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ABSTRACT
A detailed examination of behavioral and neurophysiological methods
used in toxicity testing in the Soviet Union was the purpose of this
study. The impetus for making this examination was the recognition that
differences exist between Soviet and American standards for allowable
concentrations of some chemical contaminants found in the ambient air of
workplaces. A comparison of reconunended limits for 100 common contaminants
showed recommended Soviet Maximum Allowable Concentrations (MAC) to be
lower than American reconunendations in 78 cases. A contributing factor to
this difference in reconnnended MACs has been the use by Soviet toxicologists
of behavioral and neurophysiological methods. A critical examination of
the more connnon Soviet behavioral toxicology methods, includi!).g details of
methodology, formed the product of this investigation.
The following methods were identified as being standard methods used
in Soviet toxicity testing: 1) olfactory sens~tion, 2) eye-light sensitivity,
3) EEG-unconditioned reflex, 4) EEG-conditioned reflex, 5) EEG-photic
driving, 6) optical chronaxy, 7) general motor activity, 8) chronaximetry,
9) motor response latency, and 10) motor operant conditioning. The two
methods of greatest sensitivity to effects of neurotoxic chemicals were
fomd to be two EEG methods (#4 and #5). Olfactory sensation and eye-light
sensitivity methods were also found to be used often in Soviet toxicity
testing.
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INTRODUCTION
Behavioral toxicology is the application of the methods of the
behavioral sciences, in particular those of psychology and neurophysiology ,
to the problems of toxicology, specifically to the detection of the
effects of chemicals on the organism. These methods are designed to reflect
the functions of the nervous system and the sensory and motor apparatus with
an e111phasis upon the functions of the central nervous system. Because of
the great sensitivity of the nervous system, the effects reflected by
central phenomena can be more subtle, but nonetheless serious (Ekel, 1974).
Hence, behavioral and neurophysiolog ical methods promise sensitive laboratory
tools not previously applied to classical toxicology. This is why current
interest in the potential value of these methods to toxicology derives
mainly from the need to detect and evaluate the biological effects of low
concentrations of chemical pollutants.
I
'-

Behavioral toxicology in the United States has been a slowly growing
activity involving relatively few investigators. Some impetus was given to
the effort by Ruffin (1963), who made a very strong plea for its development.
Awareness of the field was enhanced by Magnuson, Fassett, Gerarde, Rowe,
Smyth, and Stokinger (1964), who reported that behavioral methods were the
prime tools in Soviet toxicological laboratories. Nevertheless, actual
research in the United States in behavioral toxicology has grown slowly,
and, when used, has been the result of individual, largely uncoordinated
efforts.
Comparison of some connnon industrial chemicals in terms of their
maximum allowable concentrations (MAC) established by the United States
and by the Soviet Union shows large differences. By and large the Soviet
MA.Cs are much more stringent than the American ones (Table 2). The source
of those differences is not clearly understood. Two explanations seem
plausible. One is that the methods of detection of toxic effects used in
the Soviet Union may be more sensitive than those used in the United States;
the other is that there may be a difference in the safety margin used to
set MACs in the two countries. As for the former, it is generally known
that a greater emphasis is placed upon behavioral methods in the USSR than
in the U.S. However, the details of those methods and their reliability
and sensitivity have not been studied in this country. As for the latter,
it is known that the results of behavioral studies constitute a basis for
the establislnnent of Soviet MACs, but exactly how the Soviet MACs relate
to the results of behavioral studies has not been clearly understood by
American toxicologists. The most comprehensive insight in the Soviet
system of developing MA.Cs was offered by Dinman (1972). However, Dinman's
objective was a broad coverage of the field rather than a concentration
on behavioral toxicology in the USSR.
The purpose of this study was to obtain a better understanding of Soviet
behavioral methods by comparing the relative sensitivity of the various
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methods, and evaluating their reliability. At the same time we hoped to
make the Soviet behavioral methods, with what suggestions for improvement
that might occur to us, available to American toxicologists. The very
presence of recommended improvements in our report implies a judgment that
there was room for improvement in the Soviet behavioral methods. Also,
here and there throughout the text we explicitly criticized some elements
of procedure or of processing and reporting the data. In view.of that, we
want to emphasize that neither our criticism nor our reconnnendations of
alterations should be construed as a generally negative attitude towards
Soviet behavioral toxicology (Teichner, 1974). On the contrary, we want
to make it clear that we recognize and acknowledge the Soviet authors as
pioneers. Theirs is the first effort to develop and test entirely new
methods in behavioral toxicology, and for that they deserve due tribute.
The importance of this effort can hardly be overestimated. It involved
over a decade of concentrated collective research by hundreds of highly
qualified researchers in tens of laboratories, coordinated and evaluated
on a nationwide scale by a special connnittee incorporating the best minds
and recognized authorities in the country.
The project was initiated by scanning over 10,000 articles in three
Soviet journals and two serial publications covering the field of occupational
safety and industrial toxicology published between 1950 and 1975. Of the
10,000 articles 650 were selected as being ·directly pertinent to the
subject of our study. The criteria for selection were 1) reference to
chemicals of interest to NIOSH, or 2) impact of the article on establishment
of exposure criteria. Due to limitations in time, manpower and resources,
61 articles considered the most important for our purposes were translated
into English. The information from these 61 articles was then converted
into a standardized format and stored in a computerized data.bank. This is
the reason for the unusual format in this report for the description of
the Soviet behavioral methods. This report and a printout of the data bank
of information on Soviet behavioral toxicology complement each other to
the extent that they should be regarded as two parts of one project~ Of
the 61 articles stored in the computerized data bank, 24 were selected as
the direct base for this report. The selected articles were those in
which a newly developed method was first published, in which it was described
and reconnnended for general use by the committee coordinating the research
effort in this field, and which were most connnonly referred to by other
authors as sources for a particular method.
Two other products of this project, of possible interest to the reader
of this report, are: Behavioral Toxicology in the USSR: A Directory of
Scientists and Laboratories (Ekel, 1974); and Behavioral Toxicology in the
USSR: Annotated Bibliography (Ekel, 1976).
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Part One
HISTORICAL DEVELOPMENT OF THE SOVIET SYSTEM OF POLLUTION CONTROL
Nationwide state sanitary control in the USSR is generally considered
to have begun on September 15, 1922, when the Ministerial Councill) of the
RSFSR 2) issued a decree "On sanitary service of the Republic': (Burgasov,
1972). Later, in 1933, as a result of a ruling from the Central Committee
of the Commt.mist Party of the USSR and USSR Ministerial Cot.mcil, state
sanitary inspectorat es were organized within the national ministries of
public heal.th (Burgas ov, 19 72) •
3
In 1935 the All-Union State Sanitary Inspectorat e (AUSSI) ) received
governmenta l approval. AUSSI was affiliated with the USSR Ministry of
Public Health and established its agencies in republics, districts,
commt.mities and major industrial enterprises (Burgasov, 1972).
Subdivision s of industrial, transport, school and community hygiene
(among others) were formed within AUSSI in the late 193O's. These main
areas of activity within AUSSI have persisted without major change, although
the emphasis has sometimes shifted. During World War II, for example, the
efforts of the sanitary service focused on preventing and combating epidemics.
Gradually AUSSI became more involved with 1) the sanitary and hygienic
impact of industrial and agricultura l production and of new constructio n on
the health of the population, 2) the prevention and treatment of occupationa l
diseases, 3) decreasing and preventing air and water pollution, and
4) environmen tal protection. At present, AUSSI is required by law to be
consulted with regard to the setting of technologic al norms, technologic al
projects, zoning, constructio n, etc.4). AUSSI regulations and rulings are
binding for all Soviet ministries.
At some point in time AUSSI was renamed and became _the USSR State
Sanitary Inspectorat e (SSI) 5 ). It is headed by the USSR Chief Sanitary
Physician 6 ), who is also the Deputy Minister of Public Health of the USSR.
7
The SSI sets several kinds of Maximum Allowable Concentratio ns (MAC) ) for
harmful substances. These MA.Cs are then approved by the Chief Sanitary
Physician. Separate MACs are established for water and for air. The MACs
for air are set separately for work areas and for atmospheric air of
residential areas. For the latter, separate MA.Cs are used for average
daily and for single time exposures. Thus, the following MACs are in
current use in the USSR:
MA<;_,r

MAC for water reservoirs;

MACwa - MAC for work areas;
average daily MAC for atmospheric air in residential areas;
MACst - single time MAC for atmospheric air in residential areas.
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The first MA.Cs in the USSR were set and approved in July, 1930, by a
decree of the USSR Ministry of Labor8). This decree contains the first
referenc e to the term and concept of MAC and listed recommended MACwa for
12 industr ial toxins. By 1939, 26 MACwa had been establis hed and by 1946,
70 (Beilikh is, 1968). As of 1972 more than 500 MACwa, 100 MA.Cad, 100 MACs t,
and approxim ately 300 MAC
had been establis hed (Bespam iatnov, 1972; USSR
Ministry of Public Health,wr 1970; Sanitarn ye Normy, 1972). As these figures
show, the effort to establis h MACs was accelera ted in the 1950s, continue d
at a high rate through the 1960s, and appears to be keeping its momentum
in the 1970s.
The legislat ive, adminis trative and research efforts leading to
establis hing new MA.Cs, periodi cally revising old ones, and enforcin g them,
became centrall y organize d and highly institut ionaliz ed in the last
quarter- century .
Problems of air pollutio n differ from those of water pollutio n. Consequently , methods for detectin g the effects of pollutan ts on the human organism
are viewed as dissimi lar. This is reflecte d adminis tratively in the USSR by
the fact that these two lines of effort are kept essentia lly separat e, and are
directed and carried out by differen t laborato ries. Each is guided by a committee affiliat ed with the USSR Academy of Sciences (the highest scienti fic body
in the Soviet Union), which acts in an advisory capacity to SSI. The two committees stimula te research on the determi nation of actual water and air pollution and the determin ation of the effects of pollutan ts on the human organism .
Based on the results of such research , each committe e makes recomme ndations to
SSI regardin g the establis hment or revision of MA.Cs. These recomme ndations
have always been approved by SSI and have become laws.
The committe es also have a tmique role in standard izing research methods .
When a new method for determin ing either the concent ration of a pollutan t or
its effects on the organism is devised , tested, and fotmd reliable and sensitiv e
it is recommended by the committe es for use in future research . The committ ees'
reconnne ndations are followed nationw ide by all laborato ries involved in research
on pollutio n. Since the recommended methods are usually describe d in much procedural detail, 9 ) the result has been that the research done by differen t people
and in differen t laborato ries has become highly standard ized, and thus the results appear to be compara ble.
Both committe es maintain separate serial publica tions tmder the editorsh ip
of the chairman of each connnitt ee. The committe e concerne d with water pollution publishe d "Sanitar y Protecti on of Water Reservo irs from Pollutio n by Industrial Sewage 1110 ) (seven volumes were publishe d in the period 1949-19 65). The
committe e concerne d with air pollutio n publishe d its serial first under the
title "Maxi.mtnn Allowab le Concent rations of Atmosph eric Pollutan ts 11 ll) (volumes
1-8, 1951-19 64), which was subsequ ently changed to "Biolog ical Effects and
Hygienic Importan ce of Atmosph eric Pollutan ts 11 12) (volumes 9-11, 1966-19 68).
In addition , the monthly journal, "Hygiene and Sanitati on 11 13), serves as
the main publica tion outlet for studies on pollutio n and its biologi cal
effects. Our report concerns only air pollutio n.
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Soviet policy regarding pollution and the Soviet approach to setting MACs
is basically different from that of this country. In the United States a pollutant in a specific concentration is "presumed innocent until proven guilty", i.
e., it is considered harmless unless demonstrated to have a harmful effect.
For the setting of a specific MAC, it is not enough to demonstrate that the
pollutant, in a higher concentration, has an effect on the organism. In order
to require regulation, the effects of the pollutant must be demonstrably harmful.
In the Soviet Union, MACs are set below the lowest concentration which has
any demonstrable effect on the organism. The rationale for the more conservative Soviet view is presented in two articles by Riazanov (1961; 1964), the
long-time chairman of the committee concerned with air pollution and the highest
Soviet authority on this issue.
Riazanov states that one can find four distinct approaches to setting MACs
for air pollutants in the literature:
1.

normal air composition as observed "in nature", i.e., in the environment
unpolluted by man, should be preserved, and any deviation from it should
be considered not permissible;

2.

only such concentrations should be set as MACs which are technologically
feasible, given the current level of technological development at any
given time;

3.

those concentrations of air pollutants should be set as MACs whicn are
economically justifiable, i.e., for which the cost of observing them would
be equal to or less than the cost of the damage such concentrations would
cause the society;

4.

only such concentrations of air pollutants should be considered permissible
which have no direct or indirect harmful or unpleasant effect on man, and
neither hamper his ability to work nor adversely affect his physical and
emotional well-being.

Riazanov criticizes the first approach as unacceptably strict: there is
no evidence that any deviation from "normal" air composition has adverse
effects on the human organism; on the contrary, Riazanov feels all toxins
have a harmful threshold concentration and there is no need to set MACs
way below this threshold. He seems to feel even more strongly aga~nst the
second approach. Riazanov maintains that in the majority of cases the minimum
level of pollution which is technologically feasible at present is above
the harmless level; norms based on technological feasibility would only be
an obstacle to an appropriate improvement in technology. Nor does he agree
with the third approach, which he labels "commercial", since no price can
be set on human life, health and well-being. Therefore, he considers the
fourth approach as the only proper one and this approach, he says, is the
basis for developing MA.Cs in the Soviet Union. However, since economical
and technological considerations cannot b~ ignored, three types of norms
for pollution standards are used in the Soviet Union:
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1.

hygienic norms,

2.

sanitary norms,

3.

technological norms.

Hygienic norms for MAGs are based on the fourth approach described above
and are to provide the population with full protection against pollution levels
which may have undesirable effects on the human organism. Such norms may be
more stringent than present technological capabilities of pollution control,
but are useful as goals to be attained by a future technology. Sanitary norms
do reflect technological and economical restrictions. Therefore, they are less
stringent, may allow for concentrations above the harmless level, but are only
temporary in nature. The pollution level permitted by these norms must be
brought down to the hygienic norms within a specified period of time, but
the policy regarding how these specified periods are determined is not
stated.
Technological norms are intended to prevent the discharge of valuable
materials (raw materials, semi-finished products, etc.) into the atmosphere,
since such discharges are considered a waste. Technological norms, therefore,
do not provide hygienic protection of the population against the harmful
effects of air pollution.
.
The MA.Cs described in this report are hygienic norms. The interpretation
of what exactly constitutes a hygienic norm underwent an evolution from
a more lenient to a very stringent view. The first interpretation-published
in 1949-was fairly close to the American understanding of what is a harmful
concentration of a toxic substance. A concentration was considered
impermissible if it met any of the following four criteria: (a) had a
harmful effect on the human organism; (b) was disagreeable or t.mpleasant to
humans; (c) impaired man's ability to work; or (d). adversely affected people's
sense of well-being or mood. Even if habituation occurred, i.e., if any of
these four effects disappeared with continued exposure, such concentrations
would still be considered impermissible. In fact, habituation was also
considered a criterion of impermissibility. The concept of impermissibility
was thoroughly dis cussed during subsequent years, and, as a result of this
discussion, in 1954 was made much more stringent. First, not only disagreeable
but also pleasant odors were banned due to their imposed nature. The
argument for that decision was that atmospheric air is a background for
olfactory sensation and as such should be neutral. "Permitting pleasant
odors in the air would be the same as placing sugar into a water main,"
writes Riazanov. Second, even concentrations which have apparently
beneficial effects on the human organism (e.g., increased visual sensitivity)
were considered impermissib'le. It was argued that such effects are comparable
to those of stimulants, and imposing stimulants on the population was regarded
impermissible. Finally, even when a concentration does not cause any pathologic
changes in the organism, because they are prevented by a system of defensive
and adaptive responses of the organism, the defensive responses alone are
regarded as a criteria of impermissibility since they indicate that the
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environment has deviated from the hygienic optimum. To summarize, this
later Soviet view is that a concentratio n which produces any effect at
all on the human organism is impermissib le regardless of what this effect
is. In accord with this approach, it is believed that pollution standards
for the general population must be set on a basis ~ore stringent than that
for industry. Standards for industry necessarily apply to adults at the
peak of their productiven ess who have the greatest resistance to the effects
of pollutants. In setting standards for the general population, however,
consideratio n is given to groups which have a lowered resistance to toxic
agents, i.e., the aged, children, and the ill. Also, in industry the
exposure to pollution is limited to eight hours daily or so, while the
general population in residential areas is exposed to pollution aroundthe-clock.
This difference in the general approach to setting MACs in this
country and in the Soviet Union is probably one of the main reasons why ·
Soviet MACs are usually lower than American ones. Table 1 presents the
American and Soviet MACwa as of 1973. Of close to 800 substances in the
Table only 100 substances are directly comparable, i.e., only for 100 is
there both an American and a Soviet MACwa• Of these 100 substances, in
29 cases the American MACwa exceeds the Soviet one by a factor of 25 to
240; in eleven cases, by a factor of 11 to 20; in 15 cases, by a factor of
six to ten; in 23 cases, by a factor of three to five. Only 20 substances
have roughly the same MACwa (the ratio ranges from two to one-half), and
in only two cases is the American MACwa lower than the Soviet one (in
one case by three times, in the other, by five times). The 29 substances
for which the difference between American and Soviet MACwa is greatest,
are listed in Table 2.
Part Two
GENERAL METHODOLOGY
Since the early 1950s, following the establishme nt of the MAC committee, 14 )
the work on the physiologic al and behavioral effects of toxic agents throughout
the country has been guided and supervised by the Committee. Consequentl y,
there has been a very high degree of s tand,irdizat ion of the methods used and of
the data reported. As a result most published reports provide little information about matters of experimenta l control or the procedures used. Instead,
reference is generally made to the author of the method or to key papers.
The test methods used fall into one of two classes. In one of these
classes the toxic agent affects the organism as a sensory stimulus, in the
other, as an environment al variable.
For the first class the toxic agent is manipulated as a sensory stimulus
and the concentratio n at which it can be detected is determined. The detection
may occur in one of two forms. Either the stimulus evokes a response or it
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changes the organism's response to another sti.mulus. Examples of the former
form of detection are a verbal response indicating that the subject smells
the toxic agent or a depression of the EEG alpha rhythm. Examples ·of the
latter are a change of visual sensitivity- or a change in the amplitude of
EEG rhythm evoked by; flickering light. It should be noted here that the
Soviet authors classify· these forms of detection in a different way, as
sensation· (corresponding to verbal response) and reflex effects (comprising
all the remaining forms of detection). In either case, testing a toxic
agent'as a sensory stimulus involves a single short-time exposure.
For the second class, the chemical is tested as an environmental variable,
A toxic agent acts as an environmental variable when it produces functional
or structural changes in the organism by physico-chemic al changes in the
tissues involved, as opposed to the sensory route as in the first case.
The Soviet authors label as "resorptive effects" the effects of a toxic
agent when present as an environmental variable. Examples of resorptive
effects include peripheral tissue damage (e.g., damage to the mucous
membranes of the upper respiratory tract), changes in internal organs and
brain tissue, changes in blood composition, changes in muscle chronaxy and
changes in conditioned reflex activity. Studies which manipulate toxic
agents as an environmental variable are utilized by Soviet investigators
to evaluate the effects of chronic exposure to contaminants.
Due to the different types of effects of toxic agents when used as
sensory stimuli or as environmental variables, for ethical reasons, humans
serve as subjects in experiments in which a toxic agent is used as a sensory
stimulus, but laboratory animals are used when the toxic agent serves as
an environmental variable. The laboratory animals used are almost exclusively white male rats.
Typically, a single study reports two to four human experiments on
various effects of a toxic agent used as a sensory stimulus, plus two or
three animal experiments that test the effects of the toxic agent as an
environmental variable.
Regardless of the type of effect examined, the methods employed are intended to determine threshold concentrations for the chemicals studied. The
following section provides a general description of the most frequently used
behavioral methods. In the main part of this report the most connnonly
used methods of determining thresholds for toxic agents as sensory stimuli
for human subjects are analyzed in detail.
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METHODS USED TO DETERMINE HUMAN SENSITIVITY
TO TOXIC AGENTS AS SENSORY STIMULI
OLFACTORY SENSATION
The subject is presented with two samples of air. One sample is pure
air, the other is a mixture of air and a chemical in one of several specified
concentrations. The subject's task is to distinguish the two samples by
odor. The lowest concentration of the chemical which the subject can detect
is taken as the subject's olfactory sensation threshold for that chemical.
EYE-LIGHT SENSITIVITY
The subject is placed in a dark chamber where his eyes undergo dark
adaptation. Every few minutes the subject's sensitivity to light is
determined. These determinations provide data for a dark adaptation curve.
Dark adaptation curves for pure air are compared with curves obtained with
exposure to various concentrations of a toxic agent. The lowest concentration
of the toxic agent which produces a dark adaptation curve different from
that for pure air is taken as the subject's eye-light sensitivity threshold
for the toxic agent.
EEG-UNCONDITIONED REFLEX
The subject's EEG is continuously recorded. At intervals throughout
the recording period specific concentrations of a toxic agent are added
to the air the subject inhales. The subject's EEG record is then analyzed
to determine if the presentations of the toxic agent evoked a depression of
alpha rhythm. The lowest concentration of the toxic agent which evoked an alpha
rhythm depression is taken as the subject's EEG-unconditioned reflex
threshold for that toxic agent. This method has been all but abandoned,
therefore it will not be analyzed in detail in this report.
EEG-CONDITIONED REFLEX
A toxic agent at a specific concentration may not evoke a depression of
the alpha rhythm as an unconditioned stimulus, but may still be classically
conditioned to do that, The subject's EEG is continuously recorded.
given concentration of a toxic agent is added to
At irregular intervals
the air the subject inhales followed in a few seconds by presentation of a
light. Light is an unconditioned stimulus which by itself produces alpha
rhythm depression. Associating the light with the toxic agent may lead to
the development ·of an electrocortical conditioned reflex (as the Soviet
authors call it). The toxic agent may become a conditioned stimulus and
produce alpha rhythm depression before the light is presented, even when
it is ineffective as an unconditioned stimulus. The lowest concentration of
the toxic agent which can be classically conditioned is considered the
subject's EEG-conditioned reflex threshold for that substance.

a
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EEG-PHOTIC DRIVING
The subject's EEG is continuously recorded. Periodically a flickering
light is presented; the flicker rate appro:ximates the subject's alpha rhythm
frequency. The subject's alpha rhythm tends to assimilate the flicker
rate and to increase in amplitude. Once during an experimental session the
subject is exposed for several minutes to a specific concentration of a
toxic agent. Then the percentage of rhythm assimilation over time or of
amplitude change with and without the toxic agent is compared. The lowest
concentration of the chemical which affects the rate or the amplitude of
the assimilated rhythm is the subject's EEG-photic driving threshold for
the toxic agent.
OPT! CAL CHRONAXY
Chronaxy is the nu.nimum time necessary for a stimulus of twice the
absolute threshold intensity to evoke a response. In the optical chronaxy
method the stimulus is a weak electrical current applied to the eyeball,
and the response is the sensation of light flashes in the eye. The optical
chronaxy with and without a toxic agent is compared. The lowest concentration
of the toxic agent which is found to affect the chrona:xy is considered
the subject's optical chronaxy threshold. This method has been abandoned,
so it will not be analyzed.
METHODS USED TO DETERMINE ANIMAL SENSITIVITY TO TOXIC AGENTS
AS ENVIRONMENTAL VARIABLES
Experiments with a toxic agent as an environmental variable are conducted
on laboratory animals, usually white male rats of unstated strain. In all
such studies several groups of animals are exposed to the toxic agent for
a prolonged period of time, usually 60 to 80 days. Each group of animals is
exposed to a different concentration of the substance. In addition, a
control group is exposed to pure air. After the 60-80 day exposure is
discontinued, a recovery period is initiated.
One or more (usually two .to four) of the tests described below is conducted with each group during the intoxication and recovery periods. If a
test requires the sacrifice of an animal, as is the case with some histological
examinations, several animals of each group are tested at different intoxication
and recovery stages.
The results from each exposed group are then compared with the results of
the control group. The lowest concentration of the toxic agent which produces
results different from those of the control group is considered to be the
effective concentration for that test.
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Listed below are the tests most frequently reported in animal research.
GENERAL MOTOR ACTIVITY
The anil!lal is kept in a special cage in which its movements are automatically recorded. The total amount of ·motor activity is then computed and the
totals for each e.xposed group and the control group are compared.
CHRONAXIMETRY
Chronaxy is the minimum time necessary for a stimulus of twice the absolute threhold intensity to evoke a response. Irt the chronaximetry method,
motor (muscle) chronaxy is measured: the stimulus is an electric current
applied to the animal's hind leg, and the response is a muscle contraction.
Normally, in a healthy animal, chronaxy is a relatively stable property of
muscle groups. Specifically, flexor chronaxy is shorter than extensor
chronaxy. Intoxication has been found to reverse this relationship. In
this method, flexor and extensor chronaxies are measured and their ratio
for animals in the exposed and control groups is compared.
MOTOR RESPONSE LATENCY
The latency of a motor response to an aversive stimulus (electric shock)
is measured and comparisons are made between the control and exposed groups.
MOTOR CONDITIONED REFLEX (OPERANT CONDITIONING)
Two variants of this method are used. In the first, a set of motor
conditioned reflexes is developed using food as reinforcement. After the
conditioned reflexes are established, the animals are exposed to a toxic
agent. Changes in the conditioned reflexes during the e.xposure and recovery
periods are recorded. In a second variant the course of development of
conditioned motor reflexes is compared under conditions of toxic exposure
and control.
arHER METHODS
In addition to these behavioral methods, other methods have also been
used by Soviet toxicologists. Most commonly reported are body weight,
cholinesterase activity in blood and brain, porphyrin exchange, and the
histological examination of various tissues. As these measures are beyond
the scope of behavioral toxicology, they will not be described here.
PRINCIPLES OF USING THE TEST RESULTS FOR MAC RECOMMENDATIONS
The results of tests performed with the previously described methods
are used as a base for recommendat~ons for MA.Cad and MACst· Four principles
are always observed in relating the•MAC recommendations to the test results:
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1.

The results obtained with animals are used directly as the basis
for MAC reconnnendations;

2.

MAC reconnnendations are based upon the results obtained with the
most sensitive method;

3.

MAC reconnnendations are based upon the maximum ineffective
concentration;

4.

MAC reconnnendations are based on the results obtained with the
most sensitive subject.

According to these principles, a round-figure concentration of a toxic
agent is recommended as the MAC, which is equal to or just below the maximum
ineffective concentration utilizing the method found to be most sensitive
and for the subject found to be most sensitive to the toxic agent.
MACst is based on tests of the toxic agent as a sensory stimulus (with
human subjects"), while MACad is based on tests of the toxic agent as an
environmental variable (with animals). Usually the former tests are less
sensitive than the latter ones and consequently recpmmended MACad are lower
than MACst. However, as long term exposure to a toxic agent is considered
to be more hazardous than short term exposure, if the maximum ineffective
concentration of the toxic agent as an environmental variable is occasionally
found to be greater than as a s2nsory stimulus, then the lower value is used
as a reconnnendation for both.
THE USE OF ANIMAL RESULTS AS A BASIS FOR MAC RECOMMENDATIONS
As stated before, the Soviet practice is to base MACad reconnnendations
on the maximum ineffective concentration of a toxic agent in animal tests.
This practice seems to imply that humans are as sensitive to all industrial
toxins as the experimental rats usually used.

