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Criteria and Methods for Establishing Maximum
Permissible Concentrations of Air Pollution

V. A. RJAZANOV 1

The article describes experience in the USSR in establishing standards for air pollution
control. The author emphasizes that health considerations must be the main criterion in
deciding permissible concentrations, which constitute the " hygienic " standards ultimately
to be achieved. Economic and technological reasons may dictate temporary "sanitary "
standards, which modify the requirements for a limitedperiod. " Technological" standards
relate to the economic and technological consequences of air pollution and do not concern
health.

The maximum permissible concentrations of toxic substances used in toxicology and
industrial hygiene are not sufficiently stringent for general use, and control standards are
therefore based on the results of tests carried out on animals and human subjects.

Tests on animals show that certain concentrations of toxic substances cause functional
changes (e.g., in higher nervous activity, cholinesterase activity, and excretion of copropor-
phyrin) as well as a number ofprotective adaptational reactions. The results are used to
establish maximum permissible concentrations ofpollutants within a 24-hour period.

Tests on human volunteers provide a basis for determining the maximum average con-
centrations at a given time. Reactions to odorous substances give the olfactory threshold
and the level of concentration causing respiratory and visual reflexes, as well as subsensory
effects such as changes in light sensitivity and in the activity of the cerebral cortex.

Morbidity statistics also provide evidence of harmful pollution, but cannot serve as a
basis for establishing maximum permissible concentrations, which should aim not only at
preventing illness but also at avoiding pathological and adaptational reactions.

INTRODUCTION

Four different approaches to the establishment of
maximum permissible concentrations of air pollu-
tants have been described in the literature. These
can be briefly summed up as follows:

1. Only that composition of the air observed
under natural conditions in an environment unpol-
luted by man is regarded as acceptable. In this case
the method of establishing maximum permissible
concentrations is very simple: it consists in making
a large number of analyses in a place far removed
from centres of population and, on the basis of the
average data thereby obtained, establishing standards
for clean air.

This approach cannot be accepted. There are no
grounds for asserting that in deviating from its

1 Corresponding Member of the Academy of Medical
Sciences, USSR.

average composition the external air has an adverse
effect on health. The effect of toxic substances
depends upon their concentration, small concentra-
tions having a fundamentally different effect on the
organism from that of large ones. In certain con-
centrations a particular gas can be noxious, while
in other concentrations it is essential to life; this
is true, for example, of the oxygen in the air. Many
chemical elements known to be toxic form part of
the normal composition of the tissues. For each
toxic substance there is a threshold below which no
harmful effects will be observed.

2. The pollutant content to be regarded as normal
is that which, in the present state of technological
development, cannot be removed from the air.

This approach is quite unacceptable. Technically
attainable concentrations will coincide merely by
chance with harmless amounts; usually they exceed
them. Such standards can act only as an obstacle
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to the search for better techniques, since they
sanction what has already been achieved without
stimulating new technical advances.

3. The standard of air cleanliness should be only
that which can be economically justified, i.e., the
cost of the measures to ensure its attainment should
be no more than the cost of the damage that the
absence of such measures causes to society.
A purely commercial approach of this kind cannot

be accepted, as it contradicts the humanitarian
principles of medicine. Who can measure the value
of human life and health ? Although insurance
schemes do make some attempt to express life and
health in terms of money, everybody realizes that
these benefits cannot find compensation in any
monetary equivalent.

4. Only such concentrations of air pollutants as
do not directly or indirectly exert a harmful or
unpleasant effect on man, reduce his working
capacity, or have a negative effect on him physically
or mentally can be accepted as permissible.

If we adopt this approach, all concentrations of
noxious substances that have an unfavourable effect
on vegetation, local climate, clearness of the atmos-
phere and people's living conditions have to be
taken into account. It was this standpoint that was
taken in the USSR as the basis for working out
maximum permissible concentrations. It does not
follow from what has been said that legislation on
clean air should not take into account considerations
of economy and technical attainment. Hygienic
standards for maximum permissible concentrations
of air pollutants must in themselves reflect the
scientifically based ideal towards which we must
strive in order to ensure that the public is not
subjected to unfavourable effects from air pollution.
This ideal cannot be achieved always and everywhere
at a given time. Therefore, alongside the general
hygienic standards for maximum permissible con-
centrations, there may be sanitary standards of a
temporary character, serving the needs of the
moment. They may modify for a defined period the
requirements for cleanliness of the external atmos-
phere, taking into account economic and techno-
logical factors. These standards may differ from
country to country, as they have to take into account
the internal economic situation. Such air pollution
standards are permissible temporarily, but should be
abandoned after a certain period, during which the
condition of the air must be brought into conformity
with the hygienic standards. If this approach is
adopted, hygienic standards for the cleanness of the

external air will not be used to sanction existing
technical achievement, but will represent the goal
towards which we must strive.
Only in the light of this reasoning can we under-

stand the maximum permissible concentrations of
air pollutants adopted in the USSR. In a number of
cases these still remain to be achieved, but they
represent the ultimate goal and enable us to assess,
in each individual case, how far we have advanced
in this difficult task. The table opposite gives the
standards approved for 40 pollutants encountered
in the atmosphere.

