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SECTION: Aero Medical Laboratory

SERIAL NO, MCREXD-695-T71B Expenditure Order No. 69563

A. PUIPOSE:

1. %c present results obtained in preliminary experiments designed
to determine the physiologcial effects of intense sound on man and
animals.

B.  FACTUAL DATA:

reported. The first source was a turbo-jet engine, J=33~9, mounted
in an outside test stand. The second source was & special siren,

. . developeu for these studies, a ~ mounted in an anechoic chamber (refer
to Appendix 1),

' ]
O 2. Two (2) sound sources have been used in the experiuents here 1

3. Severe but thus far temporarv losses of hearing have followed
exposure of project personnel to intense sound from both sources {Data
presented in Appendix 2).

L. When exposed to intense sound fields project personnel have
reported the following sensations: (a) marked heating of the skin
(b) strong sensation of vibration in various parts of the body, (CS
sensations of muscular weakness and (d) excessive fatipgue ( see

appendix 2).

5. Guinea plzs and rats havc been kiiled when exposed to the
intense sound field of the sircn for periods as short as eisht (8)
minutes. The apparcnt cause of death in these anirials was an excessive
elevation of the body temperature. Absorption of the acoustic energy
in the fur with conversion to heat energy is the apparent cause of
r""”’} . the elevated body temperature (see Appendix %),
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C. = CONCLUSIONS:

| ————
6. That noise ficlds sufficiently intensc to ssriously impaix
human hearing are produced by turbo--jst power plants ourrently in use,

-7+ That the fregueticy spactium of the turto~jet noise field is
such that the heering loss produced in man interferese markedly with
the reception and understanding of speech,

&. That sound energy will kill rats and guinea pigs,

©. That the pecks ¢f acoustic energy found in the sound field
about & turbo-jet engine are of an order of magnitude camparable with
those wihich have killed guinea pigs and rats expoaed to the siren
sound field,

10. That the eflects here reported have becn produced by intonse
asound fieids in the audible rangg, .

1l. That the effects here described hawe usually been attributed
to the action of Miultresonic® freguencies. But since, the effects de~
seribed have been the result of exposure to intense sound in the audible
ranze it is suggested that the important parameter may be intensity
rather than frequency.

12, That extensive ipvestigation of the effecis of very intense

sound of all frequencies is essential to a complete solution of the
problem.

D. RECOMMENDATIONS:

13, That the Surgeon, A'r Materiel Comrand, hold those agencies
which test and nperate turbe-jet engines responsible for:

a, The provision of coatrol-observation roams in which the
sound level is reduced to a safe value., Specifications
for the construction and sound tyeatment of these control-
observation roams to be provided by the Air Installations
Sectxon, Air Materiel Command.

b. The reduction to an abgolute minimum of time personnel
are required to remain in the intense sound field.
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Appendix 1.
The Sound Sources

Observations have been made of the mechanical and physislogical effects
of intense sound fiecldes, These intense sound fields have been derived from
two (2) sources; (a) the J=33-9 turbo-jet engine and (b) & specially de-
‘gigned siren. ‘

The jet engine was mounted in an outdoor test stand. There were no
side or snd walls to set up standing waves. The englne stvod about seven
(7) feet above the ground, This arrangement provides tie nearest practical
approach to free tield conditions for the measurement of & sound field,

The siren was mounted to gererate its sound field inscide an Yanechoic®
roon, Here again the cenditibns for free field sound measurements are
approached. The siren provided a relatively simple sound field consisting
of a fundamental frequency with some harmonics in contrast to the wery ccmplex
(wide frequency spectrum) sound field of the jet engine.