This generalization of thresholds established with a single species
of animal raises our concern. Not only may some species be generally more
sensitive to toxic substances than others, but also one species may be more
sensitive than another to the substance, yet less sensitive to another
substance. Recognizing this possibility, in the U.S. it has been reconnnended
that three widely different animal species be used when it is not possible
to use human subjects to determine threshold concentrations for chemicals
of interest (Stokinger, 1974).
THE USE OF THE MOST SENSITIVE METHOD AS A BASIS FOR MAC RECOMMENDATIONS

This principle is a direct consequence of the general Soviet policy on
air pollution control, i.e., that of setting MACs below the lowest concentration I
which has any demonstrable effect on the organism. Acceptance or rejection
•
of this principle depends on one's position on the fundamental approaches to
air pollution control.
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THE USE OF THE MAXIMUM INEFFECTIVE CONCENTRATION AS A BASIS FOR MAC
RECOMMENDATIONS
For reasons of experimental economy, especially in long term expo&ure
studies with animals, usually not more than three, sometimes as few as two,
concentrations of a toxic agent are tested. In order to cover a wide
range of concentrations, Soviet toxicologists make the concentrations tested
widely different from one another. While in tests of toxic agents as
sensory stimuli with human subjects the adjacent concentrations do not
differ by more than a factor of two, in animal tests of toxic agents as an
environmental variable the rule seems to be a factor of three to ten. In
quite a few cases the adjacent concentrations differ by as much as a factor
of twenty or more (e.g., one concentration was 0.04 and the next lower was
0.001 in Kulakov, 1967; one concentration was 10 and the next lower was 0.2
in Solamin, 1961). Although this procedure has a practical basis, it
limits the accuracy of the threshold estimates. In particular, a concentration may be considered the maximtnn ineffective one, but in fact could be
below the actual level at which the toxic agent is ineffective. To
obtain more accurate estimates of the actual thresholds, testing concentrati.ons
much closer to each other appears necessary.
THE USE OF THE MOST SENSITIVE SUBJECTS AS A BASIS FOR MAC RECOMMENDATIONS
"The threshold reached by the most sensitive person is accepted as
the basis for determining MACs. It need not be perceived by all subjects."
(Riazanov, 1962). Since this principle is stated explicitly with respect
to human subjects only, we will restrict our discussion of it accordingly.
Using data from a group of subjects for recommending MA.Cs for the population at large is a classical case of statistical inference. The rationale is
that if the distribution of thresholds to the toxic agent in a sample is
fotmd to be!_, it is likely that the distribution of thresholds(!) in the
population as.a whole wi+l differ. Therefore, it is advisable to set the
MAC at C. We want to emphasize that it i s ! to which we wish to relate f_,
not !; !_ serves only as the estimator of !· We may want to. set the MAC
at the estimated mean population threshold, or at a value which would be
subliminal for 90% of the population, or at still some other value of our
choice. Regardless of how we want to relate the MAC to the population
threshold distribution, the first task is to estimate this distribution(~) as
accurately and as reliably as possible. For this task we can see no
advantage in discarding the data for all the subjects in a sample
and using only the results from the most sensitive subject as the basis
for MAC reconmendations.
The only possible reason we can think of for the practice of using
the data for only the most sensitive subject is the desire to recommend
MA.Cs at levels subliminal for the whole population. Such a tendency
would be very much in line with the general Soviet policy on MAC setting.
If this is really the case, the validity of the concept of an absolute
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subliminal or ineffective concentration seems doubtful. Assuming the
normal distribution model for the population sensitivity to a toxic agent,
and this seems to be the most reasonable asstnnption, any concentration, no
matter how small, has some nonzero probability of being detected by some
person, because there is no such thing as the end of the normal distribution.
All we can do, then, is to strive for some "practical end" of the population
distribution, i.e., set the MAC so as it would be subliminal for 10% of
the population, or 1%, or 0.1% or some other agreed upon value.
The standard way to do that would be to use classical statistical
inference techniques. Appropriate statistics from a sample (mean and
standard deviation of the threshold value) should be used to estimate the
corresponding parameters of the population distribution, its mean and
standard deviation. Then the estimate of the concentration subliminal to a
desired proportion of the population should be found at the point of the
distribution corresponding to the appropriate ntnnber of standard deviations
below the estimated mean threshold. Finally, a confidence interval around
this last value should be found and a MAC should be reconnnended according
to 'the desired reliability in terms of the confidence interval. Then it
could be maintained that with the recommended MAC the probability is, say,
0.01 that not more than, say 1% (or 5% or whatever we decide upon) of
the population will be· affected by the toxic agent. Using this outlined
standard statistical inference procedure we know exactly the maximum
proportion of the population that can be affected by the chemical for which
we reconunend the MAC, and we know exactly how reliable this estimate is,
i.e., we know the probability that this proportion will actually be exceeded.
When we follow the Soviet rule of using the data for the most sensitive
subject for MAC reconnnendations, there is no question that the lowest ranking
subject will be closer to the lower tail of the population distribution than
any other subject of the sample. However, no more than that can be said.
How far the subject is from the mean of the distribution cannot be determined
since the parametric information describing the sample is not used. In fact,
the result is not only unnecessarily low in reliability, but. the reliability
itself cannot be precisely determined. We do not feel that it can be
justified in view of the importance to be attached to the MAC.
Besides the assumption of a normal distribution, in order to use
statistics from a sample to estimate parameters of the population, the sample
must be representative of the population. The simplest and most connnon way
to assure that is to draw the sample randomly. In the Soviet tests the
subjects are reported to be·volunteers. Probably, as in most psychological
experiments, they are students and employees of the institutes where the
experiments are conducted. While a group of subjects so selected would
definitely not be a random sample of the population, the subjects' sensitivity
to toxins seems unlikely to be related to their availability for the
experiments, so there may be no bias in this respect. However, there are
two other considerations which could limit the representativeness of a
volunteer, student-employee sample. One is that students and employees of
research and academic units tend to cluster in a specific age range, not
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representative of the general population, and sensitivity to many chemicals
may be related to age. The other factor is that some subjects participate
in many tests with many chemicals. This varied exposure may affect their
motivation or sensitivity and thus make the sample not representative of
the population also in this respect. Practically, the second consideration '
may not be of much importance. The first, however, makes the results
obtained valid only for a specific age rather than for the population as
a whole.
Part Three
DESCRIPTION. OF METHODS
This part provides a detailed description and discussion of the test
IIEthods presented briefly in Part 2. It is based on an analysis of 24
Soviet articles selected out of 61 which have been analyzed. The articles
selected are those which were most frequently referred to by Soviet authors
as the main sources on the test methods used, including the articles in
which the rethods were first presented, and articles indicated by the MAC
Connnittee as sources for reconnnended test methods. Such articles we
considered the most representative and most reliable sources of the test
TIEthods description.
Soviet authors tend to present their work in highly individualized
styles with regard to the material to be included in their reports and in
the way the information is given. To make the studies directly comparable
to each other a standardized form of description for each method was
established and applied to the studies analyzed. As far as the specificity
of each method allowed, these standardized description forms were made
uniform across all the methods for the elements common to all the methods
(e.g. , toxic agent used, criteria for selection of subjects, etc.). In
the elements specific to different methods the standardized description
forms varied from one method to another.
These standardized description forms have been established primarily
for setting up our computerized data bank on the Soviet behavioral toxicology.
To make this report compatible without computer printouts of the information
on the Soviet behavioral toxicology, we decided to preserve in the report
the ntnnbering system that had been used for our computerized data bank, even
though in some cases the system does not fit best the way the material is
being used in this report. For instance, the category No. 2, Toxic Agent
Tested, had to be provided for storing information from individual studies
in our data bank, but is inadequate for description of methods in this
report since, of course, different toxic agents were tested in different
studies with the same method. Such categories of information will be
listed in our description of methods but will be left blank since there is
no meaningful way to fill them. Also, as a result of our attempt to make
inter-method cross-references in our data bank possible, some categories
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Depending upon the degree to which they may affect the results and the
probability of it, certain factors ate more or less relevant. Also, the
same factor may be more relevant to some method than to others. The
relevance determines how critical it is to include a factor in the
description of a method. Classifying experimental variables as relevant
or irrelevant is often a matter of judgment. Therefore, in order to
prevent exclusion of potentially relevant variable, all variables were
treated as relevant unless their irrelevance was obvious.
The identification numbers we use i.n this part as reference to quoted
sources (e.g., G351) are our computerized data bank codes. They are crossreferenced to the sources in the bibliography at the end of this report. 22 )
OLFACTORY SENSATION THRESHOLD
DESCRIPTION
1.

Reference.

The following articles were used for a description of this method:
Chizhikov (1963), Chizhikov (1964), Dubrovskaia (1957), Fel' dman (1960),
Filatova (1962), Gofnekler (1960), Gofnekler (1961), Imasheva (1963),
Imasheva (1966), Korneev (1965), Korneev 91967), Li Shen (1961),
Mukhitov (1962), Plotnikova (1957), Pogosian (1965), Pogosian (1967),
Riazanov (1962), Riazanov, Bushtueva, Novikov (1957), Solomin (1961),
Tkachev (1963), and Tkachev (1964).
The articles by Riazanov, Bushtueva, Novikov (1957) and by Riazanov (1962)
were considered as the two main sources of information about this method.
The former is the source officially recommended by the MAC Connnittee for
Soviet Toxicology, the latter is the presentation of the official Soviet
position for the English-reading public.

'
2.

Toxic agent tested.

3.

Individual or group experiment.

The two main articles state that the experiment is to be run individually.
In most other papers it is indirectly indicated that subjects were tested
individually.
4.

Number of sessions.

A session is defined as that continuous period of time during which
the subject is under the control of the investigator; a session involves
one or more trials.
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The number of sessions to be run is not precisely specified in the
two main sources. It is made clear, though, that there are several sessions,
probably more than 10, since several concentrations are recommended for
testing, and each concentration is reconnnended to be tested for several
days. None of the other articles analyzed reported the exact number of
sessions per subject. From various other pieces of information, however,
it can be assumed that the ntmJ.b~r of sessions per subject varied from
10 to over 40. Most commonly it seemed to be around 30.
5.

Duration of a session.

Neither the two main sources nor all the other articles reported
duration of a session. From the fact that the sessions were single-trial
sessions, and from the description of the trial, th'e trial portion of the
session requires probably less than one minute and never more than 2-3 minutes.
Additional preliminary and post-trial ope~ations probably consume another
3-5 minutes. Thus, the duration of a session can be estimated as under
10 minutes and most likely about five minutes.
6.

Number of trials in a session.

By a trial we mean that period of time during which one or more measurements are made. Usually, a trial consists of the presentation of one or
more stimuli to which one or more responses can, but may not, occur. For
the olfactory sensation threshold method, a trial is the period of time
from the moment the test air flows are made available to the subject to
the moment of his verbal response indicating which flow contains the
toxic agent. With this understanding, there is one trial run in a session.
7.

Inter-stimulus interval.

It follows from the trial structure that the inter-stimulus interval,
i.e., the time between samplings of the two air flows, is subject-contro lled,
and therefore, is variable probably from less than one second to several
seconds. It is never reported.
8.

Inter-trial interval.
Not applicable, since there is only one trial per session.

9.

Inter-session interval.

Three sessions per day were recommended. Some authors reported running
1-2 sessions a day. It may be assumed, then, that the inter-session interval
varied from several hours to two or more days.
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10.

Warning signal and foreperiod.

No warning signal is reported.
when the air flow starts.
11.

However, the subject is probably told

Psychophysical :method used.

Two sniffing or sampling cylinders, one with pure air, the other with
a gas-air lllixture, are made available to the subject who is asked to sniff
freely from each of them as often as he wishes, and in any order, until
he is ready to indicate in which cylinder, if either, he detects the gas.
The subject probably knows that on each trial one cylinder always
contains only air and the other always contains an air-gas mixture, although
whether he does, is never stated. It is not clear from the description
if a forced-two-choi ce paradigm is used, i.e., if the subject is forced
to choose one cylinder or the other as containing the gas, or if a threechoice paradigm is used, i.e., if the subject can choose among one, the
other, or neither (or both).
12.

Method of response.
Verbal.

13.

Threshold criterion.

The :minimu:m perceptible concentration for each subject is taken as the
lowest concentration detected in at least two out of three trials. That
requires three trials per concentration. The recommended number of trials
per concentration is "several" (G351). In only two articles (G359, G360) out o
16 was there any indication of the actual number of trials per concentration.
The i:mpression given is that the number of trials per concentration was
variable and that the minimum number of trials for some concentrations must
have been five or six. It is unclear, then, how the reconnnended criterion
was applied.
14.

Toxic agent concentrations used.

These differ from one chemical to another, of course. None of the
16 articles analyzed presented a list of the concentrations actually used.
Only one article (G362) reported the number of different concentrations (11)
and their range.
15.

Method of chemical concentration control and monitoring.

Sa:mples of the air-gas mixture are taken from the cylinder before·
and after each trial (session); the sample is analyzed for concentration
of the tested gas. Sa:mpling and analytical methods are not suggested
in the two main sources, nor reported in any other papers. In two studies,
one of which is presented in two papers (G359, G360, G363), air sampling
was reported before, after, and du.ring the trial.
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16.

1

Method of presentation of the chemical.

The subject is seated in a well-ventilated room in front of two
sniffing cylinders, each 10 centimeters in diameter and one liter
in capacity. Compressed pure, presumably medical standard, air is
supplied into the apparatus at the rate of 15 liters per. minute (one
study, G360, reports a flow rate of 20 liters per minute). It is
additionally purified by passage through activated carbon of unstated
composition. One air flow is directed to a mixing chamber where it is
mixed with the chemical being tested so as to obtain the desired concentration.
A separate air flow bypasses the mixing chamber. By manually operating
stopcocks, selection is made of which sniffing cylinder will receive pure
air and which the air-gas mixture. The apparatus is made of glass tubing.
The distance between the sniffing cylinders is tmknown. A schematic
drawing of the apparatus is presented in Fig. 1.
17.

Number of trials with each concentration.

It is recommended that each concentration be tested several times
(G351). On the other hand the two-out-of-thre e threshold criterion
requires three trials with each concentration. Only two articles of the
16 analyzed reported anything about the number of trials with each
concentration; it seems implied that there were·.3-10.
\·'!'!
18.

Stimulus ·duration.

Duration of pure air and gas-ai-r mixture presentation (inhalation)
is subject-contro lled and therefore variable. It is probably within the
range of from less than one second to several seconds. It is reported
nowhere.
19.

Subjects.

The two main sources reconnnend that subjects be voltmteers, and pass
an otolaryngologic al examination as a condition of being accepted in the
test. Most of the 16 articles report the subjects as "healthy," two
(G359, G368) as "with normal olfactory sensitivity," which seems generally
to conform to the recommendation and agrees with our general description
of the population presented earlier.
Most authors report the age of the subjects: 18-55, 18-60, 20-57,
20-65, 25-60 •. One paper (G354) states that the subjects were "at the
age of peak olfactory sensitivity". Generally, then, the subjects
represent the adult population, 18-65, with teen-agers and the retirement
age excluded. This was discussed earlier, as has already been observed, in
regard to sampling and population problems.
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20.

Number of subjects.

The minimum number of subjects reconnnended is 10. Except for one
study which reported using five subjects, the number of subjects varied
from 10 to 21.
21.

Subjects' exposure to chemicals in everyday life and in experiments
prior to the test.
Not mentioned.

22.

Participatio n of the subjects in other toxicologic al tests shortly
before the test.

Although this information is not explicit, indirect consideratio ns
indicate that in studies in which more than one chemical was tested,
at least some subjects were used in closely spaced tests with more than
one chemical.
23.

Results.
The most connnon way to present results is either:
number of subjects

minimum perceptible

maximum imperceptib le

concentratio n 1

concentratio n 2

concentratio n 2

concentratio n 3

etc.
or values of the minimum perceptible and maximum imperceptib le concentratio ns
are given for each subject individuall y.
Some authors restrict themselves to presenting the range of m1.n1mum
perceptible concentratio ns and one value for the maximum imperceptib le
concentratio n for all subjects. Presumably even higher concentratio ns
must have been imperceptib le for some subjects.
In one early study (G354) three categories were used to classify the
results: clearly perceptible , barely perceptible , imperceptib le. This
classificat ion, however, was not used in any other studies analyzed.
Other than what has been here reported, no other data or results are
presented.

-20-

24.

Other relevant elements of method description.

The main source paper reconunends that the subject be familiarized
with the odor of the gas to be tested. It is not clear, however, if
that is to be done once before the entire test, or before each session.
Some authors explicitly report that the subjects were familiarized with
the gas, but they also do not indicate if it was done once before the
test or before each session (G357, G358, G359, G362).
DISCUSSION
Our discussion of this method, as well as the others, is seriously
handicapped by lack of specific information, sometimes on very critical
points. It is regretable that there were so many times that we had to
say "no information available," and that so often the information
available was insufficiently precise (e.g., "several" concentrations
were tested). In many cases we were able to reconstruct some of the
missing information from other data. For instance, when an author
did not report the number of subjects he used but presented results for,
say, 21 subjects, it could be assumed that at least that many subjects
were used.
General experimental paradigm
The objective of the olfactory sensation threshold method is to
determine the subject's sensitivity to a given ~hemical. Traditionally,
two approaches have been used to do that. One is to obtain the psychophysical curve (Fig. 2); the other 'is to determine the receiver operating
characteristic curve (Fig. 3). The first is associated with classical
psychophysics and the notion of threshold, the second is associated with
signal detection (or detectability) theory.
With the psychophysical approach, a proportion of correct detections
(hits) for any stimulus intensity over a range of intensities is
experimentally determined. This proportion is considered an estimate of
the probability of a hit, P(hit), for any given intensity. P(hit) as a
ftmction of stimulus intensity is the empirical psychophysical ftmction,
and is considered to be an estimate of a theoretical psychophysical function
characteristic of the subject and the stimulus which relates the probability
of a hit to stimulus intensity. It is usually assumed that the subject's
threshold varies randomly and normally. Hence the psychophysical curve
is a cumulative normal distribution. With this assumption, the best
fitting theoretical P(hit) function is fitted to the empirical P(hit)
function. Some more or less arbitrary, but reasonable, stimulus intensity,
usually corresponding to P(hit) = 0.5, is then defined as the threshold for
the subject ..
Signal detection theory asstm1es that two factors are involved in
detecting a stimulus: (1) the subject's sensitivity, and (2) the relative
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costs to the subject of the two kinds of errors he is likely to make,
misses and false alarms. The signal detection theory argument ~gainst
the psychophysi cal approach is that P(hit), alone, is not a stable
characteris tic of the subject's sensitivity . With the same subject,
assuming his constant sensitivity , vastly different values of P(hit) can
be obtained, depending on his relative evaluation of the cost of misses
and of false alarms. In an extreme case, when misses are prohibitive ly
costly for the subject compared to false alarms, he would (and should)
decide to "detect" the stimulus on every trial, regardless of its intensity,
and his P(hit) would be equal to 1.00, no matter what the intensity might
be. Thus P(hit) alone confounds the subject's sensitivity and his
response criterion and, therefore, is a poor measure of sensitivity . Only
if P(hit) is taken as a function of P(false alarm) can it be considered
to yield information on the subject's sensitivity . P(hit) as a function
of P(false alarm) is a receiver operating characteris tic curve.
'

It may be argued that the psychophysi cal approach is a special case
of signal detection theory, a case where P(false alarm) is known and
constant across stimuli and subjects. To achieve this, great care must
be taken to orient the subject's attitude towards the P(hit)/P(fa lse alarm)
trade-off by means of instruction . In addition, P(false alarm) should
be reported as a frame of reference for P(hit) because P (hit) for different
stimulus intensities and for different subjects can be meaningfull y compared
only for the same values of P(false alarm).
The Soviet approa~h is closer to classical psychophysi cs than to
signal detection theory. However, it differs from the classical psychophysical approach in several important respects which makes the results
hard to interpret and to compare.
·
Probability of detection and probability of

(

~

hit

For one thing, probability of detection, P(d), must be distinguishe d
from probability of a hit. The first is related only to the subject's
sensitivity , while the second is related to the subject's sensitivity
and a pure chance factor. The relationshi p between P(d) and P(hit) depends
on the procedure.
Two procedures are possible with the psychophysi cal approach, freechoice and forced-choi ce.
In the free-choice paradigm the subject is asked if a test stimulus is
the same as or different from a standard stimulus. The subject mus-t know
which is the standard stimulus and which is the test stimulus. Also, the
subject knows that on some trials the stimuli will be the same and on
other trials they will be different.
In the forced-choi ce paradigm the subject is asked which of the two
stimuli is the more intense. For the olfactory sensation threshold method
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this takes the form of saying which is pure air and which is air+ gas.
The subject is forced to make this choice regardless of whether or not
he senses any difference. Hence "forced-choice" as the name of the
procedure.
In the free-choice paradigm P (hit) is equal to P (d). In the
forced-choice paradigm P(d) equals P (hit) only on the trials in which
the subject can tell the difference between the two stimuli. On the
trials in which the subject cannot tell the difference, his performance
represents guessing. Accordingly, he will score a hit on 50% of
these trials. If the threshold is defined as a difference between
stimuli detectable 50% of the time, as is customary and convenient,
then, by definition, in 50% of the presentations the difference will be
undetectable to the subject. In half of these trials he will score a
hit by chance. Thus, for a force-choice para~igm, and the 50%
detectability definition of the threshold, the relationship between
P(d) and P(hit) is:
P(hit)

= P(d) + [1 - P(d)] (0.5) = 0.75

P(d)

=

[P(hit) - 0.5] (2)

= 0.5

In the standard form of the Soviet olfactory sensation threshold
method, the criterion of the threshold (minimum perceptible concentration)
is two-out-of-three correct detections, i.e., P(hit) = 2/3. However,
it is not clear from the descriptions given whether the paradigm used
was free-choice or forced-choice.
In the case of the free-choice paradigm:
P(d) = P(hit) = 2/3
In the case of the forced-choice paradigm:
P(d) = [P(hit) - 1/2] (2) = (2/3 - 1/2) (2) = 1/3
The practice of alternating the gas randomly between the two cylinders
from which the subject sniffed, suggests use of the forced-choice procedure:
neither of the stimuli is designated as the standard and test stimulus. On
the other hand, it was always stated that the subject did not smell the
maximum imperceptible concentration rather than that his percentage of
hits was at chance level. This suggests that the subject actually had
three options: to designate each one of the two cyclinders as containing
the air + gas mixture, or to say that he could detect no difference. That
would incorporate the main feature of the free-choice procedure which is
to opt for no difference. Altogether, then, it looks like a mixture of
the two procedures was used. Had it been known exactly what the blend was,
probably it would have been possible to determine what the numbers mean,
i.e., in what way the reported P(hit) relates to the theoretical P(d).
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As long as that is not clear, there seems to be little point in doing it.

Tentatively , we may conclude that the reported minimum perceptible
concentratio n corresponds to some value of P(d) between O.33 and O.67.

Minimum perceptible and maximum imperceptib le concentratio n values vs.~
threshold value
A result of a psychophysi cal study is a theoretical function relating
probability of detection to stimulus 'intensity. From such a function any
desired cut-off point can be determined, e.g., a stimulus intensity
correspondin g to P(d) = 0.25 or 0.50 or 0.75. The standard procedure is
to define the threshold as the stimulus intensity for P(d) = 0.50.
Whatever the value, the important feature of this approach is that a
unique cut-off point is established , dividing the continuum of stimulus
intensities into sub- and supra-thres hold portions, regardless of how the
threshold is defined.
The standard Soviet procedure is, instead, to establish a lower and
upper boundary, called "maximum imperceptib le" and "minimum perceptible "
concentratio ns. Conceptuall y, this approach is incompatibl e with the
psychophysi cal concept of threshold. Operational ly, it simply means that
stimulus concentratio ns between the two boundaries were not tested. That
implies tha.t the threshold in the psychophysi cal sense lies somewhere
within these boundaries. Where exactly is not known.
It would certainly be more informative to have more than two values
of stimulus intensity and to have P(d) for each of them. Then the
psychophys ical function could be fit to them and the threshold could be
found.
Ambiguity of the "minimum perceptible " and "maximum imperceptib le"
concentratio n values
The criterion of a concentratio n to be considered as minimum perceptible
is that it be detected correctly at least two out of three times. This means
that P(hit) is either 0.67 or 1.00. Correspondi ngly it follows that the
maximum imperceptib le concentratio n is such that P(hit) is either 0.33 or 0.00.
It was never reported what the value of P(hit) actually was, whether 1.00,
0.67, or any other for that matter, since some authors reported using other
numbers of presentatio ns of a particular concentratio n than the recommended
three.
Thus, we are left with ambiguity concerning the meaning and the exact
P(hit) values of these upper and lower bounds arotmd the threshold. The
interval between the maximum imperceptib le and minimum perceptible
concentratio ns could be any of the four following possibiliti es:
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(1)

that corresponding to P(hit)=0.00 and that corresponding to P(hit)=l.00;

(2)

that corresponding to P (hit)=0. 33 and that corresponding to P(hit)=l.00;

(3)

that corresponding to P(hit)=0.00 and that corresponding to P(hit)=0.67;

(4)

that corresponding to P(hit)=0. 33 and that corresponding to P(hit)=0 .6 7.

Even if it were desired to estimate the threshold from the minimtnn
perceptible and maximum imperceptible concentrations, it could be done
only with consi.derable uncertainty. This is in addition to the uncertainty
concerning the relationship between P(d) and P(hit).
Intervals between the minimum perceptible and maximtnn imperceptible
concentrations
It is, of course, impractical to determine P(d) and P(hit) as a
continuous function over the continuous stimulus intensity dimension.
Therefore, one has to make the P(d) determinations for only discrete
values of stimulus intensity. But to make the threshold determination
reasonably accurate, the range of stimulus intensities tested should have
a reasonably fine grain. This is particularly important in the critical
range of the psychophysical function, i.e., in that portion of the curve
where P(d) changes rapidly. Hence, in particular, the interval between
the minimum perceptible and maximum impercept,ible concentrations should
be narrow.
For the purposes of plotting a psychophysical function and determining
the threshold, the size of interval to be considered narrow or wide depends
not on the absolute values of adjacent concentrations, but on the ratio
of this difference to the smaller concentration, a quantity proposed by
Weber in the early days of psychophysics, and, hence,"known as the Weber's
constant (WC):
WC

=

higher concentration - lower concentration
lower concentration .

Values of WC for a just noticeable difference in odor intensities
vary widely, depending on the kind of the odor and the range of intensities.
Values reported in the literature range from 0.1 to 1.0, and tend to be
greater in the absolute threshold region. The value of 1.0 is rather rare.
The most connnonly reported upper boundary of WC range is around 0.5. This
means that if two concentrations are presented to a subject, one 50%
stronger than the other, he should notice the difference. If one
concentration is found to be the subject's threshold, two thirds of this
concentration should be definitely below his threshold, i.e., indistinguishable
from pure air. Using concentrations separated by WC = 0.5 or more in
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threshold determination is applying a rather coarse grain. Adjacent
concentrations will not only be very far apart in tem.s of P (d); they
will be so far apart that usually the subject will be able to discriminate
them, to tell them apart from each other.
Spacing the concentration to be used in determining a threshold at
intervals corresponding to WC = 0.5 seems to be applying too coarse a
grain. Even proceeding very sparingly by- limiting the mnnber of concentrations tested to save experimentation time at the expense of somewhat
cruder results, the spacing should not exceed half of the value of WC
corresponding to the just noticeable difference. To have reasonably fine
measurement spacing in the threshold zone, WC= 0.25 at the most should
be applied to determine the intervals between adjacent concentrations
tested.
Table 3 shows the minimum perceptible and maximum inperceptible
concentrations determined for different toxic agents and different
subjects in the analyzed studies, the differences between these two
concentrations, and WC for each pair. 'lwo characteristics stand out from
this table. First, WC varies widely in this sample of studies, from 0.06
to 1.80. Spacing between the minimum perceptible and maximum imperceptible
concentrations for the top WC value is 30 times as wide as for the lowest
WC value. This is a tremendous variability for a variable which can
hardly be judged irrelevant. Secondly, out of 44 instances recorded in
the Table only in 18, i.e. , less than half, is WC equal to or smaller
than 0.25, and in 10 cas_es it is equal to or greater than 0.50. Furthermore,
this is only in the most critical central region of the range of the
concentrations tested. Spacing of other concentrations used cannot be
established since the concentrations tested are not reported. In conclusion,
then, the intervals between the concentrations tested are usually too large,
in some cases unacceptably too large, and, in the whole sample of studies,
too variable. As
result the method, as used, does not provide a consistent
criterion estimate and, therefore, can be relied upon for between-test
comparisons only with reservations.

