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FOREWORD

The purpose of this Toxicological Review is to provide scientific support and rationale
for the hazard and dose-response assessment in IRIS pertaining to chronic exposure to ethylene
glycol monobutyl ether (EGBE). It is not intended to be a comprehensive treatise on the
chemical or toxicological nature of EGBE.

The intent of Section 6, Major Conclusions in the Characterization of Hazard and Dose
Response, is to present the major conclusions reached in the derivation of the reference dose,
reference concentration and cancer assessment, where applicable, and to characterize the overall
confidence in the quantitative and qualitative aspects of hazard and dose response by addressing
the quality of data and related uncertainties. The discussion is intended to convey the limitations
of the assessment and to aid and guide the risk assessor in the ensuing steps of the risk
assessment process.

For other general information about this assessment or other questions relating to IRIS,
the reader is referred to EPA’s IRIS Hotline at (202) 566-1676 (phone), (202) 566-1749 (fax), or

hotline.iris@epa.gov (email address).
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1. INTRODUCTION

This document presents background information and justification for the Integrated Risk
Information System (IRIS) Summary of the hazard and dose-response assessment of ethylene
glycol monobutyl ether (EGBE). IRIS Summaries may include oral reference dose (RfD) and
inhalation reference concentration (RfC) values for chronic and other exposure durations, and a
carcinogenicity assessment.

The RfD and RfC, if derived, provide quantitative information for use in risk assessments
for health effects known or assumed to be produced through a nonlinear (presumed threshold)
mode of action (MOA). The RfD (expressed in units of mg/kg-day) is defined as an estimate
(with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human
population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime. The inhalation RfC (expressed in units of mg/rn3) is
analogous to the oral RfD, but provides a continuous inhalation exposure estimate. The
inhalation RfC considers toxic effects for both the respiratory system (portal of entry) and for
effects peripheral to the respiratory system (extrarespiratory or systemic effects). Reference
values are generally derived for chronic exposures (up to a lifetime), but may also be derived for
acute (< 24 hours), short-term (>24 hours up to 30 days), and subchronic (>30 days up to 10% of
lifetime) exposure durations, all of which are derived based on an assumption of continuous
exposure throughout the duration specified. Unless specified otherwise, the RfD and RfC are
derived for chronic exposure duration.

The carcinogenicity assessment provides information on the carcinogenic hazard
potential of the substance in question and quantitative estimates of risk from oral and inhalation
exposure may be derived. The information includes a weight-of-evidence judgment of the
likelihood that the agent is a human carcinogen and the conditions under which the carcinogenic
effects may be expressed. Quantitative risk estimates may be derived from the application of a
low-dose extrapolation procedure. If derived, the oral slope factor is a plausible upper bound on
the estimate of risk per mg/kg-day of oral exposure. Similarly, a plausible inhalation unit risk is
an upper bound on the estimate of risk per ug/m3 air breathed.

Development of these hazard identification and dose-response assessments for EGBE has
followed the general guidelines for risk assessment as set forth by the National Research Council
(NRC, 1983, 194806). U.S. Environmental Protection Agency (U.S. EPA) Guidelines and Risk
Assessment Forum Technical Panel Reports that may have been used in the development of this
assessment include the following: Guidelines for the Health Risk Assessment of Chemical

Note: Hyperlinks to the reference citations throughout this document will take you to the NCEA HERO database (Health and
Environmental Research Online) at http://epa.gov/hero. HERO is a database of scientific literature used by U.S. EPA in the process of
developing science assessments such as the Integrated Science Assessments (ISA) and the Integrated Risk Information System (IRIS).



http://cfpub.epa.gov/ncea/hero/index.cfm?action=search.view&reference_id=194806
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Mixtures (U.S. EPA, 1986, 001468), Guidelines for Mutagenicity Risk Assessment (U.S. EPA,
1986, 001466), Recommendations for and Documentation of Biological Values for Use in Risk
Assessment (U.S. EPA, 1988, 064560), Guidelines for Developmental Toxicity Risk Assessment
(U.S. EPA, 1991, 008567) Interim Policy for Particle Size and Limit Concentration Issues in
Inhalation Toxicity (U.S. EPA, 1994, 076133), Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry (U.S. EPA, 1994, 006488), Use of the
Benchmark Dose Approach in Health Risk Assessment (U.S. EPA, 1995, 005992), Guidelines for
Reproductive Toxicity Risk Assessment (U.S. EPA, 1996, 030019), Guidelines for Neurotoxicity
Risk Assessment (U.S. EPA, 1998, 030021), Science Policy Council Handbook: Risk
Characterization (U.S. EPA, 2000, 052149), Benchmark Dose Technical Guidance Document
(U.S. EPA, 2000, 052150), Supplementary Guidance for Conducting Health Risk Assessment of
Chemical Mixtures (U.S. EPA, 2000, 004421), A Review of the Reference Dose and Reference
Concentration Processes (U.S. EPA, 2002, 088824), Guidelines for Carcinogen Risk Assessment
(U.S. EPA, 2005, 086237), Supplemental Guidance for Assessing Susceptibility from Early-Life
Exposure to Carcinogens (U.S. EPA, 2005, 088823), Science Policy Council Handbook: Peer
Review (U.S. EPA, 2006, 194566), and A Framework for Assessing Health Risks of
Environmental Exposures to Children (U.S. EPA, 2006, 194567).

The literature search strategy employed for this compound was based on the Chemical
Abstracts Service Registry Number (CASRN) and at least one common name. Any pertinent
scientific information submitted by the public to the IRIS Submission Desk was also considered
in the development of this document. The relevant literature was reviewed through December
2008.
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2. CHEMICAL AND PHYSICAL INFORMATION

EGBE is also known as 2-butoxyethanol. EGBE is widely used as a solvent in various
applications, such as in surface coatings, spray lacquer, quick-dry lacquers, enamels, varnishes,
varnish removers, latex paint, metal cleaners, and in commercially available cleaning products.
EGBE has been estimated to range in concentration from 1 to 30% (volume/volume) in industrial
and commercial products. The average concentration of EGBE in household products in 1977
was 2.6%. EGBE is a high production volume chemical with an estimated 390 million pounds
produced in the United States in 1992 (NTP, 2000, 196293). Some relevant physical and
chemical properties of EGBE are shown in Table 2-1.

Table 2-1. Physical and chemical properties of EGBE

CASRN 111-76-2

Empirical formula C4Hy-O-CH,CH,-OH

Molecular weight 118.2

Vapor pressure 0.88 mm Hg at 25°C (about 1,200 ppm)
Water solubility Miscible

Log Kow 0.81

Henry’s law constant 2.08 x 107-2.08 x 10" atm-m*/mole (25°C)
Flash point 62°C (closed cup); 70°C (open cup)
Conversion factor 1 ppm = 4.83 mg/m’; 1 mg/m’ = 0.207 ppm

Source: HSDB (2005, 597537)

EGBE exists as a colorless liquid at ambient temperature and pressure. Its evaporation
rate relative to butyl acetate is 0.08; thus, it is considered a “slow evaporator.” It is miscible in
water and partitions about equally between phases of octanol and water. Considering the
magnitude of the octanol:water partition coefficient (=7 :1), it is unlikely that EGBE
bioaccumulates. Based on the magnitude of the Henry’s law constant, partitioning of EGBE

between water and air greatly favors the water phase.
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developing science assessments such as the Integrated Science Assessments (ISA) and the Integrated Risk Information System (IRIS).
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3. TOXICOKINETICS

3.1. ABSORPTION AND DISTRIBUTION

EGBE is absorbed and rapidly distributed in humans following inhalation, ingestion, or
dermal exposure. Kumagai et al. (1999, 100171) examined 10 polar organic solvents, including
EGBE, during short-term inhalation by humans. Four healthy male research subjects inhaled
25 ppm EGBE for 10 minutes; the mean uptake was 79.7% in the last 5 minutes of EGBE
respiration.

Johanson and Boman (1991, 006759) attempted to define the relative importance of the
skin to the total absorption of EGBE vapors by humans by comparing mouth-only and body-only
exposures. Four research subjects were exposed to 50 ppm EGBE mouth-only for 2 hours,
followed by 1 hour of no exposure, then 2 hours of 50 ppm body-only exposure (i.e., exposed in
a chamber while breathing fresh air via a respirator). Blood samples were collected periodically
for analysis of EGBE under the assumption that the finger-prick blood samples represented
mixed arterial blood. Since the areas under the curve (AUCs) for the concentration of EGBE in
the subjects’ blood samples following body-only exposures were three- to fourfold greater than
following mouth-only exposure, the authors concluded that the skin accounted for approximately
75% of the total uptake of EGBE in a whole-body exposure.

Corley et al. (1994, 041977) suggested that Johanson and Boman’s (1991, 006759)
conclusion of greater absorption of EGBE vapor through the skin than from the respiratory tract
was inconsistent with the physiological differences (relative surface area, blood perfusion,
barrier thickness) favoring absorption of vapors through the lungs. They reanalyzed the kinetic
data of Johanson and Boman, assuming that the finger-prick blood samples represented venous
blood draining the skin prior to mixing systemically. These revised calculations resulted in
dermal uptake contributing no more than 22% of the total uptake of EGBE in a whole-body
exposure at average temperature and humidity (skin permeability coefficient of 3 cm/hour),
assuming no clothing to hinder absorption.

To provide experimental validation of the skin’s role in the uptake of EGBE vapors,
Corley et al. (1997, 041984) conducted a study in which human research subjects exposed one
arm to 50 ppm [°C]-EGBE for 2 hours. Catheters installed in the antecubital vein of the
unexposed arm served as the primary site for blood collection, which was analyzed for both
EGBE and 2-butoxyacetic acid (BAA). Finger-prick blood samples were collected from the
exposed arm at the end of the 2-hour exposure. If Johanson and Boman’s (1991, 006759)

Note: Hyperlinks to the reference citations throughout this document will take you to the NCEA HERO database (Health and
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assumption that finger-prick blood samples represented systemic arterial blood was correct, then
the concentrations of EGBE and BAA in the finger-prick blood samples taken from the exposed
arm at the end of the 2-hour exposure should have been comparable to the corresponding
catheter sample taken from the unexposed arm. This was not the case, since the concentration of
EGBE averaged nearly 1,500-fold higher in the finger-prick blood samples than in the samples
collected from the unexposed arm, confirming the potential for portal of entry to have a major

effect when using the finger-prick sampling technique.

3.2. METABOLISM AND ELIMINATION

The metabolism of EGBE has been studied extensively in rodents, particularly in rats,
and the large body of literature on this subject has been thoroughly reviewed
(Commonwealth of Australia, 1996, 594448; ECETOC, 1994, 594447). Proposed pathways for
the metabolism of EGBE in rats and humans are presented in Figure 3-1. The principal products

from metabolic processes in rats or humans are BAA (all species) and the glutamine or glycine
conjugate of BAA (humans). Other potential metabolic products, such as the glucuronide
conjugate of EGBE, ethylene glycol (EG), butoxyacetaldehyde (BAL), and CO, are minor
metabolites or are transitory in nature (e.g., BAL) and do not accumulate in blood, tissues, or

excreta.
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Sources: Adapted from Corley et al. (1997, 041984) and Medinsky et al. (1990, 041986).

Figure 3-1. Proposed metabolic scheme of EGBE in rats and humans.

The two main oxidative pathways of EGBE metabolism observed in rats are via alcohol
dehydrogenase (ADH) and O-dealkylation by a cytochrome P450 dealkylase (CYP 2E1).
Because BAA is excreted in the urine of both rats and humans following EGBE exposure, it has
been suggested that the production of BAA through the formation of BAL by ADH would be
applicable to both rats and humans (Corley et al., 1997, 041984; Corley et al., 2005, 100100;
Medinsky et al., 1990, 041986). However, the other proposed metabolic pathways of EGBE
may only be applicable to rats, since the metabolites of these pathways (i.e., EG, EGBE
glucuronide, and EGBE sulfate) have been observed in the urine of rats (Bartnik et al., 1987,
100086; Ghanayem et al., 1987, 041645), but not in humans (Corley et al., 1997, 041984). In
addition, Corley et al. (1997, 041984) confirmed an observation of Rettenmeier et al. (1993,
042198) that approximately two-thirds of the BAA formed by humans is conjugated with
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glutamine and, to a lesser extent, glycine. The BAA-glutamine and BAA-glycine conjugation
pathways have not been detected in the rat.

Carpenter et al. (1956, 066464) first identified BAA as the metabolite responsible for the
hemolytic toxicity of EGBE by incubating BAA with whole blood from a variety of species.
Blood from rats, mice, and rabbits was more rapidly hemolyzed than blood from humans,
monkeys, dogs, or guinea pigs when incubated in vitro at 37.5°C with a saline solution of 0.1%
of the sodium salt of BAA. These results correlated well with osmotic fragility studies using
blood from these same species following in vivo inhalation exposures to EGBE. In contrast, a
much higher concentration (2.5%) of EGBE was required to produce a similar degree of
hemolysis in vitro. Subsequent investigations have shown that hemolytic blood concentrations
of BAA can be produced following oral or dermal administration or inhalation of EGBE.