The overall sound level generated by the turbo-Jjet engine was found
to be & function of turbine revolutions per mimte. The round level in-
. Creased with increasing r.p.m. and near the engine ranged from about 120

NN ~to 152 db above the reference level 0,0002 dynes/cms. '

. The sound level produced by the Eiren could be varied fror & level of

- ‘about 120 db referonce 0,0002 dyne/ca“ to about 160 &b ubove the reference
& level. ) : C - = _
(\ L

wr




O

Eng, Div, Mcmo. Report
No. MCREXD-635~ TLB
2 Xay 1948
AEEcndix 2

Effects of Very Intensc Sound on Iaboratory Personnsl

Ir the course of mecaswring the sound fields about jet engines, testing
sound penerating equipment and making preliminary animal experimentis, labora-—

_tory personnel have been exposed to very intense sound fields., Several

subjective and objective observations have been made of the effects which
resulted from thesc exposures,

Temporary hearing losses havc been obscrved and the magnitude of the
losses determined, In scme instances personnel exposed themselves to the
‘sound field without protection for the ears to determine quantitatively the
hearing loss pr-duced in a given exposwre time. In most instances personnel
exposed to the sound fisld wore Y=51R ear defendors manufactured by the
Mine Safety Appliance Company.

The hearing loss incident to a three and one-quarter (3-1/L) minute
exposure, without ear defenders, to the noise rear the exhaust cone of &
J-33-9 turbo-jet engine is shown in Graph I. This hearing threshold curve
was taken twelve (12) mimutes after the termination of the exposure. The
overall sound level, indicated by = microphone held near the exposed ear,
to which the subject was exposed was 142 db above 0.0002 cyue/em., A
maximum hearing loss of 25 db occurs at about 1000 cps and the {requency
range of the hearing loss is that which one would predict from the known
frequency spectrum of the sound field.

The hearing loss which resulted from an exposure of ten (10) mimtes,
withont ear defenders, to the noise near the exhaust cone of the same engine
is shovm in Graph II. The subject stood 10~12 feet from the end of the
tailpipe and approximately twelve (12) inches away from the stream of exhaust
gases, The overall sound level, indicated Ly a microphone held neaxr the
‘exposed ear, was 1 db above 0,0002 dyne/cm?. The maximum hearing loss ia
68 &b and is found al s test tone frequency of 1000 Gps.

The hearing loss which resulted from axposure to a "synthetic" sound
field is shown in Graph TIII. The sound field was generated by the siren

‘~inside the “anechoic! chamber. Standard V-51-R ear defenders, carefully
" fitted to the subjectts ears, were work throughout the exposure. The sound
. field has been labeled "synthetic" bicause the exposure consists of several

consecutive exposures each to & different fundamental frequency gererated
by the siren, The frequencies, the exposure times and the sound levels are
as follows: (1) 1300 cps for 60 minutes at levels of 130-157 db; (2) 2700
cps, for 25 minutes at levels of 135-157 db. Note the extensive hearing
loss between 1500 and 000 cps. Note also the degree of recovery thst
occurred in seventeen (17) hours,
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Another hearing loss curvo which demonstrates the results of exposure
to "syutheiic" sound fields is shown in Graph IV. The expsourc to these
sound ficlds occurred before recovery from the effects of previous experinments
was complete. The recovery curve in Graph III shows the hearing threshold
at the start of the cxperiments the results of which are shown in Graph IV.
Tne subject was exposed under the following conditions: (1) 2700 cps at
137 to 162 dv for 12 minutes; (2) 650 cps at 137 to 159 db for 26 minutes;
(3) 920 cps at 139 to 161 db for 27 minutes; and (4) 1100 cps at 139 to
163 db for 33 minutes., By comparing the initial loss curve from Graph TV
with the recovery cuxrve of Graph IIL it is seen thet the hearing loss for
all frequencies has inereased, Furthermore, there is a marked increase in
the hearing loss at low frequencies, which is the result of the exposures
to 650 and 920 cps. The hearing loss for 8000 cps is increased. These
extensions of the hearing loss could be predicted on the basis of the known
frequencies to which the subject was exposed.

The hearing losses (clevations of thoe curve of hearing threshold) shown
in Graphs I through IV are notable for the severity of the loss and for the
broad band of frequencies through which the losses extend. Even in the casge
of a bricf exposure, three and one-quarter (3-1/4) minutes, the loss exceeds
20 dv over the frequency rangs 500 to 2000 ¢ps when the subJect is exposed
to the noise fieid of a turbo-jet engine (Graph 1). The hearing loss ocours
therefore, in the frequency band most significant for the perception and
understanding of speech,

An increase of expusure time by a factor of three (3) increases the
hearing loss over this critical freque:ncy range by 10 db, extands this
loss into the higher frequencies to 3000 cps and more than doubles the
naximum loss of hearing at 1000 cps (Graphs I and II). This increase of
the hearing loss will significantly decreasc the ability to understand
huma:. speech, PFurthermore, these time intervals are short when compared
to the time during which operators of Jjeu englus Lestu vells ars regularly
exposed to intense sound fields. As the exposure time is increasad, the
hearing loss will be further increased and the ability to understand the
spokrn word further impaired.

