2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health
officials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 2,3-benzofuran and a
depiction of significant exposure levels associated with various adverse
health effects. It contains descriptions and evaluations of studies and
presents levels of significant exposure for 2,3-benzofuran based on
toxicological studies and epidemiological investigations.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons living
or working near hazardous waste sites, the information in this section is
organized first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, systemic, immunological, neurological, developmental,
reproductive, genotoxic, and carcinogenic effects. These data are discussed
in terms of three exposure periods--acute (less than 15 days), intermediate
(15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures showing
no-observed-adverse-effect levels (NOAELS) or lowest-observed-adverse-effect
levels (LOAELS) reflect the actual doses (levels of exposure) used in the
studies. LOAELs have been classified into "less serious" or "serious"
effects. These distinctions are intended to help the users of the document
identify the levels of exposure at which adverse health effects start to
appear. They should also help to determine whether or not the effects vary
with dose and/or duration, and place into perspective the possible
significance of these effects to human health.

The significance of the exposure levels shown in the tables and figures
may differ depending on the user's perspective. For example, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in levels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAEL) or exposure
levels below which no adverse effects (NOAEL) have been observed. Estimates
of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Levels of exposure associated with the carcinogenic effects of
2,3-benzofuran are indicated in Figure 2-1. Cancer effects could occur at
lower exposure levels, but excess risks have not been estimated.

Estimates of exposure levels posing minimal risk to humans (MRLs) have
been made, where data were believed reliable, for the most sensitive noncancer
effect for each exposure duration. MRLs include adjustments to reflect human
variability from laboratory animal data to humans.
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Although methods have been established to derive these levels (Barnes
et al. 1988; EPA 1989), uncertainties are associated with these techniques.
Furthermore, ATSDR acknowledges additional uncertainties inherent in the
application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that
are delayed in development or are acquired following repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
kinds of health effects data become available and methods to assess levels of
significant human exposure improve, these MRLs will be revised.

2.2.1 Inhalation Exposure

No studies were located regarding the following health effects in humans
or animals after inhalation exposure to 2,3-benzofuran:

Death

Systemic Effects
Immunological Effects
Neurological Effects
Developmental Effects
Reproductive Effects
Genotoxic Effects
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No studies were located regarding genotoxic effects in humans or animals
after inhalation exposure to 2,3-benzofuran. Other genotoxicity studies are
discussed in Section 2.4.

2.2.1.8 Cancer

No studies were located regarding carcinogenic effects in humans or
animals after inhalation exposure to 2,3-benzofuran.

2.2.2 Oral Exposure

No studies were located regarding health effects in humans after oral
exposure to 2,3-benzofuran.

Most information about the health effects of 2,3-benzofuran comes from
studies of animals (rats and mice) exposed by gavage, particularly a study by
the National Toxicology Program (NTP 1989). Table 2-1 and Figure 2-1 present
a summary of studies that provide reliable quantitative data on the toxicity
of 2,3-benzofuran following oral exposure. The main conclusions from these
studies are discussed below.



TABLE 2-1. Levels of Significant Exposure to 2,3-Benzofuran - Oral

Exposure LOAEL (effect)
Key to frequency/ NOAEIL Less serlous Serious
figure® Species Route duration System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (GO) 14 d 250 500 (1/5 females died) NTP 1989
1x/d
2 Mouse (GO) 14 d 250 NTP 1989
ix/d
Systemic
3 Rat (GO) 14 d Resp 250 500 (red nasal NTP 1989
1x/4 discharge)
Cardio 250
Gastro 250
Hemato 250
Musc/skel 250
Hepatic 250
Renal 250
Derm/oc 250 500 (red ocular
discharge)
Other 125 250 (decreased body
wefight in males)
4 Mouse (GO) 14 4d Resp 250 NTP 1989
1x/d Cardio 250
Gastro 250
Hemato 250
Musc/skel 250
Hepatlic 250
Renal 250
Derm/oc 250
Other 250
INTERMEDIATE EXPOSURE
Death
5 Rat (GO) 13 wk 125 250 (1/10 females NTP 1989
5d/wk died)
ix/d
6 Mouse (GO) 13 wk 125 250 (1/10 males died) NTP 1989
5d/wk

