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EZCERPTS FROM "GIGIYFNA TRUDA I
PROFISSIONAL! NYYE 24BGLEVANTYA®

Z The following are translatlons of three articles
appearing in "Gigiyena Truda 1 ‘Professional!nyye Zaboleva-
niya® (Labor Hygiene and Occupational Diseases), Yol III,
No 6, Moscow, 1959, pages 3-8, 16--21, and 22-28 _/ , '

Establishment of Standard Values of General Vibration

Ye. Ts.'AndreyevaaGalanina

The establishment of norms for general vibration is
considerably more complicated than in the case of so-called
local vibration. Under industrial conditions, vibration may
be of different itypes and may exert different effects. An
jmportant place is occupied by pulsating waves which, in &
number of cases, present impulses of unequal extinction
times (different types of trauasport).

Industrial vibration is chiefly of a complex nature:
it includes vibration of different periods and amplitudes,
The direction of vibration may be vertical, horizontal (in
two mutually perpendicular planes), or angular. It includes
also vibrations which differ depending on the position of
the body during work —- either sitting or standing. 0f
importance also is the time of contact with vibrations and
impulses. Hence, in normalizing, it is necessary to take
into account a number of factors whlch, of course, makes
the task more difficult.

Normalization is not a new problem but is at least
fifty years 0old. The majority of works of the earlier pe-
riod undertook the task of determining the limits of sub-
jective sensation, which might serve as a guide in the es-
tablishment of permissible limits of vibration. Some



authors, as the basis of physical characteristics, have
adopted rate, others acceleration, and a third group have
used displacement as the basis.

Digby and Senkey indicate the following gradations
of rate of vibration with respect~tc;subjective feeling:

0.005 cm/sec at the limit of sensatlon

0,01 " . unpleasant RRTEA .
0.05 L onset of oppreslve sensatlon

0:a1 limit of tolerability
Mallok suggests the use of acceleration:

4.9 cm/sec2 - thiesholdwcf-sensation'

9.8 _uncertain sensation
49,05 " . unpleasant - :
98,1 " llmit of endurance (threshold of

harmfulness)

: Geyser, who had at his dlsposal 8 large number of
*»observatlons ‘on the subjective sensation of vibrations of
infrasound frequency, presents the following data:

Sensatlon Freqpcncy in qﬁ_ Amplitude,in cm
Insensible 2.5 04002
Undesirﬁble for u; | 5’0 La"il ;:: . B - 0.007
Unpleasant - . - 10.00 ; 0.0025

If one uses the latter to compute acceleration, we
obtaln the follow1ng

: _-Insen51ble - 0.32—3 4 cm/sec 2
- Uadesirable - . 10.0 . .
unpleasanb 7.0 4“

Hence, there is a slgnlflcant dlfference between the
values suggested by Mallok and Geyser.. Jhereas the. crmer
- assumes- a threshold of unplesantness og 49, 05 cm/sec 'y the
latter designates this as seven cm/sec”’ N




-Reyer and Meyster have experimentally established
different sensitivities of man to vibrations depending on
their character, parameters,'andIPOSition of the body. Like
other investigators, they believe ‘that with small frequen-~
cies, acceleration is a factor, whereas with large frequen-
cies, amplitude and rate are factors. : :

- Starting with the degree of sersibility of horizon-
tal and vertical vibrations, they proposed five categories:
(1) scarcely sensible vibration, (2) easily sensible vibra-
tion; (3) strongly sensible vibration, (4) vibrations capable
of inducing injury, (5) vibrations capable of inflicting
trauma. o ' |
~Each of the categories encompasses a range of fre-
quencies from one to 50 ¢/s. Within the limits of these
frequencies, one and the same subjective sensation emerges
at different amplitudes. R

- Table 1 includes average values for amplitudes caus-
ing different subjective sensations in 2 person subjected to
vertical and horizontal vibraion in standing and lying posi-
tions (Reyer and Meéyster). The range of frequencies of
30~50 ¢/s is sensed as vibration, whereas 20-30 ¢/s and less
is sensed as separate impulses. One and the same subjective
sensation arises with an amplitude of vertical displacement
approximately half as great as the horizontal, i.e., vertical
vibration mey exert more influence than horizontal.

~ The data of Royer and Meyster may serve as source
material for normalization of general vibration and the
establishment of separate norms for vertical and horizontal
vibration, given different positions of the body. ,

According to their data, greater amplitudés can be
tolerated at low vibration frequency than at high. If we
believe that injury may be csused by vertical vibration
which is easily sensible to a man standing, then we can de-
rive the following values for amplitude (average) of the
indicated range of frequencies:. :

Less than 10 ¢/s° °  60.0 microns
10-20 % 24,0 @

30-50 ' 6.5 i
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Bason considers seven ¢/s to be a freguency of vibra-
tion for which the upper permissible limit of amplitude is
38-50 microns; Geyger, for a frequency range of two to
6.5 c/s, accepts 70 microns as an undesirable amplitude.
Hence, the undesirable amplitudes of . vibratlon of low fre-
quencies are very near each other. '

The interesting material of Reyer and Meyster has not
been put into practice, and has not beenused as the basis for
the creation of permissible 1imits of vibration, although
thls could be done. Apparently, they were used by A. M.
Volkov in establishing permissible values of vibration
without differentiatlon of vertlcal and horlzontal dlsplace-
ment.

"~ We shall not list the many other efforts at normallﬁ
zation, all of which have been based on 1ndlces of subjective
sensation.

of con31derab1e 1nterest are the studies of chkman
(1956) relative to the influence of mechanical vibration
with frequencies from one to 100 ¢/s on man, and the per-
missible limits of vibration derived from them. He made a
study of physiologic reactions, primarily vegetative, as
the most indicative, of the character of subjective sensa-
tion, and of the work capacity of the subjects. Taking into
account that, under industrial conditions, both vertical and
horizontal forms of vibration are found, and that transporta-
tion involves angular displacements, he conducted his expe-
riments on special platforms which gcnerated all three of
these forms of vibration. The vibrations were strictly .
sinusoidal and had a spectrum of frequencies from one %o
100 ¢/s, which were of special interest because of their
being the most frequently encountered in 1ndustry and trans-
port., :
The author drew important conclu31ons - with each
freouency determined, different parts of the body are: dis-
placed with the same frequency but with different amplitudes,
which is due to the different mass and density of separate
parts of the body and the flex1b111ty of the connectlons
between them.

