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PREFACE

Many State and local agencies are developing or implementing programs to
control emissions of toxic air pollutants. To successfully carry out these programs,
in many cases, agency personnel must be familiar with a wide range of issues
related to health, exposure, and risk assessment for toxic air pollutants. However,
locating appropriate sources of information on these topics is not always an easy
task. This reference guide to odor thresholds has been prepared by the U.S.
Environmental Protection Agency’s (EPA’s) Air Risk Information Support Center
(Air RISC) as a resource tool for State and local air pollution control agencies and
EPA Regional Offices to identify information regarding odor thresholds for
hazardous air pollutants.

Air RISC is operated by EPA’s Office of Air Quality Planning and Standards
(OAQPS) and Office of Health and Environmental Assessment (OHEA). The key
goal of Air RISC is to provide technical assistance to State and local air poliution
control agencies and EPA Regional Offices, in obtaining, reviewing, and interpreting
health, exposure, and risk assessment information for air pollutants. Through Air
RISC, State, local, and EPA Régional Office personneLcan request expert guidance
and information on health, exposure, and risk assessment issues and
methodologies related to air pollutants.

In response to a large number of requests concerning the identification and
interpretation of odor thresholds for a variety of chemicals, Air RISC initiated the
project that resulted in this document. This document consists of three sections.
Section 1 is an introductory discussion of basic concepts related to olfactory
function and the measurement of odor thresholds. Section 1 also describes the
criteria that are used to evaluate and determine the acceptability of published odor
threshold values. Section 2 contains the tabulated results of a literature search
and critical review of published odor threshold values for the chemicals listed as
hazardous air pollutants in the Clean Air Act Amendments of 1990 at the time of
passage. Each odor threshold value is evaluated according to the criteria discussed

in Section 1 and a geometric mean of the acceptable values is provided as the best



estimate of the odor threshold. Section 3 lists the references used in preparation

. of this report.



1. INTRODUCTION

The growing public concern about chemicals in the environment has resulted
in legislation such as the 1986 Superfund Amendments and Reauthorization Act,
Title lll, and 1990 Clean Air Act Amendment, Title lll, air toxic provisions.
Historically, local environmental protection agencies report that odor complaints
make up a Iarge number of the citizen complaints received. In general, the public
does not understand the relationship between odor and risk and believes "If it
smells, it must be bad." Local agency staff answering these complaints sometimes
have to assess the potential health risk from exposure to chemicals by relying on
odor threshold values reported in the literature; unfortunately, these reported odor
threshold values vary considerably from one literature source to another. It is not
uncommon for reported odor threshold values of some chemical compounds to
range over three or four orders of magnitude. Major sources of variability include
the type of data source; differences in experimental methodology; and the
characteristics of human olfactory response, which demonstrate a great deal of
interindividual variability.

A recent report from the American Industrial Hyglene Association reviewed
and critiqued odor threshold data ("Odor Thresholds for Chemicals with Established
Occupational Health Standards", American Industrial Hygiene Association, 1989).
The project identified and compiled experimental odor threshold references in the
literature, and evaluated methodoiogies used in published reports against a set of
objective criteria. Using these methods to eliminate questionable data, an attempt
was made to estimate a better odor threshold value for certain compo_unds if the
information was available. The geometric mean of the acceptable data was taken
and is considered to be a reasonable estimate of the actual odor threshold
(American Industrial Hygiene Association, 1989).

This approach is now being used to focus upon the hazardous air pollutants
listed in the 1990 Clean Air Act Amendment for EPA’s Air Risk Information

Support Center. One of the major goals is to provide state and local agencies with
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data tables and an explanatory narrative so that community odor perception can be
properly evaluated and interpreted in terms of chemical exposure and risk.

A related issue is how to assess health risks when odors are detected. This
could be done by systematically comparing odor thresholds to guidelines or
standards for ambient or occupational exposure depending upon the population of
concern. The purpose would be to determine whether, or in which cases, the
detection of odor is a suitable indicator of health risk. Factors that affect this
analysis are variability in the odor threshold data and in the human olfaction
mechanism and the choice of health-based ambient criteria and background
information pertinent to the particular case in which odors are detected.

This document contains a general background discussion of odor threshold
measurement, interpretation and use in risk assessment. Section 1.1 presents
background material on odor perception and odor properties. In Section 1.2, a
brief review of odor threshold methodology is given. Section 1.2 also describes
the criteria used to evaluate the odor threshold sources. Section 1.3 will discuss
the use of odor thresholds as a tool in assessing risk. Section 1.4 describes the
literature search and review procedure. Summaries of available odor threshold data
are presented in tabular form in Section 2. Section 3“contains the references cited

in the summaries and sources used during the research for this report.

1.1 THE CONCEPT OF ODOR THRESHOLD

A brief review of the sensory properties of odor and some of the attributes of
human olfactory response is presented to facilitate understanding of odor threshold

values.

1.1.1 Dimensions of Odor

The sensory perception of odorants has four major dimensions: detectability,
intensity, character, and hedonic tone. Odorant detectability (or thréshold) refers
to the theoretical minimum concentration of odorant stimulus necessary for
detection in some specified percentage of the population. This is usually defined

as the mean, 50% of the population; however, it is sometimes defined as 100%

1-2



(including the most insensitive) or 10% (the most sensitive). Threshold values are

- not fixed physiological facts or physical constants but are a statistical point
representing the best estimate value from a group of individual responses. As
such, it may be an interpolated concentration value and not necessarily one that
was actually presented. Two types of thresholds are evaluated: the detection
threshold and the recognition threshold. The detection threshold is the lowest
concentration of odorant that will elicit an olfactory response without reference to
odor quality in a specified percentage of a given population. In test procedures it is
the minimum concentration of stimulus detected by a specific percentage of the
panel members. Additionally, Russian literature defines detection thresholds as
absolute thresholds (i.e., the lowest concentration that will produce any
measurable physiological change [e.g., as an electroencephalogram response] in
the most sensitive human subject). -

The detection threshold is identified by an awareness of the presence of an
added substance. The recognition threshold is defined as the minimum
concentration that is recognized as having a characteristic odor quality by a
specific percentage (usually 50%) of the population. ‘

Odor intensity refers to the perceived strength of the odor sensation.

Intensity increases as a function of concentration. The relationship between
perceived strength (intensity) and concentration can often be expressed as a power

.function, as follows (Stevens’ Law):
S=krl

where S = perceived intensity of sensation, k = y-intercept, / = phy§ical intensity
of stimulus (odorant concentration), and n = exponent of psychophysical function,
typically less than 1.0.

In logarithmic coordinates, Stevens’ Law becomes log S = nlog / + log K,
which is a linear function with slope equal to n. An intensity function for a
standard odorant, 1-butanol, is shown in logarithmic coordinates in Figure 1-1.
The slope of the function varies with type of odorant typically over a range from

about 0.2 to 0.7. The slope of the function for butanol shown in Figure 1-1 equals
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0.66. This is an important consideration in the control of odors. A discussion of
odor intensity and how such curves are derived can be found in Dravnieks (1972).

In air pollution control, we are often concerned with the "dose-response” or
psychophysical function, which is reflected by the slope. The slope also describes
the degi’ee of dilution necessary to decrease the intensity. A low slope value

would indicate an odor

T -1 1T TTITTT 1 LR I 1T UTTTH T T- 1T TTTTH

100 |—
g —
[7]

g -
£ L
5 |
°

O

®

g 10
5

a

T 1 rll11l

Threshold

L1t 1l L1 1 1111 I B RN
10 100 1000
PPM Butanol (By Volume)

Figure 1-1. An intensity function for 1-butanol.

that requires gréater relative dilution for the odor to dissipate; a high slope value
indicates an odor that can more quickly be reduced by dilution. Examples of
compounds with low slope values include hydrogen sulfide, butyl acetate, and the
amines; those with'high slope values are ammonia and the aldehydes. In general,
substances with low thresholds yield low slopes and those with high thresholds
show high slopes. The relative slopes of hydrogen sulfide and ammonia are

depicted schematically in Figure 1-2. Similar curves for other compounds can be
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found in Dravnieks (1972). The difference in the degree to which these two

- _chemicals affect the olfactory system is apparent from this illustration. For a 1:t
hixture of ammonia and hydrogen sulfide, ammonia is often peréeived as the odor
character of the mixture at higher concentration levels. However, when diluted, or
if the observer walks away from the source, the hydrogen sulfide odor becomes
the dominating odor character. This phenomenon is commonly encountered at

wastewater treatment plants.

Hydrogen Sulfide

Increasing Odor Intensity -——————9»

Ammonia

Increasing Concentration of Odorant =

Figure 1-2. Relative slopes of psychophysical functions for ammonia and hydrogen
sulfide. The schematic diagram depicts the steep odor
intensity/concentration slope for ammonia as compared to the shaltow
slope for hydrogen sulfide. The difference in slopes means that at high
concentrations of both odorants, the predominant odor will be that of
ammonia, while at lower concentrations hydrogen sulfide will be
detected.
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The third dimension of odor is the character, in other words, what the
substance smells like. An American Society for Testing and Materials (ASTM)
publication (Dravnieks, 1985) presents character profiles for 180 chemicals using
146 descriptors, rated on a scale of O to 5. The descriptors include such terms as
fishy, hay, nutty, creosote, turpentine, rancid, sewer, and ammonia.

The fourth dimension of odor is hedonic tone. Hedonic tone represents a
judgment of the relative pleasantness or unpleasantness of the odor. Perception of
hedonic tone outside the laboratory is influenced by such factors as subjective

experience, frequency of occurrence, odor character, odor intensity, and duration.

1.1.2 Introduction to Olfactory Function

Human odor perception has a few functional aspects of particular relevance:
sensitivity, specificity, and somewhat independent processing of olfactory input by
the cortex and more primitive brain structures. The close coupling of molecular
odorant recognition events to neural signaling enables the nose to detect a few
parts per trillion of some odorants (Reed, 1990). The molecular nature of
recognition permits the nose to distinguish between very similar molecules.

The initial events of odor recognition occur in a mucous layer covering the
olfactory neuroepithelium, which overlays the convoluted cartilage in the back of
the nasal cavity. Each of the millions of olfactory neurons in the middle layer of
this epithelium extends a small ciliated dendritic knob to the surface epithelial layer
and into the overlaying mucus. As in the immune system, receptors on different
cells have different specificities. The binding of a single odorant molecule to a
receptor on this dendritic tip may be adequate to trigger a neural sign_gl to the
brain. On each tip dozens of cilia increase the surface area available for
recognition events and may stir the local mucus, aiding in fhe rapid detection of
small concentrations of odorants. Individual receptors desensitize with use,
temporarily losing their ability to transduce signals. |

The peripheral olfactory neurons project to the olfactory bulb from which
. signals are relayed to the olfactory cortex and more primitive brain structures such

as the hippocampus and amygdala. This last structure affects whole brain-body
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emotive states. For further information on the olfactory system physiology, see
Dodd and Castellucci (1991).

Human response to odorant perception follows certain characteristic patterns
common among sensory systems. For example, olfactory acuity in the population
conforms to a normal distribution. Most people, assumed to be about 96% of the
population, have a "normal” sense 6f smell as depicted in Figure 1-3. Two percent
of the population are predictably hypersensitive and two percent insensitive. The
insensitive range includes people who are anosmic (unable to smell) and hyposmic
(partial smell loss). The sensitive range includes people who are hyperosmic (very
sensitive) and people who are sensitized to a particular odor through repeated
exposure. Individual threshold concentrations may be normally distributed around
the mean value (e.g., Figure 1-3) or log-normally distributed. In some instances,

the threshold distribution is bimodel, with a small antinode that represents

/, "Normal" Sense of Smell
AN
N

§

I rl\\\
‘4——, NormalRange———-—’l

Olfactory Sensitivity to Odorants

Figure 1-3. lllustration of the normal range concept showing a potential population
distribution of olfactory sensitivities to odorants.
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~. people with a specific insensitivity, commonly called specific anosmia. For
example, the odor threshold for hydrogen cyanide is bimodally distributed since
- there are at least two distinct groupings with markedly. different abilities to detect
hydrogen cyanide (Agency for Toxic Substances and Disease Registry, 1988).

Another prbperty of olfactory functioning includes adaptation to an odor, also
known as olfactory fatigue. These terms describe a temporary desensitization after
smelling én odor. ‘After smelling a strong odor, a weaker near-threshold odor may
not be detéctable. For this reason, odor threshold measurement studies must be
carefully designed.

As mentioned in the previous section, mixtures of compounds such as
ammonia and hydrogen sulfide may have varying odor character depending on their
relative concentrations. All odorants have the ability to mask the_ odor of other
compounds, in mixtures of appropriate proportions. Some mixtures of odorants
may be perceived as qualitatively different from the individual components (Foster,
1963; Mitchell and McBride, 1971). The perceived intensity of a mixture of two
odors can be represented using a vector model. Two odors can be thought of as
the vectors A and B. The length of the vectors can re;resent the relative
intensities of the odors. The angle between the two vectors typically has a value
of about 110 degrees. The vector model illustrates the nature of mixtures of
odors. The intensities are not simply additive. Two odors in concentrations that
give similar intensities, when added together can result in an odor with intensity
that is approximately the same, but with a slightly different character or quality
than the two odors as perceived individually (Berglund, 1974).'

A sensory property of odor that can cause confusion in organoleptic (i.e.,
sensory as opposed to analytical) odor identification is that odor character may
change with concentration. For example, butyl acetate has a sweet odor at low
concentrations, but takes on its characteristic banana oil odor at higher intensities.
Carbonyl sulfide has a "fireworks" or "burnt" character at concentrations below 1
part per million (ppm) and "rotten egg" character at higher levels. This, along with

individual variability, accounts for discrepancies in odor character reports. The
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odor character descriptors in this paper are based on a combination of reports in
. the literature and experience in odor investigation.

The ability to discriminate between different odor intensities is very sensitive.
It has generally been found that concentrations higher or lower by 25 to 33% are
perceived as different. In a carefully controlled study by Cain (1977), the average
perceptible difference between concentrations was 11%, ranging from 5 to 16%
for different compounds.

As noted above, there are two basic types of odor thresholds: the detection
threshold and the recognition threshold. Detection is defined as the concentration'
at which the average panel member notices an odor, but cannot necessarily

“identify it. The recognition threshold is the lowest concentration at which the
average panelist can identify a definite character of the odor. The difference in
concentration between detection and recognition thresholds can vary from
approximately twofold to tenfold. For example, Hellman and Small (1974) found
the detection and recognition thresholds of acetophenone to be 0.3 ppm and
0.6 ppm, which is a twofold concentration difference. While for acrylic acid, the
thresholds were found to be 0.092 ppm and 1 ppm, an 11-fold concentration
difference. -

The order of presentation of odorants in experimental determination of oddr
threshold is very important so as not to induce olfactory fatigue. The olfactometer
commonly used in recent odor threshold experiments is a device that dilutes
samples of odorant with odor-free air and presents the diluted samples to panelists
in ascending order of concentration in two- or threefold concentration steps.
Panelists choose which of the three nozzles in a cup differs from the other two. In
this forced-choice procedure, panelists must pick a port whether they detect a
difference or not (i.e., panelists are asked to guess even if they discern no
difference). Odorous exhaust air from the olfactometer is removed through an
exhaust line outside the building to avoid odor build-up within the room. A
thorough discussion of olfactometers and odor threshold measurement is given in
Dravnieks (1980).
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1.2 EVALUATION OF ODOR THRESHOLD INFORMATION

Odor threshold determination has interested researchers for a century. Over
this period, hundreds of threshold measurements along with nearly as many
measurement techniques have been reported in the literature. Odor thresholds are
often determined in a laboratory setting using various methods to dilute odorants’
that are presented to a panel of subjects. In order to consistently evaluate
experiments of odor thresholds, which vary widely in design and reporting detail, a

set of standard criteria was established.