The uptake and metabolism of EGBE is essentially linear following a 6-hour inhalation
exposure of up to 438 ppm, a concentration that causes mortality in animals (Sabourin et al.,
1992, 006763). BAA is the primary metabolite in rats following drinking water (Medinsky et al.,
1990, 041986) and inhalation (Dill et al., 1998, 041981) exposures. EGBE is eliminated
primarily as BAA in urine. Lesser amounts of the glucuronide and sulfate conjugates of EGBE
have been observed in the urine of rats (Bartnik et al., 1987, 100086; Ghanayem et al., 1987,
041645) but not humans (Corley et al., 1997, 041984). No significant differences in the urinary
levels of BAA were found following administration of equivalent doses of EGBE dermally or in
drinking water (Medinsky et al., 1990, 041986; Sabourin et al., 1993, 597595; Shyr et al., 1993,
006766). Corley et al. (1997, 041984) reported that the elimination kinetics of EGBE and BAA
appear to be independent of the route of exposure. Elimination of EGBE and BAA following
repeated inhalation exposure appears to be dependent on species, gender, age, time of exposure,
and exposure concentration (Dill et al., 1998, 041981; NTP, 2000, 196293). In rodents,
dose-dependent clearances of EGBE and BAA have been observed (Corley et al., 1994, 041977;
Ghanayem et al., 1990, 042016). A summary of species-specific toxicokinetic parameters is

shown in Table 3-1 followed by a brief summary of key individual studies.
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Table 3-1. Summary of species-specific toxicokinetic parameters

EGBE toxicokinetics
ty2 in blood (hr)

Species Gender Route Mean Reference
Human Male Inhalation 0.65 Johanson (1986, 006758)
Human Male Dermal vapor 0.53-0.6  |Johanson and Boman (1991, 006759)
Human Male Dermal vapor 0.66 Corley et al. (1997, 041984)
Human Male/female  |Inhalation 0.93 Jones and Cocker (2003, 056771)
F344 rat Male iv. 0.11-0.17  |Ghanayem et al. (1990, 042016)
F344 rat Male Inhalation 0.13-0.69 |Dill et al. (1998, 041981)

F344 rat Female Inhalation 0.12-0.50 |Dill et al. (1998, 041981)

B6C3F; mouse Male Inhalation 0.05-0.16 |Dill et al. (1998, 041981)

B6C3F; mouse Female Inhalation 0.06-0.14 |Dill et al. (1998, 041981)

B6C3F, mouse Female i.p. 0.16 Poet et al. (2003, 100190)

B6C3F, mouse Female Gavage 0.35 Poet et al. (2003, 100190)
Clearance (mL/min/kg body weight)

Species Gender Route Mean Reference
Human Male Inhalation 16.2 Johanson (1986, 006758)
Guinea pig Female iv. 128 Johanson (1986, 006758)

F344 rat Male iv. 5.9-13.3  |Ghanayem et al. (1990, 042016)
Sprague-Dawley rat |Male Inhalation 2.2-2.3 Johanson (1994, 069322)
BAA toxicokinetics
ty; in blood (hr)

Species Gender Route Mean Reference
Human Male Inhalation 4.3 Johanson and Johnsson (1991, 100158)
Human Male Dermal vapor 3.27 Corley et al. (1997, 041984)
F344 rat Male V. 1.5-3.2 Ghanayem et al. (1990, 042016)
F344 rat Male Inhalation 0.55-4.96 |Dill et al. (1998, 041981)

F344 rat Female Inhalation 0.79-6.6  |Dill et al. (1998, 041981)

B6C3F; mouse Male Inhalation 0.36-4.0 |Dill etal. (1998, 041981)

B6C3F; mouse Female Inhalation 0.38-4.5 |Dill etal. (1998, 041981)

B6C3F, mouse Female L.p. 1.05-1.42 [Poet et al. (2003, 100190)

B6C3F; mouse Female Gavage 1.55-2.11 |Poet et al. (2003, 100190)
Clearance (mL/min/kg body weight)

Species Gender Route Mean Reference
Sprague-Dawley rat |Male Inhalation 0.49-0.58 |Johanson (1994, 069322)

1.p. = intraperitoneal; i.v. = intravenous

Percutaneous absorption of EGBE in rats is rapid and produces measured blood levels of
BAA sufficient to produce hemolysis (Bartnik et al., 1987, 100086). Metabolism, disposition,
and pharmacokinetic studies in male F344 rats conducted by Corley et al. (1994, 041977)
produced hemolytic blood concentrations of BAA (0.5 mM) following a single oral dose of 126
mg/kg of ['*C]-labeled EGBE. Using their physiologically based pharmacokinetic (PBPK)
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model, they predicted that such hemolytic blood concentrations would also be produced in rats
following a single 6-hour EGBE inhalation exposure >200 ppm. A report that evaluated the
National Toxicology Program (NTP, 2000, 196293) inhalation bioassay suggests that BAA
blood concentrations in female rats, which achieved higher blood concentrations than males,
exceeded 0.5 mM (approximately 67 ug BAA/g blood), following exposure to 62.5 ppm EGBE
for both 1-day and 12-month exposure durations (Dill et al., 1998, 041981).

The metabolic basis for the hematotoxicity of EGBE was studied in male F344 rats by
using pyrazole and cyanamide as metabolic inhibitors of ADH and aldehyde dehydrogenase
(ALDH), respectively (Ghanayem et al., 1987, 041608). Male F344 rats, 9-13 weeks old, were
pretreated with pyrazole or cyanamide followed by administration of 500 mg/kg EGBE by
gavage. The use of pyrazole protected rats from EGBE-induced hematotoxicity and resulted in a
10-fold lower ratio of BAA to conjugated EGBE excreted in urine. Cyanamide treatment
significantly reduced the hematotoxic response in a manner similar to that of pyrazole; it also
resulted in a high mortality rate in rats given cyanamide and EGBE. This effect was possibly
due to the increased levels of unmetabolized BAL; the effect was not observed in animals treated
with cyanamide or EGBE alone. Pyrazole completely blocked the increase in spleen weight to
body weight ratios seen in EGBE-treated animals. Gavage administration of either BAL or BAA
at equivalent molar doses to 125 mg/kg EGBE produced identical increased spleen to body
weight ratios and identical increases in free hemoglobin (Hb) levels in plasma. Pretreatment of
rats with cyanamide prior to administration of BAL provided significant protection against BAL-
induced hematotoxicity. These studies confirm the central role of BAA in the hematotoxic
response elicited in rats.

The effects of age, dose, and metabolic inhibitors on the toxicokinetics of EGBE were
studied in male F344 rats (Ghanayem et al., 1990, 042016). Rats aged 3—4 and 12—13 months
were administered a single gavage dose of 31.2, 62.5, or 125 mg/kg EGBE. Pretreatments
included pyrazole, cyanamide, or probenecid, an inhibitor of renal anion transport.

Toxicokinetic parameters for EGBE, including AUC, maximum plasma concentration (Cpax),
and clearance rate (Cls), were dose dependent; AUC and C,,,y increased and Clg decreased as
dose levels increased. Other measured parameters were unaffected by dose. Age had no effect
on half-life (t,;), volume of distribution (V4), or Cls of EGBE, but C,;,.x and AUC increased with
age. As expected from previous studies, inhibition of EGBE metabolism by either pyrazole or
cyanamide resulted in significantly increased t,, and AUC, as well as decreased Cls. BAA
toxicokinetics were also altered by dose and age, as well as by administration of metabolic
inhibitors. Statistically significant, slight increases in Cy,,x, AUC, and ty, were seen at higher
doses; these results were more pronounced in older rats. Probenecid pretreatment at EGBE dose
levels of 31.2 and 62.5 mg/kg produced no changes in the measured toxicokinetic parameters for
EGBE. Pretreatment produced two- to threefold increases in AUC, and two- to sixfold increases

in ty, for BAA. These results indicate that renal organic acid transport is vital to renal elimination
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of BAA. The increased Cp.x, AUC, and t, in older versus younger rats may be due to
differences in relative contributions of the two primary metabolic pathways previously discussed,
or to compromised renal clearance.

Dill et al. (1998, 041981) described the toxicokinetics of EGBE and BAA in male and
female F344 rats and B6C3F; mice as part of the 2-year EGBE inhalation toxicity and
carcinogenicity study conducted by the NTP (2000, 196293). Blood samples were collected
from a satellite group of animals postexposure (i.e., after the daily 6-hour exposure) after 1 day,
2 weeks, and 3, 6, 12, and 18 months of exposure to target EGBE concentrations of 0, 31.2 (rats
only), 62.5, 125, or 250 ppm (mice only) by whole-body inhalation; the samples were assayed
for EGBE and BAA. Postexposure time points varied from 10 to 720 minutes following 1 day,
2 weeks, and 3 and 6 months and varied from 10 to 2,880 minutes following 12 months.
Postexposure 16-hour urine samples were collected after 2 weeks and 3, 6, 12, and 18 months of
exposure and assayed for BAA. In addition, a separate set of aged mice were kept in the control
chamber and exposed to EGBE for 3 weeks when they were approximately 19 months old.
Postexposure blood samples were collected after 1 day and 3 weeks of exposure; 16-hour urine
samples were collected after 2 weeks of exposure. Overall, mice eliminated both EGBE and
BAA from blood faster than rats: for example after the 1-day exposure, t, for rats (males and
females, over three concentrations) averaged 8.6 minutes for EGBE, while the ty, for mice (males
and females, over three concentrations) averaged 4 minutes for EGBE. In contrast, the rate of
BAA elimination from blood decreased as the exposure concentration increased. As exposure
continued, the rates of elimination for both EGBE and BAA decreased in both species, resulting
in longer residence times in the blood. At 1 day postexposure, t,, in male rats was 9.4 minutes,
and at 18 months postexposure, t,, was 15.8 minutes. Female rats were significantly less
efficient in clearing BAA from their blood than males, possibly as a result of reduced renal
clearance in female rats. The aged mice were observed to eliminate BAA from blood >10 times
slower than young mice after 1 day of exposure, but this difference was less obvious after 3
weeks of exposure. These findings provide evidence that the elimination kinetics of EGBE and
BAA, following repeated inhalation exposure to EGBE, appear to be dependent on various
factors, including species, gender, age, time of exposure, and exposure concentration.

Green et al. (2002, 041610) explored reasons that female mice develop marked
hyperkeratosis in the forestomach when given oral doses (1/day for 10 days) of either EGBE or
BAA. Irritation from the carboxylic acid BAA is hypothesized to cause cell damage followed by
cell proliferation and eventually the observed hyperkeratosis. Their studies examined the
activity and localization of ADH and ALDH (the principal enzymes involved in the metabolism
of EGBE in the stomach tissues of mice and rats) the localization of these enzymes in a human
stomach sample, and whole body autoradiography of mice exposed to radiolabeled EGBE (see
Section 4.4.1). Tissue homogenates were prepared from female B6C3F; mice (n = 30) and rats

(n = 10; gender and species not specified) and centrifuged at 41,000 x g, with the supernatants
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used to examine the metabolism of EGBE by ADH and ALDH. The stomachs were separated
into fore and glandular sections and used to measure the metabolism of EGBE to BAL and BAL
to BAA by ADH and ALDH, respectively. A marked species difference in ALDH activity was
observed between rats and mice:

Rats: K, =0.29 mM
Viax = 1.627 nmol/minute per mg protein, forestomach, K, = 0.73 mM

Viax = 2.170 nmol/minute per mg protein, glandular stomach

Mice: K,,=46.59 mM
Vinax = 17.094 nmol/minute per mg protein, forestomach, K, = 87.01 mM

Vimax = 13.986 nmol/minute per mg protein, glandular stomach

K, values were over two orders of magnitude greater in mice compared to rats. Based
upon the K;;, and V.« values reported, while the mouse ALDH enzyme has a lower affinity than
the rat enzyme for EGBE, the mouse enzyme has a much greater capacity to metabolize EGBE
to the intermediate without becoming saturated. The fact that EGBE is held in the forestomach,
along with the information that rates for the ADH enzyme were of the same order of magnitude
for rats and mice, suggests that mice are capable of generating more BAA in the forestomach
than rats for the same dose and exposure duration.

Green et al. (2002, 041610) also examined the distribution of ALDH and ADH in rat,
mouse, and human stomach tissue sample from a single individual, using histochemical staining.
The stratified squamous epithelium of the forestomach of both rats and mice contained the
highest staining intensity for ALDH and ADH. These enzymes were found throughout the
mucosa in the human stomach tissue sample; the highest concentration was found in the mucus-
producing cells at the surface. Data indicates that the distribution of these enzymes in humans is
more closely comparable to that found in the rodent glandular stomach than in the rodent
forestomach. This finding, combined with the difference in ALDH and ADH activity between
mouse and rat forestomach, suggests that humans are at much lower risk for the tissue irritation
seen in the mouse forestomach.