a

Toxic agent concentration control
Any method of determining the concentration of a chemical has some
margin of error. Were the method, or at least its margin of error, reported,
the reliability of the concentrations tested could have been determined.
Unfortunately, nothing is said about how the actual concentration on any
given trial was determined. Therefore, reliability of the concentrations
reported cannot be determined. It adds to the uncertainty concerning
values of the olfactory sensation threshold and of the minimwn perceptible
and maximum imperceptible concentrations discussed above. How much
uncertainty it adds cannot be estimated.
'lwo kinds of error are possible, systematic and random. A method of
determining a toxic agent concentration may yield systematically biased
results. And with or without a systematic bias, a method may yield
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randomly varying results for the ~ame actual concentratio n. A systematic
error would shift the values of the olfactory sensation threshold and of
the minimum perceptible and maximum imperceptib le concentrati ons, while a
random error would add to their variability making their distribution
more diffuse.
While both possible errors would affect values of the olfactory
sensation threshold for a given chemical, an estimation of the sensitivity
of the olfactory sensation threshold relative to other methods would
hardly be affected, since the same method was probably used to determine
the concentratio ns of toxic agents in experiments .which used different
nethods of determining effects of the chemicals on human subjects. Any
systematic error would shift all results in the same direction and by
approximate ly the same amount, thus affecting absolute values of threshold
for different methods, but leaving differences between the various
thresholds unaffected. Any random error would add to the variability of
each of the thresholds widening the region of rejection of the null
hypothesis (the hypothesis of .no difference between various thresholds) ,
and therefore requiring larger differences between point-estim ates of the
compared thresholds to reject the null hypothesis at the same level of
confidence.
Due to the lack of information about the method of determing chemical
concentrati ons, we shall assume perfect concentratio n assessment, which is
probably fairly realistic with regard to systematic error and certainly
unrealistic with regard to random error.
Toxic agent administrat ion
Determining an olfactory sensation threshold requires particular
caution because of two confounding factors: (1) the relatively fast
rate at which the subject reaches a high degree of olfactory adaptation
and, therefore, reduced sensitivity to the chemical, and (2) the difficulty
of establishin g an abrupt onset and offset of the olfactory stimulus due
to stalling of the air flow in the nasal cavity and to associated
contaminatio n of pure air presentatio n by the residual gas.
To avoid uncontrolle d adaptation effects, the subject should breathe
pure air between samplings. In the analyzed Soviet studies the room in
which the subject was placed was reported to be well ventilated. Nevertheless, from the description of the apparatus used it appears that
throughout the trial the air+ gas mixture was constantly flowing into
the room. As ventilation cannot instantly remove all of the gas, the air
in the room must have become increasingly contaminate d. Because of the
small concentratio ns used, the contaminatio n of the air in the room was
probably small, and may have had only negligible effects on the subject's
adaptation. However it would be better to avoid the contaminati on entirely
by eliminating the flow from the cylinders into the room. This can be
done by replacing the sniffing cylinders by directing the main flow through
a closed tubing system to an externally located I•exhaust and providing
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the subject with a branch-tubing, connected with the main flow system
by a demand-type valve, which the subject can insert into 4is nares. No
air from such system should escape in the room except what the subject will
exhale, and even that can be controlled if a totally closed system were
used.
Note that a smaller flow rate will be needed with the proposed
system than has been used by the Soviet authors with their apparatus.
In addition to contamination of the room, the subject's threshold
may be affected by the duration of his inhalation of the gas. A number
of potentially interacting variables are involved here.
First, the subject's judgments are affected by the temporal sunnnation
of the chemical effects; for some brief time after the onset of
stimulation its effects increase. This implies that stimulation by the
same concentration for a brief period of time may be below the subject's
threshold, but with a longer stimulation time it may be above his threshold.
The period of temporal summation is 0.1 seconds or less for vision and
audition, but ranges within 3 to 6 seconds for taste. There are no data
available on olfactory temporal summation, but it is reasonable to assume
that it is closer to that of taste than to those of vision or audition.
Apart from the peripheral sensory effects of temporal summation,
stimulation time is an important factor in the central processing of
sensory information. The longer the subject samples the air, the more
likely he is to report the presence or absence of the chemical correctly.
On the other hand, prolonged olfactory stimulation leads to adaptation
which, in tum, decreases sensitivity to the gas. This effect is
exacerbated when the nasal cavity is not adequately ventilated.
Recovery from adaptation follows approximately the same time pattern
as adaptation. Therefore, the subject's sensitivity at the time of his
second sampling (if he takes it) of the gas+ air mixture depends on the
interval between the first and second sampling. Thus, to enable better
recovery from adaptation, there should be a relatively long interval
between sniffing from one cylinder and from the other, and the subject
should ventilate his nose between samples. It should be recognized,
however, that the longer the time between samples, the less precisely
will the subject be able to recall the sensation associated with the
first sampling.
In conclusion, the procedure of the toxic agent administration, and
in particular timing, is an important variable affecting the subject's
ability to discriminate between pure air and air+ gas mixture. Lack of
control of this variable by leaving to the subject the number of samplings,
their duration and the interval between samples, creates a source of
variability of results. In order to eliminate this variability and,
thereby, increase reliability, the number of stimulus samples, the duration
of each sample, and the interval between samples should be controlled by the
experimenter and should be made constant over trials and over subjects.
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RECOMMENDATIONS
Determination of the olfactory sensation threshold is certainly an
important step in studying effects of toxic agents on the human organism
and in setting MA.Cs for toxic agents. Taking the Soviet olfactory sensation
threshold as a base, and using our discussion of it for suggested modifications,
we shall recommend a desirable (as we see it) way of determining the olfactory
sensation threshold.
General experimental paradigm
Of the two most common methods, that of classical psychophysics and
that of signal detection theory, we prefer the psychophysical approach
for a number of reasons. First, it is conceptually and computationally
simpler. Second, it requires fewer trials with one concentration. Third,
as pointed out in the discussion, ~his is essentially the Soviet approach;
therefore, fewer modifications are needed, and the results will be more
comparable to those of Soviet authors.
Of the two commonly used procedures, free-choice and forced-choice,
we recommend a forced-two-choice procedure, i.e., the subject has to
indicate on each trial which of two air sources supplies the toxic agent,
even if he feels he senses no difference at all, and that his response
would be a pure guess. We recommend this procedure because usually it
tends to yield higher values of sensitivity measurement (lower threshold),
and it eliminates a source of potentially large inter-trial and intersubject variability due to variations in the subjective criteria of a
"yes" (detection) response in the free-choice procedure. It also simplifies
the instructions to the subject and makes them less critical. The
recommendation is compatible with the Soviet procedure of chemical
administration, that of using two stimulus-sources, one supplying pure
air, the other air + gas. Of course, the pure air and air + gas mixture
should be randomly varied between the two supply sources from trial to trial
as the Soviet experimenters recommend and do.
Toxic agent concentrations
Assessment of the olfactory sensation threshold is a time consuming
task; therefore, it is essential to keep the number of different concentrations
used to a bare minimum. On the other hand, plotting a psychophysical curve
requires small intervals between adjacent concentrations in the critical
threshold region 15 ). Furthermore, since before the experiment we are not
sure where the threshold region lies, it is desirable to cover a reasonably
wide range of the chemical concentrations. Finally, to avoid a too crude
grain in the P (hit) axis of the psychophysical curve coordinates, several
presentations of each concentration are needed.
The best solution to meet these contradicting criteria seems to be
the following. First, on the basis of prior knowledge of a given chemical
olfactory sensibility derived from the literature, from informal assessment
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by the experimenter, and, best of all, from data with other, already tested
subjects, establish the approximate range of likely threshold region. Next,
nm a quick, informal, preliminary session with the subject to verify and
adjust the threshold region for this particular subject. Finally, starting
from the midpoint of the threshold region so established, select 4-5
concentrations on each side of the midpoint concentration, at intervals of
WC= 0.25. On this basis 9-11 concentrations will be chosen. This is
equal to the number of concentrations used in the only Soviet study in
which that number is reported (G362). It lies at the upper limit of
the number of different stimuli· in psychophysical threshold studies commonly
used (5-9). The proposed rule also results in small intervals between
tested concentrations and in the range of concentrations covered close to
10 times its lower bound, As an example, three illustrative sets of
concentrations, computed in the prescribed way, for midpoints 0.2, 1.0,
and 4.0 mg/m3 follow:
(1)

0.60

0.49

0.39

0.31

0.25

0.20

0.16

0.13

0 .10

0.08

0.07

(2)

3.05

2.44

1.95

1.56

1.25

1.00

0.80

0.64

0 .51

0.41

0.33

(3) 12. 21

9. 77

7.81

6.25

5.00

4.00

3.20

2.56

2.05

1.64

1. 31

To have the values of P(hit) grained more finely, we recommend testing
each concentration five times, rather than the three recommended by the
Soviet author. Thus, there will be fi.ve possible levels of P (hit) , a
minimum customarily used in that type of study.
Multiplying the number of different concentrations recommended by the
recommended number of presentations of each concentration yields approximately
50 trials which exceeds the upper bound (40) of the range actually used in
the analyzed Soviet studies only slightly.
The order of presentations of the concentrations tested should be random.
Trial structure
In view of the factors considered in discussing the toxic agent
administration, we recommend eliminating variations in the number of
stimulus samplings by the subject, the duration of each sample, and of the
inter-stimulus interval by transferring control over these variables from
the subject to the experinenter and standardizing trial procedures by making
them constant.
The subject should be allowed only one sample (one "sniff") from each
of the two sources. The duration of each sample should also be constant.
To make full use of the phenomenon of temporal summation, and t~ avoid
adaptation, the optimal duration seems to lie within a range of several
seconds. Five seconds is recommended as a good guess, although any duration
between 3 and 10 seconds probably would do.
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It is more difficult to select an optimal interval between two
comparison samples. To minimize rapid forgetting of the first sensation,
the shorter the interval the better. To allow for maximum recovery from
adaptation, just the opposite is desired. We have no basis for optimizing
this trade-off. However, the range in which the optimal interval lies is
probably 5-20 seconds. We suspect that the optimum is probably closer to
the lower bound of this range.
In the interval between taking the first and the second sample, the
subject should ventilate his nasal cavity thoroughly by inhaling and
e:xh_aling through his nose rapidly. The ambient air should be kept free of
crnitamination.
All .the above reconnnendations are based on using the original Soviet
apparatus for supplying air and air + gas mixture. The apparatus seems
to be less sophisticated than olfactometers used in olfactory laboratories,
but much simpler to use, and, once better ambient air control is provided,
should be accurate enough for its purpose.
Session structure
With the proposed trial structure there is no need to limit the
experimental session to a single trail. The inter-trial interval should,
however, be long enough to allow for complete recovery from olfactory
adaptation. Data on the course of olfactory adaptation and recovery
indicate that an inter-trial interval of five minutes is sufficient. With
this inter-trial interval it is feasible to recommend 6 to 10 trials per
session. Thus, the number of experimental sessions could be reduced to
5-10, and the experiment with one subject could be completed within a
week. Compressing the experiment this way has the advantage of eliminating
those fluctuations in the subject's olfactory sensitivity which may
occur over extended time periods.
·Data processing
A psychophysical function is recommended as the fundamental dependent
variable per subject. This tells much more than do the maximum imperceptible
and minimum perceptible concentrations. The standard psychophysical
threshold is a 50% threshold, which corresponds to that concentration reported
correctly by the subject 75% of the time in a forced-choice procedure.
However, in accord with the Soviet philosophy for setting MA.Cs a more
conservative definition of the threshold may be preferred. For example,
a 33% threshold, wherein the subject correctly identifies the gas 67% of
the time, or a 25% threshold corresponding to 62.5% correct identifications,
can be chosen arbitrarily as the measure of the subject's sensitivity.
The"threshold values for all subjects, based on whatever threshold
criterion chosen, should then be used to estimate the threshold distribution
of the general population according to standard procedures of statistical
inference outlined in part 2 of this report.
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EYE-LIGHT SENSITIVITY THRESHOLD
DESCRIPTION

1.

Reference.

The following articles were used for a description of this method:
Bushtueva (1957}, Dubrovskaia (1957), Fel' dman (1960), Fi lat ova (1962),
Gofmekler (1960}, Gofmekler (1961), Tmasheva (1963) , Imasheva (1966),
Korneev (1965), Korneev (1967), Li Shen (1961), Mukhitov (1962) , Plotnikova
(1957) , Pogosian (1965), Pogosian (1967) , Riazanov (1962) , Riazanov,
Bushtueva, Novikov (1957), and Solomin (1961).
Bushtueva (1957), Dubrovskaia (1957), Riazanov, Bushtueva, Novikov
(1957), and Riazanov (1962) were considered as the primary sources. The
first two were the first to use the eye-light sensitivity (ELS) method.
The third provides the official recommendations by the MAC Commi tt:ee for
the use of the ELS method. The fourth presents the official Soviet position
for the English-reading public by the then chairman of the MAC Committee.
1.1. Experimental conditions.
Two variants of the ELS method have been developed, which differ in
the time at which the toxic agent is administered (G752, G754):
(1)

the toxic agent is administered during the dark adaptation;

(2)

The toxic agent is administered before the dark adaptation begins.

Although both variants were recommended by the MAC Committee (G752),
the first variant was used almost exclusively ip. all later studies.
1.2. Experimental design.
Results with and without a toxic agent for the same subject are
compared.
2.

Toxic agent tested.

3.

Individual .£,!"_ group experiment.

The description of the test in the four main sources and the apparatus
used imply that the test is run individually. Also due to the nature
of the test it may be assumed that it was always conducted individually.

4.

Number of sessions.

"

By a session we mean that continuous period of time during which the
subject is under the control of the experimenter; a session involves one
or more trials.
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The number of sessions to be run is not specified in the main sources
precisely. It is made clear, though, that there are more than 10 sessions
with each subject. In one of the main sources (G752) it is recommended
that first 4-5 control sessions be run with no inhalation apparatus, then
2-3 while inhaling pure air from the apparatus, finally several concentrations of the toxic agent be tested, each during several sessions. In
another main source (G751) it is stated that first 7-10 sessions were
run with pure air, then sessions with the toxic agent were conducted.
In no one of the 16 other articles analyzed is the exact number of
sessions reported. From six of them in which some indirect indications
are given it seems that the most common practice was to run 5-7 sessions
with pure air (which might or might not have been split into two conditions
without and with the inhalation apparatus) followed by 9-12 sessions with
the toxic agent, with 3-4 different ~oncentrati ons, each tested in 3-4
sessions. This brings the total number of sessions run with a single
subject into the range of 15-20 although in one study the total seems to
have been about 40.
5.

Duration of a session.

In one of the main sources (G752) 60 or 90 minutes of the dark
adaptation period was suggested. In two other sources (G754, G755) it
was 60, 90, and 120 minutes (with different subjects and in different
variants of the method). Of six other articles in which there were some
indications , although nowhere stated explicitly, in five a session seems
to have lasted for 40 minutes and in one for 60 minutes. The dark
adaptation period was preceded by a preliminary three minutes of light
adaptation 16) (G752). Allowing a few minutes for instruction s, etc.
this yields an estimate of' the most connnon duration of a single session
as 50 or 70 minutes depending on the length of the dark adaptation period•
employed.
6.

Number of trials in a session.

By a trial we mean a single ELS determinati on. With this understandi ng,
the number of trials depended on the total duration of the dark adaptation
period. There were eight for a 40-minute dark adaptation period, 10 for
a 60-minute dark adaptation, and 13 for a 90-minute dark adaptation period.
7.

Inter-stimu lus interval.

By ISI we mean the interval between onsets of consecutive trials.
With this understandi ng, there were five .minutes during the first 30
minutes of the dark adaptation period, and 10 minutes thereafter.
8.

Irtte:t-ttial · irtte:tval.

By ITl we -irean the interval between the termination of one ELS
determinatio n cycle and the beginning of the next. With this understandi ng,
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the ITI is neither explicit nor even indirectly indicated. Fro:m what
we may guess about the duration of a single ELS determination, ITI was
probably 0.5-1 minute less than the ISI, i.e., up to four minutes during
the first 30 minutes of the dark adaptation period, and up to nine minutes
thereafter.
9.

Inter-session interval.

The only restriction recOl!Dllended in the main sources is that no
more than one session be run the same day. So it seems that usually
this interval was one day in length and sometimes as long as 2-3 days
(Stmdays etc.).
10.

Wa~ing signal and foreperiod.
No. warning signal is reported before each ELS measurement.

11.

Procedure of~ single ELS measurement.

Only one article (G752) provides any description of the procedure.
What follows is based on this one article.
11.1.

•

Psychophysical method used.

Although the authors do not use this term, the psychophysical method
used can be considered the method of limits. A single ELS measurement
consisted of a continuous increasing of the intensity of light until the
subject signaled detecting it, and then a continuous decreasing of the
light intensity tmtil the subject signaled that the light disappeared.
There was one such cycle for each single ELS measurement .
11.2.

Threshold criterion.

The threshold of brightness, i.e., the measure of the subject's
ELS, is taken as the average of the two light intensities, the one at
which the subject starts and the other at which he stops seeing the light.
The reciprocal of this measure is used for further analysis so that larger
values mean greater ELS.
11.3.

Light source.

Two types of apparatus are recommended and described:
adaptometer, (b) ADM adaptometer.

(a) Hagel

A. With the Hagel adapto.meter the light to be detected is that
reflected from a milky opaque disc illuminated by an incandescent light
of constant intensity positioned behind the opaque disc. The brightness
of the disc is controlled by three filters each of which passes 5% of
the light falling on it, and by a diaphragm, the opening of which can be
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,
reduced to 10- 4 of its maximal size. The filters and the diaphragm are
placed between the lamp and the disc.
B. With the ADM adaptometer the stimulus to be detected is one of
three illuminated translucent milky glass geometric figures (a circle,
a square, and a cross). The figure presented is illuminated by an
incandescent lamp. The brightness of the figure is controlled by four
filters each of which passes 5% of the light falling on it, and by a
diaphragm which can be set to pass from 100% to 5% of light. The
light reduced by the filters and the diaphragm passes through a translucent
disc of milky glass in front of which is placed an opaque screen with one
of three openings (circle, square, cross) (Fig. 4).
Of the 18 articles in which the ELS method was used, the ADM adaptometer
was reported to have been used in seven; the authors of all the other articles
did not indicate which apparatus had been used.
11.4

Light source location with respect to the subject.

A. For the Hagel adapto_meter it is not precisely reported. It is
only reported that the milky disc is presented somewhere in the periphery
of the subject's visual field.
B. With the ADM adaptometer the target-stimulus is presented 12° to
the right of the fixation point which presumably defines the center of the
subject's visual field.
Light source distance from the subject.

11.5.
A.

For the Hagel adaptometer it is not reported.

B.

With the ADM adaptometer it is 200 millimeters from the subject's

eye.
11.6.

Monocular vs. binocular stimulation.

It is not explicitly reported for either ·apparatus, but the description
suggests binocular vision for both adaptometers.
11.7.

Range of light intensities used.

This is not reported. In the main source (G752) it is stated that
after the light increased to the supra-·threshold intensity, i.e., the
subject reported seeing it, it w.as then gradually decreased. But, it is
not quite clear whether the reversal from an increasing to a decreasing
intensity was instantaneous or with some lag. Presumably some lag,
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however short, was unavoidable, and thus the light intensity continued
to increase for some indeterminable time after it had reached the suprathreshold level.
From the description of the apparatus in the main source (G752) the
intgnsities available ranged, in relative units, from some maximum to
10- of the maximum for both adaptometers. Absolute values were not
given.
11.8.

Number of presentations of each intensity.

The recommended procedure (G752) consists of one continuously
increasing and one continuously decreasing light presentation per single
ELS measurement.
11.9.

Single light presentation duration.

No information on any time parameters, neither the total duration of
a continuous light presentation, nor the rate of change of light intensity,
of a single ELS measurement is available, except that the decreasing
intensity presentation innnediately followed the increasing intensity
presentation. That is, after the light reached its maximal intensity, its
intensity innnediately started to decrease.
12.

Method of response.

It is explicitly reconnnended in the main source (G752) that the
subject makes a verbal response. Although no single article indicates it,
it is assumed that it was verbal.
13.

Not reported.

14.

Toxic agent concentrations used.

These differ from one chemical to another, of course. In almost
all studies the concentrations are reported exactly and unambiguously.
In one study two concentrations were used, in seven studies three, and in
four studies four concentrations.
15.

Method of toxic agent concentration control and monitoring.

Only one (G759) article stated that the concentrations tested were
checked before and after each session. Even in that study no details were
given.
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•
16.

Method of administration of the toxic agent.

In the main source (G752) it is recommended that the same apparatus
be used as in the olfactory sensation threshold method. Presumably,
though, only one cylinder, rather than two is provided for the subject.
Another main source (G751) states that the experimental chamber in which
the subject is seated is well ventilated. No further details are given.
Of all the studies in which the method was used, only one (G759)
reports that this apparatus was actually used; other studies do not
mention it.

•

17.

Application of the toxic agent .

In Variant 1 of the method, the toxic agent is applied for a short,
unspecified period of time on the 15th and on the 45th minute of the dark
adaptation period (G752). Another source (G751) states that the toxic
agent is applied only once, for 4. 5 minutes, between the 15th and 20th
minute of dark adaptation. In Variant 2 the toxic agent is applied for
an l.lllspecified length of time 15-20 minutes before the dark adaptation
begins (G752).
In practice, Variant 1 is used predominantly. Only two studies
report using Variant 2 (G754 and G761). Except for the two pioneer
studies (G754, G755), in which the toxic agent was administered two and
three times in Variant 1, all studies reported administering the toxic
agent only once, between the 15th and 20th minute of dark adaptation.
An exception is the study, G764, where it was applied on the 10th minute.
The duration of the toxic agent application was usually 4.5 minutes, although
occasionally it was five minutes.
18.

Not reported.

19.

Subjects.

The sole requirement in the main source article (G752) is that the
subjects be volunteers with normal vision established by a thorough
ophthalmological examination. Those studies which give some information
on the subjects state that they were healthy (one study), with a normal
olfactory sense and normal vision (three studies). Three studies stated
that the subjects had been the most sensitive to the chemical tested by
the olfactory sensation threshold method. Two studies reported subjects'
ages as 20-57 and 18-58.
It seems safe to generalize that the subjects represented the adult
population, 18-60, in good general health, with normal olfactory and visual
perception, and were selected on the grounds of being more sensitive to
the toxic agent studied than other subjects tested.
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•
20.

Number of subjects.

No specific number of subjects was recommended in the main sources.
Except for the first two pioneer studies (G754 and G755), which each used two subjects, and one other article where the number of subjects is not
reported, three subjects were used in each study.
21.

Subjects' exposure
prior !£_ the test.

~

chemicals in everyday life and in experiments

Not mentioned.
22.

Participation _2!. the subjects in other toxicological tests shortly
•
before the test.

No rule in this regard was recommended by the main sources. There
is also no direct information on this given by any of the analyzed studies.
However, six studies reported either the subjects' olfactory sensation
threshold or that the subjects were those· most sensitive to the chemical
studied. This suggests that the subjects had been tested previously with
the same toxic agent by the olfactory sensation threshold method. Since
this method was used in all the studies analyzed here except one, it may
have been a standard procedure to test each subject first with the olfactory
sensation threshold method and then with the ELS method.
23.

Results.

From the :main source (G752) the following recommended data processing
procedure can be extracted. First, for each single ELS measurement, the
average of two light intensities is calculated, the one at which the subject
starts seeing the light (when the light intensity is increased), and the
one at which the subject stops seeing the light (when the light sensitivity
is decreased)~ Next, the reciprocal of this average is used as the measure
of ELS. It is not entirely clear whether the intensities are averaged
first, and then the reciprocal is taken, or if the reciprocals of the
intensities are averaged; each sequence would yield slightly different
data. Then, for each subject separately, the ELS values of each consecutive
ELS measurement during the dark adaptation period are averaged for all
sessions with a given concentration of the chemical tested and for the
control condition. This yields dark adaptations curves for pure air
(control) and for each concentration tested. Dark adaptation time is
plotted on the abscissa; ELS values are plotted on the ordinate. Finally,
the ELS data for pure air and for the concentrations tested, for some
unspecified but presumably common point in dark adaptation time, are
plotted, with the concentration on the abscissa and ELS values on the
ordinate. The ELS for pure air serves as the reference level. All

\__
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concentrations of the chemical tested for which ELS is higher or lower
than for pure air are considered effective. No statistical analysis is
suggested.
In all studies the ELS values are reported in arbitrary units. These
units are called "relative" by Riazanov (G751). This probably means that
they are relative to the apparatus setting and readings. There is no way
to tell if they are comparable between studies, i.e. , if for instance ELS =
40,000 in two different studies means that the two ELS values were, indeed,
the same.
The first two pioneer studies (G754 and G755) from which the
reconnnendations for a standard procedure were derived present two kinds
of graphs as reconnnended in G752: dark adaptation curves for different
concentrations of the toxic agent and for pure air, separately for each
subject, and ELS as a function of the chemical concentration. Of the
remaining studies the latter function is presented in only three studies,
although it can always be reconstructed from the former type of data
presentation (whenever those data are presented).
In spite of the small number of subjects, all studies provide dark
adaptation curves for only one, representative subject. The results
are present~d in the form of conclusions that a particular concentration
had a given effect on some number of subjects and that another concentration
was ineffective. In five studies these conclusions were supplemented with
an assurance that the results were statistically significant, although no
details of the statistical analysis used were reported, except for one
study (G757) which reported the use of an analysis of variance for testing
the statistical significance of results.
24.

Other relevant elements of method description.

The main source (G751) states that the experiment is run in complete
silence since extraneous stimuli are known to affect ELS.
Each dark adaptation session begins with a 3-minute light adaptation 16 )
period (G751, G752). With the Hagel adaptometer this is done by having the
subject view the illuminated milky disc (the intensity of illumination is
not specified), while with the ADM adaptometer by illuminating the inside
of a sphere homogeneously coated with light-reflecting coating with a
200V/25 Watt lamp (G752).
All experimental sessions with the same subject are supposed to be run
at the same time of day (G752). In only one study (G762) is there an.
explicit report that the sessions were run at the same time of day and
that the dark adaptation period was preceded by a period of light adaptation
at the beginning of each session. However, the duration of the light
adaptation in this study is said to have been five rather than three
minutes.
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DISCUSSION
All the remarks about the lack of specific and critical information
made in the introductory part of our dis cuss ion of the olfactory sensation
threshold method, unfortunately, apply equally to the ELS method.
Theoretical background of the ELS method
The purpose for having developed the ELS method by the Soviet
toxicologists seems to have been twofold:
(1)

to find a method for detecting effects of toxic agents which
is more sensitive than the olfactory sensation threshold
method;

(2)

to get some insight into the nature of effects of toxic agents
on the cerebral cortex.

For both reasons the ELS method was a good choice, The change of
eye sensitivity to light as a result of an olfactory stimulation may be
viewed as a specific case of a general phenomenon, sensory interaction.
Sensory interaction is understood by Soviet psychologists and physiologists
to mean changes in one sensory system evoked by stimulation of another
sensory system. The changes consist mainly of increases or decreases in
sensitivity. The phenomenon of sensory interaction was linked by Soviet
authors to the concept of an excitation center in the cerebral cortex,
as proposed by Pavlov (1927) and developed further by Vvedenskii (1952).
According to their views, a cortical excitation center has a definite,
although rather complex, relationship to the excitability of other areas in
the cortex. The effects of an excitation center on other cortical areas
can be demonstrated in conditioned-ref lex activity, or at least some data
from studies on conditioned reflexes were interpreted this way.
The effects of very weak (subsensory) stimulation were studied
extensively by Gershuni (1945). The effects of various sensory stimuli on
visual sensitivity were studied and demonstrated by Kravkov (1947).
Sokolov (1963) obtained an increase in visual sensitivity in response to
stimulation of other modalities. He considered this response to be a
component of the orienting reflex. The general function of the orienting
reflex is to make the organism more alert and perceptive to its environment;
thus, an increase in sensitivity fits this concept well.
Both the theoretical reasoning of the authors cited above and their
'experimental data show that the effects of sensory stimulation on other
sensory systems depend in a complex way on other variables. Perhaps the
finding most relevant to detecting the effects of chemicals on the human
organism is the finding of a biphasic effect. This means that the change
in sensitivity of one sensory sys tern in response to stimulation of another
system tends to increase, while strong stimulation tends to decrease the
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Since sensory interaction effects had been shown with stimulation in
the sensation threshold region and with s:ubsensory stimulation, the ELS
nethod was a good prospect for detecting the effects of chemicals in
concentrations below· the olfactory sensation threshold. The ELS effects
of a toxic agent show that its effects are not restricted to the cortical
On the other hand, sensory interaction is a normal,
olfactory center
rather than a pathological, phenomenon and as such can hardly be
considered as harmful.
General experimental paradigm
Let us first try to establish the methodological type of problem
which characterizes studies of the effects of toxic agents on the ELS.
The question is riot the classical one of whether a factor (F) affects
a variable {V) which can be solved by measuring V with and without
F and then by means of an appropriate statistical analysis,
establishing the statistical significance of the difference
found. An underlying, and justified, assumption in all these studies
is that the toxic.agent tested, if applied in sufficient concentration,
does affect the ELS. Nor is it the same as the question asked about a
specific concentration rather than about the chemical in general. If
it were, the procedure outlined above would apply. But, by and large,
the Soviet investigators are not interested in any specific concentration,
predetermined by some criterion independent of findings to be obtained
with the ELS method. 1 7) The objective of the ELS studies is to determine
the subject's sensitivity to a given toxic agent. Methodologically it is
a very different experimental question than that of demonstrating an
effect of a factor as mentioned above. It is essentially the same type
of problem as that of determining the subject's sensitivity to a toxic
agent with the olfactor sensation threshold method, but ,with two important
exceptions.
For one thing, contrary to the olfactory sensation threshold method,
in which the subject's voluntary behavior is involved, the ELS method uses
the subject's involuntary behavior as the dependent variable. That is,
it uses changes in the ELS rather than verbal reports of the presence or
absence of a toxic agent. 1 8) The subject makes no "decisions" to increase,
decrease or keep his ELS tmchanged. As a result, such motivational factors
as costs of false alarms and misses have no impact on the data. Consequently,
a signal detection theory approach is neither needed nor justified here.
That leaves us with a psychophysical curve as the only tool to determine
the subject's sensitivity to a toxic -agent.
Secondly, with the olfactory sensation threshold method there is
no ambiquity about what the subject's response is. With the ELS method,
determining whether or not there is a change in the ELS is a problem
requiring special experimental and statistical care.
With these two exceptions, then, the problem in an ELS test is to
determine the subject's ·sensitivity to a toxic agent, as with the olfactory
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sensation threshold method, i.e., to determine his psychoph ysical function
for a given chemical. In accordanc e with the concept of the psychoph ysical
function, there is no single concentra tion of any chemical, below which
the chemical would never and above which it would always affect the ELS.
By definitio n, the psychoph ysical curve relates the probabili ty of an
effect on the ELS to the toxic agent concentra tions. Therefore , as with
the olfactory sensation threshold method, the most appropria te general
procedure for the ELS method seems to be:
(1)

establish P(ELS-cha nge) for a number of concentra tions;

(2)

for the empirical data points compute the best fitting theoretic al
psychoph ysical function, i.e., the best fitting cumulativ e normal
curve (ogive) ;

(3)

arbitrari ly define the ELS threshold in terms of the P(ELS-cha nge);
the standard choice would be P(ELS-cha nge) = 0.5;

(4)

from the theoretic al psychoph ysical function find ·the concentra tion
correspon ding to P (EL'S-chan ge) = 0 .5 which is the ELS threshold
for the toxic agent, 19)
·

Again, as with the olfactory sensation threshold method, instead
of determini ng a single cut-off point (threshol d), the standard Soviet
procedure is to determine a lower and upper botmdary called the "minimum
effective " and "maximum ineffecti ve" concentra tions. For the reasons
just noted, and presented earlier in discussin g the olfactory sensation
threshold method, this approach seems to be less adequate than the
classical psychoph ysical approach. ·

...