1.2.1 Criteria Used To Evaluate Odor Threshold Information

The method of presentation of the odorant is dependent upon what chemical
odor threshold is to be measured. In this report, only gas-air mixtures have been
considered. A delivéry system that reduces the intake of unmeasured ambient air
is most desirable.

A known concentration of odorant is delivered to the panel and responses are
measured. Usually a verbal response is taken by a monitor. Responses can
include whether or not an odor is detected, the strength of the odor, and odor
quality (e.g., pleasant vs. unpleasant, fishy, aromatic,’etc.).

Once the responses of the panel are recorded, statistical methods can be used
to determine the odor threshold for either detection or recognition. Some of the
important variables of odor threshold measurement are discussed below.

A set of criteria considered essential to any modern threshold determination
procedure was developed (see below). The sources with published odor thresholds
(listed in Section 2) were evaluated in terms of their conformity to these criteria.
The criteria are summarized below. _

Sources that did not account for these criteria in their experimental design
were not accepted. For example, a random presentation series was accepted
when concentration levels were evaluated by different subjects (Gundlach and
Kenway, 1939) but not when presented to the same subjects. An exception
would be when a random presentation to the same subjects was used, but the

interval between trials was long enough to permit reversal of olfactory adaptation.
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1.2.1.1 Panel Size of at Least Six per Group

In order to approximate the distribution of olfactory sensitivity in the
population, it is preferable to use a large number of subjects or, since this is often
impossible, a smaller group selected to represent the general population.
Accordingiy, to replicate the distribution curve shown in Figure 1-3, it is preferable
to use a larger panel with fewer trials rather than a small panel (e.g., 2 or 4
subjects) with many trials. Additionally, panels of fewer than six subjects reduce
precision for a reliable mean value. Repeatability for individuals’ threshold results
are poor (= 18%); therefore, results should not be based on the repeated
observations of less than six panelists. However, there is a point beyond which
more panelists become superfluous. One study found that a pooled group of ten
with one trial produced the same thresholds as a group of thirty-six with five trial
p_resentations (Punter, 1983). Odor threshold determinations using fewer than six

panelists or with the number of panelists not reported were not accepted.

1.2.1.2 Panelist Selection Based on Odor Sensitivity

Prospective panelists should be evaluated for olfactory sensitivity to the
chemical compounds in question. This will insure thatthe panel will not-include
judges with general or specific anosmia. An early version of an ASTM threshold
‘procedure (ASTM 1391-57 Syringe Dilution Method) recommended testing with

‘only two all-purpose odorants, vanillin and methyl salicylate. Subsequent studies
showed that these compounds did not rate panelists properly. Panelists should be
evaluated with a compound selected to represent the particular chemicals under
investigation, rather than with two standard compounds. '

Physiological and personal factors to be considered when selectiﬁg a panel
include smoking, drug dependency, pregnancy, sex, and age. Smokers should be
excluded from the panel even though the effect of smoking on olfactory écuity is
unclear. Studies have reported results ranging from definite to no effect from
smoking (see Cometto-Muniz and Cain, 1982, for discussion).

Drug dependency and pregnancy are known to reduce and elevate odor

perception, respectively (Amerine et al., 1965). Anosmia due to drug dependency
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would be discovered during screening. Similarly, prospective panelists being
treated with high levels of medication would be screened and omitted from the
panel. Pregnant women should be excluded as a precautionary measure.

As with smoking, results of investigations of changes in olfactory acuity due
to age and sex are in disagreement. The common conception has been that
women are more sensitive than men and that sensory acuity decreases with age.
However, this may be too simplistic an explanation.' Recently, the approach has
been to separate odor sensitivity from odor identification ability (e.g., see Doty et
al., 1984, for changes with age; Cain, 1982, for differences between sexes).

Odor threshold determinations were not accepted if there was no screening of .

panelists reported.

1.2.1.3 Panel Calibration

Panel odor sensitivity should be measured over time to monitor gross
individual discrepancies and maintain panel consistency. lndividual variability is
+ 18% while person-to-person variability can differ by four orders of magnitude. A
daily rating of an n-butano! wheel olfactometer would provide a quick and accurate

measure of individual and group variability. -

1.2.1.4 Consideration of Vapor Modality (Air or Water)

.»Vapor modality (i.e., whether the odor measured is in the form of a gas-air
mixture or vapor over an aqueous or other solution) is determined by the test
purpose and in turn determines the presentation method. The majority of reported
thresholds are gas-air measurements. Therefore, some criteria for the apparatus
will pertain directly to gas-air instead of vapor over an aqueous soluﬁbn. Only gas-

air mixtures were accepted in this report.

1.2.1.5 Diluent in Accord with Compound
The diluent, whether liquid or gaseous, should be consistent with the chemical
compounds tested and not influence odor perception. For example, diluent air may

be filtered through activated carbon or be unfiltered room air. Liquid diluents
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include water, diethyl phthalate, benzyl benzoate, and mineral oil. The selected
- _diluent is determined by the test purpose and practical considerations of the
compound. Additionally, the relative humidity of diluent air (or other inert gas)

should be controlled at approximately 50%.

1.2.1.6 Presentation Mode That Minimizes Additional Dilution (Ambient) Air Intake
Vapors are inhaled from openings of varying size. Some of these allow

ambient air to be inspired along with the sample, thereby increasing the dilution
factor by an unknown amount. Common delivery systems are (1) nose ports held
under the nostrils, (2) vents into which the whole head is inserted, (3) flasks into
which the nose is inserted, (4) syringes that impinge vapor into the nose, and (5)
whole rooms into which the odorant is injected. In general, an opening that allows
insertion of the nose or the whole head is desirable as it reduces the intake of -
ambient air. Delivery systems that did not control the mixing of the odorant with

ambient air were not accepted.

1.2.1.7 Analytic Measurement of Odorant Concentration

The concentration of odorant as it reaches the panelist should be measured
accurately. The capability to measure concentration of some odorants has
occurred only recently. Therefore, a major problem with early threshold studies

and a drawback of some modern studies is the absence of such analytic devices.

1.2.1.8 Calibration of Flow Rate and Face Velocity (for Olfactometers)

Important system calibrations include flow rate and face velocity. Flow rates
on individual olfactometers vary from 0.5 L/min to more than 9 L/min.” This
disparity in the flow rate has been found to cause a fourfold difference in threshold
values. Odorant flow rate should be at approximately 3 L/min, although
researchers differ in their opinion of a "best" flow rate. Flow rate then becomes an
important consideration in the critique. The face velocity refers to the rate at
which the odor is flowed at the panelist and should be maintained at a flow barely

perceptible by the panelist.
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1.2.1.9 Consideration of Threshold Type (Detection or Recognition)

Thresholds may be either of two types, detection or recognition. The
detection threshold is defined as the lowest concentration at which a specified
percentage of the panel (usually 50%) detects a stimulus as being different from
odor-free blanks. The recognition threshold is the lowest odorant concentration at
which a spécified percentage of the panel (again, usually 50% or the median) can
ascribe a definite character to the odor. In general, recognition thresholds are
approximately two to ten times higher than detection thresholds (Heliman and
Small, 1974). The type of threshold measured is dependent on the test purpose.
For example, detection thresholds are of greater interest in basic research, while
recognition thresholds; are of greater value to the food industry. Recognition and
detection thresholds are differentiated in this report.
1.2.1.10 Presentation Series That Reduces Olfactory Fatigue

Concentration presentation order is an important factor in the presentation
method, as olfactory adaptation occurs rapidly. After three minutes of exposure to
an odorant, perceived intensity is reduced about 75% (Ba&toshuk and Cain, 1977).
A common method to control for this is to present conf:entrations in ascending
order (from weaker to stronger concentrations, or greater to lesser dilution) or to
allow for long periods between presentations. Descending and random
presentation series-do not control for adaptation unless specific steps are taken to
eliminate it. Recognizing the need to control for adaptation in random or
descending patterns of presentation, researchers apply various methods such as
presenting one concentration per day (Dixon and lkels, 1977) or using different
subjects at each concentration step (Gundlach and Kenway, 1939). 6dor
threshold determinations were accepted only if the methods used controlled
adequately for adaptation.

1.2.1.11 Repeated Trials
- Individual test-retest reliability for threshold values is generally low (Punter,

1983) but is dependent on the number of trials (Cain and Gent, 1991).
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Determinations should be repeated for reliability. Additionally, computing the mean

across panelists’ scores will reduce individual variability.

1.2.1.12 Forced-Choice Procedure

A forced-choice procedure minimizes anticipation effects for threéholds by
eliminating false positive responses. Panelists choose between the stimuli and one
or two blanks.

Use of forced-choice procedures was not stringently applied as a criterion. An
earlier method; presenting a stimuli and blank as a paired comparison, was also

included in this category. Both methods reduce anticipation effects.

1.2.1.13 Concentration Step Increasing by a Factor of Two or Three

In determining odor threshold values, the odorant should be presented
successively at concentration intervals no more than three times the pfeceding
one. Interval size is determined by the range of sensitivity of the sample of.
panelists and by the number of concentrations that can be analyzed in a given
experiment. Smaller step size may result in failure to identify the threshold for all
panelists. Larger step size might result in a less precise calculation of the average
threshold because of the extrapolation over a greater range. A 3-fold interval is

selected as a maximum necessary to result in a useful dose-response.

1.2.2 Critique of Odor Threshold Measurement Techniques

Threshold compilations such as Van Gemert and Nettenbreijer (1977),
. Verschueren (1977), and Fazzalari (1978) contain threshold values from sources
published in the early 1900s and before. In some cases, reported thr:ashold values
vary by a factor of a million or more for one compound. The reported values for
n-butyl alcohol range from 1.8 X 10* to 1.45 x 107 g/L (Amoore and Hautala,
1983). .

The fact that threshold values and the methodology in\)olved may vary widely

has often been recognized. Factors affecting threshold measurement (Punter,
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1983) include stimuli flow rate, olfactometric systems, age and type of panelist,

instruction and threshold procedure, and panelists’ experimental experience.

Other important factors contributing to threshold value variability are the

purity of the chemical compound, the type of threshold (detection or recognition)

determined, and the stimulus itself (water vapor or gas vapor). These last two

factors make the practice of pooling thresholds questionable at best. Considering

the sources of variability, it is understandable that published threshold values

differ.

References were reviewed for their overall adherence to experimental

procedures that address the response characteristics of the human olfactory

system. The results of the literature search and review are presented in tabular

form in Section 2. The following are included in Table 2-1.

1.3

CAS RN (Chemical Abstracts Service registry number)
Chemical name and some of its synonyms

Chemical formula

Molecular weight | ~

First author, date

Odor threshold

Type of threshold

Geometric mean of critically acceptable odor threshold value
Type of odor threshold represented by geometric mean

Odor character

ODOR THRESHOLDS IN RELATION TO RISK ASSESSMENT

The detection of chemical odors may trigger odor complaints that are

associated with safety concerns due to chemical exposure. The key questions

regarding odor detection, safety, and risk assessment are:
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1. If a chemical odor is present, does that indicate a health risk?
2. If chemical odors are absent, does that signify an absence of health risk?

3. Does olfaction provide an adequate margin of safety by allowing detection
of toxic chemicals that prompts avoidance of exposure?

Knowledge of odor threshold values, together with a variety of background
information, toxicity data, and analytical data are necessary 10 answer these

questions in specific situations.»

1.3.1 Relationship Between Odor Threshold Values and Health-Based
Ambient Criteria

The relationship between odor threshold values and health-based exposure
criteria (e.g., inhalation reference concentrations [RfCs] for noncancer endpoints,
inhalation risk-specific concentrations for cancer risk, acceptable ambient
concentrations [AACs], occupational exposure limits [OELs]) is an essential
determinant of the usefulness of odor as an indicator in a site evaluation. If the
odor threshold value is lower than the ambient criteria, then absence of odor may
signify that the ambient concentration is below that which could produce adverse
health effects. In this case, detection of odor is not a sufficient indicator of
whether a health threat is posed because the ability of the sensory apparatus to
quantify odor and thus chemical exposure is very limited. Accurate methods of
chemical quantification need to be used to determine whether ambient
concentrations'are sufficient to pose a risk.

The converse of the above, cases in which the odor threshold value is greater
than health-based ambient criteria; present the opposite type of problem. in this
case, odor is useful as an indicator of potential harm since ‘the detection of odor
indicates chemical concentrations in the potentially toxic range. However, a lack
of odor does not necessarily indicate absence of risk, since toxic effects can occur
at chemical concentrations that are below that pefceptible by the nose. Here
again, analytical chemistry is needed to ensure that toxic levels of ambient

contaminants are not present.
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Chemical mixtures can present odors that may or may not reflect the hazard
potential of the chemical constituents. For example, a highly odorous but relatively
nontoxic chemical may be present along with a nonodorous but highly toxic
chemical. In this case, the odorous chemical serves as a warning that the toxic
chemical is present. However, there may be instances in which the two chemicals
become dissociated (aging of the mixture, in different manufacturing or disposal
processes, etc.); and judgments about the presence or absence of the toxic
component would be incorrect if they were based upon detection of the odorous
component. Therefore, assumptions about the relationship between odor and risk
can only be made for the specific circumstances in which chemical mixtures are
found. | |

An exemplary study of complex mixtures and odor at an industrial site was
that performed for tar-contaminated soils at manufactured gas plants (Roberson et
al., 1989). For analysis of odors from complex mixtures, the odorous sample must
be fractionated and fractions characterized in terms of odor and chemical identity.
In this case, the sample was analyzed by gas chromatography with mass
spectrometry (GC/MS) in such a way so that the GC effluent was split delivering a
portion to the MS and a portion to ihe odor scientist. “This enabled the odor
associated with each component to be separately evaluated. Several different
types of soil contamination were evaluated in this way to describe the prevalent
odors and chemical constituents associated with different soil samples. Odor
threshold values were then compared to health-based ambient criteria to determine
if odor detection would be a suitable marker for elevated risks. The ambient
criteria were threshold limit values (TLVs) for workers and 1/100th the TLV for a
residential exposure limit. In their samples, odorous components (thiaphene,
hydrogen sulfide, naphthalene) were detected in conjunction with relatively
nonodorous components (cycloalkanes, benzene), thus providing an applicable
signal for toxicant exposure. The authors concluded from this study that health
risks were unlikely where no odor is present, but analytical data are needed if
odors can be detected. Their conclusion, however, did not carefully consider the

relative concentrations of odorous vs. nonodorous/toxic components, in relation to
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differences between odor threshold values for the odorous compounds and
exposure limits for the most toxic compounds. Both the relative quantities and the
odor threshold-to-exposure limit ratios of all chemicals in the mixture must be .
assessed before firm conclusions can be drawn. However, the study reported a
fairly good correlation between the perceived odor intensity and the measured
levels of naphthalene, total polycyclic aromatic hydrocarbons, and total volatile
organic compounds. Thus, in this case, where odors were detected they were
useful indices of exposure to toxic components.

These types of relationships between odor thresholds and health-based
ambient criteria are the basis for using odor as an indicator of toxicity and risk.
However, as outlined below, several additional factors must be taken into account

when attempting to relate odor to risk.

1.3.1.1 Background Exposure
Continued exposure to odorous chemicals generally causes a decreased ability

to smell these chemicals. Therefore, if the background concentration in the vicinity
of a source'is sufficient to cause a detectable odor, the odor threshold value for
individuals in the affected environment may be higher than that.reported in the
literature. If reported odor threshold concentrations are lower than the ambient
criteria, the desensitizing influence of background exposure may narrow or
-eliminate the safety margin between the odor threshold concentration and the
ambient criteria. In this case, a previously unexposed person may be warned by
olfactory indicators from an episode of excessive chemical release, while a
chronically exposed person might not as readily detect the release and thus be at
greater risk. Therefore, to evaluate whether detection of a chemical via the sense
of smell is a reasonable indicator of risk, the ambient concentrations that the
receptor is acclimated to must be known, together with the chemical’s ability to

sdesensitize olfaction.
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1.3.1.2 Variability in the Odor Threshold Data

As discussed in previous sections, the odor threshold literature for a particular
chemical can provide a wide range of threshold values. Often the disparity stems,
in part, from interindividual differences in olfaction, and in part, from
methodological differences. A wide range of odor thresholds presents a large
degree 6f uncertainty regarding the threshold for a particular individual. This
diminishes the usefulness of the odor threshold for assessing whether a margin of
safety éxists between it and the ambient criteria value. Further, the variability
decreases the usefulness of odor detection as an indicator of toxicant exposure.

