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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to particular
circumstances, local, state, and federal laws and regulations should be reviewed.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other
assignees make any warranty or representation, either express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained herein, or assume any liability
or responsibility for any use, or the results of such use, of any information or process disclosed in
this publication. Neither API nor any of API’s employees, subcontractors, consultants, or other
assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the
Institute to assure the accuracy and reliability of the data contained in them; however, the Institute
makes no representation, warranty, or guarantee in connection with this publication and hereby
expressly disclaims any liability or responsibility for loss or damage resulting from its use or for
the violation of any authorities having jurisdiction with which this publication may conflict.

API publications are published to facilitate the broad availability of proven, sound
engineering and operating practices. These publications are not intended to obviate the
need for applying sound engineering judgment regarding when and where these
publications should be utilized. The formulation and publication of API publications is
not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such products do
in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system,
or transmitted by any means, electronic, mechanical, photocopying, recording, or
otherwise, without prior written permission from the publisher. Contact the Publisher,
API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.
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FORWARD

APl is not undertaking to meet the duties of employers, manufacturers, or
suppliers to warn and properly train and equip their employees, and others
exposed, concerning health and safety risks and precautions, nor undertaking
their obligations to comply with authorities having jurisdiction.

Information concerning safety and health risks and proper precautions with
respect to particular materials and conditions should be obtained from the
employer, the manufacturer or supplier of that material, or the material safety
data sheet.

Neither API nor any of API's employees, subcontractors, consultants, or other
assigns make any warranty or representation, either express or implied, with
respect to the accuracy, completeness, or utility of the information contained
herein, or assume any liability or responsibility for any use, or the results of such
use, of any information or process disclosed in this publication, or represent that
its use would not infringe upon privately owned rights.

Users of this publication should not rely exclusively on the information contained
in this document. Sound business, scientific, engineering, and safety judgment
should be used in employing the information contained herein.
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Executive Summary

Tertiary Butyl Alcohol (TBA) has many industrial and chemical uses (NTP 1995). TBA
is used in the manufacture of perfumes and cosmetics, as an additive in gasoline to improve the
oxygen content, and is a metabolite of the fuel oxygenate, methyl-tert-butylether (MTBE) (NTP
1995).

The National Toxicology Program (NTP 1995) has conducted a two-year drinking water
bioassay with TBA in male and female rats and mice. Results of these studies showed increases
in the incidence of renal tubule hyperplasia and renal tubule adenomas in male rats; however, the
incidence of renal tubule hyperplasia or adenoma was not significantly increased in female rats.
In male and female mice, incidence of thyroid follicular cell hyperplasia was increased, and the
incidence of thyroid follicular cell adenoma was increased in female mice. Based on these
findings, the NTP (1995) concluded there was some evidence of carcinogenic activity in male
rats and female mice, there was equivocal evidence of carcinogenicity in male mice and no
evidence of carcinogenicity in female rats.

The purpose of this investigation was to conduct a quantitative risk assessment according
to USEPA guidelines (USEPA 2005) in which data on the mode of action by which TBA
induced renal tumors in rats and thyroid tumors in mice was considered. When data from animal
studies, such as the TBA bioassays, are extrapolated to humans to provide estimates of lifetime
cancer risks, then potential differences in pharmacokinetics (metabolism) and
pharmacodynamics (sensitivity and mode of action) between the animal species and humans is
considered in the estimation of human equivalent doses and in extrapolation from high doses
typically used in the animal bioassays to low doses to which humans may be potentially exposed.
Pharmacokinetic, toxicity, and mode of action data for TBA were reviewed and data selected for
quantitative dose-response modeling.

The major findings of the review of pharmacokinetic and toxicity data that influenced the
dose-response assessment included:

e Pharmacokinetic data indicate that TBA is poorly metabolized in vivo (Baker et al. 1982;
Thurman et al. 1980) and slowly eliminated from the blood of rats and mice (McComb
and Goldstein 1979), likely as a conjugate with glucuronide (Aarstad et al. 1985;
Thurman et al. 1980). However, pharmacokinetic data were insufficient at this time to
develop a pharmacokinetic model for TBA or to make a chemical-specific adjustment for
pharmacokinetic differences between rats and humans.
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TBA was not mutagenic in Salmonella typhimurium strains TA98, TA100, TA1535 and
TA1537 at doses up to 10,000 pg/plate, with or without induced rat or hamster liver S9
fractions (Zeiger et al. 1987). Tertiary-butyl acetate (TBAc), a metabolic precursor for
TBA was also not mutagenic in the same strains, with or without microsomal induction at
doses up to 5000 pg/plate (McGregor et al. 2005). TBA was positive in S. typhimurium
strain TA102 (Williams-Hill et al. 1999); however, this result was not replicated in two
other studies in which TBA was dissolved in either dimethylsulfoxide or water at doses
up to 5000 pg/plate; TBAc was also non-mutagenic in studies in which both TA102 and
Escherichia coli WP2uvrA/pKM101 were evaluated (McGregor et al. 2004; McGregor et
al. 2005). Both TA102 and E. coli WPs strains are sensitive to oxidative damage to
DNA. TBA undergoes limited metabolism and is a free radical scavenger rather than a
generator of reactive oxygen species; therefore, production of oxidative damage to DNA
is highly unlikely. TBA should be considered to be non-mutagenic.

