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SEaIAL NO. MxcEmIJ-695-71B Expenditure Order No. 695-63

A. PUIPOSE:

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

B. FACTUAL DATA:

2. Two (2) sound sources have been used in the experiu.ents here
reported. The first source was a turbo-jet engine, J-33-9, mounted
in an outside test. stand. The second source was a special siren,

* develope; for these studies, a mounted in an anechoic chamber (refer
to Appendix 1).

3. Severe but thus far tempora-v' losses of hearing have followed
exposure of project personnel to intense sound from both sources (Data
presented in Appendix 2).

Whne e r ntens sound fieldS pIn 4i-jet. npler-cnnt' h-av
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 fatigue ( see
appendix 2).

5. Gainea pigs and rats have been killed when exposed to the
intense sound field of the siren for periods as short as ei-ht (6)

* r.minutes. The apparcnL cause of death in those aniials v;as an excessive
elevation of the body temperature. Absorption of the acoustic energy
in the fur vith conversion to heat energy is the appareat cause of
the elevated body temperature (see Appendix 5).
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C. CONCLUSIONSt

6. That noise fields 4ufficiently intense to seriously impair
human hearing, are p-oduced by Turbo--Jat power plants nurrently in use? I

7. That the frequency sDeotiuxi of the turbo-jet noise field is
such that the hearing loss produced in man interferes markedly with
the reception aad understanding of speech, 4

6. That sound energy will kill rats and guinea pigs.

9 That the peaks vf acoustic energy found in the sound field
abuut a turbo-jet engine are of an ordei' of magnitude omparable with
thoso which have killed guinea pigs and rats expoaed to the siren
cound field.

lO. That the effects here reported have been produced by intonse
sound ftelcs in the audible range-

1i. Tnat the effeccs here described have usually been attributed
to the action of "ultresonic" frequencies. BMt sincethe effects de-
scribed have been the result of exposure to intense sound in the audible
range it is suggested that the important parameter may be intensity
rather than frequency.

12. That extensive investigation of the effects of very intense
sound of all frequencies is essential to a complete solution of the
problem.

D. RECO!AdENDATIONS:

13. That the Sbrgcon, A'.r Materiel Cou.wa:id, hold those agencies
which test and o)perate turbo-Jet engines responsible for:

a, The provision oi contro).-obserration rooms in which the
sound level is reduced to a safe value. Specifications
for the construction and sound teeatment of these control-
observation rooms to be provided by the Air Installations
Section, Air Materiel Command.

b. The reduction to an absolute ainimum of tima personnel I
are required to remain in the intense sound field.
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a. The provision of adequate emergonoy proteotive devices

"for the use of pereon"e! who must enter, even for on!-y
a brief time, tha nt;znse sound field.
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Appendix 1

The Sound 5oarces

Observations have been made of the mechanical and physiological effects
of intense sound fields. These intense sound fields have been derived from
two (2) sources; (a) the J-3-39 turbo-jot engine and (b) a opecially de-
signed siren.

The jet engine was mounted in an outdoor test stand. There ire no
side or end walls to set up standing waves. The engine stood about seven
(7) feet above the ground. This arrangement provides tUe nearest practical
approach to free field conditions for the measurement of a sound field.

The siren was mounted to gern rate its sound field inside an Ianechoic"
room. Here again the ccnditibna for free field sound measuremento are
approached. The siren provided a relatively simple sound field consisting
of a fundamental frequency with some harmonics in contrast to the viery ccmplex
(wide frequency sectrum) sound field of the jet engine.

The overall sound level generated by the turbo-jet engine was found
to be a function of turbine revolutions per minute. The enund level in-
creased Yrith increasing r.p.m. and near the engine anged from about 120

-to 150 db above the reference level 0.0002 dynes/cm'.

The sound level produced by the ýiren could be varied fros a level of
'about 120 db reference 0.0002 dyne/em to about 160 dt above the reference

ilevel.

-'i

-'3

... ..

10 i4a



Eng. Div. Xcweo. Report
No. 1LCRLxD-695-- 71-D
24 ray 194

Appendix 2

O Effects of Very Intense Sound on laboratory Personnoel

Ir the course of measturing the sound fields about jet engines, testing
sound generating equipment and making preliminary animal experiments, 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 these exposures.

Temporary hearing losses have 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'.ducod in a given exposure time. In most instances personnel
exposed to the sound field wore V-5 1R ear defenders manufactured by the
-Mine Safety Appliance Company.