In addition to hygienic and sanitary standards for
clean air, there may also be purely technological
ones. They evaluate the discharges of various
substances into the atmosphere as well as the loss
of valuable materials (raw materials, semi-processed
substances, final products, etc.). Such standards have
nothing in common with hygiene, and are based on
economic and technological considerations. They
can therefore be used by the health authorities only
as an additional means to influence industry in
those cases where the technological standards make
stricter demands upon it than do the hygienic and
sanitary standards.

Thus, there may be three types of standards
limiting the discharge of harmful substances into
the air: hygienic, sanitary and technological.
The first meet the requirements of man as a

biological species. Their purpose is to ensure such
conditions in the external environment as will be
fully favourable to man, physiologically speaking,
have no ill effects on him and not disturb his well-
being.

Sanitary standards are the hygienic standards
modified to meet the factors of the immediate
situation-the technical state of development and
economic possibilities. They constitute a concession
to practical material possibilities and are therefore
of a temporary nature. They may differ in different
countries and in different periods of social and
economic development.
The third set of standards-the technological-

aims at preventing the discharge of valuable sub-
stances into the atmosphere in so far as this is
justified by economic considerations.

ESTABLISHMENT OF STANDARDS

This paper deals only with hygienic standards.
In working out maximum permissible concentra-

tions, the data to be used in the first place must be
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LIMITS OF ALLOWABLE CONCENTRATIONS
OF ATMOSPHERIC POLLUTANTS ADOPTED IN THE USSR

Air pollutant

Acetone
Acetophenone
Acrolein
Amyl acetate
Aniline
Arsenic and its inorganic compounds
(as As)

Benzene
Benzine (as C)
Butyl acetate

Carbon disulfide
Carbon monoxide
Chlorine
Chloroprene
Chromate (as CrO3)

Dimethylformamide
Dichlorethane
Dinyl (diphenyl + diphenyl oxide)
Dust (non-toxic)
Ethyl acetate
Fluorine and its compounds (as F)
Formaldehyde
Furfurol
Hydrogen chloride
Hydrogen sulfide
Lead and its compounds (as Pb)
Lead sulfide (as Pb)
Manganese and its compounds (as
Mn)

Mercury
Methanol

Methyl acetate
Methylmethacrylate
Nitrogen oxides
Phenol
Phosphorus anhydride
Soot

Styrol
Sulfuric acid
Sulfur dioxide

Toluene diisocyanate
Vinyl acetate

Maximum allowable
concentration (mg/M')

Maximum
concentra- Average
tion at one during

time 24 hours

0.35
0.003
0.3
0.1

0.05

2.4
5.0
0.1
0.03
6.0
0.1

0.25
0.0015
0.03
3.0
0.01
0.5

0.1

0.03
0.035
0.05
0.05

0.008

0.03

1.5
0.07

0.1

0.30

0.01

0.15

0.15

0.003
0.3

0.5

0.05

0.2

0.35
0.003
0.1
0.1

0.03

0.003
0.8
1.5

0.1

0.01
1.0

0.03
0.08

0.03
1.0

0.01
0.15
0.1

0.01

0.012
0.05
0.015
0.008
0.0007
0.0017

0.01

0.0003
0.5

0.07

0.1

0.10

0.01

0.05
0.05

0.003
0.1

0.15

0.02

0.2

those derived from toxicology and industrial hygiene
on the effects of various toxic substances on human
and animal organisms. It must, however, be said
that these data can serve only as a rough preparatory
guide, since industrial toxicology has to do with very

high concentrations of poisons not encountered in
the external atmosphere. Moreover, the conditions
under which people live in big cities differ sharply
from the working conditions in industry, and
observations made for industrial workers in particu-
lar cannot be applied to the population at large.
The main differences are as follows.
The worker is subject to the effects of a toxic

substance for 6-8 hours, while the general population
is exposed to air pollutants at all times. The workers
are, physically speaking, the strongest group of the
population, whereas among all town dwellers a large
proportion are elderly people, young children, or

persons with various chronic diseases, i.e., population
groups with heightened sensitivity to some toxic
substances.