Studies that assessed the potential genotoxicity of TBA with and without metabolic
activation were all negative. A L5178Y mouse lymphoma mutagenicity test was
negative at TBA doses up to 5,000 pg/mL (Zeiger et al. 1987). Neither sister chromatid
exchanges nor chromosomal aberrations were noted in Chinese Hamster Ovary (CHO)
cell cytogenetics tests (NTP 1995). A mouse peripheral blood micronucleus test
performed on blood samples from male and female B6C3F; mice following a 13-week
exposure to TBA in drinking water at concentrations up to 40,000 pg/mL did not show an
increase in the frequency of micronucleated normochromic erythrocytes (NCEs) or the
percentage of polychromatic erythrocytes (PCEs) (NTP 1995, 1997). No increase in
percentage of PCEs was noted in rats receiving intraperioneal injections of TBA at doses
up to 625 mg/kg (NTP 1997). Evidence of unspecified DNA damage was noted in
human leukemia HL-60 cells using a Comet Assay at concentrations up to 2224 pg/mL
(Tang et al. 1997) [only the English abstract of this Chinese study was available at this
time]. Based on the weight of the evidence, TBA should be considered non-genotoxic.

Data support the hypothesis that renal tumors in male rats formed in response to a
cascade of biological events associated with a2u-globulin nephropathy, a condition
unique to male rats (USEPA 1991). Nephropathy leading to tumor development results
when a2u-globulin accumulates in the proximal tubule resulting in the characteristic
protein droplet and lysosome accumulation in the proximal tubule. This leads to cellular
necrosis and sustained cellular proliferation and the subsequent promotion of initiated
cells, resulting in the formation of neoplasms (McGregor and Hard 2001; USEPA 1991).
The available toxicity and other mode of action data satisfy the criteria outlined by the
International Agency for Research on Cancer (IARC) (1999) and USEPA (1991) needed
to conclude that renal tumors in male rats occur by a a2u-globulin-mediated mode of
action. Further, the pattern of observed kidney effects in male rats exposed to TBA is the
same as 9 other chemicals classified by the USEPA (1991) as “chemicals inducing o2u -
globulin accumulation” (CIGA). These findings provide convincing evidence that the
renal tumors are a.2u-globulin-mediated. In addition, there is in vivo evidence that no
proteins in human kidney can function in a manner analogous to a2u-globulin (Meek et
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al. 2003). Consequently, compounds that produce renal tumors in male rats via the a.2u-
globulin-mediated pathway are not relevant to humans and the use of these renal tumors
in human health risk assessment is not appropriate (USEPA 1991).

e The pattern of thyroid follicular cell hyperplasia and follicular adenoma, viewed in light
of benign tumors only and in only one sex and species and the negative mutagenicity
data, strongly suggests an epigenetic mode of action for TBA in the production of thyroid
tumors in female mice. USEPA (1998) guidelines for the evaluation of thyroid tumors in
rodents recommend the data needed to provide the evidentiary basis for a non-linear,
threshold approach. While not all of the recommended data were available at this time,
the overall weight of evidence strongly suggests that TBA is acting by indirectly
disrupting thyroid hormone balance through enzyme induction (possibly by increased
glucuronidation and biliary elimination of thyroid hormones). The possible ways in
which the thyroid-pituitary axis can be disturbed are all likely to be processes that have
thresholds, that is, a certain amount of disruption would be required before feedback
loops result in sustained thyroid stimulating hormone (TSH) stimulation of follicular cells
which then results in the biological cascade of cell proliferation, hyperplasia, and
neoplasia (USEPA 1998). While expected to be quantitatively different in humans, it
can’t be said with certainty at this time that these observations are not qualitatively
relevant for human health risk assessment. Therefore, the thyroid tumors in male and
female mice were evaluated quantitatively.

- Dose-response analyses consistent with USEPA guidelines (2005) were conducted using the
éincidence of thyroid adenomas in female and male mice reported by NTP (1995). Human
equivalent doses were derived by considering species differences in pharmacokinetics; however,
pharmacokinetic data were insufficient at this time to develop a pharmacokinetic model for TBA
or to make an adjustment for pharmacokinetic differences between rats and humans. Therefore,
the default assumption of an animal-to-human scaling factor of body weight** was applied.
While it is likely that humans are not only less sensitive to induction of thyroid tumors and may
be refractory to that induction, these species differences in sensitivity have not yet been
quantified because of the complex nature of these thyroid-pituitary interactions. Therefore, no
quantitative adjustment for pharmacodynamic difference was made.

As per USEPA guidance, dose-response models were used to estimate a dose in the
observable range, termed a point of departure (POD), defined as the lower bound on dose at a
specified level of risk, usually 10% (LED,(). Because of uncertainty around the estimate of the
LED or lower bounds for other risk levels, values for the maximum likely estimate (ED;o) and

the upper bound (UED,) are reported along with the lower bound. Because no survival

Documents

i1 Document Sharing Hub

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: APl Publ 4743-2005


http://www.avadocuments.com/doc/api-publ-4743-2005
http://www.avadocuments.com/doc/api-publ-4743-2005

differences were found between control and treated females, dose-response modeling for focal
follicular cell adenomas was conducted for the selected data sets using the Multistage model.
For comparison, follicular cell adenomas in male mice were also evaluated using the Multistage
model. Also, because survival in the male mice in the high dose groups was significantly
reduced compared to the survival in the vehicle control group, a time-to-tumor model,
MultWeib, was used. For comparison, data for the female follicular adenomas was also
evaluated using MultWeib model, which considers the differences in survival in the animals and
how that impacts the estimation of risk. In addition, the data for follicular cell hyperplasia in
male and female mice was modeled using a variety of Benchmark models currently found in the
USEPA’s BMDS software. For chemicals with a nonlinear mode of action, such as is likely for
TBA, a non-linear extrapolation to lower doses was conducted.

The POD selected was the smallest of the LEDgs on BMDL ¢,q; and was 22 mg/kg/day
derived from female follicular cell hyperplasia data and the Multistage model. Using the POD, a
Reference Dose (RfD) was estimated according to the new USEPA guidelines (2005). The
uncertainty factors considered included inter- and intra-species variability in kinetics and
sensitivity, the nature of the response (use of precursor data) and other data base limitations.

