF by the
inhalation and dermal routes excreted THF in exhaleand in the urine. Kageyama (1988)
measured exhaled air concentrations of THF in velenrs exposed by the inhalation route. THF
was present in the exhaled air for several houes akposure to a concentration of 200 ppm,
suggesting that THF is excreted in exhaled airozbat al. (1999) summarized the results from
several additional human volunteer studies thapsrtghe conclusion that THF is rapidly
excreted from the body via exhaled air and uriBgposure periods were for as long as 8 hours
to concentrations as high as 200 ppm. In all cagdE levels in breath, blood, or urine declined
rapidly and reached background levels within aqueaf approximately 12 hours.

Oral dosing studies in animals provide further ewick for the important role that
exhaled air plays as a route of excretion for THifrats exposed to an oral dose of 50 mg/kg
THF, 47% of the oral dose was recovered in theregpair as Cg while only about 4% of the

radioactivity was detected in the urine and 1%himfeces. In the mice exposed to the same dose

of THF, 58-75% of the oral dose was recovered pired air as C@and 18-25% as volatile
organic compounds (VOCSs), while 3-5% of the radiodyg was detected in the urine and 1%
was detected in the feces. A similar pattern vieeoved in the animals exposed to the high
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dose of 500 mg/kg, but relatively less radioactivit9—22% as C@in the rats and 36-51% as
CO, in mice, was recovered in the expired air. Beeaafssome technical difficulties in recovery
of VOCs from the expired air, significant lossegrapped VOCs occurred in most of the
measurements. Among all the data available for ¥Qk only reliable data were from the
mice exposed to the low dose of THF. Neverthekbssavailable data indicate that expiration
was the major route of excretion of absorbed THild, @& was the major final product. The
study authors suggested that the VOCs in the edlztavere likely to be parent THF. Urine
and feces were relatively minor routes of THF ettore(DuPont Haskell Laboratory, 1998).

In the same study (DuPont Haskell Laboratory, 198®) time course of THF in the
plasma of exposed rats and mice was also studibd.results are summarized in Table 3-1. In
the rats exposed to the low dose (50 mg/kg), theoT the radioactivity in the plasma was
52 hours in the males and 51 hours in the femdfeiowing exposure to the high dose
(500 mg/kg) THF, the plasma,Fwas estimated to be 48 and 59 hours, respectiyelthe mice
exposed to the low dose, the plasma Was 57 hours in the males and 51 hours in theléama
Following exposure to the high dose (500 mg/kg) THhE serum 7, was 57 and 99 hours,
respectively. Based on these data, there wer@parant differences in the plasmg, between
rats and mice. At the 50 mg/kg dose level, matkfamale animals had a comparabig,T
while at 500 mg/kg THF the males had shorter plalsaifalives than the females. The half-lives
reported in this study are not the biological Ha#és of THF but only represent radioactivity
measured in plasma and serum. The radioactivigegmt is likely derivatives of THF that are
either covalently bound to cellular macromolecuebsave been incorporated into the primary
carbon pool. Available data indicate that thedmatal T,/ of THF is about 5-7 hours. Hara et
al. (1987) reported a; & of 5.2 hours in rats, following oral administratiof 300 mg/kg, and a
T2 0f 5.1 hours in rabbits at a dose of 700 mg/kg.

The AUCs for the THF-associated radioactivity ie fllasma were estimated for the
exposed rats and mice in the study conducted bpttont Haskell Laboratory (1998). In the
rats exposed to 50 mg/kg THF, the plasma AUC iresiahd females was 536 and 320THF
equivalents-hour/g plasma, respectively. In rafsosed to 500 mg/kg THF, the plasma AUC in
males and females was 2,826 and 1,298 HF equivalents-hour/g plasma, respectively (see
Table 3-1). At either the low or high doses, tHé@\was always higher in the male rats than in
female rats. A similar gender difference was obs@in mice. In the 50 mg/kg dose group, the
plasma AUC was 207 and 15@ THF equivalents-hour/g plasma. The plasma AU@ates
and females was 3,238 and 1,904 in the high-dasgpgi500 mg/kg), respectively. Based on
these findings, the same oral dose of THF resulgshigher internal dose of THF and/or its
metabolites in male rats or mice than in femalethefcorresponding species. However, the
toxicological implications of this result are ddtilt to interpret since the AUC reflects a
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combination of THF and its metabolites, while tbgit moiety has not been clearly identified.
Nevertheless, in general, the greater AUC for maiesid be consistent with a greater degree of
systemic dose in males versus females.

The AUC data from this study can be used to esérnia body clearance of THF. The
clearance was calculated based on the ratio ofrasimied dose/AUC. All the relevant kinetic
parameters and estimated clearance values are swradia Table 3-1. In both rats and mice,
females had a higher clearance rate than males.mbine rapid clearance (i.e., due to lower
AUC values) observed in females might reflect défeces in excretion kinetics or alternatively
might reflect differences in the degree of THF apson, since the administered dose was used
for this calculation rather than the absorbed dddee clearance rates in the rats of the low-dose
group were lower than the high-dose group, whigdtwere no such differences in the mice.

Kawata and Ito (1984) compared the blood and tiggstebution and elimination of
THF, following several different inhalation exposuegimens. In male Wistar rats exposed to
15,000 ppm (44,250 mgAnTHF for a single 30-minute exposure, 70-80% ef THF was
eliminated from the organs within 1 hour followiagposure. After 1 hour, concentration of
THF decreased slowly and was almost completelyieéited by 12—13 hours following
exposure. In animals that received seven exposiirEs,000 ppm, only 18-39% of THF was
eliminated from the organs in 1 hour following egpee, indicating some saturability in the
elimination kinetics for these organs at very higihcentrations. In these animals, the rate of
THF decrease was 31% at 3 hours following last supoand 68% at 6 hours following last
exposure; by 12 hours THF was almost completeiyiahted. Similar to the acute dosing
studies, THF was nearly completely eliminated figood and tissues within 12 hours after the
last exposure in the 12-week exposure protocoksé&ldata indicate that, for exposure
concentrations as high as 15,000 ppm, THF is ra@liininated from blood and other tissues.

3.5. BIOACCUMULATION

Two pharmacokinetic studies employed longer-terposyre regimens that provide
information useful for assessing the potentialdimaccumulation of THF in tissues. Kawata
and Ito (1984) measured tissue levels of THF imatety after the last exposure period
following daily inhalation exposures to 3,000 ppidHTfor 1 day, 6 weeks, or 12 weeks. Daily
levels increased in some tissues, particularly fioday to 6 weeks. In the thymus and spleen,
tissue levels continued to increase through thevé@k exposure period. These data suggest
some potential for tissue accumulation with repetataly exposure. However, it is notable that
even in animals exposed for 12 weeks, tissue |lelegdbned rapidly after the end of the last
exposure period (within hours). These data sugpasthe rate of uptake of THF is more rapid
than the rate of excretion. Therefore, duringgusiof continuous exposure, there is some
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potential for tissue levels of THF to accumulatéowever, periods of intermittent exposure
would allow for clearance of the THF body burded #mus limit the potential bioaccumulation.

Elovaara et al. (1984) measured the distributiomtdf into the brain and fat tissue of
rats exposed to 0, 200, 1,000, or 2,000 ppm (0, 3960, and 5,900 mgANTHF 6 hours/day,

5 days/week for 2—18 weeks. As the treatment eetifrom 2 to 18 weeks, the THF
concentrations in both tissues of the exposedyraidually decreased. The observed decline in
brain and fat THF levels suggests that THF maybmmdccumulate in these tissues.

Evaluation of human volunteer studies to derivéagsmlogically based pharmacokinetic
model for THF revealed rapid elimination of THFrirdhe body (Droz et al., 1999). The
resulting model predicted that no significant acatation of THF would be expected over the
workweek or across workweeks. THF eliminationsaibserved in inhalation (Elovaara et al.,
1984; Kawata and Ito, 1984) and oral studies (DuPiaskell Laboratory, 1998) in animals
support this conclusion. Taken together, the dafgort the general conclusion that THF is not
likely to bioaccumulate.

3.6. PHYSIOLOGICALLY BASED PHARMACOKINETIC MODELS

A human physiologically based pharmacokinetic (PBRISdel has been developed by
Droz et al. (1999) to estimate THF concentrationthe blood, breath, and urine, following an
inhalation exposure for the purpose of determiriingogical exposure indices in these media
that would equate to an occupational exposure k&v200 ppm THF. The PBPK model was
constructed with seven compartments: lungs, mssuid skin, fatty tissue, liver, kidneys, brain,
and other tissues. Physiological parameters @igsslumes, blood flow rates, etc.) were
calculated from body weight and height and fromgitgl workload by using formulas
previously developed by the author (Droz et al§)9 Blood-air and tissue-air partition
coefficients were estimated from in vitro experitsenTHF metabolism was assumed to follow
first order kinetics. Urinary excretions were ecdéted assuming a urine flow of 1 mL/minute
and a creatinine excretion rate of 1.4 g/day. Meel was validated by using four discrete sets
of human exposure data from workers or human vekmgtudies. The model provided an
adequate fit to the data from three out of fous eétdata. The reason for the lack of fit for one
of these data sets was not determined. Basecdeandklel predictions, repeated inhalation
exposures to 200 ppm THF would yield end-of-thekasinift levels of THF in biological
samples of 5.1 ppm in breath, pmol/L in the blood, and 100mol/L in the urine. However,
this model does not account for the pharmacokiregtet pharmacodynamic variability in
humans and no PBPK models have been developednralan Also, there are no comparative
pharmacokinetic or pharmacodynamic studies follgnerposure to THF by the oral route in
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humans and animals. Therefore, this model is detaate for calculating human equivalent
exposure concentrations from the available rodeentysdata.

3.7. SUMMARY

Overall, the available data demonstrate that THEaslily absorbed through multiple
routes, is systemically distributed, and is rapiaigtabolized and excreted.

THF is readily absorbed from the respiratory trhessed on the observed rapid increase
of THF in biological samples or calculated uptaki&es in human studies (Droz et al., 1999; Ong
et al., 1991; Kageyama, 1988; Wagner, 1974). Aigono human data are available to evaluate
the rate or degree of absorption of THF followinxgesure through the oral route, oral dosing
studies in rats and mice show that radiolabeled ®HEadily absorbed from the Gl tract with
wide tissue distribution; however, total recovefyarioactivity in tissues represented only a
small fraction of the administered dose (DuPontkeld aboratory, 1998). No studies on
dermal absorption were identified, but the obsemsiesiemic toxicity in a dermal toxicity study
in mice and rabbits (Stasenkova and Kochetkova3Yl@émonstrated that THF can be absorbed
through the skin.

A metabolic pathway has been proposed in which BHixidatively metabolized to
succinic acid, which being an intermediate in tiieccacid cycle, undergoes a series of reactions
ultimately leading to the release of €ftom the parent molecule. In addition, several
intermediate metabolites are expected to be urestatd rapidly undergo further metabolism to
GHB which can be converted to the neurotransm@®BA. Several enzymes, including
CYP450, PON1, and dehydrogenases, may be involvetetabolizing THF and some of its
intermediate metabolites (see Section 3.3 and EigLi).

The available human data suggest that THF is napixitreted. Excretion in exhaled air
and urine were correlated with exposure concenptrati an occupational study (Ong et al.,
1991). Human volunteer studies demonstrate th&t iSHapidly excreted in exhaled air and
urine, with concentrations of THF in these tissgeserally returning to background levels
within hours of cessation of exposure (Droz etE99; Kageyama, 1988). The rapid excretion
of THF observed in human studies is supported bylaaation study in rats (Kawata and Ito,
1984) in which tissue levels of THF decline rapidlyring the postexposure period. THF is also
rapidly cleared from the body following oral dosjnmgth exhaled air serving as the primary
route of excretion (DuPont Haskell Laboratory, 1998nalysis of the mass balance of
radioactivity in the exhaled air, excreta, anduessshowed that nearly the entire administered
dose was excreted in the exhaled air ag @Qolatile organics (possibly unmetabolized THF).
The rate of excretion was rapid. The half-liveshie plasma were approximately 50 hours for
most groups, although blood and tissue levelsdibeectivity decreased rapidly, and tissue levels
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of radioactivity represented only a small perceatafjthe administered dose within 168 hours of
exposure. Available data indicate that the bialabily, of THF is about 5—7 hours (Hara et al.,
1987).
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4. HAZARD IDENTIFICATION

4.1. STUDIES IN HUMANS—EPIDEMIOLOGY, CASE REPORTS, CLINICAL
CONTROLS

There are a number of human occupational exposudés and case reports on humans
exposed to THF. These human studies identify &ffex the nervous system and liver. Most of
these studies do not identify THF exposure levallso, all of the human studies report
coexposures to other chemicals, including solvérasare neurotoxic.

Garnier et al. (1989) reported two cases of occopak exposure to THF. In both cases,
the men (ages 35 and 55) worked as plumbers regaiipes in confined spaces with a glue that
contained THF. No exposure information was progid8ymptoms included nausea, headache,
dizziness, chest pain, cough, dyspnea, and epigasin. In both men, blood count and renal
function were normal. However, the serum liverygngs aspartate aminotransferase (AST),
alanine aminotransferase (ALT), apglutamyl transferase (GGT) were elevated severad
above the normal range. Clinical symptoms resoimeabout 2 days and liver enzymes returned
to normal within 2 weeks. The authors suggestat ThiF exposure may result in irritation,
CNS effects, and transient liver toxicity in humans

Emmett (1976) reported the case of a 41-year-qid fiiter exposed for about 3 months
to a mixture of THF and other solvents in a pipEaoing solution and a pipe glue. Other
solvents present in the solution included acetarkcgclohexanone. No information was
provided on exposure concentrations. The onlyceffeeported by the patient were a slight
rhinorrhea (runny nose) during exposure and a gilashset, over 10 weeks, of a constant
unpleasant smell or loss of sense of smell. Nerathnical signs were reported. A neurological
exam, radiography of skull and sinuses, and hewgitdl exam were all normal. Within 6
weeks after cessation of exposure, some sensedlif eturned. However, by 7 months after the
initial diagnosis, sense of smell was still dimires.

Edling (1982) reported the occupational exposura stioemaker to a mixture of solvents
that included THF, acetone, chloroform, and tricbé&thylene. No information on exposure
concentrations was provided. In addition, thegdthad concurrent exposure to acetylsalicylic
acid to treat lumbago (back pain). Clinical chamisesults revealed increased liver enzymes
including GGT and ALT. Liver biopsy showed centiraar fatty change and siderosis.

Juntunen et al. (1984) reported cerebral convutsiora patient following occupational
exposure to both THF and enfluran anesthesia. pétient was a 45-year-old man who worked
as a plumber, using a solvent containing THF talate the inside of a water piping system. For
2 weeks, the patient had been working with THFnal@sed spaces with no ventilation. No
information was provided on the resulting exposumecentration. The patient reported that he
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had felt unusually tired and had a headache invdek before he was admitted to the hospital
for an appendectomy. On awakening from the enflargesthesia, the patient had several
convulsions. In addition, liver enzymes were dligklevated following the surgery. The
authors concluded that THF exposure was the maitribating factor for the convulsions
because the patient was exposed to high concemtsati THF for 2 weeks before the surgery.
In addition he had never had epilepsy or neuroldgisease and his clinical status and
computed tomography results were normal.

Albrecht et al. (1987) reported a case of autoimengiomerulonephritis in a plumber
working with pipe cement containing THF. The 2&iyeld male plumber had been working
with pipe cement for over 9 years. The initial §gom was gross hematuria. A needle biopsy
of the kidney revealed segmental proliferative gtouonephritis with immunoglobulin A
deposits, capillary adhesions to the Bowman’s dapsind fibrin in the glomerular mesangial
deposits. Industrial hygiene monitoring identiftestminute exposures to THF, ranging from
389-757 ppm (1,148-2,233 mg)nduring periods that pipe cement was in use.

The National Institute for Occupational Safety &tehlth (NIOSH) (1991) investigated
reports of adverse health effects at a plant tteatufactured flexible hose. Environmental
monitoring was conducted for respirable particidatespirable silica, THF, total dust, metals,
nitrosamines, and other organic compounds. Apprately 35—-40 employees were interviewed
by NIOSH investigators. In addition, the mediaadards of six employees who had sought
medical attention for a work-related health problemd the death certificates of nine employees
who were thought to have had work-related healttblems were reviewed by NIOSH
investigators. THF was detected in five air sampglalected during a sealing operation. The
concentrations ranged from 20 to 83 ppm (59-245m)gbut none of the sampling results were
above the Occupational Safety and Health Admirtismnastandard of 200 ppm. However, the
backup sections on the sampling apparatus alsaioedt THF, indicating that breakthrough had
occurred and suggesting that the THF exposure otrat®ns may have been higher. In
addition to THF, other organic solvents detectethenair monitoring samples included acetone,
toluene, methyl ethyl ketone, and 1,1,1-trichlohagie. The interviewed employees reported a
variety of symptoms, including eye and respiratoagt irritation, headaches, lightheadedness,
and drowsiness. The authors suggested that thiege@ENs may be related to solvent exposure
but could not associate specific symptoms withviadial chemicals.

Horiuchi et al. (1967) evaluated the health of vesskemployed in a vinyl chloride hose-
manufacturing facility where THF was used as areate. THF was detected in workplace air
samples at concentrations as high as 1,000 ppraQ2y@/nT). Workers who handled THF
reported fatigue in the lower extremities. Clinitadings included decreased specific gravity of
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whole blood (more predominant in females), decre@agste blood cell count, increased serum
ALT activity, palpable liver, and hypotension.

Two human dermal THF exposure studies were identifiA study by BASF (1938) did
not observe contact dermatitis or sensitizatiodedmmal tests in 196 volunteers exposed to THF
(exposure concentration not reported by study asjhddofmann and Oettel (1954) reported
that THF applied to the skin of six people produathtion that was more severe when THF
was allowed to evaporate. The authors concludstdTtHF itself was nonirritating, and the
irritation was caused by impurities that remainfdralHF had evaporated away. No additional
information was provided to evaluate the adequddkis study.

4.2. SUBCHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN
ANIMALS—ORAL AND INHALATION
4.2.1. Subchronic Studies
4.2.1.1.Oral Studies
No subchronic studies in animals by the oral raftexposure were identified.

4.2.1.2.Inhalation Studies

Horiguchi et al. (1984) evaluated the subchronim@alation toxicity of THF in rats. Male
Sprague-Dawley rats (11-12/group) were exposedHie Vapors 5 days/week, 4 hours/day for
12 weeks. Two experiments using different conediains were conducted. THF concentrations
for the first experiment were 0, 200, or 1,000 pim590, or 2,950 mg/fhand for the second
experiment were 0, 100, or 5,000 ppm (0, 295, or3@ mg/ni). Body weights and clinical
signs of intoxication were observed daily during g&xposure period. Rats were sacrificed on
the second day following termination of exposuBéood was drawn for hematological and
serum chemistry evaluation. Major organs were @ilgand evaluated histopathologically.
Body weight in rats exposed to 5,000 ppm was dcamtly lower than controls for the entire
exposure period; no differences from controls wargerved in the other treated groups.
Animals in the 5,000 ppm group displayed signoal irritation and CNS effects, which were
described by the study authors as similar to tlebserved for the acute study (Horiguchi et al.,
1984). These local irritation and CNS effects weygorted as moderating with continued
exposure. Serum AST was statistically significamitreased above controls (by 18-50%) at
exposure&200 ppm; however, the magnitude of the increasermiasnal and was not
dependent on the exposure level (the highest isere@as 50% greater than controls at 1,000
ppm while at 5,000 ppm it only increased by 18%pmpared to the control values, the
following parameters were also changed in the 1d@@lor 5,000 ppm exposure groups. At
1,000 and 5,000 ppm, cholinesterase was slightiytadistically significantly increased by 8 and
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15%, respectively, while blood sugar was statiiicagnificantly decreased by 20 and 39%,
respectively. Serum ALT, cholesterol, and bilirutvere statistically significantly increased
only in the 5,000 ppm group (by 100, 44, and 468¢pectively). White blood cell count was
significantly decreased (by about 24%) in the 5,006 group compared with controls.
Relative organ weights were significantly incread®d7—-28%) only in the 5,000 ppm group,
including brain, lung, liver, pancreas, and kidneijle the relative spleen weight was decreased
(by 13%). All histopathological findings were coanpble between treated and control groups.
Based on body weight, organ weight changes, logtdtion and CNS effects, and serum
chemistry parameter changes, EPA identified 5,408 (14,750 mg/rf) as the study lowest-
observed-adverse-effect level (LOAEL) and the neerbed-adverse-effect level (NOAEL) as
1,000 ppm (2,950 mg/fn The results of Horiguchi et al. (1984) werepalsported in an earlier
Japanese publication from the same laboratory (@&t al., 1982).

In an NTP subchronic inhalation study (NTP, 199Bh&bra et al., 1990), F344/N rats
and B6C3k mice (10/sex/group) were exposed to target conagos of 0, 66, 200, 600, 1,800,
or 5,000 ppm THF vapor (0, 195, 590, 1,770, 5,8t1,4,750 mg/r) 6 hours/day, 5 days/week
for 90 days. Animals were observed for morbiditg anortality, body weight, and clinical
observations. Within 24 hours after last exposamnénals were euthanized, and blood and
tissues were collected. All major tissues weredixn formalin and processed.
Histopathological examination was performed ortisflues from the high-dose group and
controls and on all gross lesions and target tsfwen all dose groups. Organ weights were
measured for heart, liver, lung, right kidney, spieand thymus. Standard hematology and
clinical parameters were evaluated in rats onllryrilus and liver weights and relative weights
are summarized in Table 4-1.
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Table 4-1. Changes in absolute and relative thymwend liver weights of
F344/N rats and B6C3k mice following subchronic inhalation exposure to

THF?
Concentration (ppm)
0 66 | 200 | 600 | 1800 | 5,000
Male rats
Body weight (g) 361+6 353+7 368 + 11 364 +6 372+9 343 + 7
Thymus weight (g) | 0.36+0.02| 0.35+0.01 | 0.33+0.01| 0.35+0.01 | 0.33£0.02| 0.28 +0.02
Relative weight (mg/g) 1.00 +0.03| 1.00 +0.03 | 0.92 +0.015 0.95 +0.04 | 0.88 +0.03 | 0.81 +0.04
Liver weight (g) 12.65+0.65 11.50 +0.49| 12.46 + 0.41 12.40 +0.42| 12.91+0.38| 12.80+0.31
Relative weight (Mg/g) 34.92 + 1.34 32.53 + 0.85| 33.84  0.29 34.04 + 0.79| 34.72 + 0.45| 37.28 + 0.57
Female rats
Body weight (g) 205+5 207 +5 205 + 4 210+3 209 +4 214 + 3
Thymus weight (g) 0.27+£0.01| 0.26+0.02 | 0.26 +0.01| 0.25+0.02 | 0.26+0.01 | 0.21+0.01
Relative weight (mg/g) 1.29 +0.04| 1.26+0.06 | 1.26 + 0.04| 1.17 +0.06 | 1.25+0.04 | 0.99 +0.08
Liver weight (g) 6.62+0.13| 6.43+0.17 | 6.32+0.19| 6.63+0.22 | 6.71+0.19| 7.78 +0.17
Relative weight (mg/g) 32.36 + 0.81 31.05 +0.69| 30.76 + 0.59 31.52 +1.08| 32.02 + 0.54| 36 41 + 0.8%
Male mice
Body weight (g) 36.7+0.8 36.9+ 0.4 35.8+0.7 36.3+0.J 36.680 32.7+16
Thymus weight (g)  [0.047 + 0.0080.045 + 0.0030.042 + 0.00).039 + 0.00%|0.036 + 0.0030.027 + 0.002
Relative weight (mg/g) 1.27 £0.06| 1.23+0.08 | 1.17 +0.05| 1 g4 o8 | 0.99+0.07 | 0.81+0.08
Liver weight (g) 1.613 + 0.0371.667 + 0.0221.695 + 0.037.722 + 0.03%/1.789 + 0.0351.964 + 0.060)
Female mice
Body weight (g) 324+10| 322+06| 333+11 325+0[ 331k | 333+1.1
Thymus weight (g)  |0.051 + 0.0080.055 + 0.0030.056 + 0.0020.053 + 0.002 0.052 + 0.003 0.046 + 0.003
Relative weight (mg/g) 1.57 £0.09| 1.71+0.08 | 1.71+0.10| 1.64+0.06 | 1.59+0.11| 1.36 +£0.08
Liver weight (g) 1.592 + 0.0361.574 + 0.0351.609 + 0.0341.551 + 0.0341 733 + 0.048/1.814 + 0.074
Relative weight (mg/g) 49.38 + 0.94 48.95 + 0.92| 48.66 + 1.3Q 47.79 £ 0.60 5251 + 1_25 54.42 +0.96

%0rgan weights and relative organ weights are, ksmdy, in g and mg organ weight/g BW (mean + staml
error). All group sizes are 10 animals/group exdéepmale mice in the 5,000 ppm group where N = 7.

bp < 0.05.
p<0.01.

Source: Adapted from NTP (1998).

In F344/N rats, body weight and survival were rft#éaed by THF exposure.
Immediately after exposure, clinical signs of asaxiescribed as irregular movement with lack
of coordination, were observed in both male andalemats at 5,000 ppm only. In male and
female rats at 5,000 ppm, absolute and relativetisy(Table 4-1) and spleen weights were
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statistically significantly decreased. In the ®@pm exposure group, there were statistically
significant increases in absolute and relativerliveights of female rats (by 17 and 13%,
respectively) and in relative weights of male nagd (by 7%), kidney (by 8%) and lung (by
15%). Several hematological parameters in botlermatl female rats were significantly
increased at 5,000 ppm, including RBC counts, héobag volume of packed red cells, mean
corpuscular volume, mean corpuscular hemoglobingsnanly), segmented neutrophil count
(males only), and platelet counts (females onlg)the 5,000 ppm exposure group, male and
female rats had increased levels of serum bilesgtig 70 and 80%, respectively) but the
increase was statistically significant only in fdesa blood urea nitrogen and creatinine were
also significantly decreased (by about 20%) in fiesialn the absence of cholestatic injury or
hepatocellular necrosis (both alkaline phosphaaaseALT were normal) the change in bile
acids was considered consistent with decreaselteoe@ hepatocellular function (NTP, 1998).
The only histopathological lesions observed in catsurred in the forestomach at 5,000 ppm.
Acanthosis (increased thickness) was found in Biales and 8/10 females, and suppurative
inflammation of the forestomach was found in 2/18les and 4/10 females. However, the
authors concluded that forestomach lesions werémairinflammatory changes resulting from
direct contact of THF ingested during the expos@eod, rather than a systemic effect of
inhaled THF. Based on observation of clinical sigthanges in organ weights, hematological
effects, and clinical chemistry findings, EPA idéat a concentration of 5,000 ppm

(14,750 mg/r) as a LOAEL and 1,800 ppm (5,310 mdfras a NOAEL in F344/N rats.

In B6C3R mice, body weights were similar across groupsepitor an 11% decrease in
high dose males. Survival in female mice was ffected by THF exposure for 14 weeks, while
three high-dose males died in weeks 2, 4, or 8 (N'BB8). Two male deaths were attributed to
suppurative pyelonephritis, while the third (in \we® was not explained. Male and female mice
at both 1,800 and 5,000 ppm showed clinical sigriNS toxicity characterized as narcosis
during exposure. At 5,000 ppm, mice were in aatdpr 2 hours following the exposure
period; at 1,800 ppm, mice were fully awake wheansher doors were opened following
exposure. However, no incidence data were repdote@NS effects. In male mice,
concentration-related trends included increasitagive liver weight starting at concentrations of
200 ppm (7.5% above control, p<0.05) and both aits@nd relative liver weights were
statistically significantly increased by 7-36% ahcentrations 0#600 ppm (Table 4-1). In
addition, absolute and relative thymus weights vaderge-dependently decreased (by 15-36%) at
concentrations 0600 ppm. Absolute and relative spleen weights wagmeificantly decreased
(by 31-38%) at 5,000 ppm only (not shown). In fegmaice, absolute and relative liver weights
were statistically significantly increased (by 6%4yat 1,800 and 5,000 ppm. Absolute and
relative weights of spleen, lung, and heart welrsighificantly decreased at 5,000 ppm (not
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shown). Histopathological lesions in mice wereeastsd in liver, uterus, and adrenal gland
(Table 4-2).

Table 4-2. Incidences of selected nonneoplastisiens in B6C3k mice
following subchronic inhalation exposure to THP

Concentration (ppm)
0 | 66 | 200 | 600 | 1,800 | 5,000

Male mice

Liver

Cytomegaly, 0 b - - 1 (1.0f 77 (2.0)
Centrilobular

Female mice

Adrenal Cortex

Degeneration, 0 - - - 0 10 (2.0)
X-zone

Liver

Cytomegaly, 0 - - - 0 106 (1.0
Centrilobular

Uterus

Atrophy 0 - - - 0 | 10 (2.0)

®All examined group sizes are 10 animals/group.

®Tissue not examined.

“Average severity grade of lesions in affected atsmi=minimal, 2=mild, 3=moderate, 4=marked.
" Significantly different p < 0.01) from the control group by the Fisher exast.t

Source: Adapted from NTP (1998).

Liver centrilobular cytomegaly was observed in 7i@le mice (graded mild) and
10/10 female mice (graded minimal) at 5,000 ppratigically significant) and 1/10 male mice
(graded minimal) at 1,800 ppm. In addition, 10f@®ale mice at 5,000 ppm demonstrated
uterine atrophy and degenerative changes of trenaticortex. EPA identified the LOAEL for
this study as 1,800 ppm (5,310 md)rhased on statistically significant liver effearsd clinical
signs of toxicity (narcosis); the NOAEL is 600 pf§in770 mg/m).

BASF (Gamer et al., 2002; BASF, 2001a) evaluatsdries of endpoints in male F344
rats (6/group plus 5/group) and female B6CBHce (10/group plus 5) in tissues for which THF-
treated animals developed tumors in the NTP cdnoassay (NTP, 1998). Animals were
placed in one of three groups that were exposeali6sfday for either 5 consecutive days,

5 consecutive days followed by a 21-day observagienind, or 20 consecutive days over a
period of approximately 28 days. Test animals vesygosed nose only to average THF
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concentrations of 0, 598, 1,811, or 5,382 g 199, 604, or 1,794 ppm), corresponding to
the concentrations used in the NTP (1998) can@assay. Concentrations adjusted for
continuous exposure were 0, 107, 323, or 961 rhgfor the animals in each of the four
concentration groups, a full necropsy was donéudieg histopathological evaluation of the
kidney (rat), liver (mouse), and uterus (moused dhinical effects, body weight changes, kidney
weight changes, or gross pathology related to Txffosures were reported for male rats. In the
low-concentration group, no gross or histopathaabeffects were observed. No clinical effects
or gross pathology changes related to the THF expesvere reported for female mice. In mice
exposed for 5 days, absolute and relative uterughisewere decreased in the high-dose group.
In mice exposed for 5 days and followed for a 2§+a@overy period, relative uterus weights
were decreased (up to 21%) and appeared to decrea®®ncentration-dependent manner,
although this decrease was not statistically sicguift. In mice exposed for 20 days, statistically
significant increases in absolute body weight (58b)olute liver weight (11%), and relative

liver weight (6%) were reported. The absolute ggldtive uterus weights were decreased by 11
and 15%, respectively. None of the uterus weiglanges for any of the groups were
statistically significant. No treatment-relatedtbpathological effects were observed in the
uterus at any concentration. Histopathologica@# in the form of fatty phanerosis (unmasking
of previously invisible fat in the cytoplasm), esjadly in zones 3 (centrilobular) and 2
(midzonal), were observed in the livers of miceaseau to THF for 5 days or 20 days, but not in
mice that had 5 days of THF exposure followed Il alays recovery period. Specifically, the
study authors reported that fatty phanerosis wasgot in 5/10 and 10/10 animals exposed for 5
consecutive days at the mid and high THF conceatratespectively. Similar fatty changes
were also seen in livers from all mice that werpased for 20 days to the high THF
concentration. It should be noted that “fatty pdrasis” is an obsolete term (Popjak, 1945) and
that “fatty infiltration,” “fatty degeneration,” offatty change” may be more appropriate to
describe the morphological manifestation of altdegdnetabolism of the parenchyma cells. The
report indicated that there were no additionalrlisieanges including cloudy swelling, vacuolar
degeneration, or necrosis. Other histopathologicahges in the high-concentration 5-day
exposure group included a change in the hepatogybgplasm to a more homogeneously
eosinophilic appearance as compared with hepa®ayteontrol livers.

Kawata and Ito (1984) evaluated the health effeC®&HF following several different
inhalation exposure regimens. Male Wistar ratsdidtrol group and 25/experimental group)
were exposed to 15,000 ppm (44,250 my/fHF for a single 30-minute exposure or for seven
30-minute exposures. In addition, rats were exgposé,000 ppm (8,850 mgAnTHF vapor for
1 hour/day, 5 days/week for 12 weeks. Animals vedagerved for clinical signs and body
weight. Blood was collected for serum chemistrglgsis from animals exposed to 3,000 ppm
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only. The following tissues were collected fortbgathology: brain, thymus, lung, heart, liver,
kidney, and spleen. Animals exposed to 15,000 geveloped clinical signs of face-washing,
shaking head, and rubbing face with paws. Thebawers were weaker and had shorter
duration compared with those observed in ratsrédwdived repeated exposures (either seven
30-minute exposures to 15,000 or 3,000 ppm for &2ks). In addition, rats receiving seven
exposures to 15,000 ppm developed irritation afl skid mucous membranes as evidenced by
severe salivation and nasal discharge. Rats eafos2000 ppm for 12 weeks also developed
irritation symptoms that were milder than thoseesbed at 15,000 ppm. No effects on body
weight were observed after either single or mudtigkposures to 15,000 ppm. However, by the
fourth week of exposure, rats exposed to 3,000 padisignificantly reduced body weight
compared with controls. Serum chemistry parametere comparable between treated and
control animals. No histopathological lesions walbserved in either of the groups exposed to
15,000 ppm. In the animals exposed to 3,000 ppstopathological lesions were observed in
both lungs and kidney. Papillary hyperplasia aa@rchal (inflammation of mucus membranes)
degeneration were observed in lungs and bronchitiledium. Protein casts and hyaline droplet
degeneration were observed in the kidney tubulestuspithelium in kidneys. Based on lung
and kidney histopathological lesions, EPA identif8000 ppm (8,850 mgfnas a LOAEL; a
NOAEL was not established.

BASF (1938) investigated the subchronic effect$ldF exposure in dogs. Four dogs
(strain and sex not specified) were exposed bylatiloa to THF vapor at a concentration of
200 ppm (590 mg/f) 6 hours/day, 5 days/week for 9 weeks, followedkgosure to a
concentration of 366 ppm (1,080 mdjré hours/day, 5 days/week for 3 weeks. At the@nd
the 12 weeks, two of the four dogs were exposed sunccessive days to a THF concentration of
approximately 2,100 ppm (5,250 mgjm Blood pressure was measured in dogs in the imprn
and afternoon for a 4-week control period and thefiore and after each daily exposure during
the 12-week exposure period. Hematology, urinalyand limited pathological evaluations were
also completed. Pulse pressure was decreased dogs following exposure to 200 ppm during
weeks 3-4 of the study. In addition, increasing TiHF concentration to 366 ppm resulted in a
decrease in blood pressure compared to the cquermd in 3/4 dogs. In the two dogs exposed
to 2,100 ppm THF, a “sharp drop” in systolic, ddist and pulse pressure was reported by the
study authors after the second day of exposuresi@its of narcosis or eye or respiratory tract
irritation were observed in these two dogs. In dog, hemoglobin decreased and white blood
cells increased compared to the control levelswél@r, examination of the urine did not reveal
any abnormality in kidney function. No gross orcroscopic pathology was observed in the
heart, lungs, spleen, pancreas, or kidneys of attyeodogs. Based on alterations in blood
pressure, the study authors (BASF, 1938) reporte@/AEL of 200 ppm (590 mg/f).
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4.2.2. Chronic Studies and Cancer Bioassays
4.2.2.1.Oral
No chronic studies in animals by the oral routexgjosure were identified.

4.2.2.2.Inhalation

Stasenkova and Kochetkova (1963) evaluated thetseftd a 6-month inhalation
exposure on rats. Male rats (20/group, strairspetified) in a single exposure group were
exposed to air concentrations of 1-2 mg/L (1,0000@ mg/m) 4 hours/day, 7 days/week for
6 months. Endpoints evaluated included clinicghsj body weight changes, blood cell count,
blood pressure, and functional condition of theroeascular system, liver, and kidney. At the
end of the 6-month treatment period, animals waceificed and histopathological examination
of major organs was conducted. No effects weremies on behavior, body weight, liver and
kidney function, or neuromuscular irritability otated rats compared with controls. Within 2—
3 months of treatment, exposed rats developedasertenumbers of leukocytes, which remained
elevated compared with controls for the remaindéh® experimental period. After 3—

4 months, blood pressure in treated rats was reldcm®pared to controls, and this observation
continued for the remainder of the treatment periddtopathological lesions included mild
hypertrophy in the muscle fibers of the bronchilezahd arteries of lungs and spleen. Because
of poor reporting of this study, no NOAEL orLOAERm be identified.

NTP (1998) reported on the chronic toxicity andcaargenicity of THF inhalation
exposure in rats and mice. In the 2-year studygs of F344/N rats and B6C3iice
(50/sex/group) were exposed to 0, 200, 600, orQLg§Gn (0, 590, 1,770, or 5,310 mdjrimHF
6 hours/day, 5 days/week for 105 weeks. SurviValeated rats was comparable to chamber
controls at all exposure levels. Neither mean badight differences nor clinical findings
related to THF exposure were reported for eithdermaafemale rats. Pathology noted at
sacrifice in male rats included apparent increasesnal tubular epithelial adenoma (at 600 and
1,800 ppm) and two renal tubular epithelial caroias (at 1,800 ppm), which, when combined
with the adenomas, suggested a treatment-relaed.tr. The incidences of adenoma or
carcinoma in the 600 and 1,800 ppm males exceéaehistorical range for chamber controls in
the 2-year NTP (1998) inhalation studies, and thexall trend was statistically significant
(p=0.037). Table 4-3 summarizes the incidencesoprastic and nonneoplastic changes in the
kidney of male rats. No treatment-related chamgéise incidence of neoplastic or
nonneoplastic lesions in other tissues in the mmafemale rats were observed.
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Table 4-3. Renal findings in male F344/N rats exged to THF for 2 years

Control 200 ppm 600 ppm 1,800 ppm
Number of animals examined 50 50 50 50
Nephropathy, chronic 483.0¥ 50 (2.9) 50 (3.1) 50 (3.0)
Hyperplasia 7 (3.9) 5 (3.6) 6 (2.5) 7 (3.3)
Mineralization 8 (16%) 7 (14%) 2 (4%) 5 (10%)
Adenoma 1/50 (2%) 1/50 (2%) 4/50 (8%) 3/50 (6%
Carcinoma 0/50 (0%) 0/50 (0%) 0/50 (0%) 2/50 (4%
Adenoma or carcinorfla 1/50 (2%) 1/50 (2%) 4/50 (8%) 5/50 (10%
Adjusted raté 8.3 % 16.7% 18.8% 38.3%
First incidence (days) 733 (1) 733 (T) 631 668
Logistic regression test p=0.037 p =0.602 p=0.159 p = 0.065

f;Number of animals with lesions.

PAverage severity of lesions in affected animals: rhinimal; 2 = mild; 3 = moderate; 4 = marked.

‘Percent affected.

“Historical incidence for 2-year inhalation studieish chamber controls: 6/652 (0.9 + 1.3%); histaticontrol

range, 0-4%.

®Kaplan-Meier estimated tumor incidence at the efrtti@ study, incorporating an adjustment for interent

mortality.
T = terminal sacrifice.

9In the control column are thevalues associated with the trend test. In th@sag group column are tpevalues
corresponding to the pair-wise comparison betwhercontrols and the exposed group.

Sources: Adapted from Chhabra et al. (1998); NI928).

No treatment-related effects on survival or clihimlservations were noted in female
mice. Several statistically significant patholadichanges were reported. These included

concentration-related trends in hepatocellular adenor carcinoma (p < 0.001). An increase in

liver necrosis was also observed in females exptis&B00 ppm THF. Table 4-4 summarizes
the incidence of neoplastic and nonneoplastic cbsingthe livers of female mice.
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Table 4-4. Liver findings in female B6C3k mice exposed to THF for 2 years

Control 200 ppm 600 pm 1,800 ppm
Number of animals examined 50 50 50 48
Eosinophilic focus 7 9 7 11
Necrosis 3(2.0) 0 0 7 (1.9)
Adenoma 12/50 (24%) | 17/50 (34%) 18/50 (36%) 31/48 (65%
Logistic regression test p <0.001 p =0.249 p=0.188 p <0.001
Carcinoma 6/50 (12%) 10/50 (20% 10/50 (20%) 168@0)
Adenoma or carcinonia 17/50 (34%) 24/50 (48%) 26/50 (52% 41/48 (85%)
Adjusted ratée 46.3% 61.3% 69.1% 93.0%
First incidence (days) 478 552 469 399
Logistic regression test p <0.001 p=0.188 p =0.086 p <0.001

®Number of animals with lesion.

PAverage severity of lesions in affected animalsminimal; 2, mild; 3, moderate; 4, marked.

‘Percent affected.

9n the control column are thevalues associated with the trend test. In th@seg group column are tpevalues

corresponding to the pair-wise comparison betwhercontrols and that of the exposed group.

®*Historical incidence: 200/937 (21.3% + 11.9%);gan3-54%.

'Kaplan-Meier estimated tumor incidence at the dnti@study, incorporating an adjustment for interent
mortality.

Sources: Adapted from Chhabra et al. (1998); NI998).

In male mice, mean survival of the 1,800 ppm exgageup was significantly less than
chamber controls (average life span of 456 ver89sdays). As a result, the number of male
mice available for evaluation of neoplastic chargehie termination of the study was small
(12 animals compared to 32 animals in the contr@lig). The only clinical observation was
narcosis in male mice exposed to THF at 1,800 granlasted up to 1 hour following exposure.
During periods of narcosis, the preputial fur waet with urine, a condition that was thought to
increase urogenital tract lesions and possibly teatbcreased survival. The lower survival rate
and pathology findings, including bone marrow ayrdph node hyperplasia, hematopoetic
proliferation of the spleen, and thymic atrophyyeveonsidered by the study authors (NTP,
1998) to be secondary to the urogenital tract mftation. Although the number of male mice
surviving to termination was small, statistical lgsas for early mortality by NTP (1998) did not
indicate that there was a treatment-related efe¢HF on the incidence of liver tumors in male
mice. Overall the only effect observed was clih&ggns of toxicity (narcosis) in male mice at
1,800 ppm (5,310 mg/

Under the conditions of this 2-year bioassay, th&N1998) concluded that there was
some evidence of carcinogenic activity of THF in male F344/Nsalue to increased incidences
of adenoma or carcinoma of the kidney. There el evidence of carcinogenic activity of
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THF in female B6C3Fmice due to increased incidences of hepatoceladanomas or
carcinomas.

