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OBJECTIVF.5- The aim of the study was a retrospective assessment of the exposure of professional
soldiers to impulse noise from gunfire.
M ETHODS - A questionnaire on noise exposure and use of hearing protectors was administered to a
stratified random sample of 699 army officers (mean age 39.8 years) with an average of 18 years of
exposure to shooting noise. For a comparison of the number of shots from different weapons, the peak
sound pressure levels of shots were adjusted in relation to one pistol shot according to the equal ener­
gy principle. Total exposure time was estimated with the equal energy principle, the number of shots
from different weapons, the energy levels of different shots, the effectiveness of hearing protection,
and the distance from the noise source being taken into account.
RK~ULTS - Rifles, shotguns, and pistols were the predominant exposure sources. Impulse noise ex­
posure averaged 164 183 shots from different weapons. After adjustment to the energy level of one
pistol shot, the average was 78 000 personally fired shots. The total shooting noise exposure aver­
aged 218 000 adjusted shots. Translated into exposure to steady noise of 85 dB(A) for 40 h a week,
the exposure to noise from personally fired shots equaled an exposure time of 22.0 years and the total
exposure averaged 61.0 years. The heaviest exposure occurred during the first 10-15 years of the
men' s careers.
CONCLUSIONS - Exposure to gunfire noise among professional soldiers is high enough to cause severe
hearing deterioration already at early career stages if effective hearing protectors are not worn at all
times on shooting occasions.

K EY TERMS - equal energy principle, hearing protection, impulse noise, military noise.

Mil itary personnel and con scripts run a very high risk
of suffering noise-induced hearing loss as a result of
expos ure to noi se from gunfire and explosions ( 1­
4). The prevalence of hearing loss appears to be high­
er for ar my personnel than for industrial workers ex­
posed to steady noi se (5) . It has been shown that
hearing protectors are not worn regularly on all
shoo ting occasions and that the attenuation of hear­
ing protectors is insufficient aga inst low- frequency
noi se from large-caliber weapons (4, 6, 7). This sug­
gestion is rather controversial, however, because re­
cent data indicate that low-frequency noise is rela­
tively less hazardous than could be expected on the
basis of the equal energy principle (8- 10). On the
other hand, there are only a few studies on the qual­
ities and accumulated numbers of different shots fired
by men during their mandatory milit ary serv ice or
career ( 11, 12). In addition, the estimation of expo­
sure to shooting impulses has been difficult since
onl y few feas ible sugg estions ha ve been introduced
to assess the co mplex expo sure to shooting impulses
from weapons of different calibe r (13, 14).
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Impulse noise appears to have a detrimental effect
on hearing after a fairl y short period of exp osure , and
hearing loss increases rapidly during the fir st few
years (3, II ). It has been argued that the great vari­
ations in the degre e of hearing loss from shoo ting
noi se are largely att ributable to differences in sus­
ceptibility to noise and only a minor part of these
differences ca n be explained by exposure time (1, 5,
9, 10). To confirm thi s opinion, careful analyses con­
cerning the number of shots, the peak sound pressure
level, and the spectral content of the wav e form , the
distance from the noise source and the use of hear­
ing protectors are necessary on an individual basis.

Recently, the importance of exposure data ana ly­
ses has been further accentuated by animal studies
which show that the frequency domain, and thu s the
shooting impulse , is crucial to an understanding of
the damage (3, 8, 9, 15, 16). Th e ex pos ure to shoot­
ing impulses , in addition to the exposure to steady
noise, has been recently studied in a group of fores t
work ers (13). In this study a multivari ate model was
introduced for estim ating exposure to shooting im­
pul ses (13). On the oth er hand, no recent study ex­
ists in which a sys tematic collection of long-term
exposure data has been combined with audiometric
data to evaluate auditory hazards in a larger popula­
tion of profe ssional so ldiers. Professional so ldiers
represent a typi cal population of person s exp osed to
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according to equations 1 and 2 as presented earlier
(23) . Equation 1 presents the energy (E) of one im­
pulse , which is

where p = peak pressure and T = period of time .
Equation 2 presents the sound exposure level (ener­
gy level in decibels) (L

E
) :

where r = distance (m), r
o

= reference distance
(0.5 m).

