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Acronyms and Abbreviations 

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



ii

MTD maximum tolerated dose

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-IUR provisional inhalation unit risk

p-OSF provisional oral slope factor

p-RfC provisional inhalation reference concentration

p-RfD provisional oral reference dose

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

RDDR Regional deposited dose ratio (for the indicated lung region)

REL relative exposure level

RfC inhalation reference concentration

RfD oral reference dose

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

s.c. subcutaneous

SCE sister chromatid exchange

SDWA Safe Drinking Water Act

sq.cm. square centimeters

TSCA Toxic Substances Control Act

UF uncertainty factor

:g microgram

:mol micromoles

VOC volatile organic compound
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR
ETHYLENE CYANOHYDRIN (CASRN 109-78-4)

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 subchronic and chronic oral RfD values of
3E-1 mg/kg-day for ethylene cyanohydrin, based on a NOAEL of 30 mg/kg-day for decreased
brain and heart weights in female rats in a 90-day drinking water study by Sauerhoff et al. (1976)
and an uncertainty factor of 100 (10 for interspecies extrapolation and 10 for sensitive
subpopulations).  The source document for this derivation was a Health and Environmental
Effects Document (HEED) for Cyanohydrins (U.S. EPA, 1988a).  Neither the HEAST (U.S.
EPA, 1997) nor the HEED (U.S. EPA, 1988a) reports an inhalation toxicity value or a
carcinogenicity assessment for ethylene cyanohydrin.  IRIS (U.S. EPA, 2003) does not list an
RfD, RfC, or cancer assessment for ethylene cyanohydrin.  Ethylene cyanohydrin is not included
in the Drinking Water Standards and Health Advisories list (U.S. EPA, 2002).  The CARA list
(U.S. EPA, 1991, 1994) does not report documents relevant to the toxicity of ethylene
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cyanohydrin other than the HEED (U.S. EPA, 1988a).  ATSDR (2003) has not published a
Toxicological Profile for ethylene cyanohydrin, and no Environmental Health Criteria Document
is available (WHO, 2003).  ACGIH (2002), NIOSH (2003), and OSHA (2003) have not
developed occupational exposure limits for ethylene cyanohydrin.  Neither NTP (2003) nor
IARC (2003) have evaluated the carcinogenicity of ethylene cyanohydrin.  Literature searches
were conducted from 1988 through December, 2002 for studies relevant to the derivation of
provisional toxicity values for ethylene cyanohydrin.  Databases searched included: TOXLINE,
MEDLINE, TSCATS, RTECS, CCRIS, DART, EMIC/EMICBACK, HSDB, GENETOX, and
CANCERLIT.  Additional literature searches from December 2002 through October 2004 were
conducted by NCEA-Cincinnati using MEDLINE, TOXLINE, Chemical and Biological
Abstracts databases.

REVIEW OF PERTINENT DATA

Human Studies

Studies examining the toxicity or carcinogenicity of ethylene cyanohydrin in humans
were not located.