1x/d
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TABLE 2-1 (Contimued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure’ Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
7 Rat (GO) 13 wk Resp 500 NTP 1989
5d/wk Cardio 500
1x/d Gastro 500
Hemato 500
Musc/skel 500
Hepatic 125 (necrosis of
hepatocytes
in males)
Renal 125 250 (tubular
nephropathy)
Derm/oc 500
Other 62.5 125 (reduced body
weight in males)
8 Mouse (GO) 13 wk Resp 500 NTP 1989
5d/wk Cardio 500
ix/d Gastro 500
Hemato 500
Musc/skel 500
Hepatic 500
Renal 125 250 (tubular cell
necrosis in
males)
Dexrm/oc 500
Other 250 500 (reduced body
weight in males)
CHRONIC EXPOSURE
Death
9 Rat (GO) 103 wk 30 (decreased NTP 1989
5d/wk survival in males
ix/d after 1.5 years)
10 Mouse {GO) 103 wk 120 (decreased NTP 1989
5d/wk survival in
ix/d females after

1.5 years)
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TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serlous
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Systemic
11 Rat (GO) 103 wk Resp 120" NTP 1989
5d/wk Cardio 30 (mineralization
1x/d of pulmonary
artery in males)
Gastro 30 (forestomach
inflammation
in males)
Hemato 120°
Musc/skel 120°
Hepatic 120°
Renal 30 (severe nephropathy
in males)
Derm/oc 120"
Other 30 (reduced body
weight in males)
12 Mouse (GO) 103 wk Resp 60 (lung hyperplasia NTP 1989
5d/wk in males)
ix/d Cardio 240°
Gastro 60 120 (forestomach
hyperplasia
in females)
Hemato 240°
Musc/skel 240°
Hepatic 60 (multinuclear
hepatocytes
in males)
Renal 240°
Derm/oc 240°
Other 60 (reduced body
weight in males)
Cancer
13 Rat (GO) 103 wk 120 CEL (kidney NTP 1989
5d/wk adenocarcinoma
1x/d in females)

"
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TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species Route duration System (mg/kgl/day) (mg (kg /day) (mg/kg/day) Reference
14 Mouse (GO) 103 wk 60 CEL (lung, liver NTP 1989
5d/wk and forestomach
1x/d tumors in males)

*The number corresponds to entrles in Figure 2-1.
"NOAEL for effect in female rats. NOAEL in male rats is 60 mg/kg/day.
°NOAEL for effect in female mice. NOAEL in male mice is 120 mg/kg/day.

Cardio = cardiovascular; CEL = cancer effect level; d = day(s): Derm/oc = dermal/ocular; (GO) = gavage-oil;
Gastro = gastrointestinal; Hemato = hematological; LOAEL = lowest-observed-adverse-effect level;

Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory: wk = week(s);

x = time(s)
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FIGURE 2-1. Levels of Significant Exposure to 2,3-Benzofuran — Oral
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FIGURE 2-1 (Continued)
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FIGURE 2-1 (Continued)
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2. HEALTH EFFECTS

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to
2,3-benzofuran. Oral exposure to 2,3-benzofuran can be lethal to animals.
One female rat given a dose of 500 mg/kg/day died after 4 days, although 4
other female rats and all 5 male rats given this dose survived for 14 days
(NTP 1989). All 10 rats given an oral dose of 1,000 mg/kg/day died within
3 days (NTP 1989). The cause of death was not determined for the rats that
died following acute exposure to 2,3-benzofuran (NTP 1989). Some deaths were
observed among male and female mice in groups orally exposed for 14 days to
doses of 2,3-benzofuran ranging from 31.25 to 250 mg/kg/day (NTP 1989).
However, all mice dying early showed evidence of gavage error (oily fluid in
the pleural cavity), and the pattern of deaths showed no dose-response
relationship (NTP 1989), so that no deaths among mice were attributable to
chemical exposure.

Some mortality was seen among animals orally exposed to 2,3-benzofuran
for 13 weeks, although the pattern of mortality was somewhat inconsistent.
Among rats, 1 female out of 10 given 250 mg/kg/day died in week 1, 1 female
out of 10 given 500 mg/kg/day died in week 5, and no male rats died (NTP
1989). The cause of death was not determined for the rats that died following
intermediate-duration exposure to 2,3-benzofuran (NTP 1989). A NOAEL of
125 mg/kg/day and a LOAEL of 250 mg/kg/day is identified for death in rats by
this study. Among mice exposed for 13 weeks, discounting deaths attributable
to gavage error, 1 out of 10 males given 62.5 mg/kg/day died in week 13, no
animals given 125 mg/kg/day died, 1 out of 10 males given 250 mg/kg/day died
in week 12, and 4/7 males and 2/9 females given 500 mg/kg/day died in weeks 1
and 3 (NTP 1989). The cause of death was not determined for the mice that
died following intermediate-duration exposure to 2,3-benzofuran (NTP 1989).
The dose response relationship in this study was inconsistent, but the weight
of evidence is compatible with a NOAEL of 125 mg/kg/day and a LOAEL of
250 mg/kg/day for death in mice.

