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NOTE TO THE READER

The Priority Data Needs documents are intended to characterize substance-specific priority data needs
determined via the ATSDR Decision guide for identifying substance-specific data needs related to
toxicological profiles (54 Federal Register 37618, September 11, 1989). The identified priority data
needs reflect the opinion of the Agency, in consultation with other federal programs, of the research
necessary for fulfilling its statutory mandate under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (Superfund) or CERCLA. They are not intended to represent
the priority data needs for any other program.
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Substance-Specific Applied Research Program
Priority Data Needs for:
Phenol

Prepared by: Agency for Toxic Substances and Disease Registry/
Division of Toxicology and Environmental Medicine (ATSDR/DTEM)

Date prepared: May, 2009

I. Executive Summary

Phenol is included in the priority list of hazardous substances identified by ATSDR (ATSDR
2007). This list contains substances that have been identified at National Priorities List (NPL)
sites and determined to pose a human health risk based on (1) known or suspected human
toxicity, (2) frequency of occurrence at NPL sites or other facilities, and (3) the potential for

human exposure to the substance. An updated Toxicological Profile for Phenol was published by

ATSDR in September 2008.

Phenol is a colorless-to-white solid when pure; however, the commercial product, which contains
some water, is a semi-volatile liquid. Phenol has a distinct odor that is sickeningly sweet and
tarry. Phenol is very soluble in alcohol, chloroform, ether benzene, acetone, and water. Phenol
evaporates more slowly than water with a vapor pressure of 0.35 mm Hg. Commercial phenol
does not volatilize rapidly from aqueous solutions with a Henry’s law constant of 4.0x10” atm
m’/mol. Currently, there are 10 manufacturers of phenol in the United States, with a production
capacity of approximately 6.9x10° pounds. The two major uses of phenol in 2004 were the

production of bisphenol-A (48%) and of phenolic resins.

Phenol is released to the air and water as a result of its manufacture, its use in phenolic resins, and
organic synthesis. Phenol is found in petroleum products such as coal tar and creosote and, can
be released by combustion of wood and auto exhaust. Phenol is also produced by the natural
degradation of organic wastes including benzene. Phenol is a major metabolite of benzene, which
is found extensively in the environment; therefore, phenol may be formed in the environment as a
result of the natural degradation of benzene. Phenol is degraded rapidly in air by gas-phase

hydroxyl radical reaction (estimated half-life 14.6 hours), but may persist in water for a somewhat
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longer period. Half-lives for biodegradation range from <1 day in samples of lake water to
9 days in estuarine water. In soil, phenol will generally biodegrade rapidly. If biodegradation is
sufficiently slow, phenol in sunlit water will undergo photooxidation with photochemically

produced peroxyl radicals, and phenol in soil will leach to groundwater.

The mobility of phenol in soil is considered high based on K, levels of approximately 16100,
indicating that leaching into groundwater is possible. However, the rate of phenol biodegradation
in the soil may be so rapid, except in cases of large releases such as spills or continuous releases
such as leaching from landfill sites, that the probability of groundwater contamination may be

low.

Monitoring data indicate that the most likely route of exposure to the general population is via
ingestion or dermal contact with consumer or medicinal products containing phenol. Other routes
of exposure include inhalation of ambient air and ingestion of food and drinking water. For
populations residing near hazardous waste sites, the most likely route of exposure is expected to

be through ingestion of contaminated drinking water.

Phenol, particularly in high concentrations, is an irritating and corrosive substance, making the
skin and mucosal membranes targets of toxicity in humans and animals. Acute exposure to
relatively high amounts of phenol has also caused electrocardiographic alterations and adverse
neurological effects characterized by tremors. No clear target for toxicity has been identified in
studies of populations exposed to phenol for prolonged periods of time; however, the number of
studies available is small and they all suffer from limitations. Long-term oral studies in animals
administered phenol in the drinking water found essentially no toxicity. A 2-year oral bioassay
found no evidence of carcinogenicity of phenol in mice and female rats; statistically significant
increased incidences of pheochromocytomas of the adrenal gland and leukemia or lymphomas
were observed in male rats exposed to the low dose of phenol, but not to the high dose of phenol,
thus a positive dose-response relationship could not be established. Phenol induced adverse
developmental effects in animals in oral gavage studies, generally at dose levels that also affected
the mother. The available data do not suggest that phenol has endocrine disruptor properties. It

is not known if children are more susceptible to the toxicity of phenol than adults.
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On the basis of the available data, ATSDR has identified the following priority data needs:

Exposure

*  Exposure levels in humans living near hazardous waste sites and other populations

*  Exposure levels of children

I1. Introduction: ATSDR's Substance-Specific Applied Research Program

A. Legislative

Section 104(i)(5) of the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) directs the Administrator of ATSDR (in consultation with the Administrator of
EPA and agencies and programs of the Public Health Service) to assess whether adequate
information on the health effects of phenol is available. Where adequate information is not
available, ATSDR, in cooperation with the National Toxicology Program (NTP), is required to
assure the initiation of a program of research designed to determine these health effects. Such
program shall include, to the extent necessary to supplement existing information, but shall not be

limited to--

» laboratory and other studies to determine short, intermediate, and long-term health effects;

* laboratory and other studies to determine organ-specific, site-specific, and system-specific
acute and chronic toxicity;

* laboratory and other studies to determine the manner in which such substances are
metabolized or to otherwise develop an understanding of the biokinetics of such substances;
and

*  where there is a possibility of obtaining human data, the collection of such information.
Section 104(i)(5)(C): In the development and implementation of the research program ATSDR is

required to coordinate with EPA and NTP to avoid duplication of research being conducted in

other programs and under other authorities.
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Section 104(1)(5)(D): It is the sense of Congress that the costs for conducting this research
program be borne by private industry, either under the Toxic Substances Control Act (TSCA), the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), or cost recovery under CERCLA.

B. Impact on Public Health

The major purpose of this research program is to supplement the substance-specific informational
needs of the public and the scientific community. More specifically for ATSDR, this program
will supply necessary information to improve the database to conduct public health assessments.
This is more fully described in the ATSDR Decision Guide for Identifying Substance-Specific
Data Needs Related to Toxicological Profiles (54 Federal Register 37618) [henceforth referred to
as the ATSDR Decision Guide].

Experience from ATSDR health assessments shows the need for more information for select
substances, on both exposure and toxicity, so the Agency can more completely assess human
health effects. Exposure data collected from this substance-specific research will complement
data being collected on a site-specific basis by ATSDR's Division of Health Studies and the
Division of Health Assessment and Consultation. More specifically, the Agency will use the
exposure data to help identify populations that need follow-up exposure or health-outcome

studies.

Regarding substance toxicity, the collected data will be used to characterize the toxicity of the
substance for public and scientific community. For ATSDR, the data are necessary and essential

to improve the design and conduct of follow-up health studies.

C. Procedures

Section 104(i)(2) of CERCLA, as amended, requires that ATSDR (1) with EPA develop a list of
hazardous substances found at NPL sites (in order of priority), (2) prepare toxicological profiles
of those substances, and (3) assure the initiation of a research program to fill identified data needs

associated with the substances.

The first step in implementing the ATSDR substance-specific research program for phenol

occurred when the data needs for phenol were determined in the ATSDR Toxicological Profile
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for Phenol. Considered a subset of all information gaps on phenol, these data needs were
reviewed by scientists from ATSDR and other federal agencies. They were peer reviewed by an
external review panel and made available for public comment. All comments received by
ATSDR on the identification of data needs for phenol were addressed before the toxicological

profile was finalized.

The purpose of this paper is to take the data needs identified in the Toxicological Profile for
Phenol and subject them to further scientific evaluation. This will lead to priorities and ultimately
to ATSDR's substance-specific research agenda. To affect this step, ATSDR developed and

presented a logical scientific approach to priority setting in its Decision Guide.

Briefly, data needs are categorized as exposure or toxicity and are then subcategorized across

three levels (Tables 1 and 2). Level I research is a base set of exposure and toxicity information
to identify basic characteristics of each substance. Level II research is conducted to confirm the
toxicity and exposure indicated by Level I data. Level III research will improve the application

of the results of Level II research to people.

The Decision Guide recognized three general principles for setting priorities:

* Not all information gaps identified in toxicological profiles are data needs.
* All data needs are not the same priority.

*  Substances should be considered individually, but may be grouped, because of structural
similarity or other relevant factors.

Other considerations spelled out in the Decision Guide include:

* All levels of data should be considered in selecting priority data needs.