Another related factor that governs the usefulness of the threshold data for
risk assessment is the type of threshold reported. While detection thresholds may
be more commonly reported, they are not as useful as recognition thresholds
because simply detecting an olfaction stimulus may not be a sufficient warning of
chemical exposure. Further, in situations where numerous chemicals are present, a
specific and characteristic odor may be required to clearly indicate ihat a release
above background has occurred. Therefore, the utility of and margin of safety
afforded by the threshold can be overestimated if the threshold is for detection
rather than recognition. However, in cases where indfviduals anticipate a chemical
exposure, odor detection may be a suitable signal to trigger a more extensive

investigation.

1.3.1.3 Choice of Health-Based Ambient Criteria

The ambient criteria used for comparison with odor threshold values can
greatly affect the interpretation of odor threshold value usefulness as an indicator
of risk. Use of OELs such as TLVs (American Conference of Governﬁental
Industrial Hygienists, 1986), permissible exposure limits (PELs), recommended
exposure limits (RELs), or short-term exposure limits (STELs) may be appropriate
for the workplace. "

However, these OELs are not considered to be protective of the general
population, which may receive continuous ambient exposure, and which may
include more sensitive individuals (e.g., young children, pregnant woman, the
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elderly). This has been addressed by numerous states and localities in the form of
AACs, which are potentially useful health-based ambient criteria, especially
because they have been developed for a large number of chemicalis.

Other types of health-based criteria are the inhalation RfC and the inhalation
unit risk. The RfC is an estimate (with uncertainty spanning perhaps an order of
magnitude) of the daily exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects
during a lifetime (U.S. Environmental Protection Agency, 1990). The RfCs are
developed by EPA, and values are verified by the RfD/RfC Work Group, which
affords a degree of oversight and standardization. The RfCs are based upon
available toxicity data (subchronic and chronic animal studies and epidemiological
studies) and are derived by dividing the hfghest concentration level at which no
adverse effects were seen (the NOAEL) by uncertainty factors to approximate, as
necessary, interspecies extrapolations, intraspecies variability, data base
deficiencies, extrapolation from subchronic to chronic effects, and extrapolation
from a lowest observable adverse effect level (LOAEL) to a NOAEL. Uncertainty
factors are applied to the exposure concentration after calcu|ati_on of the human .
equivalent concentration as described in U.S. Environmental Protection Agency,
(1990). The RfCs are based upon the most sensitive toxicity endpoint, as
‘determined by available data. If several reliable studies are available, the RfC is
based upon the study demonstrating effects at the lowest concentration. The RfC
values are available from EPA in online format (integrated Risk Information System
[IRIS], U.S. Environmental Protection Agency, 1991).

The inhalation unit risk is the cancer risk level associated with a specific
ambient concentration. The U.S. EPA has derived these values and has normalized
them to an ambient concentration of 1 ug/m® (i.e., the risk per ug chemical/m?® air)
assuming exposure for a lifetime. To convert these values for use as health-based
ambient criteria, the concentration associated with a specific level of risk (e.g., 1
x 10%) can be calculated by dividing the target risk level by the unit risk factor.
For example, the unit risk factor for acrylonitrile is 6.8 x 10° per mg/m® (U.S.

Environmental Protection Agency, 1991) and the ambient concentration associated
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witha 1 x 10° risk is 0.015 mg/m?3, Which conceivably could be used as the
_health-based ambient criteria protective against cancer risk. The inhalation unit
risk factors available on IRIS have undergone a review and verification process in
the Carcinogen Risk Assessment Verification Endeavor Work Group, which ensures
that appropriate test data and standardized methods were used to derive the
values. _

The RfC values and inhalation unit risk factors are currently in prepara‘tion for
the 189 listed chemicals. Many of the listed chemicals will not have verified
inhalation RfC values or unit risk 'factors, in large part due to the general lack of
chronic toxicity studies conducted by the inhalation route of exposure. Thus, the
evaluation of the usefulness of odor threshold values for risk assessment suffers
from the relative lack of inhalation toxicology data. However, detailed analysis of
the toxicology data base devélopment for RfC and unit risk estimates is proceeding
in EPA, as is the development of methods for risk assessment of acute exposure.
New inhalation studies, method development, or dose route extrapolation will make
possible the derivation of new ambient criteria for use in assessing the relationship
between odor and risk.

”~

1.3.2 Theoretical Considerations: Is There a Link Between Odor and
Toxicity?

‘Detection of chemical odors may raise health concerns due to the awareness
of exposure to chemicals. However, while odor itself is a signal of some type of
exposure, it does not necessarily indicate a potential health risk unless the
detected chemical is identified, and its toxicity is understood. Without this
information, odor detection is not useful in risk assessment. This is because the
mechanisms that appear to be involved with odor detection have very little to do
with the mechanisms involved in chemical-induced toxicity and carcinogenesis.

The mechanisms involved in toxic phenomena are likely to be quite specific
and distinct from those involved in olfaction. Although the toxic mechanisms for
many agents require further study, a unifying hypothesis for cytotoxicants and

carcinogens is that highly reactive species result from chemical entry into a cell
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(Coles, 1984; Vaca et al., 1988; Recknagel and Glende, 1973). These species

. may be the parent molecule, metabolites, or endogeneous molecules (e.g.,
superoxide, lipid peroxides), which become disproportionately numerous due 1o
xenobiotic influences on normal cellular functioning. These reactive species are
typically electrophiles or oxidants, which can then irreversibly bind to or denature
tissue macromolecules (DNA, protein) such that normal structure and function is
lost. While many exceptions to this mechanistic framework likely exist, key
aspects of this hypothesis are relevant for a wide variety of potent toxicants and
carcinogens.

The major distinctions between toxicant and odorant mechanisms are site of
action (nasal olfactory epithelium for odorants; various organs for toxicants), type
of receptor (odor receptof for odorants; DNA, miscellaneous protein receptors, or
oxidant systems.for toxicants), and the chemical requirements for efficacy. The
key point is that odorants need not be strong toxicants and toxicants need not be
odorous, so that there is no rationale for making assumptions about risk based
solely upon odor perception. However, detection of odor in combination with
information regarding chemical identity and toxic potency can be useful
information, especially in those cases where the odor threshold concentration is
known and can be compared to health-based ambient criteria. Since odor
threshold concentration values are often imprecise and since they may not be
relevant for a particular individual, it is advisable to obtain quantitative analytical
data in cases where unknown or suspicious odors are detected, or where

potentially harmful chemical releases are suspected, even if no odors are detected.

1.3.3 Conclusions

Odor thresholds can be useful as a screening level, semi-quantitative approach

for hazard identification in cases where:

1. The chemical identity of the odor is known or can reasonably be
presumed;

2. Acute and chronic toxicity data are available and these data have been
converted to appropriate health-based ambient criteria; and
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3. The odor threshold data is not highly uncertain (i.e., reliable
measurements of odor threshold fall within an order of magnitude range).

In these cases, Table 1-1 applies. If the odor threshold is above the threshold for
toxic effects or safety concerns and an odor is detected, then cessation of
exposure is prudent until further testing can be done. Conversely, if the odor
threshold is clearly below the toxicity threshold and no odors are detected, then
there is no immediate cause for concern. In cases where the odor threshold is
similar to or greater than the ambient criteria, the absence of odor is not
informative. Further, when the odor threshold is less than or similar to the ambient
criteria and odor is detected, the hazard potential cannot be evaluated without
analytical data. Although the detection of odor does not necessarily indicate risk in
these cases, it does indicate a chemical exposure that should be analyzed and

quantified.

TABLE 1-1. RELATIONSHIP BETWEEN ODOR THRESHOLD VALUES
AND AMBIENT CRITERIA

Odor Odor ' Odor
Threshold Below Threshold = Threshold Above
Ambient Criteria Ambient Ambient Criteria
Criteria
No odor Low level of Analytical data Analytical data
concern required required
Odor detected Analytical data Analytical data High level of
required required concern

1.4 LITERATURE SEARCH AND REVIEW
1.4.1 Critiqued Odor Threshold Values

-The literature search consisted of a review of odor threshold compilations that
were prepared by Van Gemert (1982), Van Gemert and Nettenbreijer (1977), Stahl
(1973), Fazzalari (1978), and the American Industrial Hygiene Association (1989).

The original references were then located if possible and reviewed based on the
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criteria discussed in Section 1.2.1. Those references that were accepted are listed
_in Table 2-1 and coded with an "A" next to the author’s name.

The critiqued references and the odor threshold values are presented in Table
2.1. Threshold methodologies are evaluated according to each of the thirteen
criteria discussed in Section 1.2.1. The geometric mean value,' based on all
accepted values, or recommended best estimate for the odor threshold for each of
the compounds is given in Table 2-1. This is a common practice in sensory
evaluation, as it accounts for the wide range of response over several orders of
magnitude. The means were rounded off to two significant digits. Where values
were given as a range, the geometric mean of the two points was taken for the
threshold.

In some cases, the mean value for detection is higher than the mean value for
recognition. This is a result of pooling of several data sets for the geometric mean.

Odor character descriptors in Table 2-1 are based on reports in the literature
and experience in odor investigation. The intensity level at which the character is
determined is seldom given in the sources reviewed. Since odor character can
change with intensity, it should be remembered that the character reported may
differ from source to source. The purpose here is to include an observation on the

odorant character to accompany the threshold value.
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2. ODOR THRESHOLD DATA FOR INDIVIDUAL
CHEMICALS AND CHEMICAL CATEGORIES

Table 2-1 summarizes all published odor thresholds for the 189 hazardous air
pollutants found to have reported odor thresholds. Chemicals are listed
alphabetically. There are two sets of entries for each chemical: Phase |
Unreviewed Sources and Phase Il Critiqued Sources. Under the former are
presented odor threshold values from sources that either were rejected or were not
reviewed. Under the latter are presented odor threshold values from primary
experimental sources that were critiqued. The table provides the following

information.

e CAS number

¢ Chemical name and synonyms

e Chemical formula

e Molecular weight

¢ Last name of the first author listed for the source

e Source code:
A Accepted value based on critique
B Rejected value based on criteria
B1 Rejected value—water threshold
B2 Rejected value —minimum perceptible value
B3 Rejected value—water threshold/air conversion
B4 Rejected value—intensity
B5 Rejected value—insufficient methodology
C1 Rejected source based on review —secondary source
C2 Rejected source—incidental reference
C3 Rejected source—passive exposure/workplace
C4 Rejected source —passive exposure/experiment
D1 Omitted source—unpublished data »
D2 Omitted source —personal communication
D3 Omitted source —anonymous reference
D4 Omitted source—omitted in Gemert
D5 Omitted source—pre-1900 reference
E1 Source located but not reviewed
E2 Source not located

2-1



Odor threshold values in milligrams per cubic meter (mg/m?® and parts per
million (ppm)

Type of threshold: d = detection, r = recognition, ng = not given
Geometric mean odor threshold
Type of geometric mean threshold: d = detection, r = recognition

Odor characteristic
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TABLE 2-1 REPORTED ODOR THRESHOLDS FROM ALL SOURCES
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TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geomatric  Geometric
Meen Mean
Air Odor  Air Odor .
Odor Thresholds Type of  Threshold  Type of Odor
CAS # Compound Nams Synonyms Formula MW. Source Code mgim' ppm Threshold {ppm} Threshold  Charactaeristic
72435  Maethoxychlor CHysCLO; 345.7 No Sources Found a Slightly fruity
74830  Methyl Bromide CH,Br 8494  No Sources Found Relativaly
Bromomethane odorless,
swest, chloroform
74873  Methyl Chloride CH,CI 50.48 Unteviewed Sources Nons Sweat/etherish
Chloromethane No C-E Codes . . - .
Critiqued Sources \
Leonardos et al.
(1068) B >21 >10 '
71568  Methyl Chloroform CH,CL 133.4 Unreviewed Sources 385 d Swast/stherish
1,1,1-Trichloroethane Kendall et al. (1868) E2 88 18 4 716 4
Critiqued Sources
Scharberger et al.
(1858) B 1,660 302 r
May (1988) A 2,100 385 d
May (1866) A 3,800 716 r
78833 Methyl Ethyl Ketons 724 Unreviewad Sources 17 d Sweet/sharp,
2-Butsnone Backman (1917) El 83-70 21-24 T 17 r acatons
MEK Anonymous (1880} D3 64 2.8 d
Anonymous {1880) D3 29 8.9 r
Critiqued Sources
May (1088) A 80 27 d
May (1866) A 1683 65 T
Leonardos et al.
(1868) B 20 8.8 r
Mukhitov and .
Azimbekov (1872) BS 0.75 0.26 ng
Dravnioks (1874) A 250 86 d
Hellman and Small
(1974) A 58 2 d
Hellman and Small
(1974) A 16 54 '
Hartung et al. (1871)  BS 7 . 24 ng




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

1

Mean Mean
Air Odor  Air Odor
Odor Thrasholds Type of  Threshold Type of Odor
CAS # Compound Name Synonyms Formula MW, Source Code  mpim’ ppm Threshold (ppm) Threshold  Characteristic
60344  Methyl Hydrazine CHGN; - 48,07 Unreviewad Sources 1.73 ammonis
No C-E Codes . . . .
Critiqued Sources
Jacobson et al. :
(1855) A 1.86.7 1.03.0 ng
74884  Methyl lodide CH,l 141.8 No Sources Found
lodomethane
<
108101  Mathyl Isobutyl Ketons CeHy0 100.2 Unraviewed Sources 0.88 d Swaet/sharp,
Hexone Backman (1817) (1] 0.6-0.8 0.15-2.0 r 21 r plsasant
MIBK Anonymous (1880) D3 0.7 0.17 d
4-Methyl-2-pentanone Anonymous (1880} D3 28 0.68 4
Critiqued Sources i
May (1966) A 32 78 d
May (1868) A 64 16 r
Stone et al.
{1867) B 0.87-8.7 0.24-2.4 d
Steinmetz et al.
(1968} B 121 0.3 d
Leonardos et al.
(1968) B 19 0.46 r
Hellman and Small
(1874) A 04 0.1 d
Hellman and Small '
(1974) ) A 11 0.27 r
624839  Moethyl isocyanate C,H;NO 57.06 Unreviewed Sources None
Isocyanic Acid-Mathyl Ester Kimmerle and Eben
MIC (1864) C4 5 2.1 ng

Critiqued Sources
No A or B Codes . - . .