Determini ng P(ELS-cha nge) for

~

single concentra tion

As reported in the descripti on of the ELS method, most authors
limit themselve s to stating that some concentra tions were fotmd effective
while others were ineffecti ve, and some authors add that their results
for the minimum effective concentra tion were statistic ally significa nt,
while for the maximum ineffecti ve one they were not. Without actual
experime ntal results and their statistic al analysis it is impossibl e to
evaluate such statement s. They can only be taken at their face value,
or one can suspend judgment. However, even accepting the reported
results as they are, there still remains the problem of their relations hip
to the psychoph ysical curve and to the concept of threshold .

Determini ng statistic al significa nce is a generally accepted
procedure for deciding if an independe nt variable (here, a
particula r concentra tion of a toxic agent) does or does not
affect a dependent variable (here, the ELS). The differenc e
between the measureme nts of the dependent variable with and without
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the independent variable is considered statisticaliy significant if
the probability of its being due to random variability of the dependent
variable is very low (usually either below· 0.05 or below 0.01). For
two reasons this procedure does not seem appropriate to the problem of
determining the effects of a chemical on the ELS.
(1) The standard statistical' procedure is aimed at preventing
unwarranted conclusions about an effect where actually there may be none.
For setting MACs the main concern should be the opposite, i.e., not
overlooking an effect if there is one.
The standard procedure gives the probability of obtaining a
significant difference between the results with and without a treatment,
if the treatnent actually had no effect. What it does not tell is the
probability that the treatnent does haye an effect given the results
obtained. This latter probability remains in a loose relation to the
former. Usually the probability of an effect is higher than the
probability of no effect. For instance, if for given experimental results
the probability of no effect is 0.1, the results would be considered
statistically insignificant and the independent variable ineffective,
while actually the probability that the variable is effective could be
higher than 0.5. This can be computed with standard statistical procedure,
although it rarely is and never has been in the analyzed Soviet studies.
In the case of MAC-setting one should be concerned with keeping the latter,
rather than the former, probability low in making judgments about the
effectiveness of a concentration.
The most suitable available statistical tool for estimating the
probability of effectiveness of a particular concentration is provided by
Bayesian statistics. Two approaches are possible with this model. One
is to assume that both kinds of error(rejecting a particular concentration
as ineffective when it actually is effective (Type II error), and accepting
it as effective when it actually is not (Type I error)) have equal negative
value or cost and compute the odds of the effectiveness against the
ineffectiveness hypothesis. When the odds are greater than unity the
concentration should be said to be effective; when smaller than unity it
should be considered ineffective. This approach would minimize the
overall probability of error. The second approach requires estimating the
relative costs of both kinds of errors and setting a cut-off point for the
effective-ineffective decision so as to minimize expected losses rather
than the probability of error. Details of the Bayesian hypothesis testing
procedure can be found in statistical texts, e.g., Hays and Winkler (1971).
(2) Whatever the approach, classical or Bayesian, to deter.mine a
subject's ELS we peed a psychophysicalcurve. To obtain it, the odds for
the effective vs. the ineffective hypothesis (Bayesian approach) or the
probabilities of effectiveness (Classical approach) should be computed for a
number of concentrations. These figures should be used to plot an empirical
psychophysical curve, and to obtain the best fitting theoretical psychophysical
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curve. Using the latter, same arbitrary cut-off point, e.g., the odds
equal to one, should be selected as the ELS threshold for the particular
toxic agent and for the particular subject.
Such a procedure would yield an ELS threshold comparable to the
olfactory sensation threshold. For both methods, the threshold would
be defined as the same probability of detection. The way that the data
were processed in the Soviet studies analyzed, such comparisons , if
possible, would be very difficult.
Number and· spread of concentratio ns tested
The standard procedure in the Soviet ELS studies analyzed seems
to have been to use subjects who had been tested previously with the
olfactory sensation threshold method. This helps selection of the
concentratio ns to be tested by narrowing the choice from guessing to a
range based upon the olfactory sensation threshold of each subject. In
fact, some authors mention that the olfactory sensation threshold was one
of the consideratio ns employed to determine what concentratio ns to use in
the ELS test. For that reason, the range of concentratio ns in the ELS
experiment is more likely to be more appropriate than in the olfactory
sensation threshold test. Consequentl y, the number of concentratio ns needed
to determine the psychophysi cal curve may be smaller than in the olfactory
sensation threshold experiment. That is, the concentratio ns are more
likely to cover the critical region of the psychophysi cal curve. Yet,
to use only three concentrati ons, as is the coilllllon rule, seems to be too
few. Five concentratio ns seem to be about the smallest number for a
reliable constructio n of the psychophysi cal curve.
Probably due to the small number of concentratio ns tested, the
intervals between adjacent concentratio ns are generally very lar$e. The
problem was discussed at length in regard to the olfactory sensation
threshold method; what was said there applies also here. Tab le 4 presents
all 20) the successive concentratio ns used in the analyzed studies, the
differences between them, and the ratios of each difference to the lower
concentratio n of each pair, i.e., the Weber Constant (WC). As with the
olfactory sensation threshold method, the variability of WC is large.
It ranges from 0.15 to 1.73, i.e., the relative interval between two
adjacent concentratio ns in one study is over 10 times that of another.
This seems excessive for so important an experimenta l variable. In
discussing the olfactory sensation threshold method it was concluded
that WC should be about 0.25. As can be seen in Table 4, only 6 out of
the 29 pairs of adjacent concentratio ns met this criterion and 13 exceeded
it twice or more.
Absolute vs. relative ELS values
As stated in the description of the method, ELS data for each
concentratio n are compared with the control (pure air) data at some
moment during the dark adaptation period. While in Variant 2 of the
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method, where the toxic agent was administere d before the dark adaptation
period, it is hard to guess exactly when the comparison was made. It may
be safely assumed that in Variant 1, where the toxic agent was administere d
in a prescribed time interval during the dark adaptation period, that the
ELS data immediately after the administrat ion of the chemical were
compared with ELS data obtained at the same time in the control condition.
In both cases what seems to be implied in the analyzed articles is
that comparisons were made between the absolute ELS values for an
experimenta l and control condition. This is certainly legitimate.
However, the ELS probably varies randomly from session to session more
than it fluctuates randomly within a session. Consequentl y, comparisons
of absolute ELS values must absorb this substantial inter-sessio n random
variability . The result must be a decrease in statistical power. In
other words, relatively large differences between the experimenta l and
control conditions are needed to exceed a given level of statistical
significanc e. An alternative way of analyzing the data would be to
compare the difference in ELS before and after the administrat ion of the
chemical with the difference in ELS for the same dark adaptation time
points for the control condition. While leaving the intra-sessio n random
variability unaffected, this procedure eliminates the effects of intersession random variability . The result will be an increase in power, i.e.,
smaller differences between the experimenta l and control conditions will be
statistical ly significant . Therefore, while both ways of data analysis
are legitimate, the latter will generally be more sensitive, since smaller
differences will be required for statistical significanc e.
Single ELS measurement
As described earlier, the ELS method is a two-stage procedure. First,

a dark adaptation curve is established . Then the various concentratio ns
of the toxic agent are tested for their effectivene ss in altering the
course of dark adaptation. So far, we have been concerned with the second
stage and have taken the dark adaptation curves as given. The following
discussion is concerned with the first stage of the procedure.
Determinati on of the dark adaptation curve consisted of making a
number of ELS measurement s during the dark adaptation period. We are now
going to discuss a single ELS measureirent . To measure ELS, the Soviet
experimente rs turn on the test light at a subthreshol d level, increase
its intensity gradually and continuousl y until the subject reports seeing
it, and then they decrease it gradually and continuousl y until the subject
reports not seeing it. The average of the two limiting intensities is used
as the basic datum for further analysis.
This procedure is a form of the classical psychophys ical method of
limits. In spite of possible temporal sunnnation effects, discussed in
detail in the olfactory sensation threshold method, the use of a
continuousl y changing stimulus rather than a series of discrete stimuli
should have no significant effect on the measurement . However, there is
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a possible problem of a time-lag in the subject's verbal response and in
the experimente r's response to subject's report. · The light reaches an
intensity level perceptible to the subject, but he responds to it with
some delay, and during that time the light intensity keeps increasing.
Then there is another delay·, the experimente r's reaction time to the
subject's response, and during this time the light intensity continues
to increase. In effect, when the. light intensity is finally recorded
as the intensity which the subject reports seeing, it is probably already
above it. How much above depends on the rate of light intensity change,
which is not reported. The same events, in the opposite direction,
happen when the light intensity is decreasing. All in all, there seems
to be a systematic error inherent in the continuous stimulation procedure,
but since the errors in the increasing and decreasing series are opposite
in direction, their effects, on the average, should be canceled.
In the standard method of limits, increasing and decreasing series
are presented a number of times. Since the subject's performance
varies from one series to another, the probability of detection for
various light intensities can be determined, the psychophysi cal curve for
light can be plotted, and the visual threshold of light intensity can be
found. In the Soviet modificatio n, determinatio n of the ELS threshold
is limited to a single increasing- decreasing series. This, of course,
reduces the reliability of the ELS threshold, and moreover, makes
reliability indetermina te. There are, of course, good reasons for determing
the ELS in the Soviet way:
(1)

every light stimulation interferes with the process of dark
adaptation and therefore should be kept to a minimum;

(2)

ELS changes systematica lly during the dark adaptation period,
and, therefore, running a number of increasing-d ecreasing
series would spread a single ELS measurement over a period
of time thus introducing a systematic variability (each next
series would be at a later stage of dark adaptation) .

In the standard psychophysi cal method of limits the subject is
warned about the forthcoming stimulus. From the available description
of the Soviet ELS method, it is not clear whether a warning signal is
given. If, indeed, there is no warning signal, the subject's performance
could be seriously handicapped because of his not expecting the test light.
And in view of the use of 5- or 10-minute intertrial intervals, the subject
can hardly be expected to be alert to a possible very weak test light all
the time. The disadvantag es of not using a warning signal are so serious
and so obvious that we are inclined to believe that the Soviet experimente rs
failed to report, rather than to use, a warning signal in some, at least
informal, form •
. ELS was measured 10 times or more in a single dark adaptation session.
Each time the subject's eyes were stimulated by the light of the ELS
measurement , the dark adaptation process could have been disrupted. However,
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since the light intensity was very low, within the threshold region,
and the stimulation time short, it may be considered that the disruption
was practically negligible.
Toxic· agent· admirtist:tatiort and concentration· control
Since the methods of toxic agent administration and concentration
control were essentially the same as with the olfactory sensation threshold
method, our discussion of this topic there applies to both methods.
Order·.£.£· experimental conditions
The order of conditions with different concentrations, including the
control condition with pure air, should be random and unknown to the
subject to avoid confounding the chemical concentration with other
variables. Unfortunately, in all the analyzed Soviet studies, first
the control condition was run, and next the experimental conditions with
different concentrations of the toxic agent were run. Furthermore,
although it was not reported, one gets the impression that the concentrations
used were also tested in a systematic order from small to large, and
that all sessions with the same concentration were run together. The
subjects could hardly have been unaware of this. practice.
RECOMMENDATIONS
There is enough justification to expect the ELS method to be highly
sensitive and therefore worth adopting in behavioral toxicology. Rather
than establishing the minimum effective and maximum ineffective concentrations,
we reconnnend determining the psychophysical function and ELS threshold. To
do this, at least five concentrations should be tested, provided the subject's
olfactory sensation threshold has been previously established. In this way
the risk of mismatching the concentrations selected with the subject's
sensitivity to the toxic agent tested is minimized. The concentrations
should be selected so that the WC for two successive concentrations should
be kept constant and equal to 0.25. If the subject's olfactory sensation
threshold, in relative units, is taken as unity, the recommended five
concentrations to be tested with the ELS method would be:
1.56

1. 25

1.00

0.80

0.64

Since the ELS threshold can be expected to be no greater than the
olfactory sensation threshold (and probably lower) , a reasonable alternative
would be a set of concentrations assymetric with regard to the olfactory
·
sensation threshold:
1. 25

1.00

0.80

0.64

0.51

As for the olfactory sensation threshold, we reconnnend testing each
concentration, including the pure air control condition, five times rather
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than three, which was the standard number in the Soviet studies.
Multiplying the recommended number of .concentrations by the recommended
number of sessions with each concentration yields a total of 25 sessions
which is slightly higher than 15-20, the range most connnon in the Soviet
studies.
The order of conditions with different concentrations, including the
control condition, as well as the recommended five sessions within each
condition, should be randomized. Also, the air flow from the dosing
apparatus should be kept constant throughout the session, both in experimental
and control conditions, so that the subject has no clue about when he is
exposed to the toxic agent.
As the independent variable, the abscissa of the psychophysical function,
.concentration, should be used. As the dependent variable, we recommend the
iodds in favor of the hypothesis that a given concentration is effective
against the hypothesis that it is ineffective. After an empirical
psychophysical function is plotted, a theoretical psychophysical function
should be fitted to it, which would be the best fitting cumulative normal
curve using the method of least squares.
As an arbitrary definition of the threshold, we recommend the concentration

corresponding to the odds equal to one on the theoretical psychophysical
function. Such a threshold is the best equivalent to the concept of
threshold in classical psychophysics, and it corresponds best to the
recommended olfactory sensation threshold. This procedure would make the
results of the olfactory sensation threshold and the ELS methods comparable.
The statistical details of computing odds for the pair of hypotheses
(effective vs. ineffective) can be found in statistical textbooks which
include the Bayesian statistics, e.g., in Hays and Winkler (1971).
Each of the two variants of the ELS method can be used, either the
one in which the to.xic agent is presented· during the dark adaptation period
or the one with the toxic exposure prior to dark adaptation. In either
case the dark adaptation period should be preceded by a preliminary three
minutes of light adaptation, as was the standard_practice in the Soviet
studies. Also in either case, a single ELS measurement should be made by
the method of limits with one increasing and one decreasing light intensity
series as in the Soviet studies. Depending on the apparatus used, either a
continuously changing light intensity can be used, as in the Soviet
studies, or a series of discrete flashes of varying intensity. In either
case, a warning signal should be used with a f oreperiod randomly varying
within the· range from five to 15 seconds. The warning signal is essential
to make the subject attentive to the forthcoming stimulus. The variability
of the foreperiod should prevent him from guessing. Of course, this
one-series ELS measurement makes these individual measurements subject to
high random variability, and, moreover, precludes any means of estimating
this variability. The measures we recommend to cope with this problem
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a~e different for each variant of the ELS method, therefore further
reconunendations will follow separately for each variant.
Toxic agent administration during the dark adaptation
In accord with the most conunon Soviet practice, we recommend a 40-minute
dark adaptation period. However, we feel that two changes are advisable.
First, the ELS should be determined every five minutes throughout the
entire session. Also, it should be measured at the very beginning of
the dark adaptation, inunediately after the light adaptation is over, to
obtain the initial ELS level. Second, the administration of the toxic
agent should be delayed for 10 minutes, i.e., it should be applied for
five minutes between the 25th and 30th minute of dark adaptation rather
than between the 15th and 20th minute. The reason for these two changes
is the way we propose to process the ELS data.
From all that is known about the dark adaptation process, a theoretical
dark adaptation curve can be considered to be an asymptotic curve described
by an exponential equation of the form:
ELS= a - b

qt

and for all practical purposes it may be approximated by a simplified form:

where t stands for the dark adaptation time,~ for the asymptote, and .9.. is
the parameter of the process subject to the restriction:
0 < q < 1

Practically, t can be considered as the independent variable, under
the experimenter's -control, ELS as the dependent variable, and ~ and .9.. both
as parameters of the process. By manipulating these parameters, a theoretical
dark adaptation curve can be found by best fitting the data points, i.e.,
the empirical dark adaptation curve. The variability of the actual data
points, i.e., single ELS measurements, around the theoretical dark adaptation
curve can be used to estimate the reliability of the theoretical curve.
Since fitting a theoretical dark adaptation curve makes sense only for
the data points unaffected by the toxic agent, the reason for the proposed
delay of the toxic agent administration was to increase the ntllllber of
1.maffected data points which could be used for estimating the reliability
of the theoretical dark adaptation curve. Since in all the Soviet studies
if a toxic agent affects the ELS, the effect shows immediately after
the toxic agent administration, we lose no information by delaying the
agent.
administration of the toxic
,,
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The effect of a toxic agent should be estimated using relative, rather
than absolute ELS values. That is, the difference between the theoretical
ELS value immediately before and the empirical ELS value immediately after
the administration of the chemical should be compared with the difference
between the two ELS values in the corresponding points of the theoretical
dark adaptation curve for the control condition. The rationale for this
procedure was given in the discussion.
Toxic agent administration before the dark adaptation
In this variant of the ELS method the chemical is presented simultaneously
with light adaptation and continued throughout the IO-minute dark adaptation
period. At the end of the IO-minute dark adaptation the ELS is established.
The described cycle constitutes a single trial. Five trials should be run
in a session.
The average of the five ELS values for further comparisons is used.
With this variant, of course, we use the absolute rather than relative
ELS values for estimating the effects of the toxic agent.
EEG CONDITIONED REFLEX THRESHOLD
DESCRIPTION
1.

Reference.

The following articles were used for a description of this method:
Bushtueva, Polezhaev, Semenenko (1960), Fel'dman (1960), Gofmekler (1960),
Gofmekler (1961), Li Shen (1961), Mukhitov (1962), Riazanov (1962),
Solomin (1961).
The articles by Bushtueva, Polezhaev, Semenenko (1960) and by Riazanov
(1962) were considered as the primary sources. The former was the first
to use the EEG conditioned reflex threshold (EEG-CR) method; the latter
presents the official Soviet view about the method for the English-reading
public by the then chairman of the MAC Committee.
1.1.

Experimental conditions.

There are no explicit recommendations about the number of conditions
to be run, and in no article was the nl.Ullber explicitly stated. From the
results presented, however, it follows that 2-4 conditions, differing in
concentration of the toxic agent tested, were run.
There is no indication of whether all subjects were run through all
conditions and in what order. Consequently, we must resort to "educated"
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guesses based on a general familiarity with the conduct of that type of
research in the Soviet Union. _It seems likely that the experiment was
started with one of the extreme conditions, that is, either with the
strongest or with the weakest concentration to be tested. Then the
subject was run through the next strongest, if started with the strongest,
or the next weakest, if started with the weakest, concentration, and so on,
until a specific concentration failed to be conditioned, if the previously
tested stronger concentration did, or until the next tested concentration
was conditioned, if the previously tested weaker concentration failed.
1.2.

Not reported.

1. 3.

Preliminary sessions ·

.,,

There is no mention of whether a preliminary session was run. However,
in both primary sources and in two other articles the authors state
that only subjects with a well pronounced alpha-rhythm were admitted to
the experiment. · Testing the subjects' alpha-rhythm could have been done
either in a preliminary period of the first experimental session, or in a
separate preliminary session.
2.

Toxic agents tested.

3.

Individual~- group experiment.

No mention is made in this regard, but the nature of the experiment
certainly required individual testing.
4.

Nmnber of sessions.

By a session we mean that _continuous period of time during which the
subject is under the control of the investigator; a session involves one
or more trials.

No explicit mention is made as to the nmnber of sessions, but from
indirectly related conunents it seems likely that there was one session in
each condition, that is for each concentration. In one article (G657) a
conunent is made which can be interpreted to mean that two sessions were
run in each condition.

5.

Duration of a session.

It is not reported. From the nature of the experiment it may be
· guessed that the main part of the session (i.e., excluding the preparatory
period needed for attaching electrodes, etc.) probably lasted between
10 minutes and one hour. It certainly was not constant since the
experiment was run until a conditioned reflex (CR) was obtained, and
that could have happened in one of the early or in one of the late
trials.

-51-

6.

Number of trials in a session.

By a trial we mean a sequence of two or possibly three events:
conditioned stimulus (toxic agent), unconditioned stimulus (light), and
most probably a response (alpha-rhythm depression), either conditioned
(to the conditioned stimulus (CS)) or tmconditioned (to the tmconditioned
stimulus (UCS)).
The number of trials in a session is variable and depends on how long
it takes to develop a EEG-CR, and then how long it takes for the CR
to be extinguished. There seem to be no clear-cut rules on how long to keep
trying when a CR does not develop. In one study (G651), in one case
attempts were reported discontinued after 15 trials, in another (G657)
after 25 trials in some cases, and after 35 in others, etc. Since it is
usually reported that it takes at least several trials to develop a CR,
it may be assumed that the ntnnber of trials in a session ranged from
tmder ten to over thirty.
7.

Inter-stimulus interval.

By ISI we mean the interval between onsets of the CS on two consecutive
trials. ISI was not reported in any of the analyzed studies. In one
study (G656) it was mentioned that ISI was deliberately vari~d to avoid
temporal conditioning.
8.

Inter-trial interval.

By ITI we mean the interval between the offset of CS and UCS on
one trial and the onset of CS on the next trial. It was not reported
except for the one study mentioned above (G656) where all that was stated
was that it was variable.
9.

Intersession interval.
No information.

10.

Warning signal and fore period.

No warning signal was presented. Moreover, in one of the two primary
sources (G656) it was reconnnended that ITI be varied to avoid temporal
conditioning, i.e., to make the presentation of CS tmpredictable.
11.

Not reported.

12.

Electrode location.

The most connnon configuration, and also that used by the originators of
the method (G656) , is to have four locations: occipital-parie tal and
temporal of each hemisphere.
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12.2.

EEG desynchrortizati on criteria.

No author indicated what criteria were used to decide when alpharhythm depression occurred. Apparently, it was decided case by case,
arbitrarily, by each experimenter.
12. 3.

Preliminary periods in each session.

No mention is made of this by any author, although it is apparent
that some preliminary checkup of proper EEG recording, adjusting
amplification, etc. , must have been done, as is usually the case in EEG
studies.
13.

Condition reflex formation criterion.
None explicit.

14.

Toxic agent concentrations used.

These, of course, differ from one chemical to another. In almost
all studies the concentrations were reported exactly. Most commonly three
concentrations were tested.
15.

Method of toxic agent concentration control' and moni taring.

Only two articles (G657 and G660) stated that the toxic agent
concentration was checked. In one study it was done before each session,
in the other, before and after. No details of how the concentrations were
checked were given.
16.

Method of administration of the chemical.

Three articles (G656, G657, G660) stated that a cylinder was placed
(suspended) in front of the subject's face. Airflow through the cylinder
was maintained at a constant speed (20 liters per minute in one article,
30 liters per minute in another) throughout the session. At desired times
the gas 1.n1der study was added to the air in a specified concentration
through a system of valves from a dosing apparatus. It is not clear if
the gas blown into the experimental chamber was immediately drawn off, or
if it kept accumulating in the chamber.
17.

Light (UCS) characteristics and the background illumination.

One article (G657) mentioned that the subject was in darkness. One
article seemed to imply that the UCS for alpha-rhythm depression was a
sudden and considerable increase in the general illumination of the
experimental chamber.
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18.

CS (toxic agent administration) duration.

Twenty seconds in one article (G656), fifteen seconds in all others,
except for one (G662) which gives no information about CS duration.
18.1.

UCS (light presentation) duration.
Five seconds.

18.2.

Interval between CS-onset and UCS-onset.

The length of time the CS (chemical) was on before the UCS (light)
was turned on was reported as 10 seconds in all articles except G656, where
it was reported as 15 seconds, and G662 where this information was not
given.
18. 3.

~

and UCS overlap time.

This is the length of time the CS and UCS were both on simultaneously .
It was five seconds in all articles except the one which gave no information
(G662).
18.4.

CS and UCS termination.
CS and UCS were turned off simultaneously.

19.

Subjects.

Four articles, including the two main sources, stated that persons
with a well pronounced alpha-rhythm ~ere selected as subjects. Normal
olfactory sensitivity was also stated as a selection criterion in two
articles. No details, however, were given on how that was determined.
Two articles reported the subjects' age, 20-32 in one, tmder 30 in the other.
20.

Number of subjects.

The number of
never very large.
subjects, or where
it ranged from two
21.

subjects varied from one study to another, but it was
In those articles which reported the number of
it was possible to infer the number from the results,
to five with two being the most common.

Subjects' exposure to chemicals in everyday life and in experiments
prior to the test.
Not mentioned.
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22.

Subjects' participation in other toxicological tests shortly
before the test.

There is no direct information on this given by any qf the studies
except one (G659). In this study the same subjects were used in EEG-CR
tests with three different chemicals. Also in the G656 study some subjects
seemed to have been used in EEG-cR tests with two chemicals. In the same
study there are indications that some subjects were used just previously
in another test with the same chemicals. In one article (G663) in which ,,
other tests with the same toxic agent were reported, subjects used in the
EEG-CR experiment were not used in other tests. In all other articles it
is impossible even to make guesses in this matter.
23.

Results.
The results are presented in one of five basic formats:

A. One concentration of the toxic agent is reported effective,
Le., the EEG-CR was developed to it; another was described as ineffective,
i.e., the EEG-CR failed to develop. The number of subjects for whom the
concentrations proved effective and ineffective was not reported, nor
was the number of trials needed to develop the CR, nor the nmnber of
trials after which the concentration tested was pronounced ineffective
(e.g., G659).
B. Another format shows for how many and for which subjects the
tested concentrations were effective (CR developed) or ineffective
(CR failed to develop):
Concentration

Subject

+
+

+

+
Neither the number of trials needed for the CR to be developed, nor
the number of unsuccessful trials after which the concentration tested
was called ineffective was reported (e.g., G662).
C. The third format presented the number of trials needed to develop
the CR in each subject. This is illustrated in the table below where the
entries are the mnnber of trials to the first appearance of the CR:
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Subject

Con cent ration

C2

12
5

5

15

6

9

12

If one (1) is reported as the number of trials, it means that the
concentration tested evoked an EEG response as UCS rather than CS.
Although the number of trials run before it was decided that the
concentration tested would not evoke a CR was not reported, it may be
assumed that they exceeded the maximum number of trials needed to develop
a CR (e.g., G656).

D. Still another format used presented the same data as in format C,
but in addition presented the number of trials run before the concentration
tested was pronounced ineffective, i.e., before it was decided that the
CR would not develop (e.g., G657).

24.

Other relevant elements of method description.