In the area of lower frequencles - about four to _
five e/s - the displacement of the head and especially of



the shoulders is.much greater than the amplitude of vibra-
tion. of the platform. - The' shoulder girdle moves with an
amplitude 75 percent, ahd the head with'an amplitude of =
20 percent, greater than the amplitude of the vibrating
"base. S B R TR S
. The marked difference, we believée,. is explained by
the fact that the standing subject inevitably bends' the
legs in trying reflexly to compensate’ for shocks to the
internal organs, which leads to.a displacement of the body
of greater amplitude. A different picture is seen in the
case of the head. The special construction of the joints,
ahd the massive muscular connections supporting:the head,
limit vertical movement much more than could be done. by the
complex of tissues and joints of the legs, which are prima-
rily supportive in function. These findings of Dickman are
in accord with the findings of Muller; who ascertained a -
critical frequency of four to five -c¢/s. - , S

A frequency of vibration higher than five c/s eli-
cits less vibration of the body, and 20 ¢/s and more causes
either the same displacement as that of the platform, or
48 not accompanied by any increase whatsoever in vibrational
‘amplitude. This is how the critical value of four to five
- .¢/s was determined.. = - LT . e

" In determining the meximum permissible paraméters of

vertical vibration, this differerce in the reaction of the
bodyﬁand‘Ofiits“separatefparts‘ﬁust-be'taken into account,

The matter is otherwise with displacement of’ the:
head during horizontal vibration. PFirst, the displacement
tekes an elliptical form and is greatest in a sitting subject.
In this, the ellipse described by the head is greatest at -
a frequency of two.to three ¢/s. Obviously, this is the
result of a reflex arising from the vestibular apparatus.

 Physiologic studies carried out by Dickman permit us

to believe that genersl vibrations with frequencies of five
to 40 c¢/s. are most poorly tolerated. Im this, with fre~
quencies of less than five ¢/s, a characterization of acce-
leration (#b" £ af®) is most expedient, whereas raté (velo-
city) is: best considered at the higher frequencies (v & af)
(Dickman, 1956). ‘ , ,

Aq assessment of vibration, according to the proposal

L)
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of this author, may be carried out by determining the value
of K as a derivative of frequency and amplitude. K may be

computed according to the

Up to five c/s X = ar

from 5-40 K = 5a

from 40-100 ™ K = 200a
K::

from uoslob

Use may be made of .
to find the value of K.

0.2a2

following formulae:

5af .% hété}aJis in millimeters

" here a is in midrons

e nomogram, from which it is easy
The character of subjective sensa-

tion, the state of work ¢hpacity, and the experimeital time
of tolerance of the vibrationTalso correspond to definite
values of K. (Table 2) '

unpleasant if long
continued, but still

‘bearable

Table 2
K ' Tolerance of K Tolerance of
Vibrations _Vibrations

0.1 Threshold of sensa- 3-10 Unpleasant, interferes
tion with work, can be en-

0.1-03 Scarcely sensible, dured no more than
easily tolerated en hour

0.3~1 - Basily sensible, sligii- 10~30 Very unpleasant, work
1y unpleasant over long almost impossible, can

~ periods of time, but: be endured no more

tolerable than ten min, '

1-3 Strongly sensible, 30-100 Extremely unpleasant,

tolerable for no more
than one minute, work
, impossible .

more ‘
than

100 Intolerable vibration

If one attempts to compute #alues’of K for vibra-

tlohs‘occurrlng in industrial situations or transport, one-
finds that in the latter its value is greater, lying in the .
zone of th unpleasant, 1nterfer1ng with work, and B



difflcult to tolerate (see Table 3) ‘

We ‘have not included in Table 3 values of K for
horizontal vibration. In textlle plants and in railroad
transport, it 'is much greater, reaching values of K = 48
(textiles) and K = 52-70 (locomotive:-and passenger cars),

The value of K of horizontal dlsplaeement in any form
of transport is not . only functionally dependent on the cons-
truction of the means of transport, but also on the state,
construction, and conflguratlon of. the routes, as well as on
the rate of movement of the transport objects. Hence to
devise norms for horizontal vibration is possible only when
account is taken of all of these factors. Vaass (1935) indi-
cates that at a rate of 50 km/hr the amplitude is less than
at speeds greater or less than this. For persons sitting or
lying down, the construction of the seats, the damping pro-
perties of the springs, etc.’ ‘are of importance; this is
almost not taken account of in studies by hygienists, and
the determination of the necessary value of thelr aperlodi-

clty is 1gnored by almost everyone.

Table }
Designation of . . . . Designatlon of B K
. object - SR object ' 3
Textile shops. = .. 3-6' Trolley . . 6-8
vertical vibration . . R
Wood=working shops - 1.7 Locomotives 3,8-16.5
~ sawdust shops S -
" Processing shops - 0.57-0.72 :.Psssenger cars— 1.6-12.5
: vertical vibration
Mechanics! shops 0.1-1.5 Sailing vessels 4,5-18
Pig-iron rolling o
“mill o . - up to 1.8

- ‘Turning to the-classification of values of K proposed
by chkman, it must be pointed out that they were obtalned
under experimental conditions, in which dlstractlng or mltl—
gating factors are absent or negllgible, and attentlon is”
focused wholly on the vibration. Such a dominant state’




cannot fail to be reflected in subjective sensation as well
as in the objective indices. Thus it seems 10 us that.
maximum permissible values of K near unity are extremely
low, and it would seem to be without danger to health %o
admit higher values; such es K = 3 for a range of vibra-
tional frequency from oné to 30 ¢/s and K = 1-2.0 for a
range from 30 to 100 c/#i The justification for this is
the fac¢t that, in many shops, the value of X reaches
1.5-3 without exerting any deleterious effects on the orga-
nism, THis is especially the case with vibrations in tex-
tile mills. |
1f we calculate K for the amplitudes of vibration

suggested by Geyger and Eason, we obtain values very close
to our own: v
' For a range of frequencies up to 10 c/s

" no 20 C/S

it no- ) 50 O/S K

oW
W F O

#ouu

.