Animal Studies

Groups of 10 Sprague-Dawley rats (6-7 weeks old) of each sex were administered
drinking water that provided ethylene cyanohydrin (>99% pure) at doses of 0, 10, 30, 90, or 270
mg/kg-day for 90 days (Sauerhoff et al., 1976).  Constant doses were provided by weekly
adjustments of the water concentration of the chemical to correct for changes in water
consumption and body weight.  Body weights were measured initially and weekly thereafter,
food consumption was determined weekly, and hematologic evaluations and urinalyses were
conducted on five rats/sex from the 0 and 270 mg/kg-day groups on day 85.  Serum urea nitrogen
levels, alkaline phosphatase activities and alanine aminotransferase activities were determined in
five rats/sex from each dose group at terminal sacrifice (days 91 or 92).  Comprehensive gross
examinations and brain, heart, liver, kidney, and testes weight determinations were performed on
all rats.  Histologic examinations that included the brain and 25 other tissues were completed on
five rats/sex from the 0 and 270 mg/kg-day groups.  There were no changes in physical
appearance or demeanor in any of the rats, and no deaths.  There were no treatment-related
alterations in food or water consumption, body weight gain, or clinical evaluations.  Absolute
brain and heart weights were slightly but significantly (p<0.05) decreased in the 90 and 270
mg/kg-day females when compared by analysis of variance and the Dunnet test; it was not
indicated whether the decreases were dose-related, and numerical data were not provided. 
Relative brain and heart weights were not reported to be significantly different from controls. 
The gross and pathologic examinations were unremarkable.
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Although the decreases in absolute brain and heart weight were not accompanied by a
corresponding organ to body weight difference, were seen only in females, were of uncertain
magnitude with respect to dose-response, and were not associated with pathology in these organs,
these effects were considered by the Agency to be potentially treatment-related and
toxicologically significant.  While Sauerhoff et al. (1976) did not consider the decrease in brain
and heart weight to be toxicologically significant, consideration of the toxicologic mechanism
suggests otherwise.  The mechanism of toxicity for the cyanohydrin compounds is believed to
involve metabolism within the cell, resulting in the release of cyanide intracellularly (U.S. EPA,
1988a).  Within the cell, cyanide is free to bind to cytochrome oxidase and interfere with cellular
energy metabolism.  In cases where the hydroxyl group is beta to the nitrile group, such as is the
case for ethylene cyanohydrin, the cyanohydrin compound is considerably more resistant to in
vivo hydrolysis.  This is believed to be one reason why the alpha cyanohydrin compounds are
more toxic than beta cyanohydrins, such as ethylene cyanohydrin.  Nevertheless, some release of
cyanide from ethylene cyanohydrin would not be unexpected.  The heart and brain are especially
sensitive to alterations in cellular energy status, and would be expected to be sensitive to
compounds that interfere with energy metabolism.  Therefore, the decreases in heart and brain
weight may indicate a treatment-related effect of ethylene cyanohydrin mediated via cyanide
released in the cells of these organs.  On the basis of these organ weight changes, a LOAEL of 90
and NOAEL of 30 mg/kg-day are identified from the Sauerhoff et al. (1976) study.

In a longer-term study designed primarily as a cancer bioassay, ethylene cyanohydrin was
administered to groups of 43 male Wistar rats (7 weeks old) in the diet in concentrations of 100,
1000, or 3000 ppm for 78 weeks (Hirose et al., 1980); a group of 31 male rats fed the unaltered
basal diet served as controls.  Rats were sacrificed at the end of the exposure period.  Using an
average of the starting and final body weight values from the study and an allometric equation for
calculation of daily food consumption (U.S. EPA, 1988b), average daily doses of 0, 8.2, 82, or
247 mg/kg-day in rats can be estimated.  Groups of 50 male ICR mice were exposed to 100,
1000, or 3000 ppm of ethylene cyanohydrin for 78 weeks and maintained for an additional 7
weeks without treatment; 30 male mice fed basal diet throughout the study served as controls. 
Mouse doses were estimated as 0, 16.5, 168, or 503 mg/kg-day.  Hematological and blood
biochemical analyses were conducted on all surviving rats at 78 weeks, but were not performed
for mice.  Gross and histological examinations were conducted on all rats and mice that died,
were moribund during the study, or were sacrificed at termination of the study.  The liver, kidney,
and spleen were weighed.