The hearing loss incident to a three and one-quarter (3-1/4) minute
exposure, without ear defenders, to the noise r ar the exhaust cone of a
J-33-9 turbo-jet engine is shawn in Graph I. ThL8 hearing threshold curve
was taken twelve (12) minutes after the termination of the exposure. The
overall sound level, indicated by a microphone held near the expored ear,
to which the subject was exposed mas 142 db above 0.0002 cyue/cm . A
maximu•h hearing loss of 25 db occurs at about 1000 cps and the frequency
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) minutes,
without ear defenders, to the noise near the exhaust cone of the same engine
is shown 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 by a microphone held rtear the
exposed ear, was JL6 db above 0.0002 dyne/cm2 . The maximum hearing loss is

%A "IAU A .~AA .). fm~uid atb xi test bU&1e kLequeocy oft 1000L.JL

The hearing loss which resulted from exposure to a "synthetic" sound
field is shown in Graph III. The sound field was generated by the siren
-insi-de the "anechoic" chamber. Standard V-51-R ear defenders, carefully
fitted to the subject's ears, were work throughout the exposure. The sound
field has been labeled "synthetic" bý.cause the exposure consists of several

" consecutive exposures eac-h to a different fundamental frequency generated
"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 28 minutes at. levels of 135-157 db. Note the extensive hearingK ) loss between 1500 and 4000 cps. Note also the degree of recovery that
occurred in se-ernteen (17) hours.

5

N



ho. 1.C1L:YJ)-695- 7113
24 Liv', -1"V ,

Another hcaring loss curve Ahich demonstrates the results of exposurei
to "syiitheLic" sound Ciclds is sbown in Graph IV. The cx1)sourc to these
sound fields occurred before recovery from the effects of previous experimonts
waj, complcte. The recovery curve in Graph III shows the hearing threshold
at the Ltart of the experiments the results of which are shown in Graph IV.
The subject was exposed under the following oonditions: (1) 2700 cps at

137 to 162 db 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) 1400 cps at 139 to
163 db for 33 minutes. By comparing the initial loss curve from Graph TV

with the recov.4ry curve of Graph III it is soen that tho hearing loss for
all frequencies has increased. Furthermore, there is a marked increase in
the hearing loss at low frequencies, which is the result of the exposures

to t50 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 (elevations of tho 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. LEven in the case
of a brief exposure, three and one-quarter (3-1/4) minutes, the loss exceeds
20 db over the frequency range 500 to 2000 cps when the subject is exposed
to the noise field of a turbo-jet engine (Graph 1). The hearing loss ocaurs
therefore, in the frequency band most significant for the perception and
understanding of speech.

An increase of exposure time by a factor of three (3) increases the
hearing loss over this critical freque:icy range by 10 db, extands this
loss into the higher frequencies to 30CO cps and more than doubles the
x-.aximum, loss of hearing at 1000 cps (Graphs I and II). This increase of
the hearing loss wvill significantly decrease the ability to understand
humai. speech. Furthermore, these time intervals are shoirt when compared
to t-iu ti•rn during which operators of jet engine test oells are regularly
exposed to intense sound fields. As the exposure time is increased, the
hearing loss will be further increased and the ability to understand the
spoken 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 currantly available ear defenders when the sound fields to which
personnel are exposed exceed 245 db. They further show that the effects of
two Ov hiuor e~quourez ar c~lti- -Wh.-M f

recovery is allowed between exposures. It is also clearly demonstrated
that exposures to essentially single frequencies, one at a time, will pro-
duce a IhCaring loss comparable with that produced by an exposure to a complex j
noise field containing the same frequency components. Likewise the
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markcd hearing lossos for frequencies at least an ootav` above it are con-
firmed by the experiments described.

The r covory of hearing losses of the magnitudes shown in Graphs III
and IV is a slow process. Observe the 17 hour recovery curve shown in
Graph III and the 66 hour recovery shown in Craph IV. Complete recovery
requires a period of from forty-eight hours to a week or longer depending
on the severity of the hearing loss and the response charactoristics of
the individual subject.

Because of tne cumulative effects and the slow recovery it is probable
that daily exposures to tne sound fields described would result in the
production of perwianent deafness.

Another observed effecýt of exposure to very intense sound fields was
heating of the skin. Whvri ove holds his hand in an intense sound field,
i.e., from the airen, with the f:ingers lightly approximated, heating occurs
between the fingers. The dagre,• of heating varies from that which gives
rise to a sensation of very slight warmth to that which produ.ces severe
pain in a very short time. in an effort to evaluate this heating effect
as a function of frequency a series of experiments were performed in
vhich the time required to produce reflex wvithdrawaJl of the hand because
of pain was measured.

The results of these experiments are shown in Graph V. The time to
"pain.-withdrawal" as a function of frequency is shown. It is clearly seen
that frequencies between 4 and 10 kc, at the intensity levels used, are
much more effective than either higher or lower frequencies in producing
painful heating. Similar heating occurs (1) between the cars and the

in the nostrils. A far more extensive investigation, throughout t•r
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 iiarked vibration of the cranial bones. At certain frequencies in this
rangc the sensation of vibration is so strong from the lower jaw that one
reflexly guits his teeth in an effort to stop the vibration. There is also
a sensation of vibration combined with air movement in the nasal passages
and the bony sinuses. Especially when the mouth is open, a similar sen-
sation is noted in the mouth and pharynx.

At certain frequencies, which have not been precisely determined, in
the range 1500 to 700 cps, the vision asy become blurred when one stands in
the sound field. decovery is immediate and oomplete as soon as one steps
out of the sound field.