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geometric

Mean Mean
Air Odor  Air Odor
Odor Thresholds Type of Threshold Type of 0Odor
CAS ¥ Compound Nama Synonyms Formula MW, Source Code  mg/m’- ppm Threshold {ppm) Threshold  Characteristic
80628  Methyl Methacrylate CeH,0, 100.1 Unreviewsd Sources & 0.048 d Plesticisharp
Methyl 2-methyl-2-propenoate Holland (1874) D2 0.057 0.014 ng 0.34 4
. Anonymous (1880) D3 0.62 0.15 d
Anonymous {1980) .D3 1.8 0.48 r
Critiqued Sources
Filatova (1882 B2 0.2 0.048 ng
Leonardos et al. :
{1968) B 0.85 0.21 r
Hellmen end Small \
{1873, 1974) A 0.2 0.049 d
Hellman and Small
(1973, 1874) A 14 0.34 r
1634044 Mathyl Tert Butyl Ether (CH,),COCH, 88.16 No Sources Found
101144 4,4 Moethylene bis{2-Chloroaniline) Cy;HiCLN, 268.2 No Sources Found
76082  Methylena Chloride CH,Cl, 84.64 Unreviewed Sources 144 d Swest/
Dichloromethane Lehmann and 227 r sthereal,
Schmidt-Kehl (1836) £l 1,100 317 ng penetrating
Basmadshijewa et al.
{1870) E2 4.1-33.2 1.2.88 d
Critiqued Sources
Scherberger et al.
(1858) B 1,630 440 r
May (18680) A 600 144 d
May (1086} A 780 227 r
Leonardos et al.
(1869) B 730 210 T
101888  Methylene Bisphenyl lsocysnats C,Hyo0.N; 250 Unreviewed Sources None
Diphenylmethane 4,4-Diisocyanate Woolrich (1882) c1 4 0.39 ng
Methylene Diphenyl Diisocysnate Critiqued Sources
MDI No A or B Codes . . . -
101778 4,4Methylenedianiline Cy,HiN; 188.3 No Sources Found

para,para*-Disminodiphenylmethans




" TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geometric

Mean Maan
Air Odor~  Air Odor
Odor Thresholds Type of  Threshold Type of Odor
CAS # Compound Name Synonyms Formula MW, Source Code mgim’® ppm Threshold (ppm} Threshold  Characteristic
91203  Naphthalene CigHs 128.2 Unreviswed Sources 0.038 d Taricresote/
Backman (1817) E1 0.05-0.055 0.0085-0.0105 r mothballs
Mitsumoto (1926) E1 - 4044 0.76-0.84 4
Morimurs (1834} 11} 3.37:6.34 0.84-1.02 r
Robbins (1851) c3 <18 0.31 ng
Critiqued Sources 0.038
Punter (1080) A 0.2 d
08853  Nitrobenzene C¢HsNO, 123.1 Unreviewed Sources \ 18 ng Almondsishos
Hermanides (1808) E2 0.0412 0.0082 r pelish
Zwaardemaker ’
(1914 E2 0.041 0.0082 d
Backman (1917) E1 0.347.0 0.088-0.14 r
Henning (1824) c1 0.0085 0.0013 d
Van Anrooji (1831) E2 0.019 0.0038 d
Janicek ot al. (1860) El 18 378 ng
Gavaudan and
Pousse! {1866) E1 0.16 0.03 ng
Critiqued Sources
Allison snd Katz
(1910) B85 148 20 ng
Katz and Talbert
(1830) A 9.8 1.9 ng
Andresshcheva
(1964) 82 0.0182 0.0038 ng
Leonardos et al.
(1068) B 0.024 0.0048 T
Randebrock (1971) Bb 0.002 0.0004 - ong
92033  4-Nitrobiphenyl C,.H,NO, 189.2 No Sources Found
100027  4Nitrophenol : C,HNO, 138.1 Unreviewed Sources ) ) None
Stuiver (1958) E2 23 0.4 d

Critiqued Sources
No A or B Codes - - . -




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geometric
Mean Mean
Air Odor  Air Odor
Odor Thresholds Type of  Threshold  Typa of Odor
CAS # Compound Nams Synonyms Formula MW. Source Code mgim? ppm Threshold {ppm) Thrashold  Characteristic
78468  2-Nitropropans C,H,NO, 86.09 Unreviewad Sources None Sweet, slight
beta-Nitropropane Treon snd Dutra
Dimathylnitromethans (1852} €1 297-1,050 82-288 ng
Isonitropropans Hine ot al. {1878) -C1 680 159 r
Nitroisopropans Critiqued Sources
No A or B Codes . . - -
684935  N-Nitroso-N-methylures H,NCON(NOJCH,  103.1 No Sources Found
62768  N-Nitrosodimsthyl Amine C,H,N,0 74.08 Unreviewsd Sources \ None
N-Methyl-N-Nitrosomathanamina No C-E Codes . . . .
Dimsthy! Nitrosamine Critiqued Sources
DMN Prusskov et al.
DMNA (1976) B2 0.024-0.04 0.0078-0.013 ng
58882  N-Nitrosomorpholine No Sources Found
56382  Parathion CyoH;0:PSN 201.3 No Sources Found Faint
Ethyl Parathion
82688  Pentachloranitrobenzene C,CLNO, 205.3 No Sources Found Very weaskimusty
Quintobenzens
87885  Pentachlorophenol C,HCLO 2603 No Sources Found .
127184  Perchlorosthylens ¢,Cl 1868  Unreviawad Sources 47 d Etherish
Tetrachlorosthylene Carpenter (1837) C4 <340 <50 ng n r
Anonymous (1880) D3 12 2 d
Anonymaus (1880) D3 65 8 r
Torkelson and Rowe
{1081) ct 340 50 ng
Critiqued Sources
May (1966) A 320 47 d
May (1966} A 480 n 4
Leonardos at al.
(1968) B 32 6 H




TABLE 2-1 {cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

i’ %
Geomelric  Geometric
Mean Mean
Air Odor  Air Odor
0Odor Thresholds Typoof  Thrashold  Typs of Odor
CAS # Compound Name Synonyms Formuls MW. Source Code  mgim® ppm Threshold {(ppm) Threshold  Characteristic
108952  Phenol C¢HsOH 84.11 Unreviewed Sources . " 0.0680 d Madicinal
Carbolic Acid; Grijns (1808) E2 2268 0.57-1.8 ng acidicreosote
Phenic Acid; Zwaardemaker
Phenylic Hydroxide; (1814) E2 4 1 d
Hydroxybenzene; Backman (1817) El 0.130.28 0.034-0.068 r
Oxybenzene Henning (19824) c1 1.2 0.31 d
Takhirov {1874} E1 0.022 0.0057 ng
Punter (1976, 1878} D102 08 0.21 d
Makeicheva {1078) E1 0.027 0.007 ng
Anonymous (1880) D3 0.048 0.012 d
Anonymous (1880) D3 0.22 0.057 r
Critiqued Sources
Mukhitov (1862) B2 0.022 0.0067 ng
Itskovich and
Vinogradova (1862) B5 3 0.78 ng
Pogosyan (1985) 82 0.022 0.0057 ng
Korneev (1985) B2 0.0172 0.0045 ng
Makhinya (1966) B2 0.022 0.0057 ng
Basmadzhieva and
Argirova (1988) B2 0.021 0.0055 ng
Leonardos st al.
(1988} B 0.18 0.047 r
Punter (1880) A 023 0.08 d
108503  p-Phenylenedismine C¢HyN, 108.2 No Sources Found
75445  Phosgene €L,Cco 80.92 Unreviewed Sources None Haylke
Carbonyl Chloride Fieldner ot al. (1821) ] 23 6.7 ng
Schiey (1834} £2 05 0.12 -d
Schiey (1834) E2 05-1.0 0.12-0.25 r
Patty (1863a) c1 2 0.49 ng
Suchier (1830} c2 4 1 ng

Critiqued Sources
Leonardos et al. .
(1968) B 4 1 4




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geometric
Mean Maan
Air Odor  Air Odor
Odor Thresholds Type of Threshold Typs of Odor
CAS # Compound Name Synonyms Formula MW, Source Code  mgim’ ppm Threshold {ppm) Threshold  Characteristic
7803512 Phosphine PH, 34 Unreviewed Sources 1.0 ‘ng Garlic
Valentin (1848) D5 14 1 ng
Valentin {1850) D6 0.13 0.004 ng
Singh et al. {1867) £2 7 b d
Berck (1886) c2 <2 <14 4
Critiqued Sources
Leonardos et al.
(1988) B 0.03 0.022 4
Fluck (1876) A\ 001428 0.010-2.014 ng
7723140 Phosphorus P 30.97 No Sources Found Practically
odorless
85440  Phthalic Anhydride CyHs0, 166.1 Unreviewsd Sources None Choking
1,3-Isobenzofurandions No C-E Codes - . . .
PAN Critiqued Sources
Slavgorodskiy {1968) B2 0.32 0.053 ng
1336383 Polychlorinated Byphenyls No Sources Found
Aroclors
1120714 1,3-Propane Sultone No Sources Found
57578  beta-Propiolactone C,H,0, 7207 No Sources Found Pungent




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

% — \%
Geometric  Geomatric
Mesn Mean
Air Odor  Air Odor
Odor Thresholds Type of  Threshold Type of Odor
CAS # Compound Name Synonyms Formula MW. Source Code  mgim' ppm Threshold {ppm) Thrashold  Charactaristic
123388  Propionaldehyde C,HO 58.08 Unreviewed Sources 0.04 d Pungent,
2-Propynal Backman (1817) E1 0.02 0.008 r 0.08 r suffocating,
Knuth (1873) D2 0.028 0.0M ng unpleasant
Bedborough end
Trout (1679) £2 0.014 0.0058 d
Anonymous (1880} D3 0.0036 0.0016 d
Anonymous (1880) D3 0.038 0.015 r
Critiqued Sources \
Hartung ot al. (1871) B5 17 0.72 ng
Pliska and Janicek
{1966) B 0.022 0.0093 ng
. Teranishi ot ol.
(1874 B3 0.02 0.008 ng
Hellman and Small
(1974) A 0.2 0.08 r
Hellman and Small
(1874) A 0.1 0.04 d
114261  Propoxur {Baygon) Cy;HyeNO, 200.2 No Sources Found Odorless
OrthoisopropoxyphenytN-
mothylcarbamate
78875  Propylene Dichloride C,H,ClL 13 Unreviewed Sources 0.26 d Swast/
1,2-Dichloropropans No C-E Codes . . - - 0.52 T chioroform
Critiqued Sources
Hellman and Small
(1974 A 12 0.26 d
Heliman and Small
(1874) A 24 052 T
76569  Propylene Oxide C,H,0 58.08 Unreviewed Sources 45 d Swaest/ethereal
Mothyloxidrane : No C-E Codes . - - - 36 r
Propena Oxide Critiqued Sources
1,2-Epoxypropans Jacobson et al.
(1956) A 473 108 ng
Hellman and Small

{1874) A 24 10 - d
Hellman and Small :
(1074) A 84 35 T




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geomelric  Geometric
Maan Mean
Air 0dor  Air Odor
Odor Thrasholds Type of  Threshold  Type of Odor
CAS # Compound Nams Synonyms Formula MW. Source Code mgim® ppm Threshold (ppm) Thrashold  Characteristic
75558  1,2-Propyleinimine (2-Methy! Aziridine) C,HN 521 No Sources Found Strong, ammonis-
ke
91225  Quinoline C,H,N 120.2 Unreviewed Sources . 6.3 d Unpleasant/
Geier (1836) E2 003 0.0057 d paculiar
Gaier (1836) E2  0.050.1 0.008-0.189 r
Critiqued Sources
Gundlach and
Kenway (1838) A 28 5.3 d
106514  Quinone CH.0, 108.1 Unreviewad Sources None Irritating
1.4-Benzoquinons Backman (19817) Et 0.047-0.05 0.0108-0.0113 r
Oglesby et al. (1847) 3 04 0.1 ng
Critiqued Sources
No A or B Codes . - . -
100425  Styrene, Monomer (CHgn 104.1 Unreviswed Sources 0.15° d Sharp/swast/
Phenyl Ethylens Wolf et al. (1856) E2  43-258 10-81 ng 0.15 r aromatic,
Polystyrane Deadman and Prigg unpleasant
Vinyl Banzene (1868) E2 on 0.028 d
Cinnamane Anonymous (1880} D3 014 0.033 d
Anonymous (1880) p3 073 0.17 r
Critiqued Sources
Li-Shen (1861) B2 0.2 0.0047 ng
Stakor (1863) A 0.073 0.017 d
Mughlsn (1968) B 43 1 r
Leonardos ot al.
(1869) B 0204 0.047-0.084 4
Smith and
Hochstettler {1969) B 0.2 0.047 T
Heliman and Small
(1873, 1974) A 0.22-0.64 0.052:0.15 d
Hellman and Small
{1073, 1974) A 0.64 0.15 T
Dravnieks (1874) A 8 18 d




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

IIII||I|||||||I||I|II|||‘ \%
Geometric  Geomatric
Maan Mesn
Air Odor  Air Odor
0Odor Thresholds Type of  Threshold Type of  Odor Characteristic
CAS # Compound Name Synonyms Formula M.W. Source Code mg/m' ppm Threshold {ppm} Threshold
98083  Styrene Oxide 120.2 Unreviswed Sourcas 0.081 d Swaet/plaasant
1-PhenyH1,2-Epoxysthans No C-E Codes . - . . 04 T
: Critiqued Sources
Hellmen and Small :
(1874) A 0.3 0.061 d
Hallman and Small
(1974) A 2 04 : 4
1748016  2,3,7,8-Tetrachlorodibenzo-p-dioxin No Sources Found \
Dioxin
78345  1,1,2,2-Tetrachlorosthane C,H,Cl, 187.8 Unreviewed Sources 13 d Solvent
Acetylene Tetrachloride Lehmann and
sym-Tetrachlorethane Schmidt-Kehl {1836) El 20 29 ng ’
Critiqued Sources
Dravnieks {1874) A 60 73 d

7550450 Titanium Tetrachloride Tick, 189.7 No Sources Found Acrid, choking




TABLE 2-1 (cont'd). REP

ORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geomstric
Mean Mean
Air Odor  Air Odor
Odor Thresholds Typeof  Threshold  Type of  Odor Characteristic
CAS # Compound Name Synonyms Formula MW. Source Code mgim? ppm Threshold (ppm) Threshald
108883  Toluens CH, 82.13 Unreviewed Sources 28 d Sourjburnt,
Toluol; Backman (1817) E1 3538 0.93-0.86 4 78 r benzene-lke
Maethylbenzene; Backman (19818) E2 2 053 ng
Phenylmethane Grijns (1810) E2 170 45 ng
Schiey (1834) E2 6 1.8 d
Schley (1834) E2 18 4.2 r
Deadman and Prigg
(1958} E2 &5 15 d
Koster (1871) E2\ 137 38 d
Naus (1862) c1 2 0.53 d
Winneke and Kastka
(1875) E2 4884 1222 ng
Anonymous {1880) D3 36 0.83 d
Anonymous {1980) D3 18 48 r
Critiqued Sources
Nader (1858) A 0.08-1.9 0.021-0.50 ng
Staker (1883) A 1 0.27 d
Gusav (1085} B2 1532 0.40-0.85 ng
May (1988) A 140 37 d
May (1988) A 260 68 r
Leonardos st al. )
(1868) B 8.1-178 2147 r
Dravnisks and
0’Donnell (1871) B6 45 12 ng
Hellman and Small
(1973, 1974 A 0.8 0.16 d
Hellman and Small
(1873, 1974 A 7 18 r
Dravnieks (1974) A 60 16 d
Punter (1880) A 254 6.7 d
95807  2,4-Toluene Dismine . o CyHN, 1222 No Sources Found




