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Acronyms

bw - body weight

cc - cubic centimeters

CD - Caesarean Delivered

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1980

CNS - central nervous system

cu.m - cubic meter

DWEL - Drinking Water Equivalent Level

FEL - frank-effect level

FIFRA - Federal Insecticide, Fungicide, and Rodenticide Act

g - grams

GI - gastrointestinal

HEC - human equivalent concentration

Hgb - hemoglobin

i.m. - intramuscular

i.p. - intraperitoneal

i.v. - intravenous

IRIS - Integrated Risk Information System

IUR - Inhalation Unit Risk

kg - kilogram

L - liter

LEL - lowest-effect level

LOAEL - lowest-observed-adverse-effect level

LOAEL(ADJ) - LOAEL adjusted to continuous exposure duration

LOAEL(HEC) - LOAEL adjusted for dosimetric differences across species to a human

m - meter

MCL - maximum contaminant level

MCLG - maximum contaminant level goal

MF - modifying factor

mg - milligram

mg/kg - milligrams per kilogram

mg/L - milligrams per liter

MRL - minimal risk level

MTD - maximum tolerated dose
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MTL - median threshold limit

NAAQS - National Ambient Air Quality Standards

NOAEL - no-observed-adverse-effect level

NOAEL(ADJ) - NOAEL adjusted to continuous exposure duration

NOAEL(HEC) - NOAEL adjusted for dosimetric differences across species to a human

NOEL - no-observed-effect level

OSF - Oral Slope Factor

p-RfD - provisional Oral Reference Dose

p-RfC - provisional Inhalation Reference Concentration

p-OSF - provisional Oral Slope Factor

p-IUR - provisional Inhalation Unit Risk

PBPK - physiologically based pharmacokinetic

ppb - parts per billion

ppm - parts per million

PPRTV - Provisional Peer Reviewed Toxicity Value

RBC - red blood cell(s)

RCRA - Resource Conservation and Recovery Act

RGDR - Regional deposited dose ratio (for the indicated lung region)

REL - relative exposure level

RGDR - Regional gas dose ratio (for the indicated lung region)

RfD - Oral Reference Dose

RfC - Inhalation Reference Concentration

s.c. - subcutaneous

SCE - sister chromatid exchange

SDWA - Safe Drinking Water Act

sq.cm. - square centimeters

TSCA - Toxic Substances Control Act

UF - uncertainty factor

ug - microgram

umol - micromoles

VOC - volatile organic compound
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR
DICYCLOPENTADIENE (CASRN 77-73-6)

Background

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of
Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human
health toxicity values for Superfund risk assessments, establishing the following three tiers as the
new hierarchy:

1. EPA's Integrated Risk Information System (IRIS).

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund
Program.

3. Other (peer-reviewed) toxicity values, including:

< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease
Registry (ATSDR),

< California Environmental Protection Agency (CalEPA) values, and
< EPA Health Effects Assessment Summary Table (HEAST) values.

A PPRTV is defined as a toxicity value derived for use in the Superfund Program when
such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are
developed according to a Standard Operating Procedure (SOP) and are derived after a review of
the relevant scientific literature using the same methods, sources of data, and Agency guidance
for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values
receive internal review by two EPA scientists and external peer review by three independently
selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the
multi-program consensus review provided for IRIS values.  This is because IRIS values are
generally intended to be used in all EPA programs, while PPRTVs are developed specifically for
the Superfund Program.

Because science and available information evolve, PPRTVs are initially derived with a
three-year life-cycle.  However, EPA Regions (or the EPA HQ Superfund Program) sometimes
request that a frequently used PPRTV be reassessed.  Once an IRIS value for a specific chemical
becomes available for Agency review, the analogous PPRTV for that same chemical is retired.  It
should also be noted that some PPRTV manuscripts conclude that a PPRTV cannot be derived
based on inadequate data.
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Disclaimers

      Users of this document should first check to see if any IRIS values exist for the chemical
of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional
Superfund and RCRA program offices are advised to carefully review the information provided
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and
circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically
updated; therefore, users should ensure that the values contained in the PPRTV are current at the
time of use. 

It is important to remember that a provisional value alone tells very little about the
adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore,
users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths
and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of
Research and Development’s National Center for Environmental Assessment, Superfund Health
Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund
Program.

Questions Regarding PPRTVs

      Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on
chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed
to the EPA Office of Research and Development’s National Center for Environmental
Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.
      