Moreover, the maximum permissible concentra-
tions laid down for industrial workers are, as a rule,
based on very rough methods of research, and are

therefore excessive. This particularly applies to the
maximum permissible concentrations of toxic sub-
stances accepted in the USA and in the majority of
countries in Western Europe. The maximum
permissible concentrations of toxic substances
accepted in the USSR in industrial undertakings are

considerably lower than the American ones, but
even they cannot be regarded as harmless under
general living conditions. Therefore, in working out
maximum permissible concentrations for the external
atmosphere, we have had to resort to special
toxicological experiments with animals.

EXPERIMENTAL RESULTS

For this purpose, the animals are kept in atmos-
pherically controlled chambers into which air, with
added concentrations of the substance under study,
is constantly fed. In the first stage of our research,
intoxication of the animals was continued for six
months, six hours a day. In the second stage we

went over to constant 24-hour per day intoxication,
which more nearly meets the conditions of man in
the polluted atmosphere of a large populated centre.
When applying this continuous intoxication we keep
the animals in the chambers for 60-70 days.
As we are working with small concentrations, no

notable changes are observed in the behaviour of

7
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the experimental animals and their weight shows no
statistically significant difference from the control
animals. Nevertheless, clear functional changes
occur, as determined by objective methods. These
methods and the results obtained are as follows.
We attach great significance to chronic changes

in the higher nervous activity of animals under the
influence of toxic substances in the air they breathe.
We believe that changes in the functioning of the
cortex of the cerebral hemispheres occur very early,
even with small concentrations, since the cerebral
cortex is highly sensitive to the effects of external
factors in the environment. In the experiments with
animals, a dynamic pattern of reflexes is first
established by exposing the animals to various
signals and then intoxication is started. Observations
are made once a day, or once every two days, of the
changes occurring in the reflex pattern. The changes
taking place in the higher nervous activity of rats
are fairly uniform, and do not essentially depend on
the substance applied. The difference consists only
in the amount of the threshold concentration. One
of the early manifestations of the influence of various
chemical substances on the higher nervous system
is the development of phasic states. Later, dis-
inhibition of differentiation occurs, then individual
reflexes begin to disappear and finally none of the
reflex pattern is left. When the animal is more
severely affected, the natural conditioned reflex to
sight and smell of food disappears.

Thus, for example, in experiments with mercury
(Kurnosov, 1961), a concentration of 2-5 ,ug/m3
provoked phasic phenomena, disinhibition of
differentiation and disappearance of some reflexes.
A concentration of 8-10,ug/m3 resulted in elimination
of the whole reflex pattern, while a concentration of
20-30 ,ug/m3 later caused disappearance of the
natural reflex to sight and smell of food. It is
important to note that these phenomena developed
gradually, and that their severity grew with the
increase in length of exposure to intoxication; after
interruption of intoxication the worst symptoms
disappeared first, and the less severe ones later. The
period of recovery frequently lasted for a month and
sometimes longer. Thus, the impairments developing
in the higher nervous activity were of a chronic
character.
The conditioned-reflex method proved to be

highly sensitive. Concentrations of mercury, lead
and benzene considerably below that of the maximum
permissible level for workshops produced noticeable
changes in the higher nervous activity of rats.

Essentially the changes developing in the higher
nervous activity consisted in gradually increasing
weakness of the stimulatory and inhibitory processes
followed by the development ofprotective inhibitions.

In assessing the functional condition of the cere-
bral cortex we also study the chronaxies of the
antagonistic muscles. While the absolute length of
the chronaxie depends as much on central as on peri-
pheral phenomena and its changes cannot serve as a
sensitivity test of the condition of the cerebral cortex,
the relation of the chronaxies is nevertheless deter-
mined by central influences.
As many studies have shown (Fel'dman, 1962;

Gofmekler, 1961; Czao-Czen-Ci, 1961; gul'ga, 1962;
Filatova, 1962; Li sen, 1963; Ubajdullaev, 1963;
Tkacev, 1963; Cizikov, 1963), this test is highly
sensitive to the effects of toxic substances on the
state of the brain under conditions of chronic
exposure. The active concentrations were at the
level of the maximum permissible concentrations for
workshops or even lower (for example, for aniline
one-tenth, for furfural one-thirtieth, etc.).

