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ABSTRACT:   Hearing impairment caused by noise, traditionally called – depending on the duration of exposure - acute or chron-
ic acoustic trauma, includes, in addition to presbyacusis, the most common adult population of hearing impaired. 
In Poland - according to the report of the Central Statistical Office (GUS, 2011), the number of workers employed 
in NDN exceeded the noise level (85 dB) is about 200 thousand, the highest in the mining, metal and metal prod-
ucts production, textiles and wood production. According to the Regulation of the Council of Ministers of on June 
30, 2009, on the list of occupational diseases (Journal of Laws No. 132, item 1115), it is defined as “bilateral perma-
nent hearing loss of the cochlear or sensory-nerve type, expressed as an increase in hearing threshold of at least 45 
dB in the ear better heard, calculated as an arithmetic mean for frequencies 1,2 and 3 kHz. Hearing impairments 
also occur in the military and police during field training and in combat where the source of acoustic injuries are 
firearms and pulse-inducing explosions (as in some industries) with high C peak levels (Lc peak) Time to rise to a 
maximum of <1 ms. The prevalence of loud music listening, particularly by personal stereo players, is also affect-
ing children and adolescents with audiometric hearing loss, according to the World Health Organization (WHO) 
estimates of around 15-20%. The preventive action strategy is defined by the European Union legislation and the 
national implementing legislation that reduces or eliminates the risk and reduces (if not eliminated), taking into 
account available technical and organizational solutions to minimize the risk of hearing damage. If you can not re-
duce the noise levels with technical and organizational methods, you need individual hearing protectors. Ear pro-
tectors may be equipped with electronic systems with active noise reduction (which can improve low and medium 
frequency performance), adjustable attenuation (improves speech intelligibility and perception of warning sig-
nals), and wireless communication for verbal communication.
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Noise-induced hearing loss, traditionally referred to as acute 
or chronic acoustic trauma (depending on the duration of ex-
posure) is besides presbyacusis the most common type of hear-
ing impairment in adult population [1].

The scale of the risk is high, as according to data from the Euro-
pean Agency for Safety and Health at Work (EU-OSHA, 2011), 
about 80 million residents of the European Union are exposed 
to noise above the maximum limit of 87 dB; such an exposure 
is most prevalent in construction, agriculture, industrial pro-
duction and transport.

In Poland, according to the report of the Central Statistical Of-
fice (GUS, 2011), there are about 200,000 employees working at 
noise levels exceeding the upper noise limit of 85 dB; mostly in 

mining, metallurgy as well as metal, textiles, and timber produc-
tion industries; some of these individuals are exposed to pulse 
noise (similar to that encountered in military forces) associated 
with technological processes including air decompression, ex-
plosions, die forging, or press impacts; this type of noise is con-
sidered to be particularly dangerous for the hearing system [2].

The risk is also illustrated by data on the incidence of noise-in-
duced hearing loss as an occupational disease. Luckily, a decreas-
ing trend has been observed with this regard since 1999 (Fig. 1).

Pursuant to the Ordinance of the Minister of the Council of 
Ministers of 30 June, 2009 on the list of occupational diseases 
(Journal of Laws No.132, item 1115), acoustic trauma is defined 
as “bilateral permanent hearing loss, either cochlear or sen-
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Fig. 1.  Morbidity rates of selected occupational diseases in Poland in years 1989-
2011 (258 cases of occupational hearing loss in 2011, accounting for 10.1% 
of all occupational diseases; mostly in industrial processing, mining and 
construction industry). 

Fig. 2. Classification of individual ear protectors according to Sułkowski [7]

Tab. I. List of example Lc peak values measured in military range conditions [5]

EXAMPLE LC PEAK VALUES MEASURED IN MILITARY RANGE CONDITIONS 

Rocket propelled grenade 174,8 dB

Mortar 157,5 dB

Rosomak troop carrier-mounted 30 mm cannon 162,0 dB

Beryl 5.56 mm machine gun 142,9 dB

AKMS 7.62 mm machine gun 141,8 dB

sorineural, manifested as an increase in the hearing threshold 
calculated as an arithmetic mean for the frequencies of 1, 2, 
and 3 kHz by at least 45 dB within the better-hearing ear. [3].