In two articles (G359, G360) the subject was reported to be seated
in a relaxed, reclining position.
In one study (G663) the subject was required to press a button when
a light went on to keep him alert, and his motor responses were recorded
to monitor his alertness.
In the same study (G663), in addition to EEG, also EKG and respiration
were recorded.
D1SCUSSION
The Principle of the EEG-CR method
The rationale of this method is that whatever stimulus can be
conditioned must be sensed by the organism, although it may be subliminal
in terms of sensation threshold.
There is experimental evidence that stimuli which cannot be reported
·verbally may evoke a conditioned response. That is, a conditioning
threshold may be lower than the sensation threshold. Since Soviet authors
searched for the most sensitive measure of effects of industrial toxins
on the human organism, it was logical to try to condition the toxic agent
of interest •. The choice of the alpha-rhythm depression as a to-be-conditioned
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response was dictated by the desire to gain a direct insight into brain
ft.mction and the chemical effects on it. To us it seems rather immaterial
which response to choose for conditionin g, since the conditionin g process
itself is a ft.mction of the brain and as such serves as an indicator of
the functional state of the brain and its changes t.mder the influence of
a toxic agent. Nevertheles s, the choice of the alpha-rhythm depression
proved very effective. All the authors claimed this method to be more
sensitive than the olfactory sensation threshold and ELS methods.
Criteria for alpha-rhythm depression
When using the EEG-CR method, the initial and crucial problem is
that of establishin g criteria for classifying some portions of the EEG
as alpha-rhythm and others as alpha-rhythm depression. Not a single
Soviet author stated explicitly what criteria was used.
Ther~ is, of course, well established textbook knowledge that the
alpha-rhythm are waves of the frequency of 8-14 Hz and amplitude of
10-100 uV, and that what is usually called alpha-rhythm depression (or
desynchron ization), especially when evoked by light, is the replacement
of alpha-rhythm by beta rhythm, i.e., waves of the frequency of 20-30 Hz
and amplitude of 5-20 uV. However, in practice the EEG fluctuates
constantly both in frequency and in amplitude, and ·the experimente r is
forced to make arbitrary decisions. Will he call an alpha-rhythm depression
a drop in amplitude from 50 to 20 uV and an increase in frequency from
14 to 20 cps, which occurred for one second within a minute of variable
in amplitude and frequency but t.mambiguous alpha-rhythm ? And how about
a two-second period of 15 cps. and 30 uV within a prolonged unambiguous
alpha-rhythm ?
It seems obvious that clear-cut decision rules should be adopted.
Two ways seem open for the experimente r. One is to determine the frequency,
amplitude and duration limits which must be jointly exceeded for an
alpha-rhythm depression to be defined as present. For instance, one may
say that alpha-rhythm is considered depressed if its amplitude dropped
below one-third of its original value for at least three seconds at a
time. Such criteria have been used in Sokolov' s laboratory. Another
approach would be to have an experienced EEG analyst go through the EEG
recordings and arbitrarily mark which portions of the EEG he considers
alpha-rhythm and which the alpha-rhythm depression. The necessary
condition for this second approach is that the analyst must not see any
other record simultaneou s with the analyzed EEG. In particular he must
not see the records of the CS (toxic agent) and the UCS (light) so that
his judgment would not be biased. At first glance this may appear to be
inviting an unacceptabl e subjectivit y in analyzing the data since, of
course, different analysts will have individual biases which will show
mainly in the different proportion of the EEG record which they classify
as alpha-rhythm depression. Although this could be devastating for
oth~r purposes, it is really safe for making a decision about whether or
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not the EEG-CR developed, as long as no analyst classifies all records
as alpha-rhythm or as alpha--rhythm depression. We will return to this
problem, dis cussing the criteria for the EEG-CR formation.
Criteria for EEG-CR formation
Spontaneous alpha-rhythm depressions do occur even without any external
stimulation. Moreover, in some subjects these spontaneous alpha-rhythm
depressions are more frequent than in others. Finally, if we have experts
decide which portions of an EEG record represent alpha-rhythm depressions,
some experts will find more depressions than others in the same EEG record.
So when a depression is initiated, or is considered to have occurred by an
expert, during the CS before the UCS, a question arises as to whether it
is really a CR or a random event.
Solving this problem does not depend on the overall frequency of
alpha-rhythm depressions in a EEG recording, as long as there are some
depressions and not all of the record is depressed. This is why using
subjects with varying degrees of spontaneous alpha-rhythm depression,
and using experts who find varying proportions of depressions in the same
EEG record does not affect the final judgment of whether or not the EEG-CR
developed. That judgment depends on the frequency of alpha-rhythm depressions
during the CS relative to the frequency of depressions in intertrial
intervals.
The criterion for the development of the EEG-CR to a subliminal
concentration should be the same relative frequency of alpha depression
as used to define an EEG-CR to a suprathreshold stimulus for a subject.
Only with a standard criterion of CR establishment can the EEG-CR be
validly identified. There is no suggestion in any of the analyzed studies
that the problem of a criterion of EEG-CR formation was considered.
General experimental paradigm
As with the olfactory sensation threshold and the ELS methods,

the Soviet authors present their results for the EEG-CR method as
conclusions that one concentration is the maximtnn ineffective and another
is the minimum effective. What appears more appropriate to the problem
of determining the subject's sensitivity to a toxic agent is the establishment
of the subject's psychophysical function and his threshold. The justification
for our preference was presented in discussing the olfactory sensation
threshold method.
The best way to determine the psychophysical function for the EEG-CR
method seems to us essentially the same as that which we advocated for the
ELS method, i.e., using the odds in favor of the hypothesis that the EEG-CR
did develop against the hypothesis that it did not develop. The relative
frequency of alpha-rhythm depression during the CS if the EEG-CR did not
develop should be equal to unity, i.e., the frequency of depressions during
the CS s~ould be the same as in the inter-trial intervals. The relative
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frequency of depressions during the CS if the EEG-CR did develop should
be that obtained for conditioning a suprathreshold concentration of a
toxic agent. The odds should constitute the basis for the empirical
psychophysical function. Then, as for the ELS method, the theoretical
psychophysical function should be found and the concentration
corresponding to the odds equal to one would be considered the threshold.
The details of this approach have been spelled out in our discussion of
the olfactory sensation and the ELS methods.
Other matters
The number of trials nm in a session should be standardized rather
than left to convenience. For example, when one author (G656) reported
the development of an EEG-CR after 23 trials, while another (G651)
concluded that a concentration was ineffective after it had failed to
evoke the EEG-CR after 15 trials, ~uch different results are hardly
comparable.
The same criticism raised about the ELS method also applies to the
number of concentrations tested and the intervals between adjacent
concentrations. The common use of three concentrations to test seems
too small for establishing the threshold reliably. The intervals between
adjacent concentrations are too variable among and within studies, and
in most cases too large. From Table 5 it can be seen that WC varies
from 0.14 to 1.00, i.e., the largest interval used is seven times that
of the smallest in terms of WC. Of 14 cases for which WC could be
determined, it was equal or smaller than O. 25 only three times. In
eight cases it was twice as large or more. In other words, it was
within our criterion of 0.25 only three times out of 14.
Regarding the administration and control of the toxic agent, the
same comments apply as with the olfactory sensation threshold and the
ELS methods .
The order of sessions with different concentrations seems to have
been systematic, whereas we feel it should have been raridom. Actually,
we cannot be quite sure what it really was because this information
was never available. Also, information concer~ing a number of other
elements of the method was missing, e.g., was there a special preliminary
session; how long did a session last; what were the inter-trial intervals,
etc.
RECOMMENDATIONS
From all that is known about conditioning subliminal stimuli and
from the apparent sensitivity of the EEG-CR method as used in the Soviet
studies, the method certainly seems relatively sensitive and as such
worth adopting in behavioral toxicology.
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As with other methods, rather than establishing the nu.m.mum effective
and maximum ineffective concentrations we recommend determining the
psychophysical function and EEG-CR threshold.

To do this, at least five concentrations should be tested, spread
at 0.25 WC from each other and related to the olfactory sensation
threshold taken as unity in the following way:
1.25

1.00

0.80

0.64

0 .51

Further details .concerning the recommended concentrations can be
found in our recommendations for the ELS method. Of course, a control
condition without the toxic agent should also be run. One session per
condition, as the Soviet authors did, seems to be the best course to
follow. The order of conditions with different concentrations (including
the control condition) should be random.
We favor a short preliminary session with each subject to check his
basic EEG rather than doing this as a preliminary part of the first
experimental session. There are two reasons for this choice. First,
if the preliminary testing of the subject's EEG is done in a separate
session, the later experimental sessions will be more homogeneous.
Otherwise, the first will be somewhat different than others. Secon~,
a preliminary session will help the subject get used to the experimental
situation, and it will reduce his orienting response to it in the following
experimental sessions.
To avoid fatigue, boredom, and a drop in vigilance, the duration of
a single session should not exceed one hour, with perhaps up to 45 minutes
of the main part, i.e., the conditioning trials.
The Soviet time structure of a single trial, i.e., CS turned on
for 15 seconds with the UCS accompanying it for the last 10 seconds,
seems to be a recommendable choice.
Also, the Soviet practice of varying the ITI to avoid temporal
conditioning seems strongly recommendable. It is advisable, however,
to standardize the ITI variation and the central point around which it
varies. We propose a range of twice the trial duration mean, i.e.
30 seconds, with limits of 15 and 45 seconds, and with each duration
equally probable. That is, we propose a uniform rectangular probability
distribution over the time range between 15 and 45 seconds.
These last three recommendation s, concerning session duration, trial
duration and ITI, correspond well to the maximum number of trials that
we recommend, which is 50. This is based upon the fact that in one
Soviet study an EEG-CR was reported to have developed after 35 trials.
Of the two rules discussed for qualifying EEG as either alpha-rhythm
or alpha-rhythm depression, we favor the first, i.e., establishing clear-cur
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criteria of alpha-rhythm/depressio n classification. As a working set of
such criteria we propose a drop below one third of the prevailing alpharhythm amplitude with simultaneous doubling (at minimum) ·of the prevailing
alpha-rhythm frequency for a period of at least three seconds. Other
reasonable criteria, or an e.xpert judgment, can also be used as long as
they are used consistently and without reference to the records of the
CS and UCS.
Relative frequencies of alpha-rhythm depression during the first five
seconds of the CS (before presentation of the UCS) should be obtained.
Next, the odds in favor of the hypothesis that the EEG-CR developed
against the hypothesis that it did not develop $hould be computed and
used for plotting the empirical psychophysical function. Finally,
the theoretical psychophysical function should be fitted to the data .
points, and the threshold, defined by the odds equal to one, should be
determined as was discussed in more detail with the ELS method.
An alternative recommendation, departing from the Soviet paradigm,
would be first to develop an EEG-CR to a toxic agent using suprathreshold
concentrations. One should also deliberately attempt to sustain a wide
generalization of the CR over varying concentrations. Once the generalized
EEG-CR is developed, weaker concentrations can then be tested to determine
if they also evoke the CR.

With this alternative, testing would be comprised of two experimental
sessions. The first session would serve as a preliminary session. The
subject's basic EEG would be tested, and, if satisfactory, i.e., if the
alpha-rhythm is well pronounced, the EEG-CR would be developed. To be
specific, we propose using for this purpose three concentrations, 1. 56,
1.25, and 1.00 with reference to the subject's olfactory sensation
threshold taken as 1.00. The order of presentation of the three
concentrations should be random. The total number of 20 trials should
probably be sufficient to both develop and well establish the EEG-CR. The
data from this CR-formation session will also serve to determine the
relative frequency of alpha-rhythm depression for a well developed CR
to be used later for computing the odds (see the discussion for details).
The preliminary session could also serve to revise the set of concentrations
selected for testing if need be.
The second session would be the main experimental session. It can be
limited to 36 trials, six trials with each of the five concenorations
tested and six trials without the toxic agent (control trials). The
order of presentation of different concentrations, including the control
trials, should be random.
All of the remaining analysis of the data should be the same as for
the first reconnnendation and should involve constructing a psychophysical
function from which an estimate of the threshold can be obtained. Of the
two alternatives we favor the latter.
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The most connnon number of subjects used in the Soviet studies was
two. This is definitely too few to make a reasonable statistical estimation
of human population sensitivity. Even the maximum number of five, tested
in one Soviet study, seems too small for this purpose. As a minimum, we
recommend using ten subjects, preferably doubling this number if experimental
time permits.
EEG-PHOTIC DRIVING THRESHOLD
DESCRIPTION
1.

Reference.

The following articles were used for a description of this method:
Chizhikov (1963), Chizhikov (1964), Filatova (1962), Imasheva (1963),
Imasheva (1966), Korneev (1965), Korneev (1967) , Pogosian (1965),
Pogosian (1967), Semenenko (1963) , Tkachev (1963).
Semenenko (1963) was considered as the primary source, since it was
in this article that the EEG photic driving threshold (EEG-PHD). method
was reported for the first time, and since most authors cite him.
1.1.

Experimental conditions.

In all but two studies, two conditions with two different concentrations
of the toxic agent, and a control without the toxic agent were used. In one
study (H353) five conditions were run, four different concentrations and
a control. In the main source article (H366) "several" conditions were
employed.
1.2.

Experimental design.

In every study each subject was run through all conditions and served
as his own control •. His EEG-PHD was compared for all concentrations with
that for the control condition. The order of conditions, random or
systematic, was never reported.
1.3.

Preliminary sessions.

The author of the main source paper (H366) gave no explicit information
about prelimnary sessions. However, he stated that before testing for
toxic agent effects, the optimal flicker frequency and single flash
duration for each subject was determined. Since doing that takes a
sizable amo1.n1t of time, it may be safely assumed that at least one
preliminary session was run. One of two authors who addressed this
point (H34O), who reported using the Semenenko method, said that a
"number" of preliminary sessions were run; the other (H324, H365)
reported that preliminary sessions were run for four weeks. No other
authors gave any information in this respect.
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It may be concluded, therefore, that typically several preliminary
sessions were nm over a period of a week or more. Their purposes were
probably to select subjects with well pronounced alpha-rhythm and photic
driving, and to select optimal stimulation parameters (flash duration
and flicker frequency) to maximize photic driving. A side-effect of, the
preliminary sessions was also to get the subjects accustomed to the
experimental situation.

2.

Toxic agent tested.

3.

Individual or group experiment.

The description of the test and its nature imply that the test was
run individually, although it was never mentioned.
4.

Number of sessions.

By a session we mean that continuous period of time during which the
subject is under the control of the experimenter; a session involves one
or more trials.
Of those four articles where some information concerning the number of
sessions can be found, the primary source (H366) and one other article
(H340) reported "at least" three sessions per condition per subject, and one
article (H365) implied the same. The fourth author (H358) ran only one
session. It may be concluded then, that consistent with the original
paper, the most common practice was to run a variable number of sessions,
but at least three. What criteria the experimenters used to decide on the
number of sessions to run is not known.
5.

Duration of a session.

The author of the main source (H366) reports that the duration of each
session varied because the session was continued until recovery to the
initial level was obtained, or until a tendency towards such recovery was
observed. Depending on the toxic agent tested, he reported 18, 24, 27, or
30 minutes of testing time, excluding a preparatory period. Five other
authors who provided this information reported similar figures, 15, 24, 33,
and 40-50 minutes. In the last case it is not clear whether the figure
refers to the testing period alone, or if it also includes a preparatory
period. One author (H365) reported that the preparatory period took three minutes.
It may be concluded that:
a)

session duration was variable and dependent on the speed of recovery
from the effects of the toxic agent;

b)

the range was from 15 to 50 minutes with the most connnon duration being
from 15 to 30 minutes of testing time;
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c)

a preparatory period of several minutes preceded the main part of
the session.

6.

Number of trials.

By a trial we mean a single presentation of the stimulus (flickering
light). As explained above, a session was run until recovery or a trend
towards recovery was observed. Consequently, the number of trials varied
according to how prolonged the effect of the toxic agent was. The range
of the number of trials in the articles where it was reported was 8-15.
7.

Inter-stimulus interval.

In one study (H365) a single trial was a complex sequence of events
with more than one stimulus. Therefore, ISI is understood here as
the interval between the onset of the first stimulus event of the
sequence constituting a trial and the onset of the first stimulus
event of the next trial. With this understanding, in four studies
(including the main source, H366) ISI was three minutes, in two studies
it was four minutes, and in one study it was one minute.
8.

Inter-trial interval.

ITI is understood here as the interval between the end of the last
event of one-trial sequence and the beginning of the first event of the
next trial sequence. With this understanding, it varied among studies
from none, i.e., one trial-sequence inunediately followed another (a
brief rest period was included in the trial), to three minutes; most
commonly, it was two minutes.
9~

Inter-session interval.
This was never reported.

10.

Warning signal and foreperiod.

Except for one study (H324/H365) which had a 10-second auditory
warning signal and a consequent foreperiod of seven seconds, although
the author did not interpret it this way, warning signals were not
indicated.
11.1.

Light flicker rate and single flash duration.

As mentioned before (1. 3), the author of the main source (H366) did
not use a constant flicker rate. Instead, before the test, he tried out
various flicker rates until he found the rate which appeared optimal for
a given subject in terms of maximizing the photic driving effect. That
flicker rate was then used throughout all experimental sessions with the
subject. It follows, therefore, that different flicker rates were used
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with different subjects. Only three other authors (H324, H340, H358)
mentioned the matter; they also reported using a subject-specific optimal
flicker frequency.
From what is known about photic driving in general, the optimal flicker
frequency for photic driving is that corresponding to the subject's prevailing
alpha-rhythm frequency. Indeed, one author (H340) did report that he used
a flicker rate corresponding to the subject's alpha-rhythm frequency. Two
other authors, including the author of the main source (H366, H358), reported
that the flicker rate that they had found most frequently to be optimal
was 8 Hz. This is within the range, though at its lower boundary , of
human alpha-rhythm frequencies.
Only the author of the main source (H366) reported that the single flash
duration was also mamipulated to find its optimal value and that it had
been found to be 10 milliseconds.
11.2.

Light flash intensity.

Only the author of the main source (H366) and of one other article
(H335) reported the intensity of a single light flash. Both reported using
the same three values, 0.1, 0.2, 0.6 joules. 2 1) In both cases the intensity
was changed systematically every five seconds during stimulation in the
following order: 0.1, 0.2, 0.6, 0.2, 0.1, 0.2, 0.6, 0.2, 0.1 joules.
11.3.

Light source.

The main source article (H366) reported that the source of the light
flashes was a Kaizer photo-stimulator with a xenon-hydrogen pulse lamp and
a frosted-glass screen. The spectrum of the light was reported as close to
that of daylight. Other authors did not describe the light source.
11.4.

Light source location.

The author of the main source paper (H366) reported that the source of
light flashes was in front of the subject. No other author reported location.
11. 5

Light source distance from the subject.

The author of the main source (H366) states without giving specific
figures, that the distance between the lamp and the subject's eyes was
set so as to obtain minimal assimilated rhythm amplitude for the lowest
flickering light intensity, and maximal assimilated rhythm amplitude for
the highest flicker intensity. No other author reported this variable.
11.6.

Monocular vs. binocular stimulation.
Although even in the main source there is no explicit information about
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this, from various other details of the method description it seems to
follow that the sti1UUlation was binocular.
11.7.

Total duration of flickering light_ in_~ single trial.

In three studies out of four in which this information was given, the
flickering light duration in a single trial is reported to have been 45 seconds.
In one study (H365) it was 18 seconds.
11.8.

Other events within a trial.

A trial consisted qf 45 seconds of stimulation with flickering light.
In most studies there were no other events in a trial. Two studies departed
from this standard. In one (H340), a tone of continuously varying intensity
was presented simultaneously with flickering light. No reason was given
for that. In the other study (H365), a trial was an elaborate sequence of
events. As described, a trial started with flickering light (18 seconds).
This was followed by light physical exercise of the seated subject to prevent
drowsiness (25 seconds). Next, a sound of varying intensity was presented
for 10 seconds followed by a period of "no event" (seven seconds) which
completed the 60-second cycle. Although described as above, this sequence
can be construed, and probably was by the subjects (except for the first
trial) as an auditory warning signal, followed by a 7-second foreperiod and
the light flicker, offset of which was a signal for the subject to exercise.
12.

Electrode location.

Only four studies reported the EEG pick-up arrangement (H326, H358,
H365, H366). In all four studies synnnetrically placed electrodes for both
hemispheres were used. The authors of three studies reported three electrode
locations for each hemisphere; one reported two. All investigators placed
one electrode in the temporal area, three _authors recorded EEG from the
occipital area, two from frontal, and two 'from the parietal area. In two
studies both mono- and bipolar recording was used, in one study only bipolar;
in one study there was no indication of the type of recording used.
It seems from the above, that most common is bipolar (and eventually
also monopolar) recording from three locations, synm1etrical in both
hemispheres: one of them was always the temporal area, the other most conrrnon
the occipital area, and either the frontal or parietal area.
12.1.

EEG apparatus used.

In four out of_ five studies in which it was reported (H353, H358,
H361, H366), an 8-channel Kaizer EEG apparatus was used. One author used
a Galileo EEG apparatus, reported once as 10-channel and once as 16-channel
(H324/H365). It seems, then, that most commonly 8 simultaneous recordings
were available.
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12. 2.

EEG rhythm assimilation criteria.

Not a single paper, except for the primary source (H366), indicated
what criteria were used to decide if photic driving occurred and if the
flicker frequency was assimilated by the EEG rhythm. In the main source
(H366) there was an indirect indication that only the EEG rhythm
corresponding e:xactiyto the light flicker frequency, or its exact harmonics
and subharmonics, was considered to be assimilated rhythm. The judgment
about the correspondence of the two frequencies was made by the experimenter,
·
wh~ analyzed the EEG records by eye with the aid of a special ruler.
12.3.

Preliminary period in_a sessiou

Only one author (H365) reported explicitly that there was a 3-minute
preliminary period in each session before the trials were run. In the main
source (H366) there are indirect implications that there was a preliminary
period in each session. Although no other author mentioned it, it seems
safe to assume that there must have been some preliminary period at the
beginning of each session, but its duration and contents could have varied
considerably among the studies.
13.

Analytical and statistical data processing.

Three authors, including the author of the main source (H366), reported
that the method they used to decide on the effectiveness of a given
concentration was to compare the assimilated rhythm amplitude after the
administration of the chemical with that before the toxic agent was
administered. The average assimilated rhythm aruplitude for the first two
trials (three, in study H365 with a very rapid trial succession and
ISI of one minute) was taken as 100% and the assimilated rhythm amplitude in
all subsequent trials was expressed as percentage of the amplitude in the
first two (three, in H365) trials. One other author (H368) conveys the
impression that the assimilated rhythm amplitude, after the administration
of the toxic agent, was compared with that of the control (pure air)
condition, but it is not quite clear. No other author reported how the
effectiveness of the concentrations tested was decided.
Only the author of the main source (H366) gave more details on the
procedure outlined above. The amplitude of the EEG rhythm, previously
recognized as assimilated (cf. 12.2) on each trial was measured in
millimeters (with a special ruler), separately for each light flicker
intensity (cf. 11.2, 11.7), and ne.xt converted into microvolts. Then the
average assimilated rhythm amplitude for the fifst two trials was computed
and used as a standard against which the amplitude in subsequent trials
(after the chemical administration) was compared. All this was done for
each subject separately. It seems from the description that the average
for the first two trials was a double average: across the two trials and
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across the t'hree flickerin g light intensiti es. If this is true, it may
be assumed that also in the subsequen t trials (after the chemical
administr ation) the assimilat ed rhythm amplitude for each trial was an
average, although. an'averag e only- across the three flicker intensiti es
applied. Otherwise , the descriptio n is sufficien tly detailed, tm.ambiguous
and clear, IIowever, when one turns to the results reported, . he discovers
that in two cases out of four the figures for the first two trials do not
average to 100, particula rly in one case where the amplitude for the first
trial was 92 and for the second 94. These discrepan cies make one wonder
if it is just due to typograph ically inaccurat e graphs, since the result
figures were extracted from graphs, or to some misunders tanding of the
seemingly very detailed and clear procedure descriptio n.
How exactly the assimilat ed rhythm amplitude in the trials following
the chemical administr ation was compared to the average of the first two
tr;i?ls, i.e., what statistic al procedure s were used, is not reported,
although one author (out of eleven) does mention that the data were
processed sta,tistic ally.
14.

Toxic agent concentra tions used.

These, of course, vary over chemicals . They are not always specifica lly
reported. In many cases they are only presented as a part of the results
pre$entat ion, The results were often reported in the form of the maximum
ineffectiv e and minimtm1 effective concentra tions, thus revealing two
differer.it concentra tions tested. It seems likely, though, that more than
just these two concentra tions were tested. The number of concentra tions
used, either reported explicitl y or inferred from the results presentat ion,
ranges from 2 to 4.
15.

Method of toxic agent concentra tion control and monitorin g.
No informati on.

16.

Method of toxic agent administr ation.

The most complete informati on on how the toxic agent was administe red
was given by the author of the main source (H366): "A glass cylinder from
which pure air was supplied at the rate of 20 liters per minute was placed
close to the subject's face. The air was blown by a rotary blower and
passed through a system of filters eliminati ng various aerosols, and
specified concentra tions of the toxic agent under study were added to the
air at the appropria te time. The entire dosing installat ion was outside
the EEG chamber~" The method described above is referred to by the author
as the method recommended by the MAC Committee .
Three other authors (H324, H335, H358) also mention briefly using a
cylinder through which air was blown. Two used an air flow rate of 20 liters
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per minute, and one used 30 liters per minute. No author gives any
informatio~ on how the toxic agent was administere d.
Since the method described above seems to be fairly standard among
Soviet toxicologis ts, and it was also· employed in other methods for
detecting the effectivene ss of industrial toxins, it may be safely assumed
that it was used uniformly, with the only variation being the air flow
rate.
17. Toxic· agent· application .
Although few authors feported explicitly when and for how long the
toxic agent was applied, most of them showed marks on their results
graphs which seem to delimit the period of the toxic agent application .
With this assumption, the chemical was always applied once in a session,
most connnonly for 5 minutes, and usually after two trials without the
toxic agent (in one case, H335/H361, after 2-3 trials) which, according
to the main source, was from the beginning of the 7th through the 11th
minute of a session.
18.

Not reported.

19.

Subjects.

In six articles some information on the subjects used can be found.
In five of them, subjects were reported as in good health, and two
authors specificall y stressed that their respiratory tract was in good
condition. Two authors reported that their subjects had normal olfactory
functions. One author used subjects who turned out to be most sensitive
to the toxic agent tested in experiments run previously with other methods.
One author reported well pronounced alpha-rhythm in his subjects. Two
authors reported the age range: one as 18-35, the other as 18-36.
It seems, then, that most likely the subjects were from the population
of young adults in good general health, and, particularl y, with no
respiratory or olfactory problems.
20.

Number of subjects.

Information on the number of subjects used is available in all articles
but one. The number of subjects ranged from 3 to 6, five being most connnon.
21.

Subjects' exposure to chemicals in everyday life and irt experiments
ptior to the test.
No information .
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22.

Subjects' participation in other toxicological tests shortly before
the test~

There is no direct information available on this matter. However,
in one study (ll340) the subjects must have been used at least in one other
experiment with the toxic agent being tested before the EEG-PHD test, since
the author reported using subjects who turned out to be most sensitive to
the toxic agent in other experiments. In the main source study (H366) it
seems that the same subjects were used with four different chemicals.
23.

Results.
The results are presented in three basic formats:
A.

One concentration is reported effective, another ineffective.

B. Pairs of cortcentrations are reported which turned out to be
effective and ineffective for different subjects, together with the
respective nu:nibers of subjects:
Number
of subjects
N

Concentration
effective
ineffective

1

Nz
C. A graph of assimilated rhythm amplitude for the concentrations
tested and the control (pure air) condition is presented. The amplitude
is expressed as a percentage. Sometimes the author described it as the
percentage of the average amplitude of the first 2-3 trials taken as
100, sometimes he did not say of what it was the percentage. These
graphs were either for one selected subject, or an average of two subjects,
or the ntllllber of subjects was not specified. In one case (H365) two sets
of graphs were presented, one for each hemisphere, Incidentally, that
was the only case where the electrode placements were specified (temporal).
Usually two of the three formats, C and either A or B, were used in
the same article. The A and B results were usually accompanied by an
assurance that the concentrations declared effective had effects which
were significantly difJe-rent from the control (pure air) condition, while
those declared ineffective yielded results not statistically significant.
Details of the statistical tests used, the level of significance, etc.,
were not offered.
Graphs, in the C format, were sometimes unclear in their various
details. For instance, in one study (H326/H340) two different sets of
data were plotted for the control (pure air) condition. In the same
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study the data for the same one subject from the same test are different
in each of the two articles in which they were reported. In quite a few
graphs the percentages for the first two trials which were supposed to
average to 100 do not seem to do so.
24.

Other relevant elements of method description.