The resulting RfD was 220 pg/kg/day (22 mg/kg/day divided by 100).
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1.0 Introduction

Tertiary Butyl Alcohol (TBA) has multiple industrial and chemical uses. TBA is used in
the manufacture of perfumes and cosmetics, as an additive in gasoline to improve the oxygen
content, and is a metabolite of the fuel oxygenate, methyl-tert-butylether (MTBE) (NTP 1995).
The National Toxicology Program (1995) has conducted a 2-year drinking water bioassay with
TBA in rats and mice. Results of this study showed increases in the incidence of renal tubule
hyperplasia and renal adenomas in male rats; however, the incidence of renal tubule hyperplasia
or adenoma was not significantly increased in female rats. In male and female mice, the
incidence of thyroid follicular cell hyperplasia was increased, and in female mice, the incidence
of thyroid follicular cell adenoma was also increased. Based on these findings, the NTP (1995)
concluded that there was: 1) some evidence of carcinogenic activity in male rats and female
mice; 2) equivocal evidence of carcinogenicity in male mice; and 3) no evidence of
carcinogenicity in female rats. The results of genotoxicity tests (Salmonella reverse mutation
assay, mouse lymphoma cell mutation test, sister chromatid exchange assay, chromosomal
aberration assay in Chinese hamster ovary (CHO) cells and micronucleus assay) conducted by
NTP (1995) with TBA were negative.

The California Office of Environmental Health Hazard Assessment (OEHHA) (CALEPA
1999) developed an interim drinking water level of 12 pg/L based on the incidence of kidney
tumors reported in male rats in the NTP (1995) study. In this calculation, OEHHA estimated a

cancer slope factor using linear extrapolation and body weight3/ 4

scaling to extrapolate to the
human equivalent concentration at a 1 x 10°® extra lifetime cancer risk level. Default
assumptions were used for body weight (70 kg) and water consumption (2 L/day). In the period
since OEHHA developed their interim water level, additional data has been published that
suggests the kidney tumors observed in male rats form as a result of TBA binding to a2u-
globulin (Borghoff et al. 2001; Williams and Borghoff 2001), the protein that also plays a key
role in the development of protein droplet (a2u) nephropathy in male rats. Protein droplet
nephropathy occurs when a2u-globulin, a protein synthesized in the liver of male rats,

accumulates in tubular cells in the kidney (CIIT 1996). This condition is unique to male rats and

an analogous condition does not occur in humans (CIIT 1996). Therefore, kidney tumors that
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form in male rats via a a2u-globulin-mediated pathway should not be used in human health risk
assessment (USEPA 1991). After reviewing these data and while agreeing with the concept that
there are chemical agents that produce renal tumors in some species of rats that are not relevant
to humans and acknowledging that TBA does induce a.2u-globulin in male rats, Budroe et al.
(2004) maintained that the kidney tumors in male rats could be used for human cancer risk
assessment'.

The purpose of this investigation was to conduct a quantitative risk assessment according
to USEPA guidelines (2005) in which data on the mode of action by which TBA induced renal
tumors in rats and thyroid tumors in mice was considered. When data from animal studies, such
as the TBA bioassays, are extrapolated to humans to provide estimates of lifetime cancer risks,
then potential differences in pharmacokinetics (metabolism) and pharmacodynamics (sensitivity
and mode of action) between animal species and humans are considered in: 1) the estimation of
human equivalent doses, and 2) the extrapolation from high doses typically used in the animal
bioassays and low doses to which humans may be potentially exposed. Pharmacokinetic,
toxicity, and mode of action data for TBA were reviewed and data selected for quantitative dose-

response modeling.

2.0 Hazard Narrative

2.1 Overview

This section provides an overview of the experimental data for TBA. TBA has been
tested in a number of different studies to include a two-year oncogenicity study in which TBA
was administered to rats and mice in drinking water. The purpose of this section is to evaluate
the chronic bioassay and other key data, in particular data related to the mode of action of TBA
in the rodent studies and key species differences in kinetics, to develop a weight-of-evidence

analysis of the potential that TBA may pose a carcinogenic hazard in humans (USEPA 2005).

' The authors of this paper are on the staff of OHEEA, CalEPA; however, the disclaimer notes that the contents and
opinions expressed in the manuscript are those of the authors and not the official position of CalEPA.
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2.2 Carcinogenicity Studies
2.2.1 Human Data

No epidemiological data were found in the literature.
2.2.2 Animal Data

The potential for TBA to induce tumors or result in chronic toxicity in laboratory animals
has been investigated in a 2-year oral (drinking water) study in rats and mice (Cirvello et al.
1995; NTP 1995). Male and female F344/N rats were administered TBA in drinking water at
concentrations resulting in doses of approximately 0, 90, 200, or 420 mg/kg/day in males and 0,
180, 330, or 650 mg/kg/day in females. Male and female B6C3F; mice were administered TBA
in drinking water at concentrations resulting in doses of approximately 0, 540, 1040, or 2070
mg/kg/day in males and 0, 510, 1020, or 2110 mg/kg/day in females. Rats and mice were
observed twice daily and body weights and clinical observations were recorded weekly for the
first 13 weeks and every 4 weeks thereafter. Water consumption was recorded every 2 weeks.

At 15 months, hematology and urinalysis evaluations were conducted on rats in all
exposure groups. At the 15-month interim sacrifice, a complete necropsy and microscopic
evaluation was performed and brain, right kidney, and liver weights were recorded. Interim
sacrifices were not conducted on mice due to decreased survival in the male high-dose group.
Following final sacrifice, a complete necropsy and microscopic examination were performed on
all mice and rats.