In the case of fired shots, the distance was assumed
to be the reference distance. Distances from earlier
studies were used for shooting and instructing with
diffe rent weapons (23). The reducing effects of the
directionality of sound pressure waves or the air ab­
sorption of sound energy were not taken into account.

In the statistical analysis correlations were calcu­
lated between variables with the Pearson correlation
coefficient , and the statistical significances of the dif­
ference s were tested with Student' s t-test using SAS
(Statistical Analysis System ) softw are.

(equation 2)

(equation 1)

(equation 3)

E = f p2. dt ,
T

L\L = 20 log (r/r),

where Eo =4 . 10-10 Paz. s for an integration period
of I s and a reference pressure of 20 mPa (accord­
ing to equation 1).

Before the multiplication with the number of shots
fired and instructed, the energy levels in equation 1
were adjusted according to the reported hearing pro­
tection. The attenuation of earplug-type hearing pro­
tectors was estimated on the basis of earl ier studies
to be 10 dB for large-caliber weapons, 15 dB for as­
sault rifles and pistols , and 20 dB for leisure-time
shooting. The attenuation of earmuffs was estim at­
ed to be 5, 20, and 25 dB, respectively (6, 7,10,13,
17, 23-26). All officers rated thei r habits of wear­
ing hearing protectors using the following four-grade
index: 1 = practically never; 2 = occasionally; 3 =
frequently; 4 =constantl y. The attenuation provid­
ed by the hearing protectors was estimated for each
subject on the basi s of his wearing index and equal
energy principle when the index was below 4.0.

The distance between the exposed individual and
noise source was taken into account as a sound-lev­
el (6L) reducing factor according to the following
equation:

Subjects and methods

In this questionnaire study a stratified random sam­
ple of 786 Finnish army officers was collected from
all of the regular army officers included in the per­
sonnel files on 1 January 1987. The stratification was
performed according to the age distribution of all
army officers. Questionnaire data were available for
718 men (rate of return 90.9 %). Nineteen were ex­
cluded because of incomplete data (9 cases) or ap­
parent ear disease (10 cases). Thus data from 699
subjects (mean age 39.8 years) were included in the
analysis.

Questions were asked separately for each of the
commonly used weapons or categories of weapons
(military and nonmilitary) for retrospective informa­
tion on the average number of rounds fired with the
relevant weapon on a typical shooting occasion, the
average annual number of these typical shooting oc­
casions , and the number of years that the subject had
been exposed to noise from the particular weapon
before the time of the study . The numbers of indi­
vidually fired shots and shots heard as an instructor
in shooting exercises (including data on the distance
between the instructor and the noi se source) were
reported separately. The total number of individual ­
ly fired shots and supervised shots was calculated for
each weapon.

The questions also covered the use and type of
hearing protectors during shooting. In addition, in­
formation on exposure to steady noise (industrial and
other) and noise during leisure time was requested.

Calculation of total number of shots
Peak sound pressure levels (peak level) and the forms
of pressure wave are known to vary in accordance
with the strength of the cartridge and the caliber of
the weapon (11, 15). The number of shots from each
weapon was adjusted with the equal energy princi­
ple , the peak level of impulse noise from one pistol
shot being used as the reference [ie, 154 (SD 2.6)
dB] (1, 3, 17). The peak levels of different weapon s
measured in earlier studies were used in the calcu­
lation (7, 18-22).

impulse noise with only occasional exposure to
steady noise.

This study was undertaken to assess the long-term
effects of exposure to gunfire noise on health and
work ability. The objective was to collect noise ex­
posure data on randomly selected professional sol­
diers .