TABLE 2-1 (cont'd. REPORTED ODOR THRESHOLDS FROM ALL SOURCES

5\

\%

—

—

Geometric  Geometric
Mesn Mean
Air Odor  Air Odor
Odor Thresholds Typs of  Threshold  Type of Odor
CAS # Compound Name Synonyms Formula MW, Source Code  mgim’ ppm Threshold (ppm) Threshold  Characteristic
584840  2.4-Toluene Disocyanats C4HeN;0, 1742 Unreviewed Sources None Sharplpungent
Tolylens Diisocyanate . Zapp (1967} c1 28 0.4 ng
2,4-Diisocyanato-1-methytbenzene Henschler ot al. )
(1862) €3 0.14-0.35 0.020-0.050 n
Chizhikov {1883) (3] 0.2 0.03 ng
Critiqued Sources
Leonardos et al.
{1968) B 15 21 r
95634  o-Toluidine C;H,N 107.2 Unreviewed Sources None
2-Methylbenzenamine; Huijer (1817) €2 29 8.8 d
1-Amino-2-methylbsnzens; Backman (1917) E1 4054 0.81-1.23 r
2-Mathylsniline; Stuiver (1958) E2 0.1 0.026 d
2-Aminotolusne Critiqued Sources
No A or B Codes . . - -
8001352 Toxaphene CioHioCly 4138 No Sources Found Mild, chlorine,
Chlorinated Camphene , camphor
120821 1,24 Trichlorobenzene C,H,Cl, 1815 Unreviewed Sources None Aromatic
Rowa (1976) D2 22 298 ng
Critiqued Sources
No A or B Codes . . . .
78005  1,1,2-Trichloroethane C,H,Cl, 1334 No Sources Found - Chloroform-lke,

swaeet




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geomatric
Mean
Air Odor
0Odor Thresholds Type of Type of 0dor
CAS # Compound Nams Synonyms Formula MW, Source Code mgim® ppm Threshold Threshold Characteristic
78018  Trichlorosthylens C,HCL, 1314  Unreviewed Sources d Etherfsolvent,
1,1.2-Trichlorosthylens; Lehmann snd r chloroform
TCE; Schmidt-Kehl (1938) E1 800 167 ng
Trichloroathene Weitbrecht (1857) €1 110 20 ng
Frantikova (1862) E2 68 13 ng
Naus (1882} c1 3 0.56 d
! Torkelson and Rowe
{1981) C1 638 100 ng
Critiqued Sources
Scherberger et al.
(1968) B 410 78 r
May (1886) A 440 82 d
May (1066) A 680 108 r
Malyarova (1867) B5 2521 0.5-4.0 ng
Leonardos et sl.
{1068) B 115 21 r
85054  2,4,5-Trichlorophenol 187.6  No Sources Found Strong
disinfectant
88062  2,4,6-Trichlorophenol C,H,CHLo 1875  Unreviewed Sources d Strong
Backman (1817) E1 0.0010-0.0016  0.0001-0.0002 r disinfectant
Kendall st al. (1968) E2  0.021 0.0026 r
Critiqued Sources
Punter (1880) A 0.00018 0.00002 d
121448  Triethylamine 1012 Unreviewed Sources d Fishylammonia
No C-E Codes - - . . - 4
Critiqued Sources
Tkachev {1870) B5 033 0.08 ng
Hellman and Small
(1874) A <04 <0.10 d
Hellman and Small
{1874) A 1.1 027 r
Laing ot al. {1878) A 11.9 29 r
Homans et al. (1878} A 27 0.85 ng




TABLE 21 (cont'd). REPORTED ob

—

OR THRESHOLDS FROM ALL SOURCES

1

Geometric  Geomaetric
Mean Mean
Air Odor  Air Odor
0Odor Thresholds Type of  Threshold Type of Odor
CAS # Compound Name Synonyms Formula MW. Source Code  mgim’ ppm Threshold {(ppm) Threshold  Characteristic
1582088  Trifluralin C,;HiN,0.Fy 3353 No Sources Found
540841  2,2,4-Trimethylpentane Gl 1142 No Sources Found
Isooctane .
108054  Vinyl Acetate CH,0, 86.09  Unreviswed Sources on d Sourisharp
Deese and Joyner 04 4
(1869) c4 <14 <040 4
Critiqued Sources
Gofmakler (1860) B2 1 0.28 ng
Hellman and Small
(1873, 1874) A 0.4 0.1 d
Hellman snd Smail
(1873, 1874) A 14 04 r
583602  Vinyl Bromide C,H,8r 107 No Sources Found
75014  Vinyl Chloride CHCl 825 Unreviewed Sources None Sweet/ethersal
Chloroethylene No C-E Codes . . . -
Chloroethene Critiqued Sources
Hori ot al. {1872) B 2852 10-20 ng
75354  Vinylidene Chioride CH.CL, 96.94 Unreviswed Sources None
1,1-Dichloroethylene Janicek ot al. (1980) E1 6,500 1,360 ng’
Irish (1883) Cc1 2,000-4,000 504-1,009 ng
Dalla Valle and
Dudley (1938) E2 43 1.08 d
Critiqued Sources
No A or B Codes . . . -
1330207 Xylene (Dimethylbenzens) CeHyy 108.2 Swest

See o-Xylene
See m-Xylens
See p-Xylene




TABLE 2-1 (cont'd). REPORTED ODOR THRESHOLDS FROM ALL SOURCES

Geometric  Geomatric
Mean Mean
Air Odor  Air Odor
Odor Thresholds Type of  Threshold Typs of Odor
CAS # Compound Name Synonyms Formula M.W. Source Code  mgim’ ppm Thrashold {ppm} Threshold  Characteristic
85478  o-Xylene CoHyg 108.2 Unreviewed Sources 5.4 d
1,2-Dimethylbenzene Backman (19817) E1 1.0-1.2 0.23-0.28 r
Backman (1918) E2 08 0.18 ng
Stuiver (1858) E2 21 0.48 d
Koster (1871) E2 n 25 d
Naus (1862) Ct 1 0.23 d
Anonymous (1980) D3 0.77 0.18 d
Anonymous (1980) D3 a.t on r
Critiqued Sources \
Punter (1880) A 238 5.4 d
108383  m-Xylene CHyg 108.2 ' Unreviewed Sources 073 d
1,3-Dimethylbenzens Backman (1817) E1 1.1-13 0.25-0.30 r
Stuiver (1958) E2 0.35 0.081 d
Koster (1871) E2 0.7-88 0.16-20 d
Anonymous (1980) D3 0.52 0.12 d
Anonymous (19880) D3 24 055 r
Critiqued Sources
Gusev (1865) 82 0.81.9 0.14-0.44 ng
Dravnieks and
0'Donneli (1871) 1] 13 0.3 ng
Punter (1980) A 1.54.9 0.35-1.1 d
108423  p-Xylene CeHy 1062  Unreviewed Sources 21 d
1,4Dimethylbenzens Backman (1817} B 1416 0.32:0.35 r
Stuiver (1858) E2 0.8 0.14 d
Koster (1971) E2 8 1.8 d
Knuth (1873) D2 0.8 0.18 ng
Anonymous {1880) 03 0.52 0.12 d
Anonymous (1880) D3 22 0.51 r
Critiqued Sources
Leonsrdos et al.
{1980) 8 2 0.46 r
Punter {1880) A 2.1 2.1 d

0 Antimony Compounds

No Sources Found




euanjo) 99§

suszueg 9ag
ey susbig oxakadjog ees
punc4 sanes oN SUOISSRUZ UBAQ 9300 0
punoj $33inog ON spuncdwog ysqo) 0
)\
punog saancg oN spunodwog wniwoy) 0
punoy4 $33in0s ON spunodwo?) Wniups) 0
punc s3inog oN spunodwog wnylieg 0
. . ’ . $3po) g lo ¥ ON
seanog penbiug
bu [AN R 241 N1} 980410 ¥ {Lzay) Amyg
Auny suoN §92in0g pememalun swsisolojyaIplAYI3
. . .. $poy g o y ON Tttt
sa3inog penbiyug
bu 5000> # (1z8L) Ay
SUON $92in0G POMeLARIUN awsisusAsjhusydig
. . - - $9pog g Jo ¥ ON T
s921n0g panbiug
bu 1> ze> 19 (3e86L) Ansd OpupAY djuesiy
Suoy $02UN0G peMaIABILY) suisy
T (ous bupnow ousbiow)
spunodwoy Jtuesly 0
ojsuelIRIRy)  ploysaiy) (wdd) ploysaayy wdd Qujbw  epog 93in0§ swhuoukg swep punodwo) #SY)
Jopp Jo odAL pioyseayL  jo edAj spioysasy) JopQ

dopg 4y 0pQ MY
usspy usapy
aujewoey  Julewoey

$394N0S 11V WoY4 SOT0HSIUHL HOAO 0ILHO43Y “(paucd) 1-Z 318VL



4 $9°0 4 Y (w6l ‘eL6l)
|sws pus uswyey
P £0 1t ) {vL8L ‘eLBL)
yswg pue uswyey
1 8y 08l v {9081) Asw
P 174 08 v (0881) Asi aAjosa)e)
9)y)-6501 $931n0g panbnug 103&ig euajAyI3 Jo 10yi3 [Aylsouop
"Rsnw i ¥ . : . . $0p0J 3-9 ON 413 jAyieouoly (039 susjAyi3
ieomg 4 LT $SaUR0S Ppmaianiun A1) f0"H' lousyishxoql3:7  S080LL
o T T N )
opjusiAy jAuip
SHYUOJAIIY 90
oplusiy JAyiep
SUUIOY B85
P 1800 l a (1zet)
spuowje ‘|8 18 18upjeid
101119 ‘Juey Quop $321N0S poMeIARIUN 74 NIH apiusig ueBospAl
) 8800 8 uset)
lokig pus suoig
P £210°0-8800°0 '} (z8st)
loAid pus suoig
. s02.n08 panbyug
i 800°0-8000°0 13 {1L61) .
I8 19 Yowojzogd suuusAqieajAyiopy
uoN $82IN0S pOMaIAGIUN opiushaos] Ao
T T spunoduiog epiusig l......m.
ansuelIeiey) ploysaiyi (wdd) "~ pjoysesy) wdd Awbw  spoy - gnog ‘MmN 8|04 swAuoug swey punodwo? 18SY9
10p0 joodhy  ploysayl  jo adAy Sploysauyy Jopg
lopg 4y JopQ Hy
usely usepy
JUJW0eY  JURWORY

$3JHNOS 11V WOY4 SGTOHSIUHL HOA0 GILHOdIY “(p3uod) |-Z 318VL



. - . . $9pug g Jo ¥ ON
sounog penbiiug
1 504200 620100 13 " {L18l) usunpeg .
QuoN S0IN0G POMIIARIUN ZEbL N'H"9 quasyydsuouruy-|

° : . - $9po) g Jo ¥ ON
saounog penbiug)

P 50 I'e a (szel}
SIBMOJ pus pIej] susjAyleausjAyiydey
suopy $32UN0G pomeiAIuf TSl g susyiydeusdy
T T o8 auebig kA4 ||||n._.
- . - - $3p07) g 40 ¥ ON
saaunog panbnug
Bu 0eo’l YAS ) (9561) ‘{v 1apisu)
Bu 50 1 a {z081) wwy (Auogueamuia) PXIN
Ayoog suoN 532.n0g pamemalun Lotk *(09N iuogie) |OIN
T Tt spunodwo? [OXIN ..lllou
punoj ss2inog ON siaqy [SisUly ouly 0
puno4 s32in0g ON spunodwoy Aindsey 0
puno4 senog ON spunodwo? eseusBusy 0
punoj s93in0g ON spunodwo? ped) 0
: €10 Lo ] (b6l ‘eL6l)
|swg pus uswyey
P 800 €0 | (w6l ‘eL6l)
WS pus usWHPH " 9IBI3Y GAOSO[8)
sanog panbiug anesy
: ) - . $4po) 33 0N 18y13 {Ayieouoly (03N sualAy3
Aunuy ] £1'0 s82inog 2181989y 109419 (A3
Hioisajiaemg P 80°0 pememarupaizeleyd  T08L ‘o"H's oInIdy [AyIsAxoY3Z
T T {p.i03) %1813 |03A9 |..||c|
onsueloRIeyy  ploysaiy) (udd)  pjoysayy wdd wbu  epo) sanog Y] sjnuUsy swAuouAg swel punodwo) 1SY)
10pp joudAl  ploysaayL  jo odA) spjoysaly} JopQ
Jopg uy  opQ My
usely usep

JuleWeeY  JUPW0Y

S324NOS TIV WOY4 SA10HSIUHL HOAO Q3LHO43Y ‘(P3u0d) L-Z 318V



sepo) g 10 Y ON
sanog penbiug

1 2800°0-5£00°0 80°0-650°0 13 (£1B1) uswpeg
SuoN $82IN0S PIMOIARIUN oLl LT auasjusueyy
b 8100 o v loest) B T
uagje] pus ey
s8aineg panbiug
P 610000 8.000°0 a (1£61) Hoowuy usp
P 6200000 +000°0 a : wiel)
18)BWopINE Mz
1 5800000 S£000°0 a (6081) sepuswiey 8joj83s
18334 8100 $32in05 pamaiaaiun el N'H*D jOpUIAYIN-E
T . S $3po) gvio ¥ oN T T
$824n0g panbiug
lueseajd/ysam P £1000°0 80000 a3 {€161) Jesjdwio)
‘Juassojdun 4 §L0°0 1L000 2a'Lg (681 'sL6L) seung sjoukd{qlozueg-|
{Buong SuoN $321n0g pamelaaiun (4113 ‘iN*a Sjopy|
o . - $9p0) g 1o ¥ ON T T
saunog penbnug
P $00'0 200 4] (Bsel)
BBug pue uswpesg susyiydeuopuy;
SuoN $92UN0S PaMaIAGIUf TLt W9 suspy|
- T - - $0p0g g 10 y ON oTTT Tt
saaunog penbyiyg Joyiyden-si8q
l 18000400 0€'0£20 13 (ZL81) usupag loyiyden-Z
ojjousyd ‘yuiey4 ouoN $92UN0S pOMBARIUN bl o'H"9 susjsyiydeuAxoipAy-Z
T : ST T T upggmyoN | T
3921005 panbug loysyden-sydie
1 88000°0-150000  Z500°0-0€00°0 13 (£161) uswxdeg 1oyiyden-
SuON $924N0S POMBIARIUY) bR ;4] o'H"9 susjsyydeudxaipAy|
T o T (puo) seney usip opkokeg 0
JNSURIIRIBYY ploysaIy} {wdd} ~  pjoysasy) wdd Mbw  epo) sain0g MW sjnuuog swiuouAg ewey punodwog 1SY)
10p0 joodAl  ploysayy  jo adh) Spjoysaly) Jopp
d0pp 4y JopgQ MY :
usepy usely
JURWOeY  SUlW0RY

$324N0S 11V WOo44 SGT0HSIYHL HOAO 0314043y “(paucd) |-Z 318V1



sualongjouiusjA1ecy-z @IS

suyjounp s
4 1 /4] 1 £ Y {8£61) ‘|0 W Buis)
4 s8°l 8 Y {vL61) syewang
bu £20'0 $L0°0 | (oest)
ueqie) pus 218)
P 48 ob L] (agg81) ssuop
J 1200 ' £80°0 g (6881}
‘I* 10 SOpJBUOIY
L 900 1z’0 4:] (S8L) liaysesaisu)
Bu 8 b4 S8 . leel)
218y pus uosyy
By €20 0 g (6£61) SxplARQ
pus uoye]
seunog panbiug
bu o> re> 19 (€98t} Yohng
1 8000 00 13 {£161) usunpsg
Bu 'l oy 13 {(0881) 18 18 yeower
P £20 L0 13 (596L) ‘v 18 auLBUY
P €0 160 a3 {1681) J3oHIu0N
P 0EL'8 4:1 8> 3 (v{81) yasns)
bu 6v'0 851 a (9261) WInqysEM
Bu £10000 1400070 4] {oz6l) Wnqyssp
P L re a {8eeL) Aejpng
pue 8|jsA By8Q
Bu 08°0-520°0 62800 a3 (1881) seunsbusy
P 6y8'L 16¢'62 4] {v£61) vBaje0)
4 800 oL'0 [Z] (6081) sspiusuLey
P $20°0 800 [£] {L£81) oauuy usp
P 8200 600 a (acelL) 40189
4 €00 G600 a (981} 19189
Bu €10 o a3 (8G61) s9/8S
P zi00 ¥0'0 4] wiel)
loyswspIsEMZ suizy
i +L0 P ¥ie 5861 a (vL61) yosnel suszueqezy
Buysesnsy P 58t SN0 PIMBLARIY reL N9 oupuAd 108011
- T (p,Ju02) s03iepy usbig 34oAdAj04 - m
JsueoBIBY)  ploysay) {wdd) ploysasy} wdd Qwjbw  epo) saineg MW s|jnuuoy swAuoulg ewsy punodwa) P
dopQ joudhl  ployssiyy  Joedh) sploysasy) J0p0
dopg 4y 10pQ Uy
uesy usely
JulWoeg  3UIRWOsY

$394N0S 11V WOYd SA10HSIYHL Y0A0 Q3lH0d3d ‘(pauod) 1-Z 318V1



*s)98 810p [e1eAes Bujjood Jo ynsas  se pjoyse.y) uoiyuBoass eyl o) jenbe io usy) Jejeaid g ABw pjoysasy) uol39lep usEW By

: : = -+ wpeggioyoy
$902in0g penbiug
Bu €0 . ol> 19 {1¥81) _
saly pus Asjpng sSH oplusies usbospiy
auey auoN ! $I2IN0S POMBIARIUN 86°08 spunodwo?) wmnuajes 0
punoj sedinog oN sapyonuoIpey i}
ajjsuajaeieyy ploysasy| {wdd) ploysazy} wdd Mjbw  epoy aunog ‘MW sjnuiey SWAUOUAG swep punodwos F XS K]
10p0 Jo odA) pjoysaly) o edA} spjoysaay} Jopg
lopg #y  Jopg 4y
usapy sl
JUPWOeY  JUIeW0RY :

$324N0S 11V WOY4 SA10HSIYHL HOAO AIL40d3H ‘(paucd) I-Z 318VL



3. REFERENCES

~

Agency for Toxic Substances and Disease Registry. (1988) Toxicological profile for cyanide. Atlanta,
GA: U.S. Department of Health and Human Services.