Survival analysis showed a significant decrease in survival rates in male and female rats
in the high-dose groups and in male mice in the high-dose group (NTP 1995). The final mean
body weight in male and female rats in the high-dose groups were 24% and 21% less than
controls, respectively. Mean body weights in the male rats at 90 and 200 mg/kg/day were similar
to controls through week 65 of the study and then decreased through the remainder of the study.
Mean body weights in the female rats at 90 and 200 mg/kg/day were similar to control values
throughout the study. Mean body weight in the high dosed male mice were significantly lower
than the controls from week 9 of the study until the final 10 weeks of the study. Body weights
and body weight gains in all other treated male mice were similar to controls. The mean body
weights of the female mice in the high-dose group were 10% to 15% less than controls beginning

at week 13 of the study and continuing through the end of the study (statistical significance was
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not reported). The mean body weights in female mice in the mid-dose group were approximately
6% lower than controls, and mean body weights in the low-dose groups were only slightly less
than controls throughout the study (statistical significance was not reported) .

A dose-related increase in water consumption in male rats was observed during the
second year of the study, while a dose-related decrease in water consumption was observed in
female rats (NTP 1995). Water consumption was unaffected in male and female treated mice.

Behavioral and general health and appearance was unaffected by treatment in rats and
mice of both sexes with the exception of an increased incidence of hyperactivity in the female
rats in the high-dose group. Urinary and hematological observations were not considered to be
treatment-related. A significant increase in urine specific gravity and a significant decrease in
urine volume were noted in the female rats receiving 330 and 650 mg/kg/day, which was
consistent with the decreased water consumption noted in the female rats.

At the 15-month interim sacrifice (10 rats per group), mean body weights were
significantly decreased in male and female rats in the high-dose group (NTP 1995). In the male
rats, relative brain, right kidney, and liver weights were increased in the high-dose group and
relative right kidney weights were decreased in the mid-dose group. In the female high-dose
group, relative brain and liver weights were significantly increased. Also, in the female rats,
absolute and relative right kidney weights were significantly increased in all treated groups at the
15-month interim sacrifice. One renal tubule adenoma was observed in male rats at the 15-
month interim sacrifice in the high-dose group. In addition, the incidence and severity of
mineralization of the kidney was significantly increased in the high-dose male rats when
compared to controls sacrificed at 15-months. Nephropathy was observed in all male and female
rats, including controls, at the 15-month interim sacrifice, and the severity was slightly increased
in treated male rats and the mid- and high-dose group females. Incidence data for male and
female rats at the 15-month interim evaluation are presented in Tables 1 and 2. Due to decreased
survival in mice, a 15-month interim evaluation was not performed.

At the end of the 2-year study, microscopic evaluations noted changes in the kidneys of
male and female rats and in the thyroid gland of male and female mice. In rats, while the
incidence of nephropathy was the same across all groups, including controls, the severity of the

observed nephropathy increased in both the male and female rats in the high-dose groups (NTP
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1995). In the female rats, there was a significant increase in kidney inflammation in the 330 and
650 mg/kg/day group, and a significant increase in the kidney transitional epithelium hyperplasia
at 650 mg/kg/day (Table 3). No renal tumors were found in any of the treated females.

In the male rats there were significant increases in the incidences of renal tubule
hyperplasia and mineralization in the 420 mg/kg/day dose group and transitional epithelial
hyperplasia was significantly increased at 200 and 420 mg/kg/day in male rats (Table 4)
(Cirvello et al. 1995; NTP 1995). The incidence of linear foci in the renal papilla, which is a
component of renal mineralization and nephropathy, was significantly increased in all treated
groups of male rats. These foci consisted of distinctive linear deposits along radiating medullary
collecting ducts and have been described as a lesion specifically associated with nephropathy due
to increased accumulations of a2u-globulin in male rats. The incidence of adenomas alone was
not significantly increased in any of the treated groups when either the single section or the step-
sections were combined. In contrast to the usual 8 step-sections, 16 to 17 sections were taken for
males in this study. The incidence of the combination of renal tubule adenomas and carcinomas
was only significantly increased in the mid-dose group and only with step-sectioning.

In male mice, significant increases in hyperplasia in follicular cells were noted in dose
groups; however, the incidence of adenomas alone or in combination with carcinomas was not
increased compared to controls (Table 5). Thyroid follicular cell hyperplasia was increased in
the two highest dosed female groups and a significant increase in the incidence of thyroid
follicular cell adenomas but not carcinomas was found in female mice at 2110 mg/kg/day
(Cirvello et al. 1995; NTP 1995). The incidence of these tumors was increased only in the
highest dose tested and was not significantly increased in treated male mice at any dose tested.
However, survival was affected in the highest dose group in males and the question remains, if
survival was taken into account, would the incidence in the high-dose males have been increased.
The incidence of thyroid follicular cell hyperplasia was increased in male mice in all treated
groups and in female mice in the two highest dose groups.

The incidence of urinary bladder chronic inflammation was significantly increased in the
male and female mice high-dose groups, and the incidence of urinary bladder transitional
hyperplasia was significantly increased in the male high-dose group (NTP 1995). In the liver of

exposed male mice, the incidence of hepatocellular carcinoma was significantly (p = 0.049)
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increased at 1040 mg/kg/day when compared to the controls, but the incidence decreased in the
high-dose group when compared to controls. When the incidence of hepatocellular adenoma and
carcinoma were combined in the male mice, the incidence increased at 540 and 1040 mg/kg/day
(not significantly), and significantly decreased in the high-dose group when compared to the
controls.

The authors concluded that there was “some evidence of carcinogenicity” in male rats
based on the increased incidence of renal tubule adenomas and carcinomas combined (from the
step-sectioning) but “no evidence of carcinogenic activity” in female rats. In addition, there was
“equivocal evidence of carcinogenicity” in male mice based on the increased combined
incidence of follicular cell adenomas and carcinomas of the thyroid gland (although the
incidence was not statistically significant); and “some evidence of carcinogenicity” in female

mice based on increased incidences of follicular cell adenoma of the thyroid.