INTRODUCTION

The HEAST (U.S. EPA, 1997) lists a subchronic RfD of 3E-1 mg/kg-day (0.3 mg/kg-day)
and a chronic RfD of 3E-2 mg/kg-day (0.03 mg/kg-day) for dicyclopentadiene, based on a
NOAEL of 32 mg/kg-day in a 3-generation study in rats (Litton Bionetics, 1980), a LOAEL of 42
mg/kg-day for decreased offspring weight in minks (Aurlich et al., 1979), and using uncertainty
factors of 100 for the subchronic RfD (10 for animal to human extrapolation and 10 for
protection of sensitive individuals) or 1000 for the chronic RfD (100 for subchronic RfD, and an
additional 10 for extrapolation to a chronic duration).  The source documentation for these
derivations was a Health and Environmental Effects Document for Cyclopentadiene and
Dicyclopentadiene (U.S. EPA, 1987).  The HEAST also lists a subchronic RfC of 2E-3 mg/m3

and chronic RfC of 2E-4 mg/m3, based on a LOAEL of 0.96 mg/m3 for hepatic effects in rats
(Dodd et al., 1982); the HEED (U.S. EPA, 1987) was the source document for these derivations
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as well.  This concentration was converted using reference body weights and inhalation rates to
an average daily dose of 0.61 mg/kg-day, and an uncertainty factor of 1000 (10 for interspecies
extrapolation, 10 to protect sensitive individuals, and 10 for use of a LOAEL).  These were
applied to give a subchronic inhalation RfD of 0.006 mg/kg-day, which was back-converted to
2E-3 mg/m3 using reference values for human body weight and ventilation rate.  The chronic RfC
was derived by applying an additional uncertainty factor of 10 (for extrapolation to chronic
duration) to the subchronic RfC.  No carcinogenicity assessment for dicyclopentadiene is
included in the HEAST (U.S. EPA, 1997); the HEED (U.S. EPA, 1987) classified
dicyclopentadiene as group D (Not Classifiable as to Human Carcinogenicity).  IRIS (U.S. EPA,
2003) does not list an RfD, RfC, or cancer assessment for dicyclopentadiene.  Dicyclopentadiene
is not included in the Drinking Water Standards and Health Advisories list (U.S. EPA, 2002). 
The CARA list (U.S. EPA, 1991a, 1994a) does not report documents relevant to the toxicity of
dicyclopentadiene other than the HEED (U.S. EPA, 1987).  ATSDR (2003) has not published a
Toxicological Profile for dicyclopentadiene, and no Environmental Health Criteria Document is
available (WHO, 2003).  ACGIH (2002) has recommended a Time Weighted Average (TWA) of
5 ppm, and NIOSH (2003) has recommended a REL of 5 ppm.  OSHA had established a
Permissable Exposure Limit (PEL)-TWA of 5 ppm in its 1989 ruling (OSHA, 1989), but this
ruling was vacated in 1993 (OSHA, 1993); OSHA (2003) presently has no PEL for
dicyclopentadiene.  Neither NTP (2003) nor IARC (2003) have evaluated the carcinogenic
potential of dicyclopentadiene.  Literature searches were conducted from 1986 through
December, 2002 for studies relevant to the derivation of provisional toxicity values for
dicyclopentadiene.  An updated literature search of the relevant databases was conducted from
January 2003 through April 2004.  Databases searched included: TOXLINE, MEDLINE,
TSCATS, RTECS, CCRIS, DART, EMIC /EMICBACK, HSDB, GENETOX, and
CANCERLIT.

REVIEW OF PERTINENT DATA

Human Studies

No studies examining the subchronic or chronic toxicity of dicyclopentadiene in humans
were located.

Animal Studies

Litton Bionetics (1976) reported oral studies using rats and mice.  Groups of 30 male and
30 female Sprague-Dawley rats were given dicyclopentadiene (purity 98-99%) in the diet at
concentrations of 0, 80, 250, or 750 ppm for 13 weeks; fresh diets were prepared weekly by
heating the dicyclopentadiene until it melted (the melting point of dicyclopentadiene is ~33oC),
dissolving the appropriate amount in corn oil, and then mixing the corn oil into the control diet. 
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Experiments to determine persistence of dicyclopentadiene in the prepared diets were not
reported.  Using time-weighted average body weights and food consumption calculated from the
weekly data reported in the study, average daily doses of 0, 5.5, 18.1, or 53.5 mg/kg-day for male
rats and 0, 6.3, 21, or 65.3 mg/kg-day for female rats were calculated.  Endpoints monitored
included body weight, food consumption, mortality, appearance, behavior, ophthalmoscopic
examination, hematology, blood chemistry, urinalysis, organ weight, and gross examination. 
Histopathological examination of a variety of organs and tissues was performed in five males and
five females in the control and high dose groups.  No treatment-related effects were observed on
any endpoint evaluated for either sex; as a result, a planned 4-week recovery period was not
performed.  The failure to achieve an effect level limits the ability to properly evaluate the study
results; no rationale for selection of dose levels was given in the study.