Two authors (H324, H335) reported that the subjects were in a sound
proof chamber. One mentioned that the chamber was also light proof, the
other that the chamber was dimly lit. The same two authors reported
that the subjects were seated in a reclining position. In one study
(H324/H365) the subjects were asked to press a button in response to
every change in light or sound intensity. Three authors (H358, H361,
H366) reported recording respiration simultaneously with EEG; two of
b,
them also recorded EKG.
DISCUSSION
The principle of the EEG-PHD method
Photic driving means that under certain conditions the EEG rhythm
follows (is "driven" by) that of a flashing light. When photic driving
occurs, the EEG is said to have assimilated the flicker frequency. The
main property of the assimilated rhythm is that it is· usually more regular
and its amplitude is greater than that of the spontaneous electrical
activity of the brain. The best photic driving effect is obtained with a
flicker frequency of 8-12 Hz., i.e., the alpha-rhythm frequency, although
photic driving can also be obtained if the flicker frequency is a multipl~'
of the alpha-rhythm; then harmonic photic driving may be obtained, i.e.,
the EEG frequency will follow every other or every third, etc., light
flash. Soviet behavioral toxicologists exploit this phenomenon.
The amplitude of the assimilated rhythm is thought to reflect the
functional state of the brain, and in particular, probably, of the
cerebral cortex. Although how the assimilated rhythm amplitude is
related to the functional state of the cortex is not yet known. However,
anything that can be shown to affect the assimilated rhythm may be
considered as affecting the functional state of the cortex. This was
probably the line of reasoning which led the Soviet behavioral toxicologists
to the study of the effects of chemicals on the assimilated rhythm. Despite
our lack of knowledge of the underlying physiological mechanism of such
effects, the line of inference seems reasonable. As far as we know, the
Soviet researchers are the first to use the photic driving phenomenon as
a test for the effectiveness of various concentrations of toxic substances.
Since little is known about what is really happening in the cortex
when the amplitude of the assimilated rhythm is affected, the question
of whether the effect is beneficial or adverse remains open. It is not
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obvious that an increase in the amplitude of the assimilated rhythm is
somehow beneficial while a decrease is adverse, or vice versa, although
the first interpretation seems intuitively more plausible.
General experimental paradigm
The general experimental paradigm adopted by the authors of the
analyzed studies is that of testing the null hypothesis that the toxic
agent concentration under study has no effect on the amplitude of
assimilated rhythm. Without giving specifics, most authors reported
having tested the statistical significance of results with and without
the toxic agent. One would expect them to do that by comparing the
results of an experimental condition with those for a control (pure
air) condition. However, with only one exception, all authors compared
results from after the toxic agent administr~tion with results from
before the chemical administration in the same condition. With this
practice it is no longer clear what purpose the control condition served,
since those data were never used.
There is also a more fundamental issue at stake. Is the hypothesis
testing paradigm proper for the ultimate objective of any toxicological
test, namely for determining a subject's sensitivity and establishing a
threshold for a toxic agent under study? We think it is not. A more
proper procedure, adequate for this objective, would be to establish a
psychophysical function for a given subject for a particular toxic
agent. We have discussed this issue in the chapter on the ELS method.
Without repeating it here, we want to state that everything that has
been said there also applies in full here.
Number and spread of concentrations tested
If interest is in determining a subject's sensitivity to a toxic
agent by plotting his psychophysical curve, rather than in testing an
hypothesis about effectiveness vs. ineffectiveness for a few particular
concentrations, the number and spread of concentrations used becomes
very important. The spread should preferably be uniform; the interval
between adjacent concentrations should be equal to WC= 0.25, and
certainly should not exceed WC= 0.50. The fewest concentrations used
should be at least five. Justification for, and a more detailed
discussion of these points was presented in the chapters on the olfactory
sensation and ELS method. Everything said there in this respect, also
applies here.
As we have shown in the description of the EEG-PHD method, the
number of concentrations used, or reported, seems to range from two to
four and, therefore, in all cases it is below what we consider minimum for
determining a psychophysical function. The interval between adjacent
concentrations actually used, in terms of WC, is highly variable across
and within the Soviet studies. In all cases it exceeds WC= 0.25, which
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we consider an appropriate value, and in seven cases out of the ten
available, the WC was equal to or greater than O. 50 (Table 6).
Flickering light irttertsity
Those authors who reported this variable used three different
intensities which were systematically changed within a single trial.
We were unable to find any instances in which use was made of this
varying stimulation intensity, nor any justification for it. In
presenting their results, the authors pooled the data for different
flicker intensities. This resulted in heterogeneous data samples and
presented serious, although not considered, statistical problems.
Because of these statistical difficulties in processing non-homogeneous
data, it seems that a better solution would be to use just one flicker
intensity uniformly throughout all experimental sessions and conditions.
There is, of course, a good reason for trying out various flicker
intensities in preliminary work. An intensity which would increase the
amplitude of the assimilated rhythm to maximum would leave no room for
an eventual additional boosting effect of the toxic agent under study;
an intensity which would produce a very low amplitude of the assimilated
rhythm would leave the toxic agent no margin within which to depress it
even further. Thus, it is important to find an intensity which would
produce a medium amplitude of assimilated rhythm which could be both
decreased or increased by the toxic agent.
Other matters
Some other matters, such as the toxic agent administration and the
concentration control have already been discussed in chapters on the
olfactory sensation and ELS methods. The discussion there also applies
here.
Other important matters, such as data analysis, cannot be meaningfully
discussed because of insufficient descriptions. Still other issues (e.g.,
number of trials, ITI, stimulus duration, etc.) appear to have been
handled reasonably by the Soviet investigators and need no further
comment.
RECOMMENDATIONS
Soviet results with the EEG-PHD method are very encouraging. The
nethod appears to be worthy of adoption for behavioral toxicology in the
United States.
For the purpose of establishing a threshold concentration, the
experimental paradigm to be used should be that which establishes a
psychophysical curve for each subject rather than that of statistical
hypothesis testing. To determ:fne a psychophysical curve for a single
subject, five concentrations should be spread at intervals equal to
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WC = 0. 25, as proposed in detail in our reconnnendations for the ELS
method. Also a pure-air condition should be added as control. Its
purpose is to control for the presence of a trend rather than to serve
as a comparison standard for experimental conditions. Details of the
use of the control condition will be explained below.
Rather than statistical significance, the odds of its being effective
vs. ineffective should be computed for each concentration tested. To
maximize the reliability of the odds, the number of data points with
and without the toxic agent at a specific concentration should be as
large as practically possible, and approximately the same for the sets
of data with and without the chemical.
Comparing data (the amplitude of assimilated rhythm) from an
administration of the toxic agent with a control condition seems impractical
for two reasons. First, the amplitude of the assimilated rhythm is very
sensitive not only to such controllable factors as the flicker intensity
and the distance between the flickering light and the subject's eye, but
also to such details of procedure as electrode contact, which is virtually
impossible to control because small differences in, say, skin surface
cleanliness or electrode adhesion may result in considerable differences
in the amplitude of assimilated rhythm. Therefore, comparing -the
assimilated rhythm amplitude in an experimental condition with the
amplitude in the control condition could be meaningless and even misleading
because the amplitude in two sessions run under otherwise identical
conditions may be very different.
The second reason why a comparison with a control condition is
undesirable concerns the assumption about the nature of the toxic agent's
effect on the assimilated rhythm amplitude. This assumption has been
confirmed e.xperimentally by the Soviet studies. The effect is very likely
to be phasic, i.e., to have a definite trend over time. It is apt to be
small at first, then to increase and, later, depending on whether the
administration of the toxic agent has been discontinued or not, to remain
large, or to decrease, maybe even decrease to a value less than the norm,
and finally disappear (i.e., the assimilated rhythm will recover to
normal amplitude). Any meaningful statistical comparison of a set of data
exhibiting such a trend over time with a set of data having no trend,
which will presumably be the case with control condition, will be quite
complex, at best, and misleading if it is done without regard to the
trend, at worst.
Therefore, data with and without a toxic agent in the same session
should be compared. To have more data points without the chemical, two
things can be done. First, for both control and experimental conditions,
the duration of light flicker can be reduced by half, from 45 seconds,
as most connnonly used in the Soviet studies, to 15-20 seconds, and ITI
can be reduced from two minutes (most common Soviet practice) to 40-45
seconds so as to reduce one cycle (trial + ITI) to one minute. With
these reductions the total ntnnber of trials in a session can be increased
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to 20 trials without making a session excessively long. Second, administration
of the toxic agent can be delayed to after the 10th trial so as to have
ten trials without and ten with the toxic agent.
It can be argued that the assimilated rhythm amplitude in the second
part of a session differs from that in the first part, even without
introducing the chemical, i.e., that there may be a trend over time. It
is here that the use of the control condition has value. If no trend
occurs in the control condition, the argument loses its validity. Then
the data with and without the toxic agent can be compared, and, as proposed
before, the odds of effectiveness vs. ineffectiveness rather than the
statistical significance should be computed. From this point on, the
same procedure as recommended for the ELS method should be followed,
i.e., an empirical psychophysical function should be plotted, then a
theoretical function should be fitted to the empirical one, and the
concentration with odds equal to one, i.e., equally likely to be effective
as to be ineffective, should be accepted as the 50% threshold (for
details see the recommendations for the ELS method).
One minor point still calls for attention. As stated before, changes
in the assimilated rhythm amplitude may show a trend over time, especially
when the toxic agent is administered for a short•time and then discontinued,
as was the tmanimous Soviet practice. To minimize this nuisance for
statistical data analysis, two measures can be taken.
First of all, the toxic agent should be administered throughout
the second part of the session for ten minutes (rather than for five
minutes which was the most common Soviet practice). That should greatly
reduce, if not completely eliminate, any phasic phenomena. Of course,
it may very well be that it may take a minute or so for the toxic agent
effect to develop fully, so that the first trial after the administration
of the chemical may yield different results than subsequent trials. If
that were consistently so, data for the first toxic trial should be
discarded. Another possibility is that in spite of a continuous
administration of the toxic agent throughout the second part of a session,
some adaptation may occur and a systematic recovery towards the normal
assimilated rhythm amplitude may be observed, In that case, it may be
advisable to test data for the presence of a trend, and if a trend is
reliably detected, to cut off the data under intoxication to be compared
with the pure air data at some point, e.g., at the reversal of a trend
from increasing to recovery, or when the recovery will reach the norm.
Finally, a word concerning EEG technique. We are not sure if there
is any methodological advantage in having as many electrodes as the
Soviet authors used (three from each hemisphere) , although with multichannel EEG recorders that can, of course, be easily done and surpassed.
What if an effect is obtained at some placements, but not in others?
Since the best photic driving is usually obtained from the occipital
areas, we recommend restricting the electrodes to the occipital areas
(of both hemispheres), and pre-determining that electrode placement which
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will maximize photic driving. As to using data from both hemispheres,
unless a definite differential pattern is deter.mined, the odds for
effectivenss ys. ineffectiveness of any particular concentration of
the chemical should be averaged for both hemispheres.
The order of sessions with different concentrations (including
control condition) should be random and unknown to the subject and to
the experimenter who collects the data. Other elements of the EEG-PHD
method should be the same as in the Soviet studies.
Part Four
RESULTS OBTAINED WITH.THE FOUR METHODS
Ideally, to compare the sensitivity of the four methods, we would
like to have estimates of population thresholds for each. Unfortunately,
this is not available for any of them. It is possible to estimate the
olfactory sensation threshold, but only after making a number of guesses,
which makes our estimates questionable.
The second best thing to do, would be to compare the thresholds for
the same chemicals and the same subjects obtained with different methods.
This is not possible either, since sometimes it appeared as if the same
subjects were used in tests with different methods, and sometimes as if
different subjects were used in different tests. We were never able to
be confident of which was the case in most of the studies. When we could,
it was usually hard to tell which results were obtained with which subject.

As a last resort, we could compare the thresholds for the same
chemical with different methods for assumed different subjects, given the
threshold values. But these values were not presented. For all the
methods, only the maximum ineffective and the minimum effective concentrations were reported. Even with all our reservations towards the
very concept of maximum ineffective and minimum effective concentration
and its use as a measure of sensitivity in lieu of threshold, we could
compare these values had they consistently meant the same thing for all
the methods. But that was not the case either. As pointed out in the
discussion, for the olfactory sensation method the notion of maximum
imperceptible and minimum perceptible concentration were conceptually
related to the notion of threshold, while for all other methods the value
of a minimum effective concentration was reached as a result of statistical
hypothesis testing, a completely different experimental paradigm. Only
for the ELS method were we able to convert the original results into a
form compatible with the notion of threshold and directly comparable with
results of the olfactory sensation. method. For the two other methods
the results reported were too incomplete to allow for such a conversion.
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Therefore, much to our regret, we are presenting our analysis of
the original data for the olfactory sensation and ELS methods. For
the EEG-CR and EEG-PHD methods all we can do is to present the results
in the original form. We will report the opinion of the Soviet authors
about the relative sensitivity of the four methods and, in spite of
the lack of adequate data, we shall offer our own tentative opinion.
That opinion, however, will represent our best guess rather than a
reliable conclusion based on well-founded fact.
OLFACTORY SENSATION THRESHOLD
Numerical results of the analyzed studies are presented in Table 7.
As stated in the discussion, it is not quite clear what the numbers mean,

nor how they relate to the threshold in its standard psychophysical sense.
Therefore, the absolute value of thresholds for individual subjects can
only be estimated. The safest point-estimate of the threshold value is
the mid-point between the reported minimum perceptible and maximum
imperceptible concentrations, i.e.,
Threshold=

min. percept. concentr. + max. impercept. cortcentr.
2

The largest possible margin of error for such an estimate is:
Max. error=

min. percept. concentr. - max. impercept. cortcentr.
2

For example, if the minimum perceptible and maximum imperceptible
concentrations for a given subject were reported as 0.3 and 0.2 mg/m3
respectively, the real threshold (i.e., the concentration detectable in
50% of the trials in a free-choice test) could lie anywhere within these
limits. Therefore, if the mid-point between these two limits, 0 .25, were taken
as the estimate of threshold, the estimate would not be off by more than half
of the difference between the two limits, i.e., by not more than 0.05.
The possible estimation error considered above stems solely from
uncertainty about to what values of P(hit) the minimum perceptible and
maximum imperceptible concentrations correspond. As pointed out in the
discussion, tmcertainty resulting from errors in determining the concenconcentration adds to the estimation error by an tmknown amotmt. For these
two reasons our estimates of thresholds for various toxic agents for
individual subjects must be taken as having an error of tmknown, but
probably not too large, size.
The threshold values obtained as described above were used to estimate
the threshold population probability distribution. The results are
presented in Table 8. Dashes in the table mean that the data reported
in the "dashed out" study were not sufficient to carry out the analysis.
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"Mean" in the table is the sample mean individual threshold (as described
above); "S" is the estimate of the population standard deviation; "crM" is
the standard error of the sample mean (standard deviation of the sampling
distribution of the mean).
"Estimate l" is the critical value for the lower tail of the sampling
distribution of the mean at p = 0.01. In other words, there is one
chance in a hundred that the true population threshold mean will be lower
than the concentration shown in the table as "Estimate l".
"Estimate 2" is the critical value for the lower tail of the population
distribution of threshold values at the level of P(threshold < critical
value)= 0.1 for the value of the population threshold mean equal to
Estimate 1. In other words, if the true population threshold mean happens
to be equal to Estimate 1, then for 10% of the population the threshold
is lower than the concentration shown in the table as Estimate 2. Since
there is only a 1% chance that the threshold will be below the value of
Estimate 1, there is only a 1% chance that, in fact, more than 10% of
the population has a threshold lower than the value of Estimate 2.
"Estimate 3" has the same format as Estimate 2, except for the true
population threshold mean equal to the sample mean (''Mean" in the table)
rather than to Estimate 1. It should not be used to set MA.Cs. It is
only intended to show by how much our statistical safety margin (the
difference between the sample mean and Estimate 1 of the population mean)
shifts the estimated boundary for the lower 10% tail of the population
threshold distribution (difference between Estimates 2 and 3).
The relationships between the sample mean, Estimate 1 of the population
mean and Estimate 2 of the lower tail of the population distribution of
threshold values, are shown in Fig. 5. The higher peaked curve represents•
the sampling distribution of the mean for a sample size of 16 subjects.
That is a fairly representative size for the an~lyzed studies as shown
in Table 7. The sample mean, M, is also the estimate of the mean of the
sampling distribution. The shaded area under the sampling distribution
curve, as a proportion of total area under the curve, represents the
probability that the true population mean will be lower than the upper
boundary of the shaded area. This probability is equal to 0.01. The
upper boundary of the shaded area is, then, as estimate of the population
mean. The flatter curve represents the population distribution of
threshold values around the estimated population mean. The hatched area
of the population distribution is the lower 10% of the distribution.
That is, if the true population mean is equal to the upper boundary of
the shaded area tm.der the sampling distribution curve, then for 10% of
the population (the hatched area under the population distribution curve)
the threshold is below the concentration equal to the upper boundary of the
hatched area.
Due to ambiguities of reported results and to the uncertainties
stemming from some points of experimental procedure discussed earlier, the
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estimates in Table 3 may be in error. However, the size of the error
is at most plus or minus a factor of two. For instance, Estimate 1 for
styrene, shown as O.019, may really be anywhere between O.01 and O.04.
Such a margin of error would be intolerable in basic psych.ophysical
research, but for the purpose of setting MA.Cs where the question is
really one of the order of magnitude of admissible concentrations rather
than of exact values, such an error need not be unacceptable.
With the exception of four cases of high variability of sample
results (acetone, G357; methyl methacrylate, phenol, G363; toluene
diisocyanate, G353), the values of Estimates 1 and 2 are very close to
each other. This means that for practical purposes it does not much
matter which one is taken as the basis for MAC setting.
To our great and pleasant surprise, maximum imperceptible concentration,
which is used as the basis for MAC setting by the Soviet authors, in most
cases also falls very closely to the values of the two estimates. This
is more of a lucky coincidence_ than a statistical rule, but, still, there
it is.
To the extent to which reported results allow comparisons, data
for the same toxic agents obtained by different authors agree very closely
(acetone, acetophenone, phenol).
Altogether, wherever the reported results allow a calculation.of
Estimates 1 and 2, the reliability of this method, as reported by the
Soviet authors, can be considered within a factor of 2 (the true values
can be twice as much or half.as much as calculated). For the purpose of
MAC setting that is not bad. By improving the method, and, in particular,
by removing ambiguity in reporting results, it could be easily increased over
three times, i.e. , the margin of error could be reduced to 1. 25.
EYE-LIGHT SENSITIVITY THRESHOLD

,

To compare the sensitivity of the ELS method with the sensitivity
of the olfactory sensation method, we need scores which have the same
m=aning for both. What we have for the olfactory sensation method,
after our reanalysis of the data, is the 50% threshold, i.e., a concentration
whose P(d) = 0.5, for individual subjects. What we have for the ELS
method is ELS data for four experimental conditions differing in the
concentration of a toxic agent (including a control condition without
a toxic agent) and a statement of whether or not eventual differences
between each of the experimental conditions and the control condition
are statistically significant. As has been pointed out in the discussion,
statistical significance tells only if the results obtained are very
unlikely, assuming no true effect of the toxic agent. This probability
is usually set low (0.05 or 0.01) to safeguard against unwarranted,
hasty conclusions. While that is quite appropriate in other types of
research, it does not seem to be justified here. In setting MA.Cs, we
should strive to ensure that a given concentration is ineffective, rather
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than to ensure that it is effective.
significant result for the ELS method
comparable to the olfactory sensation
conservative. What we need, then, to
sensation threshold is an estimate of
of affecting ELS, or being effective,
arrived at in the following steps.

Besides, a statistically
is certainly not directly
threshold; it is far more
make comparisons with the olfactory
that concentration whose probability
P(e), is equal to 0.5. This was

First, instead of computing the statistical significance of the data
for each concentration, the probability of effectiveness of each concentration was computed directly. Second, a psychophysical curve was fitted
to the three data points of the three concentrations used for each subject ..
Third, the concentration corresponding to P(e) = 0.5 on the psychophysical
curve was fotmd. This concentration may be considered to be comparable
to the olfactory sensation threshold. These figures were actually
compared with the data from the olfactory sensation method.
Some data had to be discarded because of incompleteness (G754,
G755, G757). The data from the following articles were analyzed:
G758, G759, G760, G761, G762, G763.
The data reported in the form of dark adaptation curves for
individual subjects were either averages for several (most commonly,
three) sessions or "rep res en ta ti ve" of sample curves for one of the
several sessions. It was not reported which was the case, but probably
it was the former. It makes no difference for our analysis, however,
since either way there are no data about the within-condition variance.
Consequently, intra-condition variance cannot be readily compared with
inter-condition variance, which is the basic step in estimating the
probability that any differences between conditions were due to
random variability rather than to the toxic agent. Therefore some
other frame of reference for estimating the intra-condition variance
had to be found to by-pass this difficulty. We decided to use the
variation of consecutive data points during the dark adaptation period
around the over-all trend of the dark adaptation curve as an estimate
of intra-condition variability.
As discussed earlier, it has been assumed that ELS is an exponential
ftmction of dark adaptation time of the form:

ELS = a • (1 - qt)
where tis the dark adaptation time,.!!_ is the asymptote, and .9.. is a
parameter with the range of admissible values between zero and one.
The course of dark adaptation of the rods differs from that of the
cones. After the first few minutes in the dark, when the ELS is a
combination of both rod and cone sensitivity, the rods dominate; later
the ELS is a purely rod function, and the course of its change in
uncontaminated by changes in cone sensitivity. For this reason we
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•
disregarded the ELS for the 5th minute of dark adaptation in fitting
the exponential ftmction to the data. In the experimental conditions,
after disallowing the ELS value for the 5th 1Ilinute, we had only minutes
10 and 15, before the administration of the toxic agent. That was
considered to be too few for an estimate of variance. In addition to
these two data points, we also used the data from the 30th and 40th
minutes of dar~ adaptation and assumed them to be sufficiently remote
in time from the chemical exposure that dark adaptation would have
returned to normal if it had been affected. Thus,'six data points,
from the 10th, 15th, 20th, 25th, 30th, 40th minutes were used to find
the best fitting exponential function for the control condition, and
four data points (the ELS values for the 10th, 15th, 30th, 40th minutes)
for the experimental conditions.
For ·these data points, values of the two parameters of the dark
adaptation function,~ and 9.., were fotmd by the method of least squares.
The fit was good. With a very few exceptions the difference between
expected and observed ELS values was within 10% of the expected ELS
value. As an illustration we present a selected sample of graphs on
which the actual data points and the best fitting theoretical dark
adaptation functions are plotted (Fig. 6).
The values of the parameters for individual theoretical dark
adaptation curves were very similar. Of 36 values of a, the asymptote,
expressed as percentages of the highest observed ELS value, 20 were
within the range of 138%-144%, and only three fell outside the range
of 124%-144%. Of 36 values of _g_, 27 were within the 0.969-0.975 range,
and'only three were outside the 0.953-0.975 range. This remarkable
consistency of the parameters across experimental conditions, chemicals,
subjects, and experimenters, shows that the course of changes in ELS
during dark adaptation is highly invariant, and therefore, can serve as a
good frame of reference for estimating intra-condition variance.
From the theoretical dark adaptation curve, we computed the six
expected ELS values. The difference between the expected and observed
ELS for each point was computed and expressed as a percentage of the
expected ELS value. Then the standardized score,~' was computed for
the percentage difference between the expected and observed ELS values
at the 20th minute of the experimental condition, i.e., immediately
after the toxic agent was administered. The distribution of percentage
differences between the expected and observed ELS values in the control
condition served as the frame of reference for computing the~ scores.
Finally, the probability of the difference between the expected
and observed ELS values, asslUlling no effect of the concentration tested,
was fotmd. Then, the above-described procedure was repeated with the
assumption that the concentration tested was effective. Effectiveness
was arbitrarily defined as a shift of ELS by 20% or more. The result
was the probability of the difference between the expected and observed
ELS values assuming effectiveness of the concentration tested. The
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•
ratio of the latter to the former probability yielded the odds in favor
of the hypothesis of effectiveness vs. ineffectiveness of the tested
concentration, and from the odds, the probability of effectiveness of the
concentration tested, P(e), was computed.
After P(e) was fotmd for every concentration, these values were
used as data points on an empirical psychophysical function and a theoretical
psychophysical ftmction was fitted to the data. The concentration
corresponding to the mid-point of the theoretical psychophysical curve,
i.e., to P(e) = 0.5, was considered to be the ELS threshold for a particular
toxic agent and a particular subject. These values were used for comparison
with the olfactory sensation threshold. Table 9 presents the empirical
and theoretical probabilities of effectivenss for the concentrations used,
P(e)e and P(e)t' except that the concentratHms corresponding to P(e)t = 0.5
were never actually used; they were derived from the theoretical psychophysical
functions. The table also shows which of the tested concentrations were
considered effective and which ineffective by each author.
Although the fit between the P(e)e and P(e)t is generally quite good,
it has to be borne in mind that the theoretical psychophysical ftmction
was fitted to only three data points, resulting in quite a bit of freedom
in fitting the ftmction to the data. Consequently the reliability of
P(e)t values and of our ELS threshold estimate is not very high and hard
to determine. This applies even more to those studies and chemicals where
one or two concentrations tested were so effective that P(e) exceeded 0.99.
In spite of our doubts regarding reliability, a fairly reasonable
and consistent picture emerges from our analysis. In two cases out of
nine studies, our ELS threshold lay between the two concentrations the
Soviet authors considered effective. In three cases it is lower than the
concentration the original author considered ineffective. In four cases
it is between the maximum ineffective and minimum effective concentration
as regarded by the original author. Altogether then, our estimates are
in fairly good agreenent with the conclusions of the Soviet authors,
yielding slightly lower thresholds on the average.
EEG-CONDITIONED REFLEX THRESHOLD
Because of lack of essential information, as discussed before, it is
impossible to know exactly what the figures given in Soviet articles mean.
It is even impossible to use these data for some meaningful manipulations,
as we did with the results of the olfactory sensation and eye-light
sensitivity methods, to arrive at some estimates of human population
parameters. All we can do in the case of the EEG-CR method, is to report
at face value concentrations proclaimed by the authors as minimum effective
and maximum ineffective (Table 10).

-82-

EEG-PHOTTC DRIVING THRESHOLD
Because of some confusion concernin g
(describe d and discussed before), it does
them statistic ally so as to bring them to
of other methods. Therefore , we restrict
trations recognize d by the Soviet authors
ineffecti ve (Table 11).

the results as presented
not seem possible to reanalyze
a format comparabl e with results
ourselves to reporting concenas minimum effective and maxi.mum

COMPARISON OF THE RESULTS OF THE FOUR METHODS
AND OF THEIR RELATIVE SENSITIVITY

As we explained in the introduct ion to Part Four, we are very limited

in available data comparabl e across the methods analyzed in this report.
The most comparabl e are the data for the most sensitive subject for each
method. Table 12 presents all the available data for the most sensitive
subjects: the minimum effective and maximum ineffecti ve concentra tions,
as reported by the Soviet authors, and the threshold values as estimated
by us.

As can be seen in the table, we have not a single set of data, comparabl e

directly for all the methods, i.e., there was no study in which the same
chemical was tested with all the four methods. Usually, two or three
methods were used in one study with the same chemical. Also, we have no
directly comparabl e data for the EEG-CR and EEG-PHD methods, i.e., th~re'
was no study in which these two methods were used with the same che~al.
So all we can do is to compare the frequency of relative sensitiv:! -t'ies.

Of 11 cases where we have the data from the same study and for the
same chemical for the olfactory sensation and ELS methods, the ELS method
was more sensitive , regardles s of what measure is used for the compariso n.
The ELS threshold was in 10 cases lower than the olfactory sensation
threshold and only in one case higher. The maxi.mum ineffecti ve concentra tion
was lower for the ELS than for the olfactory sensation l!lethod in 9 cases.
The minimum effective concentra tion was lower in 8 cases for the ELS method
than for the olfactory sensation method.
Similarly , both EEG methods appear more sensitive than the olfactory
sensation method. We have six directly comparabl e sets of data for the
compariso n between the olfactory sensation and EEG-CR methods. In all
six cases, ~nd by all three. measures, the EEG-CR method is more sensitive
than the olfactory sensation method. Of three directly comparabl e sets
of data for the compariso n between the olfactory sensation and EEG-PHD
method, in only one case was the maximum ineffecti ve concentra tion for
both methods equal. In all other cases and by all three measures the
EEG-PHD irethod was more sensitive .
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Finally, of six directly comparable cases, five times the EEG·-CR
method appears more sensitive than the ELS method, by each of the three
measures presented in the table. There are only two comparable cases
for ELS and EEG-PHD methods. In both cases, by all three treasures the
EEG-PHD method is more sensitive than the ELS method.
Therefore, a clear-cut picture emerges. The least sensitive method
appears to be the olfactory sensation method; of medium sensitivity is
the ELS trethod; and the most sensitive are the two EEG methods. There
are not sufficient data for making comparisons between the two EEG methods.
However, these conclusions are in full agreement with what all the Soviet
authors report. These clear-cut conclusions call for some qualifications.
As we noted repeatedly throughout the report, the original data
for the olfactory sensation method are different in kind from the original
data for all the other methods. The olfactory sensation data are types of
psychophysical thresholds in the sense that a slightly higher than 0.5
probability of detecting a toxin was required to call the concentration
minimum perceptible. For all the other methods the statistical hypothesis
testing paradigm was applied, with the 'fe'sult that only when the probability
of ineffectiveness of a concentration was very low (probably as low as
0.05 or even 0.01) was the concentration called minimum effective. We
succeeded in converting the ELS data into the psychophysical threshold
variety, but we failed to do it for the two EEG methods because of
insufficient information. As a result, the criteria for effectiveness
are much more stringent for the two EEG methods and for the minimum
effective concentration for the ELS method. By how much, it is hard to
tell. As some indication we may recall the results of our analysis of
the ELS data. It turned out that the threshold values we arrived at
showed the method to be on the average (across the studies and chemicals)
slightly more sensitive than the Soviet authors claimed it to be, but
not widely different. The best guess we may offer for the two EEG methods
is that probably the same holds true for these methods. So the two EEG
methods are likely to be even more sensitive than they appear from Table 12.

On the other hand, all.the data in Table 12 are for only one subject
with each method. Also, as we pointed out repeatedly, the information on
the methods and results was usually so incomplete that we have grave doubts
about the true meaning of the numerical values that we used for analysis,
nor could we apply standard rules of statistical inference for making the
comparisons. In these circumstances, to say that we have no idea how
reliable our comparisons are, would be a mild understatement.
In spite of all that, using our intuition rather than hard and fast
rules for analyzing facts, we feel that the true picture is approximately
such as emerges from the report. To tum our intuitions into reliable
conclusions, based on facts, a comparative study should be rtm with very
strict conditions of experimental design, using a number of chemicals and
testing each of them with all the four methods, and on an appropriate size
sample of subjects. We view this as the logical and necessary follow-up to
this report.
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FOOTNOTES
l)

Sovet narodnykh komissarov

2)

The USSR (Union of Socialist Sovet Republics) is a federation (union) of
16 republics. The largest and the most important, politically and economically, is the Republic of Russia: RSFSR (Rossiiskaia Sovetskaia
Federal'naia Sotsialistic heskaia Respublika).

3) Vseoiuznaia gosudarstvennaia sanitarnaia inspektsia
4)

By the power of a legislative act, Guidelines for public health legislation for the USSR and for the union republics" enacted by the Supreme
Council (Verkhovnyi Sovet) of the USSR.
11

5) Gosudarstvennaia sanitarnaia inspektsiia SSSR.
6) Glavnyi sanitarnyi vrach SSSR.
7)

Predel'no dopustimye kontsentrat sii (POK)

8) Narodnyi komissariat truda SSSR.
9) Which must not be understood to mean that all the relevant elements of
method description necessary for replicabili ty and for evaluation of
reliability are explicitly specified.
10) Sanitarnaia okhrana vodoemov ot zagriazneniia promyshlennymi stochnymi
vodami.
11)

Predel'no dopustimye kontsentrat sii atmosfernykh zagriaznenii.