7

4



.n,-. Div. Y.mo. Report
No.CMIUXD -595-71B

2J4 May 19,4..

As the £requemcy of the sound field to Y;bich one is expoEed is still
further decreased the sensations of vibration are felt in the thorax and
in single muscles and mascle groups of the arms and legs.

These sensations of vibration, that hnve been oboerved in the labora-
tory at knovin frequencies and intensities of the sound field, are identical
with sensations observed when standing near the stream of exhaust gases
from thu J-33-9 turbo-jot engine, The vibratory effects produced by the
jot engine occurred with the •,•gines in the outside tcst stands whore no
walls or other structures vwre prosunt to ce•.u'c reflections. It is probab*e
that the phenomena would be more marked in enclosed test stands.

There havo boon occasions, during exposzure to these low frequency
sound fields, both in tho laboratory and at the jet engine test cells, when
pcrsonncl have observed a "weakness .in thc knees" or an apparent general
vakenin:, of the body supporting musculature. This sensation i5 not ac-
cozpanied by faintness or vertigo ard is probably not the result of a
trie muscular weakness. It would appear to result from an effect on the
proprioceptivo reflex mechanism since with conscious effort one can maintain
the normal erect position usually maintained by reflex mechanisms.

The most inportant result of these preliminary studies is that they 0
indicate the extensive experimentation yet required in order to determine
the possible range and magnitude of effects produced on the hian boQV by
intense sound fields.

oI
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Appendix 3

3Lxosurc of Animals to Very Intense Sound

To observe the general effects of intense sound fields on small
animals, rats and guinea pigus have been exposedi to sound fields generated
by the siren. These animals were Ofree" in a small cage which permitted
movement but restricted them to the central, approximately uniform, portion
of the sound field. Fur and rý.tal temperatureE were obtained from time
to time by means of thermocoupaes. The results as a function of frequency
are shovn in Table I.

Data on Animals Exposed to Intense Sound Fields as Related to the
F__e___en__ thm Sound Field

Sound Air Ri;- Rectal Time to
Frequency Level Tep. Teu.. death Animal

1,000 153 db 31C 50.500 412C 29 Kin. Guinea Pig

1,100 156 32 2 141 45 Pat

3,000 157 30.5 - 43 9 Rat

3,000 155 34 52 42 - Guinea pig

3,000 156 36 46 44 9 Guinea pig

5,000 156 33 49 51 21 Guinea pig

5,000 157 33 43 63 11 Rat

7,000 157 - 46 44 16 Guinea pig

10,000 i14 34 42 4 60 Guinea pig
(living)

12,000 154 35 42.5 44.5 29 Guinea pig

T'he data of Table I indicate that 3000 cpa nay be particularly lethal
to these animals. Although the soun( levels were not identical for all
frequencies, the levels at 5000 and 7000 cps were as high as for 3000 cps,
yet the "'n Ar" .....-. •. .... . ptiPoint new experi-

ments ..ere carried out in which rats wore exposed to frequencies between
2000 and 5000 cps at a fixed sound level. The sound level was 152 db above
0.0002 dyne/=i2 was held as constant as possible for all frequencies. The
results from this series of experime:.ts are shmm in Table II.
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The Relation of the Frequency of the Sound Field to the
÷ Effects on Rats Whon the Tntenniity is Jed Constant- at l52 ib.

1Frequenc Air Tem. Fur Temp. Rectal Temp. Time to Death

2000 230C 39a0 3900 60 min. (living
at end of exposure)

3000 .30 39 41 20 min.
3500 29 39 42.5 30 m.

4000 26.5 .'2.5 41 60 min. (living)

5000 29 33 39 60 min. (living)

The sound level here employed was lower than in the previous experiments,
nevertheless, the rats were killed at 3000 cps, in a relatively short time
(20 minutes). Aimals were also killed at 3500 cps. but at all other
frequencies they were alive after exposures lasting 60 minutes. One must
conclude that for some reason sound at a frequency of 3000 cps is particularly
lethal to these animals.0 The animals killed were examined carefully to determine the cause of
death. It was, of course, knoy;f that thz body temperature rose to 420
or 43 0C during expos-ore 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 to radiant heat under appropriate conditions has caused
death in approximately the same time, has brought about an essentially
identical behavior pattern during exposure, and has produced essentially
identical pathology at d-ý'.sth. Tentativcly one must conclude that the
absorbtion of acoastic en:Norgy from the sound- field with conversion to'heat
and elevation of Lhe bod-'_ iemne~rat-re i• the primary .... of death. H--
ever, one must bcn- ii mnind that other factors, not yet observed, may be of
equal importance as a lethal factor in intense sound fields.

Gross pathological examination of the animals has revealed he iorrhagic
areas in the skin, pulmonary congestion and atelectasis. In some cases there
appears to 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,I thickening of the alveolar walls and marked engorgement of all blood vessels.
In addition there were occasiunal areas which showed a loss of alveolar
tissue, free blood in the alleoli and a leucocytic infiltration around adjacen)
blood vessels. The leucocytic infiltration was found only in areas where there
was free blood in the ti sues. V