Meximum permissible parameters of vibration have
recently been proposed by Borshchevskiy and A. M. Volkov
(1958). Borshchevskiy presents norms for vertical vibra-
tions of brief duration; A. M. Volkov restricts neither the
form of vibration nor the duration of its action. The date
of the latter, with our own calculated values of K, are
shown in Table 4, and those of the former in Table 5.

Table &
Prequency, Amplitude, - K Frequency, Amplitude, .= K
e/s ~  mm : e/s omm

Up to 2 4,0 16 10 0,050 2,5
3 1,5 13,5 20 0,012 1,2
4 0,8 12,8 30 - 0,009 1,3
5 0,4 10,0 40 0,008 1,6
6 0,15 4,5 50 0,007 . 1,4
T 0,10 345 15 0,003 0,6
8 0,075 3,0 100 - .0,0015 0,3
9 0,060 2,7



Amplltudes of vibration up to seven ¢/s presented by
A. M, Volkov are very large and perhaps dangerous.. They
are much in excess. of the parameters of areas leading to -
injury., At. hlgh frequencies, of. course, the amplltudes are
less. - : :

Table 5 |

;ﬂ?regpénéy.fh_C/s 4‘Am;;itqgéAih”ﬁm’“ '3; ; 1  ' K |
©10-20 0,8 - 40-85 .
30 04 | 600 e

40-70  Less than 0,4 . - . 10-60 -

, Only the area of frequen01es from 8-10 to 30-50 ¢/s
has acceptable values of amplitude for vertical v1brations
sensible to a standing subject.

-As concerns the maximum permissible amplitudes pro-
posed by Borshchevskiy, we. cannot accept them because the
limiting amplltudes are extremely large and, obviously, may
be admissible in the dre of low frequen01es (10-20 c/s) only
for brief periods of time.

~ Reyer and Meyster made an attempt to evaluate by ‘sub-

jective sensation the effect of 1mpulses of different fre-
quency and degree of’ abruptness.: An impulse 1ast1ng less
- than 0,031 seconds with an amplitude less than 0.0l cm may
cause headache, pains in the small of the back, and epigas-
tric discomfort. On heavy machlnes (scrapers, bulldozers,
- agricultural machlnes, and others), the number of impulses

may be very great, reaching 30-80 per minute at an ampll~
‘tude of two to 20 cm. Detérmination of maximum perm1331ble
~ amplitudes of 1mpulses is an open questlon at the present
.’time.

' Returnlng to the questlon of asse351ng norms for

;'fmechanlcal vibrations of & periodic nature, we believe that
‘'separate ‘norms should be set for vertical and horizontal

'v1brat10n§, Normalization of complex vibrations should be
carried out at the highest frequency in a given spectrum.

It is very expedient to use deférminations of values
of X for vertical vibrations, which makes it eagy to compare

- 10




data of many studies, and comparison with physiological
data would prOV1de a basis for better—substantlated norms
of values, > :

On. Adaptatlon of ths Grganlsm to- Prolonged Actlon of
Radiant unergy

T V Kalyada

Instltute of Work Hyglene and Occupatlonal Dlseases

The problem of the adaptation of the organism to the
prolonged action of stimuli of the external environment,
especially meteorologic conditions, is at the present time
attracting the attention both of Soviet and of foreign au~
thors (M, Ye. Marshak and N, K. Vereshagin, 1936; A. B.
Lekakh, 1939; M. A. Abramovich, 1940; Taylor, Henschel, and
others, 1943; Wyndham, Strydom, 1954; and others).

, The authors in their studies characterize the final
stage in adaptation of the organism, i.e., according to the
conceptions of B. B. Koyranskiy (1957), the "period of rela-
tive adaptation.” Buch studies do not afford a complete
idea of the dynamic of development of the process of adap-
tation, nor of the degree of adaptation of the organism to
the action of the stimulus. ‘

B. B. Koyranskiy, L. Ya. Ukvol'berg and T. V. Kuksin-
skeye . (1956), studying the prolonged action of high environ-
mental temperatures (40 degrees C) on the organism, estab-
lished the phasic nature of the process of development of
adeptation, The dynamic study of prolonged, repeated action
of a meteorologic factor on the organism affords us the pos-
8ibility of clarifying the physiologic changes whlch occur
durlng the process of adaptation. :

The purpose of our study was to investlgate the ef-
fects of prolonged, repeated action of infrared rays of
long wevelgngth. A, ax = 2.2 microns and with an intensity of
one c¢al*cm®/min. °F Studies were made of three subjects
aged 21 to 23 years over a period of 70 days and, after an

11



interruption of three. months, 2 second period of 40 days -
(average values shown are for ten-day periods)., The order : .
of observations was: from onset of the experiment, the
subjects rested for 30-45 minutes, then were subjected to
local %rradlatlon (area of skin. over the chest measuring

150 em®) for five minytes at a tlme 51x times ‘at intervels
of ten minutes. Physiologlc ‘changes were recorded at the
end of each irradiation and during the recovery period.