Survival was similar in all groups, ranging from about 45 to 65% at 60-62 weeks (Hirose
et al., 1980).  The small group sizes (most notably in the control rat and mouse groups, but also
in the treated rat groups) combined with the relatively low survival means that numbers of
animals available to develop tumors (i.e., those that survived beyond 60-62 weeks) was relatively
low (15 and 18 in the rat and mouse control groups, respectively, 20-29 in the treated rat groups,
and 24-33 in the treated mouse groups).  Terminal body weights were reduced in all treated
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groups in both rats and mice compared with the respective controls (see Table 1).  The decreases
appear to be dose-related, and exceed 10% in rats at >8.2 mg/kg-day and mice at 503 mg/kg-day. 
However, data showing growth throughout the study were not presented, statistical analysis was
not performed, and group means were reported without any measure of within-group variability
(e.g., standard deviations), making it difficult to evaluate the data and precluding independent
statistical analysis.

Table 1 - Effect of Exposure on Selected Endpoints from Hirose et al., 1980

Species Endpoint Control 100 ppm 1000 ppm 3000 ppm

Rat Final Body Weight (g) 562 504 507.5 486.3

Mouse Final Body Weight (g) 46.7 46.2 43.2 42

Rat RBC Number (x104/mm3) 727 704 713 624

Rat WBC Number (x102/mm3) 103 98 86 78

Rat Hemoglobin (mg/dl) 14 13.8 13.8 11.8

Rat Hematocrit (%) 49 45.5 43.6 41

Rat Absolute Liver Weight (g) 10.1 11.0 10.6 11.1

Rat Relative Liver Weight (% of BW) 1.8 2.2 2.1 2.3

Mouse Absolute Liver Weight (g) 2.3 2.3 3.1 2.3

Mouse Relative Liver Weight (% of BW) 4.9 5.0 7.2 5.5

Other apparent trends in the data (Table 1) were decreases in hematological parameters
(red blood cell count, white blood cell count, hemoglobin, and hematocrit) in rats and increases
in absolute and/or relative liver weights in both rats and mice (although the relatively large
increase in mice at 1000 ppm was attributed to a tumor in one individual) (Hirose et al., 1980). 
All of these changes were slight and could not be evaluated due to the absence of statistical
analysis and failure to provide standard deviations.  Histological examination of unspecified
organs reportedly did not show significantly increased incidences of nonneoplastic lesions or
tumors in either species, but only the tumor data were shown.  A NOAEL or LOAEL cannot be
identified from this study due to inadequate reporting of study results.  The study was not an
adequate cancer bioassay, as exposure duration and observation period were considerably less
than lifetime, relatively few animals were available to develop tumors, reporting of methods and
results was inadequate, statistical analysis was not performed, and the maximum tolerated dose
(MTD) was apparently not achieved.
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Rapidly growing young rats (weighing 0.04 kg to start) fed large doses of ethylene
cyanohydrin (1.31 g/day = 32,750 mg/kg-day at start) for 52-56 days did not develop skeletal
deformities or femoral fibrosis (Bachhuber et al., 1955).  Bone developmental abnormalities were
produced by substitution of the hydroxy group with an amino group (i.e., with $-
aminoproprionitrile).

No data were located regarding the toxicity of ethylene cyanohydrin to animals by
inhalation exposure.

Other Studies

Zeiger et al. (1992) reported that ethylene cyanohydrin did not cause mutation in
Salmonella typhimurium strains TA97, TA98, TA100, TA1535; metabolic activation was not
utilized.  Voogd and Vet (1969) similarly reported that ethylene cyanohydrin was not mutagenic
in Klebsiella pneumoniae.  Other studies of the genotoxicity of ethylene cyanohydrin were not
located.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
ORAL RfD VALUES FOR ETHYLENE CYANOHYDRIN