4.3. REPRODUCTIVE/DEVELOPMENTAL TOXICITY STUDIES—O RAL AND
INHALATION
4.3.1. Oral

BASF (1994) reported the results of a one-genaragproductive toxicity range-finding
study in rats given THF in drinking water. Maleddiemale Wistar rats (10/sex/dose) were
given THF at concentrations of 0, 4,000, 8,000 2000 ppm in the drinking water for 7 weeks
prior to mating and throughout cohabitation, gestatand lactation. THF intake values
estimated from measured water consumption and Wvedyhts are shown in Table 4-5. The FO
females were allowed to litter and rear pups (Fiegation) for 4 days postpartum, at which time
the litters were culled to eight pups/litter (idgdbur of each sex). Culled pups were sacrificed
and examined for gross pathologic lesions, andgtineving F1 pups were sacrificed after
weaning on postnatal day (PND) 21. Clinical chérpisiematology, and urinalysis parameters
were measured in the FO animals near the end afttigy (approximately 12 weeks from
initiating exposure), after which the FO animalgevgacrificed and assessed for gross pathology.
Key treatment-related findings are also summaria€elhble 4-5
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Table 4-5. Selected findings from one-generatioreproductive toxicity study
in Wistar rats exposed to THF in drinking water

Concentration (ppm)

Generation,
sex Parameter’ 0 | 4000 | 8000 | 12,000
FO Generation
Males THF intake (mg/kg-day) 0 444 795 1,107
Females THF intake (mg/kg-day):

Premating 0 467 798 1,088

Gestation 0 434 758 1,139

Lactation 0 714 1264 1,847

All periods 0 503 890 1,240
Males Food consumptiqg/day) 28.3+1.81 28.1+1.87 27.0+1.57 25029
Females Food consumption (g/day) 19.9 + 0.54 2My2 18.8 + 0.67 19.6 £ 0.62
Males Water consumption (g/day) 28.2 +1.8( 26184 23.7+1.60 | 21.5+1.94
Females Water consumption (g/ddy) 21.1+0.9p 149 16.2+0.73 | 15.1+0.87
Males Body weightg) 355.4 +31.61 356.7£32.09 342.0+46.Y2 32733.32
Females Body weight gain (g) 104.6 + 14.62 11516 %5 100.9 +9.94 104.4 +12.4p
Males Absolute kidney weight (g) 3.071 +0.178 2@30.223 | 3.101+0.289 3.141 +£0.302
Females Absolute kidney weight (g)  2.012 + 0.1%72.115+0.202| 2.036 £0.12 | 2.153 £0.167

Relative kidney weight 0.654 £ 0.047 | 0.647+0.021 0.680+0.036 0.705049
Males

(%BW)

Relative kidney weight 0.717+0.034 | 0.735+0.035 0.775+ .04 0.783 +0.048
Females

(%BW)
F1 Generation (pups)

Body weight gairfg) PND 44.0+3.16 42.4+352 40.6 +3"8| 37.6+5.38
Males 421

Body weight gain (g) PND| 42.7 + 3.50 40.3+2.60 38.0+3%26| 36.2+4.44
Females 421

2All values except for THF intake are shown as meatandard deviation (SD); THF intake shown as ragan
*Statistically different§ < 0.05) from controls.

Source: BASF (1994).

Food consumption was statistically significantldueed in the high-dose FO males and
in the mid-dose FO females. Water consumptionstatsstically significantly decreased in both
sexes at the mid- and high-doses. No mortalitieewecorded in either the FO or F1 rats at any
exposure concentration. No effects were observedrfy measured reproductive endpoint.
However, relative kidney weights were statisticailgnificantly increased in high-dose FO
males and in mid- and high-dose FO females. Id-thgeneration, numbers of pups, sex ratio,
and viability/mortality were comparable to controldlean body weight gains of both male and
female F1 pups were statistically significantly iased in both the mid- and high-dose groups.
The NOAEL for this study was 571 mg/kg-day andtReAEL is 1005 based on decreased pup
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body weight gain and using time-weighted averagiemal THF intake during gestation and
lactation.

The results from this range-finding study were useselect dose levels for a two-
generation developmental and reproductive toxilityly of THF administered to rats in
drinking water (Hellwig et al., 2002; BASF, 1996)Vistar rats (25/sex/group) received THF in
their drinking water at concentrations of 0, 1,08@00, or 9,000 ppm for 70 days prior to
mating and throughout cohabitation, gestation,laothtion. THF intake values estimated from
measured water consumption and body weights arershoTable4-6. Before weaning,

25 F1 pups/sex/group were randomly selected tbd&1 parental animals. The remaining
F1 pups were sacrificed. After the F1 generatiopspvere weaned, the FO animals were
sacrificed. The F1 animals were exposed continyaas'HF at the same concentrations as
their parents from weaning and throughout cohabitagestation, and lactation. THF intake
values estimated from measured water consumptidribady weights are shown Trable4-6.

Endpoints evaluated in FO and F1 parental animalsided food and water consumption,
body weight, mortality, and clinical signs. In &éth, necropsy was performed on all parental
animals at sacrifice, and organ weights were obthfor kidney, liver, testes, and epididymis.
Histopathology was performed on all gross lesitimer, kidney, reproductive organs, and Gl
organs of sacrificed parental animals. Reprodaeativdpoints evaluated include mating index,
fertility index, gestation index, and live birthdex. Litter/delivery endpoints for both F1 and F2
generations included total number of pups, numbéveand stillborn pups, sex ratio, clinical
signs, body weight, viability index, and lactatiodex. In addition, pups were evaluated for
developmental stages (pinna unfolding, openinguditary canal, opening of eyes) and
behavioral tests (grip reflex, acoustic startlegipconstriction). Culled pups, surplus pups, and
all pups that died before weaning were assessetbstapically and, if abnormalities were
found, were evaluated by skeletal staining andlugical processing of the head. Key
treatment-related findings are summarized in Tdbte

Table 4-6. Selected findings from a two-generatioreproductive toxicity
study in Wistar rats exposed to THF in drinking water

Concentration (ppm)
Sex Parameter® 0 | 1000 | 3000 | 9,000
FO Generation
Males | THF intake (mg/kg-day) | 0 | 91 | 268 | 714
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Table 4-6. Selected findings from a two-generatioreproductive toxicity
study in Wistar rats exposed to THF in drinking water

Concentration (ppm)

w O

Sex Parameter® 0 1,000 3,000 9,000
Females| THF intake (mg/kg-day):
Premating 0 104 301 742
Gestation 0 104 288 790
Lactation 0 166 478 1,365
All periods 0 112 322 835
Males Food consumption (g/day) 27.3+1.35 27.2391 27.0+1.48 26.5+1.42
Females| Food consumption (g/day):
Premating 19.9+£0.61 20.0+0.79 19.6 £0.73 18.3+0.7%
Gestation 25.0+£1.03 25.1+1.28 24.4+1.26 23.4+1.38
Lactation 47.8+12.34| 47.4+10.08 | 46.6+10.17 | 46.0+9.48
Males Water consumption (g/day) 26.9+1.35 251812 25.1+1.03 22.0+0.99
Females| Water consumption (g/day):
Premating 206+1.21 | 19.7+1.15 | 19.1+0.95 15.1+1.08
Gestation 3224663 | 2972610 | 27.9+578 | 243+58%
Lactation 57.3+16.06| 52.4+12.78 | 50.7+12.08 | 45.9+11.2¢
Males Body weigh{g) 379.3+53.52 378.3+36.69 374.3+40.y3 384.329.41
Females| Body weight gain (g):
Premating 138.3+17.30| 138.9+16.31| 141.7 £13.59| 128.5+14.25
Gestation 129.7 +15.46| 127.0+14.01| 124.7 £21.03| 128.3 +15.82
Lactation 9.7 £14.02 3.7+12.10 9.9+9.71 7.9+9.53
Males Absolute kidney weight (g) 3.244+£0.3p1 3200.284 | 3.104 +0.277 3.438 + 0"27
Females| Absolute kidney weight (g) 2.092 +0.113 128.£ 0.142 | 2.159 + 0.14¢6 2.123 +0.19
Males Relative kidney weight (%BW) 0.665 + 0.052 662 +0.057| 0.641+0.059 0.719 +0.85
Females| Relative kidney weight (%BW) 0.749 + 0.039.774 + 0.05 0.774+0.054 0.785+ 0.03
F1 Generation (Pups)
Maternal THF intake (mg/kg-dayJ WA of
FO gestation and lactation periéds 0 134 381 1071
Male Body weight gain (g):
pups PND 4-21 45.4 +3.04 46.3 +3.23 44.8 + 3.63 41.7 +3.38
PND 1-4 3.0+0.57 3.3+0.96 2.7+0.80 2.6 +£0.53
PND 4-7 6.1+0.57 6.0+0.71 5.8+0.74 5.5+0.78
PND 7-14 17.8+1.15 17.5+1.55 17.2+1.43 15.7 + 1.68
PND 14-21 21.4+£2.37 22.7+1.80 21.9+2.03 20.5+1.84
Female | Body weight gain (g):
pups PND 4-21 43.3+2.72 44.0 +3.45 42.3+2.61 40.1 + 3.48
PND 1-4 2.8+0.60 3.1+0.85 2.7+0.80 26+0.51
PND 4-7 5.9 +0.50 5.6+.10 5.5+0.52 5.3+0.65
PND 7-14 17.3 £1.47 17.4+£1.72 16.9+1.66 15.6 + 1.58
PND 14-21 20.1 £1.97 20.7 £ 1.86 19.9+1.42 19.2+1.84
F1 Generation
Males THF intake (mg/kg-day) | 0 98 293 788
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Table 4-6. Selected findings from a two-generatioreproductive toxicity
study in Wistar rats exposed to THF in drinking water

Concentration (ppm)

Sex Parameter® 0 1,000 3,000 9,000
Females| THF intake (mg/kg-day):
Premating 0 125 358 882
Gestation 0 107 318 792
Lactation 0 152 455 1,165
All periods 0 125 362 898
Males Food consumptiofmg/kg-day) 28.0+1.90 28.3+1.77 28.1+1.9 .3261.99
Females| Food consumption (mg/kg-daly)
Premating 21.1+£0.50 21.4+0.44 21.0+0.44 20.9+0.68
Gestation 26.6 £1.53 26.7 £ 1.46 26.6 £ 1.33 26.0+1.42
Lactation 47.0+13.63| 44.8+11.93 | 44.6+12.69 | 40.5+11.58
Males Water consumption (g/day) 27.9+2.07 292228 28.8 +2.65 24.2 +2.39
Females| Water consumption (g/day):
Premating 23.5+1.28 25.9+1.63 24.0+1.07 19.5+0.89
Gestation 323+7.74 33.8+8.00 33.1+6.54 27.7+6.58
Lactation 57.0+15.32| 525+10.82 | 52.1+11.64 | 43.6+10.93
Males BW (g) 453.4 +40.49 456.6 £35.27 458.448B3| 426.1 +37.39
Females| BW gain (g): Premating 198.0 £19.39] 201.0+22.92| 204.5+23.68| 208.0 +24.49
Gestation 127.1+17.23| 128.0+14.22| 125.0+19.18| 112.6 + 17.79
Lactation 10.9+13.44| 4.6+12.86 7.6 +£10.99 9.4 +14.05
Males Absolute kidney weight (g) 3.233+0.4p5 BA0.192| 3.201+0.344 3.181 +0.33
Females| Absolute kidney weight (g) 2.347 £ 0.144 362.£ 0.201 2.365+0.2 2.411 +£0.15
Males Relative kidney weight (%BW 0.62+£0.099 @B6& 0.041 0.608 £ 0.05 0.642 + 0.09
Females| Relative kidney weight (%BW) 0.805 + 0.0480.8 + 0.066 0.812 + 0.043 0.826 + 0.04
F2 Generation
Maternal THF intake (mg/kg-dayy WA of
F1 gestation and lactation periéds 0 129 385 974
Male BW gain (g): PND 4-21 42.6 +3.55 43.8 + 4.67 415+ 4.64 39.5+3.18
pups PND 1-4 2.7+0.85 3.0+1.22 2.7+1.00 3.0+£0.75
PND 4-7 5.7+0.95 5.8+0.82 5.3+1.15 5.0+0.63
PND 7-14 17.4 £1.56 17.9+1.98 17.0+1.94 15.6 +1.67
PND 14-21 19.4 £2.23 20.2+2.63 19.2 £+ 2.07 189+1.71
Female | BW gain (g): PND 4-21 40.7 + 3.67 41.2 +3.35 38.7 £ 4.67 38.1+3.67
pups PND 1-4 2.7+0.71 2.7+1.10 24+1.11 29+0.75
PND 4-7 5.6 +0.75 5.2+1.32 50+1.12 5.0+ 0.64
PND 7-14 17.2+1.50 17.1+£1.62 16.0+2.41 15.4 +1.84
PND 14-21 17.9+2.26 18.6 +1.83 17.8+2.69 17.6£2.15
All pups | % with eyes open on PND 15 89.9+22.y3 .7984.13 94.0+12.43 79.2 + 3118

®All values except for THF intake are shown as me&D; THF intake shown as mean. TWA= time weighted
average using 22 days for gestation and 21 dayadtation. PND = postnatal day.
PStatistically significantly different(< 0.05) from controls.

Sources: Hellwig et al. (2002); BASF (1996).
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In the FO generation, food consumption of the hdgke females was statistically
significantly reduced during selected weekly measiants compared with controls during the
premating period, gestation, and lactation. Wateisumption for males in the high-dose group
was statistically significantly decreased during fnemating period, and for the mid- and high-
dose females it was statistically significantly @esed during the premating period, gestation,
and lactation. In high-dose females, body weighdse statistically significantly decreased
compared with controls during selected periodsmdupremating, gestation, and throughout
lactation, but no significant change in body weigain was observed. No clinical signs related
to THF were observed in either FO males or femalesy dose. In FO males, the mating index
and fertility index were comparable among the aalstand treated groups. Similarly, the
mating and fertility indices for FO females werergaarable among control and treated groups.
The mean duration of gestation was similar in edugs and the gestation index was 100% for
all groups. Absolute kidney weight was increaseldigh-dose males, and relative kidney
weight was significantly increased in both high-elosale and female FO rats. No treatment-
related gross lesions or microscopic findings wagerved in either males or females.

The total number of F1 pups delivered, the numibéve and stillborn pups, and the sex
ratio were comparable among the groups. In thedoge group, nine F1 pups from a single
litter died between days 1 and 10. Also, two damthe mid-dose group cannibalized pups.
Therefore, the lactation index for these dose gsasigtatistically significantly decreased
compared to controls. However, the authors comedutat this decrease is not related to
administration of THF, because there was no dosgerese relationship. The mean body
weights and body weight gains of the F1 pups inhigb-dose group were significantly
decreased during PNDs 4-7 and PNDs 7-14. Thesttdét pups did not demonstrate any
clinical signs, changes in developmental stages@bs on behavioral tests, or findings on
necropsy compared with controls.

Food consumption was significantly decreased ih4gigse F1 male adult rats during the
premating period and in high-dose F1 female ratsxgdactation. Water consumption was
significantly decreased in high-dose F1 male ratind the premating period and in the high-
dose F1 females during the premating period, gestaand lactation. In high-dose F1 males,
slight but significant decreases in body weightevaserved throughout the study, but no effect
on body weight gain was observed. No effects atyheeight or body weight gain were
observed in F1 female adults. No clinical sigriatesl to THF were observed in either F1 males
or females at any dose. In F1 males and femdlesnating and fertility indices were
comparable among the controls and treated grotlips.mean duration of gestation was similar
in all groups, and the gestation index was 100%llogroups. No treatment-related effects on
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organ weight, gross lesions, or microscopic findimgere observed in either the male or female
F1 adult rats at any exposure concentration.

The mean number of delivered F2 pups/litter wasedesed 16% in the high-dose group
compared with control (12.4, 13.0, 12.9, and 16.the 0, 1,000, 3,000, and 9,000 ppm dose
groups, respectively) and was outside the randpstdrical control values of 11.1-16.4 (BASF,
1996). The study authors concluded that this wemoataneous finding and was not related to
treatment since it was not seen in the FO generatian the range-finding study; the decrease
was limited to a few litters witk6 pups/litter (BASF, 1996). Data on the number of
implantations and resorptions were not reportetso fone F1 parental male rat in the high dose
group was found to be infertile which, in the alzseaf corroborating histopathology findings,
was considered a spontaneous finding (BASF, 1996 number of stillborn pups was
statistically significantly increased in the twavier dose groups, but not in the high-dose group.
Based on the lack of dose-response relationshepadithors concluded that all of these findings
were spontaneous and not related to THF adminmtrain the low- and mid-dose groups, there
was an increase in the number of pups cannibatzel@ad before scheduled sacrifice. As a
result, the viability index was statistically sifioantly decreased in the low-dose group; the
viability indices for the mid- and high-dose growpsre comparable to controls. Body weight
gain was statistically significantly reduced in tiigh-dose male and female F2 pups during
PNDs 7-14. A significant number of F2 pups/littethe high dose group had delayed opening
of eyes (% with eyes open on PND 15); 79 comparé®o in controls, historical control range
85-100%). Also, there was an increase in the nuwib&oped incisors in the high dose F2
litters (mean 1.5% of pups/litter compared to 0%ontrols; historical control range 0-2.9%).
The study authors considered this finding to bestant with a slight developmental delay
(Hellwig et al., 2002). The mean percentage op&gs/litter with open auditory canal was 96.4,
100, 88.9, and 98.9% in the 0, 1,000, 3,000, a@d®ppm dose groups, respectively. This
finding was discounted by the study authors becdwsas not dose-related and the statistically
significantly different value of 88.9% in the miask group fell within the historical control
range of 81-100%. Values for lactation index, 10, clinical signs, behavioral tests, and
necropsy findings were comparable between conamudstreated animals.

In the high concentration groups, general toxieis indicated by slight to marginal
decreased food consumption, decreased body weigthincreased kidney weight in FO adults
and decreased food consumption and body weightig#&if adults. However, decreased adult
body weights were only observed during selectetbderduring the study, were of minimal
severity, and were not generally reflected by clearnig body weight gain. Therefore, the adult
body weight changes were not considered to befo€gmt magnitude to identify an adverse
effect level.
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No clinical signs (in the one- or two-generationdss) or clinical chemistry changes
(only measured in the one-generation study) carsistith dehydration were observed,
suggesting that the decrease in water consumptsmet inducing changes in maternal health.
The study authors stated that the reduced watesucoption observed in the mid- and high-dose
FO and high-dose F1 parental rats was most like¢/td reduced palatability of the THF in
drinking water. The reduction in water intake agd 7% during premating and 12—-14%
during gestation and lactation following exposuwr&000 ppm THF. There were no
corresponding decreases in food consumption atlttes during these time periods. Thus,
Hellwig et al. (2002) concluded that the reductimmvater consumption was biologically
insignificant and that the NOAEL for systemic tagyqincreased relative kidney weight, body
weight gain, and food consumption) in FO and FEept rats was 3,000 ppm.

Pup weight gain was reduced at the high dose diiigs 4—-7 and 7-14 in both F1 and
F2 pups. This reduction in weight gain may be wueeduced maternal milk production, but the
study authors indicated that it was not relatech&dernal body weight or water consumption.
Specifically, maternal body weight was reduced ificemtly in the FO dams and not the F1 dams
during lactation. Data on the possible relatiopsietween decreased water intake in dams and
decreased production of milk was not provided is study. Hellwig et al. (2002) stated that
decreased pup weight gain could be related to tdesqmosure to THF during lactation.
Specifically, the study authors suggested thatrgthat THF is slightly more soluble in lipid
than water, THF may have been more concentratdteidam’s milk fat than in the maternal
water compartment. Based on the developmentaitsftdserved (decreased pup weight gain,
delayed eye opening, and increased incidence pédlmcisors) the study authors designated
3,000 ppm as the NOAEL. The finding of decreasedmmumber of F2 pups delivered/litter in
the high-dose group (10.4 vs 12.4 in control) soaupportive.

While the two-generation study demonstrated a @serén pup body weight gain in both
the F1 and F2 generations following THF exposure dontribution of other potential
confounding factors, such as dam water consumptnohlitter size (which may influence the
milk availability to each pup), were consideredlfier using multivariable regression analyses.
The regression analyses included pup body weightdy@ing PNDs 7—-14 as the dependent
variable and four independent variables: averadk ihtake, maternal water intake during
lactation, number of pups in each litter (during #ffected postnatal period), and a categorical
variable for the dose group. Since the respontefdan F1 and F2 generation are independent,
these data were analyzed separately. Prelimiegngssion analyses suggested that there was a
high degree of colinearity among the independenabkes, as indicated by the high variance
inflation factors, and the dose group is the magtiScantly affected factor. Removal of this
factor diminishes the colinearity in the regressidmerefore, in a second series of regression
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analyses, dose group was not included as an indepewrariable. The results from this
regression analysis are summarized in Table 4-7.

Table 4-7. Correlations between decreased pup bodyeight gain and each
of three independent variables, maternal water intke, THF intake, and
number of pups in each litter

| Coefficient | p-Value

F1 pup body weight gain (adjusted ¥ = 0.36)

Average water intake 9.09 x10 <0.000f
Average THF intake -3.98 x 10 0.1458
Number of pups -4.23 x 10 0.0335
F2 pup body weight gain (adjusted f = 0.24)

Average water intake 5.90 x 10 0.00158
Average THF intake -8.51 x 10 0.0218
Number of pups -5.04 x T0 0.005%

®Statistically significant correlation at< 0.05.

Based on the results from multiple regression a®alythe dependent variable (pup body
weight gain) can be predicted from a linear comtoomeof the independent variables of average
water intake, THF intake, and number of pups irhddéier. For F1 pups, there is no evidence to
suggest a statistically significant correlatipn=0.1458) between maternal THF intake and pup
BW gain when controlling the other confounding @ast such as maternal water intake and
number of pups in each litter. However, the simalaalysis for the F2 pup data indicates that
there is a significant correlatiop € 0.0218) between pup body weight gain and matdid&
intake after controlling for the other confoundiiagtors. The study authors concluded that the
high concentration effects reflect general toxiatyTHF, while noting that decreased water (and
food) intake could have contributed to the obsedectease in body weights.

Based on these analyses for parental (increaseékigeight and decreased body
weight) and developmental effects (decreased pdy beight gain and delayed eye opening),
the NOAEL is 3,000 ppm and the LOAEL is 9,000 ppmthis study. The best value to use for
estimating the corresponding doses (mg/kg-daygudiffor each generation, based on THF
intake values over the relevant period of exposii@. parental effects, time-weighted average
(TWA) THF intakes over the entire study period appropriate for use in assigning effect
levels. For developmental effects, the TWA THFRk& during the gestation and lactation period
of the parent females was used to estimate theteiedose. Table 4-8 summarizes the
corresponding effect level doses across all endpdimat showed a treatment-related effect.
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Table 4-8. Summary of effect levels observed in ¢itwo-generation
reproduction study in Wistar rats exposed to THF indrinking water

NOAEL LOAEL
Effect (mg/kg-day) (mg/kg-day)
FO Males—increased kidney weight 268 714
FO Females—decreased body weight, increased kideaght 322 835
F1 Adult males—decreased body weight gain 268 788
F1 Adult females—decreased body weight gain 362 898
F1 Pups—decreased body weight gain 381 1,071
F2 Pups—decreased pup body weight gain and dekyedpening 385 974

Sources: Hellwig et al. (2002); BASF (1996).

4.3.2. Inhalation

Mast et al. (1992) assessed developmental toxa€ifyHF in mice and rats. Female
CD-1 mice (10 virgin and 30 mated animals/groupjenexposed to 0, 600, 1,800, or 5,000 ppm
(0, 1,770, 5,310, or 14,750 mgnTHF vapor for 6 hours/day, 7 days/week on gestatiays 6—
17. Female mice in the 5,000 ppm group demonsti@tegh toxicity, with >25% mortality
observed after only 6 days of exposure. Consetyenice in this group were removed from
exposure at this time and placed in a chamberfwagh air until time of scheduled sacrifice.
Developmental evaluations were conducted on pregnare euthanized on gestation day 18.
Developmental endpoints included gross maternatitg>and number, position, and status of
implantation sites. Live fetuses were weighededeand examined for gross defects. Half of
the live fetuses and any fetus with gross defeet®wxamined for visceral defects, and the
heads were examined for soft-tissue craniofaciabahalities. All fetal carcasses were
examined for gross changes in cartilage and oddiime. Maternal deaths occurred in the high-
concentration group. Other statistically signifitenaternal effects that were observed at
concentrations 0#1,800 ppm included narcosis, decreased termina} @ight, reduced
adjusted maternal weight gain (adjusted for utewegght), and reduced gravid uterine weight.
A reduction in the percent live pups/litter andayeld ossification of the sternum were observed
at concentrations ¢f1,800 ppm. Surviving pregnant mice in the highassmration group had
litters with a 95% resorption incidence; howevethe conceptus survived, development
continued normally. There were no effects on tinalper of implantations, the fetal sex ratio, or
the incidence of abnormalities in fetuses. Basedexreased gravid uterine weight in dams and
reduced fetal survival, EPA identified the LOAELB800 ppm (5,310 mg/tnand the NOAEL
as 600 ppm (1,770 mgfnin mice.

Pregnant Sprague-Dawley rats (10 virgin and 30 dnatémals/group) were exposed to
0, 600, 1,800, or 5,000 ppm (0, 17, 70, 5,310,49730 mg/m) THF vapor for 6 hours/day,
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7 days/week on gestation days 6—-19 (Mast et @2)J19Developmental evaluations were
conducted on pregnant rats euthanized on gestw@dip20. Developmental endpoints included
gross maternal toxicity and the number, positionl status of implantation sites. Live fetuses
were weighed, sexed, and examined for gross defétdlf of the live fetuses and any fetus with
gross defects were examined for visceral defentstlze heads were examined for soft-tissue
craniofacial abnormalities. All fetal carcassesevexamined for cartilage and ossified bone. In
dams, the cumulative BWs were significantly reduicethe high concentration group
throughout the exposure period. In addition, ngméicant reductions of gravid uterine weight
and extragestational weight gain (adjusted foringeweight) were observed in the high
concentration group. Fetal rat weights were sigaiiftly reduced at 5,000 ppm. There were no
effects on the number of implantations, fetal s&ior or incidence of fetal abnormalities. Based
on decreased maternal and fetal weight, EPA idedtthe LOAEL as 5,000 ppm (14,750
mg/nt) and the NOAEL as 1,800 ppm (5,310 mi)/in rats.

DuPont Haskell Laboratory (1980) investigated tfieats of inhaled THF on the
developing fetus. The authors first performedrayeafinding study in which Crl:CD® rats (7—
14/group) were exposed to 0, 590, 1,475, 7,3754¢0#50 mg/m 6 hours/day on gestation days
6—15. In a follow-up study, Crl:Cbrats (29/group) were exposed to 0, 2,950, or DAAG/nT
THF 6 hours/day on gestation days 6—15. Body wedimical signs, and feed consumption
were observed in dams during the exposure peliains were sacrificed on gestation day 21
and were examined for gross pathologic changesy, Wixeight, and reproductive status. The
number of corpora lutea, implantation sites, ane #ind dead fetuses were recorded. Live
fetuses were weighed, sexed, and examined forrattalterations. One-third of all fetuses and
all stunted or malformed fetuses were examinediBweral alterations, and the heads were fixed
for evaluation of eye malformations. Remainingigets were fixed and stained for examination
of skeletal alterations. The same endpoints weaenened in both parts of the study.

No mortality was observed in dams in either stubtyboth studies, dams in the high-
concentration group demonstrated decreased respmnsese stimulus, reduced muscle tone,
and staggering gait that persisted for about 1 Falowing each daily exposure period. In
addition, dams in the lower concentration group?3,mg/ni in the range-finding study and
2,950 mg/m in the main study) had a diminished response iserstimulus. Food consumption
in the main study high-concentration group wasificantly reduced compared to controls. In
both studies, dams in the high-concentration gtwagbsignificantly reduced body weight gain
compared to controls. The number of implants/dachraean fetal body weight both were
significantly decreased with increasing exposultdagh no information is provided on which
dose-level significance was first observed). Idiadn, fetuses in the high-concentration group
exhibited a significantly decreased incidence efr&l ossification. Based on decreased fetal

45 DRAFT — DO NOT CITE OR QUOTE



© 00 N O ol A WDN B

W W W W W W WNDNDNMNDNDDNMNDNMDNDMNMDNNMNMNNNMNPREPERPPRPEPRPRPRPPRPERPRPREREER
O 0ol A WNPEFEP O O 0o NOOO B~ WNPEPEOOOOWNO O PMowWwNDNDLPRE,O

weight and skeletal alterations, EPA identified deselopmental LOAEL as 14,750 mg/and
the NOAEL as 7,375 mg/i Based on clinical signs of sedation (diminishesponse to noise
stimulus), the maternal LOAEL is 2,950 mg/and the NOAEL is 1,475 mg/An

4.4. OTHER DURATION- OR ENDPOINT-SPECIFIC STUDIES

Several short-term oral studies in animals arelabia (see Appendix C for study
descriptions). In rats treated with a total of gavage doses of THF in distilled water, increased
mortality was observed at doses >2,000 mg/kg (8kasea and Kochetkova, 1963). Toxicity
observed in this study included CNS toxicity (imniityg drowsiness, reduced response to
external stimuli) and necrosis, edema, and hemgeriod stomach, brain, liver, heart, spleen, and
kidneys. However, it is not possible to more fudharacterize the specific histopathology
endpoints in the study by Stasenkova and Kochetkb®@3). In a 4-week study of THF in
drinking water administered to rats (Komsta etE88), doses as high as 96 mg/kg-day had no
effect on mortality and did not produce clinicadrss of CNS toxicity in rats. Histopathologic
lesions in liver (increased cytoplasmic homogenaitgl anisokaryosis) and kidney (tubular
cytoplasmic inclusions) were observed in the higeedgroup males and females.

Several acute inhalation studies in animals sugbeasthe primary effects observed
following single exposures to THF, ranging fromrBhutes to several hours, are CNS toxicity
and respiratory tract irritation. Symptoms of CtdSicity, including sedation, coma, altered
respiration, and decreased response to externallgtivere observed in dogs (Stoughton and
Robbins, 1936), mice (Stasenkova and Kochetkové3;1Stoughton and Robbins, 1936), and
rats (Horiguchi et al., 1984; DuPont Haskell Laltorg, 1979; Stasenkova and Kochetkova,
1963). Clinical signs of respiratory tract irritat, observed only in studies in rats, included
scratching, head shaking, face washing, teariniyasi@n, and bleeding from the nose
(Horiguchi et al., 1984; DuPont Haskell Laboratdr979). In addition, several other acute
studies observed structural or functional changeespiratory tissue (suggesting respiratory
tract irritation), including congested mottled lgng rats (Henderson and Smith, 1936), edema
and hemorrhage in lungs and bronchi of rats (Stamsenand Kochetkova, 1963), and decreased
ciliary beat frequency and vacuolation/degeneratidmoth nasal mucosa (Ohashi et al., 1983)
and tracheal mucosa (lkeoka et al., 1988) in rabhitd nasal and tracheal histopathology
changes in rats (Horiguchi et al., 1984). Two &sideport histopathological lesions in other
organs such as liver (Stasenkova and Kochetkog8; enderson and Smith, 1936), kidney,
brain, and spleen (Stasenkova and Kochetkova, 1388)vever, Hofmann and Oettel (1954)
specifically examined the liver and kidney and fduno effects. These studies are further
described in Appendix C.
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4.5. MECHANISTIC DATA AND OTHER STUDIES

Genotoxicity Studies

Only one study that evaluated genotoxicity endmoimthumans was identified. Funes-
Cravioto et al. (1977) reported increased chromasbraaks in peripheral lymphocytes from
solvent-exposed versus nonexposed adults. Howef/dre seven occupational groups that were
pooled for the statistical analysis, only one vesniified as having used THF in the workplace
(no exposure information was provided by the stauiyhors), thus suggesting that agents other
than THF likely played a greater role in the obsdrgenotoxicity.

NTP (1998) presented the results of a battery dhganicity/genotoxicity tests of THF.
The in vitro tests included tHgalmonella typhimurium bacterial mutagenicity assay (with and
without S9 microsomal activation), induction oftsischromatid exchange and chromosomal
aberrations in the Chinese hamster ovary cell syséed in vivo in mouse bone marrow cells.
Micronuclei frequency in peripheral blood erythrtey following 14-day inhalation exposure of
mice to THF was also evaluated. NTP (1998) coredutthat there was little evidence of
mutagenic activity, with most data determined tabeclusively negative.

In summary, the genotoxic potential of THF has bexduated in a variety of in vitro
and in vivo assays. Nearly all the results areckmively negative, with equivocal findings
reported in a small number of assays that have teeducted. The genotoxicity data are
summarized in Table C-5 and discussed in moreldgp@endix C.2. Taken together, these data
support the conclusion that THF is not likely gemxit.

4.6. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER E FFECTS

A summary and synthesis of the major noncancectffobserved following oral and
inhalation exposure to THF are described belowe Mlodes of action for the noncancer effects
are not known; however, mechanistic data relatinthp¢ potential modes of action for the
noncancer effects are further described in Appefdix

4.6.1. Oral

No human studies of THF following oral exposure arailable and the oral database for
animal studies is limited. A summary of the eféeabserved in the subchronic oral studies is
presented in Table 4-9. In a one-generation remtdee toxicity study (BASF, 1994) of THF
administered to rats in drinking water, symptomge@feral toxicity, including decreased food
(males) and water consumption (males and femates)rereased kidney weight (males and
females), were observed in parental generatioradatgnistered 8,000 ppm THF (795 mg/kg-
day for males and 890 mg/kg-day for females). g toncentration, male and female pups had
significantly decreased body weight gain comparét wontrols. A follow-up two-generation
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reproductive toxicity study (BASF, 1996) of THF aidistered to rats in drinking water
demonstrated similar results as the one-generatiay in the parental generation rats, including
decreased food consumption (FO females, FO/F1 malesreased water consumption (FO/F1
both sexes), decreased body weight (FO/F1 bothsyexted increased kidney weight (FO both
sexes) at 9,000 ppiHF (714 mg/kg-day for FO males, 788 mg/kg-dayRarmales,
835 mg/kg-day for FO females, 898 mg/kg-day forférhales). At these same concentrations,
the F1 and F2 pups had significantly reduced boeligit gain compared with controls, and the
F2 pups also demonstrated delayed eye openingrarehsed incidence of sloped incisors
compared with controls (see Table 4-8). Histoplaiypexamination on parental rats included
liver, kidney, reproductive organs, and digestnaet organs and demonstrated no observed
effects on these organs. Exposure at the highectration of THF in drinking water may have a
subtle effect on male rat fertility/fecundity baseda 16% decrease in the mean number of
delivered F2 pups (not statistically significant below the range of historical control values)
and a finding of one infertile F1 parental maleinathe high dose group. In both studies, no
effects were observed on any other reproductivarpaters measured.

Some similar effects were noted in short-term gsdiStasenkova and Kochetkova,
1963; Komsta et al., 1988, described in Appendix I@treased mortality and effects including
CNS toxicity (immobility, drowsiness, reduced respe to external stimuli), and necrosis,
edema, and hemorrhage of stomach, brain, livert,lggdeen, and kidneys were observed in rats
administered THF in distilled water via gavage ¢8t&kova and Kochetkova, 1963). Another
short-term study of lower doses of THF administdrerdats in drinking water (Komsta et al.,
1988), had no effect on mortality and did not prealalinical signs of CNS toxicity.
Histopathologic lesions in liver (increased cytgohc homogeneity and anisokaryosis) and
kidney (tubular cytoplasmic inclusions) were obselin the male and female rats.
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Table 4-9. Summary of effects observed in drinkingvater toxicity studies with THF®

Species,
number,

Study sex Route, duration, doses Observed effects NOAEL (mg/kg-day) |LOAEL (mg/kg-day) Comments
BASF (1996);|Wistar rat |Drinking water, General toxicity (descreass . . Each generation
Hellwig et al. |25/sex/dosgtwo-generation reproductive |BW and increased kidney Eg ;2?;;252_63822 Eg ;Q?AZISe.s7'18435 treated 7Q@lays prio
(2002) weight in FO and F1 adults, o S to mating through

L 1 Adult males: 268 |F1 Adult males: 788 e

0, 1,000, 3,000, 9,000 ppm |decreased BW gain in F1/H 1 Adult females: 362IE1 Adult females: 89 fohab!tanon, _
pups, _IF1 pups: 381 F1Pups: 1,071  |Jestation, lactation
delayed eye opening in ma B> Pups: 385 F2 Pups: 974
F2 pups ' '

BASF (1994) | Wistar rat |Drinking water, Increased kidney weight (FD 503 890
10/sex/dosgone-generation reproductive |males—high dose, FO

females—mid dose)

0, 4,000, 8,000, 12,000 ppm
Decreased pup BW (mid 546 960
dose)

®The best value to use for estimating the corresipgndbses (mg/kg-day) differs for each generatiaseld on THF intake values over the relevant perfod
exposure. For parental effects, average THF istaker the entire study period are appropriatei$erin assigning effect levels. For developmesitakts,

the time-weighted average THF intake during theagies and lactation periods of the parent femalas used to estimate the effective dose. THF éntak
estimates are shown in Table 4-5.

THF intake estimates corresponding to NOAEL and EDAestimates were calculated for a variety of ¢ffemd are presented in Table 4-8.
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4.6.2. Inhalation

Although no epidemiological studies of THF haverbeenducted, several case studies in
humans illustrate the potential for health effdotwing inhalation exposure in an occupational
setting. In almost all of the cases, workers vexosed to THF through activities where THF
was present as a component of solvents or adhedinvegneral, workers were exposed for a
period of a few weeks to a few months before symgtavere reported. Target organs in
humans appear to be the CNS, respiratory traet;, land kidney. Symptoms of CNS toxicity
included headache, dizziness, fatigue, loss ofémse of smell (Garnier et al., 1989; Emmett,
1976; Horiuchi et al., 1967), and convulsions follog enfluran anesthesia in a worker exposed
to THF in the weeks prior to surgery (Juntunenl etl@84). Symptoms of respiratory tract
irritation included cough, chest pain, rhinorrhaag dyspnea (Garnier et al., 1989; Emmett,
1976). In three cases, liver enzymes (ALT, AST &G T) were elevated above normal values
(Garnier et al., 1989; Edling, 1982; Horiuchi et &B67), and in one case a liver biopsy revealed
fatty changes following THF exposure (Edling, 1988) one study, hematological changes and
decreased white blood cell counts were reportddHi-exposed workers (Horiuchi et al., 1967).
In one case study, autoimmune glomerulonephritis elserved in a man who worked with
THF in adhesives for 9 years (Albrecht et al., 198fhe human case studies suggest that CNS
toxicity, respiratory tract irritation, and livend kidney toxicity are the potential health effects
following inhalation exposure to THF. An uncertgiassociated with all of the reported human
case studies is the fact that workers were expimsether solvents and chemicals in addition to
THF, so it is not possible to conclusively attribtihe observed effects to THF exposure alone.
In addition, in most cases quantitative estimafesxposure were not provided.

In animals, subchronic and chronic studies repastaaral systemic effects following
inhalation exposure to THF; a summary of thesectdfes presented in Table 4-10. Decreased
body weight has been observed in rats (Horiguchl.e1984; Kawata and Ito, 1984). Decreased
blood pressure was observed in dogs (BASF, 193Byats (Stasenkova and Kochetkova, 1963).
Altered hematological parameters were observedts\(NTP, 1998; Horiguchi et al., 1984),
mice (NTP, 1998; Stasenkova and Kochetkova, 1%68),dogs (BASF, 1938). Following 14
weeks of inhalation exposure, rats of both sexdssignificantly increased relative and absolute
liver weight (NTP, 1998). In the same study, noééoth sexes showed increased relative and
absolute liver weight (NTP, 1998). In addition,rigoichi et al. (1984) observed increased
relative weights of liver. Changes in mice inclddieer centrilobular cytomegaly in both sexes
following 14 weeks of exposure to THF (NTP, 1998)creased incidence of hepatocellular
necrosis was also observed in female mice in thea2-inhalation study (NTP, 1998).

Longer-term inhalation exposure to THF appearddo @esult in symptoms of CNS
toxicity and respiratory tract irritation. In akshronic neurotoxicity assay (DuPont Haskell
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Laboratory, 1996b), the only effects observed viemesient symptoms of CNS toxicity that
were not observed on mornings prior to the stathefweekly exposures. No permanent
neurotoxic effects were observed on motor actieitin an FOB. Altered brain catecholamine
levels were observed following 8 weeks of inhalagxposure (Kawata et al., 1986), and altered
EEGs were observed following i.p. injection (Mareisl., 1976). While the clinical
significance of these findings is not clear in terof assigning adverse effect levels for THF, the
observation that similar brain alterations are getlby the THF metabolites GBL and GHB
(NSF, 2003) suggests that these metabolites magdpensible for the observed neurotoxicity of
THF. In two subchronic studies, authors specifjcabte that symptoms of CNS toxicity (NTP,
1998; Horiguchi et al., 1984) appeared to modesdtte continued exposures. Based on findings
in Elovaara et al. (1984) of decreased concentratod THF in rat brain and fat tissues with
extended exposure, the authors of the NTP (1988 stonsidered it likely that the apparent
tolerance to the CNS effects may be due to stinwldiy THF of its own metabolism. They
also concluded that it is not possible to ascesdiather the clinical findings of CNS toxicity
(narcosis) were primary (i.e., specific to THF tsrmetabolites) or secondary (i.e., nonspecific
due to solvent interaction with cell membraneshefnervous system as seen with other
solvents) and that further research is neededtterbeharacterize THF neurotoxicity. However,
support for the THF-induced CNS effects was prowidg evidence of these effects in the
subchronic and chronic studies as well as shom-terd acute studies. Several acute inhalation
studies in animals suggest that one of the prireéigcts observed following single exposures to
THF, ranging from 30 minutes to several hours, SQoxicity. Symptoms of CNS toxicity,
including sedation, coma, altered respiration, @acteased response to external stimuli, were
observed in dogs (Stoughton and Robbins, 1936k (8tasenkova and Kochetkova, 1963;
Stoughton and Robbins, 1936), and rats (Horiguchl.e1984; DuPont Haskell Laboratory,
1979; Stasenkova and Kochetkova, 1963).