12)

Biologicheskoe deistvie i gigienicheskoe znachenie atmosfernykh zagriaznenii.

13) Gigiena i sanitariia.
14) After a period of organization changes in the late 1940's, the Committee on
Maximum Allowable Concentrations of Air Pollutants (Komissiia po predel'no
dopustimykh kontsentratsiakh atmosfernykh zagriaznenii) was created. In
the late 1950's the Committee reorganized into the Committee on Sanitary
protection of Atmospheric Air (Komitet po sanitarnoi okhrane atmosfernogo
vozdukha). The second Committee was a continuation of the first one.
Both Committees have been essentially the same group of people, chaired
by the same person, Professor V. A. Riazanov, and performing the same
duties. Therefore, for brevity, we will refer to both Committees as the
MAC Commi"ttee throughout the text.
15)

By the threshold region we understand the range of concentrations from a
concentration corresponding to a chance level, i.e., at 0.5 level for a
forced-choice procedure, to a concentration with a P(hit) = 1.

16) The Soviet authors call this preliminary adaptation to light,desad aptation.
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FOOTNOTES (Cont'd.)
17) This may not be a quite exact statement. Sometimes the Soviet investigators do pick up a concentration to be tested in the ELS method, predetermined by some other considerations. In these cases most often a
concentration equal to the subject's olfactory sensation threshold, and/or
just below his olfactory sensation threshold (max. imperceptible cone.),
and/or equal to the MAC then in effect is chosen for study. The obvious
objective of such testing is to seek an answer to the question if this
particular concentration affects ELS and consequently if, say, ELS method
is more sensitive than olfactory sensation method or if the then legal
MAC is not too high. This is the classical statistical paradigm of comparing two sets of data, with and without a treatment. But no matter how
important these questions may be, they seem always subordinate to determining the ELS threshold, the main objective of this line of study.
18) Contrary to the olfactory sensation method, the ELS method is a two stage
procedure: the first stage is determining subject's sensitivity to light,
the second - determining the subject's sensitivity to a TA using his sensitivity to light (established in the first stage) as a dependent variable.
The first stage does involve subject's operant behavior (his saying yes
or no
while the second does not (it involves only changes in his sensory system, i.e., his respondent behavior). In this part of the text we
are concerned with the overall experimental design, i.e., with the second
stage only. Details of the method (such as determining a subject's ELS)
will be discussed later.
11

11

11

11

),

19) Details of this outline can be found in the discussion of the olfactory
sensation method.
20) That is all that could have been determined precisely. In a few cases
ranges rather than exact concentrations were reported. These cases have
not been included in Table 4.
21)

Joule, a unit of energy, is not the most common unit used to describe the
light intensity, but the Soviet authors chose to use it.

22)

In every study
two digits in
designate the
H3 - EEG-PHD.
bibliography.

several tests with different methods are reported. The last
the code designate a study number. The first two symbols
method: G3 - olfactory sensation, G7 - ELS, G6 - EEG-CR,
The Index cross-references the study numbers to the
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Index Of Computer Data Bank Codes Cross-Referenced To The Bibliography
CODE 22 )

AUTHOR

24

Pogos i an , 196 7

26

Korneev, 196 7

35

Imasheva, 1966

39

~hi zhi kov, 1964

40

Korneev, 1965

41

Tkachev, 1964

51

Ri azanov, 1962

52

Riazanov, Bushtueva, Novikov, 1957

53

Chizhikov, 1963

54

Dubrovskaia, 1957

55

Bushtueva, 1957

56

Bushtueva, Polezhaev, Semenenko, 1960

57

Fel 'dman, 1960

58

Filatova, 1962

59

Gofmekler, 1960

60

Gofmekler, 1961

61

Imasheva, 1963

62

Li Shen, 1961

63

Mukhitov, 1962

64

Plotnikova, 1957

65

Pogos i an , 1965

66

Semenenko, 1963

67

Solomin, 1961

68

Tkachev, 1963
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1. Bottle wlth actlvated carbon. 2. Flowmetei. 3. U-tube wlth CaClz. 4, U-tube
vlth actlvated carbon saturated wlth chlorlne. S. Absorber with diatllled water.
6. Mlxlng vessel, 7. Glaaa dlffuslon cell, HCl. 8. Cyllndera.

Figure l.

The apparatus used for administering a toxic agent and controlling
its concentration
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Figure 2,

Psychophysical curve~ for free-choice (upper curve)
and forced-choice (lower curve) experimental paradigm: the probability of a hit, P(hit), as a
function of stimulus intensity
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Diagram of adaptometer ADM

1 - Adaptometer lamp; 2 - condenser; 3 - daylight filter;
4 - milky plate; 5 - measuring diaphragm; 6 - measuring
drum; 7 - milky glass disc; 8 - large disc with 3
transparent figures: circle, square and disc; 9, 10, 11
and 12 - changeable neutral light filters; 13 - supplemental light filter; 14 - fixation point; 15 - a plate;
16 - reflection mirror for illumination of fixation point;
17 - neutral tircular wedge; 18 - mat-finished plate to
serve as background; 19 - sphere for the determination of
adaptation; 20 - lamp for sphere illumination; 21 - sphere
screen-out; 22 - rubber half-mask; 23 - fixation point
aperture; 24 - observation aperture; 25 - blinder aperture;
26 - screen-out for aperture 24; 27 - blinder lamp; 28 blinder condenser; 29 - blinder diaphragms; 30 - blinder
lenses; 31 - blinder prism; 32 - aperture through which
objects appear; 33 - replacement filters of different
density for different light intensities for the inner
sphere surfacec A - a disc with figures and tables.
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CONCENTRATION

Sampling distribution (the slim curve) and estimated population
distribution (the flat curve) of threshold values
sample mean
ME(µ)- estimate of the population mean at the 99% confidence level
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Figure 6a.

ELS data points (relative units) and theoretical dark adaptation
curve computed for one subject in Study G759 for the control
condition (pure air).
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Figure 6b.

ELS data points (relative units) and theoretical dark adaptation
curve computed for one subject in Study G759 at an acetate
concentration of 0.12 mg/m3.
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Figure 6c.

ELS data points (relative units) and theoretical dark adaptation
curve computed for one subject ~n Study G759 at an acetate
concentration of 0.18 mg/m3.
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Figure 6d.

ELS data points (relative units) and theoretical dark adaptation
curve computed for one subject in Study G759 at an acetate
concentration of 0.30 mg/m3.
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TABLE 1

List Of American And Sovi~t MACs
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MAC

wa

Substance

Concentration
in mg/M 3

Acetaldehyde
Acetic acid
Acetic anhydride
Acetonanile
Acetone
Acetonecyanohydrine [SJ
Acetonitri le
Acetophenone [SJ
Acetopropyl alcohol
Acetopropylacetate
Acetylene dichloride, see l ,2-Dichloroethylene
Acetylene tetrabromide
Acrolein
Acrophol
Acrylamide [SJ
Acrylic acid
Acrylonitrile [SJ
Alcohols unsaturated of aliphatic series
Aldrin [SJ
Alkali caustic (solutions). (as Na0H)
Alipur
Allodati [SJ
Allyl alcohol
[SJ
Allyl chloride
Allyl cyanide [SJ
Allyl glycidyl ether (AGE) [CJ
Allyl propyl disulfide
Al lylamine [SJ
Acylate-:1
Amidofos [SJ
Aminazine [SJ
Amines aliphatic higher (c -c )
Amines aliphatic primary (C 15-CJ19
5-Amino-8-oxy-3,7dibrom-l,4n~ph~hoquinonimine
a-Aminoanthraquinone
·
m-Aminobenzotrifluoride
Aminoenanthic acid
2-Aminoethanol, see Ethanolamine
Aminopelargonic acid
Aminoplasts
2-Aminopyridine
Aminopyrimidine
Aminoxylene [SJ
Ammonia
Ammonium sulfamate (Ammate)
n-Amyl acetate
sec-Amyl acetate
Amyl acetate
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USA

USSR

360
25
20

5
5

2,400
70

l

200
0.9
10
5
10

5

14
0.25

0.3
45
0.25

0.7
0.5
5
2

0.01
0.5
l

0.5
5
3

45
12

l

0.3
0.5
2

0.5
0.3
l
l
l

5

0.5
8

8
6

2

35
15
525
650

l
3

20

100

USA
Amyl alcohol
Amyl ether of formic acid [SJ
'Anabasine sulfate
Aniline [SJ
Anisidine (o,p-isomers) [SJ
9~10-Anthraquinone
Anthraquinone blue dye
Antimony and compounds (as Sb)
Antimony, chlorides, fluorides (as Sb)
Antimony metallic {in dust form)
a) Antimony (three-valent oxides and sulfides) (as Sb)
b) Antimony (five-valent oxides and sulfides) (as Sb)
ANTU (alpha naphthyl thiourea)
Arsenic and compounds (as As)
Arsenic anhydride
Arsenious anhydride
Arsine
Atrazine
[SJ
Axinphos-methyl
Barium (soluble compounds)
Barium carbonate
Benzal chloride
Benzaldehyde
Benzine, fuel (as C)
Benzine, solvent (as C)
3,4-Benzopyrene
p-Benzoquinone, see Quinone
Benzoyl [SJ
Benzoyl chloride
Benzoyl peroxide
Benzotrichloride
Benzotrifluoride
Benzyl chloride
Benzyl cyanide [SJ
Beryllium and compounds (as BE)
Biphenyl, see Diphenyl
Bischlormethylbenzene
Bischlormethylnaphthalene
Bischlormethylxylene
Bisfurfurylidenehexamethylenediamine
Bisphenol A, see Diglycidyl ether
Boric acid
Boric anhydride
Boron fluoride
Boron oxide
Boron trifluoride [CJ
Bromacetopropylacetate
Brombenzene
Bromine [SJ
Bromoform [SJ
Butadiene (1 ,3-butadiene)
Butanethiol, see Butyl mercaptan
2-Butanone
2-Butoxyethanol (Butyl Cellosolve) [SJ
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USSR
10

. 0. 5

0.5

' 10
0. l
0. l
l
5
5

0.3
0.5
l
2

0.3
0.5 ,
0.2

0.3
0.3
0.3
0.3
2

0.2
0.5
.5

0.5
0.5
100

300
0.000H

5
5

5
5

0.2
100
0.5
0.8
0.0001
l

0.5
1

0.2
10
5
l

15
3

0.5
3

0.7

0.5

5

5

590
240

200

2,200

USA

Butyl acetate
Butyl acetate (n-butyl acetate)
sec-Butyl acetate
tert-Butyl acetate
Butyl alcohol
sec-Butyl alcohol
tert-Butyl alcohol
Butyl captax
tert-Butyl chromate (as Cr0 3) [C,SJ
Butyl ether of acrylic acid
Butyl ether of 5-chlormethyl-l-fluoric acid
Butyl ether 2,4 D
n-Butyl glycidyl ether (BGE)
Butyl mercaptan
Butylamide benzosulfonic acid
Butylamine [C,SJ
p-tert-Butyltoluene
1,4-Butynediol
Butyfos [SJ
Butyra l dehyde
Butyri c acid
Butyric anhydride
Cadmium oxide
Cadmium stearate (as Cd)
Caffeine-benzoate of sodium
Caffeine-base
Calcium arsenate
Ca lei um oxide
Camphor
Caproic acid
Caprolactam
Caratane
Carbaryl (Sevin)
Carbathione [SJ
Carbine
Carbon black
Carbon dioxide
Carbon disulfide
Carbon monoxide
Carbon tetrachloride [S]
Carbophos
Chloracetopropylacetate
Chloranhydride of acrylic, methacrylic acid
Chloranhydride of trichloroacetic acid [SJ
m-Chloraniline [SJ
p-Chloraniline [SJ
Chlorazine
Chlordane
Chlorex [SJ
Chlorindane [SJ
Chlorinated camphene [SJ
Chlorinated diphynyl oxide
Chlorine
Chlorine dioxide
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USSR

200
710

950
950
300
450
300

10
2

0. l

10

270
35
15
60

0.5
0.5
0.5
l

0.2
5

10
l

0. l
0. l

0.5
0.5
l
5
3
5

10
0.2
5

l
0. l

0.5
3.5
9,000
10
55

20

0.5
2

0.3
0. l

0.05

0.3
2

0.5
2
0.01

0.5
0.5
3

0.3

l
0. l

USSR

USA

Chlorine trifluoride [CJ
Chlormethyltrichlorosilane
Chloroacetaldehyde [CJ
a-Chloroacetophenone (phenacylchloride)
Chlorobenzene (monochlorobenzene)
o-Chlorobenzylidene malononitrile (OCBM).
Chlorobromomethane
2-Chloro-1,3-butadiene, see Chloroprene
Chlorodiphenyl (42 percent Chlorine) [SJ
Chlorodiphenyl (54 percent Chlorine) [SJ
4-Chlorobenzophenon
1,3-Chlorobrompropane
a-Chlorocrotyl ether 2,4 D
1-Chloro,2,3-epoxypropane, see Epichlorhydrin
2-Chloroethanol, see Ethylene chlorohydrin
Chloroethylene, see Vinyl chloride
Chloroform (trichloromethane) [CJ
l-Chloro-1-nitropropane
Chloropicrin
Chloroprene (2-chloro-1,3-butadiene) [SJ
2-Chloroethanesulfochloride [SJ
Chlorophos [SJ
Chloroproprionic acid
Chloropelargonic acid
m-Chlorophenylisocyanate
p-Chlorophenylisocyanate
p-Chlorophenol [SJ
Chlorous 5-ethoxyphenil-1,2-thiazthione
Chlorten
Chromammonium sulfate (as CrO)
3
Chromic anhydride, chromates, bichromates (as Cr0 3)
Chromine
Chromium
(Soluble chromic and chromous salts) (as Cr)
(Metal and insoluble salts)
Chromium chlorine (as CrO)
Coal tar pitch volatiles 3(benzene soluble fraction),
anthracene, BaP, phenanthrene
Cobalt hydrocarbonil and products of its decay (as Co)
Cobalt metal
Cobalt oxide
Copper
Copper dusts and mists
Copper fume
Cotton dust (raw)
Crag herbicide
Cresol (all isomers) [SJ
Crotonaldehyde
Cumene [SJ
Cuprochromobaric catalyst (as Cr0 3)
Cuprocine
Cyanamide free [SJ
Cyanide (as CN) [SJ

0.4
l
3

0.3
350
0.4
1,050

50

l

1
3
1

240
100
'0.7
90

2
0.3
0.5
5

5

0.5
0.5
l

0.2
0.2
0.02
0. 01
5

0.5
l

0.2

0.01
0. 01
0.5
0.5
l

l

0.1
l

15
22
6

245

0.5
50
0.01
0.5
0.5

5
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Cyanurchloride [SJ
Cyclohexane
Cyclohexanol
Cyclohexanone
Cyclohexanonoxime
Cyclohexene
1-1-bis(oxymethyl) cyclohexene-3
Cyclohexylamine
Cyclohexylamine carbonate
Cyclohexylamine chromate [SJ
Cyclopentadiene
Cyclopentadieniltricarbonyl of manganese
2,4-D
DDT [SJ
DDVP, see Dichlorvos
Decaborane [SJ
Decalin
Demeton [SJ
Di acetone alcohol .(4-hydroxy-4-methyl-2-pentanone)
l ,2-diaminoethane, see Ethylenediamine
Diallylamine [SJ
Diaminodiphenylsulfone
Diaminodiphenyloxide
Diazomethane
Diborane
Dibromine [SJ
1,2-dibromopropane
Dibutylphthalate
1,3-Dichloroacetone
3,4-Dichloraniline [SJ
o-Dichlor-benzene [CJ
p-Dichlorobenzene
1,3-Dichlorobutene-2
Dichlorodifluromethane
l,3-Dichloro-5,5-dimethyl hydantoin
Dichloroethane [SJ
1,1-Dichloroethane
Dichloroethyl ether [C,SJ
1,1-Dichloroethylene [SJ
1,2-Dichloroethylene
Dichlorohydrine
1,2-Dichloroisobutane
1,3-Dichloroisobutylene
3,3-Dichloroisobutylene (symmetric isomer)
Dichloromethane, see Methylenechloride
3,3-Dichloromethyloxacyclobutane
Dichloromonofluoromethane
2,3-Dichloro-1,4-naphthoquinone
3,4-Dichloronitrobenzene [SJ
l,l-Dichloro-1-nitroethane [CJ
3,4-Dichlorophynylisocyanate
Dichlorophenyltrichlorosilane
1,2-Dichloropropane, see Propylenedichloride
1,3-Dichloropropylene
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1,050
200
200
1,015

USSR

0.5
80
10

10
5
l

10
200

2
5

0. 1
10
1

1
0. l

0.3
100
0. 1

240
1
5
5

0.4
0. 1

0.5
5
5

0.5
0.5
0.5
20

300
l

4,950
0.2

10

400
90
790

50
5

20
0.5
0.3
0.5
4,200

0.5
l
60

0.3
l

5

USA

2,3-Dichloropropylene
a-a-Dichloropropionic acid
7,000
Dichlorotetrafluoroethane
Co)
(as
Dicobaltoctacarbonyl
l
Dichlnrovos (DDVP) [SJ
Dicresylic ether
Dicumilemethane [SJ
Dicyclopentadien [SJ
Dicyclohexamine nitrite
Dicyclohexylamine oil-soluble salt [SJ
0.25
Dieldrin, [SJ
Diethyl ether, see Ethyl ether
Diethyl ether of perfluoadipic acid
Diethyl ether of perfluoglutanic acid
75
Diethyl amine
50
[SJ
Diethyl aminoethanol
B-Diethylaminoethylmercaptane [SJ
Diethylaminoethylmethacrylate
Diethyl benzene
Diethylchlorothiophosphate
Diethylethanolamine
Diethylrnercury [SJ
860
Difluorodibromomethane
N-N-Difurfuralparaphenylenediamine
2.8
Diglycidyl ether (OGE) [CJ
Dihydrate of perfluoacetone [SJ
Dihydroxybenzene, see Hydroquinone
290
Diisobutyl ketone
20
Diisopropylamine [SJ
Diisopropylbenzene [SJ
Dildrin [SJ
Dimethoxymethane, see Methylal
35
Dimethyl acetamide [SJ
18
Dimethyl amine
Dimethylaminobenzene, see Xylidene
Dimethylaniline [SJ
25
Dimethylaniline (N-dimethylaniline) [SJ
Dimethylbenzene, see Xylene
Dimethylbenzylamine
Dimethylchlorothiophosphate
3
Dimethyl l,2-dibromo-2,2-dichloroethyl phosphate (Dibrom)
Dimethyldioxane
Dimethylethanolamine
30
Dimethylformamide [SJ
2,6-Dimethylheptanone, see Diisobutyl ketone
l
1,1-Dimethylhydrazine [SJ
5
Dimethylphthalate
5
Dimethylsulfate [SJ
[SJ
Dimethylsulfide
Dimethylterephthalate
Dimethylvinylethynilcarbonyl
Dimethylvinylethynil-p-oxyphenylmethane
Dinitrile of acrylic acid
Dinitrile of perfluoglutaric acid
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USSR

3

10
0.01
0.2
0.5
5
l

0.5
l

0.1
0. 1

30
l

800
10
1
5

0.005
2
2
2

50
0.01
1

0.2
5

0.5
10
5

10

50
0. l

0.05

0.6
20

0.05

USA

Dinitrile of perfluoadipic acid
Dinitrobenzene (all isomers) [SJ
Dinitrochloro compounds of benzene [SJ
Dinitro-o-cresol [SJ
4,6-Dinitro-2-isopropylphenol [SJ
Dinitrorhodanebenzene
[SJ
Dinitrophenol [SJ
Dinitro-vtor-butylphenol [SJ
Dintirotoluene [SJ
Dinyl (mixture of 25% diphenyl and 75% diphenyloxide)
Dioxane [SJ
Diphenyl
Diphenyl chlorinated oxide [SJ
Diphenyls chlorinated [SJ
Diphenyl oxide
Diphenylmethane diisocyanate, see Methylene bisphenyl
isocyanate (MDI)
Diphenylolpropane
Di(2-ethylhexyl)phenylphosphate [SJ
Dipropylene glycol methyl ether [SJ
Diptal
Di-n-propylamine, tri-n-propylamine
Di-sec,octyl phthalate (Di-2-ethylhexylphthalate)
Ditolylmethane
Ditrazine citrate
Ditrebutylperoxide
Divinyl
Dodecylmercaptane (tertiary)
Endrin [SJ
Epichlorhydrin [SJ
Epitame
EPN [SJ
2,3-Epoxy-l-propanol, see Glycidol
1,2-Epoxypropane, see Propylenoxide
Ethanethiol, see Ethylmercaptan
Ethanol amine
Ethersulfanate
2-Ethoxyethanol [SJ
2-Ethoxyethylacetate (Cellosolve acetate) [SJ
s-Ethoxypropionitryl
Ethyl acetate
Ethyl acrylate [SJ
Ethyl alcohol (ethanol)
Ethyl sec-amyl ketone (5-methyl-3-heptanone)
Ethyl benzene
Ethyl bromide
Ethyl butyl ketone (3-Heptanone)
Ethyl chloride
Ethyl ether
Ethyl formate
Ethyl mercaptan [C]
Ethyl mercuchloride (as Hg) [S]
Ethyl mercurphosphate (as Hg) [S]
Ethyl silicate
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USSR

0. l
l

r·

l

0.2

0.05
0.05
2

·0.05
0.05
360

l
10
10

l

0.5
l

5
5
l

600
l

2
5
l
5
l 00
100
5
0. l

19

l

2

0.5

6

2

740
540
l ,400·
100

1,900

130
435
890
230
2,600
1,200
300
25
850

50
200

1,000
5

50
300
l

0.005
0.005

USSR

USA .
Ethyl toluene
Ethyl amine
Ethylenecyanhydrin
Ethylene diacetate
Ethylene imine [SJ
Ethylene oxide
Ethylene sulfide [SJ
Ethylenechlorohydrin [SJ
Ethylenediamine
Ethylenedibromide, see 1,2-Dibromoethane
Ethylenedichloride, see 1,2-Dichloroethane
Ethylene glycol dinitrate and/or Nitroglycerin [C,SJ
Ethylene glycol monomethyl ether acetate, see Methyl
cellosolve acetate
2-Ethylhexenal
Ethylidine chloride, see 1,1-Dichloroethane
N-Ethylmorpholine [SJ
Euphylline
Extral ine
Ferbam
Ferrovanadium dust
Florimycine
Flouride. (as F)
Fluorine
Fluoroplastic-4
Fluorotrichloromethane
Fluozirconate
Formaldehyde
Formalglycol [SJ
Formamide
Formic acid
Furan
[SJ
Furfural
Furfuryl alcohol
Gardon
Germanium, germanium oxide
Germanium tetrachloride (as Ge)
Glycidol (2,3-Epoxy-lpropanol)
Glycol momoethyl ether, see 2-Ethoxyethanol
Guthion, see Azinphosmethyl
Hafnium
Heptachlor [SJ
Heptane (nOheptane)
n-Heptyl alcohol
Hexachloran [SJ
-Hexachloran [SJ
Hexachloroacetone
Hexachlorobenzene [SJ
Hexachlorocyclopentadiene [SJ
Hexachloroethane [SJ
Hexachloronaphthalene [SJ
Hexafluoropropylene
Hexamethylenediamine
Hexamethylenediisocyanate [SJ
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50
18
10

30
0.02
l
0. l
0.5
2

l
90
16
25
l

3
5
0.5
3

94
15
1
: 2. 5
0.2

.

0. 1
10

5,~00
3

0.5

-~.t

-:.

50

·'-

3

:,\~

0.5
20

200

10

l
2

l
150
0.5

· o. 5

2,000

o. 01
10

0. 1
0.5
0.5
0.9
0. 01
10
· 0.2
5

l
0.05

USA

Hexamethyleneimine [SJ
Hexane (n-hexane)
2-Hexanone
Hexogen .
,
Hexone (Methyl isobutyl ketone)
sec-Hexyl acetate
n-Hexyl alxohol
Hydrazine [SJ
Hydrazine hydrate [SJ
Hydrocarbons aliphatic saturated c1 - c10 (as C)
Hydrochloric acid
,·.
Hydrofluoric acid salts (as iHF)
Hydrogen bromide
··
Hydrogen chloride [CJ
Hydrogen cyanide [SJ
Hydrogen fluoride ·
Hydrogen peroxide (90%)
Hydrogen peroxide of isopropylbenzene
Hydrogen selenide
Hydrogen sulfide [SJ
Hydrogen sulfide mixed with hydrocarbons c1 - c15
Hydroquinone
$-Hydroxyethylmercaptan [SJ
Hygromycin B [SJ
Ialan
Igalan
Iodine [CJ
Ipazine
Iron oxide fume
Isoactyl alcohol
Isoamyl acetate
Isoamyl alcohol
Isobutyl acetate
Isobutyl alcohol
Isobutylene
Isobutylene chloride
Isobutyraldehyde
Isofos-2 [SJ
Isophorone
Isoprene
Isopropyl acetate
Isopropyl alcohol
Isopropyl-N-3-chlorphenylcarbamate
Isopropyl-N-phenylcarbamate
I sopropyl amineIsopropyl aminodi phenyl amine
Isopropylchlorocarbonate
Isopropylether
Isopropyl glycidyl ether (IGE)
Isopropyl nitrate ·
Isopropylnitrite [SJ
Kerosene (as C)
Ketene
Lead and inorganic compounds
-llO-

USSR

0.5
1,800
410
l

410
300
10
1.3

0. l

0.1
300
5
l
10

7
11

2
5

0.3
0.5

1.4
l

0.2
10
3
1

l
l

0.001
0.5
200
1

l

2

10

50

525
360
700

300

100
0.3
5

0.5
140

950
980

40

2
2

12

2
0. l
2,100

240

5
l
300

0.9
0. 01

Lead arsenate
Ligroin (as C)
Lindane [SJ
Linuron
Lithium hydride
L.P.G. (liquified petroleum gas)
Manebe
Magnesium oxide fume
Malathion [SJ
Maleic anhydride
Manganese [CJ
Melprex
Mercaptophos [SJ
Mercurane [SJ
Mercury, metal
Mesidin [SJ
Mesityl oxide [SJ
Methacrylic acid
Methacrylic acid anhydride
Methanethiol, see Methyl mercaptan
Methaphos [SJ
Methoxychlor
2-Meth~xyethanol, see Methyl cellosolve
Methyl acetate
Methyl acetophos [SJ
Methyl acetylene {propyne)
Methyl acetylene-propadiene mixture (MAPP)
Methyl acrylate [SJ
Methyl alcohol (methanol) [SJ.
Methyl amine
Methyl amyl alcohol, see Methyl isobutyl carbinol
Methyl (n-amyl) ketone (2-Heptanone)
Methyl bromide [C,SJ
Methyl butyl ketone, see 2-Hexanone
Methyl cellosolve [SJ
Methyl cellosolve acetate [SJ
Methyl chloride
Methyl chloroacetate
Methyl chloroform
Methylal (dimethoxymethane)
Methylcyclohexane
Methyl cyclohexanol
o-Methylcyclohexanone [SJ
Methyl dihydropropane [SJ
Methyl ether of acrylic acid
Methyl ether of butyric acid [SJ
Methyl ether of caproic acid [SJ
Methyl ether of isobutyric acid [SJ
Methyl ether of isovaleric acid [SJ
Methyl ether of methacrylic acid
Methyl ether of propionic acid [SJ
Methyl ether of p-toluic acid
Methyl .ether of valeric acid [SJ
Methyl ethyl ketone (MFK), see 2-Butanone
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USA
0.15
0.5
0.025
1,800

USSR
300
l
0.5

15
15
l
5

100

l
0.3
0. l
0.02
0.005
0.01
l
l
10
l
0.1

15
610
1,650
l ,800
35
260
12

100
l

5

465
80
80
120
1,900
3,100
2,000
470
460

5
5
20
50
5
20
5
l
10
5
10
10
l

'

USA

2-Methyl-5-ethylpyridine [SJ
Methyl ethylthiophos [SJ
Methyl fluophenyldichlorosilane
Methyl formate
Methyl hexyl ketone
Methyl iodide [SJ
Methyl isobutyl carbinol
[SJ
Methyl isobutyl ketone, see Hexane
Methyl isocyanate [SJ
Methyl isothiocyanate [SJ
Methyl mercaptan [CJ
Methyl methacrylate
Methyl propyl ketone, see 2-Pentanone
Methyl pyrro1idone
a-Methyl styrene [CJ
2-Methy1-5-vinylpyridine [SJ
6-Methyl-2-vinylpyridine [SJ
Methyl vinyl ketone [SJ
Methyl thiophen (2 and 3 isomers)
Methyl mercaptophos
Methylene bisphenyl isocyanate (MDI) [CJ
Methylene bromide
Methylene chloride
N-Methylmorpho1ine
1-Methylnaphthaline, 2-Methylnaphthaline
Methylphos [SJ
M-81 [SJ
Molybedenum:
Soluble compounds
Inso~~ble compounds
Monobutyl amine
Monochlorocyclohexane
Monochlorodibromtrifluoethane
Monochlorodimethyl ether (as Cl)
-Monochloropropionic acid
Monochlorostyrene
Monoisopropylamine
Monomethyl aniline [SJ
m-Monomethyl ether of resorcinol
[SJ
Monomethyl hydrazine [C,S]
Monomethylamine
Monovinyl acetylene
Morphol ine [SJ
Muchochloric acid
Naphtha (coaltar)
Naphthalene
Naphthalenes chlorinated (higher) [S]
8-Naphto1
a-Naphthoquinone
,
Nickel and oxide, protoxide, sulfide (as Ni)
Nickel carbonyl
Nickel, metal and soluble compounds (as Ni)
Nickel salts in aerosol form (as Ni)
Nicotine [S]
-112-