. For studying the physiologic changes arising in the
process of adaptation of the organism, we -used: the follow-
ing methods: determination of motor chronaxie with flexion
of the fingers of the left hand (according to the topography
of the basic motor points, after the method of D. A. Markov,
iclinical Chronaximetry,™ 1935, appendix; table 16) of ar-. .
terial pressure, of heart rate, of body temperature and skin
temperature over the irradiated part, and of the extent of
hyperemie of this area. Sweating reaction was studied by
the electrometric method, based on the determination of the -
electrical resistance (by the method of Prof. N. N. Mishchuk).
Heat sensitivity was determined Dby subgectlve reactlon as
"hot," "warm," or "Slightly warm." = -
> In the process of adaptation of the: organism to the
prolonged, repeated action of this factor, there was a de-
finite dependence on the. response reaction of the organism.
In the first period -of action of infrared rays (I-II-III ten-
day periods), there was a noticeable tendency to intensifi-
cation of 2ll physiologic functions (PFig. 1, .2).  This,
apparently, is explained by the fact that the action of
this stimulus on the organism elicits e diffuse:reaction on .
the part of the entire group  of physiologic systems.  In -
the following ten-day period of irradiation, there was a
less pronounced shortening of chronaxie (see Fig.l) and.
in the VI-VII ten-day periods this shortening was at g mini-
mum, which testifies to the onset of a relative. equilibrium-
between the organism and the external .environment. -

-Changes in chronaxie following irradiation.in the-
dlrectlon of shortening were observed also by other .authors.
I. N, leltskéy notes that ‘upon intense irradiation.. e
(045-1 cel*em“/min), reduction of chronaxie is more marked. .
M. Ye. Marshak, A. I. Levina, S. I. Lyakhovetskly and others

12




Ewg cale

cal-#

1 One
gga cmé/n;ip.’cm.‘,.min,

Hog~ten-day periods
o F-—l' M-—ov R Sh—r

Fig. 1. Changes in magnitude of the motor chronaxie,
expressed as percent of original values taken as 100.

observed, following prolonged irradiation (25-30 minutes),
a biphasic change in chronaxie, in which during the first
minutes of irradiation there was marked shortening of
chronaxie, later superseded by a lengthening of it. A
gradual weskening of the reaction to the effects of infra-
red rays is also seen on the part of the skin temperature
of the irradiated ares.

Table 1 shows average values of the curve of skin
temperature during the process of adaptation of the orga-
nism to thg action of infrared reys with an 1ntens1ty of
one cal*cm”/min.

In the first ten-day periods of irradiation, the
skin temperature increased abruptly from 38.5 to 39.5
degrees, whereas in later periods this incresse attained
only to 36.5-37.5 degrees. Apparently it is possible to
speak of the fact that the original skin temperature is
reduced (reorganization of the organism to a new level)
along with a reduction in the sensitivity of receptors to
the prolonged action of infrared radiation.

The time of restoration to normal of the skin
temperatures also becomes shortened (Table 2).

13



Changes in skin temperature of

.
-t

Table 1

2

irradiated area

(effect of one calecm“/min)

M. ' P, Sh.
beerved géf‘ re |after |befors |after £
en-§§ 1 IFras r g r r ‘gefore g fer
38754 | 412%Ton|4A4Ton | 11%%Ton| AFAtTon| 41287 0n| 21E0T0n

1 A0 39,2 33.7 38,5 33,8 - 39,0
i 34,6 38,3 33,5 37,3 33,4 39,5
nt 33,8 39,1 34,0 38,0 33,8 39,3
v 33,7 38,7 33,6 37,8 34,0 38,4
v 33,7 ' 39,2 .33,7 38,0 - —

VI 3,4 38,5 33,6 37,9 83,0 37,7
Vit 33,1 s | 3o 36.6 33,3 37,9
After a three-month interval
! 33,8 3,5 33,8 37,0 39 | 383
n . 3,3 38,0 33,8 37,2 .8 38,0
m 34,5 37,6 33.8 37,0 - -

Y 3.4 38,0 34,0 37,1 - -
Table 2

Time of restoration of skin temperature of the

irradiated area in minutes

B Ten-day periods |4 | ten-day periods
‘éﬁg ?ﬁigﬁ??I Plulmpviveve ) ovin % J 3 notowm o} v
F oftealemymin |40 130130 | 1516 | 18] 15 (O9) 20 | 18 | 17 | 15

2 - 301614 — |21 |238]. 17 ;:ﬁ,
b -ia- 0|0 {30222/} 15 (¥ 16 | 17 | 14 | 12.
2 -is- 24f14112110 /1016 18 | & |
CShft -ia- 3012012 17]—}15| 17 el B
) .
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The data of Table 2 show that, in the first period
of action of infrared irradiation, the "relative rate of
reversion to the original condition" was 40-30 minutes,
which testifies to the low lability of these tissues. In
the process of "training," the lability of the tissues
was much incréased (rate of restoration increases almost
three.fold), which ensures a higher work capacity of the
tissues, According to A. A. Ukhtomskiy, "the more labile
the tissue, the less it charges in its original function,
i.e., it is functionally more stdble and less exhaustible.®

Prolonged action of infrared radiation was also
reflected in the condition of the cardiovascular system
(see Pig. 2). The first period was characterized by a cer-
tain increase in the systolic pressure, which depended on
the state of stimulation of the vasomotor center and, as a
result, of reflex constriction of the peripheral vessels.

In the ensuing ten-day periods, this reflex subsided and
became extinguished, as it were; the peripheral vessels,
under the influence of the systematic action of infrared
rays, dilate and the arterial pressure drops. During the
VI-VII ten-day periods of irradiation, the arterial pres-
sure becomes established at the level of the physiologic
background. This testifies to the fact that the cardiovas-~
cular system becomes adapted to the systematic action of
infrared rays which, evidently, is connected with a dimi-
nished flow of impulses from the receptor zones to the
higher centers and to the medulla (Bainbridge).

- Table 3 contains data on changes in the intensity
of sweating reaction.

In the first ten-day perlods of 1rrad1atlon, the
sweating reaction was weak. The activity of the sweat glands
increased slightly by the III-IV ten-day periods, after which
loss of heat by sweating decreased. In the final ten-day
periods, the sweat reaction was more intense than in periods
IITI and IV.