Additional effects observed include respiratorgtraitation, kidney effects, thymus
weight changes, and effects associated with imnoxmoty and developmental toxicity. The
respiratory effect study that identified the lowadterse effect level was conducted by
Horiguchi et al. (1984), who reported that ratsasqul to 100 ppm THF for 3 weeks had changes
in the nasal mucous membrane that were simildrdseet observed in the tracheal mucosa.
Changes in the tracheal mucosa in the group exgosg@®00 ppm were described as occurring
in the cilia, with disorder of the epithelial artdgture and darkening of cell bodies. However,
the study authors did not clarify whether the nasfacts at 100 ppm were the same as the
tracheal effects at 100 or 5,000 ppm, althoughas wresumed that it was the tracheal effects at
5,000 ppm that were being equated to the 100 pzal effects. The authors did not describe
any results for the tracheal mucosa at 100 pprmajor deficiency in this study is that the
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results represent a single animal per exposuré &\each time point. Based on the small
sample size, duration of exposure, absence of diearmentation of the severity of the nasal
histopathology, and uncertainty regarding the cotraéion at which nasal changes were
observed, this study provided equivocal resultamdigg respiratory toxicity. In addition,
Stasenkova and Kochetkova (1963) evaluated theteféé THF in mice and rats following 2
months of exposure and in rats following 6 monthexposure. After 2 months of exposure to
6,000—8,000 mg/MTHF, mice had eye irritation while mice and ratpthyed symptoms of
respiratory tract irritation and an increase (ic@)ior decrease (in rats) in the threshold of
neuromuscular irritability. These symptoms wereneported in rats following 6 months of
exposure at 1,000-2,000 mg/m

Clinical signs of irritation as well as histopatbgical changes in the respiratory tract
were also observed in one subchronic study at 3P0 (Kawata and Ito, 1984) and in several
acute and short-term studies (lkeoka et al., 1B88iguchi et al., 1984; Ohashi et al., 1983;
Stasenkova and Kochetkova, 1963) with some ativelgtiow exposure concentrations.
Specifically, Horiguchi et al. (1984) found nasatbpathology after a 3-week exposure to 100
or 5,000 ppm THF but no such effects were repdaowing exposure to 5,000 ppm for 12
weeks. Also, symptoms of eye and respiratory iratation as well as changes in the threshold
of neuromuscular irritability were found in ratsdamice following 2 months of exposure
(6,000—8,000 mg/f), but similar symptoms were not reported followlhgonths of exposure
to lower concentrations (1,000-2,000 mi)/¢Stasenkova and Kochetkova, 1963). These data
demonstrate that the irritation effects induced'bi were not consistently observed with
increasing duration of exposure. These effect®wbserved at higher exposure concentrations
than those where liver effects were observed.dthtin, there are limitations in documentation
and reporting.

Several acute inhalation studies in animals sugbesthe primary effects observed
following single exposures to THF, ranging fromrihutes to several hours Clinical signs of
respiratory tract irritation, observed only in geglin rats, included scratching, head shaking,
face washing, tearing, salivation, and bleedingiftbe nose (Horiguchi et al., 1984; DuPont
Haskell Laboratory, 1979). In addition, severdlavtacute studies observed structural or
functional changes in respiratory tissue (sugggstspiratory tract irritation), including
congested mottled lungs in rats (Henderson andia®36), edema and hemorrhage in lungs
and bronchi of rats (Stasenkova and Kochetkova3)l @6d decreased ciliary beat frequency
and vacuolation/degeneration of both nasal muddkaghi et al., 1983) and tracheal mucosa
(Ikeoka et al., 1988) in rabbits, and nasal anchieal histopathology changes in rats (Horiguchi
et al., 1984). Two studies report histopatholdgiesions in other organs such as liver
(Stasenkova and Kochetkova, 1963; Henderson anthSh®36), kidney, brain, and spleen
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(Stasenkova and Kochetkova, 1963). However, Hofmaard Oettel (1954) specifically
examined the liver and kidney and found no effects.

Although the data indicate that THF induced anease in kidney weight in rats, the
severity of the impact on the kidneys appears tmimemal. This conclusion is supported by
several considerations as discussed in detailatid®e4.3.1. THF exposure had no effect on
absolute or relative kidney weight in F1 generafdnlts. Furthermore, the kidney weight
changes that were observed in the FO generatiom maraccompanied by gross kidney
pathology or hematology or clinical chemistry fings consistent with an effect on renal
function (in the one-generation study) or by histityplogical examination (in the two-generation
study). Evaluation of the overall database for THEluding inhalation studies, does not
suggest that THF is a potent kidney toxicant. é&s@mple, most of the available human case
reports have not identified the kidney as a taof@tHF exposure. Furthermore, in the
subchronic and chronic inhalation NTP (1998) stsidolanges in kidney weight or pathology
were not particularly sensitive to THF exposure.

As reported by NTP (1998), absolute and relatiyeniins weights were statistically
significantly decreased, beginning at 1,770 migfimmale mice. The thymus weight changes
were not accompanied by histopathological changése subchronic study. The study authors
indicated that the significance of the thymus weidtanges were unclear and suggested that
these changes might have been due to stress degowith THF administration. However, the
thymus weight changes were concentration-depensgeggesting that if they were stress related,
this response would have been secondary to thetefé THF. Organ weights were not
reported for the chronic study, and therefores itot possible to determine if thymus weight is
similarly affected by long-term exposure. Histdmabgical analysis of the thymus in the
chronic study revealed an increase in the incidentceymic atrophy that was statistically
significant in the 5,310 mg/frexposure group. This finding was attributed by aluthors to be a
secondary response, based on the high incideno@génital inflammation observed in the
high-concentration males. However, since the sm@an infections occurred in the same group
that had thymic changes, it cannot be determinestivan the thymus weight and histopathology
effects increased susceptibility to infection a thflammation had a stress-related effect on the
thymus.

It is unclear whether the observed effects onllgetis in the subchronic and chronic
studies (NTP, 1998) represent a functional effecth@ immune system, and no data are
available to differentiate between mechanisms wingla generalized stress response versus
other mechanisms directly targeting the immuneesystEvaluation of the THF database as a
whole provides inconsistent results related to imeneffects, with some studies identifying
effects and others showing no effect. Neverthelmse of the available studies show evidence
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for potential immunotoxicity. For example, decregsvhite blood cell counts were reported in a
study of workers (Horiuchi et al., 1967) and chanigewhite blood cell counts were reported in
an oral drinking water study (Pozdnyakova, 196%) iara subchronic inhalation study
(Horiguchi et al., 1984). Both thymus and spleaights were reduced in male and female rats
in the subchronic NTP (1998) study. In additioatadfor THF metabolites are consistent with
potential immunotoxicity. For example, thymic depdn was reported at 262 mg/kg-day GBL
in mice in a gavage study (NTP, 1992), although thay have been secondary to an
inflammatory response or a factor leading to theesptibility to inflammation. The
pharmacokinetic information also provides a possdannection between THF exposure and
immune effects, in which the tissue distributiomdst by Kawata and Ito (1984) reported that the
thymus and spleen had significantly higher THF emtiations than other tissues following
inhalation exposure to 3,000 ppm THF for 12 weeks.

The predictivity of thymus weight changes for fuanal immune responses has been
studied by Luster et al. (1992) who determinedaihiéity of a variety of common measures of
immune toxicity, including thymus/body weight ragjdo predict the immunotoxicity of a series
of test compounds in mice. When evaluated asgiesmeasure, thymus/body weight ratios
were characterized as an unreliable indicator ofiumotoxicity (68% concordance—the ability
to correctly identify compounds of known immunotoyiotential). However, thymus/body
weight ratio was part of several testing configiorag that showed 100% concordance with
immunotoxicity, suggesting that this measure cartrdaute to the immunotoxicity assessment.
In addition, the authors noted that the lack ofcawdance for most assays was generally due to a
decreased sensitivity (i.e., failure to detect fnasimmunotoxicants) not a decrease in
specificity (i.e., the ability to correctly idengihegative compounds). This suggests that
thymus/body weight ratios might underreport immuaxatity. In a follow-up publication by
Luster et al. (1993), a good correlation was reggbldetween immune function assays and
changes in host resistance (e.g., increased sustigpto infection from a challenge agent),
although the predictivity of individual assays eari(the concordance was 76% for thymus/BW
ratios).

In summary, there are no studies of host resistandata from other types of
immunotoxicity studies following inhalation exposuo THF. Also, it is unclear whether the
observed thymus weight changes had a functionahatngn the immune function of mice in the
subchronic study (NTP, 1998). For this reasonpibigical significance of the decrease in
thymus weight is questionable. An area of uncetyaexists for the potential effects of THF on
the immune system, specifically with regard to dased thymus weight.

Developmental studies by the inhalation route H#aen conducted in both rats (Mast et
al., 1992; DuPont Haskell Laboratory, 1980) andenfMast et al., 1992). In both studies and
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both species, maternal toxicity included significdacreases in body weight accompanied by
decreases in gravid uterine weight (Mast et ab2)@r food consumption (DuPont Haskell
Laboratory, 1980). Decreased fetal weight was meskat the same concentration that resulted
in maternal toxicity in rats (Mast et al., 1992 both mice (Mast et al., 1992) and rats (DuPont
Haskell Laboratory, 1980), decreased fetal sunésd occurred at the same concentrations that
resulted in maternal toxicity. With regard to putal teratogenic effects, Mast et al. (1992)
noted that in mice that survived the exposure pemno increase was observed in the incidence
of fetal abnormalities. However, an increaseddance of incomplete sternal ossification in rat
fetuses was observed (DuPont Haskell Laboratoi§0)L9
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Table 4-10. Summary of findings in developmentakubchronic, and chronic inhalation studies with THF

Species, sex, number

concentration NOAEL/LOAEL ?
Study (mg/m°) Duration Observed effects (mg/m?) Comments
Developmental toxicity studies
Mast et al. (1992) |CD-1 mice, female 6 hours/day, Decreased dam body |1,770/5,310

(40/group)
0, 1,770, 5,310, 14,75

7 days/week,
@estation days 6-17

weight and gravid uterin
weight, decreased fetal
survival

e

Sprague-Dawley rat,
female (40/group)
0, 1,770, 5,310, 14,75

6 hours/day,
7 days/week,
@estation days 6-19

Decreased dam body
weight, decreased fetal
body weight

5,310/14,750

DuPont Haskell

Crl:CD BR rat, female

6 hours/day,

Dams: CNS clinical

Dams: 1,475/2,950

Laboratory (1980) |(29/group) 7 days/week, signs
0, 590, 1,475, 2,950, |gestation days 6—15 Fetal: 7,375/14,75(Q
7,375, 14,750 Fetal: decreased fetal
weight, skeletal
alterations
Subchronic studies
BASF (1938) Dog, sex and strain nds90 mg/n: Decreased blood NA®/590 No microscopic pathology noted i

specified (four/group)

6 hours/day,
5 days/week, 9 weeks
then

1,080 mg/r:

6 hours/day,

5 daygweek, 3 weeks

pressure

heart, lungs, spleen, pancreas, or

kidneys

Horiguchi et al.
(1984)

Sprague-Dawley rat,
male (11-12/group)
0, 295, 590, 2,950,
14,750

4 hours/day,
5 days/week,
12 weeks

Body and organ weight
changes, altered serum
chemistry

2,950/14,750
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Table 4-10. Summary of findings in developmentakubchronic, and chronic inhalation studies with THF

Species, sex, number,,

concentration NOAEL/LOAEL ?
Study (mg/m°) Duration Observed effects (mg/m°) Comments
Kawata and Ito Wistar rat, male 1 hour/day, Decreased body weight,NA/8,850 No information given on incidence
(1984) (25/group) 5 days/week, papillary hyperplasia in of histopathologic lesions or
0, 8,850 12 weeks lung and bronchial statistical significance
epithelium, protein
casts/hyaline in kidney
DuPont Haskell Crl:CD BRrat (12— | 6 hours/day, CNS clinical signs 1,475/4,425 This was a subchronic neurotoxig

Laboratory (1996b)
Malley et al. (2001)

- 18/sex/group)
0, 1,475, 4,425, 8,850

5 days/week,
13-14 weeks

study. No other neurotoxic effects
were observed (i.e., FOB, motor
activity, or neuropathology)

NTP (1998)

F344/N rat
(10/sex/group) 0, 195,
590, 1,770, 5,310,
14,750

6 hours/day,
5 days/week,
90 days

CNS clinical signs,
organ weight changes,
hematological effects

5,310/14,750

B6C3FR mouse 6 hours/day, CNS clinical signs, 1,770/5,310 Decreased thymus weight at lower
(10/sex/group) 5 days/week, increased liver weight concentrations and histopathology
0, 195, 590, 1,770, 90 days of the liver, uterus, adrenal gland
5,310, 14,750 only at the high concentration
Stasenkova and Rat, male, strain not | 4 hours/day, Decreased blood NA/NA Air concentration reported as a

Kochetkova (1963)

specified (20/group)
1,000-2,000

7 days/week,
6 months

pressure,
increased leukocyte
count, hypertrophy of
muscle fibers in bronch
walls and spleen

range; study judged as not suitablg
for dose-response assessment

D

Chronic studies

NTP (1998)

F344/N rat
(50/sex/group)

0, 590, 1,770, 5,310

6 hours/day,
5 days/week,
2 years

No noncancer effects
observed

5,310/NA
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Table 4-10. Summary of findings in developmentakubchronic, and chronic inhalation studies with THF

Species, sex, number,,

concentration NOAEL/LOAEL ?
Study (mg/m°) Duration Observed effects (mg/m°) Comments
B6C3FR mouse 6 hours/day, CNS clinical signs 1,770/5,310 Decreasadrvival, urogenital tract
(50/sex/group) 5 days/week, (males); increased liver inflammation and histopathology
0, 590, 1,770, 5,310 |2 years necrosis (females) lesions in bone marrow, lymph

nodes, spleen, thymus attributed t
infection secondary to observed
narcosis

®NOAEL/LOAEL from the study concentrations.
®NA indicates that the NOAEL or LOAEL was not idéieti.
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4.7. EVALUATION OF CARCINOGENICITY
4.7.1. Summary of Overall Weight of Evidence

Under EPA’sGuidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a), the
database for THF provides “suggestive evidenceaudficogenic potential.” No human data are
available to assess the carcinogenic potentiaH#.TA 2-year NTP (1998) inhalation cancer
bioassay reported a marginally increased incideficenal tubule adenomas and carcinomas in
male F344/N rats (statistically significant exp@suesponse trend) and an increased incidence of
hepatocellular adenomas and carcinomas in femaBk8Bamice (statistically significant trend
and increase incidence at the highest concentrggiad) following inhalation exposure. No
other treatment-related increases in tumor incidemere observed. NTP (1998) concluded that
the data providedome evidence for THF carcinogenicity in male rats (renal tubuddenomas
and carcinomas) ardlear evidence of carcinogenicity in female mice (hepatocelllddenomas
and carcinomas). There was no evidence of caremogctivity in female rats. Likewise, in
male mice there was no evidence of carcinogeniepyrted by NTP (1998).

There are some data suggesting that the obsermabtuenors in the male rats may be
secondary tai,,-globulin accumulation. A review of the data aghblke for THF indicates that
the data do not support an,-globulin-related MOA (Section 4.7.3.1). Anothensideration
regarding the renal tumors is the possibility tidtanced chronic progressive nephropathy
(CPN) may play a role in the incidence of atypicddule hyperplasia (ATH) and perhaps the
THF-induced kidney tumors in male rat kidneys). NOB an age-related renal disease of
laboratory rodents that occurs spontaneously. eltvas no difference in the incidence or
severity of CPN in the control versus treated mals of the NTP 2-year carcinogenicity study
on THF. Therefore, although THF did not exacerlo@eclopment of CPN, it is possible that it
may have exacerbated the development of proliferd¢isions within CPN-affected tissue;
however, there is no direct evidence in suppothisf Thus, the kidney tumors observed in
male rats are considered relevant to the asses&nt@ carcinogenic potential of THF to
humans.

For the liver tumors in mice, some mechanistic daggest that THF may induce cell
proliferation and lead to a promotion in the growftlpre-initiated cells. However, key
precursor events linked to observed cell proliferahave not been clearly identified and the
available data are insufficient to establish a mafd&ction for the THF liver tumor induction
(Section 4.7.3.2). Thus, the liver tumors obselvei@male mice are considered relevant to the
assessment of the carcinogenic potential of THkutoans.

U.S. EPA’sGuideines for Carcinogen Risk Assessment (U.S. EPA, 2005a) indicate that
for tumors occurring at a site other than the ahpioint of contact, the weight of evidence for
carcinogenic potential may apply to all routes xjf@sure that have not been adequately tested at
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sufficient doses. An exception occurs when themohnvincing information, e.g.,
pharmacokinetic data that absorption does not deg@nother route. Information available on
the carcinogenic effects of THF via the inhalationte demonstrates that tumors occur in tissues
remote from the site of absorption. Informationtlb@ carcinogenic effects of THF via the oral
and dermal routes in humans or animals is not alvigl Based on the observance of systemic
tumors following inhalation exposure, and in theeare of information to indicate otherwise, it
is assumed that an internal dose will be achieggdrdless of the route of exposure. Therefore,
there is “suggestive evidence of carcinogenic pg@Brfollowing exposure to THF by all routes
of exposure.

4.7.2. Synthesis of Human, Animal, and Other Supptng Evidence

As discussed in Section 4.1, there are no humatiestinvestigating the carcinogenic
effects of THF following inhalation exposure. Howee, the NTP (1998) chronic inhalation
exposure bioassay in laboratory animals was adelyu#tsigned to assess the carcinogenic
potential of lifetime inhalation exposure to THFhis study involved exposure of F344/N rats
(50/sex/group) and B6C3Hnice (50/sex/group) to 0, 200, 600, and 1,800 @90, 1,770,
and 5,310 mg/M THF for 6 hours/day, 5 days/week for 105 weeksr the male rats, a
statistically significant treatment-related trendsmbserved for combined incidences of renal
tubular epithelial adenomas or carcinomas (1/580,14/50, and 5/50) (NTP, 1998). The
response was predominantly benign except for twarmamas present at the high exposure
concentration. The individual incidences of theéndy adenomas or carcinomas in the high
exposure male rats appeared to exceed the incidéicese tumors in F344/N historical
controls (rate: 0.9 + 1.3%; range: 0-4%) but weokstatistically significant when compared
with the concurrent controls (NTP, 1998).

In female mice there was a statistically significamcreased incidences of hepatocellular
adenomas or carcinomas at the high concentrati@8@@jppm) and a positive trend for these
hepatocellular neoplasms across exposure to 200a6@ 1,800 ppm THF compared with
controls (17/50, 24/50, 26/50, and 41/48) (NTP,899The females also showed a statistically
significant positive trend in hepatocellular caarimas (albeit not a significantly increased
incidence; 6/50, 10/50, 10/50, and 16/48). Theas no statistically significantly increased
incidence of hepatocellular adenomas or carcindmasale mice (35/50, 31/50, 30/50, and
18/50), even after adjustment for differential sva\.

A 2-year cancer bioassay by the oral route has beeducted for the THF metabolite
GBL (NTP, 1992), which showed no evidence of cargenicity in rats (male and female) or
female mice, although an increased incidence aradmedulla pheochromocytomas and
hyperplasia were observed. The authors conclutdiiere was equivocal evidence of
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carcinogenic potential. Mechanistic studies forFTidllowing exposure by the inhalation route
also suggest that THF itself rather than a metabolight be responsible for the observed liver
and kidney responses. Based on mode of actionadatshe difference in tumor responses for
THF and GBL in NTP (1998, 1992) bioassays, EPA taied that the cancer bioassay data for
THF metabolites were not relevant for the assessoféeFHF carcinogenicity in humans.

As discussed in Section 4.5, results from genoityxstudies for THF are mostly
negative and provide very limited evidence to ssggegenotoxic mode of action. All bacterial
mutation assays were negative for THF genotoxidityvitro genotoxicity assays with
eukaryotic cells also proved to be negative withéRkception of a slight increase in
chromosomal aberrations in Chinese hamster ovdis/wih metabolic activation (Galloway et
al., 1987). In vivo studies suggest that THF islikely to be mutagenic; however, studies have
not been conducted in target tissues.

4.7.3. Mode of Action Information

Both renal and hepatocellular adenomas and carea@re observedllowing
inhalation exposure to THF (NTP, 1998). Thereraeehanistic data suggesting that the
induction of kidney tumors in male rats and livembrs in female mice may involve the
accumulation obip-globulin in the kidney and increased cell prolfieon in the liver,
respectively. However, an analysis of the datauakned below indicates that there is
insufficient evidence to establish the rolesigfglobulin in THF-induced kidney tumors or cell
proliferation in THF-induced liver tumors. THFnst likely to be genotoxic, as the results of
the mutagenicity tests conducted by NTP (1998) ideolittle evidence of mutagenic activity,
with most data determined to be conclusively negaiSection 4.5). Therefore, the mode of
carcinogenic action of THF has not been established

4.7.3.1.Kidney Tumors
Description of the Hypothesized Mode of Action

Hypothesized mode of action

Generally, kidney tumors observed in cancer bioassalaboratory animals are assumed
to be relevant to humans. However, a number ahates have been shown to induce renal
tumors as a result of accumulationogf-globulin in hyaline droplets. This accumulation
initiates a sequence of events that leads to reyairopathy and, eventually, renal tubular tumor
formation. The phenomenon is unique to the madlsinge female rats and other laboratory
mammals administered the same chemicals do notadatea,-globulin in the kidney and do
not subsequently develop renal tubule tumors (Pal.e2007; IARC, 1999; U.S. EPA, 1991b).
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Some experimental data suggest that the developmh&idney tumors in male rats following
exposure to THF may involve an,-globulin-mediated mode of action. An analysishef data
is outlined below.

| dentification of key events

For chemicals inducing kidney tumors in male ratelving thea,,-globulin
accumulation mode of action, the following everdsw after binding of the chemicals or their
metabolites specifically, but reversibly,de,-globulin:

* Increased number and size of hyaline dropletsnalneroximal tubule cells of treated
male rats

» Accumulation of hyaline droplets containiag,-globulin in renal proximal tubules due
to the resistance of ttee,-globulin chemical complex to hydrolytic degradatioy
lysosomal enzymes

» Induction of typical pathological lesions assodiatéth o, globulin nephropathy (e.g.,
single-cell necrosis, exfoliation of epithelial lsehto the proximal tubular lumen,
formation of granular casts, linear mineralizatadrpapillary tubules, and tubule
hyperplasia).

Experimental Support for the Hypothesized Mode of Action
Srength, consistency, specificity of association

Chhabra et al. (1998) published a summary of thE RIP98) bioassay and presented
data on the accumulation @$,-globulin (as indicated by protein droplets) in et kidney
following 13 weeks of exposure to 1,800 ppm THRe NTP reported qualitative differences in
the appearance of protein droplets of the kidnéy®otrol versus male rats exposed to
1,800 ppm THF. Differences in the appearance acatibn of protein droplets in the male rat
kidneys for control and high-concentration ratseveoted. Protein droplets were described as
finer and more densely and diffusely distributedulbular epithelial cells in the outer cortex for
control rats. In the high-concentration rats, @iotroplets were characterized as coarser and
concentrated in scattered foci in the outer cortdrwever, the average severity grades for the
accumulation of protein droplets did not differ am@other differences in the incidence of
nonneoplastic lesions in the male rat kidneys wéserved. Therefore, no clear signs of
treatment-related pathological lesions in the kydwere found in the NTP (1998) study
(Chhabra et al., 1998).

BASF (1998) reevaluated kidney tissues of maletmaexamine the relationship between
cell proliferation responses and an increase indgdumors following THF administration in
the NTP (1998) study. Histopathological examinatimd evaluation of cell proliferation as
measured by PCNA staining was conducted for tisangples from the 0, 200, 600, and 1,800
ppm (0, 590, 1,770, and 5,310 mdjrexposure groups (10/group) from the NTP (1998)
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subchronic (13 weeks) study. Kidney tissues froendortex, outer stripe of the outer medulla,
inner stripe of the outer medulla, and the innedutia were evaluated separately. The
histopathological examination revealed an increasadence of moderate grade hyaline droplet
accumulation in the male rat kidney tissues ofttiga-concentration group as compared with
controls, but these changes were not accompaniegidgnce of cell degeneration. No increase
in cell proliferation was found in any of the inatlual kidney compartments or in evaluation of
all compartments combined. Cell proliferation iraeas statistically significantly decreased in
individual kidney compartments, although these gleardid not show a concentration-dependent
pattern. No other differences among controls aqubgure groups were noted.

Gamer et al. (2002; BASF, 2001a) conducted a sefiegode of action studies for
kidney effects in male F344 rats (6/group) at samilHF-exposure concentrations to those that
were used in the NTP (1998) cancer bioassay. Entpancludinga,-globulin accumulation,
cell proliferation, and apoptosis, were evaluatddimals were placed in one of three groups
that were exposed 6 hours/day for either 5 consexdays, 5 consecutive days followed by a
21-day observation period, or 20 consecutive dags a period of approximately 28 days. Test
animals were exposed nose-only to average THF otrati®ns of 0, 598, 1,811, or 5,382 mg/m
(0, 199, 604, or 1,794 ppm), corresponding to thecentrations used in the NTP (1998) cancer
bioassay. For the animals in each of the four entration groups, a full necropsy was done,
including histopathological evaluation of the kigneAdditional evaluations in these same
organs included measurements of cell proliferatiphase response by BrdU staining) and
TUNEL apoptosis assay.

Results of the study (Gamer et al., 2002; BASF120@rovide some evidence for
oz-globulin accumulation. Specifically, THF exposumduceda,-globulin accumulation in
male rats in an exposure-related manner (see TaBleafter 5- or 20-day exposures (6
hours/day). The accumulation @f,-globulin as measured by immunohistochemistry was
supported by histopathological evaluation of hyaliinoplets in the kidneys of control and high-
concentration animals exposed to THF for 20 day®e incidence of proximal tubule cells with
grade 2 (slightly increased) staining for hyalimepdets (putatively,-globulin) was 5/6 for
exposed animals versus 1/6 for controls. The salsty showed that focal areasopf-globulin
accumulation corresponded to areas of increaségrodiferation. Although no significant
increase in labeling index in the renal cortex dekermined by standard assessment methods,
focal areas of increased BrdU labeling were not@dantitation of these areas revealed
increased cell proliferation in subcapsular proxtitnhules (cortex 1) in animals exposed to THF
at the mid and high concentrations for 20 daysarte high concentration for 5 consecutive
days. No increase in labeling was observed igtbaps given a 21-day recovery period. An
increase in cell proliferation was also noted i pinoximal tubules between the outer stripe of
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the outer medulla and the subcapsular layer (c@}ex the highest concentration following 20
exposures. The number of cells undergoing apapteas significantly increased in the high-
concentration groups exposed for 5 days and obddove1 days or after 20 exposure days.
Marginal increases were observed in the mid-comaganh groups for these two exposure
regimens, but the results were not statisticatipisicant (see Table C-3).

Kawata and Ito (1984) reported protein casts araditg droplets in the kidneys of THF-
exposed male Wistar rats. No other details okthdy are available.

Dose-response concordance

THF exposure inducedl,-globulin accumulation in male rats treated undietheee
exposure regimens in the study by Gamer and cowo(kzamer et al., 2002; BASF, 2001a).
Increases were generally concentration relatedh widreases at the high concentration ranging
from 175 to 280% of control levels for cortex 1 dmmm 188 to 324% of control levels for
cortex 2 among the three exposure regimens. Wieewhole cortex was used as the labeled
area for the analysis, accumulation was signifigagievated beginning at the low concentration
and following 5 consecutive days or 20 days of expe. Maximum effects observed at the high
concentration ranged from 178 to 299% of contrai®mlg the three exposure regimens.
Increased cell proliferation and apoptosis in kignef animals exposed to THF for 20 days also
appeared to show a dose-response relationshif é&xe C-3).

Temporal relationship

The mode of action data were obtained from shont-texposures (5 or 20 days) of THF.
Except for some qualitative differences in the @ppece of protein droplets of the kidneys of
control versus male rats exposed to 1,800 ppm Tidlear signs of treatment-related
pathological lesions in the kidney were found ia Bayear bioassay of NTP (1998). No increase
in cell proliferation was found in any of the kigheompartments in the 13-week study of BASF
(1998). Therefore, a temporal relationship ofkbg events to male rat kidney tumor induction
cannot be established.

Biological plausibility and coherence

The concordance betweean,-globulin accumulation, cell proliferation, and udion of
apoptosis in the renal cortex with exposure comaéinhs that induced kidney tumors in the
cancer bioassay, lends support to the involvemitiiese mechanisms in THF-induced rat
kidney tumors. However, no increase in renal talhylperplasia or mineralization was observed
in the NTP (1998) study. The detectiorogf-globulin accumulation only when sensitive
detection methods were used (i.e., immunohistootemstaining as opposed to standard staining
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for histopathological examination) suggests thatrdsponses are weak (Chhabra et al., 1998;
NTP, 1998). Furthermore, the observed cell praiien response, which was increased to a
maximum of 298% of controls when selected for faralas of proliferation, was minimal as
compared with cell proliferation responses indulegather well-characterized inducers of
oz-globulin accumulation (Gamer et al., 2002; BAS60Q2a; U.S. EPA, 1991b). There is also
an uncertainty regarding the specificity of theatenship between cell proliferation (a putative
tumor precursor event) and the obseraigdglobulin accumulation, since the mode of action
study by Gamer and colleagues (Gamer et al., 2BA3F, 2001a) did not include a similar
analysis of cell proliferation in female rat kidseyA major area of uncertainty arises from the
absence of detectable histopathological lesionsactexistic of this mode of action. No
treatment-related renal histopathology or hyalingranular casts were noted in the BASF study
(Gamer, et al., 2002; BASF, 2001a). Because oiviak response iy -globulin accumulation
and cell proliferation and the absence of the debde pathological findings, the evidence for
this mode of action is equivocal.

Other Possible Modes of Action

It is possible that advanced CPN may play a roladney toxicity and perhaps THF-
induced kidney tumors in male rat kidneys. Accaied tubular cell degeneration and
regeneration associated with CPN could be invoingtie development of proliferative lesions
observed in the kidneys of THF-exposed rats. Thight increases in cell proliferation may
have contributed to the development of adenomasaile rats exposed to the high dose in the
chronic cancer bioassay.

CPN is an age-related renal disease of laboratatgnts that occurs spontaneously and
generally with high incidence. In a study aimediatriminating lesions common to advanced
CPN from those that are precursors of renal tubat@lasia, namely atypical tubule hyperplasia
(ATH), several archived NTP carcinogenicity studiesluding THF, were evaluated (Hard and
Seely, 2005). ATH is designated as renal tubufeelplasia in NTP technical reports. Hard and
Seely (2005) reported foci of ATH were considengadosmiymous with renal tubule hyperplagia
NTP reports (Hard and Seely, 2005). Likewise, mme@hensive review that analyzed renal
tubule findings from NTP/National Cancer Institgd&Cl) bioassays for 69 chemicals, including
THF, stated that while the NTP criteria differ iesgriptive detail from those of the Society of
Toxicologic Pathology, in practice, the actual diages of atypical (focal) tubule hyperplasia,
adenoma, and carcinoma are usually in accord (etaatl, 1995; Lock and Hard, 2004).
Additionally, in a study that examined the utildfmultiple-section kidney sampling in the
histopathologic evaluation of several NTP bioasseysal tubule hyperplasia, also termed in the
same study as focal renal tubule hyperplasia @l fogperplasia was differentiated as a
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potentially preneoplastic lesion that is distingpeid from the background regenerative changes
of the tubule epithelium that accompany renal tibxior the common age-related degenerative
diseases of kidney in rats and mice (Eustis ef8P4). In the same study by Eustis et al.
(1994), focal hyperplasia, adenoma, and carcindntlzearenal tubule were considered to
constitute a morphological continuum in the deveiept and progression of neoplasia, and that
other hyperplastic lesions, specifically focal ooytec hyperplasia and oncocytoma, were not
combined with rat renal tubule hyperplasia becahisieg histogenesis were considered uncertain.

The Society of Toxicologic Pathology HyperplasiaMing Group evaluated the
contribution of hyperplastic lesions in two-yeadeat carcinogenicity studies to human hazard
identification and risk assessment (Boorman eR803). While acknowledging that ATH is
generally considered a preneoplastic lesion, tleeBoof Toxicologic Pathology asserted that
the appearance of neoplasms is the only conclesience of a carcinogenic response and that
gualitative evaluation of hyperplastic lesions igrenappropriate than statistical analysis. It is
not appropriate to combine hyperplastic and nedipléesions for statistical analysis (Boorman
et al., 2003). Additionally, in a comprehensiveiegv that analyzed renal tubule tumor findings
in the NTP/NCI carcinogenicity bioassay databaseing 69 chemicals, including THF, the
incidences of renal tubule tumors were separatad the findings of renal tubule hyperplasia
(ATH) although consideration was given, in a q@aiNte sense, to supporting information from
hyperplasia (Lock and Hard (2004).

There was no difference in the incidence or seyefiiCPN in male rats in the NTP
(1998) 2-year carcinogenicity study of THF (botk tontrol and high-exposure groups had the
same incidence of end-stage renal CPN). Spedificadainst a background of nephropathy that
was uniform across all groups, there were morel tebalar tumors in treated rats than in the
controls, and those in the higher doses were langgeze (NTP, 1998). Although THF did not
exacerbate development of CPN, it was postulatagittmay have exacerbated the development
of proliferative lesions within CPN-affected tissu€aken together, the data are equivocal.

Conclusions about the Hypothesized Modes of Action

Generally, kidney tumors observed in cancer biossaee assumed to be relevant for
assessment of human carcinogenic potential. Hoyéwemale rat kidney tumors, when the
mode of action evidence convincingly demonstrdtasthe response is secondary to
02-globulin accumulation, the tumor data are not usdtie cancer assessment (U.S. EPA,
1991b). There are some data suggesting that raakeédney tumors, following the inhalation
exposure observed in the NTP (1998) bioassay, raaub to the accumulation @f,-globulin.
The criteria for demonstrating this mode of acfimnrisk assessment purposes have been
described (U.S. EPA, 1991b). Three core critemacansidered to be most important: (1)
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increase in hyaline droplets in the renal proxitablule cells; (2) determination that the
accumulating protein in the dropletsiig,-globulin; and (3) presence of additional pathatagi
lesions associated withy-globulin. Review of the mode of action data ofH Hdicates that
criteria (1) and (2) are met but criterion (3) &.nAn area of uncertainty is the absence of
detectable histopathological lesions charactergdtibis mode of action (BASF, 2001a; NTP,
1998). The specificity of the response is als@dlift to ascertain in the absence of an
evaluation of potentiak,,-globulin accumulation or other potential precurseents (e.g., cell
proliferation) in female rats. However, no increééncidence of kidney tumors was observed in
female rats in the NTP (1998) study. Thus, the enafdcarcinogenic action of THF-induced
renal tumors has not been established.

4.7.3.2.Liver Tumors
Description of the Hypothesized Mode of Action
Hypothesized mode of action

Induction of a cell proliferation response in theet by chemicals is generally considered
a possible mode of action for liver tumorigenele itan occur in rodents. Sustained increase in
cell proliferation may lead to the promotion of gitb of preinitiated cells and subsequently to
tumorigenesis. Changes in cellular apoptosis i@asalso impact the net rate of tissue growth.
Key events for this mode of action may includedpsthological evidence of
cytotoxicity/necrosis, regenerative growth, andipoptosis. Some experimental data suggest
that the development of liver tumors in female niaéowing exposure to THF may involve a
cell proliferation-related mode of action. An arsa$ of the data is outlined below.

Experimental Support for the Hypothesized Mode of Action
Srength, consistency, specificity of association

BASF (1998) evaluated the liver tissues from fermalee from the NTP (1998) study to
examine the relationship between cell proliferatiesponses and increase in tumors observed in
these tissues following THF administration. Histthwlogical examination and evaluation of
cell proliferation as measured by PCNA staining w@asducted for tissue samples from the 0O,
200, 600, and 1,800 ppm (0, 590, 1,770, and 5,3j/nf exposure groups (10/group) from the
NTP (1998) subchronic (13 weeks) study. No treatmelated histopathology was observed in
the female mouse liver tissues. The cell proltieraindex was increased (39% over controls) in
tissues from the high-concentration mice. Howethas, result was not statistically significant
and was noted as being predominantly based oreth#ts from 2/10 animals. Furthermore, no
clear concentration-response pattern was obseavelda significant decrease in proliferation
index was observed in the mid-concentration groBased on these results, the study authors
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concluded that the examination of the tissues filoenl3-week NTP (1998) study revealed no
clear increase in cell replication that can beeated to a tumorigenic mechanism. Gamer and
colleagues (Gamer et al., 2002; BASF, 2001a) etedua series of endpoints in female B6¢3F
mice (10/group plus 5 in the control and high-cariaiion enzyme assays) in liver tissues in a
short-term, repeated exposure study. Test aniweils exposed nose only to average THF
concentrations of 0, 598, 1,811, or 5,382 migfy 199, 604, or 1,794 ppm), corresponding to
the concentrations used in the NTP (1998) can@assay. Concentrations adjusted for
continuous exposure were 0, 107, 323, or 961 rhgkor the animals in each of the four
concentration groups, a full necropsy was donéudieg histopathological evaluation of the
liver in addition to measurements of cell prolitéwa (S-phase response by BrdU staining) and
TUNEL apoptosis assay in the same organ. Sinaaichéexposures can have varying affects
in different regions of the liver lobule, cell piferation was evaluated separately for zone 1
(periportal, the region adjacent to the portaldyjazone 3 (centrilobular, the region adjacent to
the central vein), and zone 2 (midzonal, the afé¢heolobule intermediate between zones 1 and
3).

THF exposure appeared to induce cell proliferafsme Table C-4) in the female mouse
liver. Increased cell proliferation was observedones 2 and 3 of the liver of the high-exposure
mice following THF exposure for 5 days and in z8rfellowing 20 exposures. Coincident with
the increase in BrdU labeling, the mitotic indexsvilgcreased in zone 3 after 5 or 20 exposures
in the high-concentration groups. No concentratiependent increase in BrdU labeling was
observed in the animals given a 21-day recoverpgesuggesting that the increases in cell
proliferation may be an adaptive effect. No treatirrelated change in the number of liver cells
undergoing apoptosis was observed.

Dose-response concordance

Gamer and colleagues (Gamer et al., 2002; BASFL&0@ported increased cell
proliferation following short-term inhalation expogs at concentrations corresponding to those
that were tumorigenic in the NTP (1998) bioassaélerefore, this event appeared consistent
with the expected dose response as compared torttoe outcome.

Temporal relationship

Gamer and colleagues (Gamer et al., 2002; BASF1L&0@ported increased cell
proliferation in the liver of the high-exposure fel@ mice following short-term inhalation
exposures (5 or 20 days) of THF. However, no cotmagon-dependent increase in BrdU
labeling was observed in the animals given a 21rdagvery period.
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Biological plausibility and coherence

Although increased cell proliferation was notedglort-term mode of action studies, the
data are not adequate to identify key events ttestgule this effect. In the earlier of these two
mode of action studies (Gamer et al., 2002; BA®®B,12) it was not clear if the lower degree of
BrdU staining after 20 exposures as compared tqpbsires (see Table C-3) represented
fluctuation around an average increase in celliferaition or a decrease in the rate of
proliferation with continued exposure. While tHeservation that the mitotic index did not
similarly decrease after 20 exposures supportotinger conclusion, the absence of a significant
increase in cell proliferation in tissues obtaifresn the subchronic NTP (1998) study as
reported by BASF (1998) suggests that cell praiien might not be a sustained response even
with continued dosing and fails to explain the latset of tumors. In the NTP (1998) bioassay,
no clear concentration-dependent increase in nison@s observed, although the incidence of
necrosis appeared slightly elevated at the higle@aimation. Gamer and colleagues (Gamer et
al., 2002; BASF, 2001a) reported no histopathollggwidence of cell degeneration at
concentrations that induced cell proliferation.h@tin vitro studies did not suggest that THF is
cytotoxic (Matthews et al., 1993; Dierickx, 1989r€all et al., 1984). Taken together, these
data indicate that THF-induced cell proliferatiemiot secondary to regenerative hyperplasia.
Changes in cellular apoptosis rates can also inthaatet rate of tissue growth. However, the
single study that evaluated this endpoint (Gamat.e2002; BASF, 2001a) suggested that THF
exposure has little impact on apoptosis in theréivad female mice. Therefore, the available data
are not sufficient to determine key events assediatith cell proliferation that would likely be
involved in carcinogenesis.

Other Possible Modes of Action

One possible mode of carcinogenic action of TH#Résability of THF to inhibit GJIC.
In a study by Chen et al. (1984), co-cultures ¢i6guanine-sensitive and resistant Chinese
hamster V79 fibroblast cells were treated with THRd the degree of metabolic cooperation
was determined by the survival of the resistariscelhe killing of resistant cells serves as an
indicator of metabolic cooperation because thectéxithioguanine metabolite that is formed
only in the sensitive cells can be passed on tmalby resistant cells when gap junctions are
intact. Therefore, robust growth of the resistails in this assay system would suggest that
GJIC is inhibited. THF was judged to be positiae (lefined by at least a doubling in recovery
of resistant colonies) in the metabolic cooperatiesays, suggesting that THF can inhibit GJIC.
The recovery rate of resistant cells increased intheasing concentration (up to 100 of
THF/5 mL of medium). Although there appears to beragtation between inhibition of GJIC
and mouse liver carcinogenesis by some nongenotaxanogens, the mechanism is unclear
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(Klaunig et al., 1998). The data on GJIC presebie@hen et al. (1984) are too limited to
establish that this is the mode of action for tlaerltumor induction of THF.