Deisinger and Boatman (2004, 594446) determined the extent of the in vivo formation of
BAL and BAA from EGBE and their elimination kinetics from blood, liver, and forestomach of
mice. Male and female B6C3F; mice (4/gender/time point) were administered oral doses of
600 mg/kg EGBE dissolved in distilled water. At 5, 15, 45, and 90 minutes following the dose,
blood, liver, and forestomach tissues, along with forestomach contents, were collected and
processed to determine EGBE, BAL, and BAA concentrations in the samples. High EGBE
concentrations were measured at all time points; maximum concentrations occurred 5 minutes

after dosing, with a mean of 123 mM in females and 129 mM in males. EGBE levels in blood
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and liver were also at maximum concentrations at 5 minutes postdosing, but at levels that were
roughly 50-fold lower than in the forestomach. BAA concentrations in all organs were
substantial in the 5-minute samples, and concentrations continued to increase until leveling off in
the 45- and 90-minute samples. Concentrations of BAA measured in the forestomach were
lower than concentrations in blood and liver tissues. Furthermore, BAA was found to be
associated with forestomach tissues, rather than forestomach contents. BAL levels were highest
in the initial samples, 5 minutes postdose, and then declined. Levels of BAL measured in the
forestomach were 10-fold to 100-fold lower than the parent compound or carboxylic acid
metabolite. No differences between male and female mice were apparent in the parent
compound or BAA organ concentrations at comparable time points following dosing, but the
BAL concentrations were up to twofold greater at some time points in the liver and forestomach
of female mice compared to male mice.

Using rate constants derived from mouse stomach fractions (Green et al., 2002, 041610)
and making several assumptions about the use of these enzyme activity data, Corley et al. (2005,
100100) estimated that 250 ppm EGBE would result in peak Cy,.x values of 7 uM EGBE, 0.5 uM
BAL, and 3,250 uM BAA in liver tissue of male mice at the end of a 6-hour inhalation exposure.
The model includes the metabolism of EGBE to BAL via ADH, and the subsequent metabolism
of BAL to BAA via ALDH in both the liver and forestomach. The model predicts that the
concentrations of BAL in gastrointestinal tract tissues of male and female mice at 5 minutes
postdosing, the time of maximal concentration, would be 18 and 33 uM, respectively, following
gavage exposure to 600 mg/kg EGBE. This compares well with the levels of BAL actually
observed in forestomach tissue of male and female mice at 5 minutes postdosing: 19 and 33 uM,
respectively, following gavage exposure to EGBE at 600 mg/kg (Deisinger and Boatman, 2004,
594446).

For humans, the elimination kinetics of EGBE and BAA appear to be independent of the
route of exposure. For whole-body exposures under exercise conditions, the elimination t, for
EGBE and BAA were 0.66 and 4 hours, respectively (Johanson, 1986, 006758; Johanson and
Johnsson, 1991, 100158). For dermal exposure to neat liquids, the t,, for elimination of EGBE
and BAA were 1.3 and 3.1 hours, respectively (Johanson et al., 1988, 100156). For dermal
exposure to vapors, the elimination t,, for EGBE was 0.53—0.6 hours.

Haufroid et al. (1997, 042040) conducted a study on 31 male workers exposed to low
levels of EGBE in a beverage package production plant. The average airborne EGBE exposure
concentration was 2.91 £ 1.30 mg/m” (0.59 + 0.27 ppm). Postshift urine samples showed an
average BAA concentration of 10.4 mg/g creatinine. One exposed individual who exhibited a
very low urinary BAA excretion was found to possess a genetic polymorphism for CYP 2E1 that
produced increased oxidative activity. However, the researchers did not measure BAA

conjugated to glutamine, an alternative pathway for BAA excretion in humans. Further
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investigations on the influence of genetic polymorphisms for CYP 2E1 on urinary BAA
excretion rate are needed before conclusions can be drawn.

Johanson and Johnsson (1991, 100158) analyzed venous blood samples collected at 0, 2,
4, and 6 hours postexposure from five healthy, male research subjects exposed to 20 ppm EGBE
via inhalation for 2 hours during light physical exercise on a bicycle ergometer. Blood samples
were analyzed for BAA concentrations. An average peak blood concentration of 45 uM BAA
was reached 2—4 hours after exposure. The range of concentration was from 36 to 60 uM. The
average ty, for elimination of BAA from blood was 4.3 hours, with a range from 1.7 to 9.6 hours,
suggesting that blood levels of BAA would probably not increase following prolonged
occupational exposures to concentrations of EGBE vapor at or below existing occupational
exposure limits of 20-25 ppm. Thus, blood levels would not reach those shown to cause adverse
effects in vitro. The average renal clearance of BAA was 23—-39 mL/minute, which was only
about one-third of the glomerular filtration rate (GFR). The authors suggested that the low
clearance of BAA relative to the GFR could have been related to the binding of BAA to proteins
in blood or to a low efficiency in renal tubular secretion. The low pKa of 3.5 estimated by the
researchers indicates that tubular reabsorption is unlikely, because more than 99% of the BAA in
normal human urine (pH ~6) is ionized. The V4 averaged 15 L (range 6.5-25 L) based on whole
blood measurements, and was approximately equal to the volume of extracellular water (13—

16 L), a further indication of binding of BAA to blood proteins.

Laitinen (1998, 100173) reported BAA levels in a study of eight silkscreen printers
(gender not specified) exposed to a mixture of EGBE and 2-butoxyethylacetate. Daily mean 8-
hour air concentrations ranged from 0.1 to 0.6 ppm during a 5-day period. Urine samples from
these workers contained 75 mg BAA/g creatinine immediately after the work shift, and 58 mg/g
creatinine the following morning, 14—16 hours postshift. Laitinen et al. (1998, 100174) reported
similar postshift urinary levels of 60 mg BAA/g creatinine in another group of 37 male and 15
female silkscreen workers exposed to 5 ppm EGBE and its acetate for one 8-hour workday.

Several PBPK models have been developed for EGBE, each sequentially building upon
the advances from the previous model. The first model was developed by Johanson (1986,
006758) to describe the kinetics of EGBE in the blood of human volunteers exposed for 2 hours
to 20 ppm EGBE in air while exercising. Shyr et al. (1993, 006766) published a model to
describe the pharmacokinetics of EGBE in male F344 rats based upon the drinking water
exposure data of Medinsky et al. (1990, 041986) and the inhalation and dermal data of Sabourin
et al. (1992, 006763; 1993, 597595). Corley et al. (1994, 041977) then extended the Johanson
(1986, 006758) model to describe the kinetics of EGBE, as well as the major metabolite, BAA,
in rats and humans and later validated the human dermal exposure model in Corley et al. (1997,
041984). Lee et al. (1998, 041983) followed with a model that included young and old, male
and female rats and mice to describe the kinetics of EGBE and BAA in the NTP 2-year
inhalation bioassay (data in Dill et al., 1998, 041981). Based upon the data of Dill et al. (1998,
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041981), there were species, gender, age, and exposure concentration-dependent differences in
the kinetics of BAA. Lee et al. (1998, 041983) made several assumptions about the plasma
protein binding of BAA, the metabolism of EGBE to BAA and other metabolites, and the renal
clearance of BAA (all initially described by Corley et al. (1994, 041977) and Shyr et al. (1993,
006766) in male rats) to describe the kinetic data in female rats and mice as a function of age and
chronic exposure to EGBE. Corley et al. (2005, 100100) replaced the assumptions used by Lee
et al. (1998, 041983) with experimental data. This model, along with the Lee et al. (1998,
041983) rat and mouse model and Corley et al. (1997, 041984) human model, is used in this
current review to calculate the internal dose of EGBE (Cy.x of BAA in blood) used in the
development of the RfC and RfD. This model is described in more detail in Appendix B.
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4. HAZARD IDENTIFICATION

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

Carpenter et al. (1956, 066464) conducted three controlled inhalation studies. In the first
study, a group of two men and six rats were exposed simultaneously for 4 hours to an EGBE
concentration of 113 ppm in a 1,250 cubic foot room. Effects observed in humans included nasal
and ocular irritation, a metallic taste, and belching. Erythrocyte osmotic fragility did not change
for the men, yet rose appreciably for the rats. In a second study, a group of two men, one
woman, and three rats were exposed to 195 ppm EGBE for two 4-hour periods, separated by a
30-minute recess, in a 6.5 cubic foot room. There was no change in the subjects’ blood pressure,
erythrocyte fragility, or pulse rate. They experienced nose and throat irritation, followed by
ocular irritation and disturbed taste; one subject reported a headache. In the rats, an increase in
erythrocyte fragility values was noted. In the third study, two men and two women were
exposed for 8 hours to a 100 ppm EGBE concentration. No changes in blood pressure,
erythrocyte fragility, or pulse rate were observed. Again, nasal and throat irritation followed by
ocular irritation and a disturbing metallic taste were experienced. Two subjects reported
headaches.

There are a number of case reports of acute ingestion of EGBE, consisting primarily of
accidental or intentional ingestion. Bauer et al. (1992, 100087) reported the effects of acute
ingestion of 500 mL of window cleaner containing 9.1% EGBE and 2.5% ethanol by a 53-year-
old alcoholic male. He was comatose with metabolic acidosis, shock and noncardiogenic
pulmonary edema when brought to a hospital, approximately 10 hours after ingestion. He had
increased heart rate, decreased blood pressure, and transient polyuria and hypoxemia.
Hypochromic anemia was evident with an Hb concentration of 9.1 g/100 mL, a hematocrit (Hct)
of 25%, and thrombocytopenia. The patient recovered and was discharged after 15 days.

Gijsenbergh et al. (1989, 100134) reported that a 23-year-old woman weighing 64 kg
ingested approximately 25-30 g of EGBE (~400—-500 mg/kg) and ethanol (~4:1 ratio) as a
window cleaner in an apparent suicide attempt. She was comatose when admitted to the
hospital, exhibiting dilated pupils, obstructive respiration, and metabolic acidosis, including
depression of blood Hb concentration and hematuria. The presence of EGBE in the blood and
dialysis fluid was confirmed. Treatment consisted of supportive therapy, forced diuresis,
bicarbonate administration, and hemodialysis. Her Hb concentration fell from 11.9 g Hb/100 mL

upon admission to 8.9 g Hb/100 mL. She was discharged after 8 days.

Note: Hyperlinks to the reference citations throughout this document will take you to the NCEA HERO database (Health and
Environmental Research Online) at http://epa.gov/hero. HERO is a database of scientific literature used by U.S. EPA in the process of
developing science assessments such as the Integrated Science Assessments (ISA) and the Integrated Risk Information System (IRIS).
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Gualtieri et al. (1995, 594443; 2003, 100140) reported a case of a suicide attempt with an

industrial-strength window cleaner. The 18-year-old male weighed 71 kg; he consumed between

360 and 480 mL of a concentrated glass cleaner that contained 22% EGBE, a dose equivalent to
1,131-1,509 mg/kg. He was admitted to the hospital with no abnormalities other than epigastric
discomfort within 3 hours postingestion. Approximately 10 hours postadmission, the patient was
noticeably lethargic, weak, and hyperventilating, symptoms consistent with the onset of
metabolic acidosis. BAA was measured; the highest serum concentration found was

4.86 mmol/L, collected approximately 16 hours postingestion. The patient was transferred to a
tertiary care hospital where hemodialysis was initiated at approximately 24 hours postingestion.
Ethanol therapy was started 30 minutes later. Treatment also consisted of intravenous (i.v.)
doses of 100 mg thiamine and 50 mg folic acid every 12 hours and 50 mg pyridoxine every

6 hours. Following 4 hours of dialysis, the patient was alert and remained hemodynamically
stable. Ten days after discharge, the patient was readmitted following a second ingestion of

480 mL of the same cleaner, an EGBE dose equivalent to 1,509 mg/kg. Treatment included
ethanol therapy and hemodialysis, and was initiated within a few hours of ingestion to control the
metabolic acidosis. Due to this early treatment, ethanol therapy had an impact on the disposition
of EGBE and BAA. As with the first episode, metabolic acidosis was manifest. This high-dose
oral ingestion was nearly 1.1-1.5 g EGBE/kg body weight. The highest serum BAA
concentration was 2.07 mmol/L, collected 22 hours postingestion. No evidence of hemolysis or
renal abnormalities was detected.

A 50-year-old woman ingested approximately 250-500 mL of a window cleaner
containing 12% EGBE, representing ~30—60 mL, in an apparent suicide attempt (Rambourg-
Schepens et al., 1988, 100191). She was diagnosed with metabolic acidosis, hypokalemia, a rise
in serum creatinine level, and a marked increase in urinary excretion of oxalate crystals.
Moderate hemoglobinuria appeared on the third day postexposure, and a progressive
erythropenia was noted. In the absence of more complete hematologic details from this and
other similar case studies, it is not possible to determine whether these effects were due to
hemolysis or other factors related to the profound blood chemistry changes observed. The
clinical status improved gradually and the patient was discharged on the 10th day.

Burkhart and Donovan (1998, 056375) summarized the case of a 19-year-old male who
ingested 20-30 ounces (or ~590-885 mL) of a product that contained 25-35% EGBE (an
exposure equivalent to ~177-265 mL, estimated at >3,000 mg/kg) along with 15-25% propylene
glycol, 5-10% monoethanolamine, and 1-3% potassium hydroxide. On his arrival at the hospital
3.5 hours after ingestion, the patient was deeply comatose with severe hypotension. Hematuria
developed on the second day, with no evidence of renal or hepatic toxicity; however, pulmonary
toxicity consisting of severe aspiration pneumonia was present. The patient had a significant

recovery, despite severe neurologic deficits that were slow to resolve.
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Osterhoudt (2002, 100186) reported on a 16-month-old girl who ingested an unknown
amount of cleaning solution containing EGBE (10-30%), monoethanolamine (5-10%),
alkoxylated linear alcohols (1-5%), ethylenediaminetetraacetic acid (1-5%), and potassium
hydroxide (1-5%). Metabolic acidosis was manifest, and a single dose (15 mg/kg) of the ALDH
inhibitor fomepizole was administered. Within 2 hours, the metabolic acidosis was completely
resolved, and there was no evidence of alkaline mucosal injury, hepatic or renal dysfunction, or
hemolysis.