Alibaev, T. S. (1970) Hygienic standards for cyclohexane and its mixture with benzene in air. Hyg.
Sanit. (USSR) 35: 22-28.

Allison, V. C.; Katz, S. H. (1919) An investigation of stenches and odors for industrial purposes. J.
Ind. Eng. Chem. 11: 336-338.

American Conference of Governmental Industrial Hygienists. (1986) TLVs: threshold limit values and
biological exposure indices for 1986-1987. Cincinnati, OH: American Conference of
Governmental industrial Hygienists.

American Industrial Hygiene Association. (1989) Odor thresholds for chemicals with established
occupational health standards.

Amerine, M. A.; Pangborr, R. M.; Roessler, E. B. (1965) Principles of sensory evaluation of food.
New York, NY: Academic Press. -

Amoore, J. E.; Hautala, E. (1983) Odor as an aid to chemical safety: odor thresholds compared with
threshold limit values and volatilities for 214 industrial chemicals in air and water dilution. J.
Appl. Toxicol. 3: 272-290.

Andreeshcheva, N. G. (1964) Substantiation of the maximum permissible concentration of
nitrobenzene in atmospheric air. Hyg. Sanit. (USSR} 29: 4-9.

Anonymous. {1980) Reports of studies on the measurement 6f th€ offensive odors (from
1972-1980) (in Japan). Tokyo, Japan: Japan Environment Agency.

Armit, H. W. (1907) The toxicology of nickel carbonyl. J. Hyg. 7: 525-551.

Backman, E. L. (1917) Experimentella undersoekningar oefver luktsinnets fysiologi. Upsala
Laekarefoeren. Foerh. 22: 319-470.

Backman, E. L. (1918) The olfactologie of the methylbenzol series. Onderzoekingen Gedaan in Het
Physiologisch Laboratorium der Utrechise Hogeschool S5 18: 349-364.

Baikov, B. K. (1963) Eksperimental’nye dannye k obosnovanniyu predel’no dopustimoi kontsentratsii
serougleroda i serovodoroda v atmosfernom vozdukhe pri ikh sovtestnom prisutstvii
[Experimental data for substantiating the maximum permissible concentration of carbon
disulfide in combination with hydrogen disulfide in the atmospheric air]. Gig. Sanit. 28: 3-8.

Baldus, C. (1936) Untersuchung ueber Geruchsswellen [Investigation of odor thresholds] [thesis].
Wurzburg, Germany.

Bartoshuk, L. M.; Cain, W. S. {1977) Chemoreception. in: Wolman, B. B., ed. International

encyclopedia of psychiatry, psychology, psychoanalysis, & neurology: v. 3. New York, NY:
Vvan Nostrand Reinhold Company; pp. 81-84.

3-1



Basmadshijewa, K.; Argirowa, M.; Dawidkswa, E. (1970) Hygienische Begrundung des MIK-Wertes
von Methylendichlorid in der Atmospharischen Luft. Wiss. Z. Humboldt Univ. Berlin Math.
~ Naturwiss. Reihe 19: 469-470.

Basmadzhieva, K.; Argirova, M. (1968) [Maximum permissible concentration of hydrogen sulfide and
phenol during their simultaneous presence in the atmospherel. Khig. Zdraveopaz. 11(3):
237-244.

Bedborough, D. R.; Trott, P. E. (1979) The sensory measurement of odours by dynamic dilution.
Stevenage, United Kingdom: Warren Spring Laboratory; report no. LR 299 (AP).

Belkov, A. N. {(1969) [Action of small concentrations of carbon tetrachloride on the human bodyl.
Nauchn. Tr. Tsentr. Inst. Usoversh. Vrachei 135: 90-96.

Berck, B. (1968) Sorption of phosphine by cereal products. J. Agric. Food Chem. 16: 41 9-425.

Berglund, B. (1974) Quantitative and qualitative analysis of industrial odors with human observers.
Ann. N. Y. Acad. Sci. 237: 35-51.

Berzins, A. (1968) [Determination of the threshold of olfactory perception of ethyleniminel. In:
Yavnaist, E. Yu., ed. Aktual’'nye Voprosy Gigieny Truda i Professional’noi Patologii Materialy
Konferentsii, 1st [Current problems of labor hygiene and occupational pathology: materials of
the conference); 19677 (published 1968); Riga, USSR; pp. 47-48.

Borisova, M. K. (1957) Eksperimental’'nye materialy k ustanovleniyu predel’no dopustimoi
kontsentratsii dikhioretana v atmosfernom vozdukhe [Experimental data for determination of
the maximum allowable concentration of dichloroethane in the atmospherel. Gig. Sanit. 22:
13-19.

Buchberg, H.; Jones, M. H.; Lindh, H. G.; Wilson, K. W. {(1961) Air pollution studies with simulated
atmospheres. Los Angeles, CA: California University; report’no. 61-44.

Cain, W. S. (1977) Differential sensitivity for smell: "noise at the nose". Science {(Washington, DC}
195: 796-798.

Cain, W. S. (1982) Odor identification by males and females. Prediction versus performance. Chem.
Senses 7: 129-142.

Cain, W. S.; Gent, J. F. (1991) Olfactory sensitivity: reliability, generality, and association with
aging. J. Exp. Psychol. Hum. Percept. Performance 17: 382-391.

Carpenter, C. P. (1937) The chronic toxicity of tetrachlorethylene. J. Ind. Hyg. Toxicol. 19:
323-336.

Carpenter, C. P.; Smyth, H. F., Jr.; Shaffer, C. B. (1948) The acute toxicity of ethylene imine to
small animals. J. Ind. Hyg. Toxicol. 30: 2-6.

Chao-Chen-Tzi. (1959) Materialy k gigienicheskomu normirovanniyu predel’'no dopustimoi
kontsentratsii parov metanola v atmosfernom vozdukhe [Data for determining the standard
maximum permissible concentration of methanol vapours in the atmospheric airl. Gig. Sanit.
24: 7-12.

Chizhikov, V. A. (1963) [Data for substantiating the maximum permissible concentration of
toluilendiisocyanate in the atmospheric air]. Gig. Sanit. 28: 8-15.

3-2



Coles, B. (1984) Effects of modifying structure on electrophilic reactions wnth biological
nucleophiles. Drug Metab. Rev. 15 1307-1334.

Cometto-Muniz, J. E.; Cain, W. S. {1982) Perception of nasal pungency in smokers and nonsmokers.
Physiol. Behav. 29: 727-731.

Cormack, D.; Dorling, T. A.; Lynch, B. W. J. (1974) Comparison of techniques for organoleptic
odour-intensity assessment. Chem. Ind. {(London) 16: 857-861.

Dalla Valle, J. M.; Dudley, H. C {1939) Public Health Rep. 54(1): 35.

Davis, P. A. (1934) Carbon tetrachloride as an industrial hazard. JAMA J. Am. Med. Assoc. 103:
962-966.

Deadman, K. A.; Prigg.'J. A. (1959) The odour and odorization of gas. London, United Kingdom: The
Gas Council; research communication GC59.

Deese, D. E.; Joyner, R. E. (1969} Vinyl acetate: a study of chronic human exposure. Am. Ind. Hyg.
Assoc. J. 30: 449-457.

Dixon, G. A.; lkels, K. G. (1977) Olfactory threshold of chlorine in oxygen. Brooks Air Force Base, _
TX: USAF School of Aerospace Medicine; report no. SAM-TR-77-22. Available from: Defense
Technical Information Center, Alexandria, VA; ADA046015.

Dodd, J.; Castellucci, V. F. (1991) Smell and taste: the chemical senses. In: Kandel, E. R.;
Schwartz, J. H.; Jessell, T. M., eds. Principles of neural science. 3rd ed. New York, NY:
Elsevier Science Publishing Company, Inc.; pp. 512-5629.

Doty, R. L.; Shaman, P.; Appelbaum, S. L.; Gibersen, R.; Sikorski, L.; Rosenberg, L. (1984) Smell
identification ability: changes with age. Science {Washingten, DC) 226: 1441-1443.

Dravnieks, A. (1972) Odor perception and odorous air pollution. Tappi 55: 737-742.

Dravnieks, A. (1974) A building-block model for the characterization of odorant molecules and their
odors. Ann. N. Y. Acad. Sci. 237: 144-163.

Dravnieks, A. (1980) Odor threshold measurement by dynamic olfactometry: significant operational
‘variables. J. Air Pollut. Control Assoc. 30: 1284-1289.

Dravnieks, A. (1985) Atlas of odor character profiles. Philadelphia, PA: American Society for Testing
and Materials; pp. 6-7. (Data series DS 61).

Dravnieks, A.; O Donnell, A. (1971) Principles and some techniques of hlgh -resolution headspace
analysis. J. Agric. Food Chem. 19: 1049-1056.

Dudley, H. C.; Miller, J. W. (1941) Toxicology of selenium: VI. effects of subacute exposure to
hygrogen selenide. J. ind. Hyg. Toxicol. 23: 470-477.

Eifimova, E. V. (1966) [Biological activity of low atmospheric concentrations of isopropylbenzene
and benzene]. Vop. Gig. Planirovki San. Okhr. Atmos. Vozdukha Moscow; pp. 148-158.

England, A.; Laing, D. G.; Panhuber, H. (1978) Odorous pollutants. CSIRO Division of Food
Research; report of research 1977-1978; p. 23.

3-3



Fazzalari, F. A., ed. (1978) Compilation of odor and taste threshold values data. Philadelphia, PA:
American Society for Testing and Materials. (ASTM data series DS48A).

Fel’dman, Yu. G.; Bonashevskaya, T. 1. {1971) On the effects of low concentrations of
formaldehyde. Hyg. Sanit. (USSR) 36: 174-180.

Fieldner, A. C.; Katz, S. H.; Kinney, S. P. (1921) Gas masks for gases met in fighting fires.
Washington, DC: U.S. Department of the Interior, Bureau of Mines; technical paper no. 248.

Filatova, V. I. (1962) Materialy k obosnovanniyu predel’no dopustimoi kontsentratsii metilmetakrilata
v atmosfernom vozdukhe [Data for substantiating the maximum permissible concentration of
methylmethacrylate in the atmospheric airl. Gig. Sanit. 27: 3-8.

Fluck, E. {(1976) The odor threshold of phosphine. J. Air Pollut. Control Assoc. 26: 795.

Flury, F. (1921) Ueber Kampfgasvergiftuhgen. IX. Lokal reizende Arsenverbindungen [Combat gas
poisonings. IX. Locally irritating arsenic compounds]. Z. Gesamte Exp. Med. 13: 523-578.

Fomin, A. P. (1966) Biological effects of epichlorohydrin and its hygienic significance as an
atmospheric poliutant. Hyg. Sanit. (USSR) 31: 357-363.

Foster, D. (1963) Odors in series and parallel. Proc. Sci. Sect. Toilet Goods Assoc. 39: 1-6. .

Frantikova, D. (1962) [Determination of the olfactory threshold to industrial poisons]. Act. Nerv.
Super. 4: 184-185.

Gavaudan, P.; Poussel, H. (1966) Conditions physico-chimiques du declenchement des sensations
olfactives. C. R. Congr. Natl. Soc. Savantes Sect. Sci. 90: 607-613.

Gavaudan, P.; Poussel, H.; Brebion, G.; Schutzenberger, M. P. (1948) L'etude des conditions
thermodynamiques de I'excitation olfactive et les theories de I'olfaction. C. R. Hebd. Seances
Acad. Sci. 226: 1995-1396.

Geier, F. (1936) Beitrag zur Bestimmung von Geruchsschwellen [thesis]. Wurzburg, Germany.

Gofmekler, V. A. (1960) Materialy k obosnovanniyu predel'no dopustimoi kontsentratsii' atsetatov v
atmosfernom vozdukha [Data to substantiate the maximum permissible concentration of
acetates in the atmosphere]. Gig. Sanit. 25: 9-15.

Gofmekler, V. A. {(1967) Experimentalni sledovani refiektorickeho pusobeni acetaldehydu na lidsky
organismus [Experimental observation of the reflex effect of acetaldehyde upon human

organism]. Cesk. Hyg. 12: 369-375.

Grigor'eva, K. V. (1964) Studies on pollution of atmospheric air with maleic anhydride. Hyg. Sanit.
{USSR) 29: 7-11.

Grijns, G. (1906) Messungen der Riechscharfe bei European und Javanen. Arch. Anat. Physiol.
Physiol. Abt. 30: 509-517.

Grijns, G. (1919) Y-a-t-il une relation entre le pouvoir absorbant a I'egard de la chaleur rayonnante et
le pouvoir odorant des substances. Arch. Neerl. Physiol. 3: 377-390.

Gundlach, R. H.; Kenway, G. (1939) A method for the determination of olfactory thresholds in
humans. J. Exp. Psychol. 24: 192-201.

3-4



Gusev, |. S. (1965) Reflective effects of microconcentrations of benzene, toluene, xylene and their
comparative assessment. Hyg. Sanit. (USSR) 30: 331-336.

Hangartner, M. (1981) Geruchsprobleme bei der Abfallbeseitigung. Haustech. Bauphys. Umwelttech.
Gesund. Ing. 102: 117-120.

Hartung, L. D.; Hammond, E. G.; Miner, J. R. (1971) ldentification of carbonyl compounds in a
swine-building atmosphere. In: Livestock waste management and pollution abatement:
proceedings of the international symposium; Columbus, OH. St. Joseph, Mi: Amencan
Society of Agricultural Engineers; pp. 105-106.

Hellman, T. M.; Small, F. H. (1973) Characterization of odors from the petro-chemical industry.
Chem. Eng. Prog. 69: 75-77.

Hellman, T. M.; Small, F. H. (1974) Characterization of the odor properties of 101 petrochemicals
using sensory methods. J. Air Pollut. Control Assoc. 24: 979-982.

Henning, H. (1924) Die Physik des Geruches [The physics of odorl]. In: Der Geruch: Ein Handbuch
[Odor: a handbook]; pp. 146-163, 400-417.

- Henschler, D.; Assmann, W.; Meyer, K.-O. (1962) Zur Toxikologie der Toluylendiisocyanate
[Toxicology of toluene diisocyanate]. Arch. Toxikol. 19: 364-387.

Hermanides, J. (1909) Over de constanten der in de olfactometri gebruikelijke negen
standaardgeuren [thesis]. Utrecht, The Netherlands.

Heyroth,' F. F. (1963) Halogens. In: Patty, F. A.; Fassett, D. W.; Irish, D. D., eds. Industrial hygiene
and toxicology: v. ll, toxicology. 2nd rev. ed. New York, NY: Interscience Publishers; pp.
831, 849-851.