As the major metabolite of THF, GHB, can be coreeto GABA, and it has been
hypothesized that the production of GABA from THEywperturb the cellular level of
putrescine (1,4-diaminobutane), since putrescitleagrimary source of GABA in many tissues.
Putrescine is required for proper functioning e tell cycle and for cell growth (Lopez et al.,
1999) and has been shown to induce cell transfaomand stimulate the expressioncefos, a
proto-oncogene (Tabib and Bachrach, 1999). Thegefois possible that THF exposure would
increase tissue levels of GABA and putrescine, tvimcturn might promote cell growth and
carcinogenesis. However, the link between GABA puatlescine has not been investigated.
While this mode of action provides a possible b&migHF-induced cell proliferation and
subsequent carcinogenesis, it has not been inaéstiglirectly for THF.

Conclusions about the Hypothesized Mode of Action

Although increased cell proliferation was notedglort-term studies, the data are not
adequate to support the hypothesized mode of aclibe absence of a significant increase in
cell proliferation in tissues obtained from the clutmnic NTP (1998) study suggests that cell
proliferation might not be a sustained responsa &vith continued dosing. Therefore, while the
cell proliferation event meets the requirementhavging the expected temporal relationship at
early time points, it is not clear that the effescsustained for a sufficient duration to adequyatel
explain the late onset of tumors. Furthermore, fx&gursor events linked to observed cell
proliferation have not been identified. The dateother potential modes of action are too
limited to establish a mode of action for the THiEuced liver tumors.

4.8. SUSCEPTIBLE POPULATIONS AND LIFE STAGES
4.8.1. Possible Childhood Susceptibility

No adequate studies on the potential reproductivieeelopmental toxicity of THF in
humans were available. However, these endpoims been evaluated following oral and
inhalation exposures to THF in animal studies amadl studies with THF metabolites. A one-
generation screening assay (BASF, 1994) and a coon@rehensive two-generation assay
(BASF, 1996) were conducted for THF administerethendrinking water of rats. Decreased
BWs in both male and female pups and delayed eggaing and increased incidence of sloped
incisors in F2 pups were observed. There are tettat indicate why developmental delays in
eye opening are observed in male pups but not EeEmals. These developmental effects were
observed at doses that also induced maternal gffathough the maternal effects were only of
minimal severity). For the THF metabolite GBL, maternal or developmental effects were
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observed in rats (Kronevi et al., 1988); since fiects were observed, this study is not
informative in comparing relative susceptibilityadult and young animals. Decreased
testicular weight was reported in a short-termadpctive study for GBL (Debeljuk et al.,

1983), but no impairment of fertility was reporiaedhe oral two-generation study for THF
(BASF, 1996). Developmental studies by the inhafatoute have been conducted in both rats
(Mast et al., 1992; DuPont Haskell Laboratory, 1988 mice (Mast et al., 1992). Mast et al.
(1992) reported decreased fetal survival and imadeof sternal ossification in mice and
decreased fetal BW in rats. DuPont Haskell Lalooyat1980) reported decreased fetal weight
and skeletal alterations. In these inhalationiesjadlevelopmental effects were only observed at
concentrations that also induced maternal toxicity.

Comparisons of maternal to developmental effeatliegan be useful for evaluating the
susceptibility of young animals. The inhalationiadior THF suggest that fetuses are not likely
to be more susceptible than adult animals. Thiglesion is supported by the observation that
in the inhalation toxicity database (see Table }-tt® LOAELSs for systemic toxicity in adult
animals are significantly lower than the LOAELSs @@velopmental toxicity. However, the
inhalation developmental studies are limited, sithes did not provide an evaluation of
postnatal development. In the only available rgetiieration study for THF, postnatal
development (decreased pup BW gain, delayed ey@mpeand increased incidence of sloped
incisors) was affected at drinking water concerdres that had minimal effects on the dams.
The results from the two-generation study indi¢hsg the early postnatal period is a period of
increased susceptibility, but this conclusion isertain since the changes in pup BW may be
explained by effects on maternal water intake.ti@rmore, the related measure of fetal weight
at the end of the prenatal period was not affeictedde inhalation developmental studies or in
the oral developmental study for GBL.

Only one study was identified that specifically exaded the effect of age on toxicity of
THF. Kimura et al. (1971) estimated oral 4gvalues for a variety of solvents, including THF,
for newborn, 14-day-old, young adult, and olderldais. The oral LB, values for THF were
estimated as 2.3 mL/kg for 14-day-old rats, 3.6 kglibr young adult rats, and 3.2 mL/iay
older adult rats; none of these values were stalbt different. However, the authors report
that the newborn animals were much more suscefliblethe other age groups, in which doses
of 1 mL/kg of all the solvents tested, including FiHvere generally fatal. Since sensitivity was
increased in newborns for all the solvents testasl not clear whether the increased sensitivity
to THF was due to its inherent toxicity to newbaoats or whether some other aspect of the study
protocol was responsible. The study results sughbasyoung animals are at best marginally
more susceptible to oral THF exposure than aduthals to high-dose effects.
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No pharmacokinetic data are available to evaluaterptial childhood susceptibility. As
a result, the role of age-dependent differencddHR metabolism could not be evaluated. It is
important to note, however, that in addition togibke genetic variability (polymorphism) as
discussed in Section 4.8.3, age-dependent vatiabiky also exist among key THF-
metabolizing enzymes including CYP450 and lacoiB€:N1).

The overall data are not sufficient to concludehvaiertainty whether children are likely
to be more susceptible to THF toxicity than adulslequate studies directly testing the
systemic effects of THF in animals of different sgas well as data on relevant metabolic
parameters are lacking. However, the occurrencewtlopmental toxicity only at maternally
toxic doses suggests that children may not be suseeptible to THF than adults.

4.8.2. Possible Gender Differences

No adequate human studies on gender-based difesemd HF toxicity are available.
Several toxicity studies of acute, subchronic,hooaic duration in animals have evaluated the
toxicity of THF in both males and females admimestkesimilar doses. In general, a similar
spectrum of noncancer endpoints and effect levedsdeen observed in both sexes for oral
(BASF, 1996; Komsta et al., 1988) and inhalatioIPN1998; DuPont Haskell Laboratory,
1996b) exposure studies. However, in the NTP (19@Bchronic study, uterine histopathology
changes were observed in mice, but no histopatheabegffects on the uterus were noted in the
companion chronic bioassay (NTP, 1998) or in atstesm inhalation study that evaluated
histopathology of the uterus (BASF, 2001a). Changauterine weight (not statistically
significant) were reported in the short-term st@@pSF, 2001a). None of the available studies
that evaluated reproductive capacity (BASF, 199894} suggested that either male or female
fertility are targets for THF toxicity.

In addition, a comprehensive pharmacokinetics safdyHF following oral dosing of
rats and mice of both sexes was conducted by DuRaskell Laboratory (1998). The AUC was
higher in males, and the corresponding clearanddHétassociated radioactivity from the blood
was lower in males of both species. This resuffhinsuggest that there are gender differences in
THF metabolism, since absorption and distributibmtdF were similar for males and females.
The available data suggest that THF metabolismtensive and that oxidative metabolism is
due to CYP450 isozymes. However, the identitiethefisozymes responsible for THF
metabolism have not been elucidated. In vitro @va® suggests that there are species
differences in THF metabolism (DuPont Haskell Latory, 2000), and, therefore, the
differences in THF metabolism between male and femaaents cannot be used to infer the
relationship in THF metabolism between sexes indmsn As noted above, whether THF or one
of its metabolites is responsible for each of theevved toxic effects has not been demonstrated.
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As a result of these considerations, the implicetiof sex-based differences in metabolism
cannot be determined.

A significant gender difference in response obsgfedlowing exposure to THF is the
sex-specific induction of kidney tumors in malesrand liver tumors in female mice (see
Section 4.7.2), although the absence of an effiectale mice may be due to the apparently
higher susceptibility to narcosis (and resultingtality) in male mice in the chronic inhalation
bioassay (NTP, 1998).

The overall similarity in noncancer toxicity betwemale and female rodents in a variety
of bioassays and the absence of functional effactmale or female fertility suggest that gender-
based differences in susceptibility to THF areliike be limited. However, a number of
findings raise questions about the potential fareased susceptibility based on gender,
including potential effects in the uterus of miapparent sex-specific tumor formation, and
pharmacokinetic differences between male and fenoalents.

4.8.3. Other

Possible genetic variability (polymorphism) anddge-dependent variability in key THF
metabolizing enzymes may contribute to interindindvariability in pharmacokinetics and
possibly to increased sensitivity to THF among @enaindividuals within the population. As
discussed in Section 3.3, the oxidative metabotsiHF to GBL may be catalyzed by one or
more of the liver microsomal CYP450 isoenzymes Wiay be subject to interindividual
variation due to genetic polymorphism. GBL may emg further metabolism to GHB by the
lactonase PON1 enzyme, which also has been knoWwavi® genetic variability (polymorphism)
in expression and activity (van Himbergen et @0&) including a possible link to
cardiovascular risk (Bhattacharyya et al., 2008)s not clear if and to what extent genetic
variability in CYP450 and PON1 may influence thepective oxidative metabolism of THF to
GBL or the metabolism of GBL to GHB, and how, imrtusuch variability might influence
human risk to THF exposure. In addition to possualgability in THF pharmacokinetics due to
genetic polymorphism of key metabolizing enzymélsepvariables could also contribute to the
degree of interindividual variability including hagic blood flow and compensating metabolic
pathways (Ginsberg et al., 2009).
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5. DOSE-RESPONSE ASSESSMENTS

5.1. ORAL REFERENCE DOSE (RfD)
5.1.1. Choice of Principal Study and Candidate Ctical Effects—with Rationale and
Justification

A number of human occupational exposure and caeetretudies following exposure to
THF are available (see Section 4.1). These humalies identified effects on both the CNS and
liver. However, these studies are unsuitableHerderivation of the RfD because they do not
report levels of exposure to THF. In addition,althese studies report concomitant exposures
to other chemicals including solvents that are idély neurotoxic.

The oral database for characterizing the potehtiahrds posed by THF in laboratory
animals is limited. A one-generation reproductwecity (dose range-finding) study (BASF,
1994) and a two-generation reproductive toxicitydgt(Hellwig et al., 2002; BASF, 1996) in
rats (both in drinking water) exist. Both of thestedies identified increased kidney weight,
decreased pup body weight gain, and delayed eyarmapan F2 pups as the sensitive effects.
The two-generation study is considered to be mppeagriate for use as the principal study
because it used a narrower range of exposure cwatiens and larger group sizes, and is the
more comprehensive of the two studies. The onergéion study was considered supportive.

Regarding kidney weight effects, increased relatidaey weight was observed at
similar doses in the FO males and females in balohe- and two-generation studies (less than
10% of the control mean). Treatment-related e$fect absolute kidney weight were not as
pronounced. For example, the only group for winoth relative and absolute kidney weights
were significantly increaseg & 0.05) was FO males in the two-generation stallgpugh
smaller increases (that were not statistically ificant) were noted in other groups. The
observation that, at least for one group, both labs@nd relative kidney weights were increased
indicate that these changes reflect the effecidHdt on the kidney itself and are not due solely
to body weight changes. This conclusion is suggabily the general absence of an effect of
THF on body weight gain in adult animals. Kidnegight changes that were observed in the FO
generation were not accompanied by gross kidndyjpagy, or clinical chemistry findings
consistent with an effect on renal function (in time-generation study) or by histopathological
examination (in the two-generation reproductivadiby study). In addition, exposure to THF
had no effect on absolute or relative kidney weigtkl generation adults. Thus, the kidney
data were not considered further in the derivatibtine RfD.

Decreases in pup body weight gain in F1 and F2datalyed eye opening in F2 pups
observed in rats of the two-generation reprodudtixécity study were considered candidate
critical effects for RfD derivation. The decreasese consistently observed in both the F1 and
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F2 generation pups, and were most pronounced dBiiy 7-14. In F2 pups these changes
were accompanied with other developmental delags @elayed eye opening). These changes
occurred in the absence of significant maternalyheeight changes or other overt signs of
systemic toxicity.

Alternative approaches for deriving the RfD weresidered, including the use of the
inhalation data and application of a route-to-raxgapolation approach or use of the oral data
for metabolites of THF. A human PBPK model hashb@eveloped by Droz et al. (1999) to
estimate the THF concentrations in the blood, breatd urine following an inhalation exposure
for the purpose of determining biological exposaices that would equate to an occupational
exposure level of 200 ppm THF. Human PBPK modétls taoth oral and inhalation portals of
entry have not been developed, and no PBPK modeis heen developed in animals. Also,
there are no comparative toxicokinetic or toxicaaiyic studies following exposure to THF by
the oral route in humans and animals. In the alssehPBPK models that include oral and
inhalation routes of exposure, and lacking inhataabsorption efficiency data in humans and
rats, a route-to-route extrapolation from inhalatio oral exposure for THF would be highly
uncertain and was not considered further for dgraknt of the RfD.

The use of metabolite data to calculate a refergalee may be appropriate when there
are no adequate data for the parent compound an thieedata indicate that the active form that
induces the critical effect is a metabolite derifrenin the parent compound. In both cases, the
kinetics of metabolism would need to be sufficignthderstood in order to calculate the
administered dose of parent compound from the taiggeie dose of the active metabolite. A
basic requirement for using the data on metabdltesquantitative fashion for the dose-
response assessment is a demonstration that tisaleifects following THF administration can
be attributed to the toxicity of metabolites. VhilHF metabolites also induce CNS toxicity
(narcosis), and may be more potent than THF,nbtsknown if this is true for other target tissue
toxicity, such as liver or kidney, as well as etéeon postnatal development since evidence is
lacking that these effects are due to the actionHF metabolites. Additionally, it is not known
whether first pass hepatic metabolism of THF igsarot a detoxifying event in the absence of
information on the roles that the intermediate rnelites may play. The available data suggest
that the parent compound may be responsible for-ifid&ced toxicity. Therefore, the oral data
for THF, and not a metabolite, are most appropt@terve as the basis for deriving the RfD.

5.1.2. Methods of Analysis

The candidate critical effects from the two-generateproductive toxicity study
(Hellwig et al., 2002; BASF, 1996) considered fenbhmark dose (BMD) modeling were the
F1 and F2 pup body weight gains during PND 7-14yelsas F2 delayed eye opening.
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However, visual inspection of the data set for giedbeye opening in F2 pups suggested that the

results were not amenable to modeling. Theretbre endpoint is represented by a NOAEL of
3000 ppm (385 mg/kg-day). The F1 and F2 pup wegglitt data were deemed suitable for

BMD modeling.

modeling and deriving the chronic RfD.

Table 5-1 summarizes the pup badight gain data that were considered for

Table 5-1. F1 and F2 Pup body weight gain changés RfD derivation from

the two-generation reproductive toxicity study in Wistar rats exposed to

THF in drinking water 2

Concentration (ppm)

Generation,
sex Parameter® 0 1,000 3,000 | 9,000
FO Generation/F1 Pups
FO Females| TWA THF intakduring
gestation and lactation 0 134 381 1071
(mg/kg-day)
F1Male | Pup body weightgain (@) 1764 15 175+ 155 17.2+1.43 15.7 + £.65
oups PND 7-14 81, S5+1. 2+1. .7 +2.65
F1Female | Pup body weight gain (d) 17 34 1 47 17.4+1.72 16.9 +1.66 15.6 + £.56
pups PND 7-14 o o o T
F1 Generation/F2 Pups
F1 Females| TWA THF intake during
gestation and lactation 0 129 385 974
(mg/kg-day)
F2Male | Pup body weightgain (4) 17 44156 | 17.9+1.98 17.0+1.94] 156+ 167
pups PND 7-14
F2 Female | Pup body weight gain ()
pups PND 7-14 17.2+1.50 17.1+1.62 16.0+2.41 15.4 + 1.84

%See Table 4-6 for additional details.

PStatistically significantly different(< 0.05) from controls.

TWA =time

-weighted average.

Sources: Hellwig et al. (2002); BASF (1996).

Details of the BMD modeling conducted for each emdpare presented in Table 5-2 and

in Appendix B. The modeling was conducted follogvieBPA’s draftBMD Technical Guidance
Document (U.S. EPA, 2000b) using Benchmark Dose SoftwaMDB) version 2.0 (U.S. EPA,

2008). EPA’s BMD technical guidance (U.S. EPA, @0recommends selecting a benchmark

response (BMR) based on the biological considaratior defining an adverse effect. A 5%

reduction in pup body weight gain as a percenhefdontrol mean is consistent with

recommendations described by Kavlock et al. (19%creased pup body weight gain as low as

5% relative to controls was in the experimentabeaaf the data. In addition, a BMR of 1
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standard deviation (SD) was also estimated for eadpoint for comparison purposes (see
Appendix B), as recommended by technical guidabc8.(EPA, 2000b).

In general, model fit was assessed by a chi-sqy@vdness-of-fit test (i.e., models with p
< 0.1 failed to meet the goodness-of-fit criterion¥ual fit, and the Akaike Information
Criterion (AIC) value (i.e., a measure of the deeia of the model fit that allows for comparison
across models for a particular endpoint). Of tleelets exhibiting adequate fit, the model
yielding the lowest AIC value for a data set wds&ed as the best-fit model (U.S. EPA,
2000b); modeling details are provided in Appendix B

Table 5-2. BMD modeling results for pup body weighgain in the Wistar
rat two-generation reproductive toxicity study

Dataset Selected Model (m%%g-odogy) (mBg/l/EgL—dO;;)
F1 males, days #14 Linear 457 355
F1 females, days+14 Linear 513 376
F2 males, days #14 Linear 417 306
F2 females, days #14 Linear 440 303

8AIC = Akaike Information Criterion (see Appendix.B)
®BMDL = 95% lower bound of the BMD. Subscript desmthe specified benchmark response (BMR) leve§ 0.
x (control mean).

Sources: Hellwig et al. (2002); BASF (1996).

All of the data sets for pup body weight gain dgridays 7-14 showed adequate visual
and statistical fit by at least one of the modelsstdered. The dose-response pattern was
generally similar across the data sets, with limeadels providing the best fit in each case. For
pup body weight gain decreases induced by THF, datasponding to the F2 males and
females provided the lowest BMks (95% lower bound on the BMLRs), as described by a
linear model, of 303 and 306 mg/kg-day, respedtivdlhe outputs for these results, including
the 1 SD results for general reporting purposespegsented in Appendix B.

5.1.3. RfD Derivation—Including Application of Uncertainty Factors (UFs)

The BMDLgys of 303 mg/kg-day for reduced pup weight gain inféiaale Wistar rats
exposed throughout gestation and lactation wasteelas the POD in the derivation of the
chronic RfD (Hellwig et al., 2002; BASF, 1996). cAmposite UF of 1000 was applied to the
POD.
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A default UF of 10 was applied for inter-individuariability (URy) to account for
human-to-human variability in susceptibility in tabsence of quantitative information to assess
the toxicokinetics and toxicodynamics of THF in lama. Although a human PBPK model
based on inhalation exposure of volunteers (Dra.e1999) is available, information on the
human variability in response to THF exposure imhas is not available.

A default UF of 10 was applied for interspeciesapolation (Uk) to account for
uncertainty in extrapolating from laboratory anismd humans (i.e., interspecies variability)
because information was unavailable to quantitbtisesess toxicokinetic or toxicodynamic
differences between animals and humans for THF.

An UF of 1 was applied to account for subchronichoonic extrapolation (Uff because
developmental toxicity resulting from a narrow perof exposure was used as the critical effect.
The developmental period is recognized as a subtepte stage when exposure during a time
window of development is more relevant to the ingucof developmental effects than lifetime
exposure (U.S. EPA, 1991a).

An UF of 1 was applied for LOAEL-to-NOAEL extraptilan (UFR ) because the current
approach is to address this factor as one of theiderations in selecting a BMR for benchmark
dose modeling. In this case, a BMR of 5% changaumbody weight gain in F2 female rats
was selected under an assumption that it repreaantasimal biologically significant change.

An UF of 10 was selected to account for deficienanethe oral database (W) The oral
database for THF contains a two-generation repitoditoxicity study and a range-finding one-
generation reproductive study (Hellwig et al., 20BASF, 1996, 1994). The one-generation
study did not include a histopathological exammawf tissues and the two-generation study
provided the results of histopathologic examinagtiohthe liver, kidney, digestive, and
reproductive organs in male and female rats. Taesreno available human occupational or
epidemiological studies or standard toxicity stsdiacluding developmental toxicity studies, in
animals via the oral route of exposure. Followimggalation exposure, there are developmental
toxicity studies (no two-generation reproductiveitdy studies are available) and chronic and
subchronic studies available in rats and mice (NIFP8; Mast et al., 1992; DuPont Haskell
Laboratory, 1980) which may be informative withgest to the potential oral toxicity of THF.
The inhalation developmental studies provided ewdeof effects on the fetus, although these
studies are limited as they did not provide anu@atabn of postnatal development. The
subchronic and chronic studies reported systemicitg (CNS effects and liver weight changes)
at exposure concentrations lower than those indud@velopmental toxicity; suggesting that
fetuses and weanling animals may not be more sem#iitan adult animals. Thus, the lack of
studies examining endpoints other than reproduetncedevelopmental toxicity following oral
exposure is a database deficiency. Thereforetaltiee absence of a developmental toxicity

78 DRAFT — DO NOT CITE OR QUOTE



QWOVWoO~NOO O A WN -

N
H

e
AW N

T
o O

W W W W W W WNDNDNDDNDNDNDDNDNDNDNEREERLPRE
O Ol A WNPEFEP O O 0 ~NO O M~ WDNPEP O O 0w N

study and other toxicity studies examining a cornpnsive array of endpoints following oral
exposure to THF, a 10-fold UF was applied.

The RfD based on the BMR4 for decreased pup body weight gain (Hellwig et2002;
BASF, 1996) was derived as follows:

RfD = BMDLgs + (URy x UFa x UFp)
= 303 mg/kg-day + (10 x 10 x 10)
= 303 mg/kg-day + 1,000
= 0.3 mg/kg-day

5.1.4. Previous RfD Assessment

This is the first IRIS assessment for THF; thuspred RfD was previously available on
IRIS.

5.2. INHALATION REFERENCE CONCENTRATION (RfC)
5.2.1. Choice of Principal Study and Critical Effet—with Rationale and Justification

Human occupational exposure studies and case sdpawe investigated the health
effects following exposure to THF. These studreldate that the nervous system and liver may
be targets of toxicity of THF. However, all of thablished human studies contain insufficient
data on the duration and/or concentration of THposkre. In addition, the human exposure
studies indicate the potential for coexposure beosolvents. For these reasons, the available
human studies are not considered to be suitablgs®in the derivation of an RfC.

Animal studies are available that examine inhatagffects of THF following subchronic
exposure in rats and mice (NTP, 1998; DuPont Haglbloratory, 1996b; Horiguchi et al.,
1984; Kawata and Ito, 1984; Stasenkova and KochlratktP63) and 2-year exposure in rats and
mice (NTP, 1998), in addition to developmental tatyi studies in both mice (Mast et al., 1992)
and rats (Mast et al., 1992; DuPont Haskell Lalmoyatl980). Several of these studies reported
portal-of-entry findings, including irritation ohé nasal and respiratory tracts (Horiguchi et al.,
1984; Kawata and Ito, 1984; Stasenkova and Kochlatkt®63) but were not considered
suitable for RfC derivation due to concerns abaak lof consistency among study findings,
reporting of these effectand study design (see Section 4.6.2).

Following chronic exposure, no effects or cliniiatlings were observed in female mice,
except for a slight increase in liver necrosishia 5,310 mg/rfexposure group (from 3/50 in
controls to 7/48) (NTP, 1998). Clinical signs di€ toxicity (narcosis) were the only effects
observed in male mice during and up to 1 hour &gssation of exposure to THF at 5,310
mg/nt. Similar effects were observed following subclica@xposure to THF in which CNS
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toxicity (narcosis) was reported in both male aemidle rats at 14,750 mgifiHF and mice at
5,310 mg/m, respectively. Immediately after exposure, botierand female rats in the high
exposure group showed ataxia (irregular movemeitt hack of coordination). Male and female
mice exposed to 5,310, and 14,750 mibfmre in a state of narcosis (stupor) during exp@sur
but were alert and fully awake immediately aftep@sure to 5,310 mg/hwhile mice in the
14,750 mg/m group required up to 2 hours for recovery. Itidbde noted that it is possible
that the rats and mice may have developed a talerenTHF exposure considering the effects
were observed at similar concentrations (5,310 migifmthe subchronic and chronic studies.
However, this cannot be determined due to the d¢deckporting of incidence data for these
effects and because the chronic study did not itecthe higher exposure group (14,750 niy/m
for comparison.

Further support for THF-induced CNS effects is jted by neurotoxicity,
developmental, acute, and short-term studies. ofhefindings in a neurotoxicity study were
sedative effects in male and female rats at 4,42153850 mg/m(DuPont Haskell Laboratory,
1996b; Malley et al., 2001). Developmental studi@sducted in both rats and mice reported
maternal toxicity including CNS effects (Mast et 4992). Following acute and short-term
exposure, symptoms of CNS toxicity, including semgtcoma, altered respiration, and
decreased response to external stimuli, were obdenvdogs (Stoughton and Robbins, 1936),
mice (Stasenkova and Kochetkova, 1963; StoughtdrRarbbins, 1936), and rats (Horiguchi et
al., 1984; DuPont Haskell Laboratory, 1979; Staseakand Kochetkova, 1963) (See Appendix
C for study descriptions). Additionally, as regattin Section 4.1, human CNS effects may
result from THF occupational exposure. Based erathove findings, the CNS toxicity was
further considered as a candidate critical effec¢he derivation of the RfC.

Chronic exposure to THF resulted in liver necrasithe 5,310 mg/fhexposure group for
female mice (NTP, 1998). Subchronic exposure té NTP, 1998) provided evidence of
increased liver weights (both absolute and relyiivéhe 14,750 mg/fhfemale rats and this
finding was accompanied by increased serum bilg @mncentration in the absence of
cholestasis or hepatocellular necrosis. The saudiyors indicated that these changes were
consistent with decreased or altered hepatic fanctin male mice, absolute and relative liver
weights were statistically significantly increagetlowing exposure to concentrations>f,770
mg/nt. The increases in absolute and relative livegivsi in male mice were corroborated by
increased incidence of centrilobular cytomegalatistically significant at 14,750 mgfni7/10
compared to 0/10 in controls). Also, relative ahdolute liver weights were statistically
significantly increased in female mice beginning&10 mg/m and were accompanied by
centrilobular cytomegaly (10/10 animals compare@/id in controls) at 14,750 mgimThe
hepatocytes were additionally described as hawigbtdkaryomegaly (enlarged nucleus),
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increased cytoplasmic volume, and granular cytophasth less vacuolation than that of
midzonal and periportal hepatocytes (NTP, 1998).chhical chemistry measurements were
performed in mice; however, the finding of increbde acids in rats, in the absence of
increased serum liver enzymes, was interpretedsslgy signifying decreased or altered
hepatocellular function in the 14,750 mdkmposure group.

Further support in the database exists for liverat$ following THF exposure.
Specifically, fatty liver degeneration (or infiltran) which was observed following short-term
inhalation exposure in female mice (Gamer et &8l022 BASF, 2001a) is a likely adverse effect
since certain drugs which evoke fatty liver changey predispose the liver to oxidative stress,
lipid peroxidation, and possible mitochondrial amgan damage (Begriche et al., 2006; Letteron
et al., 1996). In another subchronic inhalationdibty study, Horiguchi et al. (1984) reported
mild liver toxicity in male rats in the form of ineased serum liver enzymes, bilirubin, and
cholesterol at THF exposure concentrations of 2@%014,750 mg/fin addition to increased
relative liver weight at 14,750 mgfrbut no liver histopathology findings were repor{gection
4.2.1.2). Some earlier studies also reported k¥fects when THF was administered in animals
using exposure routes other than inhalation (Stemenand Kochetkova, 1963; Komsta et al.,
1988). As reported in Section 4.1, the human lalso may be a target organ for THF
occupational exposure settings. While the repdrted findings may be confounded by the
likelihood of coexposure to other chemicals, taasonable to conclude that repeated
occupational exposure to high concentrations of Titéfy have contributed to the large increases
in serum liver enzymes and the palpable liver figdiin some of the human studies (Garnier et
al., 1989; Horiuchi et al., 1967).

Subchronic exposure also resulted in effects inolydltered organ weights (thymus, and
spleen), increased bile acids, and altered henwgitaloparameters at 14,750 mg/ffHF in male
and female rats; however, no histopathologicablesiwere identified (NTP, 1998). The
biological significance of the decrease in thymu@sght was considered questionable (Section
4.6.2). Degeneration of the adrenal cortex andngetrophy in the 14,750 mgifemale mice
was also observed. According to the study autltmgeneration of the adrenal cortex and
uterine atrophy may have been a direct effect of DH these tissues or may be the result of a
hormonal effect, possibly through perturbationtad pituitary-hypothalamic-end organ axis
(NTP, 1998). On the other hand, no histopatholdgffects on the uterus or adrenals were
noted in the companion chronic bioassay (NTP, 188&) a short-term inhalation study that
evaluated histopathology of the uterus (BASF, 200Tée effects on the thymus, spleen,
adrenal cortex and uterus were not considereddunththe derivation of the RfC.

In consideration of the available studies reporgffgcts of chronic and subchronic THF
exposure in animals, the NTP (1998) study was ahasehe principal study. The subchronic
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phase, rather than the chronic phase, of this stiadyselected to serve as the principal study due
comprehensive reporting in the subchronic studyctvhietter characterized the low-dose effects
associated with THF. Sensitive endpoints idertifrethis study, the effects in the CNS and

liver, were selected as the co-critical effectfie TNS effects were observed in rats and mice (at
concentrationg5,310 mg/m) and the liver effects were observed in rats ¢acentrations of
14,750 mg/m) and mice (at concentratior§90 mg/ni). The toxicological significance of the
observed liver weight changes was considered tmbertain at the low concentrations (590-
1,770 mg/m), where the changes were of minimal severity antewnot accompanied by other
signs of liver toxicity. The increases in absolarel relative liver weights at 5,310 md/mere
greater than 10% above controls (statisticallyificant) and were accompanied by minimal
increases in histopathology findings (1/10 incidenccentrilobular cytomegaly) that progressed
with increases in THF concentration. The liver &NiS effects observed at the exposure
concentration 0£5,310 mg/m were considered biologically significant and resretative of
adverse effects.

5.2.2. Methods of Analysis

The most relevant endpoints for deriving the PODtlie quantitative assessment were
CNS effects, hepatic centrilobular cytomegaly aradeased liver weights in male mice in the
NTP (1998) subchronic study. Data in mice, rathan rats, were modeled because mice were
more sensitive to the THF-induced liver and CN&&#. The selection of the male mouse data
was based on the fact that the liver weight inardasore steadily from lower administered
exposure in males than in females. Suitable date available to model the liver weight and
liver histopathology findings using benchmark dossthods (see Table 5-3). Note that because
there was very little effect on body weight untiéthighest exposure, the absolute and relative
liver weight changes were essentially the same pahdthe absolute liver weights were
considered for modeling. For CNS effects, no ieok data were available from the NTP
(1998) study, therefore BMC modeling could not baducted for this endpoint, and a NOAEL
was identified for the POD. See Table 5-3 fordhaga considered for POD derivation for the
liver effects.

Human equivalent concentrations (HECs) for the micdéecritical effects were derived
(Section 5.2.2.1), and the final selection of tk&dDPwas made after the evaluation of effect
levels among multiple endpoints from the princigaidy (Section 5.2.2.2).
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5.2.2.1. Calculation of HECs

TheMethods for Derivation of Inhalation Reference Concentrations and Application of
Inhalation Dosimetry (hereafter referred to as the RfC Methodologypnemends converting the
PODapg to a human equivalent concentration (HEC) (U.SAEF94b). For the purposes of
this assessment, the induction of extrarespiratant effects in the liver and in the CNS is
consistent with properties of a category 3 gaseasribed under the RfC methodology (U.S.
EPA, 1994Db).

For category 3 gases, HECs are calculated by rhuttgpthe duration-adjusted exposure
concentration by the RGDR for the extrarespirategion. The RGDR for extrarespiratory
effects is calculated by finding the ratio of themaal-to-human blood:gas (air) partition
coefficients. In cases where there are eitherata dvailable or where the animal partition
coefficient is larger than the human coefficientiedault value of 1 is used for the RGDR. For
THF, a human blood:gas partition coefficient waaikble from Ong et al. (1991); however, no
value was available for animals. Therefore, thauleof 1 was applied in estimating the HECs
for extrarespiratory effects. For example, for tbecentration of 1,770 mgAnwhich
corresponds to the NOAEL for the CNS toxicity (remis) in male and female mice in the NTP
(1998) study, the HEC based on the equation fategory 3 gas was calculated by estimating
continuous equivalent exposure and applying the RGI3 follows:

NOAEL,g= 1,770 mg/m x 6/24 hours x 5/7 days = 316 mg/m
NOAELpec = 316 mg/m x default RGDR of 1 = 316 mgfm
The HECs calculated for each study concentratiore weed directly in conducting the

benchmark concentration (BMC) modeling of the ligects. See Table 5-3 for the estimated
HECs.
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Table 5-3. Measures of liver toxicity in B6C3IF male mice following
subchronic inhalation exposure to THE

Administered Concentration in ppm (concentration inmg/nv)

0000 | 66(195 | 200(s90)] 600(1770] 1,800 (5,310),008 (14,750)
Human Equivalent Continuous Concentration (mg/nf)

Endpoint 0 35 105 316 948 2,634
VAvte’iS;r']‘t“é)“Ver 1.613 +0.0371.667 + 0.022 1.695 + 0.037 1.722 + 0.03% | 1.789 + 0.035| 1.964 + 0.06D
Centrilobular 0/10 NE NE NE 1/10 7/10
cytomegaly

®Mean + standard error. All group sizes are 10 afsfgroup except for male mice in the 5,000 ppnugnahere
N=7.

bp < 0.05.

p<0.01.

NE = Not examined.

Source: Adapted from NTP (1998).

5.2.2.2.BMC Modeling

The modeling was conducted following EPA draft BN#H2hnical guidance (U.S. EPA,
2000b) and used BMDS version 2.0 (U.S. EPA, 2088¥or the RfD (See Section 5.1.2). For
liver weights, a BMR of a 10% change relative tatcol was used, by analogy to its use in
evaluating body weight changes. In addition, a BMR standard deviation (SD) was also
estimated for each endpoint for comparison purp(sas Appendix B). For centrilobular
cytomegaly, no biological criterion for defining\aasity was available, and a 10% extra risk
was used under the assumption that is represeniisimally biologically significant effect level.

For the liver weight data set, all of the contins@oodels fit the data adequately (see
Table B-2). BMDLs ranged over fourfold, leadingtihe selection of the unrestricted power
model, with the lowest BMDL, for providing the PQiBee Appendix B). The EPA’s BMD
technical guidance has generally recommendedcstithe power parameter in the power
model to be greater than 1, primarily to avoid ldese extrapolation in regions where the
estimated dose-response relationship is so ste¢t thay appear biologically implausible. For
these data, however, the BMRs of 10% change rel&tithe control mean and 1 SD both fell
well within the data range, and BMDLs estimatechwitrestricted parameters provide more
accurate confidence interval coverage. The catali@d®D for increased absolute liver weight
was the BMCL of 246 mg/M(Table 5-4).

For the centrilobular cytomegaly data set, thedulte of quantal models in BMDS was
considered. All of the models provided an adeqtiatererall to the data set based on a
goodness-of-fip value greater than 0.1. Of the models exhibiidgquate fit, BMDLs fell
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within a threefold range, and the model yielding liwest AIC value for a data set was selected
as the best-fit model (U.S. EPA, 2000b). The matdtie model demonstrated the lowest AIC
(Table B-2). The candidate POD for centrilobulgiomegaly was the BMCL of 256 mgim
(Table 5-4).

Table 5-4. BMC’ modeling results for noncancer effects in male mig
resulting from subchronic inhalation exposure to TH-

Dataset Selected Model BMC¢° BMCL o1¢°

Absolute liver weight Power (unrestricted) 783 246
BMC 4 BMCL 4

Centrilobular cytomegaly >0I\;Iultlstage, degree 2 {fioents 805 256

aConcentrations used in the modeling were the HE@sg/nT (see Table 5-3).
°Eor liver weights, BMG 1oand BMClg 1o refer to a BMR of 10% increase in the control memnile for
centrilobular cytomegaly, BMG and BMCL, refer to 10% extra risk.

Data Source: NTP (1998).

For CNS effects in male and female mice, no inatéethata were available, and a
NOAEL of 1,770 mg/mwas identified as the POD. The adjustment for hueguivalent
continuous concentration corresponds to a candRi@ of 316 mg/rh

Of the three candidate PODs, the BMgaf 246 mg/m based on findings of increased
absolute liver weight in male mice, was selectetha?OD for deriving the RfC because it was
the most sensitive endpoint. However, a derivatiba potential RfC based on the NOAREL
of 316 mg/mifor CNS toxicity is presented for comparison pugsm Section 5.2.3.

5.2.3. RfC Derivation—Including Application of Uncertainty Factors (UFs)

The BMCLyo of 246 mg/ni for increased absolute liver weight in male B6CBifice
exposed to THF for 6 hours/day, 5 days/week fod&gs (NTP, 1998) was selected as the POD
in the derivation of the RfC. A composite UF o0lWas applied to the POD.

A default UF of 10 was applied for inter-individuariability (URy) to account for
human-to-human variability in susceptibility in tabsence of quantitative information to assess
the pharmacokinetics and pharmacodynamics of THftmans. Although a human PBPK
model based on inhalation exposure of volunteereZBt al., 1999) is available, information on
human variability relating to toxicodynamics anditmkinetics in response to exposure to THF
is not available.

A default UF of 3 was applied for interspecies aptiation (Uk) to account for the
uncertainty in extrapolating from laboratory anisd humans. This value is adopted by

85 DRAFT — DO NOT CITE OR QUOTE



© 00 N O O A W DN P

N NN DNMNNRNNMNNNRRRRIRRRR R P
0 ~No BN WNIPREPRO®O©®OLWMNOOOGAWNDNIRO

convention where an adjustment from an animal-$ipd@ODap; to a PORec has been
incorporated. Application of an UF of 10 would dag on two areas of uncertainty (i.e.,
toxicokinetic and toxicodynamic uncertainties). this assessment, the toxicokinetic component
associated with exposure to THF is mostly addrebgdtie determination of an HEC as
described in the RfC methodology (U.S. EPA, 1994bg toxicodynamic uncertainty is also
accounted for to a certain degree by the use ddipipéed dosimetry method and an UF of 3 is
retained to account for residual uncertainty regaythe toxicodynamic differences between
mice and humans.

An UF of 1 was applied to account for extrapolatimm subchronic-to-chronic
exposure (UE), due to the lack of evidence that increased duratf exposure to THF may not
increase the incidence or severity of these effetie 14-week study for THF (NTP, 1998),
selected as the principal study, reported crificalings of CNS effects and increased liver
weight which was supported by hepatic centrilobajgomegaly. In the chronic exposure phase
of the study, while no organ weights were takenhapatic cytomegaly was identified at any
exposure level including the high exposure group,810 mg/m. However, the incidence of
liver necrosis in the female mice of the 5,310 nigéxposure group was increased (although not
statistically significant) from 3/50 in the contitol 7/48. The available chronic information
suggests that liver damage observed in roden®aAoly subchronic exposure to THF (NTP,
1998) may not progress to more severe effectsvimtigp chronic exposures near the POD,
considering that cytomegaly was not reported abiorexposures 5,310 mg/mand that
necrosis was only observed at 5,310 nigftive highest concentration), the same concentration
as the LOAEL for the CNS and liver effects in tlidshronic study. Additionally, the CNS
effects were observed following exposure to 5,340min both the subchronic and chronic
studies but with no evidence of effects at lowaraamtrations in the chronic study. A full
comparison of the studies is not possible giverirtbielence data were not reported for these
effects in either study. However, the availablelemce suggests that increased duration of
exposure to THF may not increase the incidencewerty of these effects; thus, a 1-fold UF
was applied.

An UF of 1 was applied for LOAEL-to-NOAEL extraptilan (UFR ) because the current
approach is to address this factor as one of theiderations in selecting a BMR for benchmark
dose modeling. In this case, a BMR of 10% changsbsolute liver weight in male mice was
selected under an assumption that it representsimal biologically significant change.

An UF of 3 was applied to account for deficiendrethe database (ff for THF.

Chronic and subchronic inhalation bioassays anéldpmental toxicity studies are available in
rats and mice (NTP, 1998; Mast et al., 1992; DuMagkell Laboratory, 1980). No two-
generation reproductive toxicity study by the irgti@n route is available. The inhalation data
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for THF (see Section 4.2) suggest that fetusesasgzohling animals may not be more sensitive
than adult animals given that the observed LOAHKItsiEvelopmental effects were greater than
the LOAELSs for systemic toxicity (CNS and liver \gbt changes) in adult animals (see Table 4-
10). However, the inhalation developmental studreslimited, since they did not provide an
evaluation of postnatal development. In the osa-generation reproductive toxicity study for
THF, postnatal development (decreased pup bodyhivgagn, in addition to delayed eye
opening and increased incidence of sloped inciseas)affected at drinking water
concentrations that had minimal effects on the daiterefore, a database UF of 3 was applied
to account for the lack of a two-generational rejpiciive study.

The RfC based on the BMGd.for increased absolute liver weight, and suppoabtethe
co-critical effects, comprising CNS effects andr@ased incidence of centrilobular cytomegaly,
in male B6C3kmice (NTP, 1998), was derived as follows:

RfC = BMClLlyo + (URy x URs x UR)
= 246 mg/m + 100
= 2.46 mg/m
=2 mg/nt (rounded to 1 significant figure)

For comparison, a potential RfC can be derived floenlPODRec based on the NOAEL
for CNS effects as follows:

RfC = NOAELyec + (URy X UFRA x URp)
= 316 mg/m + 100
= 3.16 mg/m
= 3 mg/ni (rounded to 1 significant figure)

5.2.4. Previous RfC Assessment
This is the first IRIS assessment for THF; thusint@lation RfC was previously
available on IRIS.

5.3. CANCER ASSESSMENT
5.3.1. Choice of Study/Data—with Rationale and Jtigication

No studies evaluating the carcinogenicity of THRHy oral or inhalation route were
identified in humans (see Section 4.1.). A 2-yW&P (1998) inhalation cancer bioassay
reported a statistically significant positive trandenal tubule adenomas or carcinomas in male
F344/N rats and a statistically significant posttvend in hepatocellular adenomas or
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carcinomas in female B6C3hice following inhalation exposure to 200, 600d 4800 ppm
(NTP, 1998) (see Section 4.7.2). Adenoma and manta incidences within each site were
combined by counting animals with either of thesgponses. This practice was performed
under the assumption that adenomas and carcinangasating from the same cell type
represent stages along a continuum of carcinogefects resulting from the same mechanism,
as recommended by the EPA cancer guidelines (P8, E0O05a). Table 5-4 summarizes the
incidences of mouse hepatocellular and rat rengplasms.