Dean and Krenzelok (1991, 597279) reported that 24 children, aged 7 months to 9 years,
were observed subsequent to oral ingestion of at least 5 mL of glass window cleaner containing
EGBE in the 0.5-9.9% range. Two children drank more than 15 mL, and were treated by gastric
lavage. No symptoms of EGBE poisoning, such as metabolic acidosis, and no hemolysis were
observed in any of the children.

Raymond et al. (1998, 100193) reported on seven clerical workers who were evaluated 8
months after they entered a file room where the supervisor believed that EGBE had been applied
overnight to strip the floor. Exact details of the product used were unknown, but based on
containers found and exposure symptoms of noted intense eye and respiratory irritation, marked
dyspnea, nausea, and faintness, the authors suggested that they were exposed to EGBE
concentrations of 200300 ppm. Of major concern were skin spots—cherry angiomas—that
appeared between 4 and 22 weeks after exposure in six of the seven workers. All workers
continued to experience recurrent eye and tracheobronchial irritation; four had a dry cough.
Workplace air sampling conducted by a certified industrial hygienist 1 week after the floor
stripping found no detectable EGBE, although traces (0.1-0.2 ppm) of formaldehyde were
identified. Five years after the exposure, four of the workers who could be contacted reported
that they continued to have outbreaks of new cherry angiomas. It should be noted that no other
studies linking EGBE exposure to outbreaks of cherry angiomas are available in the literature.
The authors included the observation that, since this report, they had seen three patients who they
believe were also exposed to EGBE vapor in an unrelated incident, and who did not develop any
skin spots. Cherry angiomas are the most common cutaneous vascular lesion; they are benign
and formed by a proliferation of dilated venules. The spots occur more frequently with
increasing age but can appear in younger individuals. There are reports in the literature of cherry
angiomas appearing following individual exposure to other chemicals, such as bromides (Cohen
et al., 2001, 100096), glutaraldehyde (Raymond et al., 1998, 100193), and sulfur mustard gas
(Firooz et al., 1999, 100115).

A cross section of 31 male workers, aged 22—45, employed for 1-6 years, who were
exposed to low levels of EGBE in a beverage packing production plant were monitored by
Haufroid et al. (1997, 042040). The effect of external EGBE exposure and internal BAA levels
on erythrocyte lineage were investigated by studying red blood cell (RBC) count, Hb, Het, mean

cell volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
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concentration (MCHC), haptoglobin (Hp), reticulocyte count, and osmotic resistance (OR), a
measure of osmotic fragility. Also studied were serum glutamic-oxaloacetic and glutamic-
pyruvic transaminases and renal creatinine and urinary retinol binding protein parameters. The
average airborne concentration of EGBE was 2.91 mg/m’, or 0.6 ppm (standard deviation [SD]
of £1.30 mg/m’ or 0.27 ppm). In addition, there was coexposure to methyl ethyl ketone. Single
determinations of BAA in postshift urine samples were used to assess exposure to low levels of
EGBE. No differences were observed for RBC counts, Hb, MCV, MCH, Hp, reticulocyte count,
or between exposed and control workers. The only statistically significant change observed in
exposed workers when compared with a matched control group (n =21) was a 3.3% decrease in
Hct (p=10.03) and a 2.1% increase in MCHC (p = 0.02). The implications of these small
erythroid effects are unclear. Both values are within their corresponding normal clinical ranges
and, given that no statistically significant changes were observed in other erythroid parameters,
they do not appear to be related to the more severe effects observed in laboratory animals.
Furthermore, no correlation was found between any of the nine erythroid parameters measured
and the parameters of internal exposure. No significant differences were observed in hepatic and
renal biomarkers.

Several human studies investigated the dermal absorption of EGBE. Jakasa et al. (2004,
100151) dermally exposed six male research subjects, ages 22—55, to 50%, 90%, or neat EGBE
for 4 hours on the forearm over an area of 40 cm”. The dermal absorption of EGBE from
aqueous solutions was markedly higher than from neat EGBE. In Jones et al. (2003, 056771),
four research subjects were exposed via inhalation of 50 ppm EGBE for 2 hours on nine separate
occasions, with each occasion separated by 3 weeks, at varying temperatures and humidity
levels. Results show that “baseline” dermal contribution to total body absorption of EGBE vapor
in appropriately dressed workers was, on average, 11%. Higher temperature (30°C, mean 14%,
p =0.03) and greater humidity (65% relative humidity, mean 13%, p = 0.1) both increased
dermal absorption. The wearing of whole-body overalls did not attenuate absorption (mean
10%). By combining several factors together in the industrial scenario, dermal absorption of

vapors was reported to be as high as 39% of the total absorbed dose.

4.2. SUBCHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN
ANIMALS—ORAL AND INHALATION

4.2.1. Subchronic Studies

4.2.1.1. Oral

A number of subchronic studies by the gavage route of exposure have been conducted.
Krasavage (1986, 066474) conducted a toxicity study using groups of 10 COBS CD (Sprague-
Dawley) BR adult male rats treated by gavage with 222, 443, or 885 mg/kg-day undiluted EGBE
5 days/week for 6 weeks. Endpoints evaluated throughout the study included body weight, food
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consumption, clinical signs, and survival. Hematology and serum clinical chemistry parameters
were determined after the last treatment. Dose-related changes were observed in the RBC counts
of all treatment groups, including statistically significant decreases in RBC count and Hb
concentration and a statistically significant increase in MCH. Statistically significant
hematological changes occurring at 443 and 885 mg/kg-day were increased MCV and decreased
MCHC. The increased MCV at higher doses is likely due to both an increase in MCV and in the
number of larger reticulocytes in the circulation following the erythropoietic response (NTP,
2000, 196293). Based on decreased RBC count and trends in Hb and other hematological
endpoints, the lowest-observed-adverse-effect level (LOAEL) was determined to be 222 mg/kg-
day, the lowest dose tested. A no-observed-adverse-effect level (NOAEL) was not identified.

Nagano et al. (1979, 100179) performed a toxicity study in male JCL/ICR mice
(five/group) using gavage doses of 0, 357, 714, or 1,430 mg/kg-day EGBE 5 days/week for
5 weeks. Parameters evaluated at the end of the study were hematology (RBC and white blood
cell [WBC] counts, MCV, and Hb), absolute and relative weights of testes, and testicular
histology. Mean RBC counts were significantly lower than the control values in the 357 and
714 mg/kg-day groups, but WBC counts were not affected. All animals in the 1,430 mg/kg-day
group died before examinations were performed; mortality was not observed in the lower dose
groups, and no differences in testes weights or histology were found. The LOAEL for this study,
based on the reduced RBC count, was 357 mg/kg-day. A NOAEL was not determined.

Siesky et al. (2002, 042204) investigated whether subchronic exposure to EGBE in F344
male rats, 8—10 weeks old, and B6C3F; male mice, 8—10 weeks old, produced an increase in
oxidative damage and deoxyribonucleic acid (DNA) synthesis in endothelial cells and
hepatocytes in the mouse liver, the putative cancer target cells. Mice (60/group) were treated via
gavage with doses of 0, 225, 450, and 900 mg/kg-day and rats (20/group) with 0, 225, and
450 mg/kg-day for 90 days. A dose-related increase in hemolysis was observed in both rats and
mice. An increase in the percentage of iron-stained Kupffer cells was observed following 450
and 900 mg/kg in mice and 225 and 450 mg/kg in rats. An increase in oxidative damage, as
measured by 8-hydroxydeoxyguanosine (8-OHdG) levels, was seen in mouse livers at 450 and
900 mg/kg-day after 7 or 90 days, while no increase was seen in rat livers at any dose or time
point examined. Vitamin E levels were reduced by all doses of EGBE in the mouse and rat liver
(statistically significant at 7 and 90 days in both mice and rats); however, the basal level of
vitamin E was ~2.5-fold higher in rat than in mouse liver. The LOAEL for this study was
450 mg/kg-day in mice and 225 mg/kg-day in rats, based on the percentage of iron-stained
Kupffer cells. The NOAEL was 225 mg/kg-day in mice, and a NOAEL was not determined in
rats.

NTP (1993, 042063) performed a 13-week toxicity study in F344 rats and B6C3F; mice
where groups of 10 animals/gender/species received EGBE in drinking water at doses of 0, 750,
1,500, 3,000, 4,500, and 6,000 ppm in rats and 0, 750, 1,500, 3,000, 4,500, and 6,000 ppm in
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mice. The corresponding doses in mg/kg-day, based on measured drinking water consumption
were: 0, 69, 129, 281, 367, or 452 mg/kg-day in male rats; 0, 82, 151, 304, 363, or 470 mg/kg-
day in female rats; 0, 118, 223, 553, 676, or 694 mg/kg-day in male mice; and 0, 185, 370, 676,
861, or 1,306 mg/kg-day in female mice. Due to a dose-related decrease in water consumption
in the 2-week studies, the test chemical was administered at a constant concentration (ppm) in
the 13-week studies rather than on a mg/kg body weight basis. Hematology was performed on
rats but not on mice. Complete histological exams were performed on all control animals and all
animals in the highest dose group. Vaginal cytology and sperm indices were evaluated in rats
and mice from the control and three highest dose groups. Hematologic changes in both genders
persisting until or developing by 13 weeks included dose-related indications of mild to moderate
anemia. Portions of the hematologic results from the NTP 13-week rat drinking-water study are
presented in Table 4-1. The various results shown in this table are indicative of the various
degrees of hemolysis caused by exposure to increasing concentrations of EGBE. Overall, the
dose-related increase in MCV is indicative of erythrocyte swelling that would be expected to
precede cell lysis and an increase in the number of reticulocytes. Deficits in RBCs as a result of
lysis manifest through dose-related decreases in the measures of both RBC count and Hb
concentration. Hct would be expected to decrease but did not. The increases noted both in
reticulocytes (young RBCs) and, at higher doses, in nucleated erythrocytes (immature and
prematurely released blood cells) are homeostatic responses that would be anticipated to occur as
the lysed blood cells are being replaced. More specifically, male rats evaluated at 13 weeks
showed significantly reduced RBC counts at > 281 mg/kg-day (3,000 ppm) and reduced Hb
concentration, reduced platelets, and increased bone marrow cellularity at > 367 mg/kg-day
(4,500 ppm). These data also suggest that female rats are more sensitive to the effects from
EGBE, since several statistically significant effects occurred at the 750 ppm concentration, the
lowest level tested in females; males did not show statistically significant effects until two dose
levels higher (3,000 ppm). In addition, the degree to which these various measures were affected
was somewhat greater in females than males (indicated as percent control in the tables),

particularly at the three highest exposure concentrations.
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Table 4-1. Hematology and hemosiderin data from the 13-week drinking
water exposure to EGBE in F344 rats

Endpoint® Control 750 ppm 1,500 ppm 3,000 ppm 4,500 ppm 6,000 ppm
N
Males 8 10 10 10 10 9
Females 10 10 10 10 10 9
Hct (%)
Males 448+0.8 | 45.0+0.6(100) |44.7+0.4(99) | 44.1 £0.7 (98) |42.3 £ 0.6° (94)| 43.4+ 0.4 (97)
Females 448 +£0.6 432+0.8(96) |42.8+0.7(95)|43.6+0.7(97)|44.4+0.7(99) |46.1 +0.7 (103)
Hb (g/dL)
Males 150+0.2 | 152+0.1(101) | 14.9+0.1(99)| 14.6+0.1 (97)|14.0+£0.1°(93)|13.7£0.2°(91)
Females 149+0.2 144+0.2°(97) [13.9+0.2(93)| 142+ 0.2 (95) | 14.0 + 0.2°(94) | 13.4 £ 0.2° (90)
Erythrocytes
(10%puL)
Males 8.64+0.15 | 8.74+0.10 (101) | 8.54+0.09 8.11+0.12° 7.48 £0.12° 7.18+0.12°
(99) (94) (86) (83)
Females 8.15£0.09 | 7.59+0.15°(93) | 7.09+0.14° 7.00 = 0.12° 6.80+0.11° 6.58 +£0.14°
(87) (86) (83) 81
Reticulocytes
(10%puL)
Males 0.14+0.03 0.24 £0.06 0.15+0.02 0.18 +£0.02 0.22 +£0.05 0.46 +£0.07°
Females 0.12+0.02 0.17+0.03 0.19+0.03 0.28 +£0.03° 0.28 £0.05° 0.27 £0.05°
Nucleated
erythrocytes
(10°/uL)
Males 0.00 +£0.00 0.00 £ 0.00 0.01 £0.01 0.01 £0.01 0.00 = 0.00 0.04 £ 0.02°
Females 0.01 +£0.01 0.03 +£0.02 0.02+£0.01 0.05+0.02 0.10 +0.03° 0.16 £ 0.04°
MCYV (fL)
Males 52.0+04 51.5+0.3(99) 523+04 54.4+£0.3° 56.7+0.5° 60.6+1.1°
(100) (105) (109) (116)
Females 548+03 | 57.0+0.4°(104) 60.5 +0.4° 62.4+0.6° 65.3 £ 0.6° 70.1 +£0.9°
(110) (114) (119) (128)
MCH (pg)
Males 1744+0.2 17.4+0.1 17.5+0.2 18.0+£0.2° 18.7 £0.3° 19.1 £0.3°
Females 18.3+0.2 18.9+0.2 19.7+0.2 20.2 +0.3° 20.6 £0.2° 20.4 +0.1°
Hemosiderin
(incidence)
Males 0/10 0/10 0/10 0/10 0/10 7/10
Females 0/10 0/10 2/10 10/10 10/10 10/10

*Values listed are mean + standard error at various EGBE concentrations in ppm for the 13-week time point.
Percent of control values in parentheses.