In a similar study conducted by the same researchers in mice, groups of 32 male and 32
female ICR Swiss Albino mice were given dicyclopentadiene in the diet at concentrations of 0,
28, 91, or 273 ppm for 13 weeks (Litton Bionetics, 1976).  Using time-weighted average body
weights and food consumption calculated from the weekly data reported in the study, average
daily doses of 0, 5.0, 16.5, or 45.6 mg/kg-day for male mice, and 0, 7.5, 22.1, or 58.3 mg/kg-day
for female mice were calculated.  The same endpoints of toxicity that were examined in the rat
experiment were evaluated in the mouse experiment, with the exception of a lack of
ophthalmoscopic examination in mice.  No treatment-related effects were observed on any
endpoint examined.  As with the rat study, the failure to achieve an effect level impairs a proper
evaluation of the results.  No rationale for selection of dose levels was given in the study.

Another report by Litton Bionetics (1980) describes three studies of dicyclopentadiene
toxicity.  In the first study, groups of four male and four female beagle dogs per dose group were
given dicyclopentadiene (98-99% pure) in the diet at concentrations of 0, 100, 300, or 1000 ppm
for 13 weeks; based on time-weighted average body weight and food consumption data from the
manuscript, average daily doses of 0, 2.5, 8.5, or 28.5 mg/kg-day for males and 0, 2.7, 8.6, or
28.9 mg/kg-day for females were estimated.  Seventeen of the dogs were found to be infected
with parasites (Giardia canis cysts, Isospora oocysts and Trichomonas), but the parasites were
considered by the study authors to be nonpathogenic, so the dogs were included in the study
without treatment to eliminate the parasites.  Evaluated parameters of toxicity included general
condition, body weight, behavior, food consumption, fecal consistency, clinical pathological
evaluation including clinical chemistry, limited histopathological (control and high dose) of a
variety of organs and tissues, hematology, urinalysis, ophthalmological examination and
necropsy.  No evidence of toxicity was observed, with the exception of intestinal distress
(vomiting and soft stools) in the treated dogs and especially in the high-dose group.  These signs
were also observed in the controls.  It is unlikely that these effects were due to treatment because
of the presence of parasites (Giardia canis and Isospora), which often affect the gastrointestinal
organs and that these symptoms were also noted in control dogs.



3-15-2005

5

In the second study, groups of ~20 pregnant CRL:COBS CD (SD) BR rats were exposed
to 0, 80, 250, or 750 ppm dicyclopentadiene (98-99% pure) in the diet during days 6-15 of
gestation (Litton Bionetics, 1980).  Using reported mean body weight and food consumption data
from the manuscript, average daily doses of 0, 5.7, 18.5, or 56 mg/kg-day, respectively, were
calculated.  Dams were weighed and food consumption calculated on days 0, 6, 15, and 19.  On
day 19, dams were sacrificed and evaluated for effects on reproductive performance (litter size,
resorptions, implantation sites, live pups); pups were removed and evaluated for abnormalities. 
No significant changes were seen in body weight, food consumption, or reproductive
performance of the dams; other maternal endpoints were not evaluated.  Similarly, no significant
toxic or teratogenic changes were seen in the fetuses.

The third experiment of the report was a 3-generation reproduction study in rats (Litton
Bionetics, 1980).  Groups of 10 male and 20 female CRL:COB (SD) BR rats (the F0 parents)
were given nominal dietary concentrations of 0, 80, or 750 ppm (0, 87 and 92% of the desired
concentration, equivalent to 0, 69 or 690 ppm, was achieved, respectively) dicyclopentadiene;
diets were prepared weekly. Average daily doses in male rats (adjusted for the target
concentration) were approximately 3.6 or 32 mg/kg-day in the 80 ppm or 750 ppm groups,
respectively, based on time-weighted average values of reported food consumption and body
weights; in females the average daily doses were approximately 5.1 or 50 mg/kg-day,
respectively.  Animals were mated twice to yield two groups of offspring (F1 generation).  The
second group of F1 animals was mated twice to give rise to the second generation (F2), and the
subsequent generation (F3) was produced in a similar manner.  No deleterious effects of treatment
on male and female fertility, gestation, newborn viability, pup viability, lactation, pup weight,
sex ratio, live pups/litter, or general condition were observed.  Gross necropsy results of parents
from any generation were not exceptional; histologic examinations were not performed.  No
malformations were observed in any generation.