USSR

2

0.03
l

250
200
28
100
0.05

0.05
0. 1

20
410

0.8
10
100

480

5
2

0.5
0. 1
20
0 .1

0.2

10
50
5

20
0. 1
0. 1
5

15

2
6
10

50
50
0.5
2

50
1

9

0.5

0.35
1

70

20
0.5
0. 1

400

50

2L

0.5

0. 1

0.007
1

0.5

0.1
0.5
0.0005
0.005

USA

Nicotine sulfate
Nitric acid
Nitric oxide
Nitrile of acrylic acid [SJ
p-Nitroaniline [SJ
o-Nitroaniline [SJ
p-Nitroanisol
Nitrobenzene [SJ
Nitrobenzoathexamethyleneimine
m-Nitrobenzotrifluoride
Nitrobutane
p-Nitrochlorobenzene [SJ
Nitrochlorobenzene [SJ
Nitrocyclohexane
Nit roethane
Nitrogen dioxide
Nitrogen oxides (as N0 2)
Nitrogen trifluoride
Nitroglycerin [SJ
Nitromethane
Nitroxylene [SJ
Nitrophene
Nitrophorm
Nitrophosphate nitratesulfuric acid
Nitrophosphate phosphorous, sulfate, and chlorl~ss
1-Nitropropane ,,
2-Nitropropane
Nitropropane ·
Nitrotoluene [SJ
Nitrotrichloromethane, see Chloropicrin
n-Nonyl alcohol
Octachloronaphthalene [SJ
Octafluorinedichlorocyclohaxane
Octamethyl [SJ
Octane
Octyl ether 2,4 D
n-Octyl alcohol
Oil m'ist, mineral
Oils mi nera 1
Oxacyll in
Oxalic acid
Oxycarbamate
p-Oxydiphenylamine
Octafluoamyl alcohol
Oxygen difluoride
Ozone
Paraquat [SJ
Pa rat hi on [SJ
Pentaborane
Pentachloroacetone
Pentachloronaphthalene [SJ
Pentachloronitrobenzene
Pentachlorophenol [SJ
Pentachlorophenolate of sodium [SJ
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USSR
0. l

5

25
6

0.5
0. 1
0.5
3

5
3
l

30
1
1
l

310
9

30
5

29
2

250

30
5
l

0.5
5
2

90
90
30
30
10

0 .1
1

0.02
2,350
1
10

5
5

0.05
1

0.05
0.05
20
0. 1

0.2
0.5

0. l

0.1

0.01

0.5
0.5

0.5
0.5
0. 1
0.1

USA

Pentafluopropionic acid
Pentafluorophenol
Pentane
2-Pentanone
Perchloroethylene
Perchloromethyl mercaptan
Perch l oryl fluoride
Perfluoisobutylene
Petroleum distillates (naphtha)
p-Phenetidine [SJ
p-Phenetidine hydrochloride
Phenol
[SJ
Phenoplasts
m-Phenoxyphenol [SJ
p-Phenylendiamine [SJ
Phenyl ether (vapor)
Phenyl ether-biphenyl mixture (vapor)
Phenyl glycidyl ether (PGE)
Phenyl methyldichlorosilane (as HCl)
Phenylethylene, see Styrene
Phenylhydrazine [SJ
Phosdrin (Mevinphos) [SJ ,
Phosgene (carbonyl chloride)
Phosphamide [SJ
Phosphine
Phosphoric acid
Phosphorous hydrogen
Phosphorus (yellow)
Phosphorus oxychloride [SJ
Phosphorus pentachloride [SJ
Phosphorus pentasulfide
Phosphorus trichloride [SJ
Phthalic anhydride
Phthalophos
Phozanol
Pi'colines (mixture of isomers)
Picric acid [SJ
Piperazine adipinate
Piperi dine [SJ
Piperiline
Pi val
Platinum (soluble salts) (as Pt)
Polychloropinene [SJ
Polyether varnish (PE246)
Polyformaldehyde
Po lyma rci ne
Polyethylene of low pressure
Polypropylene (unstable)
Polyvinylchloride
Porophor
Propane
Propanide
Propargyl alcohol [SJ
Prometrine

USSR

2
5

2,950
700
0.8
13. 5

200
10
l
0. l

2,000
0.2
0.5
19

5
6
l

0.1

7
7

60
l

22
0. l

0.4

0.5
0.5

0.4
l
0. l
0.1

l
l
3
12

0.03
0.05
0.2
0.2
l

0;3
0.5
5
0. l

5

0.2
40
0. l

0.002

0.2
6
5

o.-5

10
10

6

0.05
1,800
0. l
l
5
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Propazine
Propionic acid
Propionic aldehyde
n-Propyl acetate
Propyl acetate
Propyl alcohol
n-Propyl nitrate
Propyl propionate
n-Propylamine
Propylene dichloride
Propylene imine [SJ
Propylene oxide [SJ
Propyne, see Methylacetylene
Pyrethrum
Pyridine
Pyromelitic acide anhydride
Pyrrolidine [SJ
Quinone
ROX [SJ
Rhenacite I I
Rhenacite IV
Rhodium
Metal fume and dusts (as Rh)
Ronite
Ronnel
Roten one
Santofex-77
Selenium'compounds (as Se)
Selenium amorphous
Selenium anhydride
Selenium hexafluoride
Semeron
Silver (metal and soluble compounds)
Sodium fluoroacetate (1080)
[SJ
Sodium hydroxide
Sodium thiocyanate
Solan
Solvent naphtha (as C)
Stibine
Stoddard solvent
Streptomycine
Strychnine
Styrene
Sulfur dioxide
Sulfur hexafluoride
Sulfur monochloride
Sulfur pentafluoride
Sulfuric acid
Sulfuric anhydride
Sulfuryl fluoride
Sylvane
Symazine
Systox, see Demeton
Sulfamate of ammonium

USSR
5

20
5

840
200
500
110
350

10

70
5
10

5

240
5
15

0.4

l

5
5
0. l

0.05

1. 5

5
2
0. l
l

10
5

5

0.2
2
0. l

0.4
l
0.01

0.05
2
50
l
100

0.5
2,950
0.1

0.15

5
13

10

6,000
6

0.25
l

l
l

20
l

2
10
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USA

Sulfonamide drugs: Sulfanilamide, sulfathiasol,
sulfacil, sulfadimezine, sulgine
Tantalum
Tea
TEDP [SJ
Tellurium
Tellurium hexafluoride
TEPP [SJ
Terephtalic acid
Terphenyl s [CJ
Terbutylacetate
Terbutyl perbenzoate
Tetrabromoethane
Tetracycline
Tetrahydrobenzaldehyde
Tetrahydrobenzyl ether of cyclohexencarbon acid
1, 1, 1, 2-Tetrachloro-2, 2-difluoroethane
l, 1, 2, 2-Tetrachloro-l, 2-difluoroethane
Tetrachloroethane [SJ
Tetrachloroethylene, see Perchloroethylene
Tetrachloroheptane
Tetrachlorohexatriene [SJ
Tetrachloromethane, see Carbon tetrachloride
Tetrachloronaphthalene [SJ
Tetrachlorononane
Tetrachloropentane
Tetrachl oropropane .
Tetrachlororoundecane
Tetraethyl lead (as Pb) [SJ
Tetraethoxysilane
Tetrafluopropyl alcohol
Tetrahydrofuran
Tetralin
Tetramethyl lead (as Pb) [SJ
Tetramethyl succinonitrile [SJ
Tetranitromethane
Tetryl (2, 4, 6-trinitrophenylmethylnitramine) [SJ
Thallium (soluble compounds) (as Tl) [SJ
Thallium iodide, bromide
Theobromine
Theophylline
Thi odane [SJ
Thioglicolic acid [SJ
Thiophene
Thiophos
Thiuram (TMTD)
Till am
Thiram
Thorium
Titanium tetrachloride
Titaniumdioxide
Tln:

USSR

l
5

3

0.2
0.1
0.2 ·
0.05

0.01
0.01

9
0. l
-1
l

0.1
0.5
l

4,170
4,170
5

1.

0.3
2
l
l
l
5

0.075
590

0.005
20
100
100

0.07
3
8

0.3

1.5
0.1
0. l
l

0.5
0. l
0. l

20
0.05
0.5
l

5

0.05
l

15
2

Inorganic compounds, except oxides
Organic compounds
Tobacco

0. l

3
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Toluene
Toluene-2, 4-diisocyanate [CJ
Toluidine [SJ
o-Toluidine [SJ
Toluilendiamine [SJ
Toxaphehe, see Chlorinated camphene
Triallilamine [SJ
Tributyl phosphate [SJ
l, l, 3-Trichloroacetone
Trichlorobenzene
1, 1, 1-Trichloroethane, see Methyl chloroform
1~ l, 2-Trichloroethane [SJ
Trichloroethylene
Trichlorometaphos-3
Trichloromethane, see Chloroform
Trichloronaphthaline [SJ
Trichlorophenolate of copper
Trichloropropane
a,a,s-Trichloropropionic acid
Trichloropropylene
Trichlorosilane
Trichloronaphthalene [SJ
1, 2, 3-Trichloropropane
1, l, 2-Trichloro-l, 2, 2-Trifluoroethane
Tricresyl phosphate, containing over 3% of
orthoisomers [SJ
Tricresyl phosphate, containing less than 3% of
orthoisomers [SJ
Tri ethyl amine
Triethoxysilane
Trifluoacetic acid
Trifluobutyl alcohol
Trifluochloropropane [SJ
Trifluoethyl alcohol
Trifluoethylamine
Trifluoromonobromomethane
Trifluopropylamine
Trifluorostyrene
Trimethylamine
Trimethylopropane
2, 4, 6-Trinitrophenol, see Picric acid
2, 4, 6-Trinitrophynylmethylnitramine, see Tetryl
Trinitrotoluene [SJ
Triorthocresylphosphate
Triphenyl phosphate
Tri-(2-ethylhexyl)-phosphate [SJ
Triphthazine
Trixelenil phosphate [SJ
Turpentine
Uranium:
Soluble compounds
Insoluble compounds
Valerie acid
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USSR
50

0.14

22

3

2
1

5

0.5
0.3
10

45

10
0.3
l

0. 1
2
10
3
1

5

300
1,600
0. 1

100

0.5
10
l
2

20
l
10

6,100

100
;5

5
50
1.5

l

0.1
3

~60
0.05
0.25

0. 1
0. 01
1.5
300

0.015
0.075
5

USA

Vanadium and compounds:
v2o5 dust [CJ
v2o5 fume
vanadium pentoxide fume
vanadium tribxide and pentoxide dust
ferro vanadium
vanadium containing slags dust
Vinyl acetate
Vinyl benzene, see Styrene
Vinyl chloride [CJ
2-Vinyl pyridine [SJ
Vinyl toluene
Vinylbutyl ether
Vinylcyanide, see Acrylonitrile
Warfarin
White spirit (as C)
Xanthate of potassium butyl
Xy l en e ( xy l ol )
Xylidine [SJ
Yttrium
Zinc chloride fume
Zinc oxide
Zinc oxide fume
Zirconium, metal and insoluble compounds (zircon,
dioxide, carbide)
Zirconium compounds (as Zr)
Zineb
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USSR

0.5
0.1
0. l

0.5
l

4
10
1,300

480

30

0.5
50
20

0.1
300
10

435

50

25
l

l

.6

5
6
5

0.5

TABLE 2
Ratios Of American To Soviet MACs For The Substances
Where The Ratio Is Greatest
Substance
Propylene oxide
Aniline
Ethyl bromide
Morpholine
Mesityl oxide
a-Methyl styrene
Methyl chloroform
Ethylene oxide
Methyl bromide
Acetaldehyde
p-Nitroanil ine
Ethyl chloride
Ethylene imine
Heptachlor
Chloroprene
Vinyl chloride
Methyl methacrylate
Cyclopentadiene
Methylcyclohexane
Hydrogen cyanide
Dioxane
Propylene dichloride
Ethylene chlorohydrine
Butyl alcohol
Tetranitromethane
Aldrin
Dieldrin
Ethyl mercaptan

. American
MAC

Soviet
MAC

Ratio
American/Soviet

240
19
890

l

70
100

0.5

240
190
178
140

l

100

480

5.0
20

0.1
5

80
360

1

96
95
90
80

5

72

6

1

2,600

50

60
52
50
50
45
43
41
40

1,900
90

l

1

0.02

0.5

0.01

90

2

1,300

30

410

10

200
2,000
11
360
350
16

5

50
0.3
10

10

0.5
10

300

8
0.25
0.25
25

0.3
0.01
0.01
1

40

37
36
35
32
30
27
25
25
25

3
NOTE: The MACs in the table are MACs for work areas in mg/m . In most cases
the American MACs are weighted average concentrations for an eight-hour
shift, while the Soviet MACs are the ceiling values. This makes the
true rations even higher than listed in the table.
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TABLE

3

Intervals Between Adjacent Concentrations Used In The Olfactory Sensation Method
L

s

D

WC

0.028
0.5
0.2
0.02
0.09
3.0
1.0
1. 4
1. 5
0.3
3.2
1.6

0.010
0.2

0.018
0.3
0. l
0.01
0.04
1.3
0.4
0.5
0.5
0. l
1.0
0.5
0.3
0.2
0.3
0.3
0.15
_0.05
0.007
0.6
0.3
0.006
0.2
0.10
0.015
0.0.05
0.2

1.80
1.50
1.00
1.00
0.80
0.76
0.67
0.56
0.50
0.50
0.45
0.45
0.43
0.40
0.38
0.33
0.33
0.33
0.32
0.30
0.30
0.30
0.29
0.29
0.29
0.29
0.25
0.25
0.25
0.23
0.22
0.20
0.20
0. 17
0.17
0.16
o. 15
0.14

o. ·1

0.01
0.05
1. 7

0.6
0.9
1.0
0.2
2.2
l. l

1.2
0.60
0.20
0.029
2.6

0.7
0.5
0.8
0.9
0.45
0.15
0.022
2.0

1.3

1.0

1. 0

0.7
1. l

0.026
0.9
0.45
0.073
0.022
1.0

0.5
0.010
0. 16
0.022

0.020
0.7
0.35
0.058
0.017
0.8
0.4
0.008
0. 13
0.018

1.2

1.0

0.6
0.7
0.35
5.0

0.5
0.6
0.30
4.3
0.026
0.7

0.030

0.8

0. l

0.002
0.03
0.004
0.2
0.1
0. l

0.05
0.7
0.004
0. l

1. 7

1.5

0.2

0.13

0.9
0.18
0.036

0.8
0.16
0.032
0.9
0.016

0. l

0.02
0.004

0.12
0.12
0.12

0. l
0.001

0.06

1.0

0.017
LSDWC-

0.11

larger of two immediately adjacent concentrations
smaller of two immediately adjacent concentrations
difference between the concentrations: D = L - S
Weber Constant: the ratio of the difference between
the two concentrations to the lower one, WC= D/S
NOTE: the concentrations are in mg/m3
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TABLE 4
Intervals Between Adjacent Concentrations Used In The ELS Method
L

s

D

WC

1.5
2.0
0.30
0.73
1.2
0.61
0.60
0.02
1.5
0.32
0.07
0.30
0.011
0.18
0.03
0.81
0.0220
0.08
0.20
0.04
0.018
0.77
0.014
1.5
0.55
0.0155
0.95
0.6 ·
0.23

0.55
0.8
0.12
0.32
0.55
0.30
0.30
0.01
0.81
0.18
0.04
0.18
0.007
0.12
0.02
0.55
0.0155
0.6
0.15
0.03
0.014
0.60
0.011
1.2
0.44
0.0125
0.77
0.5
0.20

0.95
1.2
0.18
0.41
0.65
0.31
0.30
0.01
0.69
0.14
0.03
0.12
0.004
0.06
0.01
0.26
0.0065
0.2
0.05
o. 01
0.004
0.17
0.003
0.3
0.11
0.0030
0.18
0. l
0.03

1. 73
1.50
1.50
1.28
1.18
1.03
1.00
1.00
0.85
0.78
0.75
0.67
0.57
0.50
0.50
0.47
0.42
0.33
0.33
0.33
0.29
0.38
0.27
0.25
0.25
0.24
0.23
0.20
0.15

larger of two immediately adjacent concentrations
smaller of two immediately adjacent concentrations
difference between the concentrations: D = L - S
Weber Constant: the ratio of the difference between
the two concentrations to the lower one, WC= D/S
NOTE: the concentrations are in mg/m 3

LSDWC-
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TABLE 5
Intervals Between Adjacent Concentrations Used In The EEG-CR Method
L

s

D

WC

0.01
0.005
0.53
0.20
0.024
0.32
0.9
0.6
0.11
0.13
0.44
0.10
0.080
0.0156

0.005
0.003
0.32
0. 13
0.0156
0.21
0".6
0.4
0.08
0.10
0.35
0.08
0.066
0.0B7

0.005
0.002
0.021
0.07
0.0084
0.11
0.3
0.2
0.03
0.03
0.09
0.02
0.014
0.0019

1.00
0.67
0.66
0.54
0.54
0.52
0.50
0.50
0.37
0.30
0.26
0.25
0.21
0.14

LSDWC-

larger of two immediately adjacent concentrations
smaller of two immediately adjacent concentrations
difference between the concentrations: D = L-S
Weber Constant: the ratio of the difference between
the two concentrations to the lower one, WC= D/S
NOTE: the concentrations are in mg/m 3
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TABLE 6
Intervals Between Adjacent Concentrations Used In The EEG-PHO Method
L

s

D

WC

0.007
0.15
0.30
0.10
0.15
0.09
0.015
0.20
0.20
0.14

0.003
0.07
0. 15
0.05
0.10
0.06
0.010
0.14
0.15
0.11

0.004
0.08
0.15
0.05
0.05
0.03
0.005
0.06
0.05
0.03

1.33
1.14
1.00
1.00
0. 50
0.50
0.50
0.43
0.33
0.27

larger of two immediately adjacent concentrations
smaller of two immediately adjacent concentrations
difference between the concentrations: D = L-S
Weber Constant: the ratio of the difference between
the two concentrations to the lower one, WC= D/S
3
NOTE: the concentrations are in mg/m

LSDWC-
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TABLE 7
Minimum Perceptible .And Maximum Imperceptible Concentrations For The
Olfactory Sensation Method
Chemical

Study

Number
of Subjects

Acetone

G357

4
2

G365

4
13
5

G340

l

3

Acetophenone

11
10

Min Prep
Cone
5.0
3.2
1.6
1. l
above 1. l
1. l

Max Imprcp
Cone
4.3
2.2
1.1
0.8

above 0.0285
0.0285
0.010
0.027-0.01

0.010
O.Q08
0.008

G361

range

Acrolein

G364

2
8

0.9
0.8

0.85
0.7

Amyl Acetate

G359, G360

2
3
8
2

1.2
0.9
0.7
1.2

0.9
0.7
0.6
0.9

Butyl Acetate

G359, G360

4
2

1.2
1.0
0.8
0.6

1.0
0.8
0.7
0.5

l

9

range

Dinyl

G367

Ethyl Acetate

G359, G360

3
3
3
6
1

2

Methyl Acetate

G359, G360

4
3
3
3

2

Methyl Methacrylate

G358

5
1

4
4
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0.29 -0.06

0.04

1. 3
1.0
0.9
0.8
0.7
0.6

1.0
0.9
0.8
0.7
0.6
0.5

1.4
0.9
0.8
0.7
0.5

0.9
0.8
0.7
0.5
0.4

1.2
0.9
0.5
0.2

0.9
0.5
0.2
0. l

TABLE 7 (Cont I d.)
Chemical

Study

Number
of Subjects

Phenol

G340

6
14
2

G363

G362

&tyrene

Toluene Diisocyanate

Vinyl Acetate

NQTE:

G353

G359, G360

Max Imprcp
Cone

1
l
9
2
13
5

above 0.022
0.022
0.017
0.184
o. 160
0.073
0.029
0.022
above 0.022
0.022

3
3
3
6

0.036
0.032
0.026
0.020

0.032
0.026
0.020
0.010

1
2
5
5
3
3
2

2.60
1.00
0.60
0.45
0.35
0.30
0.20

2.00
0.60
0.45
0.35
0.30
0.20
0.15

l
7
3
2.

3.0
,. 7
1.5
1.0

,. 7
1.5
1.0
0.7

1

G365

Min Prep
Cone

concentrations are expressed in mg/m 3
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0.017
0.016
0.160
0.130
0.058
0.022
0.0175

TABLE

8

Estimates Of The Population Olfactory Sensation Thresholds
C.hemical

I

I-'
N
Q\

I

Acetone
Acetone
Acetophenone
Acetophenone
Acrolein
Amyl Acetate
Butyl Acetate
Dinyl
Ethyl Acetate
Methyl Acetate
Methyl
Methacrylate
Phenol
Phenol
Phenol
Styrene
Toluene
Di isocyanate
Vinyl Acetate

Study

Mean

...

s

Estimate

Estimate

Estimate

1

2

3

Max Imprcp
Cone

2.450

1. 636

2.450

1.400

0.000

0. 360

0.800

0.015

0.006

0.009

0.012

0.004

0.007

0.775
0.720
0.744

0.053
0. 154
0.244

0.017
0.040
0.061

0.740
0.630
0.600

0.670
0.430
0.290

0.520
0.430

0.839
0.807

0. 184
0.249

0.043
0.064

0.740
0.660

0.500
0.340

0.600
0.490

0.008
0.008
0.700
0.500
0.500
0.400
0.500·
0.400

G358
G340
G363
G365
G362

0.568
0.020
0.047

0.399
0.002
0.049

0.107
0.0003
0.013

0.320
0.019
0.016

0.000
0. 017
0.000

0.060
0. 018
0.000

0.100
o. 016
o. 017

0.23

0.008

0.002

0.019

0.009

0.013

0.010

G353
G359

0.505
1. 462

0.445
0.388

0.097
0. 108

0.280
0.200

0.000
0. 710

0.000
0.970

0. 150
0.700

G357
G365
G340
G361
G364
G359
G359
G367
G359
G359

,.

0. 710

aM - standard error of sample mean
S - estimate of population standard deviation
Mean - sample mean threshold
Estimate 1 - estimate of population mean threshold at the level of confidence of p = 0.01
Estimate 2 - estimate of threshold for the most sensitive 10% of population, based on Estimate 1 as the population
mean threshold
of population, based on sample ~ean as.;c.,.population mean
10%
sensitive
f!IOSt
the
for
threshold
of
estimate
Estimate 3 ·
·
threshold
Max Imprcp Conf: - maximum imperceptible concentration for the most ·sensitive sub.iect. the standard Soviet base for

TABLE 9
Results Of The ELS Method
Chemical

Study

Acetophenone

G761

Concentration

P(e) e

P(e)t

E

0.015
0.74
0.64
+
0.013
0.50
0.010
0.05
0.20
+
0.007
0. 13
0.06
Amyl Acetate.
G759
0.600
0.00
0.00
+
(G760)
0.300
0.00
0.08
+
0.180
0.50
0.120
0.01
0.24
Butyl Acetate
G759
. 0. 700
1.00
1.00
+
(G760)
0.300
0.99
0.28
+
0.238
0.50
0.180
0.01
0.30
Ethyl Acetate
G759
0.600
0 .. 97
0.99
+
(G760)
0.300
0.89
0.54
+
0.284
0.50
0. 180
0.06
0.24
Methyl Acetate
G759
0. 300
1.00
1.00
+
(G760)
0. 180
0.86
0.89
+
0.120
0.68
0.59
0. l 06
0.50
Methyl Metacrylate
G758
0.230
0.58
0.58
+
0.200
0.54
0.54
+
0.174
0.50
0.150
0.46
0.47
Phenol
G763
0.0220
0.93
0.95
+
0~0157
0.50
0.0155
0.48
0.47
+
0.0125
0.24
0. 19
Styrene
G762
0.030
1.00
1.00
+
·O. 020
1.00
0.99
+
0.63
0.81
0.010
0.005
0.50
Vinyl Acetate
G759
0.950
1.00
1.00
+
(G760)
0.800
1.00
1.00
+
0.600
0.93
0.98
0.216
0.50
P(e)e - empirically obtained probability of effectiveness
P(e)t - theoretical probability of effectiveness (based on the theoretical psychophysical curve best fitting the empirical data)
·- effectiveness (+) vs. ineffectiveness(-) according to the author
E
NOTE: According to the standard psychophysical practice we consider the threshold,
i.e., the concentration which has 0.5 probability of being effective, the
borderline between effective and ineffective concentrations. The threshold
concentration was estimated from the theoretical psychophysical curve; it
was none of the actually tested concentrations. That is why there are no
P(e)e data for it.
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TABLE 10
Minimum Effective And Maximum Ineffective Concentrations
For The EEG-CR Method
Chemical

Study

Number
of Subjects

Min Eff
Cone

Max Ineff
Cone

l

?

2

0.44

0.44
0.35

l

l

0.20
0.13

0. 13
0.10

G667

?

0.03

?

Methyl Acetate

G659/G660

2

0.08

0.07

Phenol

G663

2
3

0.0240
0.0156

0.0156
0.0137

Styrene

G662

l
l

0.010
0.005

0.005
0.003

Sulfur Dioxide

G656

1
4

0.9
0.6

0.6
below 0.6

Sulfuric Acid Aerosol

G656

l

3

0.6
0.4

0.4
below 0.4

Vinyl Acetate

G659/G660

1
1

0.55
0.32

Acetone

G657

Butyl Acetate

G659/G660

Dinyl

NOTE:

0.32
0.21

concentrations are expressed in mg/m 3

"'\

-128-

TABLE 11
Minimum Effective And Maximum Ineffective Concentrations
For The EEG-PHO Method
Chemical

Acetophenone

Aniline

Study

Number
of Subjects

Min Eff
'
Cone

Max Ineff
Cone
0.003

?

0.007
0.008

3
2
1

0.30
0.15
0.07

0. 15
0.07

H355/H361
H366

?

H368

?

?

H358
H366

?

o. 15

?

0. 15

0. 10
0.10

Phenol

H366

?

0.01

?

Toluene diisocyanate

H399/H353

1
2
2

0.20
0. 15
0.10

0.15
0.10
0.05

H366

?

0 .10

Methyl Methacrylate

NOTE:

concentrations are expressed in mg/m 3
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?

TABLE 12
Minimum Effective And Maximum Ineffective Concentrations And Thresholds For The Four Methods

CHEMICAL
Acetone
Acetophenor:ie:

STUDY

OLF

MIN EFF CONC
ELS
EEG-CR

57
65
40

1. 1

0.55

1.1

61

I
f--J
I.;.)

0

I

Acrolein
Amyl ~cetate
Aniline
Butyl Acetate
Diriyl
Ethyl . Acetate
Methyl Acetate
Metnyl Methac-rylate
Pheno·l
Styrene
Sulfur Dioxide
Sulfuric Ac;id
Toluene Df~socyanate
Vinyl Acetate

66
64
59/60
68
59/60
67
59/60
59/60

5a

66
63
66.
62
56
56
53
66
59/60

0.010
0.010

0.010

0.8
0.6

0.6
0.3

I

EEG-PHO

0.. 44
0.007
0.008

OLF

MAX INEFF CONC
ELS
EEG-CR

0.8

0.44

0.008
0.008

0.007

0.7
0.5

0.5
0.12

0.5
0.04
0.5
0.4

0.18

0.10

0.18
0.12
0.15

0.07

EEG-PHO

0.35
0.003

OLF

THRESHOLD
ELS
EEG-CR

0.95

0.495

0.395

0.009
0.009

0.013

0.005

0.75
0.55

0.55
0. 18

0.55
0.05
0.55
0.45
o. 15

0.238

EEG-PHO

0. 77

0.6
0.06
0.6
0.5
0.2

0.3
0.18
0.2

0.08

0.022

0.0155

0.0156

0.02

0.005
0.6
0.4

0.-02

0.3

0.13
0.03

0.15
0.15

0.20

0.01

-0.10
0.10
0.8

0. 32

0. 1

0.10
0.10

0.0175 0.0125

0.0137

0.01

0.003

0.01

0.15
0.7

0.05
0.6

0.284
0.106
0.174

0.0198 0.0157
. 0.015

0.175

0.115

0.005

0.075
o. 125
o. 125
0.0147
0.004

0.075

0.85
0.21
0.216.
0.265
3
NOTE: All :concentrations are expressed in mg/m • All data are,for the most sensitive subject for each method. Threshold values for the olfactory sensation and ELS methods correspond to the psychophysical notion of 50%-dectectability. Threshold values for the EEG-CR and EEG-PHD methods are midpoints between maximum ineffective and minimum effective'concentrations found as a results of statistical hypothesis testing procedure. Therefore,
other- things being equal, 50%-detectability psychophysical thresholds are probably lower than mid-point thresholds for these two methods.
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