* Level I gaps are not automatically in the priority grouping. In general, Level I data have
priority when there are no higher level data for the same category, and when data are
insufficient to make higher level priority testing decisions. For example, priority would
generally not be assigned multigenerational animal studies (Level II) if an adequate
subchronic study (Level I) had not been conducted that evaluated reproductive organ
histopathology.

»  Priority for either exposure or toxicity data requires thorough evaluation of research needs in
other areas to help achieve a balanced research program for each substance.
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The Decision Guide listed the following eight tenets to determine research priorities:

*  Development and/or confirmation of appropriate analytical methods.

* Determination of environmental and human exposure levels when analytical methods are
available.

* Bioavailability studies for substances of known significant toxicity and exposure.
» Studies available to characterize target organs and dose response.

» Disposition studies and comparative physiologically-based pharmacokinetics when a toxic
end point has been determined and differences in species response have been noted.

*  Mechanistic studies on substances with significant toxicity and substantial human exposure.

* Investigation of methods to mitigate toxicity for substances when enough is known about
mode of action to guide research.

*  Epidemiologic studies designed to link human disease with a substance of known significant
toxicity.

These last three "prioritizing" tenets address Level Il research. When Level 11l research is
identified as priority, ATSDR will not develop detailed methods to successfully fulfill the data
needs. Because there are no standard "testing guidelines" for Level 111 research, we expect
considerable discussion between ATSDR and parties interested in conducting this research.
Thus, ATSDR will only announce that its scientists believe that the accumulation of Level 111
research is appropriate, and it is a priority at this time. ATSDR will state the reasons why this is

so.
D. Selection Criteria

ATSDR prepares toxicological profiles on substances that are most commonly found at facilities
on the NPL sites and which, in its sole discretion, pose the most significant threat to human health

because of their known or suspected toxicity and potential for human exposure.

Briefly, the rationale is as follows:
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1. Frequency of Occurrence

Finding: Phenol is included in the priority list of hazardous substances identified by ATSDR
(ATSDR 2007).

Phenol has been detected in at least 595 of 1,678 National Priorities List (NPL) hazardous waste
sites in the United States (HazDat 2006). Exposure to phenol at these sites may occur by
contacting contaminated air, water, soil, or sediment. ATSDR is presently evaluating the extent

of media-specific contamination at these and other sites.

2. Potential for Human Exposure

Finding: ATSDR scientists have determined that there has been significant past human exposure
and that the potential exists for current human exposure to phenol via inhalation, ingestion, and

skin contact.

The following is a brief summary of the potential for human exposure to phenol. For a more
detailed discussion of available information, refer to the ATSDR Toxicological Profile for

phenol, Chapter 6, on Potential for Human Exposure (ATSDR 2008).

Phenol is a colorless-to-white solid when pure; however, the commercial product, which contains
some water, is a semi-volatile liquid. Phenol has a distinct odor that is sickeningly sweet and
tarry. It is very soluble in most organic solvents and in water. Phenol is largely used in the
production of phenolic resins and in the organic synthesis of other chemicals. Phenol is found in
petroleum products such as coal tar and creosote, and can be released by combustion of wood and
auto exhaust. Phenol is also produced by the natural degradation of organic wastes including
benzene. Phenol is a major metabolite of benzene, which is found extensively in the
environment; therefore, phenol may be formed in the environment as a result of the natural
degradation of benzene. Phenol is also used in several consumer products, including

mouthwashes, gargles, and throat sprays with concentrations ranging from 0.5 to 1.4%.

Phenol is an important substance for research because of its widespread environmental
contamination. Phenol has been found in at least 595 of the 1,678 current or former NPL sites

(HazDat 2006). According to the Toxics Release Inventory (TRI), 689 facilities manufactured or
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processed phenol in 2004 (TRI04 2006). It was estimated that 4.9 million pounds of phenol,
amounting to 62% of the total environmental release, was discharged to air from manufacturing
and processing facilities in the United States in 2004 (TRI04 2006). Estimated releases of
85,700 pounds of phenol to surface water from 689 domestic manufacturing and processing
facilities in 2004 accounted for about 0.1% of the estimated total environmental releases from
facilities required to report to the TRI (TRI04 2006). Estimated releases of 1.2 million pounds of
phenol to soils from 689 domestic manufacturing and processing facilities in 2004 accounted for
about 16% of the estimated total environmental releases from facilities required to report to the
TRI (TRI04 2006). An additional 1.3 million pounds, constituting about 17% of the total

environmental emissions, were released via underground injection (TRI04 2006).