The reduction in the morbidity rates for occupational hearing 
impairment (as well as other disorders) is associated with the 
modernization of industry, reduced manpower and, perhaps, 
more extensive prevention activities.

Hearing impairments also occur in the military and police 
forces during field training and combat, with firearms and 
pulse-inducing explosions (as in some industries) with high C 
peak levels (Lc peak) and times to peak of < 1 ms as illustrated 
in Table I being the sources of acoustic injuries [4].

Little data are available on the incidence rates of hearing im-
pairments in the military. Some insight into the incidence of 
high-frequency hearing losses (moderate to severe) in profes-
sional soldiers of various armies is provided by the list com-
piled by Attias et al. [6]: Finland 26%; France 9%; Israel 8%; 
Canada 11%; Sweden 5%.

The prevalence of loud music listening, particularly using per-
sonal stereo players, is also affecting children and adolescents 
with audiometric hearing loss. According to the World Health 
Organization estimates (2008), the incidence range is around 
15-20% while according to our own study carried out as part 
of the Ministry of Science and Higher Education grant no. 
1631/B/P01/2008/34, the respective percentage rate is 11.5% [7].

Table II presents the list of noise levels and noise sources among 
children and adolescents.

PRINCIPLES OF HEARING LOSS PREVENTION

A preventive action strategy is defined in the legislation of the 
European Union and the national implementing legislation to 
reduce or eliminate the risk taking into account the available 
technical and organizational solutions.

EU DIRECTIVE NO. 2003/10/WE OF  
6 FEBRUARY 2003

The Directive recommends three exposure limits with appropri-
ate hearing protection measures to be taken by the employers:

• Exposure limit value = LEX8h 87 dB and PCpeak 140 dB.
• Upper Exposure Action Value = LEX8h 85 dB and PCpeak 

137 dB.

Tab. II. List of noise levels measured among children and adolescents

SOURCE NOISE LEVEL

Squibs and fireworks

Pulse noises with peak levels of 
145-160 dB-A reaching the ear of 
an individual located 2 m from the 
explosion.

Entertainment facilities (live or 
recorded music): 

- disco clubs 90-110 dB-A.

- pop and rock concerts 120-130 dB-A.

- aerobics centers 89-96 dB-A.

Personal music players (mobile 
CD and MP3 players) 53-103 dB-A (mean level of ca. 85 dB-A)

Toys (rattles, squeeze toys, 
detonator guns).

70-105 dB-A at the distance of 25 cm 
from the head; peak level (gun) 73-118 
dB-A.
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• Lower Exposure Action Value = LEX8h 80 dB and 
PCpeak 135 dB.

The limit value is a novel concept and indicates the level which 
must not be exceeded in any conditions.

Upon the noise reaching or exceeding the upper exposure ac-
tion value, individual hearing protection must be used. 

Upon the noise reaching or exceeding the lower exposure action 
value, individual hearing protection must be made available. 

The Ordinance of the Minister of Labour and Social Welfare of 
29 November 2002 (Journal of Laws 217.1833) on noise levels 
acceptable from the standpoint of employee’s hearing protection:

• 1 Exposure within an 8-hour or 40-hour work period = 
85 dB-A.

• 2 Maximum A-weighted sound level = 115 dB.
• 3 Maximum C-weighted sound level = 135 dB.

If any of the above values is exceeded, the employees must 
wear ear protectors.

EAR PROTECTORS 

Legal basis:
• The Ordinance of the Minister of Labour and Social 

Welfare of 26 September 1997 (Journal of Laws no. 119, 
item 844 as amended).

• EU Directive No. 2003/10/WE of 6 February 2003.

If noise levels cannot be reduced by means of technical and 
organizational methods, individual hearing protection is re-
quired. Examples of ear protectors are presented in Figure 2.