One other relevant study was located.  Aulerich et al. (1979) gave groups of 30 (6 males
and 24 females/group) 3-month old, dark variety mink 0, 100, 200, 400, or 800 ppm (0, 24, 42,
85, or 170 mg/kg-day, estimated by the study authors based on measured food consumption and
body weight data) dicyclopentadiene in the diet for 12 months (animals were treated during one
reproductive season); exposure levels were determined based on the results of a 21-day range-
finding study.  Treatment with dicyclopentadiene had no effect on length of gestation, litter size,
sex ratio, kit (offspring) mortality, kit weight at birth, lactating female weight, or male fertility. 
The only effects observed were a significant decrease in testis weight in the 170 mg/kg-day males
and a significant decrease in kit body weight at the three highest doses ($42 mg/kg-day) after 4
weeks of nursing.  The study authors suggested that this result was attributable either to a direct
toxicological effect on the kits by ingesting the chemical in milk or to an upset in maternal
metabolism, which affected lactation.
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Kinkead et al. (1971) exposed groups of 12 male and 12 female Harlan Wistar rats to
dicyclopentadiene (98% pure) at concentrations of 0, 19.7, 35.2, or 73.8 ppm in air (0, 106.5,
190.3, or 399.1 mg/m3, respectively) for 7 hours/day, 5 days/week for 89 exposure days, which is
equivalent to 18 calendar weeks.  Parameters of toxicity examined included clinical signs, body
weight, liver and kidney weight and gross and histopathological examination of a variety of
tissues in the thoracic and abdominal cavities.  No deaths were reported.  Convulsions were
observed in one animal in each of the 73.8 ppm and 19.7 ppm females at exposure days 19 and
45, respectively.  No other changes in clinical signs were reported.  The mean body weight gains
of both sexes were reduced in the 73.8 ppm groups, but no statistically significant changes in
body weight were reported.  Male rats, but not female rats, showed increased absolute and
relative weights of the liver and kidney at all exposure levels; these increases ranged from 14-
20% for the liver and 20-25% for the kidney, and did not increase with increasing exposure
concentration.  Dose-related histologic kidney lesions were seen in both sexes at concentrations
>35.2 ppm.  The kidney lesions were described as round cell accumulations, dilated tubules,
casts, and tubular degeneration.  The study authors noted that the kidney lesions were more
severe and frequent in treated males as compared to females (data not shown).

Those investigators also exposed groups of three young male beagle dogs to 0, 8.9, 23.5,
or 32.4 ppm in air (0, 48.1, 127.1, or 175.2 mg/m3) dicyclopentadiene, 7 hours/day, 5 days/week
for 89 days (Kinkead et al., 1971).  Parameters of toxicity examined included body weight,
clinical signs, hematocrit, total and differential white blood cell counts, BUN, ALT, AST, serum
acid phosphatase and serum alkaline phosphatase values, urinalysis, liver and kidney weight,
electrocardiograms, gross pathological examination, and microscopic examination of a variety of
tissues from the cranial, thoracic, and abdominal cavities.  Minimal changes in the biochemical
parameters were measured.  BUN and acid phosphatase values increased in the 32.4 ppm group
after 20 days.  Alkaline phosphatase values increased at the same concentration after 85 days. 
AST and acid phosphatase values increased at 23.5 ppm in 20 days.  A minimal decrease in
neutrophils was observed after 85 days.  No other changes were reported.

Shashkina (1965) exposed rats to 0 or 20 mg/m3 dicyclopentadiene, 4 hours/day,
6 days/week for 6 months.  The number, strain, and sex were not reported.  No effect on
hematological indices was observed, but increased urinary protein was reported.  Increased
neuromuscular excitability and elevated blood pressure were also observed.  Histopathological
examination of the rats revealed proliferative and sclerotic lesions of the trachea, bronchi, and
lungs, and albuminoid degeneration of cells in the liver and kidneys.  Shriveled cells observed in
the CNS were located primarily in the brain stem and cortex.  Lesions in the spleen were
described as an “impoverishment of the pulp in lymphoid cells.”  Follicular epithelial changes
were observed in the thyroid.  The lack of data on experimental methods, as well as the limited
number of evaluated endpoints, represent significant limitations of the study.



3-15-2005

7

Hazleton Labs (1959) conducted a study in which 2 dogs, 10 rats, and 10 guinea pigs (sex
not specified) were exposed to a concentration of 481 ppm in air (2600 mg/m3)
dicyclopentadiene 6 hours/day, 5 days/week for 4 weeks.  Two exposed rats and one control rat
died during the exposure period.  Exposed animals (presumably all three species) showed a slight
thinning of the hair coat, but no other clinical signs of toxicity.  Rats and guinea pigs, but not
dogs, showed slight decreases in body weight (statistical evaluation not reported).  No changes in
hematological parameters, clinical chemistry, or urinalysis were seen in exposed dogs; rats and
guinea pigs were not evaluated for these endpoints.  One of the two dogs showed emphysematous
changes of the lungs, while the dogs’ lungs were normal; both dogs showed fatty degeneration of
the liver and histologic damage to the glomerulous and proximal tubule regions of the kidney. 
Similar renal changes, but not respiratory or hepatic effects, were seen in guinea pigs.  No
notable histologic changes were seen in rats.  Interpretation of this study is hindered by the small
group sizes, limited reporting of results, and the limited number of endpoints evaluated.