Hildenskiold, R. S. (1959) O predel’no depustimom soderzhanii ser/ougleroda atmosfernom vozdukhe
naselennykh mest [Maximum permissible concentration of carbon bisulphide in the
atmospheric air of residential districts]. Gig. Sanit. 24: 3-8.

Hine, C. H.; Pasi, A.; Stephens, B. G. {1978) Fatalities following exposure to 2-nitropropane. J.
Occup. Med. 20: 333-337.

Holland, J. (1974) Memorandum to S. C. Kelton, Jr., Rohm & Hass Company. In: Documentation of
the threshold limit values. 3rd ed. 1971; 4th printing 1977. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists; p. 411.

Hollingsworth, R. L.; Rowe, V. K.; Oyen, F.; Hoyle, H. R.; Spencer, H. C. (1956) Toxicity of
paradichlorobenzene: determinations on experimental animals and human subjects. AMA
Arch. Ind. Health 14: 138-147.

Homans, W. J.; Kohler, H.; Paul, E.; Bardtke, D. (1978) Bestimmung von Geruchsschwellwerten mit
dem Oifaktometer TO4 in Kombination mit dem Flammenionisationsdetektor (FID)
[Determination of odor threshold values with the Olfaktometer TO4 in combination with the
flame ionization detector (FID)]. Staub Reinhalt. Luft 38: 217-221.

Hori, M.; Kobayashi, Y.; Ota, Y. (1972) Vinyl chloride monomer odor concentration. Plast. Ind. News
18: 164-168.

Huijer, H. (1917) De olfactologie van aniline en homolegen [thesis]. Utrecht, The Netherlands.

3-5



imasheva, N. B. {1963) K obosnovanniyu predel’no dopustimykh kontsentratsii atsetofenona v
atmosfernom vozdukhe [The substantiation of the maximal permissible concentrations of

h acetophenon in the atmospheric air]. Gig. Sanit. 28: 3-8.

Irish, D. D. (1963) Halogenated hydrocarbons: . aliphatic. In: Patty, F. A.; Fassett, D. W.; lrish, D.
D., eds. Industrial hygiene and toxicology: v. li, toxicology. 2nd rev. ed. New York, NY:
interscience Publishers; pp. 1211, 1305-1307.

itskovich, A. A.: Vinogradova, V. A. (1962) [Norms for phenol in the atmosbhere]. Okhr. Prir. Sibiri
i Dal'nego Vos. Sb. (1): 139-145.

lvanov, S. V. (1964) Materialy po toksikologii i gigienicheskomu normirovanniyu etilbenzola v
vozdukhe rabochikh pomeshchenii [Materials on toxicology and hygienic rating of ethylbenzol
content in the atmosphere of industrial premises). Gig. Tr. Prof. Zabol. 8: 9-14.

Jacobson, K. H.; Clem, J. H.; Wheelwright, H. J., Jr.; Rinehart, W. E.; Mayes, N. {1955) The acute
toxicity of the vapors of some methylated hydrazine derivatives. AMA Arch. Ind. Health 12:
609-616.

Jacobson, K. H.; Hackley, E. B.; Feinsilver, L. (1956) The toxicity of inhaled ethylene oxide and
propylene oxide vapors: acute and chronic toxicity of ethylene oxide and acute toxicity of
propylene oxide. AMA Arch. Ind. Health 13: 237-244.

Jacobson, K. H.; Rinehart, W. E.; Wheelwright, H. J., Jr.; Ross, M. A.; Papin, J. L.; Daly, R. C.;
Greene, E. A.; Groff, W. A. (1958) The toxicology of an anitine-furfuryl! alcohol-hydrazine
vapor mixture. Am. Ind. Hyg. Assoc. J. 19: 91-100.

Janicek, G.; Pliska, V.; Kubatova, J. (1960) Olfaktometricke urcovani meze vnimani vonnych latek
prutokovym olfaktometrem [Olfactometric estimation of the threshold of perception of
odorous substances by a flow olfactometer]. Cesk. Hyg. 5: 541-447.

Jeltes, R. (1975) Measurements of organic substances in the atmosphere in The Netherlands in
relation to their possible detrimental effect. In: Hambraeus, G.; Jung, |., eds. Verunreinigung
der Luft. Stockholm, Sweden; IVA rapport 78; pp. 21-39.

Jones, F. N. (1954) An olfactometer permitting stimulus specification in-molar terms. Am. J.
Psychol. 67: 147-1561.

Jones, F. N. (1955) OIfactory absolute thresholds and their implications for the nature of the
receptor process. J. Psychol. 40: 223-227.

Jung, J. (1936) Untersuchung ueber Geruchsschwellen [Investigation of odor thresholds] [thesis].
Wurzburg, Germany.

Katz, S. H.: Talbert, E. J. (1930) Intensities of odors and irritating effects of warning agents for
inflammable and poisonous gases. Washington, DC: U.S. Department of Commerce, Bureau
of Mines; technical paper 480.

Kendall, D. A.; Leonardus, G.; Rubin, E. R. (1968} Parameters affecting the determination of odor
thresholds. Cambridge, MA: Arthur D. Little, Inc.; report no. C-68988.

Kimmerle, G.; Eben, A. (1964) Zur Toxicitaet von Methylisocyanat und dessen quantitativer

Bestimmung in der Luft [Toxicity of methylisocyanate and its quantitative determination in the
air]. Arch. Toxikol. 20: 235-241.

3-6



Kincaid, J. F.; Stanley, E. L.; Beckworth, C. H.; Sunderman, F. W. (1956) Nicke! poisoning: Il.
procedures for detection, prevention, and treatment of nickel carbony! exposure including a
method for the determination of nickel in biologic materials. Am. J. Clin. Pathol. 26:
107-119.

Knuth, H. W. (1973) [Personal communication]. Institute fur Chemische Technologie, TU Clausthal
[cited in Gemert and Nettenbreijer, 19771].

Koelega, H. S. (1974) Ann. N. Y. Acad. Sci. 237: 238.

Korneev, Yu. E. (1965) Effect of the combined presence of low concentrations of phenol and
acetophenone in the urban atmosphere. Hyg. Sanit. (USSR) 30: 336-345.

Koster, E. P. (1971) Adaptation and cross-adaptation in olfaction {thesis]. Utrecht, The Netherlands.

Kramer, C. B. (1976} [Written communication, June 1974]. In: Criteria for a recommended
standard...occupational exposure to chlorine. Cincinnati, OH: U.S. Department of Health,
Education and Welfare, National Institute for Occupational Safety and Health; HEW
publication no. (NIOSH) 76-170; p. 34.

Krichevskaya, 1. M. (1968) Biological effect of caprolactam and its sanitary-hygienic assessment as
an atmospheric pollutant. Hyg. Sanit. (USSR) 33: 24-31. :

Kristesashvili, Ts. S. (1965) The maximum permissible concentration of pyridine in the air. Hyg.
Sanit. (USSR} 30: 173-177. :

Kurtschatowa, G.; Dawidkowa, E. (1970} Hygienische Begrundung des Kurzzeit-MIK-Wertes von
4,6,-Dinitro-o-Kresol in der Atmospharischen Luft. Wiss. Z. Humboldt Univ. Berlin Math.
Naturwiss. Reihe 19: 467-468.

Laffort, P.; Dravnieks, A. {1973) An approach to a physico-chemic/al model of olfactory stimulation
in vertebrates by single compounds. J. Theor. Biol. 38: 335-345.

Laing, D. G.; Panhuber, H.; Baxter, R. |. {1978) Olfactory properties of amines and n-butanol. Chem.
Senses Flavour 3: 149-166.

Lehmann, K. B.; Schmidt-Keh!, L. (1936) Die 13 wichtigsten Chlorkohlenwasserstoffe der Fettreihe
vom Standpunkt der Gerwerbehygiene [The 13 most important chlorohydrocarbons of the
aliphatic series in terms of occupational hygiene]. Arch. Hyg. 116: 131-143.

Leonardos, G.; Kendall, D.; Barnard, N. (1969) Odor threshold determinations of 53 odorant
chemicals. J. Air Pollut Control Assoc. 19: 91-95.

Li-Shen. (1961) Materialy k obosnovaniyu predel’'no dopustimoi kontsentratsii stirola v atmosfernom
vozdukhe [Data for substantiating the maximum permissible concentration of styrol in
atmospheric air]. Gig. Sanit. 26: 11-17.

Lillard, D. A.; Powers, J. J. (1975) Aqueous odor thresholds bf organic pollutants in industrial
effluents. U.S. Environmental Protection Agency; pp. 8-9; EPA report no. EPA-660/4-75-002.
Available from: NTIS, Springfield, VA; PB-242734.

Makeicheva, N. A. (1978) [Data for hygienic standardization of a mixture of furfurol, formaldehyde,
phenol and acetone in the atmosphere]. Gig. Sanit. (9): 314-317.



Makhinya, A. P. (1966) Hygienic assessment of atmospheric air polluted by sulfur dioxide with
phenol. Hyg. Sanit. (USSR) 31: 314-317.

Malyarova, L. K. (1967) [Biological action and hygienic significance of trichloroethylene as an
atmospheric pollutant]. in: Shitskova, A. P., ed. Materialy Nauchno-Prakticheskoi Konferentsii
Moldoykh Gigienistov i Sanitarnykh Vrachei, 11th; June; Moscow, USSR [Materials of the
scientific-practical conference of young hygienists and physicians]; pp. 56-59.

Mateson, J. F. (1955) Olfactometry: its techniques and apparatus. J. Air Poliut. Control Assoc. 5:
167-170.

May, J. (1966) Geruchsschwellen von Loesemitteln zur Bewertung von Loesemittelgeruechen in der
Luft [Odor thresholds of solvents for assessment of solvent odors in the air]. Staub Reinhalt.
Luft 26: 385-389.

McCawley, E. L. (1942) The comparative toxicity of 2-chloro-2-butene, 1,2,3-trichlorobutane and
1,2-dichloroethane. Univ. Calif. Publ. Pharmacol. 2: 89-98.

Melekhina, V. P. (1958) K voprosu o predel’no dopustimoi kontsentratsii formal’degida v
atmosfernom vozdukhe [The maximum permissible concentration of formaldehyde in the
atmospheric airl. Gig. Sanit. 23: 10-14.

Melekhina, V. P. (1968) The problem of combined action of three mineral acids. In: Levine, B. S., ed.
USSR literature on air poliution and related occupational diseases, v. 16; pp. 76-81.

Mitchell, M. J.; McBride, R. L. (1971) Effects of propanol masking odor in the olfactory intensity of
eugenol. J. Exp. Psychol. 87: 309-313.

Mitsumoto, T. (1926) Olfaktometrische Untersuchungen [Olfactometric investigations]. Z.

Sinnesphysiol. 57: 144-165, 317. '
—~

Mnatsakanyan, A. V. {1962) Basic experimental information for the determination of the limit of
allowable chloroprene concentration in atmospheric air. In: Ryazanov, V. A., ed.; Levine, B.
S., translator. Limits of allowable concentrations of atmospheric pollutants: book 5.
Washington, DC: U.S. Department of Health, Education, and Welfare, Public Health Service;
pp. 79-85.

Moncrieff, R. W. {1951) Chemical senses. 2nd. ed. London, United Kingdom: L. Hill; p. 100.

Morimura, S. (1934) Untersuchung ueber den Geruchssinn [Investigation of the sense of smell].
Tohoku J. Exp. Med. 22: 417-448.

Muehien, Th. (1968) Messungen von Styrol-Emissionen und -Immissionen mit Hilfe der
Gaschromatographie [Measurements of styrol emissions and immissions with the help of gas
chromatography). Zentralbl. Arbeitsmed. Arbeitsschutz 18: 41-43.

Mukhitov, B. M. (1962) Eksperimental'nye materialy k obosnovanniyu predel’no dopustimoi
kontsentratsii fenola v atmosfernom vozdukhe [Experimental data for substantiating maximum
permissible concentration of phenol in the atmospheric air). Gig. Sanit. 27: 16-24.

Mukhitov, B. M.; Azimbekov, A. A. (1972} [Hygienic evaluation of methyl ethy! ketone as an
atmospheric pollutant]. In: Filin, A. P., ed. Voprosy Gigieny Truda i Profzabolevanii, Materialy
Nauchnoi Konferentsii; 1971; Karaganda, USSR [Problems of labor hygiene and occupational
diseases: materials of the scientific conferencel; pp. 232-234.

3-8



Mullins, L. J. (1955) Olfaction. Ann. N. Y. Acad. Sci. 62: 249-276.

~ Nader, J. S. (1958) An odor evaluation apparatus for field and laboratory use. Am. Ind. Hyg. Assoc.
J. 19:1-7.

Naus, A. {1962) In: 1975 publication of olphactoric properties of industrial matters. Prague,
Czechoslovakia: Charles University; p. 39.

Nikiforov, B. (1970) [Basis for the single maximum permissible level of carbon tetrachloride in the
atmosphere]. Khig. Zdraveopaz. 13: 365-370.

Novikov, Yu. V. (1957) The determination of limits of allowable concentrations of benzene in
atmospheric air. In: Ryazanov, V. A., ed. Limits of allowable concentrations of atmospheric
: pollutants: book 3—1957; translation by Levine, B. S. Washington, DC: U.S. Department of
Commerce; report no. 59-21176; pp. 69-87.

Nystrom, A. E. (1948) Health hazards in the chloroprene rubber industry and their prevention: a
clinica! and experimental study with special reference to chloroprene as well as oxidation and
polymerization products thereof. Acta Med. Scand. Suppl. 219: 33-41, 47-51, 81-83,
107-109, 119-125.

Odoshashvili, D. G. {1962) Materialy k obosnovanniyu predel’no dopustimoi kontsentratsii
dimetilformamida v atmosfernom vozdukhe [Data for substantiating the level of maximum
permissible concentration of dimethylformamide in the atmospheric airl. Gig. Sanit. 27: 3-7.

Oglesby, F. L.; Sterner, J. H.; Anderson, B. (1947} Quinone vapors and their harmful effects: Il.
plant exposures associated with eye injuries. J. Ind. Hyg. Toxicol. 29: 74-84.

Passy, J. {(1892) Les properties odorantes des alcools de la serie grasse. C. R. Hebd. Seances Acad.
Sci. 114: 1140-1143. _

Passy, J. {1893) Pouvoir'odorant du chloroforme, du Bromoforme et de {'iodoforme. C. R. Hebd.
Seances Acad. Sci. 116: 769-770.

Patty, F. A. (1963a) Inorganic compounds of oxygen, nitrogen, and carbon. In: Patty, F. A.; Fassett,
D. W.; Irish, D. D., eds. Industrial hygiene and toxicology: v. ll, toxicology. 2nd rev. ed. New
York, NY: Interscience Publishers; pp. 911, 939-940.

Patty, F. A. (1963b) Arsenic, phosphorus, selenium, sulfur, and tellurium. In: Patty, F. A.; Fassett,
D. W.; Irish, D. D., eds. Industrial hygiene and toxicology: v. ll, toxicology. 2nd rev. ed. New
York, NY: Interscience Publishers; pp. 871, 878-880.

Patty, F. A.; Yant, W. P. (1929) Odor intensity and symptoms produced by commerdial propane,
butane, pentane, hexane, and heptane vapor. Washington, DC: U.S. Department of
Commerce, Bureau of Mines; report no. R. 1. 2979.

Pliska, V.; Janicek, G. (1965) Die Veraenderungen der Wahrnehmungsschwellen-Konzentration der
Riechstoffe in Einigen Homologischen Serien [Changes in perception threshold concentrations
of scents in several homologic series]. Arch. int. Pharmacodyn. 156: 211-216.

“Plotnikova, M. M. (1957) Materialy k gigienicheskoi otsenke akrolenia kak atmosfernogo

zagryazneniya [Data on hygienic evaluation of acrolein as a pollution of the atmosphere]. Gig.
Sanit. 22: 10-15.