Table 5-5. Incidences of neoplastic lesions of thieers of female B6C3kt
mice and kidneys of male F344/N rats exposed to THF-hours/day,
5 days/week for 105 weeks

Concentration (ppm)
Lesion 0 | 200 | 600 | 1,800
Female B6C3k mice

Hepatocellular adenoma or carcinoma
Overall incidencé 17/50 24/50 26/50 41/48
Adjusted rat® 46.3% 61.3% 69.1% 93.0%
Adjusted incidence 17/37 24/39 26/38 41/44
Trend test p-valuds p < 0.001

Male F344/N rats

Renal adenoma or carcinoma
Overall incidenc® 1/50 1/50 4/50 5/50
Adjusted rat® 8.3% 16.7% 18.8% 38.3%
Adjusted incidence 1/12 1/6 4/21 5/13
Trend test p-valuds p < 0.037

®Number of animals with tumors per number of anineadamined.

®Kaplan-Meier estimated tumor incidence at the ertti@study, incorporating an adjustment for interent
mortality.

‘Adjusted denominator estimated by dividing numerétiemors) by the adjusted rate expressed as apiop
(e.g., 0.083 rather than 8.3%).

“Trend tests: logistic regression

Source: NTP (1998).

Although no human studies were available, a chrstnidy in two rodent species provides
suggestive evidence of THF-induced carcinogenicltije data from these studies are adequate to
support a quantitative cancer dose-response assassithe NTP (1998) cancer bioassay for THF
is a well-conducted study showing evidence of iasegl incidence of tumors in differing sexes
of two species at all exposure levels. Both theralvand adjusted rates of hepatocellular
adenoma or carcinoma were increased in female sti@ding at an approximately 15% increase
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over control at the lowest exposure, while the stdid rate of renal adenoma or carcinoma was
increased in male rats, starting at an approxim&® increase over control at the lowest
exposure. Considering that a tumor response wiasl @md that the data are amenable to
modeling, EPA concluded that quantitative analysayg be useful for providing a sense of the
magnitude of potential carcinogenic risk. As dssed below, BMC modeling was performed
on both male rat kidney tumors and female mouss tivmors.

5.3.2. Exposure Adjustments and Extrapolation Methd

THF is water soluble, and pharmacokinetics inforarasuggests that it is systemically
absorbed and widely distributed following inhalatiexposure in both humans and animals
(Droz et al., 1999; Ong et al., 1991; Kageyama8l ®ovaara et al., 1984; Kawata and lIto,
1984; Wagner, 1974). Accordingly, the liver andrey tumors observed following inhalation
exposure to THF are considered extrarespiratogctsfof a category 3 gas as defined by EPA’s
RfC Methodology (U.S. EPA, 1994b). Experimentgb@sure concentrations were converted to
mg/nT (0, 590, 1,770, and 5,310 mg)mand adjusted to a continuous exposure basisfirg/

6 hours/24 hours x 5 days/7 days = mg#®.1786: 0, 105, 316, and 948 mgymFor the
category 3 equations, HECs for gases are calculgteadultiplying the duration-adjusted
exposure concentration by the RGDR for the extpara®ry region. The RGDR for
extrarespiratory effects is calculated by findihg tatio of the animal-to-human blood:gas (air)
partition coefficients. In cases where there @eeeno data available or where the animal
partition coefficient is larger than the human ¢eednt, a default value of 1 is used for the
RGDR. For THF, a human blood:gas partition coedfitwas available from Ong et al. (1991);
however, no value was available for animals. Tioeeg the default of 1 was applied in
estimating the HECs for extrarespiratory effects.

The U.S. EPAGuideines for Carcinogen Risk Assessment (U.S. EPA, 2005a)
recommend that the method used to characterizgwanatify cancer risk from a chemical is
determined by what is known about the mode of aaticthe carcinogen and the shape of the
cancer dose-response curve. The linear approaebhosimended if the mode of action of
carcinogenicity is not understood (U.S. EPA, 2003a)the case of THF, although there is some
information available, the data are inadequatestaldish the mode of carcinogenic action for
kidney and liver tumors. Therefore, a linear loosd extrapolation approach was used to
estimate human carcinogenic risk associated witk &kposure.

Several of the external peer review panel memises Appendix A: Summary of
External Peer Review and Public Comments and Disposrecommended that a non-linear
extrapolation approach to estimate the human aageimc risk associated with exposure to THF
should be presented in the Toxicological Reviewe Teviewers agreed with EPA’s conclusion
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that based on the available data the modes ofraftirdooth kidney and liver tumors induced by
THF are unknown. However, some of the revieweggested that THF is a weak carcinogen
and not highly toxic and that the biological efieentified for THF are those that commonly
exhibit thresholds. Specifically, they stated thei- does not appear to be genotoxic, does not
produce irreversible damage and/or proliferatiwgtoles that are preneoplastic, and is not
bioaccumulative. The reviewers that recommendeaoidinear approach suggested that a
nongenotoxic carcinogen would have a nonlinear @aresponse at low dose.

Very little data are available to inform the modection and no data are available to
indicate the shape of the dose-response curvevaldses. If data were available to better
inform the mode of action, and the data were irttieaof a threshold response, then a reference
value could be derived based on a precursor entlp@n key event in the mode of action) and
considered for the RfC. In such cases, the refergalue would be considered protective
against tumor development following inhalation esyp@s. For THF, there were no noncancer
effects reported that could serve as a precurstpant upon which to base a nonlinear analysis.
EPA considered whether the cell proliferation régadin the livers of mice following short-term
exposure to THF was a potential key event in theeld@ment of female mice liver tumors;
however, given the absence of proliferation datany of the subchronic or chronic studies, the
use of this endpoint is not supported. In the abts@®f such information and under the U.S. EPA
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a), EPA concluded that the data are
insufficient to provide significant biological sugp for either a linear or a nonlinear approach.
Therefore, extrapolation from the POD to lower dasenducted by using a default linear
approach.

Because there are no biologically based dose-respoodels suitable for the tumor data
identified above, the data sets for incidence gfaltecellular adenoma or carcinoma observed in
female B6C3I-mice and for incidence of renal tubule adenomeaocinoma in male F344/N
rats, both adjusted for intercurrent mortality asreated by NTP (1998) (see Table 5-5), were
modeled using the multistage model in the BMDSiear2.0 (U.S. EPA, 2008). A 10% BMR
was used with each tumor type (U.S. EPA, 20058)ICBnodeling results are shown in
Appendix B. The results of this analysis are sunimedrin Table 5-6.
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Table 5-6. Cancer Multistage modeling results foTHF

Endpoint p-Value BMC ;gnec BMCL 1gpec ®

Hepatocellular adenoma or
carcinoma (female mice)

0.47 52 35

Renal tubule adenoma or

. 0.59 260 127
carcinoma (male rats)

aConcentrations used in the modeling were the HEPsrted in mg/mand assuming the ratio of animal to
human air:blood partition coefficients is 1.

Data Source: Modeling based on data from NTP (1998

In both cases, this model provided adequate dataviih goodness-of-fip-values higher
than 0.10; consequently, these results were used iere was no compelling biological reason
to use another empirical model. For the hepatolegladenoma or carcinoma data set, the
BMC1grec and BMCliguec are 52 and 35 mgfinrespectively. For the renal tubule adenoma or
carcinoma data in male F344/N rats, the model give8MGg,ec of 260 mg/m and
corresponding BMClg,ec 0f 127 mg/mi. The data for female mouse liver tumors werecsete
for the derivation of the POD for the quantitatassessment since the data provided the
strongest carcinogenic response to inhalation expas animals. Therefore, the BMGlc oOf
35 mg/nt was selected as the POD for the cancer assessment.

5.3.3. Inhalation Unit Risk

The inhalation unit risk (IUR) is derived from tB&CL1g1ec (the lower bound on the
exposure associated with a 10% extra cancer riskuiding the risk (as a fraction) by the
BMCL101ec @and represents an upper bound estimate on hunt@ncaxcer risk from continuous
lifetime inhalation exposure to THF. The HEC BM{lor extra risk of hepatocellular
adenomas or carcinomas in female B60O3Ice exposed to THF results in an IUR of
0.1/(35 mg/m) =0.0029 (mg/r)™* or3 x 10°° (ug/m*)~* (rounded to one significant figure).
This value was derived by linear extrapolationti® origin from the POD of 35 mgfrand
represents an upper bound estimate. This unishskld not be used with exposures >35
mg/nt, because above this level, the modeled dose-respetationship better characterizes
what is known about the carcinogenicity of THF thia® inhalation unit risk. The slope of the
linear extrapolation from the BM@is calculated as 0.1/(52 mghm= 0.0019 (mg/f)™ or 2x
10° (ug/m® .
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5.3.4. Previous Cancer Assessment

This is the first IRIS assessment for THF; thuscancer assessment was previously
available on IRIS.
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6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF HA ZARD
AND DOSE RESPONSE

6.1. HUMAN HAZARD POTENTIAL
6.1.1. Oral Noncancer

The database for oral toxicity of THF is limiteNo human data following oral exposure
to THF are available. A number of human occupati@xposure and case report studies
suggesting CNS and liver effects following exposordHF are available; however, these
studies do not report levels of exposure to THFahstudies included co-exposures to other
chemicals known to cause similar toxicity. CNSittiy appears to be the primary health effect
following acute exposure in animals, although noSG3fects were reported in the rodent
drinking water reproductive toxicity studies of ggr exposure duration. Short-term and
subchronic oral exposure studies (4 weeks to appairly 90 days) suggest that general
toxicity (characterized by altered food and watamsumption and decreased body weight) and
liver and kidney toxicity are potential health eff® of oral exposure to THF. The available
reproductive toxicity studies suggest that THF icelieffects in the offspring of exposed dams.

The two-generation reproduction toxicity in ratsAdF, 1996) was selected as the
principal study for the derivation of the RfD. TRE&D of 0.3 mg/kg-dayis based on a BMDJs
of 303 mg/kg-day for decreased pup body weight 8A&SF, 1996). A composite UF of 1,000
was used. This factor is based on selection afmrmertainty factor of 10 to account for
intrahuman variability, 10 for interspecies extrigpion, and 10 for uncertainties in the database.
There is medium confidence in the principal stugg$F, 1996), however, the overall
confidence in the oral THF database is low, withesal key data gaps identified, including lack
of a full systemic toxicity study and development&dicity studies. Therefore, the confidence in
the RfD is characterized as low-to-medium.

6.1.2. Inhalation Noncancer

Although no epidemiological studies of THF haverbeenducted, several occupational
exposure case studies in humans suggest that taggets in humans are the CNS, respiratory
tract, liver, and kidney (Garnier et al., 1989; vdbht et al., 1987; Juntunen et al., 1984; Edling,
1982; Emmett, 1976). The major uncertainties aasedt with all of the reported human case
studies are that none reported exposure levelBH&rand the workers were exposed to other
solvents and chemicals in addition to THF; therefdris not possible to attribute the observed
effects to THF exposure alone. Nevertheless, aitoal studies in animals generally identified a
similar array of target organs (see Table 4-10luchag clinical signs of CNS toxicity and liver
toxicity.
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Respiratory tract irritation was reported in mukibhuman and animal studies. One
consideration in evaluating the potential healthsemuences due to THF-induced respiratory
tract irritation is the role of the exposure duyaton the severity of the effect. Several acute or
short-term exposure studies (Ikeoka et al., 19&88idgdchi et al., 1984; Ohashi et al., 1983)
identified concentrations inducing irritant respesishat were lower than the concentrations that
induced toxicity in subchronic and chronic studid3 P, 1998). There is direct evidence that
respiratory tract responses are transient in naaring with increasing exposure duration
(Horiguchi et al., 1984). These data suggestithtnt responses not observed with subchronic
or chronic exposure could occur in individuals wire not previously exposed.

Several systemic effects have been observed follpwiubchronic or chronic inhalation
exposure to THF. Decreased body weight has beseradd in rats (Horiguchi et al., 1984;
Kawata and Ito, 1984). Decreased blood pressuseolserved in dogs (BASF, 1938) and rats
(Stasenkova and Kochetkova, 1963). Altered herogiotdl parameters were observed in rats
(NTP, 1998; Horiguchi et al., 1984), mice (NTP, 898tasenkova and Kochetkova, 1963), and
dogs (BASF, 1938). Following 14 weeks of inhalatexposure, rats of both sexes had
significantly increased relative liver weight angrsficantly relative weights for thymus and
spleen; male rats also had significantly increaséative kidney and lung weights (NTP, 1998).
In the same study, mice of both sexes showed iseteeelative liver weight and decreased
relative spleen weight, while male mice only hadrdased relative thymus weight and female
mice had a slightly reduced relative lung weighTB\ 1998). In addition, Horiguchi et al.
(1984) observed increased relative weights of btairg, liver, pancreas, spleen, and kidney.

Developmental studies by the inhalation route H@aen conducted in both rats (Mast et
al., 1992; DuPont Haskell Laboratory, 1980) andenfMast et al., 1992). In both studies and
both species, maternal toxicity included symptom&NS effects and significant decreases in
body weight accompanied by decreases in gravidnetereight (Mast et al., 1992) or food
consumption (DuPont Haskell Laboratory, 1980). fleased fetal weight was observed at the
same concentration that resulted in maternal ttyxigirats (Mast et al., 1992). In both mice
(Mast et al., 1992) and rats (DuPont Haskell Latmwya 1980), decreased fetal survival also
occurred at the same concentrations that resuitathiernal toxicity. With regard to potential
teratogenic effects, Mast et al. (1992) noted ithatice that survived the exposure period, no
increase was observed in the incidence of fetab@abalities. However, an increased incidence
of incomplete sternal ossification in rat fetuseswbserved (DuPont Haskell Laboratory,
1980).

After consideration of all endpoints, the CNS etifeand liver toxicity were determined
to be the most sensitive effects detected in thetswnic NTP (1998) study. Furthermore, the
THF database contains additional support for tleeskpoints from both human and animal
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studies (Garnier et al., 1989; Horiuchi et al., 2;96tasenkova and Kochetkova, 1963; Komsta et
al., 1988; Horiguchi et al., 1984; Gamer et alQ20BASF, 2001a; DuPont Haskell Laboratory,
1979; 1980; 1996a; 1996b).

TheRfC of 2 mg/nT is based on findings of CNS and liver toxicitynrale mice in a
subchronic NTP (1998) study, with a POD of 246 nigferived from the BMCl, value for
increased absolute liver weight. A composite UR@) was used. This factor is based on a
default factor of 10 to account for intrahuman &hility, 3 for extrapolation from an animal
study for which effect levels were adjusted by appiate animal-to-human dosimetry, and 3 to
account for uncertainties in the overall toxicigtabase.

No sensitive subpopulations have been identifiBlde existing data do not provide
convincing evidence for age- or gender-relatecedsifices in sensitivity to noncancer effects of
THF, although there is uncertainty regarding thiéitglof THF to affect postnatal development.
A number of findings raise questions about the mia&for increased susceptibility based on
gender, including potential effects in the uterim@e, apparent sex-specific tumor formation,
and pharmacokinetic differences between male amdlgerodents.

The principal study used to derive the RfC (NTP8)9was a well-conducted and
documented study reflecting high confidence. Ttheysincluded subchronic and chronic
exposure duration components in two species byeflegant route of exposure, evaluated a
comprehensive array of tissues, and covered aspalted concentration range. Confidence in
the supporting database is medium to high. Altlhoelgonic toxicity studies (NTP, 1998) and
developmental toxicity studies (Mast et al., 19B8Pont Haskell Laboratory, 1980) were
available for the inhalation route, no multigenenatreproduction toxicity study by the
inhalation route is available. Both the inhalatd®velopmental toxicity studies (Mast et al.,
1992; DuPont Haskell Laboratory, 1980) and the twalgeneration reproduction toxicity study
(BASF, 1996) show that effects in fetuses and mgesir at doses that cause at least minimal
maternal effects and that these doses are higaeittie NOAEL for organ weight changes in
mice (NTP, 1998). Based on high confidence invie#i-conducted critical study and medium-
to-high confidence in the database, the overalfidence in the RfC can be characterized as
medium to high.

6.1.3. Cancer

No epidemiological studies were identified thatleated the carcinogenic potential of
THF via the oral, inhalation, or dermal routes xp@sure.

A two-year NTP (1998) inhalation cancer bioassgpreed a statistically significant
increasing trend for renal tubule adenomas andrear@as in male F344/N rats and of
hepatocellular adenomas and carcinomas in femak8Bamice following inhalation exposure
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to 200, 600, and 1,800 ppm of THF. Data for fermateise liver tumors were selected as the
basis for the derivation of the inhalation unikrizcause this was the strongest carcinogenic
response to inhalation THF exposures observedimais.

The available mechanistic information and possibteles of action were evaluated for
the male rat kidney tumors and female mice livendts. For the rat kidney tumors, there are
some data suggesting that following the inhalaérposure in the NTP (1998) bioassay, tumors
developed due to the accumulatiorogf-globulin. However, data were insufficient to sopgp
this mode of action. For mouse liver tumors, alffoincreased cell proliferation was noted in
short-term studies, the data are not adequateptmosua mode of action. The absence of a
significant increase in cell proliferation in tigsuobtained from the subchronic NTP (1998)
study suggests that cell proliferation might noal®ustained response even with continued
dosing. Furthermore, key precursor events linkeabiserved cell proliferation have not been
identified. The data on other potential modesabioa are too limited to establish the mode of
action for the liver tumor induction of THF.

Exposure concentrations were adjusted to HECs fwiBMD modeling according to
EPA (U.S. EPA, 1994b) default dosimetric equatifumsa category 3 gas. The tumors observed
in the kidney and liver following inhalation expaesuo THF are consistent with the expected
site of action for a category 3 gas. The incidesfdeepatocellular adenoma or carcinoma
observed in female B6C3Imice in the NTP (1998) study were modeled usimgntiultistage
model. Concentrations associated with a 10% eidkeor tumors at the lower 95% confidence
bounds for the animal curves were determined. BMEL1o0f 35 mg/ni for hepatocellular
adenomas and carcinomas was selected as the P@2 fguantitative cancer assessment. A
linear extrapolation from the origin to the PODuksd in the derivation of atuR of 3 x 10°°
(ug/ms)‘l, which represents an upper bound risk estimatbdoran exposures not exceeding 35
mg/nt. The slope of the linear extrapolation from tHd®,q is 0.1/(52 mg/n) or 2x 10°

(ng/m) ™.
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APPENDIX A. SUMMARY OF EXTERNAL PEER REVIEW AND PU BLIC
COMMENTS AND DISPOSITION

The Toxicological Review of Tetrahydrofuran has emgbne a formal external peer
review performed by scientists in accordance wBAEuidance on peer review (U.S. EPA,
2006a; 2000a). The external peer reviewers wakethwith providing written answers to
general questions on the overall assessment aodewnical-specific questions in areas of
scientific controversy or uncertainty. A summafsignificant comments made by the external
reviewers and EPA’s responses to these commeiatisgaa by charge question follow. In many
cases the comments of the individual reviewers lha@es synthesized and paraphrased in
development of Appendix A. EPA also received stfiercomments from the public. These
comments and EPA’s responses are included in aaepsection of this appendix.

EXTERNAL PEER REVIEWER COMMENTS
The reviewers made several editorial suggestioctatdy specific portions of the text.
These changes were incorporated in the documexg@spriate and are not discussed further.

(A) GENERAL CHARGE QUESTIONS

QUESTION ALl. Is the Toxicological Review logical, clear, and caiise? Has EPA
accurately, clearly, and objectively represented ahsynthesized the scientific evidence for
noncancer and cancer hazard?

Comments: Generally, the reviewers regarded the Toxicologimiew for Tetrahydrofuran to
be comprehensive, clear, and concise. One okthiewers commented that the presentation of
mode of action information was repetitious. Anitiddal reviewer suggested subheadings be
added to better orient presentation by topic rathan study in Section 4.4.3 (Mode of Action
Studies). One reviewer also cited some errorga@acammended clarification or changes to
Section 3.3 (Metabolism) and Figure 3-1. Sevefr#he reviewers raised issues specifically
related to the derivation of the oral RfD, inhaatRfC, and the cancer assessment that were
repeated in their responses to the Chemical-Speatiirge questions. These comments are
addressed under the relevant charge questions below

EPA Response to CommentsSection 4.4.3 (now moved to Section 4.5.2 andehppx C.2.2)

has been revised by adding subheadings to orieseptation by topic rather than study as
suggested by the reviewers. Some toxicity datalated to mode of action (e.g., uterine effects
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in mice) have been moved to Section 4.2. Secti8raBd Figure 3.1 have been revised for
clarification and additional information on THF rabblism has been included. In addition,
redundant text has been removed in several sections

QUESTION A2. Please identify any additional studies that shoultbe considered in the
assessment of the noncancer and cancer health etfeof THF.

Comments: None of the reviewers provided any additional ssador consideration.

EPA Response to CommentsNo response needed.

CHEMICAL-SPECIFIC CHARGE QUESTIONS
(B) ORAL REFERENCE DOSE (RfD) FOR TETRAHYDROFURAN

QUESTION B1. A chronic RfD for THF has been derived from the ord drinking water
2-generation reproductive toxicity study (BASF, 198; Hellwig et al., 2002) in rats. Please
comment on whether the selection of this study ake principal study has been scientifically
justified and transparently and objectively descriked in the document. Please identify and
provide the rationale for any other studies that sbuld be selected as the principal study.

Comments: The reviewers agreed with the selection of thewlglet al. (2002)/BASF (1996)
study as the principal study for derivation of thgonic oral RfD. One reviewer did not provide
any response.

EPA Response to CommentsEPA agrees with the reviewers and retained thecipah study
as selected.

QUESTION B2. Decreased F2 male pup body weight was selected ke tost appropriate
critical effect. Please comment on whether the saition of this critical effect has been
scientifically justified and transparently and objectively described in the document. Please
provide detailed explanation. Please identify angrovide the rationale for any other
endpoints that should be considered in the selectiaf the critical effect.

Comments: Two of the reviewers agreed with the selectionexfrdased F2 male pup body

weight. Three of the reviewers commented thatebsad pup body weight gain represented a
minimally adverse or non-adverse effect and questidhe effect of maternal water
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consumption on these effects. They also notediigasupporting data including delayed eye
opening were weak. However, these reviewers dolkdg agreed that given the database as a
whole and the available oral toxicity studies, éased F2 male pup body weight was the most
appropriate critical effect that could be usedeawk the RfD. One reviewer did not provide
any response to this question.

EPA Response to Comment€EPA agrees with the reviewers recommendations.rdased

pup body weight gain may be related to alteratiomsormal neonatal development as
demonstrated by the associated developmental fisdihdelayed eye opening and increased
incidence of sloped incisors observed following esegosure to THF. Data on the possible
relationship between decreased water intake in @ardslecreased production of milk was not
provided in this study. As detailed in Section.4,3he decreased gain in pup body weight is
supported by the statistically significant correlatbetween F2 pup body weight gain and
maternal THF intake after multivariable regressaoalyses were conducted to control for the
other possible confounding factors, namely avevegfer intake and number of pups in each
litter. Thus, the observed responses in the pppsa to be related to THF exposure.

QUESTION B3. The chronic RfD has been derived utilizing benchmas dose (BMD)
modeling to define the point of departure (POD). A available models were fit to the
individual male and female and combined incidenceata (F1 and F2 pup body weight
gain). Please comment on the appropriateness andentific justification presented for
individual and combined body weights to obtain a de set for BMD modeling. Please
provide comments with regards to whether BMD modehg is the best approach for
determining the point of departure. Has the BMD maleling been appropriately conducted
and objectively and transparently described? Hashte benchmark response selected for use
in deriving the POD been scientifically justified ad transparently and objectively
described? Please identify and provide rationaleof any alternative approaches (including
the selection of BMR, model, etc.) for the determition of the point of departure, and if
such approaches are preferred to EPA’s approach.

Comments: All reviewers agreed that BMD modeling was the naggtropriate approach to
derive the RfD and that the F1 and F2 pup weight data were suitable endpoints for deriving
BMD estimates. However, four of the reviewers reoeended using 1 SD below the mean for
body weight gain instead of a 5% reduction in bagyght gain as the BMR to establish the
POD, on the basis that a percentage reductiondy @ight gain is an arbitrary choice
compared with a measure of effect that considexrv#hniation among animals.
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EPA Response to CommentsEPA agrees that use of a BMR of 1 SD for decreasg@dwveight
gain can provide a useful characterization of ¢tistinuous variable by defining the exposure at
which 10% of exposed animals would be expectedte tbody weights lower than ~98% of the
control group [draft U.S. EPBenchmark Dose Technical Guidance Document (U.S. EPA,
2000b)]. However, a 1 SD reduction does not necggsonsider biological significance,
because in this case the adversity of a weightatemtuof that size is not considered. EPA
agrees with reviewers that extreme percentiles®tbntrol group, such as thé"9gercentile,
may not be an adverse level of response. Sometic€onsensus on adversity of body weight
decreases is available, as a 10% decrease intadlyltweight has been a long-standing
convention for identifying maximum tolerated dog¢eg., NTP bioassay protocols). For
younger animals, a 5% change in fetal or pup wehgistbeen considered to convey similar
biological significance (Kavlock et al., 1995). Wever, in response to the commenters,
modeling was conducted using 1 SD below the meapup body weight gain as the BMR. The
results can be found in Appendix B. Note that is thstance, the BMRp is nearly identical to
the BMDy, for the data considered because the SD was ealbeti% of the control mean.

QUESTION B4. Please comment on the selection of the uncertainfigctors applied to the
POD for the derivation of the RfD. For instance, & they scientifically justified and
transparently and objectively described in the docment?

Comments: There were differences in opinion among the reviswa the selection of UFs.
Three of the reviewers agreed with the selectiothefUFs applied to the POD for the derivation
of the RfD. One of the reviewers did not providentnents on the selection of UFs. Two
reviewers questioned the total UF citing relativiely toxicity observed following oral exposure
to THF. Specifically, one of these reviewers ndteat the interspecies UF could be reduced
based on the fact that the water solubility of Twdbuld make it unlikely that THF would be
absorbed and distributed differently in rodents pared to humans. The same reviewer also
suggested a reduction in the database UF by useimhalation toxicity database to inform the
oral toxicity database. Another reviewer commernlied both the inter- and intraspecies UFs
could be reduced based on the available biotramsfoon data. This reviewer indicated that the
Toxicological Review presents data suggestingrietabolism of THF does not have a role in
THF-induced toxicity (i.e., metabolism is not aerditniting step) and that there may not be a 10-
fold variability among individuals or among specidhe reviewer, therefore, was of the opinion
that each of the intra- and interspecies UFs shibelldo more than 3. The reviewer also thought
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that the oral database deficiency didn’t warrabif=g of 10 but rather a factor of 3 would suffice
since the RfD was based on a well conducted stondyaavery sensitive endpoint.

EPA Response to Commentsin response to the comments from the reviewers quiestioned
the selection of UFs for the RfD, EPA re-evaluatezirationale for each of the UFs. Regarding
the UF for possible human variability, there isim@rmation on the toxicokinetics of THF
following exposure by the oral route or on diffei@ahsensitivity of human populations to THF.
However, blood kinetics data were highly variabigoag volunteers exposed to THF by the
inhalation route (Kageyama, 1988 covered in Se@iar?). Additionally, the metabolism
section (Section 3.3) has been revised to inclitelature on THF metabolism and on the role
that lactonase (also known as PON1) may play indiyding GBL (a lactone intermediate) to
GHB. There is a wide inter-individual variationPR©ON1 concentration and activity (up to 13-
fold) and possibly in some CYP450 isoenzymes, whiely be involved in the early steps of
oxidative metabolism of THF to GBL. It is not cteband to what extent genetic variability in
expression and activity of PON1 and CYP450 mayarice the kinetics of THF
biotransformation, and how, in turn, such variapimight influence human risk to THF
exposure (see Section 4.8.3). Furthermore, narrdton is available on life-stage
susceptibility to THF exposure. Therefore, theadéifvalue of 10 for Ugwas retained.

With respect to interspecies variability, there soene limited data by the inhalation
route of exposure suggesting qualitative toxicokegimilarities between humans (Droz et al.,
1999; Ong et al., 1991; Kageyama, 1988) and rdtwélara et al., 1984; Kawata and Ito, 1984).
For instance, THF was rapidly excreted followingeated inhalation exposure in both species
with limited bioaccumulation (see Section 3). Hoee these data are not adequate to provide a
guantitative estimate of toxicokinetic differencedso, the human inhalation exposure PBPK
model for estimating THF concentration in bloodgdth, and urine (Droz et al., 1999) does not
account for the toxicokinetic and toxicodynamicighility in humans, and no similar PBPK
model has been identified in animals (see Sectiép JF-urthermore, there are no comparative
toxicokinetic or toxicodynamic studies followingpmosure to THF by the oral route in humans
and animals. Thus, a W©f 10 was retained to account for interspeciefedihces.

The comments on the database UF are addressed ibelesponse to comments to
Charge Question B6.

QUESTION B5. A two-generation reproductive toxicity study was ued for the selection of
the POD for the derivation of the RfD. Please comaent on whether the rationale and
justification for not applying a subchronic to chronic uncertainty factor has been
scientifically justified and transparently described in the document.
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Comments: Five of the reviewers agreed with the rationale jaistfication for not applying a
subchronic to chronic UF. One reviewer did notyite comments.

EPA Response to CommentsNo response needed.

QUESTION B6. Please comment on whether the rationale and justdation for the
selection of the database uncertainty factor has ke scientifically justified and
transparently described in the document.

Comments: Two reviewers agreed with the selection of the lnleda UF and stated that the
rationale and scientific justification for this setion was transparently described. Three
reviewers commented that the data suggest thaivétrall oral toxicity of THF is low and that
both the oral and inhalation toxicity data for Thlfould be utilized in the selection of thedJF
thus reducing the W= One reviewer did not provide any response.

EPA Response to Commentsin response to the comments from the reviewers suggested
utilizing both the oral and inhalation databasemtorm the selection of the oral database UF,
the rationale for the UF was re-examined. The dashbase for THF contains a two-generation
reproductive toxicity study and a range-finding -@®neration reproductive study (Hellwig et
al., 2002; BASF, 1996, 1994). There are no avklabbman occupational or epidemiological
studies or standard toxicity studies, includingelepmental toxicity studies, in animals. Based
on the limitations in the oral database for THRemative approaches for deriving the RfD were
considered (described in Section 5.1.1). Theseraltives included the use of the inhalation
data and application of a route-to-route extrapmtadpproach or use of the oral data for
metabolites of THF. However, EPA concluded thahhaf these approaches were precluded by
deficiencies in the database. Thus, a databas#f W& was retained in the derivation of the
RfD. The text in Section 5.1.3 has been augmeiai@tclude a more clear description of the
available database.

(C) INHALATION REFERENCE CONCENTRATION (RfC) FOR
TETRAHYDROFURAN

QUESTION C1. A chronic RfC for THF has been derived from data fom a 105 week

chronic inhalation study (NTP, 1998) in mice and rt&s. Please comment on whether the
selection of this study as the principal study halseen scientifically justified and
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transparently and objectively described in the docment. Please identify and provide the
rationale for any other studies that should be setded as the principal study.

Comments: All reviewers stated that they were supportiv&BfA’s selection of the 105-week
chronic inhalation study as the principal studylerive the RfC for THF.

EPA Response to CommentsCharge Question C1 inaccurately states that tGefét THF
was derived from data from a 105 week chronic iatiah study (NTP, 1998) in mice and rats.
The RfC derived in the external peer review dradswased on the 14-week subchronic NTP
(1998) study which identified both CNS and livefieets in mice. Both the 14-week and 105-
week studies are reported as NTP (1998).

The external peer review draft stated that basedlinital signs of CNS toxicity and
liver effects, a NOAEL of 1770 mg/fhand a LOAEL of 5310 mg/frwere identified. CNS
effects were observed at 5310 mggmd 14,750 mg/fin the subchronic study, and at 5310
mg/nt in the chronic study. The draft also noted tHdETinduced a concentration-dependent
increase in liver weight in male and female micd eats and centrilobular cytomegaly in male
and female mice in the subchronic study. The dbrstudy evaluated body weight and clinical
signs of toxicity and organs were subjected tooipigthological examination at necropsy.
However, no measurements were taken for organ w&ighmatology, or clinical chemistry. In
addition, the chronic study did not identify liveytomegaly in any of the exposure groups (a
slight increase in necrosis was observed in therdiof the 5310 mg/ffemale mice). Thus, the
liver weights and histopathology (cytomegaly) cibedhe discussion of the selection of the
principal study and critical effect in the exterpaler review draft were those observed in the
subchronic component of the NTP (1998) study. démument has been revised to further
clarify the effects reported by each study compo &urbchronic versus chronic exposure
duration) from NTP (1998) and the rationale for sleéection of the principal study.

QUESTION C2. Liver toxicity and CNS effects were selected as thm-critical

toxicological effects. Please comment on whethdre selection of this critical effect has
been scientifically justified and transparently andobjectively described in the document.
Specifically, please address whether the selectiofliver effects and CNS toxicity as the co-
critical effects instead of increased thymus weigHhtas been adequately and transparently
described. Please identify and provide the ratiorla for any other endpoints that should be
considered in the selection of the critical effect.

A-7 DRAFT — DO NOT CITE OR QUOTE



© 00 N O O A W DN P

W W W W W W WNDNDNMNMNDNDDNDNMDNDNMNDNNMNMNNNMNPREPEPERPPRPEPRPRPRPERPRERPRPREER
O Ol A WONEFEP O O 0o ~NOO O P~ WNPEPEOOOWNO O~ wWDNLPELO

Comments: Four of the reviewers agreed with the selectidliver toxicity and CNS effects as
co-critical effects. Two of these reviewers stéateit the liver effects were minimally adverse,
but appropriate to select nonetheless. One oéttves reviewers expressed preference for using
cytomegaly over increased liver weight as an enmttpehile the second reviewer stated that
often cytomegaly may be a reversible effect ant thahe absence of other key effects, an
argument can be made against using the liver clsaaga critical effect. Another reviewer
disagreed with the designation of liver toxicityaaso-critical effect stating that observations of
hepatomegaly, without well characterized events sascsustained cell proliferation or decreased
apoptosis, is a questionable critical effect. @wewer did not provide comment.

Five of the reviewers agreed that thymus weightikhoot be used as a critical effect
since it was not accompanied by either histopathold changes or measured alterations in
immune competence. No other endpoints were idedtify the reviewers as effects that should
be considered in the selection of the critical éffe

EPA Response to CommentsEPA agrees with the reviewers who indicated thatCNS and
liver effects were appropriate for use as the dtcaf effects. In addition, Section 5.2.1 has
been augmented to include additional discussidiverf and CNS findings. In the subchronic
NTP (1998) study, liver weights (both absolute egldtive) were increased in the 14,750 miy/m
female rats and this finding was accompanied bgegmsed serum bile acid concentration in the
absence of cholestatsis or hepatocellular necrdsis. study authors indicated that these changes
were consistent with decreased or altered hepatictibn. In male mice, absolute and relative
liver weights were statistically significantly ireased following exposure to concentrations of
>1,770 mg/m. The increases in absolute and relative livegivsi in male mice were
corroborated by increased incidence of centrilabcydomegaly, statistically significant at
14,750 mg/m (7/10 compared to 0/10 in the control group). cAlelative and absolute liver
weights were statistically significantly increasedemale mice beginning at 5,310 md/and
were accompanied by centrilobular cytomegaly (1@tionals compared to 0/10 in controls) at
14,750 mg/m The hepatocytes were additionally describedsainly slight karyomegaly
(enlarged nucleus), increased cytoplasmic volumeé garanular cytoplasm with less vacuolation
than that of midzonal and periportal hepatocyteBRNL998). No clinical chemistry
measurements were performed in mice. The studyasitoncluded that the histopathological
changes observed in the high exposure male anddemiee group suggested that the liver is the
target organ for toxicity. They also stated timat liver weight increase and mild
histopathological changes observed at the lower &fosure concentration (5,310 mgym
were consistent with a treatment related effectfNI998). Furthermore, in the chronic study,
liver necrosis was noted in female mice treateth &810 mg/M THF. Considering the
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information described above as well as the suppgpdata in acute and short-term studies
(described in Appendix C), EPA concluded that ligiects and CNS effects are appropriate as
co-critical effects for derivation of the RfC. $iea 5.2.3 includes the candidate PODs
associated with these effects as well as the patdfiCs (which are similar) for the liver and
CNS effects.

EPA agrees with the reviewers regarding thymugkateas inappropriate for use as a
critical effect for the derivation of the RfC.

QUESTION C3. The chronic RfC has been derived utiting benchmark dose modeling to
define the point of departure (based on liver cytoragaly). BMD modeling was conducted
on liver weight and cytomegaly data in both malesrad females. Has the BMD modeling
been appropriately conducted and objectively and @nsparently described? Has the
benchmark response selected for use in deriving tHeOD been scientifically justified and
transparently and objectively described? Please prvide comments on whether the
selection of a POD based on liver cytomegaly inst@&f liver weight is scientifically
justified and transparently described. Please iddify and provide rationale for any
alternative approaches (including the selection dMR, model, etc.) for the determination
of the point of departure, and if such approachesra preferred to EPA’s approach.

Comments: All of the reviewers commented that the BMD maaghas appropriate. One
reviewer questioned the selection of liver cytontggather than the liver weight modeling
results to define the POD for deriving the RfC.isTiteviewer stated that given the choice
between cytomegaly and increased liver weight dagliver weight data may be a more
appropriate endpoint to model, but stated that kweight changes not accompanied by cell
proliferation and/or apoptosis may not be reprederd of toxicity. This reviewer suggested that
the POD should be based on the CNS effects andABENMDOAEL approach using the CNS
effects was the preferred method for derivatiothefRfC. In addition, one reviewer thought it
was unclear why only the male mouse data was madiestead of the female mouse data or
both sexes combined. Two reviewers suggested dikpathe explanation in Appendix B of the
AIC.

EPA Response to Commentsfurther consideration of the BMD modeling and
NOAEL/LOAEL approaches described in Section 5.@r@yides evidence of similar PODs for
both hepatocytomegaly and increased liver weigttheénmale mice as well as the POD (as a
NOAEL) for CNS effects. Sections 5.2.1 and 5.2&ewevised to further discuss the
toxicological significance of the liver and CNS enthts and to better characterize the modeling
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and candidate PODs. The discussion of the seteofithe POD for derivation of the RfC was
expanded in Section 5.2.2. Section 5.2.3 inclirRf€s for both liver and CNS effects. The
selection of the male mouse data was based omathéhfat the males were slightly more
sensitive (i.e., by about one dose-spacing urdgi) fiemales and text was added for clarification
to Section 5.2.2. Additional text has been adde8dction 5.2.2 and Appendix B describing the
AIC.

QUESTION C4. No incidence data were presented faZNS effects. Thus, these data could
not be evaluated by BMD modeling. However, a NOAEILOAEL approach (based on the
CNS data) for the derivation of the RfC has been msented for comparison purposes.
Please provide comments as to whether the NOAEL-LORL approach based on the POD
for CNS effects is more appropriate for the derivaibn of the RfC. Please provide
comments with regards to whether BMD modeling is ta best approach for determining the
point of departure.

Comments: Two reviewers considered the CNS effects as hayiagter toxicological
significance than the hepatic effects and theredapported the use of a NOAEL/LOAEL
approach to derive the RfC. One of the revieweraroented that the NOAEL/LOAEL and

BMD modeling approaches yielded the same resuttshad a preference for the use of BMD
modeling. One reviewer agreed with the approagcdlyais, and discussion and conclusions
presented in the Toxicological Review. One reviefe# that both approaches were appropriate
and that confidence was increased by the facthieadpproaches provided the same value.
Finally, one reviewer preferred the BMD modelingpagach but agreed with the other reviewers
that the confidence was increased by the factthieafpproaches provided the same value.

EPA Response to CommentsSee responses to comments under Questions G23and

QUESTION C5. Please comment on whether the selemti of the uncertainty factors
applied to the POD for the derivation of the RfCs.For instance, are they scientifically
justified and transparently and objectively descrited in the document.

Comments: A reviewer commented that the UF for interspeciéfer@nces should not be
reduced (Uk = 3). Specifically, the reviewer disagreed whie talculation of a human
equivalent concentration (HEC) to account for tokioetic differences between animals and
humans. The reviewer recommended that the UFenotdiuced until it can be replaced with a
data-driven UF based on a physiologically-basedrpheaokinetic model. Conversely, another
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reviewer suggested that both the inter- and ing@agis UFs could be reduced based on the
available biotransformation data. This revieweli¢ated that the Toxicological Review presents
data suggesting that metabolism of THF does no¢ bawle in THF-induced toxicity (i.e.,
metabolism is not a rate-limiting step). Thusy¢hmay not be a 10-fold variability among
individuals or among species. This reviewer alstest that the inhalation database was adequate
and that the available data were better documehgadthe oral database. In addition, some of
the reviewers commented that the total UF may leelpeonservative and that additional
discussion should be added to the document to sugpeduction of the overall uncertainty
factor. One reviewer provided no response todghesstion.

EPA Response to CommentsRegarding the intra- and interspecies UFs see nsgpo
comment under Charge Question B4. In additionfakiokinetic component of the
interspecies UF is addressed by the HEC calculaiioording to EPA guidance (U.S. EPA,
1994b). No data are available to determine toxinadic differences between animals and
humans. Thus, an UF of 3 was retained to accaunibferspecies differences. The available
toxicity data following inhalation exposure to THt€ludes chronic inhalation bioassays in rats
and mice and an inhalation developmental toxidiglg, but lacks multigeneration reproductive
toxicity studies. Based on the consideration ekthareas of toxicity data gaps as discussed in
Section 5.2.3 and below, a PBf 3 was retained for the derivation of the RfC.

QUESTION C6. Please comment on the transparency drscientific rationale and
justification for the selection of the database urertainty factor. Please comment on
whether the application of the database uncertaintyactor adequately represents the gap in
inhalation reproductive and developmental toxicityand immunotoxicity data for THF.
Please comment on whether the rationale for use tife oral data to inform this decision
scientifically justifiable and transparently described in the document.