Data on the toxicity of ethylene cyanohydrin in humans following oral exposure are not
available.  Studies by Hirose et al. (1980) in rats and mice and Bachhuber et al. (1955) in young
rats were not suitable for use in deriving an RfD.  Results in the Hirose et al. (1980) study were
poorly reported, preventing evaluation of the data.  The Bachhuber et al. (1955) study examined
only one endpoint and found no effect.  The subchronic rat study by Sauerhoff et al. (1976) found
statistically significantly decreased absolute brain and heart weight in female rats treated with 90
or 270 mg/kg-day of ethylene cyanohydrin in the drinking water for 90 days that is considered to
represent a treatment-related, toxicologically significant effect.  The heart and brain are
especially sensitive to alterations in cellular energy status, and would be expected to be sensitive
to compounds that interfere with energy metabolism.  The mechanism of toxicity for the
cyanohydrin compounds is believed to involve metabolism within the cell, resulting in the
intracellular release of cyanide that is free to bind to cytochrome oxidase and interfere with
cellular energy metabolism.  Therefore, it is plausible that the decreases in heart and brain weight
indicate a sensitive, treatment-related effect of ethylene cyanohydrin mediated via cyanide
released in the cells of these organs.  On the basis of these organ weight changes, a LOAEL of 90
and NOAEL of 30 mg/kg-day are identified from the Sauerhoff et al. (1976) study.

A provisional subchronic RfD of 1E-1 mg/kg-day is calculated by applying to the
NOAEL of 30 mg/kg-day an uncertainty factor of 300 (10 for animal to human extrapolation, 10
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for intrahuman variability, and 3 for deficiencies in the database, including a lack of
reproductive, developmental or supporting systemic toxicity studies), as follows:

For the chronic RfD, an additional uncertainty factor of 3 (instead of a factor of 10) was
applied to account for the conversion of a subchronic study to a chronic study because cyanide
ion is slowly released upon the hydrolysis of cyanohydrin compound over time and hence is
converted to the much less toxic thiocynate (CNS) ion by the intramitochondrial enzyme,
rhodanase.  In this case, unlike the case with cyanide poisoning, the enzyme pathway for the
conversion of cyanide to thiocyanate are not overwhelmed, hence there is no inhibition of
cytochrome oxidase via the binding of the cyanide ion with iron (accumulation) and thus no
interference with the energy metabolism (electron transport chain of the mitochondria) of the
cell.  Hence, there is no accumulative damage.  Therefore, the chronic p-RfD of 3E-2 mg/kg-
day is derived as follows: 

Confidence in the principal study (Sauerhoff, 1976) is medium because this was a well-
conducted subchronic study that examined a wide spectrum of endpoints in both male and female
rats and identified both a NOAEL and LOAEL.  However, the study evaluated only one species,
group sizes were only minimally adequate, and reporting of the changes in organ weight was
limited to a statement of statistical significance; actual data were not reported.  Confidence in the
database is low, as human data are lacking and adequate evaluations of the chronic toxicity,
developmental toxicity, and reproductive effects of ethylene cyanohydrin in animals are not
available.  Confidence in the resulting provisional subchronic and chronic RfD values is
therefore low.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
INHALATION RfC VALUES FOR ETHYLENE CYANOHYDRIN

In the absence of subchronic or chronic data on the inhalation toxicity of ethylene
cyanohydrin in humans or animals, derivation of provisional subchronic or chronic RfC values is
precluded.
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DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT
FOR ETHYLENE CYANOHYDRIN

Data on the potential carcinogenicity of ethylene cyanohydrin in humans were not
located.  Animal studies evaluating possible carcinogenic effects are limited to the study of
Hirose et al. (1980), which examined rats and mice exposed to ethylene cyanohydrin in the diet
for up to 78 weeks and reported no increase in tumor incidence in either species.  However, this
was not an adequate cancer bioassay, as exposure duration and observation period were
considerably less than lifetime, relatively few animals were available to develop tumors,
reporting of methods and results was inadequate, statistical analysis was not performed, and the
maximum tolerated dose (MTD) was apparently not achieved.  The limited genotoxicity data for
ethylene cyanohydrin are negative.  Under the proposed guidelines (U.S. EPA, 1999), the data are
inadequate for an assessment of human carcinogenic potential for ethylene cyanohydrin.

Derivation of quantitative estimates of cancer risk for ethylene cyanohydrin is precluded
by the absence of pertinent carcinogenicity data.
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