Dodd et al. (1982; Bevan et al., 1992) exposed groups of 51 male and 51 female Fischer
344 rats to dicyclopentadiene (95% pure) for 6 hours/day, 5 days/week for 13 weeks.  Target
concentrations were 0, 1, 5, or 50 ppm in air; actual concentrations of 0, 1, 5.1, or 51 ppm (0, 5.4,
27.6, or 276 mg/m3) were achieved.  Dicyclopentadiene temperature was kept below 35oC to
prevent thermal breakdown of the dimer.  (Note: Kirk-Othmer’s Encyclopedia of Chemical
Technology, Second Edition [Wiese, 1971] reports that at 35oC, spontaneous dimerization of
cyclopentadiene is considerable, on the order of 9 mol %/hour, while cracking of the dimer is
generally performed at considerably greater temperatures, on the order of 170oC.  The
dissociation increases with temperature, and is approximately 36% per hour at 170oC.)  Nine
animals per sex per group were killed after 2, 6, and 13 weeks of exposure, and at 4 and 13
weeks post-exposure.  Three additional animals per group were killed at the end of exposure and
recovery periods for electron microscopic evaluation of the kidney.  Parameters of toxicity
examined included clinical observations, body weight, organ weights (kidneys, liver, lung, and
testes), food and water consumption, urinalysis, serum chemistry and hematological,
ophthalmological and gross pathological evaluations.  Histological evaluation of all rat kidney
and urinary bladders was performed, and other selected tissues were examined for the high dose
and control rats after 13 weeks of exposure.  One control rat died during the study; a cause of
death was not specified, and no other mortalities were reported.  No treatment-related changes
were seen in clinical signs, mean body weight, food and water consumption, hematological
parameters, clinical chemistry, or ophthalmological examinations.  A reversible increase (~5%)
in relative liver weight was noted in the 50 ppm male rats, but not in female rats.  In male rats, a
reversible decrease (~8%) in absolute and relative kidney weights was seen at 5 ppm; no changes
were reported in the 1 or 50 ppm groups, or in female rats.  Urinalysis revealed epithelial cells
and cell casts in the urine of all groups of exposed male rats; the number of cells and affected
animals increased with increasing exposure duration, and disappeared following the 13-week
recovery period.  Reversible, dose-related decreases in urine osmolality (statistically significant
at 5 ppm and 50 ppm; 14% and 32% less than controls, respectively), specific gravity
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(statistically significant at 5 and 50 ppm; data not shown), and sodium level (statistically
significant at 5 ppm and 50 ppm; ~70% and 40% of controls, respectively), as well as an increase
in urine volume (data not shown) and urinary potassium (statistically significant at 50 ppm;
~80% increase above controls), occurred in male rats; no changes were seen in female rats.  On
histologic examination, kidneys of male rats exposed to 5 and 50 ppm presented hyaline droplets
in the proximal convoluted tubules at a much greater level than control rats; the frequency and
severity increased with increasing exposure duration and concentration.  Rats exposed to 50 ppm
also developed tubular proteinosis by week 13 of exposure.  The presence of hyaline droplets in
high-dose male rats was confirmed by electron microscopy.  No renal changes were reported in
female rats.

Dodd et al. (1982) also exposed groups of 45 male and 45 female B6C3F1 mice to target
concentrations 0, 1, 5, or 50 ppm dicyclopentadiene in air for 6 hours/day, 5 days/week for 13
weeks as described above.  The atmospheres were identical to the exposures for the rats. 
Evaluated parameters were identical to those for rats, with the exception of the following: food
and water consumption were not monitored in mice; only control and high-dose mice were
evaluated histologically; and mice were not evaluated with electron microscopy.  Exposure to
dicyclopentadiene resulted in an increase in mortality in mice; 10 male and 9 female mice in the
50 ppm group died during the study (probable cause of death was pulmonary congestion and
possible renal failure), whereas no more than 2 mice died at any other exposure level.  No
consistent, treatment-related effects were seen on clinical signs, mean body weights, or gross
appearance at necropsy.  Increased relative and absolute liver weight was observed in the 5 ppm
female mice; no other effects on organ weights of exposed mice were reported.  Male mice
exposed to 50 ppm showed a significant increase (~28%) in serum glucose, while female mice
exposed to 5 or 50 ppm showed decreased (~7%) serum albumin.  No significant, treatment-
related changes were noted upon histologic examination of exposed mice.