In the control group, the chronaxie of the extensors
is always longer than the chronaxie of the flexors and
the curves of these chronaxies tend to remain apart
throughout the whole period of observation. In the
experimental group, the chronaxie of the flexors
gradually becomes longer than the chronaxie of the
extensors and the curves cross. On interruption of
intoxication a normal relationship between the
chronaxies is gradually restored. The change in the
relationships of the chronaxie of the antagonistic
muscles can be taken to reflect a weakening of the
subordinating influences of the central nervous
system. It can be assumed that this effect is con-
ditioned by protective inhibition.
The stimulatory and inhibitory processes in the

organism are closely bound up with the functions of
the mediators. For this reason, it was interesting to
know whether changes in cholinesterase activity
might not prove a sensitive index of the functional
changes occurring in animals in the experimental
group under conditions of chronic intoxication by
micro doses of air pollutants. A number of studies
carried out in our department (Odosasvili, 1963;
Filatova, 1962; Tkacev, 1963; Ubajdullaev, 1963;
Solomin, 1962; Cizikov, 1963) have shown that
changes in the cholinesterase activity are brought
about by concentrations 10-20 times lower than the
maximum permissible concentrations for industrial
undertakings. Thus, the methods used can be re-
garded as sufficiently sensitive.
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Another very sensitive test applied in the USSR for
studying the influence of atmospheric pollutants on
animals under conditions of chronic intoxication is
measurement of coproporphyrin in the urine. This is
carried out by the most sensitive method known at
present-spectrophotometry.

In animals subjected to chronic intoxication, the
curve for excretion of coproporphyrin in the urine
differs from that for the control groups, the excretion
increasing or diminishing, depending on the intoxi-
cant. Carbon monoxide, succinonitrile, styrene and
dimethylformamide result in a reduction, while lead
and toluene diisocyanate result in an increase in the
coproporphyrin excreted. The concentrations of
different toxic substances affecting coproporphyrin
metabolism are considerably lower than the maxi-
mum permissible concentrations for industrial under-
takings (gul'ga, 1962; Li sen, 1963; Odosasvili, 1963;
Solomin, 1962; tilikov, 1963; Gusev, 1960 and 1961;
and others). In recent years we have begun to use the
relationship of the albumin fractions of the blood
serum as an index of the effect of toxic substances.
Investigations have been carried out by means of
paper electrophoresis followed by analysis of the
diagrams with a photoelectric densitometer.

In experiments with furfural, when intoxication is
chronic, Ubajdullaev (1963) has shown that as small
a concentration as 0.3 mg/m3 results in changes in the
ratio of albumins to globulins: the albumin content
drops and the globulin rises. An analogous phenom-
enon was observed by Bustueva (1964) in the effects
of small concentrations of sulfur dioxide and aerosols
of sulfuric acid, by 2idikov (1963) in the effects of
small concentrations of toluene diisocyanate and by
Tkacev (1963) in the effects of small concentrations
of aniline. The change in the distribution of proteins,
despite its non-specificity, must be regarded as indica-
ting that the active factor provokes impairment of the
internal environmental stability of the organisms,
which cannot be regarded as a normal phenomenon,
particularly as such a reduction in the distribution of
serum albumins is not of short but of long duration.
No account is given here of a number of other

functional changes occurring under conditions of
chronic exposure to very small concentrations of
toxic substances. We are inclined to regard these
changes as protective adaptational reactions. They
bear witness to the fact that external environmental
conditions have deviated from the physiogical opti-
mum and make it necessary for the organism to mobi-
lize its protective adaptational mechanisms. Even
though these changes still cannot be regarded as

pathological in the proper sense of the word, they do
bear witness to the unfavourable state of the environ-
ment and limit the freedom of the organism, as they
reduce its capacity to adapt itself to the effects of
other factors calling for an opposite arrangement of
the adaptational function. The necessity for such a
rearrangement can always arise as a result of an
acute opposite change in environmental conditions.

In the USSR, two types of index for degree of
atmospheric pollution are used: the maximum per-
missible concentration at a given time, and the maxi-
mum average concentration over a 24-hour period.
Up to now only the second type has been discussed.
Its purpose is to prevent the chronic action of toxic
substances breathed over a long period.

Let us now turn to maximum permissible concen-
trations at a given time. Their purpose is to prevent
such air pollution as may provoke reflex reactions
through irritation of the respiratory receptors,
mainly in the olfactory region of the nasal cavities.
We believe that the public should not be forced to
accept any odour in the external air against its
wishes. Experience shows that the public is extremely
unwilling to breathe air containing any odours,
and protests vigorously against the pollution of air
by odorous substances, including the effluvia from
industrial undertakings. Man's right to breathe the
kind of air he desires must be respected and this can
be achieved only if the air of our cities is purified of
extraneous odours.