Phenol has been found in at least 595 of the 1,678 current or former NPL sites (HazDat 2006).
Maximum concentrations in soil, sludge, and sediment were 276,000, 26,000, and 1,700 ug/kg,
respectively (HazDat 2006). In air, a maximum concentration of 11 pg/m3 was reported (HazDat
2006). Fish, groundwater, and leachate had maximum concentrations of 15.9 ppm, 28,800 pg/L,
and 38,400ug/L, respectively (HazDat 2006).

Phenol may partition to air, water, and soil depending upon its release medium. In air, phenol
degrades rapidly via reaction with photochemically produced hydroxyl radicals. The half-life for
this reaction in the atmosphere is estimated as approximately 14 hours (EPA 1979a). The
reaction of phenol with nitrate radicals during the night may constitute a significant removal
process. This is based on a rate constant of 3.8x10"'> cm*/molecule second for this reaction,
corresponding to a half-life of 15 minutes at an atmospheric concentration of 2x10® nitrate
radicals per cm’ (Atkinson et al. 1987). The reaction of phenol with nitrate radicals present in the
atmosphere during smog episodes may decrease the half-life of phenol in polluted atmospheres.

The above data indicate that phenol has a short half-life in the atmosphere, probably <1 day.

Using the Henry's law constant of 4x10” atm m*/mol (Lide 1993), a volatilization half-life of

88 days was calculated for phenol evaporation from a model river 1 m deep with a current of

1 m/second and a wind velocity of 3 m/second (Lyman et al. 1982). Although phenol does not
absorb light at wavelengths >290, phenols react rapidly to sunlit natural water via an indirect
reaction with photochemically produced hydroxyl radicals and peroxyl radicals; typical half-lives
for hydroxyl and peroxyl radical reactions are on the order of 100 and 19.2 hours of sunlight,

respectively (Canonica et al. 1995; Mill and Mabey 1985). These reactions require dissolved
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natural organic materials that function as photosensitizers (Canonica et al. 1995). Phenol is
readily biodegradable in natural water, provided the concentration is not high enough to cause
significant inhibition through microbial toxicity. Complete degradation in <1 day has been
reported in water from three lakes; the rates of degradation were affected by the concentration of
organic and inorganic nutrients in the water (Rubin and Alexander 1983). Complete removal of
phenol in river water has been reported after 2 days at 20 °C and after 4 days at 4 °C (Ludzack
and Ettinger 1960). The degradation of phenol is somewhat slower in salt water, and a half-life
of 9 days has been reported in an estuarine river (EPA 1979b). Available data indicate that
phenol biodegrades in soil under both aerobic and anaerobic soil conditions. The half-life of
phenol in soil is generally <5 days (Baker and Mayfield 1980), but acidic soils and some surface

soils may have half-lives of up to 23 days (Shiu et al. 1994).

The general population is exposed to phenol through the use of consumer products containing this
compound. Phenol is readily adsorbed though the skin; therefore, dermal contact is likely to be a
source of exposure. Phenol is present in a number of consumer products that are swallowed,
rubbed on, or applied to various parts of the body. These include throat lozenges, mouthwashes,
gargles, and antiseptic lotions. Commercial antiseptic lotions may contain up to 1.4% phenol
(Darisimall 2006). Package labeling information indicates that commercial throat lozenges
contain up to 29 mg of phenol per lozenge (Darisimall 2006). Other consumer products such as
disinfectants and cleaners may contain concentrations of phenol ranging from 0.45 to 26% (CA
EPA 1998; Forum for Scientific Excellence, Inc. 1990). However, a human exposure assessment
has not been conducted and sources of actual human exposure are not known. It has been found
that the smoke of one nonfiltered cigarette contains 60—140 pg of phenol; 19-35 pg was found in
a filter-tipped cigarette and 24—107 pg phenol was found in cigars (IARC 1986; NCI 1998).