Comments: Four of the reviewers agreed with the selectiothe database UF of 3. One
reviewer stated that the explanation was transparBmo reviewers commented that the lack of
immunotoxicity data may not be cause for concéne reviewer specifically commented that
there was no evidence to indicate that lymphocgtepopulations would be selectively sensitive
to THF. In addition, this reviewer noted that dgbtdcity was not demonstrated in the available
mode of action studies for THF. This reviewer ffiert suggested that due to the rapid
metabolism of THF, there was less concern for imobaxicity at chronic low exposures to

THF. This reviewer suggested that secondary effibett may result from inflammatory
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responses produced at high exposures would naléeant to low exposures. One reviewer did
not provide any response to this question.

EPA Response to CommentsEPA agrees with the reviewers and has revisedetkt to
indicate that thymus effects observed following@syre to THF are not likely to represent a
specific uncertaintiy in the database. An uncetyaiactor of 3 was retained to account for
deficiencies in the database ()For THF.

QUESTION C7. THF induces a spectrum of effects caistent with both Category 1 and
Category 3 gases. Therefore, for the purposes dlculating HECs, respiratory tract effect
levels were calculated using the default equatiorier Category 1 gases and
extrarespiratory tract effect levels were calculatd using default equations for Category 3
gases. Please comment on the explanation for thesiimetry choice in the derivation of the
RfC. Has the rationale been scientifically justied and transparently described?

Comments: Five reviewers agreed with EPA’s dosimetry cheic®ne reviewer did not
respond. Two reviewers commented that this seciohd be improved by additional discussion
of the gas categories.

EPA Response to CommentsEPA agrees with the reviewers regarding therdesiy choices.
Section 5.2.2.1 was revised to better characténze@pproach used to calculate HECs for the
endpoints considered as the basis for the RfC sided under the RfC methodology (U.S.
EPA, 1994b). Detailed classification informatiam Category 1, 2, and 3 gases is also provided
in the EPA report cited (U.S. EPA 1994b).

(D) CARCINOGENICITY OF TETRAHYDROFURAN

QUESTION D1. Under the EPA’s 2005 Guidelines for @rcinogen Risk Assessment
(U.S.EPA, 2005), there is suggestive evidence faethuman carcinogenic potential of THF.
Please comment on the scientific justification fothe cancer weight of the evidence
characterization. A quantitative cancer assessmeihias been derived for THF. Do the data
support estimation of a cancer slope factor for THP? Please comment on the scientific
justification for deriving a quantitative cancer assessment considering the uncertainty in
the data and the suggestive nature of the weight tiie evidence of carcinogenic potential.
Has the rationale and scientific justification forquantitation been transparently and
objectively described?
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Comments Five reviewers agreed with the “suggestive evogeof carcinogenic potential”
cancer descriptor. One reviewer did not comm&tdne of the reviewers disagreed with the
choice to derive a quantitative cancer assessnmiemb. reviewers commented that, while the
evidence for female mouse liver tumors can supgaeintitative estimation of cancer potency,
the dose-response of the male rat kidney tumorwlasaveak. One reviewer agreed with the
choice to quantify cancer risk but felt that a ditative assessment would overestimate the risk
due to his opinion that THF is a very weak possihlean carcinogen. Another reviewer noted
that the quantitative cancer assessment may premideasure of the magnitude of the
carcinogenic concern. Several reviewers commeamedtie extrapolation approach utilized,
these comments are address under Charge Question D4

EPA Response to CommentsThe kidney and liver tumors in male rats anddkmmice,
respectively, support the qualitative characteiarathat there is suggestive evidence of
carcinogenic potential for THF. The utility of tj@antitative cancer risk estimate is that it
characterizes the chemical’s relative potency. THdiF, the estimated PODs for kidney and liver
tumors (shown in Table 5-6) demonstrate the redagensitivity of the two responses. The
response in female mice was more sensitive, anceponse in the male rats is considered
supportive. The derivation of the inhalation carestimate is based on the female mouse liver
tumor data.

QUESTION D2. The available data suggest that a plessible mode of action for THF-
induced male rat kidney tumors may involve the acaomulation of alpha-2u globulin. EPA
concluded that the available data do not provide gnificant biological support to establish
a mode of action for male rat kidney tumors and thathese tumors are relevant to humans.
Please comment on the transparency and scientifiationale and justification for the
evaluation of these data and the conclusions regardy the possible mode(s) of action and
human relevance for the male rat kidney tumors.

Comments Four reviewers agreed with the conclusions ttraiavailable data do not provide
significant biological support to establish a modl@ction for male rat kidney tumors and that

these tumors are relevant to humans. Two reviedidraot comment.

EPA Response to CommentsNo response needed.
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QUESTION D3. The available data suggest that inceesed proliferation and promotion in
the liver may be a plausible mode of action for THRnduced female mouse liver tumors.
EPA concluded that the data do not provide signifiant biological support to establish a
mode of action for female mouse liver tumors and tit these tumors are relevant to
humans. Please comment on the transparency and agtific rationale and justification for
the evaluation of these data and the conclusionsgarding the possible mode(s) of action
and human relevance for the female mouse liver tuns.

Comments: Three of the reviewers agreed with the conclusian the available data do not
provide significant biological support to establssmode of action for female mouse liver
tumors and that the liver tumors are relevant tméws. One reviewer agreed that the mode of
action for THF-induced liver tumors is unknown, Buggested that chronic irritation (which this
reviewer considered as the most plausible mechaoisution for very low potency cancer-
causing chemicals) may be the mode of action of-irtdisced liver tumors. The reviewer also
commented that the female mouse liver tumors weteatevant to humans because of the lack
of sufficiently high exposures and the very lowidance of liver cancer in humans compared to
B6C3F1 mice. Another reviewer's comments on theagolation approach are summarized and
addressed under Charge Question D4. One reviaweidpd no response to this question.

EPA Response to CommentsAs described in Sections 4.7.1 and 5.3.6, thauighpossible
that THF may act as a tumor promoter, there iswfarination on potential precursor or key
events, and the possible role of chronic inflamaoratr specific mediators of tumorigenesis for
THF has not been examined. Thus, EPA maintairtartithe absence of mode of action
information the mouse liver tumors are considesteMant.

QUESTION D4. An inhalation unit risk has been derved utilizing benchmark dose
modeling to define the point of departure of 10% etxa risk followed by linear low-dose
extrapolation below the point of departure (i.e., he default assumption). Please comment
on the scientific justification and rationale suppeoting the estimation of an inhalation unit
risk from the available data for THF. Specifically, please comment on whether the
rationale for the quantitative analysis is objectiely and transparently described,
considering the uncertainty in the data and the sugestive nature of the weight of evidence.
Please comment on the selection of linear low dosetrapolation. Has the justification of
linear low dose extrapolation been objectively anttansparently presented? Please
identify and provide rationale for any alternative approaches for low dose extrapolation
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that the data for THF would support and if such appoaches are preferred to EPA’s
approach.

Comments One reviewer agreed with the selection of thedr extrapolation approach. Two
reviewers commented that the discussion of thesasts leading to the derivation of the
inhalation unit risk and the decision to seleahadr low dose extrapolation was objectively and
transparently described. Another reviewer propasedival adjustments to the tumor incidence
rates that should be considered in the dose-respundeling and derivation of the inhalation
unit risk. This reviewer presented several chotoesonsider for selecting dose-response
models. Four reviewers disagreed with the seledia linear low dose extrapolation based on
the following reasons: THF is not genotoxic/DNAacéve, its metabolism is rapid and doesn’t
form a reactive metabolite, it doesn’t cause irreNde damage, it induced a weak tumor
response at high doses, and it doesn’t induceferalive lesions considered to be pre-
neoplastic; concluding that the application of athoeshold model will overestimate cancer risk.
One reviewer also noted that all of the biologefécts identified for THF are those which are
commonly thought to exhibit thresholds; this revéewand another reviewer recommended using
a reference value approach to estimate a non-cayenic dose. One reviewer provided no
direct response to this question, although thigewesr provided relevant comments under
previous Charge Questions; these comments arepioi@ied above.

EPA Response to CommentsThe reviewers that recommended a nonlinear agpro
suggested that a nongenotoxic carcinogen wouldraatitoally have a nonlinear cancer response
at low dose. Very little data are available tomf the mode of action and no data are available
to indicate the shape of the dose-response cutesvaxposures. If data were available to
better inform the mode of action, and the data weteative of a threshold response, then a
reference value could be derived based on a pracensipoint (i.e., key event in the mode of
action) and considered for the RfC. In the abs@ficeich information and under the U.S. EPA
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a), EPA concluded that the
available information does not establish a possitdele of action for THF and data are
insufficient to establish significant biologicalpport for either a linear or nonlinear approach.
As such, a default linear extrapolation approachk agplied and statements regarding a
nonlinear extrapolation approach were added to@ebt3.2. In order to address the reviewers’
comments regarding the inclusion of a nonlinearaggh, text was also been added to Section
5.3.2 to expand the discussion of the availablgioal support and the rationale for the
selection of the extrapolation approach. For TtHEre were no noncancer effects reported that
could serve as a precursor endpoint upon whiclase la nonlinear analysis. Thus, EPA
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continues to recommend a default linear low-dogeprlation approach in estimating
carcinogenic risk of THF to humans.

Addressing the differential survival among the fémmaice and male rats, as noted by
one reviewer, did affect the incidence rates (Sa@el'5-5). The PODs and associated unit risk
estimated from each data set were revised accdydildPA considered the model selection
options proposed by this reviewer, which includee multistage approach used in the external
peer review draft. As noted by the reviewer, thétistage model is supported by biological
plausibility through its parallelism to the mulage carcinogenic process, and has been widely
used for cancer risk assessments. In cases sUdthFasvhere there is no biologically based
model available and insufficient support for coesidg nonlinear low-dose extrapolation, EPA
prefers to use the multistage model, which alsotaais consistency across cancer assessments,
unless the multistage model does not fit the olexbdose-response. In this case, a simpler
multistage model (one stage) fit the survival-atjdata better than the fit offered by the
reviewer. EPA notes that the suggestions for steplweighted BMDL averaging both produce
PODs that are not well-defined confidence limitsttis, for component BMDLs that are 95%
confidence limits, neither type of average leada 8% confidence limit for the combined
result, and the level of confidence is not easdiednined. More comprehensive analysis
involving model averaging is a significant areaegearch currently, but scientific consensus
regarding how to implement model averaging has/abbeen reached.

QUESTION D5. THF induces a spectrum of effects camstent with both Category 1 and
Category 3 gases. Therefore, for the purposes ddlculating human equivalent
concentrations, respiratory tract effect levels wee calculated using the default equations
for Category 1 gases and extrarespiratory tract etict levels were calculated using default
equations for Category 3 gases. Please commenttbe explanation for the dosimetry
choice in the derivation of the inhalation unit rik. Has the rationale been scientifically
justified and transparently described?

Comments: Three reviewers agreed with the HEC calculatiofistee reviewers did not
comment in response to this question.

EPA Response to CommentsNo response needed.
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PUBLIC COMMENTS

Comments A commenter stated that the critical endpoint(dased weight gain in F2 pups)
for deriving the RfD is weak and equivocal becairgefindings may have been due to reduced
maternal milk production associated with decreagatr intake and/or food consumption. The
commenter also questioned the rationale behindehder-specific effect on weight gain in
male, but not female, pups and expressed doubtd alitirect association between this reduced
weight gain in male pups and THF exposures.

EPA Response to CommentsSee response to charge question B2 in AppendiXtfere are
no data evaluating the possible relationship betvasereased water intake in dams and
decreased production of milk (i.e., milk output s measured). However, after multivariable

regression analyses were conducted to controldssiple confounding factors, including water
intake and number of pups in each litter, it wasfibthat the decreased gain in F2 pup body
weight was statistically significantly correlatedhvmaternal THF intake. Therefore, decreased
pup body weight gain is considered an appropriatipeint for deriving the RfD. The study
authors concluded that the decreased pup weightogaild be a high concentration effect
reflecting general toxicity due to direct exposto@ HF during lactation (Hellwig et al., 2002).
Specifically, the study authors suggested thagmihat THF is slightly more soluble in lipid
than water, THF may have been more concentratdteidam’s milk fat than in the maternal
water compartment. Based on the developmentaiteftdserved (decreased pup weight gain,
delayed eye opening, and increased incidence pédlmcisors) the study authors designated
3,000 ppm as the NOAEL. Maternal food consumptias marginally decreased in FO and F1
lactating dams and the decrease was not assouwdtestatistically significant reduction in
maternal body weight gain. Finally, there is npaent gender-specific effect on weight gain in
both the F1 and F2 pups. While for F1 pups, tepoases at each dose were different between
males and females, for F2 pups, the responsesooarparable between males and females at all
doses. lItis not clear if there is sex dependémrceffects on F1 but not F2 pups or if there is a
biological basis or this difference reflects onfgtistical considerations. However, the BMD and
BMDL estimates for the combined F2 data were simdahe BMD and BMDL estimates
derived for either sex individually. Therefore,APoncluded that data corresponding to the F2
females, described by the linear model, providedadst fit and the corresponding BM§aL

value of 303 mg/kg-day was used to derive the RfD.

Comments A commenter stated that the composite UF (1,0883 to derive the RfD for THF
is excessive given the apparent toxicity of THRpe@fically, the commenter stated that an UF
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of 10 to account for deficiencies in the oral dat#bexaggerates the potential significance of
limitations in the oral data.

EPA Response to CommentsSee response to Charge Question B4. As not8ddtion 5.1.3,

an UFk of 10 was selected to account for deficiencigbhéntoxicity database for oral exposure to
THF. The oral database for THF contains a two-ggm reproductive toxicity study and a
range-finding one-generation reproductive studyli{iig et al., 2002; BASF, 1996, 1994).

There are no available human occupational or epmlegical studies or standard toxicity
studies, including developmental toxicity studiesanimals.

Comments A commenter questioned the use of CNS depressi@me of the critical endpoints
to derive the RfC because transient sedation frqmogure to this volatile organic chemical is
reversible and does not by itself provide any evideof sustained neurotoxicity.

EPA Response to CommentsEPA agreed with the peer reviewers’ commentgstimg the
use of CNS effects as a co-critical effect fordlegivation of the RfC. Text was added to
Section 5.2.1 to further discuss significance ektheffects and the rationale for the selection.

Comments A commenter recommended using a combined UF o&B@r than 100 to derive
the RfC for THF. The commenter stated that theliaiion database for THF is relatively robust
obviating the need for a database UF of 3. Ambegéasons that were cited in support of this
view were that adult animals were more sensitiam tletuses or weanling animals, the offspring
findings in the oral two-generation study were umaekable, and the absence of other
immunotoxicity findings (such as histopathologyattmay lend support to the effect on thymus
weight.

EPA Response to CommentsBased on comments from the external peer reveviE&PA has
revised the text to indicate that thymus effectsepbed following exposure to THF may not

represent an uncertainty in the database. An taiongr factor of 3 was selected to account for
deficiencies in the database for THF. Chronic suochronic inhalation bioassays and
developmental toxicity studies are available is mtd mice (NTP, 1998; Mast et al., 1992,
DuPont Haskell Laboratory, 1980). No two-generatigproductive toxicity study by the
inhalation route is available.

Comments A commenter stated that the carcinogenicity &atd HF, particularly the liver
tumor response in female mice, support at mosassification of suggestive evidence of
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carcinogenic potential in humans. The commentegieed with EPA’s determinations
regarding the mode of action for carcinogenicithe commenter agreed with EPA’s conclusion
that the currently available data do not cleartalelssha,-globulin accumulation as mode of
action for kidney effects. The commenter suggestedever, that renal tumors may have been
related to THF-induced exacerbation of or intemctvith CPN (Hard, 2005). The commenter
asserted that evidence suggests that CPN may metdwant to humans (Hard and Khan, 2004)
and that there is a causal link between CPN, aypibule hyperplasia (ATH), and adenomas in
rats. The commenter stated that there is suffi@eidence to clearly establish CPN as the mode
of action for increased incidence of renal tumarmale rats based on two evaluations by the
Tetrahydrofuran Task Force (Fenner-Crisp, 2007dH2005). The commenter also cited a
recent NTP publication that evaluateg-globulin-associated nephropathy and renal tumors |
rats (Doi et al., 2007) as support for the condughat there is a causal link between CPN and
proliferative lesions in the kidney.

EPA Response to CommentsEPA agreed with the peer reviewers’ commentstttemode of
carcinogenic action for THF has not been estaldish¢ard (2005) concluded that in the
chronically exposed control and high exposure matigroups there were comparable incidences
of ATH (5/50 and 6/50, respectively). In additidgtard (2005) reported that the treated male
and female group incidences and severity of CPNevaémost identical to the respective male
and female control groups (Table 3).

There was no difference in the incidence or seyefiCPN in male rats of the NTP 2-
year carcinogenicity study on THF (both the con&madl high-exposure groups have 13 males
with end-stage kidneys). Although THF did not eethate development of CPN, it was
postulated that it may have exacerbated the denetapof proliferative lesions within CPN-
affected tissue. No data in the peer-revieweddlitee are available that support a role of CPN
in the induction of THF-induced kidney tumors inleeats.

Doi et al. (2007) concluded that it is possible tha-globulin-associated nephropathy
may simply contribute to a weak background tumangstimulus provided by age-related
chronic progressive nephropathy. However, theystudhors stated that there is no direct
evidence for the histological alterations, incliidPN and ATH, thought to be included with
az-globulin nephropathy. The overall conclusion®of et al. (2007) were that the critical
component(s) of the nephropathy most closely aatstiwith the development of tumors cannot
clearly be identified. As noted in Section 5.3t mode of action of THF for the male rat
kidney tumors has not been determined.
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Comments: In an unpublished report submitted in October T®72to EPA as part of the Public
Record, histology slides of kidneys from male amthéle F344/N rats of the 2-year
carcinogenicity and 14-week NTP studies (NTP, 1998YHF were reexamined (Dammann,
2005; Hard, 2005). The authors of these unpuldisbports suggested that the overall incidence
of kidney tumors in the male rats was 2/50 (4%5012%), 3/50 (6%), and 5/50 (10%), with all
tumors being adenomas (Hard, 2005). Use of thén@aeArmitage trend test on the data
presented in the unpublished report showed nofsignt concentration-response trend in tumor
incidence (Dammann, 2005). The author also coeclubdat THF does not appear to act via the
oz-globulin mode of action. Instead, the author psgd that advanced CPN may play a role in
the development of ATH, and perhaps the kidney tsnfrom THF exposure.

Additional public comments were submitted to théSRrogram on July 16, 2009.
Included in these comments was a report entitledtlfology Working Group Review of
Selected Histologic Changes in the Kidneys of Md¢s Assigned to a 2-Year Inhalation
Carcinogenicity Study of Tetrahydrofuran (NTP Stidty. 05181-03).” The Pathology Working
Group (PWG) reevaluation was conducted during M&rdh 2009 and included five voting
members including Dr. Gordon Hard who had conduatpdevious evaluation of the same data.
For this discussion, the report will be referrecisoPWG (2009). The specified objectives of the
new reevaluation were to establish the most ap@t@pdiagnoses of proliferative kidney
changes; to provide comment on likely potentiahpgenic mechanisms for male rat kidney
tumors; and to provide perspective on risk fromeptiall human exposure to THF. In addition to
evaluating kidney sections from all the control &igh concentration male rat groups, the PWG
(2009) examined kidneys that had proliferativedasiin the low and mid exposure male rat
groups (5 and 10, respectively). The criteria fanliferative changes were based on Hard et al.
(1995). The report by the PWG (2009) stated tmatNTP pathologists consolidated all variants
of tubular hyperplasia under the diagnostic terrerf@ Tubule Hyperplasia.” In contrast, the
PWG (2009) differentiated between “simple” and fatal” hyperplasia where, and according to
PWG (2009), the first was not recorded becausad r@garded as a reactive tubular alteration
directly associated with CPN. Atypical tubular byplasia (ATH) was recorded by PWG (2009)
because it was considered to represent a pot@ngialeoplastic lesion with strong relevance to
carcinogenicity, but severity grades were not amesig

Both NTP (1998) and the PWG (2009) concluded tkaalrcell adenomas were
increased in the high exposure male rats comparedritrols. The PWG (2009) considered
both preneoplastic and neoplastic lesions togethémreported that when these effects were
combined, the incidence values were similar betwesated and control rats. In this
determination, the PWG (2009) applied differentecra that distinguished between reactive
tubular hyperplasia (associated with CPN) and agfgubule hyperplasia (deemed as
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preneoplastic). The PWG (2009) concluded that aahexs and ATH were present in kidneys
that showed advanced CPN. Furthermore, they steghtsat accelerated tubular cell
degeneration and regeneration associated with C&#Nilkely responsible for the development
of most proliferative lesions. The PWG (2009) oaded that THF-induced exacerbation of CPN
was not considered to be contributory because gwEiICPN was similar between treated and
control rats. Additionally, the PWG (2009) repstated that there was no evidence of early
tumor occurrence or of tumor progression to cariao

The report indicated that the PWG did not obsersmlogical changes associated with
az-globulin nephropathy in the chronic NTP (1998) @arbioassay slides. However, the PWG
(2009) report did note that hyaline droplets westedted in the tubular epithelium of high
exposure male rats in the subchronic 14-week stualythat similar results were observed in
control males. The PWG (2009) also concurred tigresults of the BASF 4-week inhalation
study. Specifically, hyaline droplets were incehg the proximal tubules and hot spots of
accelerated cell proliferation were identified ne tcortex of male rats exposed to 1800 ppm THF
for 20 days They also noted that immunohistochegneinfirmed that the hyaline droplets
containeday-globulin following the 4-week inhalation exposuréhe PWG (2009) concluded
that these slight increases in cell proliferatisaaciated withu, ~-globulin may have contributed
to the development of adenomas in male rats exposin@ high THF concentration in the
chronic cancer bioassay.

The PWG (2009) report concluded that given the mtxsef data demonstrating
statistically significant differences in tumors gme@éneoplastic lesions, and the assertion that two
mechanisms (CPN arud-globulin) likely resulted in the proliferative chges observed in the
kidney, which have no known counterpart in huméme formation of renal tubule adenomas in
the 2-year carcinogencity THF study (NTP, 1998)éhaw relevance to humans.

EPA Response to Comment€EPA agreed with the peer reviewers’ comments antiroges to
conclude that the mode of carcinogenic action &patocellular and renal tumors is largely
unknown. Additional discussion of the role of CPMIZATH in the development of kidney
tumors in male rats observed following exposur&Hid- has been included in Section 4.7.3.1.
EPA disagrees with the characterization in the P{&@9) report that renal tubule hyperplasia
in the NTP reports is a non-specific term for atiants of tubular hyperplasia and with the
approach by the PWG (2009) of combining ATH witloplastic kidney findings for statistical
analyses. There was no difference in the incidenseverity of CPN in male rats of the NTP 2-
year carcinogenicity study on THF (both the con&madl high-dose groups have 13 males with
end-stage kidneys). Although THF did not exacerligvelopment of CPN, it was postulated
that it may have exacerbated the development difgnative lesions within CPN-affected tissue.
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Specifically, against a background of nephropakia was uniform across all groups, there were
more renal tubular tumors in treated rats thaméndontrols, and those in the higher doses were
larger in size. Consideration should be giverntrbbustness and the gender specificity of the
renal tumor responsé hus, EPA concluded that the male rat kidney tunaane relevant to
humans and that the mode of action for these tulms ot been established.

Comments A commenter asked why, after concluding in Sect@.1 of the external peer
review draft Toxicological Review that “quantitaéianalyses may be useful for providing a
sense of the magnitude of potential carcinogesic rEPA neglected to revisit this issue after
the quantitative cancer assessment was compléteel commenter also questioned why EPA
didn’t provide greater specificity by discussingatthe quantitative results may mean in terms
of magnitude of potential carcinogenic risk and thilee the results appear sensible for the data.
The commenter added that quantitative risk assegssheuld be reserved for substances where
the evidence provides a greater scientific basisdocern, such as human evidence or a
confirmed genotoxic mechanism, or at least a ¢Jedefined and established carcinogenic
response in multiple test species. The commefgemeted that THF has not been shown to be
carcinogenic in humans and has not been confirmegtaotoxic. The commenter added that the
male rat renal tumors should not be consideredaaleto humans and the hepatic tumors are
significantly increased only in the high dose feemalice. Based on these considerations, in
addition to the absence of any indication of ageeteent susceptibility, the commenter
concluded that the application of linear dose-respaxtrapolation results in an unduly
conservative and implausible cancer potency estifeatTHF that is comparable in value to two
known human carcinogens, namely benzene and vingtide.

EPA Response to Commentsin accordance with peer reviewer comments, E®#icued to
present a quantitative cancer assessment. Semnsespto comments under Charge Questions
D1 for discussion of the cancer descriptor andahtm perform a quantitative analysis, D2 and
D3 regarding modes of action and relevance to hsgpreard D4 for issues regarding the IUR
calculation and extrapolation approach.

Comments A commenter listed three studies (shown beldaj tvere not considered in the
draft THF Toxicological Review. Though not consittto likely materially affect the
conclusions, the commenter noted that the refesesiteuld be cited and discussed in the THF
Toxicological Review.

A-22 DRAFT — DO NOT CITE OR QUOTE



© 00N o 0ok~ WDN PP

e
w N Rk O

* Lehman (2005). Determination of the percutaneogsmbion of THF, in vitro, using
human cadaver skin model, PRACS Inst., Ltd. (unighbt report provided as #5
supporting document with the comments).

* Loureiro, AP; de Arruda Campos, IP; Gomes, OF}.R805) Structural
characterization of an etheno-2'-deoxyguanosine@ddodified by tetrahydrofuran.
Chem Res Toxicol 18(2):290-299.

* Hermida, SA; Possari, EP; Souza, DB; et al. (2@)eoxyguanosine,
2'-deoxycytidine, and 2'-deoxyadenosine adductdtieg from the reaction of
tetrahydrofuran with DNA bases. Chem Res Toxic@lr1927-936.

EPA Response to CommentsConclusions and summaries of the studies byieumet al.
(2005) and Hermida et al. (2006) have been add&ettion 4.5 (Genotoxicity Studies) and
Appendix C.2, respectively.
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APPENDIX B. BMD MODELING

The THF data sets considered for dose-responselmgdgclude both quantal and
continuous endpoints. EPA’'s BMDS version 2.0 (LEEBA, 2008 was used for the model fitting
and benchmark estimation.

Definition of the BMR and corresponding BMD and BMDL

Rationales for BMRs are provided in Section 5 (B&ch.1.2 for the RfD, Section 5.2.2
for the RfC, and Section 5.3.2 for the inhalationt wisk). For all of the quantal endpoints
analyzed here, cytomegaly and cancer incidenceBMi and BMDL values were defined
based on BMR values of 10% extra risk. For thdinaous endpoints, BMD and BMDL values
were defined using a BMR of 5% of the control mé&ardecreased pup body weight gain, and
10% of the control mean for increased liver weighor the selected models, additional analyses
were carried out for a 1 SD change in the meaxcdarparison purposes.

For all of the BMD values estimated as describes/apBMDL values were defined as
the 95% lower bound on the corresponding BMD. @iamfce intervals were calculated using a
profile likelihood method.

Model Selection
For each noncancer endpoint, EPA guidance (US EP@0b) was followed with regard
to the choice of model and BMDL to use as a POD:

1. Models with an unacceptable fit (including consatem of local fit in the
low-dose region) are excluded.

2. If the BMDL values for the remaining models forigen endpoint are within
a factor of 3, no model dependence is assumedhantodels are considered
indistinguishable in the context of the precisidthe methods. The models
are then ranked according to the AIC, and the matalthe lowest AIC is
chosen as the basis for the BMDL.

3. If the BMDL values are not within a factor of 3,5se model dependence is

assumed, and the lowest BMDL is generally seleated reasonable
conservative estimate..
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For each cancer endpoint, the multistage modeloeasidered first. Models with stages
up to n-1, where n is the total number of groupsenapplied. Among those with goodness-of-
fit p-values >0.05, the model with the most parsimas fit was selected, based on whether
there was a statistically significant improvemanthie overall fit when each additional stage was
added to the model. If no adequate fits for a eapadpoint had been obtained with the
multistage model, the suite of dichotomous modeBMDS woud have been considered, but
this step was not necessary.

Table B-1. BMD modeling results for pup body weighgain in the Wistar
rat two-generation reproductive toxicity study

p_
Value/degre BMD gp BMDL gp BMD g o5 BMDL ¢ 05
Endpoint and model AIC? |e of freedon (mg/kg-day)| (mg/kg-day)| (mg/kg-day) (mg/kg-day)

Pup body weight gain F1 males, days—-4

Linear 159.3 0.90/3 728 549 457 355
Polynomial (2-degree) 161.1 0.80/2 552 357
Polynomial (3-degree) 161.1 0.78/1 539 357
Power (powepk1) 161.1 0.73/2 524 356
Pup body weight gain F1 females, days-14
Linear 179.1 0.75/3 923 658 513 376
Power (powepk1) 180.8 0.65/2 646 383
Polynomial (2-degree) 180.8 0.61/1 662 382
Pup body weight gain F2 males, days—-4
Linear 198.6 0.33/3 831 593 417 306
Power (powepk1) 199.8 0.24/2 571 320
Polynomial (2-degree) 199.9 0.22/1 602 318

Pup body weight gain F2 females, days-14

Linear (and higher 206.3 0.27/2 974 665 440 303
order polynomial
models), Power
(power >1)

®AIC = Akaike Information Criterion (see Appendix.B)
PBMDL = 95% lower bound of the BMD. Subscript degmthe specified benchmark response (BMR) level,
either 1SD from the control mean or 0.05 x (contnek&n).

Sources: Hellwig et al. (2002); BASF (1996).
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1 Pup Body Weight Gain, F1 Male Rats (Hellwig et al.2002; BASF, 1996)
2

Linear Model with 0.95 Confidence Level

18.5 I Linear ——— E

I

175 ] \ |

16.5 3 E

Mean Response

15.5 r 1

BMDL BMD

0 200 400 600 800 1000
dose

Polynomial Model.

BMDS Model Run

The form of the response function is:

Y[dose] = beta_0 + beta_1*dose + beta_2*dose”2 +

Dependent variable = Mean

Independent variable = Dose

rhois setto O

Signs of the polynomial coefficients are not res tricted
A constant variance model is fit

Total number of dose groups = 4

Total number of records with missing values = 0

Maximum number of iterations = 250

Relative Function Convergence has been set to: 1 e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
alpha = 2.1082
rho = 0 Sp ecified
beta 0= 17.8231
beta_1 = -0.00194978

Asymptotic Correlation Matrix of Paramet er Estimates
(*** The model parameter(s) -rho

have been estimated at a boundary point, or have been specified by the user,
and do not appear in the correlati on matrix )
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alpha beta_0 beta_1

alpha 1 1.7e-008 -7e-010

beta_0 1.7e-008 1 -0.69

beta_1 -7e-010 -0.69 1

Parameter Estimate S
95.0% Wald Confidence Interval
Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit

alpha 2.01936 0.301028 1.42935 2.60936
beta_0 17.8234 0.206968 17.4178 18.2291
beta_1 -0.00195114 0.000358764 -0.0026543 -0.00124798

Table of Data and Estimated Values of Interest

Dose N Obs Mean EstMean Obs Std De v Est Std Dev Scaled Res.
0 24 17.8 17.8 1.15 1.42 -0.0807

134 21 175 17.6 1.55 1.42 -0.2

381 22 17.2 171 1.43 1.42 0.396

1071 23 15.7 15.7 1.65 1.42 -0.114

Model Descriptions for likelihoods calculated

Model A1: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma"2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)*2

Model A3: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma”2
Model A3 uses any fixed variance parameters th at
were specified by the user

Model R: Yi=Mu + e(i)
Var{e(i)} = Sigma”"2

Likelihoods of Interest

Model  Log(likelihood) # Param's AIC
Al -76.516795 5 163.033591
A2 -74.898382 8 165.796764
A3 -76.516795 5 163.033591
fitted -76.625032 3 159.250064
R -89.411989 2 182.823978

Explanation of Tests

Test 1: Do responses and/or variances differ amon g Dose levels?
(A2 vs. R)
Test 2: Are Variances Homogeneous? (Al vs A2)
Test 3: Are variances adequately modeled? (A2 vs. A3)
Test 4. Does the Model for the Mean Fit? (A3 vs. fitted)
(Note: When rho=0 the results of Test 3 and Test 2 will be the same.)

Tests of Interest
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Test -2*log(Likelihood Ratio) Test df p-value
Test1 29.0272 6 <.0001
Test 2 3.23683 3 0.3565
Test 3 3.23683 3 0.3565
Test4 0.216473 2 0.8974
The p-value for Test 1 is less than .05. There app earsto be a
difference between response and/or variances among the dose levels

It seems appropriate to model the data

The p-value for Test 2 is greater than .1. A homog eneous variance
model appears to be appropriate here

The p-value for Test 3 is greater than .1. The mod eled variance appears
to be appropriate here

The p-value for Test 4 is greater than .1. The mod el chosen seems

to adequately describe the data

Benchmark Dose Computation

Specified effect = 0.05
Risk Type = Relative risk
Confidence level = 0.95
BMD = 456.743
BMDL = 354.564
Specified effect = 1
Risk Type = Estimated standard deviation s from the control mean
Confidence level = 0.95
BMD = 728.313
BMDL = 548.965
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1 Pup Body Weight Gain, F1 Female Rats (Hellwig et gl2002; BASF, 1996)

Linear Model with 0.95 Confidence Level
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Polynomial Model

BMDS Model Run

The form of the response function is:

Y[dose] = beta_0 + beta_1*dose + beta_2*dose”2 +

Dependent variable = Mean

Independent variable = Dose

rho is set to O

Signs of the polynomial coefficients are not res tricted
A constant variance model is fit

Total number of dose groups = 4

Total number of records with missing values = 0

Maximum number of iterations = 250

Relative Function Convergence has been set to: 1 e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
alpha=  2.56358
rho = 0 Sp ecified
beta 0=  17.479
beta_1 = -0.00171244

Asymptotic Correlation Matrix of Paramet er Estimates
(*** The model parameter(s) -rho

have been estimated at a boundary point, or have been specified by the user,
and do not appear in the correlati on matrix )
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alpha 1 3e-009 -5.8e-010
beta_0 3e-009 1 -0.69
beta_1 -5.8e-010 -0.69 1
Parameter Estimate S
95.0% Wald Confidence Interval
Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit
alpha 2.4664 0.365643 1.74975 3.18304
beta_0 17.4699 0.228021 17.023 17.9168
beta_1 -0.00170284  0.000396487 -0.00247994 -0.000925736

Table of Data and Estimated Values of Interest

Dose N Obs Mean EstMean Obs Std De v Est Std Dev Scaled Res.
0 24 17.3 17.5 1.47 1.57 -0.53

134 21 17.4 17.2 1.72 1.57 0.462

381 23 16.9 16.8 1.66 1.57 0.241

1071 23 15.6 15.6 1.56 1.57 -0.141

Model Descriptions for likelihoods calculated

Model A1: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma”2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)"2

Model A3: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma"2
Model A3 uses any fixed variance parameters th at
were specified by the user

Model R: Yi=Mu + e(i)
Var{e(i)} = Sigma"2

Likelihoods of Interest

Model  Log(likelihood) # Param's AIC
Al -86.288553 5 182.577106
A2 -85.974284 8 187.948568
A3 -86.288553 5 182.577106
fitted -86.575503 3 179.151006
R -94.973257 2 193.946514

Explanation of Tests

Test 1: Do responses and/or variances differ amon g Dose levels?
(A2 vs. R)
Test 2: Are Variances Homogeneous? (Al vs A2)
Test 3: Are variances adequately modeled? (A2 vs. A3)
Test 4: Does the Model for the Mean Fit? (A3 vs. fitted)
(Note: When rho=0 the results of Test 3 and Test 2 will be the same.)

Tests of Interest

Test -2*log(Likelihood Ratio) Test df p-value
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Test1 17.9979 6 0. 006237

Test 2 0.628539 3 0.8899

Test 3 0.628539 3 0.8899

Test 4 0.5739 2 0.7505
The p-value for Test 1 is less than .05. There app earsto be a
difference between response and/or variances among the dose levels

It seems appropriate to model the data

The p-value for Test 2 is greater than .1. A homog eneous variance
model appears to be appropriate here

The p-value for Test 3 is greater than .1. The mod eled variance appears
to be appropriate here

The p-value for Test 4 is greater than .1. The mod el chosen seems

to adequately describe the data

Benchmark Dose Computation

Specified effect = 0.05
Risk Type = Relative risk
Confidence level = 0.95
BMD = 512.964
BMDL = 375.515
Specified effect = 1
Risk Type = Estimated standard deviation s from the control mean
Confidence level = 0.95
BMD = 922.271
BMDL = 657.753
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1 Pup Body Weight Gain, F2 Male Rats (Hellwig et al.2002; BASF, 1996)

Linear Model with 0.95 Confidence Level
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Polynomial Model.

BMDS Model Run

The form of the response function is:

Y[dose] = beta_0 + beta_1*dose + beta_2*dose”2 +

Dependent variable = Mean

Independent variable = Dose

rho is set to O

Signs of the polynomial coefficients are not res tricted
A constant variance model is fit

Total number of dose groups = 4

Total number of records with missing values = 0

Maximum number of iterations = 250

Relative Function Convergence has been set to: 1 e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
alpha = 3.1932
rho = 0 Sp ecified
beta 0=  17.779
beta_1 = -0.00216123

Asymptotic Correlation Matrix of Paramet er Estimates
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(*** The model parameter(s) -rho
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have been estimated at a boundary point, or have been specified by the user,
and do not appear in the correlati on matrix )

alpha beta_0 beta_1

alpha 1 9.1e-010 1.5e-010
beta_ 0 9.1e-010 1 -0.71
beta_1 1.5e-010 -0.71 1
Parameter Estimate S
95.0% Wald Confidence Interval
Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit

alpha 3.12675 0.466108 2.21319 4.0403

beta_0 17.7486 0.262989 17.2331 18.264

beta_1 -0.00212706  0.000493474 -0.00309425 -0.00115987

Table of Data and Estimated Values of Interest

Dose N Obs Mean EstMean Obs Std De v Est Std Dev Scaled Res.
0 24 17.4 17.7 1.56 1.77 -0.966

129 20 17.9 17.5 1.98 1.77 1.08

385 23 17 16.9 1.94 1.77 0.191

974 23 15.6 15.7 1.67 1.77 -0.208

Model Descriptions for likelihoods calculated

Model A1: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma”2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)"2

Model A3: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma"2
Model A3 uses any fixed variance parameters th at
were specified by the user

Model R: Yi=Mu + e(i)
Var{e(i)} = Sigma"2

Likelihoods of Interest

Model  Log(likelihood) # Param's AIC
Al -95.200286 5 200.400571
A2 -94.325125 8 204.650249
A3 -95.200286 5 200.400571
fitted -96.299723 3 198.599446
R -104.744931 2 213.489861

Explanation of Tests

Test 1: Do responses and/or variances differ amon g Dose levels?
(A2 vs. R)
Test 2: Are Variances Homogeneous? (Al vs A2)
Test 3: Are variances adequately modeled? (A2 vs. A3)
Test 4: Does the Model for the Mean Fit? (A3 vs. fitted)
(Note: When rho=0 the results of Test 3 and Test 2 will be the same.)
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Tests of Interest

Test -2*log(Likelihood Ratio) Test df

Test 1 20.8396 6 0
Test 2 1.75032 3
Test3 1.75032 3
Test 4 2.19888 2

The p-value for Test 1 is less than .05. There app
difference between response and/or variances among
It seems appropriate to model the data

The p-value for Test 2 is greater than .1. A homog
model appears to be appropriate here

The p-value for Test 3 is greater than .1. The mod
to be appropriate here

The p-value for Test 4 is greater than .1. The mod

to adequately describe the data

Benchmark Dose Computation

Specified effect = 0.05
Risk Type = Relative risk
Confidence level = 0.95
BMD = 417.21
BMDL = 306.394
Specified effect = 1
Risk Type = Estimated standard deviation
Confidence level = 0.95
BMD = 831.318
BMDL = 593.354

B

p-value

.00196
0.6258
0.6258
0.3331

ears to be a
the dose levels

eneous variance

eled variance appears

el chosen seems

s from the control mean
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1 Pup Body Weight Gain, F2 Female Rats (Hellwig et gl2002; BASF, 1996)
2

Linear Model with 0.95 Confidence Level
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Polynomial Model

BMDS Model Run

The form of the response function is:

Y[dose] = beta_0 + beta_1*dose + beta_2*dose”2 +

Dependent variable = Mean

Independent variable = Dose

Signs of the polynomial coefficients are not res tricted

The variance is to be modeled as Var(i) = exp(la Ipha + log(mean(i)) * rho)

Total number of dose groups = 4

Total number of records with missing values = 0

Maximum number of iterations = 250

Relative Function Convergence has been set to: 1 e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
lalpha= 1.26529
rho = 0
beta 0 = 17.139
beta_1 = -0.00191944

Asymptotic Correlation Matrix of Paramet er Estimates

lalpha rho beta_0 beta_1
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lalpha 1 -1 0.018 -0.024
rho -1 1 -0.018 0.024
beta_0 0.018 -0.018 1 -0.67
beta_1 -0.024 0.024 -0.67 1
Parameter Estimate S

95.0% Wald Confidence Interval

Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit

lalpha 9.98254 10.5226 -10.6413 30.6064
rho -3.13077 3.76257 -10.5053 4.24372
beta_0 17.14 0.262826 16.6249 17.6552
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beta_1l -0.00194859  0.000537889

Table of Data and Estimated Values of Interest

Dose N Obs Mean EstMean Obs Std De

0 24 17.2 17.1 15
129 19 171 16.9 1.62
385 23 16 16.4 241
974 23 15.4 15.2 1.84

Model Descriptions for likelihoods calculated
Model A1: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma"2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)*2

Model A3: Yij = Mu(i) + e(ij)
Var{e(ij)} = exp(lalpha + rho*In(Mu(i)))
Model A3 uses any fixed variance parameters th
were specified by the user
Model R: Yi=Mu + e(i)
Var{e(i)} = Sigma”"2
Likelihoods of Interest

Model  Log(likelihood) # Param's

Al -98.759122 5
A2 -95.606538 8
A3 -96.919491 6
fitted -99.134279 4
R -105.763005 2

Explanation of Tests

Test 1: Do responses and/or variances differ amon
(A2 vs. R)
Test 2: Are Variances Homogeneous? (Al vs A2)

Test 3: Are variances adequately modeled? (A2 vs.

Test 4. Does the Model for the Mean Fit? (A3 vs.
(Note: When rho=0 the results of Test 3 and Test

Tests of Interest

13

-0.00300284

v Est Std Dev Scaled Res.