-Increase in the secretory activity of the sweat glands
is regarded by us as a defensive.reaction of the organism
against the action of infrared radiation. The reduction in
the activity of the sweat glands is probably a result of
over-stimulation of the secretory nerve fibers, and perhaps
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of the centers as well (B. B. Koyranskiy). A sense of heat
in the first five to seven days was defined by the subjects
as ‘warm," but only as "slightly warm” on the following days.
On the first days there was a mild hyperemia of the irra-
diated area, whereas later no hyperemisa was seen, On days
of irradiation, the body temperature varied from 0.2 to 0:3
degrees, Observations conducted after a prolonged inter-~
ruption (three months)(see Figs. 1, 2, Tables 1 - 2),
showed that the effect of infirared radlatlon did not cause
in these cases the same changes in the orgaanism as were
manifested in the first ten-day periods of irradiation,

Apparently, tais stimulus (intensity of infrared
radiation of 1 calrcn”/min) leaves a ‘trace' reaction for a
long time after termination of the stimulus. There is evi-
dence that the process of adaptation to various influences
occurs without particular stress on defensive adaptations if
the initial stimulus on the organism is weak (A. B. Lekakh,
Stridom, Wyndham et al., M. Ye. Marshsk et al.). For eluci-
dation of this matter, we continued their observations with
a stronger stimulus, subjecting the subjectg to infrared
irradiation with an intensity of two cal*cm”/min. Studies
were continued with two subjects for a period of 70 days.

As can be seen from FPig. 1, the action of infrared

radiation with an intensity of two cal+cm”/min does not

cause a marked shortening of fhe chronaxie, as was the case
with the action of one cal-em“/min. This testifies to the.
fact that preliminary "training" of the organism to weaker
gstimuli increases its resistance to the effects of the same
factor but with greater intensity.

In comparing the changes in systolic arterial pressure
in two series of observations (see Fig. 2), it should be
noted that the reaction of the cardio~vascular gystem follow-
ing irradiation with an intensity of two calrcm™/min is
similar to the reaction see in the first scries, i.e., there
is the same phasic character in the process of adaptation
but it is less apparent. The heart rate during the entire
period of irradiation varied within the limits of two to
five beats per minute Z presumably the range of varlation
rather than the mean heart rate /.

In the first ten-day periods of irradiation (Table 4),
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~the temperature reaction o the ‘skin to irradiation with
an intensity of two calsem”/min was' only slightlygmore
marked -than following irradiation with one calecm/min,
despite the fact that the. strength of the stimulus ‘was
doubled. . Y PR ,

Table 4
Changes in the skin temperature of the 1rrad1ated

area (effects of ir adiation with
two cal'cm /min) '

Tt M. Fo = R
ten-day afte: '2 'ftea o
. Pe?}géﬂ ¥fa£§a ;¥§8§1a- %{%gla-%££gn;§~\:
b7 33,40 1 39,3 335 .| . 38,3 .
H , 33,4 © 39,0 33,8 -1 38,1 -
v 32,9 . 7.5 . - -
v 32,5 37,2 32,2 | 36,6
VI 279 %8 | 324 | 369
Vil © | 326 | 8.6 | 324 26,9

The reduction of 'the skin temperature of the irra-
diated area began during the IIT. +ten-day period, i.e., on
the 20th to-30th-day, or 20 .to 30 -days earlier than in the:f-
first series of observations, which confirms.the opinion -
that preliminary training of the organism to a weak sti-
mulus considerably accelerates the onset of reduction of -
sensitivity of the thermoreceptors to heat, - Reduction in -
the original temperature of the skin of the irradiated
area occurs much-egrlier, ie.e, during the IV and V ten- -
day periods... The -time of restoration of the 8kin temperg-
ture is shortened a8 of -the IT ten—day eriod (see Table.
2). Following the action. of one calecm /min, ‘shortening .

of the time of restoration of -8kin temperature was, notlced'_!{

during the IV ten-day period. :

~The sweat reaction in- subgect M. (see Table 3) was
more 1ntense in all ten—day periods of irradiation.. In ..
subject .F. , this reaction was less pronounced than «in - the
first series of observations, and in the later ten~day
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periods, no sweating was seen at all. Despite this fact,
the skin temperature in subject F. was siightly lower than
in M. Such a reaction on the part of the secretory acti-
vity of sweat glands in subject P. is apparently explained
by the fact that F. was exposed during this period simulta-
neously to the action of two st muli: . infrared radiation
with an intensity of tvwo calicm /min and to a cold factor
(winter bathing) (subject Fi began winfer bathing during the
final two ten-day periods 62 the second series of observa-
tions)! It would seem that the latter stimulus was the
stronger, as seen in the reversal of the sweat reaction.

"~ On the basis of our indings, it is possible to draw
the following conclusions: o B
. (1) The process of development of adaptation (in
ine course of 70 days) to the effects of infrared radiation
with an intensity of one cal<cm /min follows a triphasic
course: the first phase 1is e period of initial‘adaptatioh;
for which it is'characteristic,to'observé,a marked increase
in the skin temperature and the time of its restoration, an
increase in arterial pressure and a shortening of chronaxie;
the second phase is characterized by stress of the thermo-
regulatory reactions, which is reflected in a marked suppres-
sion of the activity of the sweat glands and a reduction in
arterial pressure;.the third phase is. the establishment of
relative adaptation; during this period the reactions of the
organism become less pronounced. S I '

(2) After an interval (three months), changes in the
physiologic reactions to the action of the stimulus retained
their initial direction, which indicates the relative sta-
bility of the process of adaptation. : :

(3) Preliminary training of the organism to the pro-
longed action of a weak stigulus (with an intensity of infra-
red radiation of one cale.cm /min).
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Materiéls.bn'thQ,Toxicology‘of Radioactive Iron
N. D. Sagaydak

‘The Central Institute of Advanced Training of Physicians
and the Institute of Work Hygiene and Occupational Diseases
of the Academy of Medical Sciences USSR

~ The radioactive isotope of iron;“FGSQ, has found

extensive use in different branches of the national economy.
Work is carried on with open isotopes, for the most part in
the powdered state. The use of isotopes under industrial
coggitions creates the_possibility of active aerosols.
Fe is used in biology, medicine, and agriculture, usually
in the form of solutions of salts of radioactive iron, for
the study of metabolic processes, plant nutrition, hemato-
poietic processes, and so forth. ' ‘ o

We studied the air in a metallurgy plent, in a cement
" plant, and in a scientific researchsgnstitute of the auto-
tractor industry. In the first, Fe’” was being used in the
form of a powder of the iron oxide for control of the move=-
ments of charginggmaterials in open-hearth furnaces. In the
cement plant, Fe”” was also being used in the form of the
oxide for studying the process of mixing of the clinker in
revolving furnaces, and finally, in the sg§entific research
institute of the autotractor industry, Fe’~ was being used
in the form of inserts of metallic iron for the control of
the deterioration of units. In all cases the activity.of
the samples was comparatively low and did not exceed 50
microcuries. - - o S

We did not manage to discover radioactive dust in the
air of the production sites, which may to-a certain degree
be attributed to the imperfections of the method of sampling
- which we used (filter material was ordinary filter paper).