"Statistically significant difference, p < 0.05.
“Statistically significant difference, p <0.01.

Source: NTP (1993, 042063).

Statistically significant hematologic effects in female rats at week 13 included reduced

RBC counts and Hb concentrations at > 82 mg/kg-day and increased reticulocytes, decreased

platelets, and increased bone marrow cellularity at approximately 304 mg/kg-day, all being
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indicative of hemolysis. There were no histopathological changes in the testes or epididymis at
> 129 mg/kg-day.

Table 4-2 shows that liver effects, including cytoplasmic alterations, hepatocellular
degeneration, and pigmentation were observed in the mid- and high-dose groups (129, 281, 367,
and 452 mg/kg-day for males and 151, 304, 363, and 470 mg/kg-day for females; statistics not
reported). As with the hematologic effects, these effects appeared to be more severe in females
than in males. Cytoplasmic alterations of liver hepatocytes, consisting of hepatocytes staining
more eosinophilic and lacking the basophilic granularity of the cytoplasm present in hepatocytes
from control animals, were observed in the lowest-dose groups tested (69 mg/kg-day for males
and 82 mg/kg-day for females). The lack of cytoplasmic granularity or “ground-glass”
appearance of the hepatocytes suggests that this response was not due to enzyme induction
(Greaves, 2000, 089176). The cytoplasmic alterations were judged to increase in severity in both
genders, but especially in females, with the severity in the two highest dose groups being judged
as “moderate.” Liver pigmentation, colored brown to green and staining strongly positive for
iron (indicative of hemosiderin accumulation), was noted in the cytoplasm of Kupffer cells in
both genders of rats. In females, liver pigmentation was noted in 0/10 controls and 0/10 at
82 mg/kg-day, 2/10 with a severity grade of 1 (minimal) at 151 mg/kg-day, and 10/10 in the
three highest dose levels; the severities increased from a numerical grade of 1.2 in the 304
mg/kg-day group to 1.9 the upper two dose groups. In males, the hemosiderin pigmentation was
noted in animals exposed to the highest dose only (452 mg/kg-day) at an incidence of 7/10 and a
severity rating of 1 (minimal). No hepatic pigmentation was reported in the mice exposed for
13 weeks. The hematological (decreased RBC count and Hb) and hepatic changes were dose-
related; 69-82 mg/kg-day was considered a LOAEL. A NOAEL was not identified.
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Table 4-2. Incidence” and severity of selected histopathological changes from
the 13-week drinking water exposure to EGBE in F344 rats and mice

| Control ‘ 750 ppm | 1,500 ppm | 3,000 ppm | 4,500 ppm ‘ 6,000 ppm
Rat
N | 0 | 0o | 10 | 0| 10 | 10
Liver cytoplasmic alterations (NR)
Males 0 4(1.0) 8 (1.0) 7(1.1) 10 (2.0) 10 (1.8)
Females 0 5(1.4) 9(2.0) 10 (2.2) 10 (3.0) 10 (3.0)
Hepatocellular degeneration (NR)
Males 0 0 0 8 (1.0) 8 (1.0) 8 (1.0)
Females 0 0 0 10 (1.3) 10 (1.3) 10 (1.1)
Kupffer cell pigmentation (NR)
Males 0 0 0 0 0 7(1.0)
Females 0 0 2(1.0) 10 (1.2) 10 (1.9) 10 (1.9)
Mouse
N | 0| 0o | 10 | 0| 10 | 10
Necropsy body weight (g)°
Females 31.1+£0.7 31.8+0.8 309+1.5 28.0+0.7° 28.4+0.5° 27.8+0.9¢
(only)
Relative kidney weight (right) (mg organ wt/g body wt)"
Females 6.33+0.10 | 7.69+0.14" [8.06+0.29| 7.47+0.19° | 7.55+0.18° 8.21 £ 0.26°
(only)

*Incidences represent the number of animals with lesions. Average severity (in parentheses) is based on the number
of animals with lesions; 1 = minimal, 2 = mild, 3 = moderate, 4 = marked.

"Mean + standard error.

“Statistically significant difference, p < 0.05.

IStatistically significant difference, p < 0.01.

NR = Statistics not reported

Source: NTP (1993, 042063).

Female mice showed statistically significant reductions in body weight gain starting at
3,000 ppm and statistically significant increases in relative kidney weight at all doses. Changes
at the higher doses followed the reductions in body weight at those dose levels, while the
increases at lower doses (750 and 1,500 ppm) were due to increased absolute kidney weights at
those doses. Body weight reduction followed the decreased water consumption data. No
histopathologic changes were noted at any dose level, even though relative kidney weights
showed a statistically significant increase at 750 and 1,500 ppm in the absence of reduction in
body weight gain.

Keith et al. (1996, 041625) administered EGBE at 120 mg/kg-day for 120 days by gavage
to transgenic FVB/N mice (25 mice/gender/group) carrying the v-Ha-ras oncogene and observed

the animals for an additional 120 days. EGBE did not induce an increase in tumors at any site.
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4.2.1.2. Inhalation

Wistar rats (23 animals/group, gender not specified) were exposed to 0, 135, or 320 ppm
EGBE 7 hours/day, 5 days/week for 5 weeks (Werner et al., 1943, 597282). Hematologic
endpoints—RBC, WBC, differential, and reticulocyte counts and Hb concentration—were
evaluated. Exposure to 320 ppm EGBE resulted in an increased percentage of circulating
immature granulocytes, a decreased Hb concentration and RBC count, and an increased
reticulocyte count. These hematologic changes were not severe; they were reversed 3 weeks
after discontinuing exposure. No effect on WBC count was observed. In another study, Werner
et al. (1943, 100219) exposed groups of two dogs of unspecified strain to subchronic inhalation
doses of 0 or 415 ppm EGBE 7 hours/day, 5 days/week for 12 weeks. Necropsies were
performed 5 weeks postexposure; hematologic parameters were examined before, during, and
after the exposure. No statistical analysis was presented. The authors concluded that exposure
of dogs to EGBE vapors resulted in decreased Hb concentration and RBC count with increased
hypochromia, polychromatophilia, and microcytosis. These hematologic effects were not severe
and they were reversed 5 weeks after the end of exposure.

Carpenter et al. (1956, 066464) studied the hemolytic effects of EGBE vapor inhalation
in rats, mice, dogs, and monkeys, in addition to humans. An unspecified strain of rats
(15/gender/group) was exposed via inhalation to 54, 107, 203, 314, or 432 ppm EGBE 7
hours/day, 5 days/week for 6 weeks. Erythrocyte osmotic fragility was observed in rats
immediately after a single 7-hour exposure to > 107 ppm. Osmotic fragility in females exceeded
that for males. In almost all cases, these high fragility values returned to normal after the rats
rested overnight. In the same study, the authors exposed groups of 10 male C3H mice to 100,
200, or 400 ppm EGBE 7 hours/day for 30, 60, or 90 days. An increase in erythrocyte osmotic
fragility occurred at all concentrations and was consistent throughout the exposures. In all
instances, erythrocyte osmotic fragility was normal after a 17-hour rest period. The LOAELSs for
these rat and mouse studies were 54 and 100 ppm, respectively. NOAELSs were not reported.
The authors reported slight increases in erythrocyte osmotic fragility for a male and a female dog
(basenji hybrids) exposed to 200 ppm EGBE for 31 days (7 hours/day). RBC counts and Hb
concentrations were slightly decreased in the female. Erythrocyte permeability, as determined
by radio-iodine uptake, was increased in both genders, but was not statistically different when
compared with control values. A female dog succumbed after 8 days of inhalation exposure to
385 ppm of EGBE (7 hours/day). Symptoms included loss of weight, transitory increases in
erythrocyte osmotic fragility, nasal and ocular infection, weakness, apathy, anorexia, and
increased WBC count. Necropsy of this animal revealed severe congestion and hemorrhage of
the lungs and congestion of the liver and both kidneys. In addition, a severe subcapsular
hemorrhage was found in one adrenal gland. A male dog survived after 28 days of inhalation
exposure to 385 ppm of EGBE for 7 hours/day. Effects in the male were similar to the female,

but developed more slowly. At autopsy, congestion of the kidneys was not observed. In studies
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on male and female monkeys, occasional rises in erythrocyte osmotic fragility were reported that
were more frequent in the female than in the male following 90-day inhalation exposure to 100
ppm of EGBE.

A 90-day subchronic inhalation study was performed using F344 rats (16/gender/group)
exposed to EGBE for 6 hours/day, 5 days/week at concentrations of 0, 5, 25, and 77 ppm (Dodd
et al., 1983, 066465). After 31 completed exposures (6 weeks), the 77 ppm female rats had
slight but statistically significant decreases in RBC counts (13% below control value) and Hb
concentrations, accompanied by an 11% increase above the control value in MCH. The 77 ppm
males exhibited slight (5%) but statistically significant decreases in RBC counts and Hb
concentration that were accompanied by increases in MCH. At the end of the 90-day study
(66 exposures), the hematologic effects seen in the 77 ppm exposed animals had either lessened
or returned to the ranges of control values and were no longer statistically significant. The
NOAEL was determined to be 25 ppm, and the LOAEL was 77 ppm.

In the subchronic portion of the inhalation NTP (2000, 196293) study, F344 rats and
B6C3F; mice (10/gender) were exposed to EGBE concentrations of 0, 31, 62.5, 125, 250, and
500 ppm (0, 150, 302, 604, 1,208, and 2,416 mg/m3 ) 6 hours/day, 5 days/week for 14 weeks.
Hematologic and hemosiderin staining results are presented in Tables 4-3 and 4-4. These results
are indicative of the various degrees of hemolysis caused by exposure to increasing
concentrations of EGBE. Both rat genders exhibited clinical signs at the three highest doses,
consistent with the hemolytic effects of EGBE, including: (1) deficits in RBCs as a result of
lysis manifestation through the dose-related decrease in Het—a finding consistent with decreases
noted for both RBC count and Hb concentrations; and (2) increases in both reticulocytes and
nucleated erythrocytes at higher doses—homeostatic responses that would be anticipated to
occur as the lysed blood cells are being replaced. Female rats may be somewhat more sensitive;
several statistically significant effects occur at the 31 ppm level in females, as opposed to a
single parameter for males. In addition, the degree to which these various measures are affected
is somewhat greater in females than males (indicated as percent control) particularly at the three
highest concentrations. Hematologic evaluation showed mild-to-moderate regenerative anemia
at all concentrations in females and at the three highest concentrations in males. Exposure-
related trends were noted for reticulocyte count, RBC count, MCV, Hb concentration, and Hct.
Liver-to-body-weight ratios increased significantly in males at the two highest concentrations
and in females at the highest concentration. Histopathologic effects at concentrations >62.5 ppm
for male rats and >31 ppm for females consisted of excessive splenic congestion in the form of
extramedullary hematopoiesis, hemosiderin accumulation in Kupffer cells, liver necrosis,
centrilobular hepatocellular degeneration, renal tubular degeneration, intracytoplasmic Hb and
hemosiderin deposition, and bone marrow hyperplasia. In addition, five moribund female rats

were sacrificed from the highest concentrations and one from the 250 ppm group. The LOAEL
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for hematological alterations was 31 ppm for female rats and 62.5 ppm for male rats. The 31

ppm exposure level was considered a NOAEL for male rats.