1.72 0.171
1.76 0.523
1.85 -1.01
2.07 0.366

at

AIC
207.518244
207.213077
205.838983
206.268557
215.526009

g Dose levels?

A3)
fitted)
2 will be the same.)

-0.000894352
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Test -2*log(Likelihood Ratio) Test df p-value
Test1 20.3129 6 0. 002436
Test 2 6.30517 3 0 .09767
Test 3 2.62591 2 0.269
Test4 4.42957 2 0.1092
The p-value for Test 1 is less than .05. There app earsto be a
difference between response and/or variances among the dose levels

It seems appropriate to model the data

The p-value for Test 2 is less than .1. A non-homo geneous variance
model appears to be appropriate

The p-value for Test 3 is greater than .1. The mod eled variance appears
to be appropriate here

The p-value for Test 4 is greater than .1. The mod el chosen seems
to adequately describe the data

Benchmark Dose Computation

Specified effect = 0.05
Risk Type = Relative risk
Confidence level = 0.95
BMD = 439.805
BMDL = 303.273
Specified effect = 1
Risk Type = Estimated standard deviation s from the control mean
Confidence level = 0.95
BMD = 973.747
BMDL = 664.723

B
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Table B-2. BMC® modeling results for noncancer effects resultingém
subchronic inhalation exposure to THF

Male mice: liver weight

Model AIC p-value | BMCist | BMCL st | BMCo® | BMCL o
Power (unrestricted) -190.1 0.81 374 80 783 246
Hill -189.0 0.55 607 275 1030 502
Linear (and higher order polynomials)  -189. 0.53 129 710 1390 1110
Male mice: centrilobular cytomegaly

Model AIC p-value BMCi; |BMCL ¢
Gamma, Weibull (powerl) 22.72 1.0 948 266
Log-logistic (slope>1) 22.72 1.0 948 322
Logistic 23.04 0.66 1138 645
Multistage, degree 2 (coefficiertd) 20.86 0.93 805 256
Probit 22.89 0.75 1061 602
Log-probit 22.72 1.0 948 358

aConcentrations used in the modeling were the HE®@sg/nT.

PEor the liver weight endpoints, BM@BMCL ; refers to 10% relative increase in control val&er liver
pathology, BMGyBMCL 4 refers to 10% extra risk in incidence of centriltély cytomegaly.

Source: Based on data from NTP (1998).
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1 Liver Centrilobular Cytomegaly, Male Mice (NTP, 1998)
2

Multistage Model with 0.95 Confidence Level
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Polynomial Model
BMDS MODEL RUN
The form of the probability function is:
P[response] = background + (1-background)*[1-EXP (
-betal*dose”1-beta2*dose”2)]
The parameter betas are restricted to be positiv e

Dependent variable = incidence
Independent variable = dose

Total number of observations = 3

Total number of records with missing values = 0
Total number of parameters in model = 3

Total number of specified parameters = 0
Degree of polynomial = 2

Maximum number of iterations = 250
Relative Function Convergence has been set to: le- 008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
Background = 0
Beta(1) = 0
Beta(2) = 1.76579e-007
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Asymptotic Correlation Matrix of Paramet

( *** The model parameter(s) -Backgroun
have been estimated at a boundary
do not appear in the correlation matrix )

Beta(2)
Beta(2) 1
Parameter Estimates
Variable Estimate Std.
Background 0 N
Beta(1) 0 N
Beta(2) 1.62776e-007 7.75991e

NA - Indicates that this parameter has hit a bound
implied by some inequality constraint and thus
has no standard error.

Analysis of Deviance Table

Model  Log(likelihood) Deviance Test D
Full model -9.35947
Fitted model -9.43218 0.145417
Reduced model -17.3975 16.076

AIC: 20.8644

Goodness of Fit

Dose Est._Prob. Expected Observed

0.0000 0.0000 0.000 0
948.0000 0.1361 1.361 1
2634.0000 0.6768 6.768 7
Chi-square = 0.14 DF=2 P-value

Benchmark Dose Computation

Confidence level = 0.95

Specified effect = 0.1

Risk Type =  Extrarisk
BMD = 804.532
BMDL = 255.8

B

er Estimates

d -Beta(l)
point, or have been specified by the user, and

Err.
A
A
-008
F  P-value
2 0.9299
2 0.000323

10 0.000

10 -0.307

10 0.106
=0.9345
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1 Absolute liver weight, male mice, NTP (1998)
2

Power Model with 0.95 Confidence Level

T T T T T T

2.1 . Power _— ]

1.9 o 1

Mean Response

//
1.6 - b
15 F  BMDL . BMD . . . ]
0 500 1000 1500 2000 2500
dose
Power Model.

BMDS MODEL RUN

The form of the response function is:
Y[dose] = control + slope * dose”power

Dependent variable = MEAN
Independent variable = mg_cum_hec
rho is set to O

The power is not restricted

A constant variance model is fit

Total number of dose groups = 6

Total number of records with missing values = 0

Maximum number of iterations = 250

Relative Function Convergence has been set to: 1 e-008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
alpha= 0.0125082
rho = 0 Sp ecified
control = 1.613
slope = 0.0133873
power =  0.414725

Asymptotic Correlation Matrix of Paramet er Estimates

(*** The model parameter(s) -rho
have been estimated at a boundary poin t, or have been specified by the user,

OO0~ UTRWNIFR OO0~ UTRWNIF OO0~ UTRWNIFROOO~NOUTRW

B
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and do not appear in the correlati
alpha  control slope
alpha 1 -1.8e-009 -4.8e-009
control  -1.8e-009 1 -0.82
slope -4.8e-009 -0.82 1

power 6.2e-009 0.79 -1

Parameter Estimate

Variable Estimate Std. Err.
alpha 0.0113839 0.00213239

control 1.62729 0.032356
slope 0.00362732 0.00585053
power 0.5708 0.202297

Table of Data and Estimated Values of Interest

Dose N Obs Mean EstMean Obs Std De

0 10 1.61 1.63 0.117
35 10 1.67 1.65 0.0696
105 10 17 1.68 0.117
316 10 1.72 1.72 0.098
948 10 1.79 181 0.111

2634 7 1.96 1.95 0.159

Model Descriptions for likelihoods calculated
Model A1: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma”2

Model A2: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma(i)*2

Model A3: Yij = Mu(i) + e(ij)
Var{e(ij)} = Sigma"2
Model A3 uses any fixed variance parameters th
were specified by the user
Model R: Yi=Mu + e(i)
Var{e(i)} = Sigma"2
Likelihoods of Interest

Model  Log(likelihood) # Param's

Al 99.538919 7

A2 102.357731 12
A3 99.538919 7
fitted 99.053425 4
R 80.470340 2

Explanation of Tests

Test 1: Do responses and/or variances differ amon
(A2 vs. R)
Test 2: Are Variances Homogeneous? (Al vs A2)

Test 3: Are variances adequately modeled? (A2 vs.

Test 4: Does the Model for the Mean Fit? (A3 vs.
(Note: When rho=0 the results of Test 3 and Test

19

on matrix )
power
6.2e-009
0.79
-1

1

95.0% Wald Confidence Interval

Lower Conf. Limit Upper Conf. Limit

0.00720445 0.0155633
1.56387 1.69071

-0.0078395 0.0150941
0.174305 0.967294

v Est Std Dev Scaled Res.

0.107 -0.424
0.107 0.359
0.107 0.475
0.107 -0.0655
0.107 -0.585
0.107 0.287

at

AIC
-185.077839
-180.715462
-185.077839
-190.106851
-156.940680

g Dose levels?

A3)
fitted)
2 will be the same.)
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Tests of Interest

Test -2*log(Likelihood Ratio) Test df

Test 1 43.7748 10
Test 2 5.63762 5
Test3 5.63762 5
Test 4 0.970988 3

The p-value for Test 1 is less than .05. There app

difference between response and/or variances among

It seems appropriate to model the data

The p-value for Test 2 is greater than .1. A homog
model appears to be appropriate here

The p-value for Test 3 is greater than .1. The mod

to be appropriate here

The p-value for Test 4 is greater than .1. The mod
to adequately describe the data

Benchmark Dose Computation

Specified effect = 0.1

Risk Type = Relative risk

Confidence level = 0.95
BMD = 783.381

BMDL = 246.114

Specified effect = 1
Risk Type = Estimated standard deviation
Confidence level = 0.95

BMD = 373.946

BMDL = 79.9732

B

p-value

<.0001
0.3431
0.3431
0.8083

ears to be a
the dose levels

eneous variance

eled variance appears

el chosen seems

s from the control mean
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Table B-3. Summary of model selection and modelingsults for best-
fitting multistage models for cancer effects resuibg from chronic
inhalation exposure to THF

Goodness
Data Set Degree -
See Section of of-fit BMD 4, | BMDL 45 |Model selection
5.3.1., Model | df | p-value | LL" ¢ | (mg/m® | (mg/m® |rationale®

Female mouse¢ 1 1 0.95 |-86.4707 NR 51.7 35.2 |[Most parsimonious fit
hepatocellular 2 2 0.75 |-86.4345 0.07 61.4 354
tumors 3 2 0.76 |-86.4114 0.05 61.2 35.5
Male rat kidney 1 1 0.50 |-25.0786 NR 260 127  |Most parsimonious fit
tumors 2 2 0.38 |-25.0783 <0.1 268 127

3 2 0.43 |-25.0779 <0.1 273 127

 Adequate fit: goodness-of-fit p>0.05, scaleddeals <2.0, good fit near BMR, lack of extreme atiave not reflected in the observed
data.

P LL=Log-likelihood.

¢x?=2 x |(LL — LL;))|, where i and j are consecutive numbers of stagbe test was evaluated for 1 degree of freedtijn ¢* for 1 df at
a=0.05is 3.84.
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% Hepatocellular adenomas or carcinomas, female mi¢d\TP, 1998)

Multistage Cancer Model with 0.95 Confidence Level

Multistage Cancer
1 3 Linear extrapolation — 3

08 F 3

0.7 - 1

Fraction Affected

d
0s b/ j

0.4 3 E
0.3 3 ]
BMDL | BMD ) . . )
0 200 400 600 800
dose
Multistage Cancer Model
BMDS_Model_Run
The form of the probability function is:
P[response] = background + (1-background)*[1-EXP (
-betal*dose1)]
The parameter betas are restricted to be positiv e

Dependent variable = Effect
Independent variable = dose

Total number of observations = 4

Total number of records with missing values = 0
Total number of parameters in model = 2

Total number of specified parameters = 0
Degree of polynomial = 1

Maximum number of iterations = 250
Relative Function Convergence has been set to: le- 008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
Background = 0.461466
Beta(1) = 0.00214268

Asymptotic Correlation Matrix of Paramet er Estimates
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Background  Beta(l)

Background 1 -0.56
Beta(1) -0.56 1
Parameter Estimate s
95.0% Wald Confidence Interval
Variable Estimate Std. Err. Lower Conf. Limit Upper Conf. Limit
Background 0.473223 * * *
Beta(1) 0.00203941 * * *

* - Indicates that this value is not calculated.

Analysis of Deviance Table

Model  Log(likelihood) # Param's Devia nce Testd.f. P-value
Full model -86.1605 4
Fitted model -86.4707 2 0. 6204 2 0.7333
Reduced model -98.6187 1 24. 9164 3 <.0001

AIC: 176.941

Goodness of Fit

Scaled
Dose Est._Prob. Expected Observed Size Residual
0.0000 0.4732 17.509 17.000 37 -0.168
105.0000 0.5748 22.416 24.000 39 0.513
316.0000 0.7235 27.492 26.000 38 -0.541
948.0000 0.9238 40.647 41.000 44 0.201
Chi"2=062 df.=2 P-value = 0.7319
Benchmark Dose Computation
Specified effect = 0.1
Risk Type =  Extrarisk
Confidence level = 0.95
BMD = 51.6621
BMDL = 35.2535
BMDU = 84.4376
Taken together, (35.2535, 84.4376) isa 90 % tw o-sided confidence

interval for the BMD

Multistage Cancer Slope Factor = 0.0028366

B
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1 Renal adenomas or carcinomas, male rats (NTP, 1998)
2

Multistage Cancer Model with 0.95 Confidence Level

Multistage Cancer 1
07 F Linear extrapolation E
06 [ E
05 [ E
3 04 F 3
(s}
2
“q—: 4
§ o f '
2 E
I
w
0.2 3 _— E
01 [ E
0 3 E
BMDL , BMD R . L
0 200 400 600 800
dose

Multistage Cancer Model

BMDS_Model_Run

The form of the probability function is:

P[response] = background + (1-background)*[1-EXP (
-betal*dose1)]
The parameter betas are restricted to be positiv e

Dependent variable = Effect
Independent variable = dose

Total number of observations = 4

Total number of records with missing values = 0
Total number of parameters in model = 2

Total number of specified parameters = 0
Degree of polynomial = 1

Maximum number of iterations = 250
Relative Function Convergence has been set to: le- 008
Parameter Convergence has been set to: 1e-008

Default Initial Parameter Values
Background = 0.0998638
Beta(1) = 0.000398329

FROWOO~OUTRWNIFOWOO~NOUTRWNIFR OO0~ UTIRWNFROWO~OUTR W

Asymptotic Correlation Matrix of Paramet er Estimates
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Background  Beta(l)
Background 1 -0.7

Beta(1) -0.7 1

Parameter Estimate

Variable Estimate Std. Err.
Background 0.0903959 *
Beta(1) 0.000405707 *

* - Indicates that this value is not calculated.

Analysis of Deviance Table
Model  Log(likelihood) # Param's Devia
Full model -25.0322 4
Fitted model -25.0786 2 0.092
Reduced model -26.8314 1 35

AlC: 54.1573

Goodness of Fit

Dose Est._Prob. Expected Observed

0.0000 0.0904 1.085 1.000
105.0000 0.1283 0.770 1.000
316.0000 0.1998 4.197 4.000
948.0000 0.3808 4951 5.000

Chi*2=0.10 df.=2 P-value = 0.9520

Benchmark Dose Computation

Specified effect = 0.1

Risk Type =  Extrarisk

Confidence level = 0.95
BMD = 259.696
BMDL = 126.522
BMDU = 22854

Taken together, (126.522, 2285.4)isa90 % tw
interval for the BMD

Multistage Cancer Slope Factor = 0.000790379

95.0% Wald Confidence Interval
Lower Conf. Limit Upper Conf. Limit

* *
* *

nce Testd.f. P-value

9231 2 0.9546
9837 3 0.3082

Scaled
Size Residual

12 -0.085
6 0.281
21 -0.107
13 0.028

o-sided confidence
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APPENDIX C. SUPPLEMENTAL INFORMATION

C.1. OTHER DURATION- OR ENDPOINT-SPECIFIC STUDIES
C.1.1. Acute Toxicity Studies

Oral

Hofmann and Oettel (1954) examined the effectsHf Tollowing oral exposure. Cats
(13), rabbits (12), and rats (62, strain and sexspecified) received oral doses (route not
specified) ranging from a single administratior8aint/kg (2,670 mg/kg) to 25 administrations
of 1 cni’kg (890 mg/kg). The authors reported that no fienal or histopathological damage to
the liver was observed. Also, no changes wererabedéan urine analysis, serum urea content, or
histopathology of the kidney.

Stasenkova and Kochetkova (1963) evaluated the aoxicity of THF administered by
gavage. White rats (10/group, sex and strain petified) received THF doses of 1, 1.5, 2, 3, 4,
or 5 g/kg by gavage as a solution in 2 mL of desdilwater. The rats received a total of six
doses. The rats were observed for clinical sigismaortality. Necropsy and histopathology of
major organs was conducted in animals that dieshguhe study exposure period. It does not
appear that histopathology was performed on thealsithat survived exposure. No mortality
was observed at a dose of 2 g/kg. However, a dio3e/kg resulted in 20% mortality, and
doses of 4-5 g/kg resulted in 90-100% mortalitgpeetively. Clinical signs of sedation,
including immobility, drowsiness, reduced respotwsexternal stimuli, and reduced respiratory
rate, were observed after 3—9 minutes of exposMiecous membranes appeared to have a
cyanotic discoloration. Histopathological lesiamsre observed in the stomach, brain, liver,
heart, spleen, and kidneys and included necrasesna, hemorrhage, and excess of blood or
fluid in the blood vessels or tissues.

Kimura et al. (1971) investigated the acute oraidity of THF in male Sprague Dawley
rats (6—12/group). The median lethal doseg) Dalues were estimated for four ages of rats:
newborns (24-48 hours old), 14 days old, youngtg80160 g), and older adult (300-470 g).
Single doses of THF (doses unspecified) were adteirgd by gavage; a microsyringe was used
for the newborn animals. The oral §fvalues for THF were estimated as 2.3 mL/kg for
14-day-old rats, 3.6 mL/kg for young adult ratsgd &2 mL/kg for older adult rats. The kP
values for the young animals were not statisticdifferent from the values for the older adult
rats.

Inhalation

Stoughton and Robbins (1936) tested the effecéswte inhalation exposure to THF in
both mice and dogs. Mice (10/group, strain andrexspecified) were exposed to THF
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concentrations of 0, 0.5, 1.0, 1.5, 2.2, or 3.0 Mm@, 36,050, 72,100, 108,150, 158,620, or
216,300 mg/m) for a single 2-hour exposure. The parameterkiated included the time
required for onset of anesthesia and the timedpiratory failure or death. At the end of the
2-hour exposure, the animals still alive were obseémuntil recovery or death. THF
concentrations of 2.2 mmol/L were 100% fatal; &sthconcentrations, time to onset of
anesthesia was 5-8 minutes and time to death wd&sl 3@inutes. The 1.0 mmol/L dose of THF
resulted in 50% mortality, with time to anesthe#i®&0 minutes and time to death of

109 minutes. No mortality was observed at a THfceatration of 0.5 mmol/L. Animals
surviving at the end of the exposure period reghthe ability to walk in 6—-8 hours following
exposure to THF. One dog (strain and sex not Bpdriwas anesthetized with THF and
maintained for 1.5 hours at a THF atmospheric commagon of 5-6%. During this exposure,
electroencephalogram (EEG), respiration, and bjmedsure were measured. Two days
following exposure, the dog was sacrificed and psied. Symptoms observed in the dog
included increased saliva and mucus flow, decregablwod pressure, stimulation of respiration,
and prolonged sleep up to 68 hours after expagopped. No gross abnormalities were
observed on autopsy.

Henderson and Smith (1936) exposed six rats (srainsex not specified) to increasing
concentrations of THF vapor for 1 hour. The exaetcentrations of THF vapor used were not
reported, but the authors noted that anesthesiamctat 6.47% THF. Two animals exposed to
just the anesthetic concentration for 30 minutesvered within 2 minutes after exposure. Two
rats that died within 24 hours of exposure had estegl, mottled lungs. One rat that initially
recovered but appeared ill 4 days later showedy tdtanges in the liver.

Hofmann and Oettel (1954) examined the effectsofeainhalation exposure to THF in
18 cats, 20 rabbits, 52 rats, and 150 mice. Tkesd strain of the animals were not specified.
Animals were exposed to THF vapors at concentratianging from 3,400—60,000 &m?®
(equivalent concentrations reported by the authere 10,000-193,000 mg#jn Exposure
regimens ranged from one 2-hour exposure to 30uB-&xposures. No additional information
was provided on exposure durations and concentiatid herefore, it is not possible to estimate
adjusted exposure concentrations. Liver functias assessed by using a bromosulfalein test
(decreased clearance of bromosulfalein from thedils indicative of liver dysfunction).

Kidney function was also assessed by urinalysissandm urea content. Blood cell count was
evaluated. Both the liver and kidney were evaldifiistopathologically. The authors reported a
slight, transient retention of bromosulfalein imrnadly following exposure to narcotic
concentrations of THF.

LaBelle and Brieger (1955) evaluated the effectacfte THF inhalation exposure in rats
and mice. Groups of eight male albino rats wepmsgd to a fixed concentration of THF for a
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single 4-hour exposure period. Those animals gimyiwere observed for 14 days. The range
of concentrations tested was not specified. Trosguure was repeated until the median lethal
concentration (L&) could be determined. In addition, groups of @hmtice (6/group, sex not
specified) were exposed continuously to saturatéd Yapor (approximately 47,000 ppm or
138,650 mg/m), and survival time was recorded. For mice, tamsurvival time following
exposure to saturated vapor was 41 minutes. $ntfa LG reported by the authors was
18,000 ppm (53,100 mgAn Narcosis was reported in rats prior to death.

Stasenkova and Kochetkova (1963) evaluated theteféd a single 2-hour inhalation
exposure to THF in white mice and rats (10/groem,and strain not specified). THF vapor was
generated by allowing it to evaporate from a fiftaper, so constant air concentrations were not
maintained for the duration of the exposure peribdr example, at the highest target
concentration of 180 mg/L, air concentrations i@ st chamber were reported as 140 mg/L
after 15 minutes and 65 mg/L after 2 hours. Basethe average of the measurements at
15 minutes and 2 hours, actual mean exposure ctoatiens were 0, 7, 13, 19, 27, 42, 73, 80,
and 103 mg/L (0, 7,000, 13,000, 19,000, 27,000@, 73,000, 80,000, and 103,000 my/m
Animals were evaluated for clinical signs and midsta Histopathological examination was
conducted on animals that died. The authors didnalicate whether histopathological
examinations were conducted on the animals thata&d exposure. In mice, the average
concentration of 19 mg/L resulted in 80% mortalagd 27 mg/L resulted in 100% mortality.
Rats were less sensitive to THF. The average otratmon of 42 mg/L resulted in 20%
mortality, and 80 mg/L resulted in 100% mortalifijhe animals displayed symptoms of sedation
and narcosis, including depressed activity, infgtled breathing, and reduced coordination of
movement. In addition, mucus membranes were paldhiish in color. Lesions observed in
lungs and bronchi included excess blood or flutsrea, perivascular hemorrhage, and catarrhal
condition of the mucus membrane. Histopatholodesibns were also observed in brain, liver,
kidney, and spleen, including excess blood or fledema, and dystrophic changes.

DuPont Haskell Laboratory (1979) conducted an aicutalation study of THF in order
to determine the highest concentration of THF Watld not produce narcosis in rats. ChR-CD
rats (6/sex/group) were exposed to THF concentratianging from 3,010-20,500 ppm (8,880—
60,475 mg/m) for a single 6-hour exposure period. Followingesure, all rats were weighed
daily and clinical signs were observed for 14 dajke authors determined that the nonnarcotic
concentration in male rats was 5,380 ppm (15,87mm)agnd in female rats was 5,700 ppm
(16,815 mg/r). During the exposure period, both male and femats demonstrated clinical
signs of pawing and scratching and decreased oespmnse to sound at all concentrations.
Male rats also exhibited signs of rapid respirgteomd females showed signs of paralysis. Based
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on clinical signs of CNS toxicity, the lowest expos concentration of 8,880 mgfiis the study
LOAEL.

Ohashi et al. (1983) evaluated the effects of akutalation exposure to THF on the
upper respiratory tract (nasal mucosa) of rabbigult rabbits (sex and number not specified)
were exposed to THF concentrations of 100, 25@,,2,000, 6,000, or 12,000 ppm (295, 738,
2,950, 5,900, 17,770, or 35,400 md)ror a single 4-hour exposure period. The rabbitse
sacrificed by air embolization, and their nasal osumembranes were obtained at 0, 20, 40, 60,
120, or 180 minutes following exposure. The meméesavere evaluated for ciliary beating
frequency and examined by scanning electron miomscNo other organs or systems were
evaluated. THF caused a dose-related decread&my beating frequency. Concentrations of
250 ppm caused about a 50% decrease in beat fregtret returned to normal within 3 hours
following exposure. Concentrations of 1,000 ppmadt completely eliminated ciliary beating,
and at these concentrations beat activity did etirn to normal. THF concentrations of
250 ppm resulted in the appearance of sporadic cantpcilia, but no other morphological
changes. Concentrations of 1,000, 2,000, and §p@0resulted in the increased incidence of
compound cilia and the vacuolation of epithelidls;endicating moderate degeneration. At
12,000 ppm THF, observations included many largepmund cilia, vacuolation, cytoplasmic
protuberances, and sloughing of the epitheliab¢celdicating severe degeneration. Based on
significant morphological changes to nasal epigieiélls, 1,000 ppm (2,950 mgis the
LOAEL and 250 ppm (738 mgfhis the NOAEL.

Horiguchi et al. (1984) evaluated the acute toyioit THF following inhalation exposure
in rats. Sprague-Dawley rats (6 males/group) wecka single 3-hour exposure to THF at
concentrations of 200, 1,000, 5,000, 10,000, 15,8800, or 30,000 ppm (590, 2,950, 14,750,
29,500, 44,250, 73,750, or 88,500 mi)imThe animals were observed for clinical signs of
toxicity, abnormal behavior, and mortality for 7@uns following exposure. The lkgvalue was
estimated to be 21,000 ppm (61,950 niiy/by using a probit method. Animals in the 200 ppm
group displayed signs of head shaking and face mwgsas well as patches of mild irritation on
nose, ears, and eyelids, and sleep. Symptomstafion increased with the exposure
concentration. At 5,000 ppm, animals displayednse salivation, tearing, and bleeding from
the nose. In addition, animals developed cloniscteuspasms, had altered respiratory patterns,
and became comatose about 1 hour following thé st@xposure. All animals in the
25,000 ppm group died within 72 hours following egpre. No information was provided
regarding the observations in other dose grouse® on clinical signs of irritation and
neurotoxicity, the concentration of 5,000 ppm (58, ng/m) is the LOAEL in this study.

Ikeoka et al. (1988) investigated the effects aftadnhalation exposure to THF on the
lower respiratory tract (tracheal mucosa) of rabbg a follow-up to the earlier study by Ohashi
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et al. (1983). Adult rabbits (sex and number peicified) were exposed to THF at
concentrations of 100, 250, 1,000, 2,000, 6,0002¢000 ppm (295, 738, 2,950, 5,900, 17,770,
or 35,400 mg/r) for a single 4-hour exposure period. The autk@sot state if a control

group was also included. The rabbits were saedfigy air embolization, and their tracheal
mucosa membranes were obtained at 0, 20, 40, 60pt280 minutes following exposure. The
membranes were evaluated for ciliary beating fraquend examined by scanning electron
microscopy. No other organs or systems were etedual HF caused a dose-related decrease in
ciliary beating frequency. Concentrations of 2pnpcaused about a 50% decrease in beat
frequency that returned to normal within 3 houlfofeing exposure. Concentrations of

1,000 ppm almost completely eliminated ciliary loegtand at these concentrations beat activity
did not return to normal within 3 hours. Compourfdh, ballooning, and vacuolation of tracheal
epithelial cells were observed in the high-conadmin group. However, the areas of severe
degeneration observed in the nasal epitheliumviatig the same exposure protocol were not
observed in the trachea in the current study. éfffexts on the tracheal morphology were mild
compared with those observed in nasal epitheliu®@hbgshi et al. (1983). Based on tracheal
histopathology, 12,000 ppm (35,400 md)iis the LOAEL and 6,000 ppm (17,770 md)ris the
NOAEL.

Dermal

Stasenkova and Kochetkova (1963) evaluated theteftd THF application to the skin
of white mice (20, strain and sex not specified) eabbits (hnumber, sex, and strain not
specified). Pure THF (1 mL) was applied to thensirabbits. THF caused reddening of the
skin, which subsequently thickened and sloughed Btfre THF applied to the eyes of rabbits
caused edema of the eyelid, vasodilation, and ebopacity. The tails of mice were immersed
in pure THF for 2 hours. This treatment resultedniortality, symptoms typical of THF
poisoning, as well as excess blood or fluid anddreinage of internal organs.

C.1.2. Short-term Studies
Oral

Komsta et al. (1988) reported the results of atsteom oral toxicity study of THF in
rats. Sprague-Dawley rats (10/sex/group) were agtered THF in drinking water at
concentrations of 0, 1, 10, 100, or 1,000 mg/L4&aveeks. The equivalent doses estimated by
the study authors based on measured water consamastd body weights were 0, 0.1, 0.8, 10.2,
and 95.5 mg/kg-day. Clinical signs, body weighihgand food and water consumption were
evaluated weekly. Following the exposure peribd,animals were sacrificed and examined at
gross necropsy. Organ weights were obtained finpheart, liver, spleen, and kidney. Blood
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was collected for hematology and serum chemistayuation. A selection of tissues from the
control and high-dose group was evaluated histapagically.

There was no increase in mortality in any of theedgroups, and no clinical signs were
observed in any of the treated animals. In additomdy weight gain and food and water
consumption were not significantly different betwereated and control animals. No changes in
hematology or serum chemistry were observed intddeanimals. Some sporadic observations
of histopathological changes were observed intiieotd, liver, and kidney; however, the
incidence for these findings was comparable inétand control animals. Male rats in the
high-dose group demonstrated a higher incidenaecoased cytoplasmic homogeneity in liver
compared with controls (3/10 and 7/10 for contrad &igh-dose animals, respectively). No
changes in any of the biochemical parameters etedlugere observed. Female rats showed an
increased incidence of anisokaryosis (unequaldizell nuclei) in the liver (0/10 and 7/10 for
control and high-dose animals, respectively) atdlar cytoplasmic inclusions in the kidney
(0/10 and 3/10 for control and high-dose animaspectively). The authors did not conduct a
statistical analysis of the incidence data. Initaoltl histopathology was not performed on the
lower dose groups, so it is not possible to evaltia dose-response relationship for these
endpoints. The study authors concluded that THiimking water at doses up to 1,000 mg/L
did not produce overt toxicity. Komsta et al. (89@lso indicated that the effects observed at
the high dose of THF were considered mild and adajgind could not be related to any
functional changes (i.e., altered biochemical patans).

Pozdnyakova (1965) evaluated the effects of sleont-exposure to THF in drinking
water. White mice (number, sex, and strain noti§iee) received THF in the drinking water at
concentrations of 40 and 100 mg/L for 45 days. eMicthe high-dose group exhibited
decreased body weight, paralysis of hind legs,dewtosis, and decreased hemoglobin. No
significant changes were observed in the low-dosap No additional information was
provided about the study.

In the same study report, Pozdnyakova (1965) exp@8aabbits (sex and strain not
specified) and 50 white rats (sex and strain netigigd) to THF in drinking water at doses of
10 and 20 mg/kg. The study was classified as behngnic in duration by the study authors;
however, the actual duration of exposure was netifipd. Rabbits in the high-dose group
exhibited a change in cholinesterase activity nangiase in prothrombin time, and a low serum
antibody titer compared with controls. Rats in high-dose group showed a reduction in BW
and a change in serum albumin content. No additimfiormation was provided in the study.
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Inhalation

Horiguchi et al. (1984) evaluated the ability of Fkb irritate the respiratory tract
following short-term inhalation exposure to THF.al Sprague-Dawley rats (3—6/group) were
exposed to 0, 100, or 5,000 ppm (0, 295, or 14(#§0n) THF vapor for up to 3 weeks. No
information was provided on the duration of eacpasxre period or the number of days/week
the animals were exposed, and therefore duratiprsted exposure concentrations could not be
calculated. A single animal was randomly seleétech each exposure group 1 day, 1 week, and
3 weeks following the start of exposure. The afsmgere sacrificed the next day (24 hours
later) and the respiratory tract mucous membrarseeextracted and prepared for histological
examination. No differences were observed betweeracheal mucosa of the treated groups
and the controls following 1 day or 1 week of expes By 3 weeks of exposure, the tracheal
mucosa of animals in the high-concentration groupleted disordered cilia and epithelial cells
and darkening of cell bodies compared with cordromals. Also, by 3 weeks of exposure, the
nasal mucosa of animals in the low-concentrati@ugr(100 ppm) exhibited the same type of
changes described above for the tracheal mucagadesordered cilia and epithelial cells and
darkening of cell bodies) without significant higadhological effects. The nasal mucosa of
animals exposed to 5,000 ppm for either 1 weekwe&ks, however, demonstrated disruption
of the epithelial architecture, congestion, andiglong of ciliary and goblet cells, in addition to
vacuolation and darkening of cell bodies. Basethese effects at the nasal mucosa, the
LOAEL is determined to be 5,000 ppm and the NOA&LOO ppm.

Stasenkova and Kochetkova (1963) evaluated the-sdran effects of THF inhalation in
male rats and mice (20/group; strain not specifié)e animals were exposed for 2-hour
periods, twice a day, every day for 2 months taaircentrations of THF ranging from 6 to
8 mg/L (6,000-8,000 mg/in However, THF vapor was generated by allowirtg ivaporate
from a filter paper, so constant air concentratese not maintained for the duration of each
exposure period. Animals were evaluated for ciihgigns, mortality, and body weight.
Endpoints evaluated included the threshold of nauszular irritability (method of
measurement was not specified), arterial bloodspires blood cell counts, liver function
(measured by synthetic capacity), and kidney famc{measured by albumin in urine). After
2 months, the animals were sacrificed and histapagiical examination of major organs was
conducted.

All animals developed symptoms of narcosis durlregéxposure; however, this effect
was not observed during the periods between expssBy day 40 of exposure, treated rats had
reduced body weight compared with controls. Atehd of the 2-month study period, mean
body weights of treated rats was 30% less tharraisntin addition, treated rats had a lower
threshold of neuromuscular irritability than comstoNo effects in rats were observed on blood
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pressure, blood cell count, or liver or kidney flimie. Histopathological lesions in the
respiratory tract included catarrhal rhinitis, bebitis, proliferative reaction in lungs,
emphysema, and hypertrophy of muscle fibers inmthkés of the bronchi. Histopathological
lesions, including hypertrophy of muscle fibers aedivascular sclerosis, were observed in the
heart, liver, and kidneys. Incidence data werepnovided for any of these histopathological
findings.

Treated mice initially developed symptoms of eyd sespiratory tract irritation and had
an increase in the threshold of neuromusculaability compared with controls. After 1 month
of treatment, mortality in mice increased. Thehaus indicated that mice died of bronchial
pneumonia. It was not clear if mortality in con$ravas increased and if the bronchial
pneumonia was a cause of THF treatment or a batitefection in the mice. The mice still
living at the end of the 2-month treatment periad b 15-20% decrease in body weight
compared with controls. No information was prodds the results of other endpoints
evaluated in mice. Because of poor reporting sf$tudy, no NOAEL-LOAEL can be
determined.

C.1.3. Neurotoxicity Studies

DuPont Haskell Laboratory (1996a), published ingber-reviewed literature as Malley
et al. (2001) investigated the neurotoxicity ofteamhalation exposure to THF in rats. Crl:CD
BR rats (12/sex/group) were exposed to THF vapooatentrations of 0, 500, 2,500, or
5,000 ppm (0, 1,475, 7,375, or 14,750 my/for a single 6-hour exposure (designated as test
day 1). The animals were then observed for 2 wesksving exposure. Clinical signs, body
weight, and food consumption were evaluated weeklye response to an alerting stimulus was
determined as a group for each exposure concentradrior to the start of exposure and
approximately 2 and 4 hours after initiation of egpre. All rats were evaluated for
neurobehavioral effects. Motor activity assesssiant functional observational battery (FOB)
assessments were conducted before exposure apdtatays 2, 8, and 15. For the motor
activity assessments, animals were individualljeg e an automated activity monitor that
measured both duration of continuous movementsiantber of movements. The FOB
assessment consisted of a series of quantifiedvi@bbevaluations conducted in a sequence
that proceeded from the least interactive to thetnmberactive. During the FOB assessment,
each rat was evaluated in three environmentsdentie home cage, on removal from the home
cage while being handled, and in a standard odsh direna.

Exposure to 2,500 ppm THF appeared to have anteffeesponse to alerting stimulus
in rats. Six of 24 rats in the 2,500 ppm group aatiminished response after 2 hours of
exposure, and all 24 rats in this group had dirhimisresponse after 4 hours of exposure. Half
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the rats in the 5,000 ppm group had diminishedaesg after 2 hours of exposure, and all of the
rats had either no response or diminished resporstemulus after 4 hours of exposure. Other
signs of sedation in the high concentration grawgtuded a significant increase in the incidence
of lethargy and abnormal gait in both male and femats at 5,000 ppm. Male rats in the

5,000 ppm group had significantly decreased bodghteain and food consumption in the
interval between test day 1 and 2, although thekeeg were comparable to controls for the
remainder of the observation period. Several patara in the FOB were affected in the 5,000
ppm groups immediately following the exposure pegoly, including the righting reflex in
males and females, palpebral closure in femalaseare of handling in females. The effects on
FOB parameters were not observed during test da§sa 15, suggesting that the sedative
effects of THF were short-lived. The LOAEL for $hétudy is 2,500 ppm (7,375 mgjmbased

on observations of sedative effects, and the NOAf this study is 500 ppm (1,475 mg)mn

DuPont Haskell Laboratory (1996b; Malley et al.Q2pinvestigated neurotoxicity
following subchronic inhalation exposure to THRats. Crl:CD BR rats (12—-18/sex/group)
were exposed to THF vapor at concentrations 000, 5,500, or 3,000 ppm (0, 1,475, 4,425, or
8,850 mg/m) 6 hours/day, 5 days/week over a 13- to 14-weglosure period. Clinical signs,
body weight, and food consumption were evaluateeklye Prior to the start of exposure and
approximately 2, 4, and 6 hours after initiatioregposure, the response to an alerting stimulus
was determined for the rats as a group for eachsexp concentration. All rats were evaluated
for neurobehavioral effects. Motor activity assesats and FOB assessments were conducted
before the first exposure and at 4, 8, and 13 weEks the motor activity assessments, animals
were individually tested in an automated activitgmtor that measured both duration of
continuous movements and number of movements.FO assessment consisted of a series of
guantified behavioral evaluations conducted inqusace that proceeded from the least
interactive to the most interactive. During theB-&sessment, each rat was evaluated in three
environments: inside the home cage, after remiowal the home cage while being handled,
and in a standard open field arena. Rats (6/sexpgrwere sacrificed after 13 weeks of
exposure, and tissue from the nervous system asdlenwas assessed histopathologically.

The only effects observed in this study appeardzktrelated to the acute sedative effects
of THF characterized by the study authors as dwefb@vioral sedation, which dissipates rapidly
upon termination of exposure (Malley et al., 200A)diminished response to alerting stimulus
during exposure was observed in male and femadandhe 1,500 and 3,000 ppm exposure
groups. In the 3,000 ppm group, diminished respeves observed consistently, beginning on
the second day of exposure. In the 1,500 ppm griupnished response was observed
sporadically from days 16 to 49 of exposure andplexl consistently on the remaining
exposure days. Diminished response was obsenazddipally from days 16 to 49 of exposure
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and observed consistently on the remaining expatays. Compound-related clinical signs,
including stained nose and stained/wet perineumg &kso observed in male and female rats in
the 1,500 and 3,000 ppm groups. These signs veer@served on Mondays prior to the start of
exposure for the week or on the days of the mattivity and FOB assessment. Therefore,
these signs were considered to be transient. fdotefwere observed on body weight, body
weight gain, food consumption, motor activity, asfithe parameters in the FOB, or
neuropathology in either male or female rats at@ncentration. Based on clinical signs of
sedation during exposure to THF, 1,500 ppm (4,486 is the study LOAEL, and the
NOAEL for this study is 500 ppm (1,475 mg)m However, the authors suggested that these
effects were transient.
Marcus et al. (1976) evaluated the neuropharmaaabgffects of THF administered by
i.p. injection. Male Sprague-Dawley rats (hnumbenip not specified) were implanted with
electrodes to facilitate continuous EEG recordingslF was administered by i.p. injection at
doses of 15 and 21 mmol/kg (1,156 and 1,619 mg/Rdfer a 2-minute latency period,
21 mmol/kg THF induced high amplitude slow waven\aist in the EEG, which lasted
2 minutes. The EEG pattern then changed to spamgelectrical silence, which lasted for
20 minutes. The altered EEG pattern was accomgdnyi¢oss of the righting reflex. A dose of
15 mmol/kg induced a desynchronization of the EEt#y without loss of the righting reflex.
In anin vitro study, THF caused a decrease in adenosine triphtesggh(ATPase) activity
and membrane fluidity in a dose-dependent mannan iassay using rat brain synaptosomes
(Edelfors and Ravn-Jonsen, 1992).

C.2. METABOLITE AND MECHANISTIC DATA AND OTHER STU DIES

C.2.1. Metabolite Studies

The nervous system is one of the primary targefd# toxicity. As discussed under
Metabolism (Section 3.3), the effects of THF on ileevous system may be due to its
metabolites, GBL and GHB. Major study findingstioeése compounds are briefly summarized
(Table C-1) to facilitate an evaluation of THF toky data, but a more detailed review is
available (NSF, 2003).

C
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Table C-1. Comparison of target organ toxicity forTHF and its metabolites

Target organ

THF

GBL

GHB

CNS

No effect in rat drinking water study
at 882 mg/kg-day. Narcosis obsery
in inhalation studies at estimated
systemic doses of 2,260 mg/kg-day
mice® and 5,822 mg/kg-day in réts

/L ethargy in rat and mice
sdbchronic gavage at 225 mg/k
day (NTP, 1992); EEG changes
lreginning at 50 mg/kg i.p. in
young rats in mode of action
studies (Takizawa et al., 2003)

Dizziness in human
ghinical studies at
512.5 mg/kg LOAEL
(Ferrara et al., 1999)

Liver

No effect in rat drinking water study
at 788 mg/kg-day. Increased absol
and relative liver weight in mice in t
inhalation study at estimated systen
dose of 753 mg/kg-day.

No effect in subchronic gavage
isteidy at 900 mg/kghay (rats) an
1,050 mg/kg-day (mice) (NTP,

11i692)

No data

Kidney

Increased kidney weight in rat
drinking water study at 714 mg/kg-
day.

No effect in subchronic gavage
study at 900 mg/kg-dayats) and
1,050 mg/kg-day (mice) (NTP,
1992)

No data

Thymus

No oral data. Decreased thymus
weight at 753 mg/kg-day and thymy
atrophy at 2,260 mg/kg-day in mou
inhalation study.

Thymus depletion at 262 mg/kg
day in mouse 2-year gavage
sstudy (NTP, 1992)

No data

BW

Minimally decreased body weight in
rat drinking water study at 714 mg/k
day.

Decreased body weight in rat 2
cgear gavage study at 450 mg/k
day and in mice at 262 mg/kg-
day (NTP, 1992)

HNo data
g-

Development

Decreased pup body weight gain,
delayed eye opening, and increase
incidence of sloped incisors at 782
mg/kg-day in rat drinking water stud
Fetal weight, skeletal alterations in
inhalation studies.

No effects in rat gavage at
(500 mg/kg-day (Kronevi et al.,
1988)

rat

No data

Reproductive

No effect in rat drinking water stud
on reproductive function or testes
weight at 788 mg/kg-day.