2.3 Analysis of Other Key Data

2.3.1 Pharmacokinetics

Absorption of TBA from the gastrointestinal tract and distribution throughout the body
occurred rapidly following administration via gavage (Faulkner and Hussain 1989; Poet et al.
1997). In female C57BL/6J mice given TBA at a concentration of 10.5 mmol/kg (777 mg/kg)
via gavage every 12 hours for a total of 5 doses, TBA absorption and distribution was complete
within 1.5 hours following the last dose (Faulkner and Hussain 1989). In male and female F344
rats given single intravenous dose of 0, 37.5, 75, 150, or 300 mg/kg, TBA underwent a rapid
distribution phase followed by a slower elimination phase (Poet et al. 1997).

Tertiary alcohols, such as TBA, are considered to be minimally metabolized via oxidative
pathways (Baker et al. 1982; Thurman et al. 1980). Small amounts of acetone (ranging from
0.5% to 9.5% of the administered dose) were found in the urine and expired air of rats injected
with TBA at doses ranging from 750 to 2000 mg/kg; however, the amount recovered was highly
variable and did not change in a dose-related manner (Baker et al. 1982). In male rats treated
with 250 mg/kg TBA via gavage, TBA was metabolized by conjugation to the TBA glucoronide
and the TBA sulfate (main metabolite) and by oxidation to, 2-methyl-1,2-propanediol and 2-

hydroxyisobutyrate, and small amounts of acetone (Bernauer et al. 1998).
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TBA did not form aldehydes or ketones by dehydrogenation and was not a substrate for
alcohol dehydrogenase (Arslanian et al. 1971; Videla et al. 1982) as it lacks the carbonyl
hydrogen required for alcohol dehydrogenase activity (Baker et al. 1982). Further oxidation of
2-methyl-1,2-propanediol can result in the formation of 2-hydroxyisobutyrate, which can also be
further metabolized to form acetone. In both the Bernauner et al. (1998) and the Baker et al.
(1982) studies, the doses of TBA were very high (250 to 2000 mg/kg) and the resulting
production of acetone in urine was very small. No differences in blood acetone levels were seen
in TBA-treated male or female rats (300 mg/kg) compared to controls (Poet et al. 1997). Baker
et al. (1982) could not conclude that TBA was the sole source of acetone in rat urine.

In in vitro studies, TBA served as a substrate for rat mixed function oxidases (MFOs) and
was demethylated to yield small amounts of formaldehyde apparently involving the interaction
of TBA with hydroxy radicals generated from hydrogen peroxide (Cederbaum and Cohen 1980;
1983). Formaldehyde was not found in the urine of rats or humans following administration of
TBA (Bernauer et al. 1998).

Human data regarding the movement of TBA in the body are limited to results obtained
from a single volunteer who ingested a gelatin capsule resulting in a dose of 5 mg TBA/kg
(Bernauer et al. 1998). The major TBA metabolite in the urine of that individual was 2-
hydroxyisobutyrate, with smaller amounts 2-methyl-1,2-propanediol and TBA glucuronide. In
contrast to rats, only trace amounts of TBA sulfate were recovered likely due to species
differences in sulfotransferase(s) (Bernauer et al. 1998). No mention was made of the presence
of acetone in the urine.

Elimination half-lives ranged from 3.8 hours at doses less than 300 mg/kg and were
increased to 4.3 and 5 hours in the high-dose female and male rats, respectively. Poet et al.
(1997) stated that the elimination of TBA appeared to saturate at higher doses. Other studies
have estimated the elimination half-life to be 8 to 9 hours following oral (Thurman et al. 1980) or
intraperitoneal injection (Baker et al. 1982). The doses were much higher in these studies than
the doses administered by Poet et al. (1997). According to Poet et al., these doses were likely
greater than metabolism/elimination saturation levels. Saturable metabolism/elimination has
been reported in mice administered TBA by intraperitoneal injection at doses ranging from 5 to

20 mmoles/kg (approximately 360 to 1550 mg/kg) (Faulkner and Hussain 1989).
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2.3.2 Animal Toxicity Studies

2.3.2.1 Acute and Subacute

The acute toxicity of TBA is low. An oral LDs of 3,500 mg/kg in rats (NTP 1995, 1997)
and an oral LDs, of 3,600 mg/kg in rabbits (NTP 1995, 1997) have been reported. Following an
intraperitoneal injection, a LDs of 441 mg/kg was reported in mice (NTP 1995, 1997).

The accumulation of triacylglycerols (TAGs) in the liver of rats was evaluated to
determine if the effects of certain alcohols on hepatic liver metabolism in the rat were related to
oxidative metabolism by alcohol dehydrogenase (ADH). Ethanol, n-propanol, and isobutanol are
all metabolized through the ADH pathway and induced a fatty liver. TBA, which is not
metabolized by ADH, was used to determine if the fatty liver effects were due to oxidation of
these alcohols by ADH. Female Wistar rats were administered a single dose of TBA at 25
mmol/kg (1850 mg/kg) via a gastric tube (Beauge et al. 1981). At 2, 5, and 20 hours following
exposure, there were significant increases in blood glucose, blood free fatty acids (FFA), liver
TAGs, and liver wet weight. Significant decreases were noted in blood TAGs, blood
phospholipids and liver phospholipids. The results indicated that TBA administration induced
fatty liver without impairing hepatic fatty acid oxidation.

Male Sprague Dawley rats were exposed to TBA at concentrations of 2000 ppm for 3
days or 500 ppm for 5 days (6 hour/day exposures) via inhalation in order to evaluate the
changes in the cytochrome P-450 enzyme system in the liver, kidney, and lung (Aarstad et al.
1985). Cytochrome P-450 levels were significantly increased in the kidney but not the liver
following inhalation of 500 ppm TBA for 5 days; or in the liver but not the kidney following
inhalation of 2000 ppm for 3 days. No significant changes were noted in the cytochrome P-450

levels in the lung following either exposure duration.