Chronic exposure of male rats to 2,3-benzofuran caused a statistically-
significant decrease in survival at doses of 30 and 60 mg/kg/day, attributed
to increased severity of kidney damage (NTP 1989). The survival of female
rats exposed to 60 and 120 mg/kg/day for 103 weeks was not significantly
different from controls (NTP 1989). Female mice exposed to 120 and
240 mg/kg/day had a statistically-significant reduction in survival after
96 weeks, while the survival of male mice exposed to 60 and 120 mg/kg/day for
103 weeks was not different from controls (NTP 1989). When the dose of
2,3-benzofuran was inadvertently increased from 60 to 240 mg/kg/day for male
mice in weeks 20-21, 10 out of 50 animals died (NTP 1989). No cause of death
was reported for those male mice nor was a cause of decreased survival
reported for female mice (NTP 1989). No NOAEL for mortality following
chronic-duration exposure to 2,3-benzofuran is identified by this study.

The highest NOAEL values and all reliable LOAEL values for death in each
species and duration category are recorded in Table 2-1 and plotted in
Figure 2-1.
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2.2.2.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular,
gastrointestinal, hematological, musculoskeletal, hepatic, renal, or
dermal/ocular effects in humans after oral exposure to 2,3-benzofuran.

The systemic effects observed in animals after oral exposure to
2,3-benzofuran are discussed below. The highest NOAEL values and all reliable
LOAEL values for systemic effects in each species and duration category are
recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Rats exposed to oral doses of 500 and
1,000 mg/kg/day of 2,3-benzofuran for up to 14 days exhibited a red nasal

discharge, which was not further characterized (NTP 1989). Histological
examinations were performed only on animals in the 250 mg/kg/day dose groups
(NTP 1989). Histological examination of nasal, larynx, trachea, lung, and

bronchial tissues of rats and mice exposed to 2,3-benzofuran by gavage for up
to 2 years showed compound-related hyperplasia in the lungs and nasal mucosa
in chronically-exposed mice (NTP 1989). The lung hyperplasia was seen in all
groups of mice exposed for 103 weeks, in males at doses of 60 and

120 mg/kg/day and in females at doses of 120 and 240 mg/kg/day (NTP 1989).

The hyperplasia occurred in bronchiolar epithelial cells, often extending into
the alveolar ducts (NTP 1989).

Nasal hyperplasia was observed in both control and chemically-treated
mice in a 103-week study (NTP 1989). The hyperplasia was associated with
inflammation from foreign material (corn oil, hair, and particles of feed and
bedding) lodged in the nasal cavity, and the effect of oral 2,3-benzofuran
exposure was to increase the inflammatory response to such particles,
particularly at the highest dose tested in females, 240 mg/kg/day (NTP 1989).

Cardiovascular Effects. Histological examination of the heart and
circulatory system of rats and mice exposed to 2,3-benzofuran by gavage for up
to 2 years showed a compound-related increase in mineralization of the
pulmonary artery in chronically-exposed rats (NTP 1989). The NOAEL values for
cardiovascular effects are identified as the highest doses for which
histological examinations were performed (250 mg/kg/day for acute-duration
exposure and 500 mg/kg/day for intermediate-duration exposure).
artery mineralization, Pulmonary nephropathy, which was considered secondary to
increased severity of was seen only in the low-dose groups of rats exposed for
103 weeks (30 mg/kg/day in male rats and 60 mg/kg/day in female rats) (NTP
1989). The lack of effect at the higher doses was attributed to reduced
survival (NTP 1989).

Gastrointestinal Effects. Histological examination of stomach and
intestines of rats and mice with acute- or intermediate-duration exposure to
2,3-benzofuran by gavage showed no compound-related lesions, but chronic
exposure caused forestomach hyperplasia in rats and mice (NTP 1989). Male
rats exposed for 103 weeks had a significant increase in chronic inflammation
of the forestomach at a dose of 30 mg/kg/day, and significant increases in
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epithelial hyperplasia and ulcers at a dose of 60 mg/kg/day (NTP 1989). In
mice exposed for 103 weeks, forestomach hyperplasia was increased in males at
the higher dose (120 mg/kg/day) but not at the lower dose (60 mg/kg/day), and
was increased in females in both dose groups (120 and 240 mg/kg/day) (NTP
1989) . Only the increase at 120 mg/kg/day in female mice was statistically
significant (NTP 1989).