Calculation of total exposure time
The total effecti ve exposure time to shooting
impul ses was calculated according to the equal en­
ergy principle on the basis of earlier data on energy
levels of different shots (19, 21-23, unpublished
manuscript) by converting them to 8-h exposure time

Results

Shots with differ ent weapons
Milit ary rifles and pistols were the most frequentl y
used weapons. Cannons (caliber <75 mm) were the
most frequent large-caliber weapons used . Table 1
shows the number of shots fired by the officer him-
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self and, in the cas es of rifles and bazookas, under
his supervision.

In instructing situations, most of the officers were
exposed to impulse noise from almost twice as many
shots as they typically fired the mselves. For bazoo­
kas and cannons the exposure data were available
only if the distance of the subject was less than 40 m
from the weapon. In the case of cannons, the differ­
ence between shooting and instructing was difficult
to interpret from the data.

For most of the officers shooting was or had been
a hobby. The average number of ann ual shots fired
during leisure time varied between different age
groups from 577 (pistol shots by 40- to 49-year-olds)
to 260 I shots (rifle shots by 30- to 39-year-olds).

Le isure-time shooting was the most popular be­
tween the age s of 30 and 40 years (on the average
3200 shots annually), and the rifle was the preferred
weapon .
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On the average, the 46 men in the oldest age group
had fire d 47 541 (SO 12000) shots . With regard to
the total number of shots, the exposure peak occurred
in the group with exposure for 25-29 years . This
group had been exposed, on the average, to 20 1 632
(SO 59 000) shots. The duration of exposure showed
a poor linear correlation with the number of person­
ally fired shots [correlation coefficient (r) 0.09] and
the total num ber of shots (r 0.14). Table 2 gives the
results with regard to the num ber s of personally fired
shots and the total numbers of shots after extrapola­
tion in relat ion to the peak level of one pistol sho t.

According to equations I and 2, the energy of all
reported shots corresponded to an equivalent expo­
sure of 85 dB(A) to steady noise for 34 953 8-h days,
which equal s 140 years, on the assumption of an ex­
posure to continuous noi se for 5 d a week. The total
average exposure time for impulses of shots fired

Total number of shots Table 1. Shots firedwi th differentweaponsby the officerhim-

The total number of shots fired by different weap-
self or underhis supervision from the start of shooting activi-
ties up to the time of the study (mean duration 17 .9 years).

ons by the officer himself, the shots he supervised
as an instructor, and the shots fired during lei sure Number of Numberof shots

Firearm exposed
time were counted individually for each subject. The SUbjects Mean SO Median
mean of the numbers of personally fired shots was Pistol 654 7168 4701 2000
27745 (SO 8714, median II 128). Five percent of Rifle
the officers had fired more than 99 400 shots dur- Personal shots 655 7256 3762 2000

ing their career, and I% had fired more than 440 000 Supervised shots 568 55549 24380 40000

shots. The mean of the total number of shots (fired Machine gun 294 5676 4 222 800

and heard as an instructor) was 164 183 (SO 29 600,
Other light weapon 122 15 316 6 213 4 000

median 61 300). In the group comprising I % of the
Mortar 254 2816 1700 600

Bazooka (55 mm)
men with the highest exposure frequency, the total Personal shots 423 999 199 1000
number of shots averaged 796 000. Supervised shots 354 112 93 20

Bazooka (95 mm)
Personal shots 174 765 351 200

Duration of exposure and number of shots Supervised shots 236 50 160 16

The largest number of personally fired sho ts was re-
Cannons«75 mm) 340 5 122 2518 1000

Cannons (> 75 mm) 209 3 274 1867 750
ported by the oldest officers, who had been exposed Explosives 423 3 326 1 858 1 000
to weapon noise for more than 30 years (figure I). Other explosions 85 4 378 1657 550

Figure 1. Average num­
bers of shots in relationto
exposure time in years
(N =699)
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personally equaled 50.3 years of exposure to steady
noise.