These considerations compel us to study the olfac-
tory threshold of various air pollutants. The method
used is as follows. Two cylinders standing side by
side are filled with air, the one with no odour at all,
the other containing a given concentration of the
substance being investigated. The concentration is
analytically checked before and after observation.
The premises are well ventilated. A test subject
enters the experimental chamber and sits in front of
the installation; he breathes air from first one and
then the other cylinder in turn, and points to the one
that has the odour. He does not, of course, know
which cylinder contains the substance being investi-
gated. The experiment, with exactly the same con-
centration, is repeated many times for a period of
several days. A lower concentration is then used and
the research is continued until the test individual
denies the presence of odour in the majority of an-
swers or gives uncertain replies. In this way, the
threshold of individual sensitivity for a given person
is established. Observations are carried out on a
group of volunteers. The threshold obtained for the
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most sensitive individual is applied as a basis for
defining the maximum permissible concentration,
which must be imperceptible to all those undergoing
the test.
Not infrequently, there are several odorous sub-

stances present in the air. For this reason it is
important to know the threshold for a combination
of odours. Work on this aspect of the matter has
only just begun, and for the time being we still have
very few data, but I shall say something about what
we have learned so far. In one study, the olfactory
threshold for chlorine and hydrogen chloride was
studied. It turned out that this mixture can be smelt
in concentrations equivalent to half the threshold
level for each substance separately, i.e., there is a
simple summation of the odours. The same results
were obtained with a mixture of hydrogen sulfide and
carbon disulfide, and with hydrogen sulfide, carbon
disulfide and succinonitrile. In the cases studied the
following law operates: the mixture of odorous sub-
stances can be perceived if the sum of the concen-
trations, expressed in fractions of the threshold
concentrations of each of them, is equal to or greater
than one. Study of the olfactory thresholds for com-
binations of substances is being continued.

Substances capable of stimulating the receptors of
the nasal cavity and upper respiratory passages not
only cause sensations of odour or irritation but
also give rise to a number of reflexes. They change
the frequency and amplitude of respiration, give
rise to spasms of the vocal cords and bronchial
musculature, alter the tonus of the blood vessels, and
change the functional state of the brain. These reflex
reactions are also being studied.
Changes in the rhythm and the frequency of res-

piration are expressed in various forms: as an in-
crease in the frequency of breathing with simul-
taneous reduction in its amplitude, or as irregularity
in amplitude. In the majority of cases, changes in
respiratory movements have occurred only at con-
centrations perceived subjectively as odour or irrita-
tion of the mucous membrane of the nasal cavity or
larynx. At concentrations below the subjective thres-
hold of perception there was no effect on respiration.
Measurement of the optical chronaxie has been

more widely applied as a research method. After
several measurements of the optical chronaxie, the
subject of the test is given a certain concentration of a
particular gas to breathe and the chronaxie is again
measured. It has been shown that under the influence
of breathing the gas the chronaxie changes: as a rule,
it becomes longer under the influence of odorous

substances, demonstrating the reduction in excita-
bility of the central nervous system. According to
Pavlov's teaching, excitation of the cerebral cortex in
one region can give rise to inhibition in other regions,
according to the law of negative induction. From
this, our data can be understood as meaning that the
excitation arising in the olfactory region of the cere-
bral cortex gives rise to inhibitions in the visual
region. This inhibition has a reflex character, con-
firmed by its swift disappearance on cessation of the
olfactory stimulation. It is interesting to note that at
higher concentrations of the gas the reaction is
increased and sometimes becomes more prolonged as
well. Our task was to establish the minimum con-
centration, i.e., the threshold at which the reaction
described would occur. We found that the optical
chronaxie changes only at concentrations equal to or
exceeding the olfactory threshold concentrations.
The data obtained by pneumography and optical

chronaximetry have shown that the olfactory thresh-
old is an important hygienic parameter, as it indicates
not only the possibility of subjective perception of the
effect of the substance breathed, but also the possi-
bility of the occurrence of such reflex reactions as
changes in external respiration or, more important,
changes in the functional condition of the cerebral
cortex, including the visual regions of the cortex,
giving rise to inhibition of their excitability. All this
confirms the need to avoid complacency with regard
to the presence of very small concentrations of
odorous substances exceeding the olfactory threshold
in the air.
The chronaximetric method, however, proved