Hematological Effects. Histological examination of tissues from the
hematopoietic system of rats and mice exposed to 2,3-benzofuran by gavage for
up to 2 years showed no compound-related lesions at the highest doses examined
(250 mg/kg/day for acute-duration exposure, 500 mg/kg/day for intermediate-
duration
exposure, and 120 mg/kg/day in rats and 240 mg/kg/day in mice for
chronic-duration exposure) (NTP 1989). Effects of oral exposure to
2,3-benzofuran on hemoglobin, hematocrit, red blood cells, white blood cells,
or other hematological parameters have not been examined in any reported
study. The NOAEL values for hematological effects for each species and
duration category are presented in Table 2-1 and Figure 2-1.

Musculoskeletal Effects. Histological examination of tissues from the
musculoskeletal system of rats and mice exposed to 2,3-benzofuran by gavage
for up to 2 years showed a compound-related increase in bone degeneration
(fibrous osteodystrophy) in chronically-exposed male rats (NTP 1989). The
observed increase in bone degeneration, which was not statistically
significant at doses of either 30 or 60 mg/kg/day, was not considered a direct
effect of 2,3-benzofuran exposure, but as secondary to calcium and phosphate
imbalance due to increased severity of nephropathy in male rats caused by
2,3-benzofuran exposure (NTP 1989).

Hepatic Effects. The liver is a common target organ for substituted
furan compounds (Boyd 1981). Ten days of oral exposure of female mice to a
dose of 591 mg/kg/day of 2,3-benzofuran altered the activity of several
hepatic enzymes, decreasing the rate of reactions which activate electrophiles
and increasing the rate of reactions which deactivate electrophiles (Cha
et al. 1985; Heine et al. 1986). No toxicity was reported in this study (Cha
et al. 1985; Heine et al. 1986). Liver damage was seen in rats exposed to
2,3-benzofuran by gavage for 13 weeks and in mice exposed for 103 weeks (NTP
1989) . Necrosis of individual hepatocytes was observed after 13 weeks of
exposure to 2,3-benzofuran in male rats at doses of 125, 250, and
500 mg/kg/day and in female rats at doses of 250 and 500 mg/kg/day (NTP 1989).
No histology was performed on rats exposed at lower doses so confidence in
125 mg/kg/day as a LOAEL for liver damage is low and no NOAEL can be
established. Cells resembling normal hepatocytes were found adjacent to and
within the pancreatic islets of female rats exposed to 120 mg/kg/day of
2,3-benzofuran for 103 weeks, but these cells were considered to have arisen
by transdifferentiation of pancreatic cells (NTP 1989). This metaplasia of
the pancreatic islets was not accompanied by any other adverse histologic
changes (NTP 1989). The incidence of multinuclear hepatocytes was increased
in the livers of male mice exposed to 2,3-benzofuran for 103 weeks at doses of
60 and 120 mg/kg/day (NTP 1989); since this effect was seen at the lowest dose
tested, no threshold can be determined.



17

2. HEALTH EFFECTS

Renal Effects. The kidney appears to be the organ most consistently
affected by 2,3-benzofuran. Male Fisher F344/N rats have a high incidence of
spontaneous nephropathy, characterized by degeneration, necrosis, and
mineralization of tubular cells, and this nephropathy was made more severe by
intermediate- and chronic-duration exposure to 2,3-benzofuran (NTP 1989). The
increased severity of nephropathy was accompanied by additional effects in
chemically-treated rats, including cortical cysts, bone degeneration,
hyperplasia of the parathyroid glands and pelvic epithelium, and
mineralization of the pulmonary artery (NTP 1989). Among male rats exposed
for 13 weeks, increased severity of nephropathy was seen at a dose of
250 mg/kg/day but not at lower doses. Among male rats exposed for 103 weeks,
increased severity of nephropathy contributing to reduced survival was seen at
both doses tested, 30 and 60 mg/kg/day.