Hearing protection during shooting

As seen in figure 2, earplugs and earmuffs were com­
monly used at the time when the officers began their
career (index average 2.95 for earplugs and 3.73 for
earmuffs). The use of earplugs appeared to decrease
with increasing age (figure 2), while the use of ear­
muffs varied only slightly between different age
groups. Earmuffs were used significantly (P<0.05)
more consistently than earplugs. Of the 110 officers
below 30 years of age, 0.9% had never worn hear­
ing protectors. In the age groups of 30-40 years and
40-50 years, the corresponding percentages were
1.2 and 2.1.

The individual effective hearing protection indi­
ces varied from I to 4 with an average of 2.8 (SD

Table 2. Mean adjusted numbers of shots distributed accord­
ing to the age of the army officers. Means are given for per­
sonally fired shots and for the total number of shots fired and
supervised by the officers. Numbers are adjusted in relation
to the noise energy level of one pistol shot (154 dB, 0.3 ms).

0.7, median 3.0). For 90% of the officers the index
was higher than 3.7, and only I% had a value be­
low 1.6. Almost constant use of hearing protectors
was reported by 5.3% of the officers, and 50% had
had moderate or fairly good protection. Hearing pro­
tection had been inadequate for 10.2% of the men.
Three officers (0.6%) had not used any effective
hearing protection at all. According to the equal en­
ergy principle and the reported use of hearing pro­
tectors, hearing protectors had reduced the total ex­
posure by an average of 5.5 dB per officer.

Effective duration of exposure to shooting noise
When the attenuation of hearing protectors and the
distance from the noise source were taken into ac­
count, the adjusted average duration of exposure was
expressed in terms of steady noise of 85 dB(A) for
8 h a day for 5 d a week. This adjusted average du­
ration of exposure was 22.0 (SD 2.6, range 16.2­
27.2) years for personally fired shots and 61.0
(SD 4.4, range 41.5-69.7) years for all of the shots
fired and supervised by the officers. Table 3 presents
the total exposure time for the different age cate­
gories.

Weighted number of shots
Age Number Discussion
group of men Fired Total
(years) personally (fired and To examine the questionnaire data for a possible bias

supervised)
caused by faulty recollection, the total number of re-

25-29 112 50540 149110 ported shots was checked against the official mili-
30-34 85 57903 178281 tary records of cartridges consumed in relevant gar-35-39 87 81 201 198193
40-44 193 94211 250995 risons. There was no significant discrepancy between
45-49 157 78751 252488 the questionnaire data and the military statistics.
50-54 46 90292 223439
55-64 19 130478 259027 With all types of noise, the adverse effects on hear-

Total 699 78435 217836
ing are determined by the quality and quantity of the
relevant noise. The risk of hearing loss is related to

Wearing index
4 -

3

2

90

<30 30-40

Age (years

>40

[J earplugs

III earmuffs

Figure 2. Frequency of
wearing ear protectors
(earmuffs and ear plugs
separately) at different
ages. (Wearing index: 1 =
practically never, 2 = occa­
sionally, 3 = frequently,
4 = constantly)



the total energy of noise (27), and the equ al ene rgy
principle has been proposed also for the risk assess­
ment of weapon impulses (17). Damage risk cr ite­
ria proposed for weapon impulses are based on the
duration and numb er of impul ses (13, 26) and also
on the hear ing protection employe d (6, 23) .