Other Studies

Dicyclopentadiene was negative for reverse mutation in Salmonella typhimurium strains
TA98, TA100, TA1535, TA1537, and TA1538, either with or without metabolic activation
(Litton Bionetics, 1980).  Similar negative results for reverse mutation were seen in
Saccharomyces cerevisiae strain D4 (Litton Bionetics, 1980).

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
ORAL RfD VALUES FOR DICYCLOPENTADIENE

Data on the effects of dicyclopentadiene in humans following oral exposure are not
available.  Similarly, no chronic oral studies demonstrating the toxicity of dicyclopentadiene in
animals were located.  Several subchronic animal studies have described the effects of
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dicyclopentadiene following oral exposure.  Litton Bionetics (1976) exposed groups of rats and
mice to dicyclopentadiene in the diet for 13 weeks, and found no treatment-related effects in
either sex or either species; NOAEL values were 53.5 and 65.3 mg/kg-day for male and female
rats, respectively, and 45.6 and 58.3 mg/kg-day for male and female mice, respectively.  A
subchronic study in dogs (Litton Bionetics, 1980) reported gastrointestinal effects following oral
exposure to dicyclopentadiene; however, the presence of intestinal parasites confounds
interpretation of the results.  The same researchers (Litton Bionetics, 1980) reported no effects in
a rat developmental study or in a 3-generation reproduction study in rats; NOAEL values were
~32 mg/kg-day for male rats and ~50 mg/kg-day for female rats.  However, Aulerich et al. (1979)
reported significantly decreased body weights in offspring of treated minks after 4 weeks of
nursing at >42 mg/kg-day; no effects were seen at 24 mg/kg-day.  

It is notable that effects in offspring were seen in minks (Aulerich et al., 1979), but not in
the 3-generation study in rats (Litton Bionetics, 1980).  The lack of effects in the available rodent
studies is a consideration when selecting the principal study and critical effect, particularly the
lack of renal effects in the available oral studies of male rats.  The inhalation database contains
several studies that strongly point to the development of "2:-globulin nephropathy following
exposure.  However, none of the available subchronic studies in rodents, all performed by the
same laboratory, reported effects on the male rat kidney, or any treatment-related effects in any
sex of rat or mouse at any tested dose.  Other than the 3-generation reproduction study, which did
not specify when during the treatment week the diet was analyzed (e.g., immediately after
preparation vs. in the middle or end of the week, before fresh diet was prepared), no reports of an
analysis of the dicyclopentadiene content of the diets were reported in the available rodent
studies; it is not possible, therefore, to reliably estimate the dose actually ingested in these
studies.  This lack of analysis of the diet, along with the presence of renal effects by inhalation,
but not by oral exposure, considerably reduces the confidence in the available oral rodent studies.

As it identified the only effect level of the available subchronic studies, and no other
chronic studies of dicyclopentadiene toxicity were available, the study of Aulerich et al. (1979)
was selected as the principal study for derivation of subchronic and chronic RfD values. 

To derive the subchronic p-RfD, an uncertainty factor of 300 (10 for animal-to human
extrapolation, 10 for intrahuman variability, and 3 for uncertainties in the database) was applied
to the NOAEL of 24 mg/kg-day identified by the principal study.  An uncertainty factor of 3 was
used for database insufficiencies, because even though the database contains several subchronic
studies, as well as evaluations of reproduction and development in multiple species, the lack of
renal effects in male rats treated orally (given that renal effects are sensitive endpoints in male
rats following inhalation exposure) and the lack of reported effects at any exposure level in any
of the subchronic rodent studies reduce the reliability of these studies.  The provisional
subchronic RfD of 8E-2 mg/kg-day is derived as follows:
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   subchronic p-RfD = NOAEL / UF
         = 24 mg/kg-day / 300
         = 0.08 mg/kg-day or 8E-2 mg/kg-day

The chronic p-RfD is derived similarly.  The NOAEL of 24 mg/kg-day is divided by an
uncertaintty factor of 3,000 (10 for extrapolation from animals to humans, 10 for intrahuman
variability, 10 for subchronic to chronic and 3 for data-base insufficiencies)  The provisional
chronic RfD of 8E-3 mg/kg-day is calculated as follows:

         chronic p-RfD = NOAEL / UF
         = 24 mg/kg-day / 3000
         = 0.008 mg/kg-day or 8E-3 mg/kg-day