Female rats had a statistically-significant increase in nephropathy
following 13 weeks of exposure to 2,3-benzofuran at doses of 250 and
500 mg/kg/day, but not at 125 mg/kg/day, and exhibited increased severity of
nephropathy following 103 weeks of exposure at both doses tested, 60 and
120 mg/kg/day (NTP 1989). Female rats developed renal tubular cell atypical
hyperplasia following 103 weeks of exposure to a dose of 120 mg/kg/day (NTP
1989). Male mice exhibited kidney lesions (tubular cell necrosis,
inflammation, and focal mineralization) after 13 weeks of 2,3-benzofuran
exposure at a dose of 250 mg/kg/day, but not at lower doses for 13 weeks or at
doses of 60 or 120 mg/kg/day for 2 years (NTP 1989). No kidney damage was
found in female mice at any duration or dose of 2,3-benzofuran, up to
250 mg/kg/day for 14 days, up to 500 mg/kg/day for 13 weeks, or up to
240 mg/kg/day for 2 years (NTP 1989). The highest NOAEL values and all
reliable LOAEL values for renal effects for each species and duration category
are presented in Table 2-1 and Figure 2-1.

Dermal/Ocular Effects. Histological examination of the skin and eyes of
rats and mice exposed to 2,3-benzofuran by gavage for up to 2 years showed no
compound-related lesions at the highest doses examined (250 mg/kg/day for
acute-duration exposure, 500 mg/kg/day for intermediate-duration exposure, and
120 mg/kg/day in rats and 240 mg/kg/day in mice for chronic-duration exposure)
(NTP 1989). Rats exposed to oral doses of 500 and 1,000 mg/kg/day of
2,3-benzofuran for 3-14 days exhibited a red ocular discharge, but this
discharge was not characterized and no histological examinations were
performed on animals in these dose groups (NTP 1989).

Other Systemic Effects. Oral 2,3-benzofuran exposure resulted in
decreased body weights in some cases (NTP 1989). In rats, reduced body weight
was observed after 14 days of exposure of males at doses of 250 and
500 mg/kg/day and of females at a dose of 500 mg/kg/day, after 13 weeks of
exposure of males at doses of 125, 250, and 500 mg/kg/day and of females at a
dose of 500 mg/kg/day, and after 103 weeks of exposure of males at doses of 30
and 60 mg/kg/day and of females at a dose of 120 mg/kg/day (NTP 1989). In
mice, reduced body weight was observed after 13 weeks of exposure of males at
a dose of 500 mg/kg/day, and after 103 weeks of exposure of males at a dose of
60 mg/kg/day but not 120 mg/kg/day and of females at doses of 120 and
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240 mg/kg/day (NTP 1989). No explanation was provided for the reduction in
body weight in male mice in the low dose group but not the high dose group
during chronic exposure (NTP 1989). Body weight reduction does not provide
specific information concerning toxicity, and often occurs only at doses above
those causing other systemic effects. The relative sensitivity to body-weight
reduction does appear to parallel the sensitivity to kidney and liver damage:
male rats are most sensitive, followed by female rats, male mice, and female
mice (NTP 1989).

Rats exposed to 2,3-benzofuran for 13 weeks had an increased incidence
of cytoplasmic vacuolization of the adrenal glands, which was observed in 1
out of 10 control males, 2 out of 10 males at a dose of 250 mg/kg/day, and in
all 20 males and females at a dose of 500 mg/kg/day (NTP 1989). No adrenal
lesions were seen in rats at shorter or longer exposures, and no tests were
made to determine the effect on adrenal functioning.

In rats exposed to 2,3-benzofuran for 103 weeks, the occurrence of
cystic follicles in the thyroid glands was increased in males at doses of
30 and 60 mg/kg/day but decreased in females at doses of 60 and 120 mg/kg/day
(NTP 1989). Parathyroid hyperplasia was increased in male rats exposed for
103 weeks to a dose of 30 mg/kg/day, secondary to increased severity of
nephropathy (NTP 1989).

2.2.2.3 Immunological Effects

No studies were located regarding immunological effects in humans after
oral exposure to 2,3-benzofuran. No abnormalities in lymphatic tissues were
detected by histological examination of rats and mice exposed to
2,3-benzofuran by gavage for up to 2 years (NTP 1989). However, no
examination of lymphocytes or tests of immune system functioning were made, so
these studies do not identify a reliable NOAEL for immunological effects.

2.2.2.4 Neurological Effects

No studies were located regarding neurological effects in humans after
oral exposure to 2,3-benzofuran. No abnormalities in the nervous systems were
detected by histopathologic examination of rats and mice exposed to
2,3-benzofuran for up to 2 years (NTP 1989). However, no neurochemical or
neurophysiological parameters were monitored, so these studies do not identify
a reliable NOAEL for neurological effects.