The effects of exposure to the "synthetic" sound field (Graph III and
IV) are significant in that they demonstrate the inadequate protection
afforded by currently available ear defenders when the sound fields to which
personncl are exposed exceed 15 db. They further show that the effects of
iwo Or more exposures are cumulative whan insufficicnt time for complete
recovery is allowed between exposures. It is also clearly demonstrated
that oxposures to essentially single frequencies, one at atime, will pro-
duce a hcaring loss comparable with that produced by an exposure to a complex
noise field containing the same frequency components, Iikewise the
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marked hearing losscs for froquencies at least an ootave above it are con-
firmed by the experiments described,

The rowovery of hcaring losses of the magnitudes shown in Graphs III
and IV is a slow process, Observe the 17 hour recovery curve shovm in
Greph 111 and the 66 hour recovery shown in (raph IV. Complete recovery
requirces a period of from forty-eipght hours to a week or longer depending
on thc severity of the hearing loss and the response characteristics of
tho individual subject.

Because of ine cumuletive effects and the slow recovery it is probable
that daily exposures to tne sound fields described would result in ths
production of parmanent deafregs,

Another observed effeat of exposure to very intense sound fields was
heating of the skin. When ore holds hiz hand in an intense sound field,
i.e., from the siren, with the tingers lightly approximated, heating occurs
bevveen the fingers. The Gapres of heating varies from that which gives
rise to a sensation of very slight warmth to that which produces severe
pain in a very saort time. In an effort to evaluete this heating effect
as a function of frequency a scries of experiments were performed in
which the time required to produce reflex withdrawal of the hand because
of pain was measured,

The results of these experiments are shown in Graph V. The time to
fpain-withdrawal" as a function of frequency is shown. It is clearly seen
that frequencies between 4 and 10 ke, at the intensity levels used, are
much more effective than either higher or lower frequencies in producing
painful heating., Similar heating cccurs (1) betwcen the cars and the
head, {(2) about an ear defender in the external auditory canal and {3)
in the nostrils. A far more extensive inwvestigation, throughout tle
frequency spectrum, is required to fully elucidate these phenomena,

Another phenomena of interest is the subjective sensation of vibration.

At frequencies from about 1500 cps down to about 700 cps there is a sensation

of marked vibration of the cranial bones. Al certain frequencies in this
range the sensation of vibration is so strong from the lower jaw that one
reflexly grits his tecth in an effort to stop the vibration. There is alseo
a sensation of vibration combined with air movement in the nasal passages
and the bony sinuses., Especially when the mouth is open, & similar sen-
sation is noted in the mouth and pharynx,

At certain frequencies, which have not been precisely determined, in
the rance 1500 to 700 cps, ths vision usy become blurred when one stands in
the sound fiezld. decovery is immediete and complete as soon as one steps
out of the sound field,
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As the freguency of the sound ficld to vbich one is exposed is still
Iurther decrcased the sonsations of vibration are felt in the thorax and
in single muscles and muszle groups of the arms and legs.

Thesc scnsations of vibraticu, tnat hzve been obaserved in the labora-
tory at known frequencies and intensities of the sound field, are identical
with scnsations observed when standing near the stroam of exhaust gases
from the J=33-9 turbo-jot engine, The vibratory effeots produced by the
Jjet engino cccurred with the cugines in the outside tecst stands whore no
valls or other structures wore prosunt to ceuse reflections. It is probable
that the phencnena would be more marked in enclosed test stands.

There havoe been occasions, during exposure to these low frequency
sound fields, toth in the laboratory and at the Jet engine test oclls, when
pcrsonncl have observed a "woakness In the krees" or an apparcnt general
woakenin: of tho body supporting musculature, This sensation is not ac-
companied Wy faintness or vertipo ard is probably not the result of a
tre muscular weakness, It would appear to result from an effect on the
proprioceptive reflex mechanism since with conscious effort one can maintain
the normal erect position usually maintained by reflex mechanisms.