However, tests of working surfaces anggequipment at the sites

cf production involving the use of Fe (unpacking, storage,
handling of samples) demonstrated a considerable contamina-
tion with radioactive substances. .In a number of cases, t&e
number of beta-particles per minute over an area of 150 cm
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reached 399000. The latter, in the event of more extensive
use of Pe””, creates ‘the threat of accumulation -of radio-
active contamination and the formatlon of radioactive
aerosols.

In connection with the p0381g§1lty of entry into
the - -organism of small amounts of Pe” 7, partlcular 1mportanoe
attaches to a study of the chronlc effects of rad101ron on
the organism,

- Pindings on the chronlo effects of radloactlve 1ron
and on its behavior upon entry via the respiratory passages
do not exist in the literature available to us. However, it
is precisely this route which is the most probable under
industrial condltlons and whlch represents the greatest
danger., ' ' '

In the works of E B Kurlyandskaya and D I. Zakutin-
skiy and a33001ates, it has been shown that the blologlo
effects of small amounts of incorporated radloactlve “sub-
stances depend on the phys1co ~chemical properties of these ~
substances, the routes of entry, and the character of their
behavior in the organlsm. In order to determlne, on biologi~
cally-sound bases, .the ma§§mum perm1351ble 1imits of concen-
tration of aerosols of Fe in the air, we studied the toxic
effects of small doses of different compounds of radioactive
iron (the soluble citrate and the insoluble iron oxide)
following entry into the organlsm through the resplratory
passages,

In the’ process, we used the preparatlons most fre-
quently encountered in 1ndustrial and secientific rgsearch
work. The preparauions contalned admlxtures of Co 7, to
the extent of 12 percent of the total act1V1ty. The amounts
by weight were vanishingly small. I

In a preliminary experiment we studied tgs distribu-
tion and excretion of different oompounds of Fe .following
intratracheal administration of them. The experiments were
Tun’ on: adult white rats. The - preparatlons were glven accord-_
“ing %o’ the method of G. N. Gorodenskaya. One. gggup of rats

(20 anlmals) was given a neutral solutlon of Fe ,cltrate,_Tf
with’ an act1V1ty of 20 microcuries, in amounts of one gé per j
rat. 4 second” group of rats (18 animals) was ‘given Fe’ '
ox1de W1th the same aotiV1ty in the form of a mlxture of a.
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finely-dispersed powder in phy31olog1c saline, ten mg of
the dry powder being given in one ml of phy31ologlc sallne

to each rat.

' The animals were placed 1n metabollsm cages for se-

parate collection of urine and feces -and were sacrlflced at

different times from the amount of adminmstration. The
radiocactivity of the tissues was . measured in a “B" sppara-
tus with the use of a cylindrégal counter. :

TPhe distribution of Fe accordlng to organs upon

'sadmlnistratlon of the soluble compound is shown in Pii l.

-AsS can be seen from ghe datsa presented 2y hours:
after admlnlstratlon of Fe citrate, 22.2 percent.of the.
or1g1nal amount could still be found at: the site of 1ntro—

- duction. Durlng the subsequent. day, the amount of iron con-

tinued to ‘diminish, but much more slowly, and by the 30th
day only 9.2 percent of the adminlstered act1V1ty could be
found in the lungs. .. .

‘ ‘The cause of the. iong retentlon of a. part of the ad-
mlnlstered compound in the lungs is. apparently to be sought

~-in the formation of 0011101dal compounds of 1ron, ‘which are
‘ only very slowly absorbed,

“The .basic. amount of Fe59 absorbed from the lungs is
dlstrlbuted throughout ‘'all the organs and tissues of the
organlsm, with predomlnant accumulation in the llver,,ggne
marrow, and blood.,’The hlghest speciflc content of Fe "~ is
found in the Bgne marrow (2.8 percent: per gm of tlssue) In
the blood, Fe”~ appears W1th1n _several. hours, but the highest
levels are reached in seven to ten days, .at which time about

S 11 pereent of the admlnlstered iron is contalned in the
_blood (0.5 peroent per ml of’ blood) '

Consequently, iron glven into the lungs later galns

"access to the general iron pool in the organism and enters:

the bone marrow, where it is used in the synthesis. of hemo-
globin, In the spleen,. klgaes, muscles, and other organs,

_cons1derable amounts of Fe”” are found up to the 30th day

after admlnlstratlon.. 5g
£ The excretion . of Fe” follow1ng thls mode of admlnls-

,tratlon is- accOmpllshed both by .the. kidneys and:by the gas-
‘trointestlnal tract,  All told, ‘after 16 days, 31.7 percent
]had been elimlnated in the feoes and -23.1 percent in the -
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urine (percentages of orlglnal dose);~ The half-life (vio~
logical) was ten days.
59 A totally different picture of the dlstrlbutlon of
Fe”” is seen wheh it is glVen into’ the lungs as a mlxture
of the. 1nsoluble iron oxide. '\59~

- Upon admlnlstratlon of Fe oxlde, 61 percent of the
orlglnal dose is still in the lungs on the 30th day after
administration (76 percent is found in the lungs the first
hour after administration). Consequently, 30 days suffices
only to redude thé quantity of iron by 15 percent in the
luggs On the first day, & considetrdble concentration of

is found in the gastrointestindl tract, which is ex-

plalned by the swallowing of a certain amoun% of the prepa-
ration following the intratracheal. administrationi - In the
liver, bone marrow, spléen and blood, only traces of ‘the
radioactive iron were foundi