Work place exposure is likely to occur via inhalation and dermal contact with phenol. People
living near factories producing or using phenol as well as those living near areas of heavy traffic
are likely to be exposed to increased levels of phenol. People who are exposed to large amounts
of benzene are also likely to be exposed to large amounts of phenol, a metabolite of benzene.

Elevated levels of phenol have been detected in workers occupationally exposed to benzene.

Populations residing near hazardous waste sites may also be exposed to phenol through the
ingestion of contaminated drinking water using contaminated surface water or groundwater as a

source. Its presence in groundwater is probably the result of release to soil, often industrial
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releases or leachate from waste dumps, and the subsequent leaching of phenol through the soil to
the groundwater. Phenol was detected at a maximum concentration of 1.9 ppm in leachates from
landfill sites in Illinois (Clark and Piskin 1977). Near a landfill in central Florida, phenol was
found in groundwater and surface water at about 17 and 15 ppb, respectively (Chen and Zoltek
1995). Phenol was detected, but not quantified, in the groundwater at 13.6% of 178 CERCLA
hazardous waste sites (Plumb 1987).

3. Toxicity

Finding: ATSDR considers that short-, intermediate-, and long-term health effects can result
from inhalation, ingestion, and dermal contact of phenol. Target organs or systems known to be
affected include the skin and mucosal membranes and, with less certainty, the cardiovascular
system and the liver. The nervous system has been shown to be a target in animals treated by oral

gavage, but not in feeding studies.

The following is a brief summary of the toxicology of phenol. Refer to the ATSDR
Toxicological Profile for phenol chapter on "Health Effects” for a more detailed discussion of

available information (ATSDR 2008).

Phenol is an irritating and corrosive substance, making the skin and mucosal membranes targets
of toxicity, but other effects have also been reported. Fatalities due to ingestion or contact with a
significant area of the skin have been reported (Boatto et al. 2004; Cronin and Brauer 1949;
Griffiths 1973; Lewin and Cleary 1982; Soares and Tift 1982; Stajduhar-Caric 1968; Tanaka et
al. 1998). Postmortem examination typically showed serious mucosal alterations in the
gastrointestinal tract. The cardiovascular and nervous systems also might be considered targets
for phenol toxicity. A study of workers found that exposure to phenol was associated with an
increased incidence of cardiovascular disease (Wilcosky and Tyroler 1983). Following acute oral
and dermal exposure to phenol, electrocardiographic alterations in humans (Gross 1984; Horch et
al. 1994; Langford et al. 1998; Truppman and Ellenby 1979; Warner and Harper 1985), as well as
vomiting and lethargy (Spiller et al. 1993), have been reported. Studies of populations whose
drinking water was contaminated with phenol found increased incidences of nausea and diarrhea,
but exposure to chlorophenols may have also occurred (Baker et al. 1978; Jarvis et al. 1985; Kim

et al. 1994). Liver effects were reported in a case of prolonged inhalation exposure to phenol
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(Merliss 1972) and in workers in an oil-refining plant (Shamy et al. 1994), but exposure to other

solvents could not be ruled out in the latter case.

There is only one recent study of inhalation exposure of animals to phenol (Hoffman et al. 2001).
In that study, rats that were exposed nose-only intermittently to concentrations up to 25 ppm for
2 weeks showed no gross or microscopic alterations in major tissues and organs, including the
nasal cavity, but some rats showed an increased incidence in a red nasal discharge possibly due to
the irritating properties of phenol. Other earlier studies in animals showed that exposure to
phenol in the air can cause pneumonia and morphological alterations of the myocardium and liver
and kidneys (Dalin and Kristoffersson 1974; Deichmann et al. 1944; Flickinger 1976). Although
these studies showed that inhaled phenol can affect several organs and tissues, few
generalizations can be made due to the different exposure protocols used (i.e., nose-only vs.

whole-body; intermittent vs. continuous) and incomplete reporting.

Results from oral studies in animals indicate that phenol administered by oral gavage is much
more toxic than when it is administered in the drinking water, a phenomenon that is related to the
toxicokinetics of phenol. In general, phenol in oral drinking water studies has exhibited little
toxicity. Systemic effects observed in animals following oral exposure include renal tubular
necrosis in rats treated with a single gavage dose of 224 mg/kg or with 40 mg/kg/day for 14 days
(Berman et al. 1995). However, long-term drinking water studies in rats and mice that received
much higher doses of phenol do not suggest that the kidney is a particularly sensitive target for
phenol (NCI 1980; Ryan et al. 2001). Phenol also induced decreases in body weight in rats and
mice in 13-week and 2-year drinking water studies that were associated with significant
reductions in water consumption due probably to poor palatability (NCI 1980). Reductions in

body weight gain were also observed in pregnant mice (NTP 1983b) and rats (York 1997).