2.3.2.2 Subchronic
Oral

The potential toxic effects of repeated dosing of TBA in drinking water were evaluated
in male and female F344/N rats and B6C3F; mice to determine the appropriate doses to be used
in 2-year carcinogenicity studies (0, 5, 10, or 20 mg/mL for male and female mice; 0, 2.5, 5, or

10 for female rats; and 0, 1.25, 2.5, or 5 for male rats) (Lindamood et al. 1992; NTP 1995). Rats

Documents
8 Document Sharing Hub

Copyright American Petroleum Institute
Reproduced by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: APl Publ 4743-2005


http://www.avadocuments.com/doc/api-publ-4743-2005
http://www.avadocuments.com/doc/api-publ-4743-2005

and mice (10/sex/group) were given access to drinking water with TBA concentrations of 0, 2.5,
5, 10, 20, or 40 mg/mL for 92 to 94 (rats) or 94 to 95 (mice) consecutive days. In rats, the
average daily doses were approximately 0, 230, 840, 1,520, or 3,610 mg/kg/day for males and 0,
290, 590, 850, 1,560, or 3,620 mg/kg/day for females based on water consumption. For mice, the
average daily doses based on water consumption were 0, 350, 640, 1,590, 3,940, or 8,210
mg/kg/day for males and 0, 500, 820, 1,660, 6,430, or 11,620 for females. All male rats and 6 of
the 10 female rats in the 40 mg/mL dose groups died during the study. Mean body weights and
body weight gains were significantly decreased in male rats at 5, 10, and 20 mg/mL (all male rats
died prior to study termination) and in the 40 mg/mL female mice. Treatment-related clinical
findings in male and female rats included ataxia, hypoactivity and emaciation, indicative of
alcohol intoxication.

Hematology results from day 15 of the study showed significant increases in mean cell
volume and mean cell hemoglobin in male rats at 5 mg/mL, and a significant decrease in
platelets in the male and female rats at doses of 40 mg/mL (Lindamood et al. 1992; NTP 1995).
In the male rats examined at the end of the study, hemoglobin levels and erythrocytes counts
were significantly decreased in the 10 and 20 mg/mL groups; there were significant increases in
mean cell volume and platelet counts at 10 and 20 mg/mL and mean cell hemoglobin levels at 20
mg/mL. No significant hematological findings were noted in female rats in any dose group.
Corresponding to the decreased water consumption by male and female rats, there were
significant increases in urine specific gravity and decreases in urine volume at dose levels of 10,
20, and 40 mg/mL in both males and females when compared to controls. Clinical chemistry
results showed significant decreases in serum alkaline phosphatase activity at days 15 and 20 in
the 20 and 40 mg/mL males and 5 and 20 mg/mL females. Significant increases occurred in
alanine aminotransferase activity in 40 mg/mL females at week 13. Sorbitol dehydrogenase was
significantly increased in males at 10 and 20 mg/mL at week 13.

All of the treated male and female rats had statistically significantly increased absolute
and relative kidney weights at week 13 (Lindamood et al. 1992; NTP 1995). Relative and
absolute liver weights were significantly increased in all treated females, and relative liver
weights were significantly increased in the 5, 10, and 20 mg/mL males. Other significant organ

weight changes were considered secondary to body weight changes.
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Upon gross and microscopic evaluation, the urinary bladder of the male rats in the 20 and
40 mg/mL dose groups contained grossly visible calculi, microscopic inflammation of the lamina
propria, and hyperplasia of the transitional epithelium (Lindamood et al. 1992; NTP 1995). In
the females, inflammation and hyperplasia were noted in the urinary bladder at 40 mg/mL.
Examination of the kidney showed significantly greater severity of nephropathy in treated males
compared to controls. However, while there were significant increases in the incidence of
nephropathy in females in the 10, 20, and 40 mg/mL groups, the severity of the lesions was not
increased in the treated animals when compared to controls

Preliminary results from the 2-year carcinogenicity study (NTP 1995) suggested the
possibility of increased renal tubular neoplasms in the male rats given 2.5 mg/mL TBA. These
results prompted a reexamination of the kidney slides from this 90-day study (Takahashi et al.
1993). Results showed a treatment-related increase in the incidence of hyaline droplet
accumulation in male rats at all doses with the exception of the animals in the 40 mg/mL group
(all died prior to study termination). In addition, there was a significant increase in the
incidence of mineralization of the kidney in male rats at 10, 20, and 40 mg/mL and in all treated
females (NTP 1995). Takahashi (1993) reported increased nephropathy in all treated groups of
male rats, with the exception of the high-dose group, when compared to the controls. In
addition, there was a direct relationship between the severity of nephropathy, hyaline droplet
accumulation, and deposition of abnormal crystals.

Two male mice and one female mouse in the high-dose group died due to TBA exposure
(Lindamood et al. 1992; NTP 1995). At necropsy, mean body weights were significantly
decreased at 20 and 40 mg/mL in the male mice and at 40 mg/mL in the female mice when
compared to controls. Dose-related clinical findings in mice following exposure to 40 mg/mL
TBA included emaciation, ataxia, and hypoactivity in male mice and emaciation in female mice.
Hematological results showed a significant increase in the segmented neutrophil count in the 40
mg/mL male mice when compared to controls; however, the results were highly variable. In
male mice, the hematocrit, hemoglobin and erythrocyte counts were significantly increased at 40
mg/mL, and hemoglobin was significantly increased at 20 mg/mL. In the females, hemoglobin
and erythrocyte counts were significantly increased at 20 mg/mL and erythrocytes counts only

were significantly increased at 40 mg/mL. The relative and absolute kidneys weights of female
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mice in the 40 mg/mL dose group were significantly increased when compared to controls.
Other significant organ weight changes were considered secondary to body weight changes.

Histopathological results indicated a statistically significant increase in the incidence of
urinary bladder inflammation and transitional epithelial hyperplasia in the 20 and 40 mg/mL
groups of male mice when compared to controls (Lindamood et al. 1992; NTP 1995). In the
female mice, there was a significant increase in the incidence of urinary bladder inflammation in
the 40 mg/mL dose group when compared to controls. No other significant histopathological
changes were reported in male or female mice.