The acoustic efficacy of ear protectors in relation to the bone 
conduction limit i.e. the maximum possible sound attenuation 
level, is presented in Figure 3.

Ear protectors may be equipped with electronic systems 
with active noise reduction (to improve the performance 
at low and medium frequencies), adjustable attenuation 
(to improve the intelligibility of speech and the perception 
of warning signals), and wireless communication for verbal 
communication [8,9].

Ear protectors play an important role in prevention of acous-
tic trauma in industry and construction [3]. It has also been 
confirmed in the study of temporal threshold shifts (TTS) 
in soldiers As conducted by Olszewski et al. [10].

No hearing protection program is possible without audiomet-
ric examinations.

Besides facilitating verification of the efficacy of ear pro-
tectors, audiometric examination allows for identification 
of employees with elevated sensitivity in whom a threshold 
shift starts to occur at 4-6 kHz (primary prevention) as well 
as for prevention of significant loss that might impair the 
social efficacy of hearing (secondary prevention). Table III 
presents the schedule of audiometric examinations [11].

SUMMARY

How can one prevent hearing loss in children and adolescents 
considering the fact that even minor hearing loss may have 

Fig. 3. Acoustic efficacy of ear protectors according to Starck et al. [3].

Tab. III.  Schedule of prophylactic examinations in individuals exposed to noise 
(Ordinance of the Minister of Health of 25 June 1996 (Journal of Laws 
1996.69.332 as amended).

Baseline examination (pre-
employment)

ENT examination
Tonal audiometry test

Periodic examination ENT examination
Tonal audiometry test

Frequency of periodic 
examinations

Every year for the first 3 years
Every 3 years afterwards

Pre-term periodic 
examinations

In cases of hearing loss being detected in 
audiometric examination or in cases of 
reported tinnitus

Follow-up checkups 
(mandatory after 30 days 
of leave due to employee’s 
temporary incapacity to 
work)

In case of hearing disturbances following a 
disease or accident

Last periodic examination 
(prior to dissolution of the 
work contract)

ENT examination
Tonal audiometry test
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diometric monitoring of hearing [13,14].

The future of effective prevention lies mainly within the en-
gineering and technological domain and requires continu-
ous monitoring (of exposure (measurements), modernization 
and variation of technological processes to reduce noise and 
achieve at least the lower exposure action value of 80 dB as 
recommended by the EU directive [15].

a negative effect of school grades as well as limit the future 
employment potential of students? [12]. Table IV presents the 
guidelines of the WHO Children’s Environment and Health 
Action Plan for Europe (CEHAPE, WHO 2004). 

Similarly to age-related hearing loss, noise-induced hearing loss 
is irreversible; however, in contrast to the former, it may be pre-
vented or at least minimized by the use of ear protectors and au-

Tab. IV. Prophylactic recommendations to reduce noise levels among children and adolescents

SOURCE RECOMMENDATIONS

Toys Maximum noise levels should be reduced and indicated on product labels. Parents should be informed of 
the harmful effects of noisy toys so that they change their customer behavior. 

Squibs and fireworks Maximum noise levels should be reduced and indicated on product labels. Children and adolescents should 
be informed of the particularly dangerous consequences of pulse noise. 

Entertainment facilities (live or recorded music): Noise levels in disco clubs and at pop and rock concerts should be reduced to 100 dB-A, preferably to less 
than. Sonometers should be installed to inform the public of noise levels not exceeding 85 dB-A. School 
curricula should include noise-hygiene education providing information on ear-safe levels of 80 dB-A and 
the possibility of using ear protectors. 

Personal music players Levels of sound emitted by the players should be lower than 100 dB-A and indicated on earphone labels. 
Children and parents should be informed of the negative consequences of loud music; listening to music 
should be reduced in terms of duration as well as loudness to avoid exceeding the safe level of 80 dB-A. 

General note: School children should undergo regular screening examinations. 
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