2.2.2.5 Developmental Effects

No studies were located regarding developmental effects in humans or
animals after oral exposure to 2,3-benzofuran.
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2.2.2.6 Reproductive Effects

No studies were located regarding reproductive effects in humans after
oral exposure to 2,3-benzofuran. No damage to male or female reproductive
organs was detected by histological examination of rats and mice exposed to
2,3-benzofuran by gavage for up to 2 years (NTP 1989). However, no functional
tests of reproductive success have been made, so these studies do not identify
a reliable NOAEL for reproductive effects.

2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or animals
after oral exposure to 2,3-benzofuran. Genotoxicity studies are discussed in
Section 2.4.

2.2.2.8 Cancer

No studies were located regarding carcinogenic effects in humans after
oral exposure to 2,3-benzofuran. Chronic gavage exposure to 2,3-benzofuran
increases the frequency of tumors in several organs in rats and mice
(NTP 1989). In rats, a statistically-significant increase in kidney
adenocarcinomas was found in females at a dose of 120 mg/kg/day, but no
carcinogenic effects were seen in males, perhaps because of reduced survival
(NTP 1989). In mice, increased frequencies of tumors were found in lungs,
livers, and forestomachs of both males and females (NTP 1989). Most of these
effects showed a dose-response trend and were statistically significant at
both doses tested, 60 and 120 mg/kg/day in males and 120 and 240 mg/kg/day in
females (NTP 1989). The NTP concluded that the data provided no evidence of
carcinogenicity of 2,3-benzofuran to male rats, some evidence of
carcinogenicity to female rats, and clear evidence of carcinogenicity to male
and female mice (NTP 1989).

Levels of exposure associated with the observed carcinogenic effects of
2,3-benzofuran are indicated in Figure 2-1. Cancer effects could occur at
lower exposure levels, but no estimate of the individual human lifetime cancer
risks from exposure to 2,3-benzofuran has been made at this time by the EPA.

2.2.3 Dermal Exposure
2.2.3.1 Death

No studies were located regarding death in humans or animals after
dermal exposure to 2,3-benzofuran.

2.2.3.2 Systemic Effects
No studies were located regarding respiratory, cardiovascular,

gastrointestinal, hematological, musculoskeletal, hepatic, or renal effects in
humans or animals after dermal exposure to 2,3-benzofuran.
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Dermal/Ocular Effects. No skin lesions or dermatitis were reported in
an early review of the dermatological problems associated with the manufacture
of coumarone-indene resin (a polymer made from 2,3-benzofuran and indene);
however, the manufacturing process essentially prevented contact with monomers
(Schwartz 1936), so the significance of these negative findings 1is
questionable. Workers continuously exposed to wood varnished with coumarone-
indene
resin developed dermatitis, but the sensitivity was attributed to the
sulfuric acids in the varnish (Schwartz 1936).

No studies were located regarding the following health effects in humans
or animals after dermal exposure to 2,3-benzofuran:

Immunological Effects
Neurological Effects
Developmental Effects
Reproductive Effects
Genotoxic Effects
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No studies were located regarding genotoxic effects in humans or animals
after dermal exposure to 2,3-benzofuran. Genotoxicity studies are discussed
in Section 2.4.

2.2.3.8 Cancer

No studies were located regarding carcinogenic effects in humans or
animals after dermal exposure to 2,3-benzofuran.

2.3 TOXICOKINETICS
2.3.1 Absorption
2.3.1.1 1Inhalation Exposure

No studies were located regarding absorption in humans or animals after
inhalation exposure to 2,3-benzofuran. The partitioning of 2,3-benzofuran
between particulate matter and synthetic alveolar surfactant in vitro was
reported to depend upon the chemical nature of the particles (Sehnert and
Risby 1988). Synthetic lung surfactant was able to dissolve 2,3-benzofuran
adsorbed to particles with few active sites, but not 2,3-benzofuran adsorbed
to particles with many active sites (Sehnert and Risby 1988). These data
indicate that inhalation of particles containing 2,3-benzofuran would result
in some absorption, depending on the nature of the particles.

2.3.1.2 Oral Exposure

No studies were located regarding absorption in humans or animals after
oral exposure to 2,3-benzofuran.
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2.3.1.3 Dermal Exposure

No studies were located regarding absorption in humans or animals after
dermal exposure to 2,3-benzofuran.