Hence, in comparing the distribution of soluble iron
:cltrate and insoluble ‘iron’ oxide admlgéstered into the
lungs, it is p0851ble to note that Fe citrate, although some
of it rémains in the lungs (9.2 percent), is mostly absorbed
from the lungs and distributed throughout the organs, with
prgferential accumulation in the liver and blood, whereas

oxide is almost completely retained in the lungs, and
remains there for long periods, being excreted only slowly,
primarily in small amounts along with -the sputum.
' 59 For a characterization of the radiotoxic effects of
Fe””, we investigated hematologlc, certain physiologic, and
pathologic changes occuring in the organisggof animals under
the influence of different ¢ompounds of Fe introduced into
the lungs. The long retention of the iron compounds in the
lungs permitted us to follow these changes for .a period of
15 months after s1ng1e or triple adminlstratlon of the pre-
paration.

We made studles of 80 white rats. The prepar§§1
was administered to the animals intratracheally. cit-
_rate was given in the form of a neutral isotonic solutlon
in amounts of one ml per rat. Iron oxide was given in the

't form of a mlxture of flnely-dlspersed powder in phy51ologio

saline. 'Each rat was given one ml of the mixture contalnlng
12 to 15 mg of the powder., In animals dying in the process
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of the experiment or killed for purposes of study, the acti-
vity of the organs and tissues was determined.

15 months after administration, with account being
taken . of radiocactive decay and the presence of an admixture
of Co in the preparation employed, the lungs contained
28 percent iron oxide and 2,2 percent iron citrate.

Calculation of the doses received by the lungs could
not be computed, sing¢e only an indonsiderable amount of the
energy of the gamma-rhdiation, which has high penetrating
capacities, was absorbed by the lungs. The animals were
sacrificed in seven groups. The characteristics of the sepa-
rate groups and the tissue doses of beta-radiation received
by the lungs are shown in the *able.

Upon systematic o observation of animals, no cases
of acuté radiation sickness were seen, However, as issappa-
rent from the tabular data, among animals receiving Fe
oxide in amounts of 27.5 - 3,%6 and 1.06 microcuries there
was a higher mortality, caused by inflammatory injury to the
lungs and the development of bronchogenic tumors, with total
doses of radiation to lungs nonetheless being comparatively
low,

' The quantitative changes in the indices of the per§§
pheral blood following single intravenous injection of Pe
to rabbits in amounts of 3.75 - 7.5 microcuries are pointed
out by L. B. Stolyarova and R, D. Nikitenko. In this, the
authors comment on the normalization of indices of blood by
the 10th to 12th day of observation. No data could be found
in the literature concerning the influence on the blood sy 8-
tem of radioactive substances remaining for long periods in
the lungs. o

In our experiments, with dynamic observations of the
state of the peripheral blood, not a single instance of
damage to the blood could be detected which corresponded to
the pronounced form of radiation sickness. Changes in the
peripheral blood were reflected chiefly in instability of
the indices of the white blood cells, with marked variations
in the leukocyte and lymphocyte counts in the direction of
increase, and in quantitative changes in the white blood
cells, '

The above-noted changes were, to some extent, seen in
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anlmals of all groups;’ howeVer, the frequency and expression
of the separate phenomena were not identical.

Variations in the indices of the red blood - hemo-
globln, erythrocytes, and ggtlculocytes ~ both in rats sub-
jected to the action 6f Fe’” and in dontrol groups, did -
not exceed the limits of phy81ologic norms, The erythro~
cyte counts varied within limits of 5800 thousand to 9600
thousand, and the hemoglobil from 77 o %85 percent.

' In groups of animals recelving Fe”” oxide in amounts
of 27.5~3.36 and 1,06 microcuries (F:Lgo 2), there was
Yeukocytosis (up to 29;000), caused by an increase in the
number of neutrophils to 1 000 and of lymphocytes to
19,0005 however, in these groups, individual animals sho'red
varlatlons in leukocyte counts which did not exceed physio-
logic limits (6,700-18,200), which testifies to the dissimi-
lar sensitivity of anlmals to ionizing radiation. '

In animals receiving citrate of radioactive iron,
leukocytosis was primarily associated with an increase in
the number of neutrophils. wWhereas in the control group
the number of neutrophils varied within 1%@1ts of 1,100 to
4,500, in animals receiving citrate of Pe the varlatlons
were within limits of 1,700 to 11,800, there being a shift
to the right in the neutrophlllc differentlal oount in &
number of cases.,:

The quantitative ohanges in the elements of the
whlte blood were the most constant feature observed (frag-
mentation and hypersegmentation of the nuclei of neutro-
phils, cytolysis of lymphocytes), which were noted by the
third to fifth month after administration of the prepara-
tion. :
. At later dates, there was a certain normallzatlon of
the indices of the peripheral blood, which might be explained
by the effects of the compensatory forces of the organism
and the- gradual reductlon in the act1v1ty of the preparation
administered,

’ The above-enumerated changes in the comp031tion of
the peripheral blood are similar to those described earlier
by N. L. Beloborodova and Ye. F. Baranova during the chronic
administration of strontium, ruthenium, and cesium, and may
be characterized as the initial phases in disruption of
hematopoiesis.
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Pig. 3. Microphotograph. 7 Lungs. Metaplasia of the epi-
thelium of the bronchial mucosa, converting it -
from cylindrical into compound squamous with
manifestations of anaplasia characteristic of
a precancerous condition (Magnification 10 x 40)