Table 4-3. Hematology and hemosiderin data from a 14-week inhalation
study of EGBE in F344 rats

31 ppm 62.5 ppm 125 ppm 250 ppm 500 ppm
Endpoint® | Control | (150 mg/m®) | (302 mg/m®) | (604 mg/m®) | (1,208 mg/m*) | (2,416 mg/m°)
Hct (%)
Males 46.8+0.5 |45.8+0.6(98) [47.0+0.4(100) |44.5+0.5°(95) |41.1 +£0.3°(88) |37.3 +0.4°(80)
Females 48.5+0.5 |46.0+£0.5°(95) [45.2+0.5°93) |42.9+0.4°(88) |40.0 £0.3°(82) |36.2+0.6°(75)
Hb (g/dL)
Males 155+0.1 [14.8+0.3(95) |15.4+0.1(99) [14.5+£0.2°(94) [13.1£0.1°(85) |11.7+£0.1°(75)
Females 15.6+0.1 [15.0+0.1°(96) |14.6+0.1°94) |13.6 £0.1°(87) [12.5+£0.1°(80) |10.5+0.3°(67)
Erythrocytes
(10°/uL)
Males 9.05+0.08 [8.71 +0.14°(96) [8.91 + 0.06(98) |8.01 + 0.08°(89)|7.10 =+ 0.07° (78) |5.97 £ 0.05(66)
Females 8.48 +£0.05 (8.08 =0.07°(95)[7.70 = 0.08°(91)(6.91 + 0.05°(81) [6.07 £ 0.04° (72) |4.77 = 0.15° (56)
Reticulocytes
(10°/uL)
Males 0.16 £0.02 |0.17 £0.03 0.15+0.02 0.30 +£0.04° 0.48 £ 0.06° 0.68 £ 0.07°
Females 0.13+0.02 |0.10£0.01 0.16 £0.02 0.26 + 0.04° 0.34 +£0.04° 040+0.11°
Nucleated
erythrocytes
(10°/uL)
Males 0.04 £0.02 |0.05+0.01 0.04 £ 0.03 0.11 +£0.03 0.17 £0.04° 0.20 £ 0.06°
Females 0.04 +£0.02 {0.05+0.02 0.12+0.03 0.18 £ 0.07 0.61 +0.24° 0.73 £0.27°
MCV (fL)
Males 50.4+0.3 |50.2+0.2(100) |50.7+0.2 (100)[53.1 £ 0.2°(105)|53.8 £ 0.3° (107) |58.5 £ 0.3°(117)
Females 55.1+0.3 |553+0.2(100) |56.4+0.2(102)[58.7 +£0.2°(107)|61.6 £ 0.2° (112) |66.8 £ 0.9° (121)
MCH (pg)
Males 17.1+£0.1 |17.0£0.1 17.3+0.1 18.1 £0.1° 18.4+0.1° 19.5+0.1°
Females 184+0.1 [18.6+0.2 19.0 +0.0° 19.6 £0.1° 20.6 £0.1° 22.0+0.1°
Hemosiderin
(incidence)
Males 0/10 0/10 0/10 7/10 10/10 10/10
Females 0/10 0/10 10/10 10/10 9/9 5/5

*Values listed are mean =+ standard error (percent of control).
"Statistically significant difference, p < 0.05.
“Statistically significant difference, p <0.01.

Source: NTP (2000, 196293).
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Table 4-4. Hematology and hemosiderin data from a 14-week inhalation
study of EGBE in B6C3F; mice

31 ppm 62.5 ppm 125 ppm 250 ppm 500 ppm
Endpoint® | Control (150 mg/m®) (302 mg/m®) | (604 mg/m®) | (1,208 mg/m’) | (2,416 mg/m’)
Hct (%)
Males 473+1.0 [48.3+£0.4(102) |47.6+0.5(101) |46.6+£0.4(99) |44.2+0.4°(93) |36.3 + 1.4%(77)
Females 46.2+0.3 |45.9+0.3(99) 45.8+0.3(99) |45.1+£0.2°98) |42.3+£0.4°(92) (37.8 +1.0°(82)
Hb (g/dL)
Males 157404 [16.0+0.1(102) [15.9+0.1(101) [154+0.1°(98) |14.4+0.1°92) |11.4+0.4°73)
Females 157+0.1 [15.4+0.1°98) 15.4£0.1°%98) [14.8+0.1594) [13.7£0.187) |11.6£0.1°(74)
Erythrocytes
(10%puL)
Males 9.71+£0.22 [10.04 +0.08(103) [9.77 £ 0.1(101) [9.47 £ 0.06°(98) |8.90 + 0.07°(92)|7.21+0.23%(74)
Females 9.72+£0.05 [9.55+0.06°(98) [9.51 +0.06°(98) [9.18 £ 0.05°(94) |8.57 + 0.06°(88)|7.35+0.07°(76)
Reticulocytes
(10%puL)
Males 0.21+0.03 [0.22+£0.03 0.21+0.02 0.32+0.03° 0.45+0.04° 0.79 £ 0.20°
Females 0.18 £0.02 [0.21 £0.03 0.19+£0.02 0.29 +£0.02° 0.47 £ 0.04° 1.17 £ 0.28°
MCV (fL)
Males 49.1+04 |48.5£0.3(99) 49.0 £ 0.4 (100) |49.7+0.4(101) |49.8£0.4(101) [48.3=0.9(98)
Females 483+0.3 |48.8+0.2(101) |48.8+0.2(101) |49.5+£0.5(102) [49.0+0.3(101) |48.8+ 1.0(101)
MCH (pg)
Males 16.2+0.1 [16.0+0.1(99) 16.2+0.1(100) [16.2+£0.0(100) [16.2+0.1(100) [15.8 +0.2(98)
Females 16.1+£0.1 [16.0£0.1(99) 16.2+0.1(101) |16.1 £0.1(100) [16.0£0.0(99) |[15.8 +0.1(98)
Hemosiderin
(incidence)
Males 0/10 0/10 0/10 0/10 0/10 6/6
Females 0/10 0/10 0/10 0/10 10/10 6/6

*Values listed are mean =+ standard error (percent of control).
®Statistically significant difference, p < 0.05.
“Statistically significant difference, p <0.01.

Source: NTP (2000, 196293).

The mice exposed via the inhalation route exhibited clinical signs consistent with the
hemolytic effects of EGBE at the two highest concentrations for both genders (NTP, 2000,

196293). Hematologic evaluation indicated a moderate regenerative anemia (marked by

decreased RBC counts, increased reticulocyte counts, and increased MCV) with an increase in

platelets at the three highest concentrations in both genders. Histopathological effects consisted

of excessive extramedullary splenic hematopoiesis, renal tubular degeneration, hemosiderin

deposition in the spleen and kidney and accumulation in Kupffer cells, and testicular

degeneration. Forestomach necrosis, ulceration, inflammation, and epithelial hyperplasia were

observed at concentrations >31 ppm for females and >62.5 ppm for males. In addition, four

females and four males either died or were sacrificed moribund at the highest concentration. The

NOAEL for male and female mice was 31 ppm and the LOAEL was 62.5 ppm, based on

histopathological changes in the forestomach.
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4.2.2. Chronic Studies and Cancer Bioassays

4.2.2.1. Inhalation
NTP (2000, 196293) also completed a two-species, 2-year inhalation study on EGBE in

both genders of rats and mice. In this chronic study, animals were exposed to EGBE 6
hours/day, 5 days/week at concentrations of 0, 31, 62.5, and 125 ppm (0, 150, 302, and 604
mg/m3) for groups of 50 F344/N rats and 0, 62.5, 125, and 250 ppm (0, 302, 604, and 1,208
mg/m’) for groups of 50 B6C3F, mice. The researchers stated that the highest exposure was
selected to produce a 10—15% depression in hematologic indices. They reported that no effect on
survival was observed in rats, but survival was statistically significantly decreased in male mice
exposed to 125 or 250 ppm, compared with chamber controls (54, 52, and 78% respectively
(NTP, 2000, 196293)). Although statistics were not reported for mean body weights, the rats
exposed to 31 and 62.5 ppm had similar mean body weights to the control rats. Mean body
weights of the exposed mice were generally less than those of controls, with females
experiencing greater and earlier reductions. From week 17 to the end of the study, the mean
body weights of 125 ppm female rats were generally less than those of controls. Nonneoplastic
effects in rats included hyaline degeneration of the olfactory epithelium in males (13/48, 21/49,
23/49, 40/50) and females (13/50, 18/48, 28/50, 40/49) and Kupffer cell pigmentation in the
livers of males (23/50, 30/50, 34/50, 42/50) and females (15/50, 19/50, 36/50, 47/50)

(Table 4-5). The severity of the olfactory lesion was not affected by exposure. The Kupffer cell
pigmentation is a result of hemosiderin accumulation and is a recognized secondary effect of the
hemolytic activity of EGBE (NTP, 2000, 196293).
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Table 4-5. Selected female and male rat and mouse nonneoplastic effects
from the 2-year chronic EGBE inhalation study

Control 31 ppm 62.5 ppm 125 ppm 250 ppm
Rat

Kupffer cell pigmentation, hemosiderin in the liver

Male 23/50 30/50 34/50° 42/50° NT

Female 15/50 19/50 36/50° 47/50° NT
Hyaline degeneration of the olfactory epithelium

Male 13/48 21/49* 23/49* 40/50° NT

Female 13/50 18/48 28/50° 40/49* NT

Mouse

Kupffer cell pigmentation, hemosiderin in the liver

Male 0/50 NT 0/50 8/49° 30/49°

Female 0/50 NT 5/50° 25/49° 44/50°
Hematopoietic cell proliferation in the spleen

Male 12/50 NT 11/50 26/48" 42/50°

Female 24/50 NT 29/50 32/49 35/50°
Hemosiderin in the spleen

Male 0/50 NT 6/50° 45/48" 44/49°

Female 39/50 NT 44/50 46/49° 48/50°
Forestomach ulcers

Male 1/50 NT 2/50 9/49° 3/48

Female 1/50 NT 7/50° 13/49° 22/50°
Forestomach epithelial hyperplasia

Male 1/50 NT 7/50° 16/49° 21/48°

Female 6/50 NT 27/50° 42/49° 44/50°
Hyaline degeneration of the olfactory epithelium

Females (only) ‘ 6/50 NT 14/50 ‘ 11/49 12/50
Bone marrow hyperplasia

Males (only) | 0550 NT 150 | 949" 5/50°

*Statistically significant difference, p < 0.05.
®Statistically significant difference, p < 0.01.

NT = not tested

Source: NTP (2000, 196293).

Nonneoplastic, statistically significant effects in mice included forestomach ulcers and

epithelial hyperplasia, hematopoietic cell proliferation and hemosiderin pigmentation in the
spleen, Kupffer cell pigmentation in the livers, and bone marrow hyperplasia (males only).
Hyaline degeneration of the olfactory epithelium (females only) was increased relative to
chamber controls but was not statistically significant. As in the rats, the Kupffer cell
pigmentation was considered a secondary effect of the hemolytic activity of EGBE. Bone
marrow hyperplasia, hematopoietic cell proliferation, and hemosiderin pigmentation in the

spleen were also attributed to the primary hemolytic effect; it was followed by regenerative
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hyperplasia of the hematopoietic tissue. The forestomach lesions did not appear to be related to
the hemolytic effect of EGBE. Incidences of ulcer were significantly increased in all exposed
female groups, as well as males exposed to 125 ppm. Incidences of epithelial hyperplasia,
usually focal, were significantly increased in all exposed groups of males and females. The
hyperplasia was often associated with ulceration, particularly in the females, and consisted of
thickness of the stratified squamous epithelium and sometimes the keratinized layer of the
forestomach. Ulceration consisted of a defect in the forestomach wall that penetrated the full
thickness of the epithelium and frequently contained accumulations of inflammatory cells and
debris.

Using the same exposure levels described above, additional groups of rats (27/gender/
exposure group) and mice (30/gender/exposure group) in the 2-year study were examined at 3, 6,
and 12 months (8—10 animals/time point) for hematologic effects (NTP, 2000, 196293). Nine
male and nine female rats were exposed to 31 ppm EGBE, specifically to evaluate hematology at
3 months and to receive a total evaluation at 6 months. Animals were continuously exposed, as
described above, until their sacrifice at 3, 6, or 12 months. As in the 14-week study, inhalation
of EGBE by both species resulted in the development of exposure-related hemolytic effects,
inducing a responsive anemia. In rats, the anemia was persistent and did not progress or
ameliorate in severity from 3 months to the final blood collection at 12 months. Statistically
significant (p < 0.05) decreases in automated and manual Hct values, Hb concentrations, and
RBC counts occurred at 3, 6, and 12 months in the 125 and 250 ppm female mice and the 250
ppm male mice. Statistically significant decreases in these same endpoints were also observed in
62.5 ppm females at 6 months and in 125 ppm males at 6 and 12 months (decreases in Hct were
observed only at 3 and 6 months). MCV was increased in female mice at the highest duration
(12 months) and exposure (250 ppm) levels. Reticulocyte counts were increased significantly in
the 125 ppm females at 3 and 6 months and in the 125 ppm males at 6 months of exposure.
Table 4-6 shows the responses available for a representative measure of the hematologic effects
from EGBE exposure. Hct levels for male and female rats and mice measured after 3 months or
12 months are presented.
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Table 4-6. Comparison of female and male rat and mouse Hct (manual)
values from 3- and 12-month inhalation exposures to EGBE

Control 31.2 ppm 62.5 ppm 125 ppm 250 ppm

Female rats®

3 mos 46.5+0.5 46.1 £0.5(95) 43.3+0.5°(93) 42.2+0.5°(91) —

12 mos 454+0.2 - 453 +0.3 (100) 42.3+0.4°(93) -
Male rats®

3 mos 449+0.2 46.9 £ 0.5 (104) 44.8 + 0.4 (100) 42.9 +0.5" (95) -

12 mos 478+0.4 - 45.9+0.8°(96) | 42.9+1.2°(90) -
Female mice®

3 mos 493+0.5 - 48.9+ 0.4 (99) 46.2+0.5°(94) | 43.7+0.5°(89)

12 mos 46.9+04 - 46.3+0.4 (99) 43.8+0.4°(93) | 41.8+0.3°(89)
Male mice®

3 mos 47.5+0.3 - 47.3+£0.5(100) 46.0+0.4°(97) | 43.7+0.2°(92)

12 mos 479+04 - 48.7+1.9 (102) 46.4+1.0 (97) 42.1 £0.4° (88)

*These results are from a serial sacrifice conducted as a part of the 2-year chronic inhalation study. Values listed
are mean + standard error (percent of control).
"Statistically significant difference, p < 0.05.
“Statistically significant difference, p <0.01.