2.3.2 Distribution

No studies were located regarding distribution in humans or animals
after exposure to 2,3-benzofuran by the following routes:

.3.2.1 Inhalation Exposure
.3.2.2 Oral Exposure
.3.2.3 Dermal Exposure

NNDDN

2.3.3 Metabolism

No studies were located regarding metabolism of 2,3-benzofuran in humans
or animals. However, the metabolism of several other substituted furans has
been shown to involve oxidation by P-450, with the unsubstituted double bond
of the furan ring converted either to an epoxide (Boyd 1981) or to a
dialdehyde (Ravindranath et al. 1984). Pretreatment with inducers and
inhibitors of P-450 modified the toxicity of a single intraperitoneal
injection of 2,3-benzofuran to male mice (McMurtry and Mitchell 1977). Oral
exposure to 2,3-benzofuran altered the activity of P-450 and other enzymes in
the livers of female mice (Heine et al. 1986). These experiments indicate
that cytochrome P-450 may be involved in the toxicity of 2,3-benzofuran, but
do not provide a clear picture of 2,3-benzofuran metabolism.

2.3.4 Excretion

No studies were located regarding excretion in humans or animals after
exposure to 2,3-benzofuran by the following routes:

.3.4.1 Inhalation Exposure
.3.4.2 Oral Exposure
.3.4.3 Dermal Exposure

NDNDN

2.4 RELEVANCE TO PUBLIC HEALTH

As discussed in Section 2.2, estimates of levels of exposure to
2,3-benzofuran posing minimal risk to humans (MRLs) were to have been made,
where data were believed reliable, for the most sensitive noncancer effect for
each route and exposure duration. However, no MRLs could be derived for
2,3-benzofuran. No data were located on effects of acute-duration,
intermediate-duration, or chronic-duration inhalation exposure to
2,3-benzofuran in humans or animals. Therefore, no inhalation MRLs were
derived. Available information on acute-duration oral exposure in animals
does not identify the most sensitive effect or any dose-response relationships
(NTP 1989). Available information on intermediate-duration and chronic duration
oral exposure to 2,3-benzofuran in animals suggests that the most
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sensitive effect may be liver toxicity following intermediate-duration
exposure and kidney toxicity following chronic-duration exposure (NTP 1989),
but the data do not reliably identify the threshold for liver or kidney
damage. Therefore, no oral MRLs were derived. Acute-duration, intermediate
duration, and chronic-duration dermal MRLs were not derived for 2, 3-benzofuran
due to the lack of an appropriate methodology for the development of dermal
MRLs.

Essentially nothing is known about the effects of 2,3-benzofuran
exposure on humans. The principal adverse health effects noted in animals
associated with oral exposure to 2,3-benzofuran are kidney and liver damage
(NTP 1989). Intraperitoneal injection of 2,3-benzofuran also causes kidney
and liver damage (McMurtry and Mitchell 1977). Inhalation and dermal
exposures might also produce adverse effects, although this has not been
studied. Because of the limited production and use of 2,3-benzofuran (see
Chapter 4), the average person is unlikely to encounter doses high enough to
cause kidney or liver damage. However, studies in animals indicate that
2,3-benzofuran exposure may increase the risk of cancer (NTP 1989), and so
even low exposure levels may be of concern. Kidney and liver damage, cancer,
and other less common effects are discussed in greater detail below.

Death. Large oral doses of 2,3-benzofuran can cause death in rats or
mice following acute or intermediate exposure duration, and somewhat lower
chronic doses can reduce survival (NTP 1989). No consistent difference in
sensitivity between male and females has been observed (NTP 1989). The
lethality of 2,3-benzofuran exposure by intraperitoneal injection appears to
be greater than that following gavage exposure, as a single intraperitoneal
injection of 100 mg/kg caused deaths in some male mice (McMurtry and Mitchell
1977), but l4-day gavage exposure caused no deaths in rats or mice at doses up
to 250 mg/kg/day (NTP 1989). The cause of death from 2,3-benzofuran exposure
was not reported in these studies except that reduced survival in male rats
chronically exposed to 2,3-benzofuran was attributed to increased severity of
kidney damage (NTP 1989). An acute dose of 240 mg/kg/day caused death in male
mice in a group which had been exposed to 60 mg/kg/day for 20 weeks, but an
acute dose of 250 mg/kg/day for 14 days caused no deaths in mice which had not
previously been exposed to 2,3-benzofuran (NTP 1989). Although no data were
provided concerning the cause of increased lethality of 2,3-benzofuran
following prior exposure, cumulative organ damage or altered metabolism are
possible explanations. It is unlikely that humans would be exposed to a dose
of 2,3-benzofuran sufficient to cause death.

Systemic Effects.