3-9



Pogosyan, U. G. (1965) The effect on man of the combined action of small concentrations of
acetone and phenol in the atmosphere. Hyg. Sanit. (USSR) 30: 1-9.

Polgar, L. G.; Duffee, R. A.; Updyke, L. J. (1975) Odor characteristics of mixtures of sulfur
compounds emitted from the viscose process. Presented at: 68th annual meeting of the Air
Pollution Control Association; June; Boston, MA. Pittsburgh, PA: Air Pollution Control
Association; paper no. 75-565.2.

Poziomek, E. J.; Boshart, G. L.; Crabtree, E. V.; Dehn, R.; Green, J. M.; Hoy, D. J.; Mackay, R. A.;
Pryor, G. T.; Stone, H.; Tanabe, M. (1971) Research in the olfactory detection of chemical
agents. Microchem. J. 16: 136-144.

Pozzani, U. C.; Carpenter, C. P.; Palm, P. E.; Weil, C. S.; Nair, J. H., Ill. (1959) An investigation of
the mammalian toxicity of acetonitrile. J. Occup. Med. 1: 634-642.

Prusakov, V. M.; Dushutin, K. K.; Ladygina, N. N.; Verzhbitskaya, E. A. {1976) Kombinirovannoe
blivainie produktov vzaimodeistviya dimetilamina i dvuokisi azota na obonyatel’nyi anolizator
cheloyeka [A combined action of the products of the interaction of dimethylamine and

“nitrogen dioxide on the olfactory analyzer of man]. Gig. Sanit. 41: 14-18.

Punter, P. H. (1975) Onderzoek naar de Reukgevoeligheid en mogelijke mengeffecten van de 6
belangrijkste componenten van vartkensmest {unpublished report]. Utrecht, The Netherlands:
University of Utrecht, Psychological Laboratory [cited in Gemert and Nettenbreijer, 19771.

Punter, P. H. {(1979) Personal communication. Utrecht, Federal Republic of Germany, Psychological
Laboratory [cited in Gemert and Nettenbreijer, 19771.

Punter, P. H. (1980} Measurement of human olfactory threshold for several groups of structurally
related compounds. [Published as Punter, 1983).

Punter, P. H. (1983) Measurement of human olfactory thresholds {6t several groups of structurally
related compounds. Chem. Senses 7: 215-235.

Randebrock, R. Em. (1 971) Molecular theory of odor with the a-helix as potential perceptor. In:
Ohloff, G.; Thomas, A. F., eds. Gustation and olfaction. London, United Kingdom: Academic
Press; pp. 111-125. . )

Recknagel, R. O.; Glende, E. A. (1973) Carbon tetrachloride hepatotoxicity: an example of lethal
clearage. Crit. Rev. Toxicol. 2: 263-297.

Reed, R. R. (1990) How does the nose know? Cell 60: 1-2.

Ripp, G. Kh. (1968) Hygienic basis for the determination of the allowable concentration limit of
divinyl in atmospheric air. In: U.S.S.R. literature on air poliution and related occupational
diseases: v. 17; pp. 18-32.

Robbins, M. C. (1951). Determination of naphthalene in air. AMA Arch. Ind. Hyg. Occup. Med. 4:
85-87.

Roberson, C. L.; Menzie, C.; Cha, S. S.; Duffee, R. A. (1989) Odorous compounds: identification in
tar-contaminated soil samples from manufactured gas plants. Chicago, IL: Gas Research
institute; report no. GRI-89/0233.

Rocen, E. (1920) Contribution to the localisation of "sweet smell". Scand. Arch. Physiol. 40:
129-144.

3-10



Rowe, V. K. {1975) [Private communication]. Cited in: Documentation of the threshold limit values
and biological exposure indices. 5th ed. 1986. Cincinnati, OH: American Conference of
Governmental Industrial Hygienists; p. 593.

Rumsey, D. W.; Cesta, R. P. {1970} Odor threshold levels for UDMH and NO,. Am. Ind. Hyg. Assoc.
J. 31: 339-342.

Rupp, H.; Henschler, D. {1967) Wirkungen geringer Chlor- und Bromkonzentrationen auf den
Menschen [Effects of low chlorine and bromine concentrations on manl. Int. Arch.
Gewerbepathol. Gewerbehyg. 23: 79-90.

Sadilova, M. S. (1968) Studies in the standardization of maximum allowable hydrogen fluoride
concentrations in the air of inhabited areas. In: U.S.S.R. literature on air pollution and related
occupational diseases: v, 17; pp. 118-128.

Sales, M. (1958) Odeur et odorisation des gaz (IGU/36-58). In: Proceedings of the 7th international
gas conference; Rome, Italy.

Scherberger, R. F.; Happ, G. P.; Miller, F. A.; Fassett, D. W. (1958) A dynamic apparatus for
preparing air-vapor mixtures of known concentrations. Am. ind. Hyg. Assoc. J. 19: 494-498.

Schley, 0.-H. (1934) Untersuchung ueber Geruchsschwellen [Investigation of odor thresholds]
[thesis]. Wurzburg, Germany.

Sgibnev, A. K. (1968) Bliyanie malykh kontsentratsii parov formal‘degida na organizm cheloveka
[The action of low formaldehyde fumes concentrations on the human organism]. Gig. Tr.
Prof. Zabol. 12: 20-25.

Shell Chemical Corporation.. {1958} Toxicity data sheet: allyl chloride. New York, NY: Industrial
Hygiene Department; industrial hygiene bulletin no. SC 57§0.

Shell Chemical Corporation. {1959) Toxicity data sheet: epichlorohydrin. New York, NY: Industrial
' Hygiene Department; industrial hygiene bulletin no. SC 57-86.

Singh, P.; Ramasivan, T.; Krishnamurthy, K. (1867) A simple phosphine detector. Bull. Grain
Technol. b: 24-26.

Sinkuvene, D. S. (1970) Hygienic evaluation of acrolein as an air pollutant. Hyg. Sanit. {USSR) 35:
325-329.

Slavgorodskiy, L. P. {1968) Biological effects and hygienic evaluation of air by phthalic anhydride.
In: U.S.S.R. literature on air pollution and related occupational diseases: v. 17; pp. 54-59.

Smith, H. O.; Hochstettler, A. D. (1969) Determination of odor thresholds in air using C'“-labeled
compounds to monitor concentrations. Environ. Sci. Technol. 3: 169-170.

Smolczyk, E.; Cobler, H. (1930) Chemischer Nachweis von Atemgiften und subjektive
Empfindlichkeit [Chemical proof of respiratory poisons and subjective sensitivityl. Gasmaske
2: 27-33.

Solomin, G. I. (1961) Materialy k obosnovanniyu predel’'no dopustimoi kontsentratsii dinila v
atmosfernom vozdukhe [Data substantiating maximum permissible concentration of dinyl in
atmospheric air]. Gig. Sanit. 26: 3-8.

3-11



Solomin, G. I. (1964) Experimental data on the hygienic substantiation of the single permissible
concentrations of isopropylbenzene and isopropylbenzene hydroperoxide in atmospheric air.
Hyg. Sanit. (USSR} 29: 1-8.

Stahl, W. H., ed. (1973) Compilation of odor and taste threshold values data. Philadelphia, PA:
American Society for Testing and Materials; ASTM data series DS 48.

Stalker, W. W. {1963) Defining the odor problem in a community. Am. Ind. Hyg. Assoc. J. 24:
600-605.

Steinmetz, G.; Pryor, G. T.; Stone, H. (1969) Effect of blank samples on absolute odor threshold
determinations. Percept. Psychophys. 6: 142-144.

Stone, H.; Pryor, G. (1967) Some properties of the olfactory system of man. Percept. Psychophys.
2: 516-518.

Stone, H.; Pryor, G.; Colwell, J. (1967) Olfactory detection thresholds in man under conditions of
rest and exercise. Percept. Psychophys. 2: 167-170.

Stone, H.; Pryor, G. T.; Steinmetz, G. (1972) A comparison of olfactory adaptation among seven
odorants and their relationship with several physicochemical properties. Percept. Psychophys.
12: 501-504.

Stuiver, M. (1958) Biophysics of the sense of smell [thesis]. Groningen, Federal Republic of
Germany.

Styazhkin, V. M. {(1963) Experimental basis for the determination of allowable concentrations of
chlorine and HCI gas simultaneously present in atmospheric air. In: U.S.S.R. literature on air
polliution and related occupational diseases: v. 8; pp. 158-164.

Suchier, A. (1930) Reagenspapier zum Nachweis Kleiner Mengen Phosgen [Reagent paper to test for
small quantities of phosgenel. Z. Anal. Chem. 79: 183-185.

Sutton, W. L. {1963) Heterocyclic and miscellaneous nitrogen compounds. In: Patty, F. A.; Fassett,
D. W.; Irish, D. D., eds. Industrial hygiene and toxicology: v. ll, toxicology. 2nd rev. ed. New
York, NY: interscience Publishers; pp. 2171, 2189-2191.

Takhiroff, M. T. (1957) Materialy k obosnovanniyu predel’'no dopustimoi kontsentratsii khiora v
atmosfernom vozdukhe [Maximum allowable concentration of chlorine in the atmosphere
based on experimental datal. Gig. Sanit. 22: 13-18.

Takhirov, M. T. (1974) [Experimental study of the combined action of six atmospheric pollutants on
the human organisml. Gig. Sanit. 39: 100-102.

Tarkhova, L. P. (1965) Materials for determining the maximum permissible concentration of
chlorobenzol in atmospheric air. Hyg. Sanit. {USSR) 30: 327-333.

Tausch, R.: Serafetinides, E. A. (1975) Human temporal lobe and olfaction. In: Denton, D. A.;
Coghlan, J. P., eds. Olfaction and taste V: proceedings of the fifth international symposium;
1974. New York, NY: Academic Press.

Tempelaar, H. C. G. (1913) Over den invioed van licht op reukstoffen [Influence of light on odors]
[thesis]. Utrecht, The Netherlands.

3-12



Teranishi, R.; Buttery, R. G.; Guadagni, D. G. {(1974) Odor quality and chemical structure in fruit and
vegetable flavors. Ann. N. Y. Acad. Sci. 237: 209-216.

Tkach, N. Z. (1965) Combined effect of acetone and acetophenone in the atmosphere. Hyg. Sanit.
(USSR) 30: 179-1865.

Tkachev, P. G. (1963) Materialy k obosnovanniyu predel’no dopustimoi kontsentratsii anilina v
atmosfernom vozdukhe [Data for substantiating the maximum permissible concentration of
aniline in the atmospheric air]. Gig. Sanit. 28: 3-11.

Tkachev, P. G. (1970) Triethylamine in air: hygienic significance and hygienic standards. Hyg. Sanit.
(USSR) 35: 8-13.

Torkelson, T. R.; Rowe, V. K. (1981) Halogenated aliphatic hydrocarbons containing chlorine
bromine and iodine. In: Clayton, G. D.; Clayton, F. E., eds. Patty’s industrial hygiene and
toxicology: v. 2B, toxicology. 3rd rev. ed. New York, NY: John Wiley & Sons; pp.
3433-3502, 3560-3568.

Torkelson, T, R.; Wolf, M. A.; Oyen, F.; Rowe, V. K. (1959) Vapor toxicity of allyl chloride as
determined on laboratory animals. Am. Ind. Hyg. Assoc. J. 20: 217-223.

Treon, J. F.; Dutra, F. R. {1952) Physiological res;ponse of experimental animals to the vapor of
2-nitropropane. Arch. Ind. Hyg. Occup. Med. 5: 52-61.

Treon, J. F.; Cleveland, F. P.; Cappel, J. {1955) The toxicity of hexachlorocyclopentadiene. AMA
Arch. Ind. Health 11: 459-472.

Turk, A. (1973) Expressions of gaseous concentration and dilution ratios. Atmos Environ. 7:
967-972.
”~
U.S. Environmental Protection Agency. (1990) Interim methods for development of inhalation
reference concentrations [review draft]. Research Triangle Park, NC: Office of Health and
Environmental Assessment, Environmental Criteria and Assessment Office; EPA report no.
EPA-600/8-90/066. Available from: NTIS, Springfield, VA; PB90-238890.

U.S. Environmental Protection Agency. (1991) IRIS, Integrated Risk Information System [data base].
Cincinnati, OH: Office of Health and Environmental Assessment, Environmental Criteria and
Assessment Office. Online.

Ubaidullaev, R. (1966) Effect of low concentrations of methanol vapor on man and animals. Hyg.
Sanit. (USSR) 31: 8-12.

Vaca, C. E.; Wilhelm, J.; Harms-Ringdahl, M. {1988) Interaction of lipid peroxldatlon products with
DNA. A review. Mutat. Res. 195: 137-149.

Valentin, G. (1848) Lehrbuch der Physiologie des Menschen 2.2 [Textbook of human physiology
2.2]. Braunschweig, Germany: Friedrich Bieweg und Sohn; pp. 279-283.

Valentin, G. (1850) Lehrbuch der Physiologie des Menschen 2.3 [Textbook of human physiology
2.3]. Braunschweig, Germany: Friedrich Bieweg und Sohn; pp. 271-274.

Van Anrooji, A. (1931) Desodorisatie langs photochemischen weg [thesis]. Utrecht, The
Netherlands.

3-13



Van Gemert, L. J. (1982) Compilation of odor threshold values in air: supplement V. Zeist, The
Netherlands: Central institute for Nutrition and Food Research TNO.

Van Gemert, L. J.; Nettenbreijer, A. H., eds. (1977) Compilation of odour threshold values in air and
water. Zeist, The Netherlands: Central Institute for Nutrition and Food Research TNO.

Verschueren, K., ed. (1977) Handbook of environmental data on organic chemicals. New York, NY:
Van Nostrand Reinhold Company.

Washburn, E. W. (1926) ATPDB: v. 1. p. 360.

Weitbrecht, U. (1957) Beurteilung der Trichioraethylen-Gefaehrdung im Betrieb [Evaluating the
danger of industrial trichloroethylenel. Zentralbl. Arbeitsmed. Arbeitsschutz 7: 55-58.

Winneke, G.; Kastka, J. (1975) Wirkung von Geruchsstoffen auf den Menschen [Effects of odors on
humans]. In: Geruchsprobleme bei Tierhaltung und Tierkorperbeseitigung [Odor problems in
caring for and disposing of animals]. Dusseldorf, Federal Republic of Germany: VvDI-Ber. 226:
11-24.

Wirth, W.; Klimmer, O. (1937) Zur Toxikologie der organischen Loesungsmittel. 1-4-Dioxan
(Diaethylendioxyd) [Toxicology of organic solvents. 1-4-Dioxan (diethylene dioxide)l. Arch.
Gewerbepathol. Gewerbehyg. 7: 192-206.

Wolf, M. A.; Rowe, V. K.; McCollister, D. D.; Hollingsworth, R. L.; Oyen, F. (1956) Toxicological
studies of certain alkylated benzenes and benzene: experiments on laboratory animals. AMA
Arch. Ind. Health 14: 387-398.

Woolrich, P. F. (1982) Toxicology. industrial hygiene and medical control of TDI1, MDI and PMPPI.
Am. Ind. Hyg. Assoc. J. 43: 89-97.

Yuldashev, T. (1965) Maximum permissible concentration of ethyle’ne oxide in the atmosphere. Hyg.
Sanit. (USSR) 30: 1-6.

Zapp, J. A., Jr. (1957) Hazards of isocyanates in polyurethane foam plastic production. AMA Arch.
Ind. Health 15: 324-330.

Zwaardemaker, H. (1914) Geruch und Geschmack [Smell and tastel. In: Tigerstedt, R., ed.

Handbuch der physiologischen [Handbook of physiological methodology]. Methodik ill, 1.
Leipzig, Germany: S. Hirzel; pp. 46-108. [Corrected by Tempelaar {(1913)].

3-14