Application of phenol to the skin of animals has caused edema, erythema, necrosis, and death; the
cause of death was not provided in the available studies (Conning and Hayes 1970; Deichmann
and Witherup 1944). Lethality is influenced by the surface area exposed as well as the
concentration of the applied solution. Systemic effects also have been described in animals
following dermal exposure to phenol. Rabbits that received a dose of phenol of 24 mg/cm?/kg

suffered cardiac arrhythmia (Wexler et al. 1984).
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There is not enough information to determine whether phenol induces immunological effects in
humans. A study of office workers exposed for 6 months to a mixture of phenol, formaldehyde,
and chlorinated hydrocarbons found alterations in lymphocyte surface markers and natural killer
cell activity relative to non-exposed subjects (Baj et al. 1994). However, the specific role of
phenol is difficult to ascertain. There are data in animals, but the findings are not conclusive
enough to draw definite conclusions. Rats administered phenol by gavage showed necrosis or
atrophy of the spleen or thymus (Berman et al. 1995) and mice treated with relative low doses of
phenol in water for 28 days showed alterations in some parameters of immunocompetence (Hsich
et al. 1992). However, the findings of Hsieh et al. (1992) were not replicated in a 10-week
drinking water study in rats that used much higher doses (Ryan et al. 2001). Rats and mice dosed
chronically with relatively high doses of phenol in water showed no alterations in gross or
microscopic morphology of lymphoreticular tissues (NCI 1980). Acute oral or dermal exposure
to relatively high doses of phenol has induced a wide range of neurological alterations in humans,
including death following seizures (Bentur et al. 1998; Kamijo et al. 1999; Lewin and Cleary
1982; Soares and Tift 1982; Spiller et al. 1993). Similar effects have been observed in animals
exposed to phenol by inhalation (Dalin and Kristofferson 1974; Flickinger 1976), oral gavage
(Moser et al. 1995; NTP 1983b), and dermal contact (Conning and Hayes 1970). However, rats
and mice exposed chronically to phenol in the drinking water showed no obvious neurological

effects or alterations in gross and microscopic brain morphology (NCI 1980).

There are not enough data to judge whether phenol causes adverse reproductive or developmental
effects in humans. Phenol decreased the absolute weight of the seminal vesicles and ovaries of
the parental generation in a two-generation reproductive drinking water study, but it did not
induce significant alterations in gross or microscopic appearance of the reproductive organs of
males and females from the parental and F, generations and there were no significant effects on
mating performance and fertility, estrus frequency, testicular sperm count, or sperm motility or
morphology (Ryan et al. 2001). Chronic exposure of rats and mice to phenol in the drinking
water did not significantly alter the gross or microscopic appearance of the reproductive organs
(NCI 1980). Phenol has induced developmental effects in rodents; with one exception, this
occurred at dose levels that also affect the mothers (NTP 1983a, 1983b; York 1997). There are
no data regarding reproductive and developmental effects in animals following inhalation or
dermal exposure to phenol. Based on the available information, there is no clear evidence that

phenol is an endocrine disruptor in humans or in animals.
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A study of phenol-exposed workers reported a small, nonsignificant excess of respiratory cancers
(Kauppinen et al. 1986) and a study of phenol production workers reported a small, nonsignifil]
cant excess of Hodgkin’s disease and of lung, esophageal, rectal, and kidney cancers (Dosemeci
et al. 1991). However, the interpretation of these findings is complicated due to lack of dose-
response and potential for confounding by simultaneous exposure to other chemicals. Phenol has
been tested for carcinogenicity in long-term drinking water bioassays in rats and mice (NCI
1980). Statistically significant increased incidences of pheochromocytomas of the adrenal gland
and leukemia or lymphomas were observed in male rats exposed to the low dose of phenol, but
not to the high dose of phenol. The finding of significant elevated thyroid C-cell carcinoma in
male rats at low dose but not high dose was also observed. No significant effects were seen in
female rats or in mice. Phenol has consistently been found to be a promoter in initiation-
promotion studies in mouse skin (Boutwell and Bosch 1959; Salaman and Glendenning 1957,
Wynder and Hoffmann 1961). The International Agency for Research on Cancer (IARC)
considers phenol not classifiable as to its carcinogenicity in humans. The Department of Health
and Human Services (DHHS) has not classified phenol as to its carcinogenicity. Based on
inadequate evidence in humans and animals, EPA (IRIS 2006) assigned phenol to Group D, not
classifiable as to human carcinogenicity. Under updated guidelines (EPA 2005), the data
regarding carcinogenicity of phenol are: “inadequate for an assessment of human carcinogenic