insufficiently sensitive to reveal the presence of sub-
sensory (i.e., unconscious) reflex reactions from the
olfactory receptors. We therefore abandoned it in
further investigations and went over to the adapto-
metric method-that is, study of the adaptation of
the visual organs to darkness.
The adaptometer makes it possible to measure the

growth of light sensitivity of the visual organ while a
person is in darkness. A curve is drawn, based on
measurements of the light sensitivity of the eye, to
show the course of adaptation to darkness over a
period of time. The experiment is conducted with
each subject once every 24 hours after preparatory
disadaptation. The light sensitivity is measured every
5-10 minutes.
To begin with, a curve is obtained for the subject

under normal circumstances and is drawn on the
basis of the data from 7-10 days' measurements when
breathing pure air. Experiments with gas then begin,
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the subject being given a specific concentration in a
cylinder from which he breathes for 4-5 minutes
(between the 15th and 20th minutes of adaptation).
After the gas has been cut off, the subject is once
more transferred to breathing clean air. At the 20th
minute very characteristic changes occur in the light
sensitivity, varying according to the concentration of
gas tested. If the concentration is comparatively
high, a fall in the light sensitivity is observed, this fall
being more marked and longer-lasting the higher the
concentration. At medium concentrations the
biphasic character of the curve was clearly brought
out in a number of studies by our co-workers. At
first, the light sensitivity rose (at the 20th minute,
i.e., directly after breathing the gas) and then fell
sharply (at the 25th minute). With very small con-
centrations we observed a heightening of the light
sensitivity, which was not followed afterwards by any
fall below the normal. At even lower concentrations,
no substantial changes in the curve of darkness
adaptation were observed. The minimum concentra-
tion at which it was possible to observe statistically
significant changes in the course of adaptation was
taken as the threshold.
The changes discovered in light sensitivity are in

good agreement with the well-known views of the
Russian physiologists Pavlov and Vvedenskij:
slight stimuli provoke excitation, while strong
stimuli cause inhibition in the nervous system. When
excitation reaches a certain strength, reversal occurs
and it is replaced by inhibition. In the course of our
studies on darkness adaptation, it was noticeable that
changes in light sensitivity were provoked by certain
substances in concentrations that were not percep-
tible by odour. For example: for sulfur dioxide the
olfactory threshold was 1.6 mg/m3, the threshold for
light sensitivity 0.6 mg/m3, for furfural the corres-
ponding figures were 1.0 and 0.3 mg/m3 and simi-
larly with other substances.
The fact that different reactions arise from sub-

sensory stimulations has long been known, and has
been the subject of special research in the USSR.
However, the phenomenon as it relates to odours has
been established for the first time in our laboratory.

This fact is of great significance in hygienic
science. It leads to the conclusion that we cannot be
content with demanding that pollutants in the exter-
nal air be below the concentrations that can be
perceived by the sense of smell. Concentrations
must be not only below the olfactory threshold, but
below the threshold of subconscious reflex reactions,
particularly those likely to affect the functioning of

the cerebral cortex. An interesting fact revealed in
our laboratory investigations is that by no means all
substances provoke subsensory changes in light sensi-
tivity. Thus, for example, formaldehyde, sulfuric acid,
chlorine and hydrogen chloride alter light sensitivity
only in the concentrations perceptible by smell.
The suggestion has been made that the substances

with an olfactory effect, i.e., mainly stimulating the
olfactory nerve terminals, can provoke subsensory
reactions, while substances having trigeminal effects,
i.e., stimulating the trigeminal nerve endings, cannot
cause subsensory reactions. This hypothesis, how-
ever, requires careful substantiation.

In our research into the effects of air pollution on
the reflexes, we also made use of the electrocortical
conditioned-reflex method. This has great advan-
tages over other methods we have tried, particularly
adaptometry, the chief advantages being simplicity,
the small amount of work involved, and the high
sensitivity.
For our experiments we select persons with a

pronounced alpha-rhythm. The research is conduc-
ted under quiet conditions in an electrically-screened
chamber. Whenever the subject is given a light
signal, a temporary desynchronization of the alpha-
rhythm occurs. When the light is switched off the
alpha-rhythm is restored. The subject is given an
exactly known quantity of some substance to breathe.
The concentration selected is so small that in itself it
does not give rise to desynchronization of the alpha-
rhythm. The subject breathes the gas for 10 seconds,
after which a light signal is given lasting for 5
seconds. After repeating this combination (gas +
light) several times we note that desynchronization
begins to appear before the light, i.e., in answer to
the imperceptible " odour ", which thus becomes the
conditional stimulus and provokes the formation of
the so-called conditioned electrocortical reflex. This
appears on the 6th and 8th combination of light and
gas and is then retained, usually, up to the 20th com-
bination, after which it gradually fades out. The
experiment is then concluded.