— = data were not available

Source: NTP (2000, 196293).

In vitro studies by Ghanayem (1989, 042014) have shown that the hemolysis caused by
the EGBE metabolite BAA is preceded by erythrocyte swelling. If the observed increase in
MCYV is in response to cell swelling, it could be a preliminary indicator of the hemolytic effect.
Other researchers, however, have attributed the increased MCV at all exposures and the
increased MCH at higher exposures to the erythropoietic response subsequent to hemolysis and
the corresponding increase in the number of larger reticulocytes in circulation (cited in NTP,
2000, 196293). Reticulocyte counts were significantly increased in female rats at 62.5 ppm (6
and 12 months) and in male rats at 125 ppm (3 and 6 months). Since a statistically significant
increase in reticulocyte count was not observed at any time point in males or females exposed to
31 ppm or in males exposed to 62.5 ppm, it appears that reticulocyte count alone cannot account
for the increase in MCV. The observed increases in MCV may be a combined result of both
erythrocyte swelling prior to, and an increased number of reticulocytes subsequent to, hemolysis;
the former would be more influential at lower exposure levels, and the latter would have more
relative impact at higher levels.

Similar effects indicating anemia were also observed in mice, where females were more
sensitive. As in rats, the anemia response was observed at slightly higher doses, but was
persistent and did not progress or ameliorate in severity from 3 months to the final blood
collection at 12 months. Table 4-6 shows the manual Hct values in male and female rats and

mice at 3 months and 12 months. Statistically significant (p < 0.05) decreases in automated and
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manual Hct values and Hb and RBC counts occurred at 3, 6, and 12 months in the 125 ppm
females and the 250 ppm males and females. Statistically significant decreases in these
endpoints were also observed in 62.5 ppm females exposed for 6 months and in 125 ppm males
exposed for 6 and 12 months (decreases in Hct were observed only at 3 and 6 months). No
changes were observed in the MCV of mice, except for an increase in female mice at the highest
duration (12 months) and exposure (250 ppm) levels. Reticulocyte counts were increased
significantly in 125 ppm females at 3 and 6 months and in 125 ppm males at 6 months of
exposure.

At the end of the 2-year chronic bioassay (NTP, 2000, 196293), no significant neoplastic
effects were observed in male or female rats. In female rats, the combined incidence of benign
and malignant pheochromocytoma of the adrenal medulla was 3/50, 4/50, 1/49, and 8/49. The
incidence in the high-dose group (16%) does not represent a statistically significant increase over
the chamber control group (6%), but did exceed the historical control range (6.4 + 3.5%; range
2—-13%) for this effect.

Male mice exposed to 125 and 250 ppm EGBE had a low survival rate. A high rate of
hepatocellular carcinomas was found in these exposure groups (10/50 [control], 11/50, 16/49,
21/49); the increase at the high-exposure level was statistically significant (p < 0.01). When
hepatocellular adenomas and carcinomas are combined, no significant increase was observed in
any exposure group. However, the incidence of hemangiosarcomas in males exposed to
250 ppm (8%) was significantly increased (p = 0.046) relative to chamber controls (0/50, 1/50,
2/49, 4/49) and exceeded the range of historical controls (14/968; 1.5 + 1.5%; range 0-4%). No
organisms consistent with Helicobacter hepaticus were found in the 14 mice evaluated (NTP,
2000, 196293). The researchers concluded from this that H. hepaticus was not a factor in the
development of liver neoplasms. No significant increases in benign or malignant hepatocellular
tumors or hemangiosarcomas were noted in the female mice, and the incidence of hepatocellular
adenomas actually decreased significantly (p < 0.05) in relation to the control chamber group
(16/50, 8/50, 7/49, 8/49).

Forestomach squamous cell papillomas and carcinomas, combined, were significantly
increased (trend test = 0.003) in female mice relative to the chamber controls (0/50, 1/50, 2/50,
6/50). The incidence of these tumor types (12%) at the highest exposure level was statistically
significant and exceeded the range for the occurrence of these tumors in historical controls
(0.9 £ 1.1%; range 0-3%). The first incidence of these tumors appeared in the group exposed to
250 ppm at 582 days, compared with 731 days at 62.5 and 125 ppm. This indicates a decreased
latency period in the highest exposure group. While the incidence of these types of forestomach
tumors was not significantly increased over controls in male mice (1/50, 1/50, 2/50, 2/50), the
incidence of squamous cell papillomas (4%) in the two highest exposure groups exceeded the
range for historical controls (0.5 + 0.9%; range 0-2%). The increased incidences of forestomach

neoplasms in males, as in females, occurred in groups with ulceration and hyperplasia.
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Section 4.6 has a discussion of the cancer data from this study. With respect to the
noncancer findings, a NOAEL could not be determined, and a LOAEL of 62.5 ppm was
determined in mice for hemosiderin deposition. In rats, a NOAEL could not be determined, and

a LOAEL of 31 ppm was determined for hemosiderin deposition.

4.3. REPRODUCTIVE/DEVELOPMENTAL STUDIES—ORAL AND INHALATION
Due to the known reproductive toxicity, such as effects to male testes and sperm, of two
other glycol ethers, ethylene glycol methyl ether (EGME; 2-methoxyethanol) and ethylene glycol
ethyl ether (EGEE; 2-ethoxyethanol), the reproductive toxicity of EGBE was studied in a variety
of oral studies (Exon et al., 1991, 100112; Foster et al., 1987, 100116; Grant et al., 1985,
006770; Heindel et al., 1990, 042042; Nagano et al., 1979, 100179; Nagano et al., 1984, 100180;
NTP, 1993, 042063) and inhalation studies (Dodd et al., 1983, 066465; NTP, 2000, 196293)

using rats, mice, and rabbits. Several developmental studies have addressed EGBE toxicity from

conception to sexual maturity, including toxicity to the embryo and fetus, following oral (Sleet et
al., 1989, 042089; Wier et al., 1987, 042123), inhalation (Nelson et al., 1984, 031878; Tyl et al.,
1984, 100209), and dermal (Hardin et al., 1984, 042030) exposures in rats, mice, and rabbits. In
many instances, LOAELs and NOAELSs were reported for both parental and developmental
effects; therefore, the developmental studies can also be used to assess systemic toxicity as well
as developmental toxicity.

EGBE did not cause significant effects in the reproductive organs, including testes, in any
study. In a two-generation reproductive toxicity study, fertility was reduced in mice only at very
high, maternally toxic doses (>1,000 mg/kg). Maternal toxicity, related to the hematologic
effects of EGBE, and relatively minor developmental effects have been reported in
developmental studies and are discussed below. No teratogenic effects were noted in any of the
studies. It can be concluded from these studies that EGBE is not significantly toxic to the
reproductive organs of adult males or females, or to the developing fetuses of laboratory animals.

As discussed in Section 4.2, Nagano et al. (1979, 100179) performed a toxicity study in
male JCL/ICR mice (five/group), using gavage doses of 0, 357, 714, or 1,430 mg/kg-day EGBE
5 days/week for 5 weeks. A LOAEL of 357 mg/kg-day based on reduced RBC count was
identified, but no changes in testes weight or histology were observed. In another study, Nagano
et al. (1984, 100180) used the same dosing regimen up to 2,000 mg/kg-day to test EGBE and
other glycol ethers. Testicular atrophy was observed for EGEE and EGME, but not for EGBE.

Grant et al. (1985, 006770) exposed male F344 rats (six/group) to gavage doses of 0, 500,
or 1,000 mg/kg-day EGBE and EGME for 4 days. Severe testicular atrophy was observed in rats
fed 500 mg/kg-day EGME, but no significant effect was noted in rats fed up to 1,000 mg/kg-day
EGBE.

Krasavage (1986, 066474) conducted a toxicity study using groups of 10 COBS
CD(Sprague-Dawley)BR adult male rats treated by gavage with 222, 443, or 885 mg/kg-day
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undiluted EGBE 5 days/week for 6 weeks. They found no effects on testicular weight and no
histopathological lesions in the testes, seminal vesicles, epididymides, or prostate gland at any
exposure level.

Foster et al. (1987, 100116) fed Alpk/AP (Wistar-derived) male rats single gavage doses
of 0, 174, 434, or 868 mg/kg BAA. Occasional significant decreases in the weight of the
prostate gland and seminal vesicles were observed, but the decreases were not time- nor dose-
related. No treatment-related lesions were noted following histologic examination of the testes,
epididymides, or prostate. BAA did not produce any changes in testicular cell populations when
introduced in vitro at 5 mM. Simultaneous testing of the acids of EGME and EGEE resulted in
significant spermatocyte cell loss and damage in vivo and in vitro.

Subchronic reproductive studies were conducted using male and female Swiss CD-1
mice. Heindel et al. (1990, 042042) exposed them to EGBE in drinking water at doses of 0, 700,
1,300, and 2,000 mg/kg-day for 7 days premating; subsequently, they exposed the mice for 98
days while cohoused as breeding pairs. The higher two dose levels resulted in mortality: 13/20
died during the study in the 2,000 mg/kg-day group and 6/20 died in the 1,300 mg/kg-day dose
group, as compared with 1 each in the 700 mg/kg-day group and the control group. Statistically
significant toxic effects seen in the 1,300 and 2,000 mg/kg-day dose groups with adult mice
included decreased body weight gain, increased kidney and liver weights, and dose-related
decreases in water consumption. Statistically significant developmental effects observed in the
1,300 and 2,000 mg/kg-day dose groups included decreased pup weight and fewer and smaller
litters produced per pair. A significant reduction (5%) in live pup weight was also observed in
the 700 mg/kg-day dose group. No statistically significant effect on fertility was observed in the
700 mg/kg-day dose group.

At the completion of the 98-day continuous breeding phase, FO breeding pairs were
separated and housed individually, while exposure to EGBE continued. When the last litter was
weaned, a 1-week crossover mating trial was performed to determine effects by gender.

FO males and females from the 1,300 mg/kg-day dose group were mated with male and female
control animals. The exposed mice had significantly lower body weights and increased relative
kidney weights, but reproductive organ weights, sperm motility and morphology, and estrous
cycle length and frequency did not differ from control mice. In the only histopathological
examination carried out on treated females, no kidney lesions were observed. The proportion of
successful copulation was equivalent in all groups, and no developmental effects were observed
in any offspring. However, the number of fertile females was significantly reduced in the group
where treated females were mated with control males, suggesting that fertility effects were
primarily due to effects on the female mice.

A final phase of this study assessed the fertility and reproductive effects of EGBE in first-
generation (F1) pups. There were insufficient numbers of offspring to assess the two highest

dose groups, and no statistically significant effect on fertility was noted when offspring of the
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low, 700 mg/kg-day dose group were mated. Thus, the researchers concluded that the 700 and
1,300 mg/kg-day dose levels are considered to be NOAEL and LOAEL values, respectively, for
both maternal and reproductive effects. A minimal LOAEL for developmental effects was

700 mg/kg-day, where a very slight decrease in pup weight was observed.

A study by Exon et al. (1991, 100112), also discussed in Section 4.4.5, looked at
reproductive parameters in male rats. Groups of six Sprague-Dawley rats were exposed to
EGBE in drinking water at doses of 0, 180, or 506 mg/kg-day (males) for 21 days. While
testicular atrophy and necrosis and a reduced number of spermatogenic cells were observed in
males exposed to EGME, no statistically significant effects on fertility parameters were seen in
males at any of the tested doses of EGBE.

NTP (1993, 042063) evaluated the effects of EGBE on the reproductive systems of male
and female B6C3F; mice (five/gender/group) following 2-week drinking water exposure to doses
of 93, 148, 210, 370, or 627 mg/kg-day for males and 150, 237, 406, 673, or 1,364 mg/kg-day
for females. No deaths were reported, and there were no effects on body weight. Thymus
weights were decreased in the highest male dose group. There were no treatment-related gross
lesions in any of the reproductive organs and histopathological examinations were not
performed. NTP (1993, 042063) also exposed male and female F344 rats (five/gender/group) to
EGBE for 2 weeks in drinking water. Male rats received doses of 73, 108, 174, 242, or
346 mg/kg-day, and females received 77, 102, 152, 203, or 265 mg/kg-day. No treatment-related
deaths occurred during the study, and no changes in body weight were observed in male rats that
could be related to treatment. However, female rats had lower weight gain in the highest dose
group. Water consumption was lowest in the highest dose group in both genders, and no
treatment-related gross lesions of reproductive organs were reported.

Dodd et al. (1983, 066465) (also discussed in Section 4.2) performed a 90-day subchronic
inhalation study on F344 rats. Male and female rats (16/gender/group) were exposed to EGBE
for 6 hours/day, 5 days/week at concentrations of 0, 5, 25, and 77 ppm. They reported no
changes in testicular weight or in the pathology of the epididymides or testes of male rats at any
exposure level; reproductive organs of the female rats were not examined histologically.