In the present study the equa l energy prin ciple
was applied. Con sideration was given to the differ­
ences noted in the attenuation efficiencies of hear­
ing prote ctors agai nst high- and low-frequency im­
pulse noise (7, 25) . Although the equal energy prin­
ciple is generally accepted as a basis for assess ing
both sound pressure energy and the risk of hearing
loss in the case of steady noise (13, 17), inconsist­
encies still exist in the application of the equal en­
ergy princi ple to impulse noise (3, 10, 13, 15). Re­
cent animal studies have given co ntroversia l results
wit h regard to damage caused to the inner ear by
impulse noise, and in many studies find ings do not
support the equal energy principle very strongly (9,
10, 15, 27 ). It has been sugges ted that the hazard
from low-frequ ency impulses is une xpectedly low
compared with the risk associated with higher fre­
quency impul ses (9, 15). In spi te of ju stified cri ti­
cism concern ing the application of the equal ener­
gy principle to impulse noise, the prin ciple was
used in the present study to fac ilit ate the compari ­
son with earlier exp osure studies (4, 5). On the oth­
er hand , one recent study has int roduc ed a promis­
ing sugges tion for calculating the expos ure to
shooting impulses with a logarithmic summation of
the shots (13).

Nevertheless, exposures above the criti cal level of
140-150 dB are considered ext remely hazardous
(9), and the equ al energy principle is only applica­
ble, according to the International Organ ization for
Standardization, to values belo w the 140-dB peak
level (28). In the present study, the equal energy prin­
ciple was used to estimate total exp osure, and the fig­
ure arrived at might be an underestimat e. However,
the army officers almost invariably wore hearing pro­
tectors, which attenuate the peak level of shoo ting
noise. Thu s, in most cases, the sound level reaching
the ear was about 140 dB , which is close to the crit­
ica l level (9) .

Anttonen et al (II) estimated the annual expos ure
of supervisi ng offi cers to comprise an average of
30 000-70 000 shots with rifle-caliber weapons and
1000-3000 shots with large-caliber weapons (II ).
These numbers are higher than in the present stud y,
in which the annual average of shots was below
10000 (164000 in 17.9 years). There were indeed
officers in this study who had fired more than two
million shots, but they were a minority. Comp ared,
on the other hand , with Kryter's (5) estimate that the
mean 8-h effective equivalent level of gun noise dur­
ing military service or hunting-target shoo ting or
both in an unselected population sample is approx i­
mately 89 dB, the exposure data in the present mili­
tary group is very high.
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Table 3. Mean adjusted durat ion of total exposure of the army
off icers to im pulse noise (trans lated to corresponding dura­
tion of expo sure to steady noi se of 85 dB for a 8 h day for
40 h a week with the equal energy principle) in relation to the
age of the army officers.

Age Number Expo sure ti me (years)
grou p of men Mean SO(years)

25-29 110 41.5 4.3
30-34 86 49.3 4.6
35- 39 90 55.3 5.2
40-44 190 69.1 4.3
45- 49 158 69.7 5.2
2:50 65 66.7 6.2

Tota l 699 61.0 4.4

Most of the officers (90.0%) in this study had worn
hearing protectors during shooting at least with mod­
erate frequency. The officers wore hearing protec­
tors more frequently than , for instance, forest work­
ers according a recent study which showed an 82.0%
use of hearing protectors (13). On the other hand , a
Finnish study carried out in 1978 showed that 13.9%
of conscripts failed to wear hearing protectors dur­
ing shooting exerci ses (4) . Of all the 333 cons cript s
with ver ified acut e acou stic trauma dur ing 1970­
1980, 6 1.3% reported not having used hearing pro­
tectors dur ing their shooting exercises ( 12) .

The poor linear correlation between age and the
magnitude of exposure in the present study can be
partly expl ained by the careers of military offic ers .
During the first 10-15 years, officers are generally
exposed in their capacity as superviso rs and they also
practice shooting themselves. Officers of higher rank
tend to have fewer du ties which involve shooting.

The results of the present exposure study do not
provide any evidence which could justify a chan ge
in the cur rent recommendations for the use of effec­
tive hearing protectors. They must be worn at all
times on shooting occasions. Further studies are also
needed for more acc urate eva luation of the harmful
effects of shooting noise impulses on hearing.
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