Confidence in the principal study is medium-to-high.  The study was a well-conducted
study that examined a sufficient number of animals and variety of endpoints in both sexes of
mink and identified both a NOAEL and LOAEL; however, only one species was evaluated. 
Confidence in the database is low; the database contains assessments of subchronic toxicity,
reproductive effects, and developmental effects in rats and mice, but these studies have not
reported any treatment-related effects at any exposure level examined, including the "2:-globulin
toxicity in male rats that has been reported in inhalation studies.  The database is further lacking
an adequate chronic study in animals or data in exposed humans.  Low confidence in the
provisional RfD values results.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
INHALATION RfC VALUES FOR DICYCLOPENTADIENE

Data on the effects of inhaled dicyclopentadiene in humans are not available, and chronic
studies in animals have not been reported.  Subchronic inhalation studies in rats, mice, and dogs
are available.  Shashkina (1965) described several effects in rats exposed to dicyclopentadiene at
20 mg/m3, 4 hours/day, 6 days/week for 6 months; however, this study provided insufficient
detail regarding animal number, sex, and strain or experimental protocol to adequately assess the
reliability of the results.  Kinkead et al. (1971) reported decreases in serum levels of liver
enzymes in dogs exposed to dicyclopentadiene at 127.1 and 175.3 mg/m3 7 hours/day, 5
days/week (duration-adjusted concentrations of 26.5 and 36.5 mg/m3, respectively) for 18 weeks.
The study also found significantly increased absolute and relative liver and kidney weights in all
groups of exposed male rats.  Histologic kidney lesions occurred in rats of both sexes exposed to
190.3 and 399.1 mg/m3 7 hours/day, 5 days/week (duration-adjusted concentrations of 39.6 and
83.1 mg/m3, respectively), though were more frequent and more severe in male rats than in
female rats.  No kidney lesions were observed at 106.5 mg/m3 (duration-adjusted concentration
22.2 mg/m3).  Dodd et al. (1982; Bevan et al., 1992) exposed mice and rats to dicyclopentadiene
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at 5.4, 27.6, or 276 mg/m3, 6 hours/day, 5 days/week for 90 days; duration-adjusted exposure
levels were 0.96, 4.9, and 49.3 mg/m3, respectively.  Male rats at all exposure levels showed
renal alterations, including increased tubular urinary protein accumulation and epithelial cell
casts, and, at greater levels, tubular hyperplasia, tubular proteinosis, and interstitial nephritis. 
Increased relative liver weight was seen in high-dose male rats; no other notable effects were
seen in exposed rats.  Female mice in the mid- and high-dose groups showed slight decreases in
serum albumin, indicative of mild liver effects; no other effects were seen in exposed mice.

Based on the available studies, the renal lesions in male rats reported by Dodd et al.
(1982; Bevan et al., 1992) are the most sensitive effect of exposure to dicyclopentadiene. 
However, these effects were not seen at similar levels in female rats or in either sex of mice, and
are consistent with the effects seen with "2:-globulin nephropathy, a male-rat-specific renal
dysfunction (see U.S. EPA, 1991b for a more complete discussion of "2:-globulin nephropathy). 
A subsequent re-publication of the rat portion of the study (Bevan et al., 1992) confirmed the
presence of hyaline droplets in the proximal tubules, indicative of "2:-globulin involvement. 
While limited study reporting prevents analysis of the lesions reported by Kinkead et al. (1971),
the renal lesions reported in that study, though they did occur in female animals, occurred more
frequently and with greater severity in male rats, thus supporting a possible "2:-globulin-based
mechanism.  As this mechanism is not relevant to humans, renal effects in male rats were
excluded from consideration as the critical effect for RfC derivation.

Table 1 presents the principal non-renal effect levels from the available animal studies. 
The NOAEL and LOAEL values were adjusted to human equivalent concentrations (HEC) using
EPA’s RfC methodology (U.S. EPA, 1994b) for a category 3 gas, which specifies that the
concentration be adjusted based on the ratio of blood/air partition coefficients between humans
and the target species.  As blood/air partition coefficients for dicyclopentadiene was not
available, a default ratio of 1 was used.

As can be seen from the table, hepatic effects have been reported in all of the subchronic
evaluations of dicyclopentadiene toxicity.  While the Dodd et al. (1982; Bevan et al., 1992) study
identified hepatic effects (decreased serum albumin, increased relative liver weight) at the lowest
exposure levels, the effects were slight (5-7% in magnitude), and were therefore not considered
to be biologically adverse.  The LOAEL[HEC] of 22.2 mg/m3 for increased absolute and relative
liver weights identified by Kinkead et al. (1971) was therefore selected as the critical effect for
derivation of a subchronic RfC.  The hepatic response at this level was moderate (14-20% change
in absolute and relative weights), and is supported by milder changes at lower exposure levels
(Dodd et al., 1982) and the development of histologic lesions at greater exposure levels
(Hazleton Laboratories, 1959).  Because this response did not increase with increasing exposure
level, and was not verified in the principal study by histologic examination, 22.2 mg/m3 was
designated a minimal LOAEL.
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Table 1 - Adjusted Effect Levels of Dicyclopentadiene Inhalation Exposure,
and Human Equivalent Concentrations* 