NTP (2000, 196293) performed chronic and subchronic inhalation studies of EGBE in
F344 rats and B6C3F; mice in which reproductive organs were examined. In the subchronic
portion of the NTP (2000, 196293) studies, rats and mice (10/gender/group) were exposed to
concentrations of 0, 31, 62.5, 125, 250, and 500 ppm of EGBE 6 hours/day, 5 days/week for
14 weeks. Testicular degeneration was reported in 2/4 mice from the 500 ppm group that died or
were killed moribund. No other effects were noted in the reproductive organs of rats or mice.
Exposure concentrations were 0, 31, 62.5, and 125 ppm for groups of 50 F344/N rats and 0, 62.5,
125, and 250 ppm for groups of 50 B6C3F; mice. No effects were noted in the reproductive
organs of either species, but the researchers reported that survival was significantly decreased in

male mice at 125 and 250 ppm (54.0 and 53.1%, respectively).
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Prenatal and postnatal developmental toxicity tests were conducted in CD-1 mice by
Wier et al. (1987, 042123). Animals received 0, 350, 650, 1,000, 1,500, or 2,000 mg/kg-day via
gavage on gestational days (GDs) 8—14. Maternal toxicity included mortality of 3/6 animals in
the 1,500 mg/kg-day group and 6/6 in the 2,000 mg/kg-day group. Treatment-related clinical
observations were lethargy, abnormal breathing, and green or red vaginal discharge (the latter at
> 1,500 mg/kg-day). Based on clinical signs in the prenatal study, the LOAEL for maternal
effects was 650 mg/kg-day. The LOAEL for developmental toxicity was determined to be
1,000 mg/kg-day based on a statistically significant increase in the number of resorptions and a
reduced number of viable fetuses. The corresponding NOAEL for prenatal effects was
350 mg/kg-day. In the postnatal study, reproductive effects were evaluated in offspring of
CD-1 mice administered EGBE via gavage at 0, 650, or 1,000 mg/kg-day on GDs 8—14.
Maternal body weight was lowered at 1,000 mg/kg-day. Survival and body weight gain of
offspring were unaffected by treatment. No statistically significant developmental effects were
observed. In a simultaneous study with EGEE, developmental toxicity was noted at doses below
maternal toxicity levels.

Developmental toxicity was investigated following the administration of EGBE in
distilled water by gavage to groups of 28-35 pregnant F344 rats at doses of 0, 30, 100, or
200 mg/kg-day on GDs 9-11, or doses of 0, 30, 100, or 300 mg/kg-day on GDs 11-13 (Sleet et
al., 1989, 042089). GDs 9—13 were the most critical periods of fetal cardiovascular
development. Food and water measurements, body and organ weights, clinical signs,
hematologic analyses of dams, amount of corpora lutea, uterine contents, and number of dead
and live fetuses were monitored. Maternal effects of EGBE given in either dosing sequence
included marked, dose-related reductions in body weight and/or weight gain, increases in kidney
and spleen weights, severe hematotoxicity as evidenced by a decrease in HCT, Hb, and RBC
counts, and an increase in reticulocytes at doses > 100 mg/kg-day. No indications of
developmental toxicity were observed at the two lower doses. Viability of embryos was reduced
by EGBE treatment at the 200 mg/kg-day dose (GDs 9-11) but not at 300 mg/kg-day (GDs 9—
13). A decreased platelet count was noted in the fetuses at 300 mg/kg-day (GDs 9-13).
Cardiovascular or other types of malformations were not found at any dose. The LOAEL for
maternal toxicity was 100 mg/kg-day based on signs of hematotoxicity, with a NOAEL
established at 30 mg/kg-day. The LOAEL for developmental toxicity was 200 mg/kg-day based
on decreased viability of embryos, with a NOAEL for this endpoint at 100 mg/kg-day.

Sprague-Dawley rats (15/group) were exposed to 0, 150, or 200 ppm EGBE via
inhalation for 7 hours/day on GDs 7—15 (Nelson et al., 1984, 031878). Rats exposed to 200 ppm
showed some evidence of hematuria on the first day of exposure; no significant effects were
noted thereafter, or at any time in offspring. The LOAEL was 200 ppm for slight maternal
toxicity; a NOAEL was identified at 150 ppm. The NOAEL for developmental toxicity was
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200 ppm. Simultaneous testing revealed that 50 ppm exposures to EGME were toxic at all levels
of embryonic and fetal development.

Pregnant F344 rats (36/group) and New Zealand white (NZW) rabbits (24/group) were
exposed to 0, 25, 50, 100, or 200 ppm EGBE via inhalation for 6 hours/day on GDs 6—15 for rats
or GDs 6-18 for rabbits (Tyl et al., 1984, 100209). Fetuses were weighed and evaluated for
viability, body weight, and morphological development, including external, visceral, and skeletal
malformations. In rats, fetotoxicity was observed at 100 and 200 ppm in the form of retarded
skeletal ossification of vertebral arches or centra, sternebrae, or phalanges. Maternal toxicity
was also evident at 100 and 200 ppm by increased incidence of hematuria, reduced RBC count,
decreased weight gain, and reduced food consumption. For both maternal and developmental
toxicity in the rat, the NOAEL and LOAEL values were 50 and 100 ppm, respectively. In
rabbits, fetal skeletal ossification of sternebrae and rudimentary ribs was delayed at 200 ppm.
Maternal toxicity was also evident at 200 ppm as an increased incidence of clinical signs,
reduced gravid uterine weight, and decreased weight gain. For both maternal and developmental
effects in the rabbit, the NOAEL and LOAEL values were 100 and 200 ppm, respectively.

Reproductive toxicity tests were performed on female Sprague-Dawley rats (number not
specified) via dermal administration during GDs 615, 4 times/day at 1,800 and 5,400 mg/kg-
day (Hardin et al., 1984, 042030). In the highest dose group, 10/11 rats died between days 3 and
7 of treatment. Signs associated with treatment included red-stained urine, ataxia, inactivity,
rough coats, and necrosis of the tail tip. At the lower dose, body weight was slightly reduced, yet

there was no evidence of embryo- or fetotoxicity or gross malformations or variations.

4.4. OTHER STUDIES

4.4.1. Acute and Short-Term Exposure Studies

Ghanayem et al. (1987, 066470) conducted acute toxicity studies designed to assess the
effect of age on toxicity by comparing effects in treated young (4—5 weeks old) and adult rats (9—
13 weeks, 5-6 months, and/or 16 months old). The researchers exposed male F344 rats
(six/group) using single gavage doses of EGBE in water (99% purity) to concentrations of 0, 32,
63, 125, 250, 250, or 500 mg/kg-day. Evaluations included total RBC and WBC counts, urine
Hb concentration, organ weights, and histology of the liver, spleen, bladder, kidney, and testes.
Focal necrosis of the liver was observed in adult rats exposed at a dose of 250 or 500 mg/kg.
Hematologic effects were found to be dose- and age-dependent, with older rats being more
sensitive than younger rats. Significant decreases in RBC counts, Hct, and Hb and increases in
free plasma Hb occurred at 125 mg/kg-day in both young and adult rats, with the younger rats
exhibiting significantly less pronounced responses. The incidence of hemoglobinuria was also
dose- and age-dependent. Concentrations of free Hb in urine were also significantly higher in

older rats than in younger rats at all doses. These researchers suggested that the metabolic basis
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of the age-dependent toxicity of EGBE may be due to a reduced ability in older rats to
metabolize the toxic metabolite BAA to CO, and a diminished ability to excrete BAA in the
urine. Based on increased Hb concentrations in the urine and associated hemolytic effects at
higher doses, the LOAEL for this study was determined to be 32 mg/kg-day for both young and
adult rats. A NOAEL was not identified.

Ghanayem and Sullivan (1993, 041609) performed acute oral toxicity studies in male
F344 rats (N not specified), using single gavage doses of 250 mg/kg-day EGBE in tap water.
MCYV and Hct values increased immediately after treatment and decreased with time following
exposure. Hemolysis and decreases in Hb concentrations and RBC counts were reported.

Grant et al. (1985, 006770) gavaged groups of 24 male F344 rats with EGBE (purity
99.9%) in water at doses of 0, 500, or 1,000 mg/kg-day for 4 days. Six rats per dose were
examined at 1, 4, 8, and 22 days after the last dose. The animals were evaluated for changes in
body weight, hematology, organ weight, and histology. Hematology evaluations showed marked
dose-related effects on circulating RBCs and WBCs. Changes at 500 and 1,000 mg/kg-day on
postdosing day 1 included significant dose-related decreases in Hb concentration and total WBC
and lymphocyte counts and increases in MCV, reticulocyte counts, and MCH. Hct was also
reduced at 1,000 mg/kg-day. Most of the RBC changes subsequently returned to normal,
although MCV and MCH remained increased at day 22. Body weight gain was sufficiently
reduced throughout the posttreatment period at 1,000 mg/kg-day. Changes in relative organ
weights were evident on posttreatment day 1, including increased liver and spleen weights at 500
and 1,000 mg/kg-day and increased kidney and reduced thymus weights at 1,000 mg/kg-day.
These changes returned to normal by posttreatment day 22, except for liver and spleen weights at
1,000 mg/kg-day, which increased somewhat (~5 and ~20%, respectively). The authors
determined that EGBE appears to be relatively inactive as a bone marrow toxicant due to the
observed proliferative response and the lack of hemorrhage at any time in the bone marrow of
EGBE treated animals. Based on hemolytic anemia with associated reticulocytosis and increased
hematopoiesis, a LOAEL was established at 500 mg/kg-day, the lowest dose tested. A NOAEL
was not identified.

Ghanayem et al. (1992, 100128) administered EGBE to male F344 rats (six/group) via
gavage for 12 days at dose levels of 0 and 125 mg/kg-day. These investigators identified effects
of EGBE exposure similar to those identified above. Significant hemolysis occurred, becoming
more pronounced up to the third day of dosing. Gradual recovery was observed up to day 12.
MCYV, ATP concentration, reticulocyte counts, and relative spleen-to-body weight ratios
increased up to the sixth day of dosing and declined thereafter. Liver-to-body-weight ratios were
slightly lowered on days 3 and 6 and slightly increased on day 12.

Several studies investigated EGBE-induced effects on specific organs and cells. Four
male and four female F344 rats were exposed to two, three, or four daily doses of EGBE at

250 mg/kg-day. Ezov et al. (2002, 100113) investigated hemolytic anemia and disseminated
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thrombosis in rats by investigating the organs for hemolysis and histopathologic evidence of
disseminated thrombosis. Significant morphological changes in erythrocytes were noted in both
genders of rats, while disseminated thrombosis and infarction were seen mainly in females and
consisted of tissue necrosis in the brain, liver, bones, eyes, lungs, and heart. Renal tubular
necrosis associated with Hb casts was seen in both genders. Koshkaryev et al. (2003, 100168)
measured changes in adherence, aggregability, and deformability of RBCs. EGBE exposure did
not affect RBC aggregability, and its effect on deformability was inconclusive; however, the
exposure enhanced RBC adherence to endothelial cells, with adherence highest at day 2 (the first
day examined), after which it decreased sharply with time. Shabat et al. (2004, 100200) studied
bone marrow injury and reported extensive vascular thrombosis resulting in necrosis of bone
marrow cells, bone-lining cells, and cortical and trabecular osteocytes. The authors concluded
that, in EGBE-treated rats, interactions of several factors may generate a thrombotic crisis, such
as the release of procoagulant factors from destroyed erythrocytes; they further concluded that
disturbed blood flow may result from alterations in the rheology of erythrocytes, including self-
aggregation, deformation, and adherence to the endothelium of the blood vessel wall. Redlich et
al. (2004, 100194) investigated the dental effects from EGBE-induced hemolysis and
thrombosis. Odontoblastic necrosis in the dental pulp of incisors and molars and muscle-cell
damage in the tongue were observed; the most severe changes occurred in females. These
effects were probably the result of ischemic events in the blood vessels supplying these tissues,
rather than a direct cytotoxic effect of EGBE.

Corley et al. (1999, 042003) conducted a series of studies in B6C3F; mice investigating
aspects of EGBE toxicity, including the occurrence of forestomach lesions in both oral and
inhalation exposure routes, the dose-response of forestomach irritation, and the occurrence of
forestomach lesions as a consequence of systemic-only exposure. To determine the extent that
activities during inhalation exposures (e.g., grooming) could contribute to observed forestomach
lesions, groups of female mice were exposed for 6 hours to target concentrations of 250 ppm
EGBE via whole-body (n = 20) and nose-only (n = 20) exposures and concentrations on the fur
that were available for oral consumption via grooming measured. For whole-body exposures,
9.2 + 2.9 mg/kg was available compared with 7.5 &+ 2.3 mg/kg for the nose-only exposures.
Little difference was detected in the internal dose of EGBE from whole-body versus nose-only
exposures, as measured by the analysis of EGBE and in BAA detected in blood and urine
postexposure. To inform the dose response of toxicity in the forestomach tissues in mice, neat
EGBE was administered to male and female mice (five/gender/dose) via gavage (no vehicle) for
1 week at doses of 100, 400, or 800 mg/kg-day. The dose in the 100 mg/kg-day group was
increased to 1,200 mg/kg-day after 2 days. Severe hemolysis and mortality were seen, and the
2-week study was