In animals receiving Fe59 oxide in amounts of 0.03
microcuries three times, the changes in the indices of
peripheral blood were not pronounced and not so regggarly
observed as in animals receiving preparations of Pe”” with
greater activity. of 15 animals of this group, neutro-
philic leukocytosis (more than 6,000) was seen only in
four. '
In the works of M. I. Nemenov, Ye. I. Bakin, A. V.
Lebedinskiy, Yu. K. Kuritskiy and other authors, concern-—
ing principally the effects of external irradiation, it
was shown that the nervous system possesses a Very high
sensitivity as well as a great anatomical resistance to
the effects of penetrating radiation. This circumstance
compelled us along with our observations of the state of
the peripheral blood to do studies of certain functional

changes in the central ggrvous activity of animals subjec~
ted to the action of Fe oxide in amounts of 0.03 micro-

curie.
For characterization of the functional state of the
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central nervous asystem, we performed atudies of the capa~
eity of the central nervous system for summation of sub-
lininal stimuli. These studies involved the use of a
device permitting regulation of the strength and frequency
of electrical stimulation of the animals. The impulses

of stimulation were administered with & comstant frequency
of 120 impulsss per minute,

Thesesgtudies showed that in anamala repeatedly
receiving Fe”~ oxide in amounts of 0,03 microcurie, there
is a reduction in the capacity of the central nervous sys-
tem for summation of subliminal etimuli., The average
number of impulses causing a reaction of the animal was
37 at the .beginning of the experiment, whersas after six
months, it was 59, 59

These data indicate that, upon the action of Pe
pxide in minimal doses, there are functional disruptions
in the central nervous system expressed as a lowering of
the capacity of the central nervous system for summatlon
of subliminal impulses. ' :

ST b - i

Fig. 4. Micraphpteg:aphm iungsé' Foeli of 'dquamous,
- keratinizing esrcinoma. (Magnification 10 x 40).
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- Pathologic studles of organs of animals both dying
and killed at various dates after the moment of administra-
tion of the preparatlons of radioactive 1ron, the most -

‘pronounced changes were. eeen 1n “the lungs. (The work was ‘

carried out. under the dlrectlon ‘of ‘Prof. Py P.. D¥izhkov, . . -
with the ccnsultatlon ‘of T, As Kochetkova.) The nature of
the histologic changes was. unlfcrm 1n ‘all groups, ‘but the
extent varied depending on the type of compound admlnistered
and its act1v1ty.,¢ ‘

The earliest changes, whlch appeared w1th1n three to.
four months, wére ‘inflammatory changes.in the bronchi. and
sclerotlc changes in the pulmonary. tlssue in:the form of
focal thickening of the 1nteralveclar septa, alternatlng
with areas of emphysema: . After the 81xth to. ninth month of
action,’ ‘the overwhelmlng majority of animals’ exhiblted chro-
nic suppurative processes: in the bronchl, 1ead1ng to the '
development of bronchiectasis and abscesses, with marked -
sclerotic changes in the perlbronchlal tissues and, in a
number of cases, metaplasia of the Connective tissues into
osseous tissues and formation of groups of epithellal cells

~character1z1ng a precancerous condition (Flg. 3).

‘These .changes were noted .in- anlmals g§ all groups, but
whereas in eight of 37 animals receiving Pe ox1de in o
amounts of 27.5-3.36 and 1.05 microcurie,. there was develop-
ment of bronchogenic squamous cell carcinoma of the lungs
(Flg. 4) against . e background of gevere 1nf1ammatory chan-
ges, in the animals receiving Pe’ 590x1de three times’ in ”,‘
amounts of 0,03 micérocurie .and Fe cltrate in amounts of
20 microcuries, the degree. .of : deve10pment cf 1nf1ammatory"’
phenomena’ was much less pronounced and there was no evi- -
dence of a tumor process. . -

In ‘the works of Cember, T. A. chhetkova and . A.'
Avrunlna, there is evidence of- -development of lung cancer
under the influence of the: actlon of radloactlve substances
administered by the resplratory route. .The total dcse of
radlatlon of the -lungs under  these condltlons was of the

{order of 1,500 %o 30,000. rads, which in.a number of’ cases
ﬁled to the" development of acute: radlatlon 31ckness in thej}
experimenxal arimals.: In our experlments, development of =

néoplasms in' the: 1ungs was geen with: smaller tlssue doseef
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agalnst a. background of minlmal manlfestations of radlation
sickness.
59Our data testlfy to the fact that dlfferent compounds
of Fe have high radlotoxlolty when they galn access to
the body by way of the resPlratory tree, ‘which may serve as.
a biological basis for det§§m1natlon of the maximum permls~
.8ible concentrations of Fe”” in the air, - a
Considering that the gBVelopment of lung cancer is
seen in animals receiving Fe in amounts exoeedlng the

maximum perm1s31b1e limit for 31ngle 1nha1at10n (aocordingu
to Morgan) by ten times, and ‘that, upon the action of the
maximum permissible dose, there are disturbances both of a
fundtional and of a morphologloal nature, a reduction’ by
two orders of magnitude in the maximum permissible concen~
tration is recommended for insoluble compounds. : ‘

Concluslons

(l) There are essentlal differences in the dlstrlbu-
gg and elimination of soluble 'and insoluble compounds of
PFe when given intratracheally. 59

(2} In animals receiving PFe .-01trate in amounts of
20’microcuries, there were marked variations in the quanti-
tative indices of ‘the white blood, primarily in the direc=-
tion"of increase and the development of suppurative inflam-
matory processes in the bronchi ‘with ‘marked sclerotlc chan-
ges in the peribronchial tissues.: g

(3) In animals receiving Fesg'oxide in amounts of
27.5~3.36 and 1,06 microcuries, the changes discovered were
uniform and were expressed as a marked instability of the
indices of the white blood and the development of broncho-
genic carcinoma of the lungs against the baokground of a
chronic inflammatory process. -59

(4) 1In animals receiving FE in‘amOunts of 0.03
microcurie three times, which iggat the level of the maximum
prermissible concentration of Fe in the lungs (aocordlng to
Morgan), there were distrubances in the functlonal condition
of the nexvous system and morphologic changes’ 1n the 1ungs
of an inflammatory and sclerotic nature.
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(5) The data obtained may serve as a biological
basis for the reduction of the maximum permissible concen-
tratigg by two orders of magnitude for insoluble compounds
of Fe in air.
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