Yecreased testes weight in rat
gavage study at LOAEL of
667 mg/kg-day (Debeljuk et al.
1983)

No data

®For this cursory analysis, estimated systemic doaggs calculated from the inhalation studies assgriiD0%
absorption and EPA default parameter values foemgfollows: LOEL exposure concentration (nfj/m
default EPA ventilation rate (0.063%tay) x study exposure duration (6 hd@#shoursjdefault EPA BW
(0.037 kg) = mg/kg-day.
®For this cursory analysis, estimated systemic dagzs calculated from the inhalation studies asagriD0%
absorption and EPA default parameter values feraatfollows: LOEL exposure concentration (mi/mdefault
EPA ventilation rate (0.36 ffday) x study exposure duration (6 hdRéshours)default EPA BW (0.38 kg) =

mg/kg-day.

“No effects on thymus weight were observed in thev@8k study (NTP, 1992). Thymus histopathologthia
chronic study (NTP, 1992) was attributed by théharg to injuries secondary to fighting.

There is no specific organ toxicity informationlaling repeated human exposure to
GBL; however, chronic use of GBL as a drug of alzaselead to neurotoxicity, including
addiction, anxiety, depression, insomnia, and trefiderold and Sneed, 2002). The systemic
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toxicity of GBL has been investigated in a full 8ay bioassay in rats and mice that employed
gavage dosing (NTP, 1992). The most sensitiveeffieserved in these studies was clinical
signs of CNS toxicity (lethargy) with a NOAEL of 2Ing/kg-day in rats. The only other
treatment-related effect observed in rats and mve® for decreased body weight. NTP (1992)
also reported a statistically significantly incredsncidence of thymic depletion and epithelial
hyperplasia of the thymus in the mid- and high-dosée mice (0/42, 5/39, and 6/38 and 0/42,
4/39, and 4/38, respectively). The study authorsluded that the observed dose-related
increase in these nonneoplastic lesions was refatighting in the male mice. Specifically, the
depletion of lymphocytes in the thymus (often segh debilitation and stress in animals) was
most often observed in mice dying early as a regullounds received from fighting. The
relevance of the observed effects on the thymusirewncertain.

In other studies on GBL, no prenatal developmesgifakts were observed in rats at doses
up to 500 mg/kg-day (Kronevi et al., 1988), whikrkased testicular weight was reported in a
short-term reproductive study (Debeljuk et al., 39&ith a LOAEL of 667 mg/kg-day.

The oral toxicity data for GHB are primarily frorfirgcal studies in human subjects or
from case reports of oral poisonings. Transiertidess and a sense of dullness in 50% of
human subjects following a single oral dose of I2ddkg were observed by Ferrara et al.
(1999). Standardized measure of psychomotor pegnce was not affected at this dose
(Ferrara et al., 1999). Metcalf et al. (1966) mpd the effects of single oral doses of 35—

63 mg/kg GHB in volunteers. All participants refgal drowsiness during the experiment and
some participants receiving doses >50 mg/kg werdaed unconscious. Medical anesthetic
doses of GHB are typically in the range of 60 mgfiptto et al., 2001; Vickers, 1969; Root,

1965).

In the case of GHB, the dosing regimen seems tpaiamportant role on the induction
of CNS effects. The human clinical studies malataar that for the CNS effects of GHB, bolus
dosing regimens have an important effect. For g@tapas shown in Table C-2, large
differences in total daily dose did not show a gBigant change in overall response rate and
severity when the individual doses were similarlli@#erti et al., 1993, 1992). Furthermore,
the incidence of effects and their severity gemg@rresponds to the individual doses rather
than the total daily dose (Nimmerrichter et al.020Gallimberti et al., 1993).

C
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Table C-2. Comparative effects of single and mufpie daily dosing of GHB

Single dose|Maximum total daily

Reference (mg/kg) dose (mg/kg-day) Effect

Gallimberti et al. (1993) 25 300 Dizziness (5/41)

Gallimberti et al. (1992) 17 50 Dizziness (3/41)

Addolorato et al. (1998) 50 150 Vertigo and letlya80% of 109 patients)

Nimmerrichter et al. (2002) 10-20 50 Vertigo (9/31); majority after the double doss
Vertigo (17/33); seizure (1/33); disorientation

20-40 100 (1/33)—majority after the double dose
Scharf et al. (1998) 30 60 Altered brain wave sneaments during sleep

Peak doses rather than cumulative doses appe#dvéatide CNS response to
administration of GHB. The absence of observed ENi&:ts in the two-generation THF
drinking water study in rats (Hellwig et al., 20@ASF, 1996) at higher daily doses than the
daily gavage doses for GBL, which also caused Cigts (NTP, 1992), may reasonably be
explained by differences in exposure patterns. tiGoous drinking water exposures might not
result in sufficient peak levels of exposure touoel the CNS effect. Other explanations may
exist for the absence of reported CNS effects entwo-generation study including, for instance,
lack of a more detailed neurobehavioral evaluagioa other limitations in study design
including lack of sensitivity or suitability for atyzing neurotoxicity potential.

C.2.2. Mechanistic Studies
C.2.2.1. Cytotoxicity

THF was evaluated in a series of short-term irovdigssays to assess its potential for
cytotoxicity (Curvall et al., 1984): inhibition akell growth of ascites sarcoma BP 8 cells grown
as stationary suspension cultures, inhibition oflatve metabolism in isolated brown fat cells,
plasma membrane damage (leakage of a cytoplasmlieatide marker from prelabeled cells),
and ciliotoxicity as measured by time to ciliossasi cultures of trachea from unborn chickens.
To facilitate comparison of multiple chemicals, tlsults from each individual assay were
expressed as a percentage of control response¢l@mnthese percentages were converted to a
10-point scale where 0 corresponded to 0-9%. &#eanse observed in each of the individual
assays of THF was <10%. THF was scored O for eftie individual assays and for its mean
cytotoxicity activity. In contrast, several chewil, mostly alkylphenols, were highly active in
the test systems, having activity of 7 in eachheftest systems. In a related study, a 5 mM
concentration of THF took >60 minutes to causesilsis in an in vitro assay in embryonic
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chicken trachea, whereas highly cytotoxic compowadsed ciliostasis in <5 minutes
(Pettersson et al., 1982). Therefore, the resitisese studies suggest that THF is not cytotoxic.
The cytotoxicity of THF was evaluated in an in @iassay of protein content in cell
cultures (Dierickx, 1989). Human hepatoma, Hep&&avere maintained in culture in 24 well
tissue culture test plates. THF and other testpmamds were dissolved directly in culture
medium at five different concentrations (not spedif and incubated with test cells for 24 hours.
The cells were lysed and protein content measufée. relative toxicity of THF and the other
test compounds was determined by estimating theerdration in mM required to induce a 50%
reduction of cell protein content ggl. Very toxic compounds, such as heavy metals and
surfactants, consistently hadsgralues of less than 1 mM. In contrast, the fIr THF was
372. The results of this study suggest that TH#otscytotoxic.
The cytotoxicity of 168 chemicals, including THFasvcharacterized as part of a
validation of the BALB/c-3T3 cell transformationsay (Matthews et al., 1993). The dgr
THF was 90.3 mM. The authors noted that in thdyarsof the entire data set of 168 chemicals
in vitro cytotoxicity did not correlate to in vivearcinogenic activity. THF was considered by
the authors as noncytotoxic (defined as having@g tanging from 5 to 100 mM).

C.2.2.2. CYP450 Activity, Cell Proliferation, and Apoptosis

BASF (1998) reevaluated kidney tissues from makeaad liver tissues from female
mice from the NTP (1998) study to examine the retetip between cell proliferation responses
and increase in tumors observed in these tissliesving THF administration.

Histopathological examination and evaluation of pedliferation as measured by proliferating
cell nuclear antigen (PCNA) staining were conductsitig tissue samples from the 0, 200, 600,
and 1,800 ppm (0, 590, 1,770, and 5,310 nmip&rposure groups (10/group) from the NTP
(1998) subchronic (13 weeks) study. For the mati&idneys, tissues from the cortex, outer
stripe of the outer medulla, inner stripe of théeounedulla, and inner medulla were evaluated
separately. For the female mouse liver, no zomadlsision was made.

The histopathology examination revealed increaseidénce of moderate grade hyaline
droplet accumulation in the male rat kidney tissoiethe high-concentration group as compared
to controls, but these changes were not accompaniedidence of cell degeneration. No other
differences between controls and exposure groups maed. No increase in cell proliferation
was found in any of the kidney compartments onialgation of all compartments combined.
Cell proliferation index was statistically sign#ictly decreased in individual kidney
compartments, although these changes did not slttmu@entration-dependent pattern. For the
female mouse liver tissues, no treatment-relatstbpathology was observed. The cell
proliferation index was increased by approxima8%¢s in tissues from the high-concentration
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mice compared with controls. However, this resuds not statistically significant and was
noted as being predominantly based on the resolts 2/10 animals. Furthermore, a significant
decrease in proliferation index was observed imtiteconcentration group, but no clear
concentration-response pattern was observed. Rasttese results, the study authors
concluded that the examination of the tissues filoenl3-week NTP (1998) study revealed no
clear increase in cell proliferation that can be@ated to a tumorigenic mechanism.

BASF (Gamer et al., 2002; BASF, 2001a) evaluatsdrees of endpoints in male F344
rats (6/group plus 5/group at the control and ltighcentrations for enzyme assays) and female
B6C3FR mice (10/group plus 5 in the control and high @orications for enzyme assays) in
tissues for which THF-treated animals developedonsm Animals were placed in one of three
groups that were exposed 6 hours/day for eithemSecutive days, 5 consecutive days followed
by a 21-day observation period, or 20 consecutays @ver a period of approximately 28 days.
Test animals were exposed nose only to 0, 199,&04,794 ppm THF (average THF
concentrations of 0, 598, 1,811, or 5,382 miy/worresponding to the concentrations used in the
NTP (1998) cancer bioassay. Concentrations adjdstecontinuous exposure were 0, 107, 323,
or 961 mg/m. For the animals in each of the four concentratjmups, a full necropsy was
done, including histopathological evaluation of kigney (rat) and liver (mouse). Additional
evaluations in these same organs included measuatemiecell proliferation (S-phase response
by 5-bromo-2-deoxyuridine [BrdU] staining) and teénal deoxynucleotidyiransferase
deoxyuridine triphosphate (dUTP) nick-end-labelstgining (TUNEL) apoptosis assay. For the
male rat kidneys, immunohistochemical detectiongfglobulin was also performed. Five
animals from the control and high-concentrationugothat were exposed for 5 consecutive
days were also harvested for measurement of CYEBda@nt and for CYP450 isozyme activity
as measured by ethoxyresorufin-O-deethylase (ER@D)pentoxyresorufin-O-depentylase
(PROD) activity.

The results of the BASF (2001a), evaluating cedliferation, apoptosis, and
oz-globulin accumulation in the kidneys of male F3dts, are shown in Table C-3. Although
no significant increase in labeling index in theakecortex was determined by standard
assessment methods, focal areas of increased Bldlling were noted. Quantitation of these
areas revealed increased cell proliferation in apbular proximal tubules (cortex 1) in animals
exposed to THF at the mid and high concentratior2@odays and at the high concentration for 5
consecutive days. No increase in labeling wasrebden the groups given a 21-day recovery
period. An increase in cell proliferation was atexed in the proximal tubules between the
outer stripe of the outer medulla and the subcapsayer (cortex 2) at the highest concentration
following 20 exposures.

C
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Table C-3. Mode of action study findings in male 844 rat kidneys following
exposure to THF by inhalation

Control 600 mg/nT 1,800 mg/nd 5,400 mg/nf
Exposure protocol % LC (M) @ % LC (M) % LC (M) % LC (M)
5 Exposures
BrdU labeling: cortex 1 100 112 95 107 109 12p 153 171
BrdU labeling: cortex 2 100 132 102 134 99 131 125 165
TUNEL: whole cortex 100 3 115 15 107 14 92 12
5 Exposures + 3 weeks recovery
BrdU labeling: cortex 1 100 138 %8| 107 88 121 110 152
BrdU labeling: cortex 2 100 140 86 121 86 120 105 147
TUNEL: whole cortex 100 9 45 4 145 13 478 43
20 Exposures
BrdU labeling: cortex 1 100 118 119 140 159 188 298 352
BrdU labeling: cortex 2 100 156 101 158 113 176  6°18 290
TUNEL: whole cortex 100 35 74 26 157 55 234 82
Control 600 mg/nt 1,800 mg/nd 5,400 mg/m
Exposure protocol % LA (%) % LA (%) % LA (%) % LA (%)
5 Exposures
az-globulin: whole cortex 100 6.16 1%6| 8.37 17% 10.53 178 10.95
oz-globulin: cortex 1 100 7.30 125 9.14 67 12.18 178 12.75
oz-globulin: cortex 2 100 5.01 131 6.57 76 8.82 188 9.42
5 Exposures + 3 weeks recovery
oz-globulin: whole cortex 100 5.57 150 8.35 212 11.80 299 16.66
op-globulin: cortex 1 100 6.68 154 10.32 513 14.22 280 18.70
op-globulin: cortex 2 100 4.47 141 6.3( 509 9.18 324 14.49
20 Exposures
oz-globulin: whole cortex 100 5.34 1%9| 7.97 22% 11.79 259 13.84
op-globulin: cortex 1 100 6.20 189 9.21 215 13.15 253 15.70
oz-globulin: cortex 2 100 4.47 149 6.66 236 10.53 268 11.86
8.C (M) = positively labeled cells (LCs) mean value.
bp <0.01.
‘Number of apoptotic cells.
% <0.05.

Source: Adapted from BASF (2001a).

To determine whether changes in cell proliferatimght reflect altered apoptosis rates,
apoptotic cells were also quantitated (Table CI3)e number of cells undergoing apoptosis was
significantly increased in the high-concentratisaups exposed for 5 days and observed for
21 days or after 20 exposure days. Marginal irs@gavere observed in the mid-concentration
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groups for these two exposure regimens, but thdtsesere not statistically significant. The
authors suggested the increase in apoptosis oloserviee group with a recovery period might
be greater than in the 20-day exposure group, Isedauhe latter group competing cell
proliferation and apoptosis events might have redube degree of apoptosis.

THF exposure also induced,-globulin accumulation in male rats treated unditheee
of the separate exposure regimens (Table C-3yedses were generally concentration related,
with increases at the high concentration rangiogfd 75 to 280% of control levels for cortex 1
and from 188 to 324% of control levels for cortexathong the three exposure regimens. When
the whole cortex was used as the labeled areaf@Ahe analysis, accumulation was
significantly elevated beginning at the low concatibn following 5 consecutive days or
20 days of exposure. Maximum effects observetleahigh concentration ranged from 178 to
299% of controls among the three exposure regimé&hs. accumulation ad,,-globulin as
measured by the immunohistochemical staining teglenwas supported by histopathological
evaluation of control and high-concentration ansr@{posed to THF for 20 days. The
incidence of proximal tubule cells with grade adistly increased) staining for hyaline droplets
was 1/6 and 5/6 for controls and high-concentragioimals, respectively. THF exposure had no
effect on CYP450 content or CYP450 enzyme actwitiethe male rat kidneys.

BASF (2001a) and Gamer et al., (2002) also evadluedd proliferation in female
B6C3FR mice liver following inhalation exposure to THFafle C-4). Since chemical exposures
can have varying effects in different regions & liver lobule, cell proliferation was evaluated
separately for zone 1 (the region adjacent to tr&aptriad), zone 3 (the region adjacent to the
central vein), and zone 2 (the area of the lolnutlermediate between zones 1 and 3). Increased
cell proliferation was observed in zones 2 and thefliver following THF exposure for 5 days
and in zone 3 following 20 exposures. No concéioimedependent increase in BrdU labeling
was observed in the animals given a 21-day recqvernpd, suggesting that the increases in cell
proliferation may be reversible. Coincident witie increase in BrdU labeling, the mitotic index
(MI) was increased in zone 3 after 5 or 20 expasurehe high-concentration groups. No
treatment-related change in the number of livelsaetdergoing apoptosis was observed. The
number of stained cells was small, suggestingThik did not induce an apoptotic response
under the exposure conditions. Five consecutiys daexposure to THF at the high
concentration generated a statistically signifiaantease in CYP450 content in the liver (125%
of controls;p < 0.05), EROD activity (192% of controlg< 0.01), and PROD activity (321% of
controls;p < 0.05). The authors concluded that THF-induceerltumors in female mice may
be related to increased cell proliferation, basethe increased liver weight, BrdU labeling, and
MI observed in the liver. Some histological chasmgere noted, including fatty infiltration and
cell proliferation including altered texture of tbhgtoplasm in zones 3 and 2 (more homogeneous
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1 and eosinophilic); however, no morphological sighsell degeneration, such as cloudy
2 swelling, vacuolar degeneration, or necrosis, Vieuad.
3

Table C-4. BrdU labeling and Ml as a measure of digproliferation in
female B6C3k mouse livers following exposure to THF by inhalatn

Exposure protocol ‘ Control ‘ 600 mg/m | 1,800 mg/nd ‘ 5,400 mg/m

5 Exposures

BrdU labeling % U@ | % L@ | % |L@®) %  LI(%)

(% of control) |zpne 1 100 1.01 | 110 1.11 120 1.23 143 1.44
Zone 2 100 254 | 98 2.48 117 2.96 188 4.66
Zone 3 100 0.85 | 147 1.25 188  1.60 %01 3.41
Zone1,2,3| 100 1.46 | 110 1.61 132 1.93 917 3.17

Hematoxylin MI (%) MI (%) MI (%) MI (%)

and eosin: Ml (7pne 1 0.01 0.01 0.03 0.04
Zone 2 0.14 0.14 0.17 048
Zone 3 0.00 0.01 0.00 0419
Zone 1,2, 3 0.05 0.05 0.07 0%23

5 Exposures + 3-week recovery

BrdU labeling % L@ | % [ L@ | % | L@ % LI %)

(% of control) |zpne 1 100 0.88 120 1.06 100  0.88 109 0.96
Zone 2 100 2.75 107 295 85 2.35 76 2.08
Zone 3 100 1.09 170| 1.85 148 | 1.61 137 1.49
Zone1,2,3| 100 1.57 124 1.95 103 161 9% 1.51

Hematoxylin MI (%) MI (%) MI (%) MI (%)

and eosin: Ml (7pne 1 0.00 0.00 0.01 0.00
Zone 2 0.02 0.01 0.04 0.08
Zone 3 0.00 0.00 0.04 0.03
Zone 1,2, 3 0.01 0.00 0.03 0.04

20 Exposures

BrdU labeling % L@ | % L@ |% LI (%) %  Ul%)

(% of control) |zpne 1 100 1.39 106 1.48 91 1.27 104 1.45
Zone 2 100 3.53 86 3.02 95 3.35 118 4.1p
Zone 3 100 1.52 133 202 138 204 b3 3.49
Zone1,2,3| 100 2.51 101 217 103 222 141  3.03

Hematoxylin MI (%) MI (%) MI (%) MI (%)

and eosin: Ml (75ne 1 0.05 0.05 0.01 0.05
Zone 2 0.04 0.16 0.82 0.24
Zone 3 0.01 0.01 0.07 020
Zonel,2,3 0.03 0.07 043 0.16

C-18 DRAFT — DO NOT CITE OR QUOTE



© 00 N O 0o~ WDN PP

W W W N DNDNDNDNDNMNDNMNDNMNDNMNDNREPEEPRPRPEPREREPRERPRERPRERPRE
N P O O 00 ~NO O D WDNPFPF O O 0w NO Ol WD - O

LI = labeling index.
bp<0.01.
p<0.05.

Source: Adapted from BASF (2001a)

In addition, BASF (2001a) also evaluated BrdU latgein the uterine epithelium of
female B6C3mice. The study authors reported no statisticatipificant changes in this
measure were detected for any of the treatmenjpgrobdlowever, the BrdU labeling index in the
controls was high. In addition, the mitotic indaxhe uterine epithelium was not significantly
affected by THF exposure, while the percent inaeasnitotic index was increased for mice
exposed to the highest concentration for 5 daysvi@d by a 21-day recovery. The authors
(BASF, 2001a) suggested that an unusually low nurbmitotic cells identified in the control
animals contributed to the apparent increase insist The number of apoptotic cells was
increased (168% of controls) in the high-concemnagroup given a 21-day recovery period.
However, the overall data do not suggest that aystgplays a major role in cell regulation by
THF, since the corresponding concentration in gsaexposed 5 or 20 days had no increase in
apoptosis (TUNEL staining). In addition, the tataimber of stained cells was small, suggesting
that THF does not induce a robust apoptotic regponthe uterus.

CYP450 activity was also evaluated as part ofshusly to examine the potential role of
metabolism in the mode of action for THF-induceeititumors (Gamer et al., 2002; BASF,
2001a). Female B6C3ice were exposed nose only to average THF coratemts of 0, 598,
1,811, or 5,382 mg/M(0, 199, 604, or 1,794 ppm), corresponding toctirecentrations used in
the NTP (1998) cancer bioassay. Five consecutiys df exposure to THF at the high
concentration generated a statistically signifiaantease in CYP450 content in the liver (125%
of controls;p <0.05), EROD activity (192% of controlg;<0.01), and PROD activity (321% of
controls;p <0.05). EROD activity is often used as a measu@¥®1A family activity, while
PROD is often used as a measure of CYP2B familyiggtalthough there is some overlap in
the specificity of these assays for various CYPK4b6Brms among species (Weaver et al., 1994).
This result would suggest that THF might be metakdiby CYP1A/2B isoforms, although
these data do not provide direct evidence of fhgwlvement.

In a second study by BASF (van Ravenzwaay et @32BASF, 2001b) female B6C3F
mice were exposed to THF concentrations of 0, 5,624,739 mg/fh6 hours/day for
5 consecutive days. The target concentrations4@f®eand 15,000 mgftwere chosen to match
the high-concentration groups in the subchronic NI998) study. Two groups of mice were
used for each THF concentration. One group of miae pretreated (about 1 hour prior to each
exposure) with an i.p. dose of 100 mg/kg 1-aminab&mazole (ABT), a potent inhibitor of
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CYP450 enzyme activity that has broad activityrfany CYP450 isoforms. The parallel
exposure group did not receive this pretreatmetit &BT and was used to test the effects of
THF without CYP450 inhibition. The livers of thaca were evaluated for total CYP450
content and some of the CYP450 activities includeiROD, PROD, and nitrophenol
hydroxylase (NPH), as well as cell proliferatios (aeasured by PCNA staining), and
examination by electron microscopy.

Exposure of animals at the high concentration iedue narcotic effect. Three of
18 mice died in the high-concentration group withGP450 inhibition, and 1 of 18 mice died
in the high-concentration group pretreated with ABlhe high-concentration mice also had
reduced body weight compared with controls. Nnicél effects of THF were observed at the
low concentrationNo THF-related histopathology changes were observedy of the
treatment groups, although, in the livers of ABE{peated mice, centrilobular fatty changes
were noted. Measurements of CYP450 content amdtgaevealed that CYP450s were induced
in the high-concentration mice. Liver CYP450 caomt@as increased by 98% in the high-
concentration group, and this increase was bloblyefBT pretreatment. THF treatment
induced PROD activity by about sixfold in the higbrcentration group. In the mice pretreated
with ABT, PROD activity was induced by approximgtehofold by THF. EROD activity was
increased by 160% in the high-concentration miceoaspared to controls in the absence of
ABT, and no induction of EROD activity was obserwedhe mice pretreated with ABT. These
results show that THF induces both EROD and PRQADigcand that the ABT pretreatment
was an effective inhibitor of CYP450 isoform adiyvi In contrast to the results for PROD and
EROD, NPH activity, known to be predominantly cgtald by human and rat CYP2E1
(Kobayashi et al., 2002; Tassaneeyakul et al., 1883 decreased in a concentration-dependent
manner by THF and was not affected by ABT pretreatim CYP450 content or associated
enzyme activities were not induced above basaldenghe low-concentration group.

THF exposure induced cell proliferation at the hogimcentration, regardless of
pretreatment with ABT. In mice exposed to 14,739mi THF without ABT pretreatment,
PCNA staining was increased 814% relative to cdmirozone 3, although a decrease to 59% of
control levels that was not statistically signifitavas observed in zone 2, and no difference was
observed for zone 1. The overall increase in PGN#ning for the three zones (pooled data)
was 133% of controls (not statistically significantn the high-concentration group pretreated
with ABT, cell proliferation was even greater ththe parallel THF group without pretreatment.
PCNA staining was 150, 280, and 1,050% of contregls in liver zones 1, 2, and 3,
respectively. In ABT-pretreated mice, the ovePIINA labeling for the three zones (data
pooled) was 329% of controls. No change in PCNangtg was observed in the low-
concentration groups regardless of pretreatmeiht witibitor.
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The data indicated that THF is an inducer of CYR4&td that THF induces cell
proliferation in the livers of female mice, partiatly in zone 3 hepatocytes. Pretreatment with
the CYP450 inhibitor ABT enhanced the degree of RGhkining, suggesting that THF itself,
rather than a downstream oxidative metabolitegsponsible for the cell proliferative response.
In mice with enzyme inhibition, the cell prolifela response was enhanced only moderately. It
is possible that this effect would have been everemdramatic if the basal as well as inducible
CYP450 activity had been blocked by the ABT prdtreants. ABT did not provide a complete
inhibition of response, producing some uncertaaiigut the role that CYP450s play in THF-
induced cell proliferation. A second area of uteiety is that there were qualitative differences
in the histopathology in the ABT-pretreated mice.(icentrilobular fatty changes) compared to
mice without ABT pretreatment. It is not clear whes these histopathological changes that
were unique to ABT-pretreated mice could have chlpatocytes to be more susceptible to
THF-induced liver toxicity. Even though these arefiuncertainty remain, the most possible
interpretation of the data is that the cell probteve response of the liver in female mice is not
dependent on CYP450 activity, since treatment wehCYP450 inhibitor did not decrease the
proliferative response. This interpretation suggésat THF itself, not a metabolite, is the active
moiety in inducing cell proliferation. However, ihe absence of further in vitro (or in vivo)
metabolism data with and without ABT, it is not pilide to determine if THF metabolism is
actually inhibited and to what extent.

C.2.2.3. Initiation

Other than the NTP (1998) study, no direct aninaalcer bioassays have been
conducted. The use of THF as a solvent controéircer studies for other compounds provides
some limited data on the potential cancer modetdm for THF. Sawyer et al. (1988)
evaluated the tumor-initiating properties of dibf@p}anthracene, cholanthrene, and their diol
and epoxide metabolites on the skin of SENCAR miCikee test compounds were dissolved in
either acetone (30 mice/group) or THF (24 mice/gourhe number of papillomas/mouse and
percent of mice with papillomas was lower for THEated controls (5%) than for acetone-
treated controls (16%) and was much lower thartferanimals treated with the test compounds
(39-97% for various treatment groups), suggeshag THF is not a potent tumor initiator.
However, interpretation of this study is limited B®onumber of reasons. The study authors did
not provide data on the historical incidence ofill@mas. A tumor-screening protocol was used,
which did not include a control group, an adequat@ber of dose levels, or adequate numbers
of animals/dose group. Another complication inleatng this study is that the tumor
incidences for the test compounds dissolved inoaeedr THF could reflect cocarcinogenic
interactions.
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C.2.2.4. Inhibition of Gap Junctional Intercellular Communication

Chen et al. (1984) investigated the ability of erigasolvents to inhibit gap junctional
intercellular communication (GJIC). Coculturessethioguanine-sensitive and resistant Chinese
hamster V79 fibroblast cells were treated withtdst compound and the degree of metabolic
cooperation was determined by the survival of gsestant cells. The killing of resistant cells
serves as an indicator of metabolic cooperatiocalige the toxic 6-thioguanine metabolite that
is formed only in the sensitive cells can be passetb normally resistant cells when gap
junctions are intact. Therefore, robust growthhef resistant cells in this assay system would
suggest that GJIC is inhibited. THF was judgebegositive (as defined by a doubling in
recovery of resistant colonies) in the metaboliopmration assays, suggesting that THF can
inhibit GJIC. The recovery rate of resistant cellsreased with increasing concentration (up to
100uL of THF/5 mL of medium).

Table C-5. Summary of studies on the direct mutaggcity/genotoxicity of

THF
Results
(without/
with
Endpoint Assay system activation) Comments Reference
In vitro studies
Gene mutation |S. typhimurium TA1535, —/— Used preincubation modification|Mortelmans et al.
—bacteria TA1537, TA98, TA100 the standard assay (NTP [1998] |(1986)
study)
S typhimurium G486, —/— Gradient technique was used in [McMahon et al.
TA1535, TA100, C3076, which the mutagenic concentratiopfi979)
TA1537, D3052, TA1538, range was identified as the lowest
TA98, and highest concentration at whi¢ch
distinct colonies were observed;
Escherichia coli WP2, WPZ results presented in a summary
uvrA’ table without data.
S. typhimurium TA1535, —/- Screening only using a spot test [Florin et al.
TA1537, TA98, TA100 was done in strains TA1535, (1980)
TA1537, TA98; results presented
a summary table without data
S. typhimurium TA98 nt/— Results presented in summary tg&rimoto et al.
without data (1982)
Clastogenicity | Micronuclei, Syrian nt/— None Gibson et al.
hamster embryo cells (1997)
Chromosome |[Chinese hamster ovary cglls —/+ Slight increase with S9 not Galloway et al.
aberration considered positive by study (1987)
authors.; NTP study (1998)
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Table C-5. Summary of studies on the direct mutaggcity/genotoxicity of

THF
Results
(without/
with
Endpoint Assay system activation) Comments Reference
DNA damage | Sister chromatid exchange, —/— NTP study (1998) Galloway et al,
Chinese hamster ovary cqlls (1987)
Cell BALB/c-3T3 cells —/nt Limited activity was noted ane |Matthews et al.
transformation of two trials in the data tables, buf1993)
not in the text of the study
Syrian hamster embryo —/nt Nocytotoxicity was observed at t|Kerckaert et al.

cells

highest test concentration

(1996)

NIH/3T3 cells

—Int

THF used as control; cells tezht

Collins et al.

in vitro were injected in mice to
assess tumorigenicity

(1982)

In vivo studies
Gene mutation

Valencia et al.
(1985)

NTP (1998)

Drosophila sex-linked -
recessive lethal

Mouse erythrocyte
micronucleus

NTP (1998) study

Clastogenicity

I+

Positive response only in mid-
concentration males (NTP [1998]
study)

Chromosome [Mouse bone marrow - NTP (1998) study NTP (1998)

aberration

DNA damage | Mouse bone marrow, sisier — NTP (1998) study NTP (1998)
chromatid exchange
Mouse hepatocyte - NTP (1998) study Mirsalis et al.
unscheduled DNA synthe (1983)

nt = not tested.

Mortelmans et al. (1986) reported that THF didinduce reverse mutations with or
without metabolic activation in four tester straofgheS. typhimurium test system. THF was
also negative (with or without activation) whentéekin a battery of eight strains of
S. typhimurium and twoEscherichia coli strains by using a modification of the standahgs
(McMahon et al., 1979) or in fol& typhimurium strains (Florin et al., 1980). Several studies
used or specifically examined the effects of THR a&®luble solvent in th& typhimurium
mutagenicity assays and generally support the aeiwlis of the above-mentioned more
definitive studies. Hageman et al. (1988), inwalgtof the mutagenicity of frying oils, reported
that THF solvent controls were nonmutagenic (withvithout activation) in tester strains TA97,
TA100, and TA104 relative to mutagen-containingsainples. Maron et al. (1981) screened a
series of solvents for compatibility with tietyphimurium test system and reported that, while
high-dose THF was toxic to the four tester straissd, it did not affect the mutagenicity of
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benzo(a)pyrene at lower levels (bl/plate) in strain TAL100 in the plate incorporatiprotocol.
THF was judged to be an unsatisfactory solventHermpreincubation assay due to higher
cytotoxicity observed in this protocol modificatiofinally, THF was reported to enhance the
mutagenicity of tryptophan pyrolysate mutagenS.ityphimurium preincubation assay when
used as a solvent (Arimoto et al., 1982). No pidémode of action for this effect was given,
but the authors reported (no quantitative dataigeml) that the solvent was not itself mutagenic
in tester strain TA98 with activation. The studigsHageman et al. (1988), Arimoto et al.
(1982), and Maron et al. (1981) are of limited eafar assessing the mutagenic potential of THF
because THF served as the control solvent in thieskes and it is not clear if the results for
THF were compared to untreated samples.

THF was also negative in a variety of in vitro assavaluating chromosome and DNA
damage up to cytotoxic concentrations. Gibson.€1897) reported that THF did not increase
micronuclei formation when assayed in Syrian hanetaoryo cells at concentrations that
significantly reduced cell number. Galloway et(4P87) reported some increase in total
chromosome aberrations in the presence of S9 #otivim Chinese hamster ovary cells. A
majority of the aberrations were classified as samjmcluding breaks and terminal deletions.
The study authors suggested that these increasesngefficient to be scored as a positive
result. As part of this same study, Galloway e{E87) reported that THF did not induce sister
chromatid exchanges in this cell system at cytatdeises.

THF was judged to be inactive when tested in taaddrd BALB/c-3T3 mouse cell
transformation assay (Matthews et al., 1993). AdByhamster embryo cell assay was also
negative for cell transformation when THF was tésteconcentrations up to 5 mg/mL
(Kerckaert et al., 1996). Collins et al. (1982akenated the in vivo tumorigenicity of NIH/3T3
cells transformed in vitro by benzo[a]pyrene-tran®-dihydrodiol-9,10-epoxide (BPE)
dissolved in THF. The ability of BPE-treated cetisnduce tumors in normal mice (strain not
specified) and ATxFL mice having a compromised immtesponse (thymectomized, lethally
irradiated, and restored with syngeneic liver gellas greater than the tumorigenicity of cells
treated with THF only. Cells from 46/57 BPE-trehfgates were tumorigenic in vivo, whereas
cells from only 2/20 of the THF-treated plates wer@origenic when injected in mice. The
background tumor rate for untreated mice was nuanted, but the low incidence of tumors
induced by THF-treated cells as compared with p@stontrols suggested that THF did not
significantly increase the rate of cell transforioiat

THF has also generated negative findings in in geootoxicity assays. THF did not
induce sex-linked recessive lethal mutationosophila melanogaster in a screening test for
48 chemicals for NTP (Valencia et al. 1985). NTIP98) evaluated the formation of
micronuclei in peripheral blood erythrocytes in mmahd female mice at the end of their 13-week
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inhalation study. There was only a statisticaigngicant increased incidence of micronucleated
normochromatic erythrocytes at the mid concentraitiomales. The effect was not
concentration dependent, and no correspondingasereas seen for females. The results were
considered by NTP to be equivocal. In a bioaseagliromosomal aberrations, male B6¢C3F
mice received THF by i.p. injection at doses ot@@,000 mg/kg. No significant increase in the
number of aberrations/cell or percent of bone nvacells with aberrations was observed (NTP,
1998).

In vivo assays for DNA damage have also been cdeddor THF. Male B6C3Fmice
received THF doses of up to 2,000 mg/kg by i.pectipn. Bone marrow cells were harvested
after 23 or 42 hours of exposure. In the 23-hmeatment protocol, a significant increase in the
mean number of sister chromatid exchanges/cellre@srted for the high-dose animals.
However, this effect was observed in only one eftthio replicate trials. No increase in sister
chromatid exchanges was reported for the animadesed for 42 hours. NTP (1998)
characterized these results as negative. In anatisay for DNA damage, Mirsalis et al. (1983
[published abstract]) reported that in vivo treattnaf male rats with THF did not induce
unscheduled DNA synthesis in hepatocytes.

Loureiro et al. (2004, 2000) reported formatioritobe DNA adducts from reaction of
2'-deoxyguanosine with trans, trans-2,4-decadienalming in the presence of oxidized THF.
Later on, the same investigators structurally ctter&zed these novel stable adducts produced
by the reaction of THF oxidation products with 4-@&theno-2deoxy-guanosine (Hermida et al.,
2006; Loureiro et al., 2005). They also claim tatnteraction leading to DNA-THF adducts
may be a contributing factor to the observed tdeigcal effects associated with THF exposure.
However, the limited information available fromvitro and in vivo genotoxicity studies point
to THF as non-mutagenic (NTP, 1998). Further itigaions are necessary to evaluate the
possible interaction of THF oxidation products WiINA and their role in mutagenic mode(s) of
action or THF-induced carcinogenic activity in ratke

In summary, the genotoxic potential of THF has bexduated in a variety of in vitro
and in vivo assays. Nearly all the results areckmively negative, with equivocal findings
reported in a small number of assays that have beetucted. Taken together, these data
support the conclusion that THF is not likely gemxit.

C.2.3. Noncancer Mode of Action Information

THF was evaluated in a series of short-term irov#sts to assess its potential for
cytotoxicity (Matthews et al., 1993; Dierickx, 198%urvall et al., 1984; Pettersson et al., 1982).
The results of these studies suggest that THFtisytotoxic.
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The available data suggest that THF metabolismtensive and that oxidative
metabolism may be due to CYP450 isozymes. Howeeridentity of the isozymes responsible
for THF metabolism has not been elucidated. Intenhid whether THF or one of its metabolites
is responsible for the observed toxicological efeés unknown. Some mode of action data
(BASF, 2001b) suggest that the parent compound trbighthe active form for liver toxicity and
that metabolites might be responsible for neuralalgeffects.

In the two-generation reproduction study (Hellwigk, 2002; BASF, 1996) of THF in
rats by the oral route, increased kidney weigh®0fi-1 adults were observed in the high-dose
groups. The mode of action for THF-induced kidteyicity is unknown. Two possible modes
of action were considered. First, THF exposuréhigyinhalation route induces CYP450 activity
in the mouse liver (Gamer et al., 2002; BASF, 20®@)aand therefore it is possible that a
similar response could occur in the rat kidney.wideer, data available showed that acute
inhalation exposures had no effect on kidney CYPa&ity in male F344 rats (Gamer et al.,
2002; BASF, 2001a). These results are not directtgparable to the oral two-generation study
since the exposure duration and rat strains difeetween the two studies. Nevertheless, the
only directly available data do not support theaitteat CYP450 induction is responsible for the
observed increase in kidney weight. Furthermareesit is not known whether THF itself or a
metabolite is the active moiety with respect tokltmey effects, it is not clear whether an
induction of CYP450 activity is likely to increase decrease THF toxicity in the affected organ.
Some data suggest that@x-globulin-associated mode of action could conteiat THF-
induced nephrotoxicity. However, there is insuéit evidence to conclude that the kidney
effects observed following THF exposure are reléateithe accumulation ef,-globulin for the
following reasons (See Section 4.7.3.1 for analgbibe available data).

Decreased body weight gain in F1/F2 pups and déldggelopmental stages (delayed
eye opening) in F2 pups were also observed initite¢oncentration groups of the two-
generation reproduction study of THF in rats bydhad route (BASF, 1996). Two hypotheses
for the observed decrease in pup body weight gaie wonsidered. First, decreased maternal
water intake during the lactation period could timaternal milk production, resulting in
decreased nutrition for pups and correspondingedsess in their growth, assuming that the
composition of the milk did not change to maintiéggnnutritional value at times when water
intake is low. Published studies have showed aocation between water restriction and
decreased volume of milk production in both humeams livestock (Hossaini-Hilali et al., 1994;
Morse et al., 1992; Dusdiecker et al., 1985; Litfleal., 1980), and, therefore, the proposed
explanation of decreased pup weight due to deadleagk production is biologically possible.
The temporal pattern of decreased pup body weigint (gignificant decrements only during
PNDs 4-14) correlates well to the postnatal lastagieriod where milk intake is greatest, and
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thus demand on a limited maternal milk supply wdugdexpected to be most dramatic. The
absence of an effect on pup body weight gain foD®N4—-21 corresponds to the period where
pups begin direct food and water intake and theesflepend less on milk production as a source
of nutrition. Whether the observed decrease in miatake was due to a toxic effect of THF or
was secondary to poor palatability is not cleanfithe available data. No study was conducted
to test specifically whether THF, at the conceintreg tested, reduced water intake solely
because of taste aversion. Also, the two-generatiady (Hellwig et al., 2002; BASF, 1996) did
not include a water-restricted control group toasate the effects of decreased water intake from
those that are induced directly by THF. In sommesahe temporal pattern of water intake can
provide evidence for decreased palatability, whisrereased water consumption at initial
introduction of the treated water is greater thendecrease observed at later exposure periods.
However, for the two-generation study (Hellwig bf 2002; BASF, 1996), the decrease in water
intake was not greater for week 1 versus other weeking the premating period. This result by
itself is not sufficient to determine whether dexsed water intake was secondary to palatability,
since water intake data for initial days of expeswere not reported (weekly summaries were
provided in the report), and this is only an indirmeasure of potential taste aversion.

The second hypothesis is that THF itself inducdsext effect on pup development. Several
considerations provide indirect support for a @@ HF in the observed decreased pup body
weight gain. In the two-generation study (Helleigal., 2002; BASF, 1996), THF induced
developmental effects in the F2 pups (delayed @gmiog and increased incidence of sloped
incisors) in addition to decreased pup weight gaihile this observation that other
developmental indices are affected by THF treatrsapports a role of THF exposure, it could
simply reflect additional developmental delays asg from decreased milk availability. The
developmental effects of THF have also been taatathalation exposures in rodents, which
would not be subject to issues of water palatgbilldowever, the available studies did not
assess postnatal development (sacrifice was anith@f gestation) and therefore do not provide
directly comparable responses to the oral two-geioer study. In the inhalation studies,
maternally toxic concentrations of THF reducedIfstavival and weight and increased the
incidence of fetal skeletal alterations in rats aride (Mast et al., 1992; DuPont Haskell
Laboratory, 1980). These inhalation data are sb@si with the hypothesis that THF can induce
developmental effects. On the other hand, eveagihthe two-generation study did not fully
evaluate fetal toxicity outcomes, the absenceTfik effect on litter size or pup weight during
the early postnatal period (days 1-4) suggestdetateffects were not occurring in the oral
dosing study. One explanation for the absenca afdication of fetal effects in the two-
generation study, other than dose route, is tleatiégree of maternal toxicity in the inhalation
studies was more severe than in the drinking wsitety. However, a subtle effect on male rat
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1 fertility/fecundity may exist following exposure #ohigh concentration of THF in drinking water
2 based on a slight decrease (not statistically Sagmit) in the mean number of delivered F2 pups
3 and a finding of one infertile F1 parental maleinathe high dose group (Section 4.3.1).
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