The rost important result of these preliminary studies is that they
indicate the extensive experimentation yet required in order to determine
the possible range and magnitude of effects produced on the hwaan body by
intense sound fields.
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Appendix 3

Exposure of Animals to Very Intense Sound

To observe the general effecls of intensc sound fields on small
animals, rats and guinea piga have been exposer to sound fields generated
by the siren. These animals were #%f{ree" in a small cage which permitted
* movement but resiricted them to the central, approximately uniform, portion
of the sourd field. Fur and restal temperatures were obtained from time
to time by means of thermocouplas. The resulis as a function of frequency
are shown in Table I,

Data on Animals Exposed to Intense Sound Fields as Related to the
F‘requencl_yf tns Sound Field

Sound Alr A Rectal Time to

Frequency level Temp. Tenp. Tamp . death Animal
1,000 153 db 31% 50.5°C  L29C 29 Min, Guinea Pig
1,100 1% 32 7S 45 Rat
3,000 157 30.5 - L3 9 rat
3,000 155 LN 52 2 - 8. Guinea pig
3,000 1% 36 L6 Ly ] Guinea pig
5, 000 156 33 Ly - s 21 Guinea pig
5,000 157 33 L3 63 11 Rat .
7,000 157 — L6 N 16 Guinea pig
© 10,000 iy 34 L2 1) 60 duinea pig
(living) :
12,000 154 35 L2.5 LL.5 29 Guinea pig

The data of Table I indicate that 3000 ¢ps nay be particularly lethal
to these animals., Although the sounc levels were not identical for all
frequencies, the levels at 5000 and 7000 cps were as high as for 3000 cpe,
yet the animals survived longer. To fiwrther exardne thls poinl new experi-
rents were carried out in which raus were exposed to frequencies between
2000 and 5000 cps at a fixed sound level. The sound level was 152 db above
0.0002 dyne/cm2 was held as constant as possitle flor all frequencies, The
results from this series of experime:ts are shown in Table II.
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The Relation of the Frecquency of the Sound Field to the
Effects on Rats when the Intensity is Held Constant at 162 gh,

Frequency Air Temp. Fur Temp. Rectal Temp. Time to Death

2000 23°¢ 399¢ 390G 60 min., (living

at end of exposure)
3000 30 © 39 I 20 min.
3500 29 39 T-X 30 min.
L4000 26,5 12,5 N 60 min, (Jiving)
5000 28 33 39 60 min, (living)

The sound level here employed was lower than in ths previocus experiments,
nevertheless, the rats were killed at 3000 cps, in a relatively short time
(20 minutes). Animals were also killed at 3500 cps. but at all other
frequencies they were alive after exposures lasting 60 mimutes. One must
conclude that for some reason sound at a frequency of 3000 cps is particularly
lethal to these animals,

The animals killed were examined carefully to determine the cause of
death. It was, of course, knowa that thc body temperature rose to L2°
or L3°C during exposvre to the sound field. No significant pathology, not
associated with increased body temperature, has been found which may have
been the cause of death,

Exposure of rats toiadian® heat under appronriate conditions has caused
death in approximately the same time, has brought about an essentially
identical tehavior pattern during exposure, and has produced ecsentially
identical pathology at duath, Tentatively onc must conclude that the
absorbtion of acocistic enovgy from the sound: field with conversion to'heat
and elevation of the body iemperature is the primary cause of death. How-
ever, one must beal in mind that other factors, not yet observed, may be of
equal importance as & lethal factor in intense sound fields,

Gross pathological exanination of the animals has revealed he:sorrhagic
areas in the skin, pulmonary congestion and atelectasis, In some cases there
appears 0 have been small pulmonary hemorrhages although blood has never
been observed in the trachea.

Microscopic sections of the lungs show loss of air space or atelectasis,
thickening of the alwveolar wzlls and marked engorgement of all blcod vessels.
In addition there were occasiunal areas which showed a loss of alveolar
tissue, free blood in the alweoli and a leucocytic infiltration around ad jacenp
blood vessels. The leucocytic infiltraticn was found only in areas where there
was free blood in the tissues,