Inhalation
Male and female F344/N Rats and B6C3F; mice (5/sex/group) were exposed to target air

concentrations of 0, 450, 900, 1750, 3500, or 7000 ppm TBA for 6 hours plus a Tyy of 10
minutes per day, 5 days per week, for 12 exposure days in an 18-day period (NTP 1997). The
Tgo was identified as the time required for TBA concentration to reach 90% of the final stable
concentration following the beginning of exposure. All male and female rats in the 7000 ppm
group died on day 2 of the study. Mean body weights and body weight gains in the 3500 ppm
groups of male and female rats were significantly lower than controls at the end of the study.
Clinical finding in all male and female rats exposed to 900 ppm and higher included ataxia,
hyperactivity, and hypoactivity, indicative of alcohol intoxication. Thymus weights were
significantly decreased in male and female rats in the 3500 ppm group when compared to
controls. No treatment related gross or microscopic findings were reported in the treated male
and female rats.

All male and female mice in the 7000 ppm group died on day 2 of the study and one male
in the 3500 ppm groups died on day 3 of the study (NTP 1997). Mean body weights and body
weight gains in the treated mice did not differ significantly from the control groups. Clinical
signs in males and females in the 3500 ppm group included hypoactivity, ataxia, and rapid
respiration, while at 1750 ppm clinical findings included hypoactivity, ataxia, and urogenital
wetness. The relative liver weight of the male mice in the 3500 ppm group and the absolute and
relative liver weights of the females in the 3500 ppm group were significantly greater than the
controls. The absolute and relative thymus weights of female mice in the 3500 ppm group were
significantly lower than the controls. No treatment related gross or microscopic findings were

reported in the treated male and female rats.
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NTP (1997) also performed 13-week inhalation studies in F344/N rats and B6C3F; mice.
Rats and mice (10/sex/group) were exposed to TBA air concentrations of 0, 136, 270, 540, 1080
or 2100 ppm for 6 hours plus Ty of 10 minutes per day, 5 days per week, for 13 weeks, with at
least 2 consecutive exposure days before sacrifice. Results in the treated male and female rats
showed no significant changes in survival or body weights when compared to control animals.
Clinical signs of toxicity in the 2100 ppm group female rats included emaciation and
hypoactivity (at one observation period only). No clinical findings of toxicity were noted in the
treated rats.

Significant decreases in hematocrit were noted in male rats in the 270, 1080, and 2100
ppm groups at week 13 when compared to controls (NTP 1997). Hemoglobin was significantly
decreased in all treated groups of male rats at week 13 and erythrocyte counts were significantly
decreased in the 1080 and 2100 ppm groups of male rats when compared to controls. Alkaline
phosphatase was significantly decreased in male rats in the 540, 1080, and 2100 ppm groups at
day 22 and at 1080 and 2100 ppm at week 13 when compared to controls. Urinalysis results
showed a significant decrease in urine pH in male rats in the 540, 1080, and 2100 ppm groups at
day 22 and in the 2100 ppm group at week 13. No significant hematology or clinical chemistry
findings were reported for the treated female rats; however, urine pH was significantly increased
in the 1080 and 2100 ppm groups at day 21 and week 13. Significant increases in relative and
absolute right kidney weights occurred in the male rats at 1080 and 2100 ppm. In addition, there
were significant increases in relative right kidney weights in female rats at 2100 ppm, and
relative liver weights at 1080 and 2100 ppm. No treatment-related gross necropsy findings were
reported in male or female rats, and no treatment-related microscopic findings were reported in
female rats. A treatment-related increase in the severity of chronic nephropathy was noted in all
exposed males relative to controls. Kidney sections from male rats in the 0, 1080, and 2100 ppm
groups were stained and analyzed for the presence of tubular hyaline droplet accumulation;
however, no differences in control and treat animals were noted.

One death in the high-dose male mice group was attributed to TBA treatment; no other
treatment-related deaths were reported in either male or female mice (NTP 1997). Mean body
weight gains were significantly lower than control in the female mice in the 1080 and the 2100

ppm groups. No treatment-related clinical findings were reported for male or female mice.
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Hematology results showed a significantly increased segmented neutrophil count in the 2100
ppm group males when compared to controls; however, no other treatment-related changes in
hematology were noted. The only significant organ weight change was an increase in relative
liver weights in the 1080 and 2100 ppm groups of female mice when compared to controls. No

significant gross or microscopic changes were noted in the treated male and female mice.

2.3.2.3 Reproductive and Developmental Studies

Faulkner et al. (1989) exposed pregnant female CBA/J and C57BL/6J mice to TBA via
gavage at a concentration of 10.5 mmol/kg (777 mg/kg/day) every 12 hours during days 6
through 18 of gestation. A significant increase in the number of resorptions per litter and a
significant decrease in the number of live fetuses per litter were reported in the treated groups of
both strains of mice when compared to controls. Morphological examination of the surviving
offspring showed no teratological effects in either strain of mice at blood levels equivalent to
teratogenic ethanol treatment.

Daniel and Evans (1982) fed pregnant Swiss Webster mice liquid diets containing TBA
at concentrations of 0, 0.5%, 0.75%, or 1.0% (w/v) (0, 3243, 4520, 6250 mg/kg/day) from day 6
to day 20 of gestation. According to preliminary studies by the same author, the highest
concentration tested corresponded to the maximal tolerated concentration during a 15 day
administration. Results showed decreases in the number of litters, litter size, and birth weight
and an increase in the number of stillborn pups in the offspring of all exposed mice. In addition,
there were significant delays in postnatal physiological and psychomotor performance in the
offspring of exposed dams; however, maternal sedation and decreased food intake were noted at
the higher exposure concentrations, which could contribute to the developmental effects
observed in the offspring. In a similar study in Sprague Dawley rats exposed to concentrations
of 6000 or 12,000 mg/m’ TBA via inhalation from gestation day 1 through 19 (Nelson et al.
1989), TBA did not produce an increase in the number of birth defects relative to the frequency
observed in the controls.