Study
Species

/Sex
Effect

NOAEL
[ADJ]

LOAEL
[ADJ]

NOAEL
[HEC]

LOAEL
[HEC]

Kinkead et al., 1971 dog
/male

Altered serum hepatic enzyme
levels

48.1
mg/m3

127.1
mg/m3

48.1
mg/m3

127.1
mg/m3

Kinkead et al., 1971 rat
/male

Increased (14-20%) absolute
and relative liver weight

none 22.2
mg/m3

none 22.2
mg/m3

Hazleton Laboratories, 1959 dog
/N.R.

Fatty degeneration of the liver
and renal damage

none 464
mg/m3

none 464
mg/m3

Dodd et al., 1982 mouse
/female

Decreased (~7%) serum
albumin

0.96
mg/m3

4.9
mg/m3

0.96
mg/m3

4.9
mg/m3

Dodd et al., 1982
Bevan et al., 1992

rat
/male

Increased (~5%) relative liver
weight

4.9
mg/m3

49
mg/m3

4.9
mg/m3

49
mg/m3

* Exposure concentrations were converted to human equivalent concentrations (HEC) using RfC methodology (U.S. EPA, 
1994b) where ppm is converted to mg/m3 and dose adjustments for discontinuous exposures were given.

To calculate the provisional subchronic RfC for dicyclopentadiene, the LOAEL of 106.5
mg/m3 in rats identified in the Kinkead et al., 1971 study is first adjusted for intermittent
exposure as follows (U.S. EPA, 1994b):

   LOAELadj  = (LOAELrat)(hours/24 hours)(days/7 days)
= (106.5 mg/m3)(7 hours/24 hours)(5 days/7 days)
= 22.2 mg/m3

A provisional subchronic RfC of 2E-2 mg/m3 was then derived by applying to the
LOAEL[HEC] of 22.2 mg/m3 in rats an uncertainty factor of 1000 (3 for animal to human
extrapolation using dosimetric adjustments, 10 for intrahuman variability, 3 for use of a minimal
LOAEL, and 10 for uncertainties in the database, including a lack of reproductive and
developmental studies by the inhalation route, given that effects in the offspring appear to be
sensitive effects following oral exposure), as follows:

          subchronic p-RfC = LOAEL[HEC] / UF
         = 22.2 mg/m3 / 1000
         = 0.02 or 2E-2 mg/m3

No chronic studies of the toxicity of inhaled dicyclopentadiene in animals are available. 
To derive the provisional chronic RfC, an additional uncertainty factor of 10 (for extrapolation to
chronic duration from a subchronic effect level) was applied; however, the total uncertainty



3-15-2005

13

factor was set to 3,000, in recognition of the lack of independence of the areas of uncertainty. 
This composite uncertainty factor was applied to the LOAEL[HEC] in rats from Kinkead et al.,
(1971) of 22.2 mg/m3 to derive a provisional chronic RfC of 7E-3 mg/m3, as follows:

               chronic p-RfC = LOAEL[HEC] / UF
         = 22.2 mg/m3 / 3,000
         = 0.007 or 7E-3 mg/m3

Confidence in the principal study is medium.  The study examined a sufficient number of
endpoints in both sexes of rats per group, and evaluated a non-rodent species (dog), but was
limited in its reporting of results, particularly by the fact that only group means were reported
(group standard error or standard deviation values were not included in the report), and by the
limited number of dogs used in that portion of the study.  Confidence in the database is low. 
While several subchronic studies in different species support the chosen critical endpoint, the
oral database suggests that effects on the offspring might be a sensitive effect of
dicyclopentadiene exposure; no studies of the reproductive or developmental effects of
dicyclopentadiene following inhalation exposure were located.  Additionally, no human studies
are available, and adequate chronic studies in animals are similarly lacking.  Low confidence in
the provisional RfC values results.

DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT
FOR DICYCLOPENTADIENE

No studies of the potential carcinogenic effects of dicyclopentadiene in humans or
animals were located.  Evaluations of the genotoxicity of dicyclopentadiene, while limited,
suggest that dicyclopentadiene is not mutagenic.  Under the draft revised guidelines (U.S. EPA,
1999), dicyclopentadiene would be characterized as data are inadequate for an assessment of
human carcinogenic potential of dicyclopentadiene.

Derivation of quantitative estimates of cancer risk for dicyclopentadiene is precluded by
the absence of relevant carcinogenicity data.
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