Experience shows that not every concentration of
an odorous substance gives rise to the formation of a
conditioned electrocortical reflex. For this reaction
to take place there must be a particular threshold.
Repeating the observations with various concen-
trations of gas, we eventually come to the concen-
tration that does not provoke the formation of a
reflex. This concentration is taken as one of the
criteria for the establishment of the maximum per-
missible concentration.
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Some results of the experiments can be cited here:
for sulfuric acid the olfactory threshold is 0.6 mg/m3,
and the threshold for the electrocortical reflex 0.4
mg/m3, while for sulfur dioxide the corresponding
values are 1.6 and 0.6 mg/m3.
For some substances the threshold for formation

of an electrocortical reflex is near the threshold for
odour perception, while for others it is considerably
lower. Here again we arrive at the hypothesis that
substances with an olfactory effect give rise to sub-
sensory reactions, while those with a trigeminal effect
do not do so.

Recently, continuing the search for the most
sensitive and convenient method of studying sub-
sensory reactions in the breathing of odorous sub-
stances, we have tested out the capacity of the
cerebral cortex to assimilate an imposed rhythm as
an index of its functional state. If the subject in the
electro-encephalographic chamber is given a light
stimulus consisting in flashes following a certain
rhythm, the electro-encephalogram will fluctuate in
response to the frequency of the light impulses. The
cortex assimilates the rhythm thus imposed on it. If
the stimuli are given in quicker rhythm the pace of
the biological currents quickens, while an increase
in the strength of the light impulses results in an
increase in the range of fluctuation.
Semenenko (1963) has shown that, in these experi-

ments, assimilation of the rhythm when the subject is
breathing any substance affecting the olfactory
analyser differs from the assimilation that occurs
when the subject is breathing clean air. The main
difference lies in the fact that the scope of assimi-
lation of the rhythm is reduced. This deterioration
in the working capacity of the central nervous system
is provoked by concentrations at a lower level than
the olfactory threshold.
Our experience in using the rhythm-assimilation

method for studying the influence of odorous sub-
stances on the condition of the central nervous
system shows that this method is no less effective
than the electro-cortical conditioned-reflex method.
We believe that the possibilities of the electro-
encephalographic method are very great and that
modifications of the method should continue to be
sought, in order to make it still more sensitive and
convenient under experimental conditions.

USE OF MORBIDITY STATISTICS

From what has been said it will be noticed that
the main stress is laid on experimental methods of

research for the establishment of maximum permis-
sible concentrations of air pollutants. The reader
will probably be prompted to ask why we do not
make use of data from the study of morbidity in the
population.

I will not say that we do not accept statistical
methods of studying morbidity in populations living
within and outside areas of air pollution; in fact, in
all such research we have found a higher morbidity
among the populations in heavily polluted urban
areas than in control populations where the atmos-
phere is clean. However, these data do not permit
the increased morbidity to be attributed with any
certainty to air pollution, as normal social conditions
in districts with a smoky atmosphere tend to differ
from those in the control districts.
The most reliable information on morbidity where

there is air pollution can be obtained from the child
population, particularly by special medical examina-
tion of a sufficient number of children of the same
age living in areas with different degrees of air
pollution. Thus, for example, Goldberg (1957), by
means of X-ray examinations, detected pre-silicotic
changes in the lungs of children living near large
electric power stations that discharge quantities of
ash containing up to 20% of free silica. Romanian
research workers (Lupu & Velikan, 1958) obtained
similar results. In the examination of children living
around aluminium plants Sadilova (1957) found
marked manifestations of fluorosis where the fluorine
content in the drinking-water was small. These
changes can be explained only as the result of breath-
ing fluoride dusts and vapours. Gusev (1961) found
that excretion of coproporphyrin in the urine by
children living in the neighbourhood of plants dis-
charging large quantities of lead into the atmos-
phere was greater to a statistically significant extent
than that in a control group. Eisenbad, as is well
known, discovered the phenomenon of berylliosis in
populations living near plants producing beryllium.