Respiratory Effects. Chronic-duration oral exposure to 2,3-benzofuran
causes hyperplasia of nasal mucosa and lung tissue in mice (NTP 1989).
In vitro exposure of chicken trachea cells to 2,3-benzofuran results in
substantial inhibition of ciliary activity (Pettersson et al. 1982), which may
indicate that ciliotoxicity is involved in the respiratory effects seen in
mice. Certain other furan derivatives exhibit pulmonary toxicity due to
metabolic activation by lung P-450 oxygenases (Boyd 1981), but 2,3-benzofuran
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has not been studied specifically. No respiratory effects were seen following
acute-, intermediate-, or chronic-duration oral exposure in rats or following
acute- or intermediate-duration oral exposure in mice. Thus, respiratory
effects are seen fairly infrequently, and only at high doses which also cause
liver damage.

Cardiovascular Effects. Chronic-duration oral exposure to
2,3-benzofuran causes mineralization of the pulmonary artery in rats, but this
effect was due to mineral imbalances and vascular constriction associated with
kidney damage (NTP 1989). No cardiovascular effects were seen following
acute-, intermediate-, or chronic-duration oral exposure in mice or following
acute- or intermediate-duration oral exposure in rats.

Gastrointestinal Effects. Chronic-duration oral exposure to
2,3-benzofuran causes chronic inflammation of the forestomach in rats and mice
(NTP 1989). No gastrointestinal effects were seen following acute- or
intermediate-duration oral exposure in rats or mice. The gastrointestinal
effects were seen at doses causing severe kidney damage or above doses causing
liver damage.

Musculoskeletal Effects. Chronic-duration oral exposure to
2,3-benzofuran causes bone degeneration in rats, but this effect is due to
mineral imbalances associated with kidney damage (NTP 1989). No
musculoskeletal effects were seen following acute-, intermediate-, or chronic
duration oral exposure in mice or following acute- or intermediate-duration
oral exposure in rats.

Hepatic Effects. Liver damage is a consistent systemic effect of oral
exposure to 2,3-benzofuran (NTP 1989). Intermediate-duration oral exposure
causes liver damage in male and female rats and chronic-duration oral exposure
causes liver damage in male mice (NTP 1989). Liver damage is also seen
following a single intraperitoneal injection of 2,3-benzofuran (McMurtry and
Mitchell 1977). The observed liver damage is usually characterized by focal
necrosis of hepatocytes after both oral (NTP 1989) and intraperitoneal
(McMurtry and Mitchell 1977) exposure. Liver damage was the systemic effect
seen at the lowest dose in male rats exposed to 2,3-benzofuran for 13 weeks
(NTP 1989).

The toxicity of 2,3-benzofuran to the liver may be associated with
activation by P-450 oxygenases. Pretreatment of mice with an inhibitor of
P-450 oxygenases, cobaltous chloride, prevents liver damage from
intraperitoneal injection of 2,3-benzofuran (McMurtry and Mitchell 1977).
Acute-duration oral exposure to 2,3-benzofuran alters the activity of hepatic
enzymes in mice, decreasing the cytochrome P-450 content and increasing the
activity of several enzymes involved in the deactivation of electrophiles (Cha
et al. 1985; Heine et al. 1986). This overall shift in metabolism away from
activation of potential carcinogens was taken to suggest that 2,3-benzofuran
might have anticarcinogenic activity (Cha et al. 1985; Heine et al. 1986).
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However, because chronic-duration exposure to 2,3-benzofuran increases the
incidence of cancer in rodents, including liver cancer in mice (NTP 1989), any
possible anticarcinogenic action of 2,3-benzofuran is less relevant.

Renal Effects. Intermediate- and chronic-duration oral exposure to
2,3-benzofuran causes kidney damage in male and female rats and intermediate-
duration oral exposure causes kidney damage in male mice (NTP 1989).
Intraperitoneal injection also causes kidney damage in male mice (McMurtry and
Mitchell 1977). Kidney damage involves injury to the tubular cells, with
degeneration, necrosis, and mineralization. In male rats (a group predisposed
to kidney damage), chronic 2,3-benzofuran exposure increases the severity of
the nephropathy to an extent which affects survival at a lifetime dose of
30 mg/kg/day (NTP 1989). Kidney damage seen in rats following chronic-duration
oral exposure to 2,3-benzofuran also involved cortical cysts, bone
degeneration, hyperplasia of the parathyroid glands and pelvic epithelium, and
mineralization of the pulmonary artery (NTP 1989).

Other Systemic Effects. Oral exposure to 2,3-benzofuran causes
decreased body weight in rats and mice, and damage to adrenal and thyroid
glands in rats (NTP 1989). Reduced body weight is a rather unspecific
indicator of toxicity, and was generally not seen except at doses also causing
liver or kidney damage