As part of the 13-week oral study, vaginal cytology and sperm morphology evaluations
were also performed in F344/N rats and B6C3F; mice (10/sex/group) exposed to TBA drinking
water concentrations of 0, 2.5, 5, 10, 20, or 40 mg TBA/mL for 92 to 94 (rats) or 94 to 95 (mice)

consecutive days (NTP 1995). Parameters evaluated were the same as those in NTP (1997).
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Results showed no significant differences in the reproductive endpoints of male or female rats or
male mice evaluated or in estrous cycle length or percentage of time spent in various stages.
NTP (1997) performed vaginal cytology and sperm morphology evaluations in F344/N
rats and B6C3F; mice (10/sex/group) exposed to TBA air concentrations of 0, 540, 1080 or 2100
ppm for 6 hours plus Tgg per day, 5 days per week, for 13 weeks, with at least 2 consecutive
exposure days prior to sacrifice. Parameters evaluated in the males included testis, epididymal,
and caudal weight, sperm motility, sperm count, and sperm morphology. Females were
evaluated for estrous cycle length or the percentage of time spent in the various estrous stages.
The evaluations were performed at the end of the exposure and results showed no significant

differences in the reproductive endpoints of male or female rats or mice.

2.3.3 Mutagenicity and Genotoxicity Studies

A battery of genetic toxicity studies were performed including the Salmonella
typhimurium mutagenicity test, the mouse lymphoma mutagenicity test, the Chinese hamster
ovary (CHO) cell cytogenetics test, the rat bone marrow micronucleus test, and the mouse
peripheral blood micronucleus test (McGregor et al. 1988; NTP 1995, 1997; Zeiger et al. 1987).
In the S. typhimurium mutagenicity tests, TBA was incubated with the S. typhimurium tester
strains TA98, TA100, TA1535, and TA1537 both with and without metabolic activation with rat
and hamster S9 mix for 20 minutes at 37°C at doses of 0, 100, 333, 1000, 3333, or 10,000 pg
TBA/plate (NTP 1995, 1997; Zeiger et al. 1987). TBA did not induce mutations (no increase in
the number of histidine-independent reverants) in any of these S. typhimurium strains tested with
or without activation following incubation at 37°C for 2 days. The tester strains commonly used
in the S. typhimurium mutagenicity test, TA98, TA100, TA1535, and TA1537, have G-C base
pairs at the site of mutation (Levin et al. 1982).

Williams-Hill et al. (1999) found that in the presence of S9 activation, TBA produced
mutations in tester strain TA102; however, the proportional increase was modest and occurred at
very high doses (less than a 1.5-fold at approximately 750 pg/plate; 1.9-fold at approximately
1500 pg/plate; 1.9-fold at approximately 2250 ug/plate; 1.4-fold at 5000 pg/plate). These
results were not confirmed in another laboratory that tested TBAc (tertiary-butyl acetate from
which TBA is generated) in S. typhimurium strains TA100, TA98, TA 1535, TA 1537 and
TA102 or in Escherichia coli WP2uvrA/pKM101 and in two other laboratories that tested TBA
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in S. typhimurium strain TA102 at doses ranging from 5 to 5000 pg/plate with or without
metabolic activation (McGregor et al. 2005). The tester strain, TA102, has a mutation of the
ochre hisG248 gene with an A-T base pair at the site of the mutation that is sensitive to detection
of oxidative damage to DNA (Levin et al. 1982). The E. coli strains WP2 are also used to detect
oxidizing mutagens (Wilcox et al. 1990). TBA undergoes limited metabolism and is a free
radical scavenger rather than a generator of reactive oxygen species; therefore, as indicated by
the negative results in both TA102 and E. coli WPs strains that are sensitive to oxidative damage
to DNA, production of oxidative damage to DNA is highly unlikely. TBA should be considered
to be non-mutagenic.

Other genotoxicity studies have been uniformly negative. The L5178 mouse lymphoma
test was negative both with and without metabolic activation with S9 and consisted of a vehicle
control (4 cultures); a positive control (2 cultures); and TBA at concentrations of 1000, 2000,
3000, 4000, or 5000 pg/mL (2 cultures per concentrations) (McGregor et al. 1988; NTP 1995,
1997). All treatment levels were replicated. Following a 4-hour incubation with TBA, the
medium and TBA were removed and the cells were incubated in fresh medium for an additional
3 days to express the mutant phenotype. The cells were then plated with trifluorothymidine
(TFT) for selection of TFT-resistant cells. Plates were incubated at 37°C for 10 to 12 days.
Results of the mouse lymphoma test showed a small increase in mutant colonies in a single trial
at the highest concentration tested in the absence of S9 activation. An additional trial was
conducted without S9 activation and the results indicated no increase in mutant colonies. The
trials conducted with S9 activations were negative. Based on these results, the authors concluded
the mouse lymphoma test was negative (McGregor et al. 1988; NTP 1995, 1997).

TBA was tested in cultured CHO cells for the induction of sister chromatid exchanges
and chromosomal aberrations (Galloway et al. 1987; NTP 1995, 1997). Tests were performed
both with and without activation with Aroclor 1254-induced male Sprague-Dawley rat liver S9
and cofactor mix at TBA concentrations of 0, 160, 500, 1600, or 5000 ug/mL (Trail 1) or 0,
2000, 3000, 4000, or 5000 pg/mL (Trail 2). In the sister chromatid exchange test without
activation, the CHO cells were incubated with TBA for 26 hours, then the medium containing
TBA was removed and replaced with fresh medium plus bromodeoxyuridine (brdU) and

colcemid and incubated for an additional 2 hours. In the test with S9 activation, the cells were
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