There can be no doubt as to the convincing nature
of these observations. It is quite evident that, where
the air is strongly polluted with various toxic sub-
stances, pathological changes in the organism which
are characteristic of such substances can be dis-
covered in the surrounding population. However,
these data cannot be of direct use in the establish-
ment of maximum permissible concentrations of
pollutants, as they tell us only about known harmful
concentrations, and nothing as to how low a concen-
tration must be in order to be harmless. At the
same time, it is well known that between toxic and
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harmless concentrations there lies a broad range of
concentrations that do not provoke pathological, but
adaptational and protective reactions. Although, at
these concentrations, no pathological manifestations
are shown and morbidity is not increased in the
population, they must, nevertheless, also be regarded
as inadmissible. The appearance of protective reac-
tions bears witness to the fact that the condition of
the external environment has deviated from the
physiological optimum, i.e., from the hygienic stan-
dard. Therefore, we regard the manifestation of
protective adaptational reactions in response to

breathing air pollutants as proof of the fact that the
external environment does not meet the require-
ments of hygienic well-being. Maximum permissible
concentrations of air pollutants must not provoke
such reactions. This is why the study of the mor-
bidity of a population, although confirming that air
pollution is excessively high, cannot tell us what the
maximum permissible concentrations should be, i.e.,
what concentrations do not impair hygienic well-
being. The task of hygiene is not only to prevent
illness, but also to secure for the public conditions
that satisfy the biological optimum.

R1%-Ju--SUMI2

L'auteur d6crit les criteres et les methodes adoptes
en URSS pour lutter contre la pollution atmospherique.
Les concentrations maximums admissibles de polluants
y sont definies en tenant compte des exigences de la sante
et du bien-etre de la population, plut6t que de conside-
rations 6conomiques ou technologiques. L'objectif est
l'etablissement de normes # hygi6niques) protegeant
l'homme contre l'action nocive, directe ou indirecte, de
la pollution. Lorsque cet ideal ne peut etre realise, pour
des raisons economiques ou techniques, des normes
<(sanitaires)> peuvent etre adopt6es, temporairement, en
fonction des necessites du moment. Quant aux normes
purement ((technologiques > visant A limiter la perte de
substances cofuteuses dans l'atmosphere, elles sont sans
rapport direct avec la sante de la population, mais les
autorites sanitaires peuvent en tirer parti pour amener
l'industrie a participer a la lutte contre la pollution.

Les methodes visant a definir les concentrations
maximums admissibles dans l'atmosphere, tout en
s'inspirant de donn6es fournies par la toxicologie et
l'hygiene industrielle, doivent, en raison des conditions
differentes, utiliser l'experimentation sur l'animal de
laboratoire et sur l'homme.
La concentration moyenne maximum admissible pen-

dant 24 heures est 6tudi6e chez l'animal introduit dans
une atmosphere charg6e du toxique A concentration
d6terminee. De faibles teneurs provoquent des troubles
precoces du fonctionnement du cortex cerebral: les
r6flexes conditionnes artificiellement cr66s, tout d'abord,
les reflexes conditionnes naturels, ensuite, s'attenuent
progressivement et disparaissent aux fortes concentra-
tions. La chronaxie des muscles antagonistes se modifie.

Des concentrations de toxiques 10-20 fois inferieures aux
normes admises par l'industrie entrainent une perturba-
tion de F'activite de la cholinest6rase. Suivant la nature
du toxique, on constate une augmentation ou une dimi-
nution de 1'excretion urinaire de coproporphyrine. Des
concentrations tres faibles provoquent des modifications
du rapport albumines-globulines et divers autres troubles
qui n'ont pas un caractere vraiment pathologique mais
t6moignent cependant d'une r6action d'adaptation et de
protection contre les toxiques.

L'experimentation sur des volontaires a pour but de
determiner les concentrations maximums admissibles
a un moment determine, par 1'etude des reactions
d6sagreables et des irritations de la zone olfactive pro-
voqu6es par les polluants. Le seuil olfactif du toxique
est etabli en reduisant progressivement la concentration
jusqu'a disparition de la perception par le sujet le plus
sensible. Certaines epreuves 6tudient l'action des pol-
luants sur les r6flexes respiratoires et la chronaxie op-
tique. D'autres permettent d'6valuer I'action des toxiques
gazeux sur les r6flexes d'adaptation i l'obscurite, par
adaptometrie; sur les reflexes electrocorticaux condi-
tionnes de d6synchronisation du rythme a, et sur la
faculte d'assimilation par le cortex cerebral d'un rythme
artificiellement impose, par electro-encephalographie.

Les statistiques de morbidit6 foumissent des donn6es
indicatives de l'existence eventuelle d'une pollution
atmospherique nuisible. Elles ne peuvent servir de base
a une fixation des niveaux admissibles, qui doivent etre
definis en vue de prevenir l'apparition de reactions
pathologiques ou d'adaptation.
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