potential” (IRIS 2006).

No studies were located regarding the genotoxicity of phenol in humans following inhalation,
oral, or dermal exposure. However, phenol has been tested in a variety of in vivo (Chen and
Eastmond 1995a; Ciranni et al. 1988; Gocke et al. 1981; Li et al. 2005; Miyagawa et al. 1995;
Shelby and Witt 1995; Skare and Schrotel 1984) and in vitro (Crebelli et al. 1987; Erexson et al.
1985; Florin et al. 1980; Gocke et al. 1981; Haworth et al. 1983; Jansson et al. 1986; Kubo et al.
2002; Li et al. 2005; Miller et al. 1995; Morimoto et al. 1983; Nagel et al. 1982; Painter and
Howard 1982; Pellack-Walker and Blumer 1986; Poirier et al. 1975; Schwartz et al. 1985; Sze et
al. 1996; Tsutsui et al. 1997) tests. The results of these tests have been equivocal.

Potentially, individuals with low activities of the enzymes phenol sulfotransferase and
glucuronyltransferase may be more susceptible to phenol toxicity. Persons with ulcerative colitis
may have an impaired capacity to form a sulfate conjugate (Ramakrishna et al. 1991), which may
increase the amount of unchanged phenol that is absorbed following oral exposure. Because

phenol is a vesicant, individuals with sensitive skin or pulmonary incapacity may be more
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sensitive to phenol. Individuals with kidney or liver diseases that impair metabolism or excretion
of phenol and phenol metabolites may be more susceptible to phenol. It is not known whether
children are more sensitive to phenol than adults. To the extent that the enzymes involved in the
metabolism of phenol are developmentally regulated, the metabolism, and consequently the
toxicity of phenol, in immature humans may be different than in adults. Since point-of-contact
irritation is the main toxic action of high doses of phenol, children are not likely to be more

susceptible to phenol’s effects at the tissue level.

I11. ldentification of Data Needs

In evaluating the exposure and toxicity testing needs for phenol, ATSDR considered all available
published and unpublished information that has been peer-reviewed. From its evaluation of these

data, ATSDR is recommending the conduct of specific research or testing.

A. Exposure Data Needs (Table 1)

Three of the eight "prioritizing" tenets presented in the Decision Guide directly address exposure

data needs:

*  Development and/or confirmation of appropriate analytical method;

*  Determination of environmental and human exposure levels when analytical methods are
available; and

* Bioavailability studies for substances of known significant toxicity and exposure.

The progressive accumulation of exposure information begins with developing suitable analytical
methods to analyze the compound in all relevant biological and environmental media, followed
by confirmation of exposure information, before the conduct of any Level III research. However,
in order to know what analytes are available to monitor, some basic environmental fate

information is generally required and becomes a priority if it is lacking.

Bioavailability and food chain bioaccumulation studies are appropriately placed in Level 11, and
should be undertaken after analytical methods are developed and the substance has been

confirmed at many hazardous waste sites and in environmental media.
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1. Levels | & Il Data Needs

a. Analytical Methods

Purpose: To determine if available methods are adequate to detect and quantify levels of phenol
in environmental and biological matrices. The methods should be sufficiently specific and
sensitive to measure (1) background levels in the environment and the population; and (2) levels

at which biological effects might occur.

Finding: A data need has not been identified. The analytical methods available (Amlathe et al.
1987; Baldwin et al. 1981; Bieniek and Wilczok 1986; Handson and Hanrahan 1983; Needham et
al. 1984; O'Grodnick et al. 1983; Rick et al. 1982; Schaltenbrand and Coburn 1985; Van
Roosmalen et a