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inability to hear warning signals. Exceeding noise limits has been the 
major problem of all industry sectors and it concerns many workers 
around the world. In agriculture, however, this problem appears to be 
ignored by legislators, scientists and farmers themselves.

NOISE AND OTHER FACTORS HARMFUL 
TO HEARING IN AGRICULTURE

According to the report issued by the Committee on Acoustics 
of the Polish Academy of Sciences in 1984 [1] noise is defined as 
“unwanted, unpleasant, disturbing or harmful mechanical vibrations 
of elastic medium which travel through the air to the ear and 
other body organs”. Comparing this definition with the guidelines 
developed at the request of the National Labour Inspectorate (PIP) 
and issued in 2014 [2], it should be considered incomplete, as it 
only takes into account the transmission of sound waves through 
the air. PIP guidelines and the definition of noise found therein 
indicate the possibility of transmitting vibrations in all media, that 
is in the air, liquids and solids.

ABBREVIATIONS

ARHL – age-related hearing loss 
KRUS – Agricultural Social Insurance Fund 
(pol. Kasa Rolniczego Ubezpieczenia Społecznego) 
NIHL – noise-induced hearing loss 
PIP – National Labour Inspectorate 
(pol. Państwowa Inspekcja Pracy) 
WHO – World Health Organization

INTRODUCTION

Negative consequences of noise-induced hearing loss include 
difficulties in speech understanding, particularly in an acoustically 
unfavorable environment, inability to hear environmental sounds, 
birds singing or music, sense of discomfort, social isolation, inability to 
join conversation with friends due to speech understanding problems, 
frustration of interlocutors who constantly need to repeat words, lower 
work efficiency and health- or life-threatening situations due to one’s 
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when working in the field with certain types of equipment, such 
as a cultivator, and this is due to the need to hear sound signals of 
the cultivator. It is also true about a number of other devices sold 
with agricultural machines [4].

Another factor that should not be forgotten is, unfortunately 
still widespread, practice of opening windows in vehicles during 
field works in order to hear disturbing noises that might signal 
malfunctioning of the machine. As a result, the soundproofing of 
operator’s cabin designed by manufacturer is almost completely 
gone. In addition, some farmers do not take care of the condition 
of their machinery and do not carry out repairs to reduce the 
emission of noise, such as replacing worn  out silencers, or do 
not repair elements limiting noise penetration from outside, e.g. 
broken glass or damaged seals. Apart from the aspects of the 
improper use of the cabin in terms of acoustics, the cabin in older 
machines provides very little hearing protection. This is illustrated 
by research conducted by Cieślikowski et al. [4]. The results of 
this study show that the noise level inside the cabin is 91.9 dB (A). 
By performing mathematical calculations, the soundproofing 
properties of the cabin were determined to be 16.3 dB. The authors 
also draw attention to the wide range of frequencies that make 
up the noise in the tractor cabin, that is from 16 to 16000 Hz. It 
should also be noted that the study was performed with the use 
of the tractor produced in the years 1993–2003. Tractors of this 
type are invariably popular at many farms in Poland and even if 
they have already been withdrawn from active use, farmers had 
worked with this type of machinery for years and the effects of 
noise exposure may be or are experienced today.

A study by Solecki [5] performed on a group of 51 individual farmers 
from 40 farms in Poland resulted in an average noise exposure of 
90.2 dB(A) per eight-hour working day. It should also be noted that 
the result is an average for the whole year and the study indicates 
that the months from August to October were characterized by 
a much higher noise level than the others. Data from the „loudest” 
and „quietest” months of the year, in which the values  representing 
the arithmetic average of the daily noise exposure is presented in 
relation to the eight-hour working day, are respectively 113.3 Pa2×h 
and 40.8 Pa2×h. Considering the daily limit, which is 3640 Pa2×h, 
that is 1.01 Pa2×h and assuming a monthly working time of 
21 days, the total value should not exceed 21.2 Pa2×h. The values  
presented by the author prove that farmers are at the great risk of 
noise exposure during field works.

The research carried out in the years 2002–2004 at 49 farms [15] 
indicated that the daily noise exposure of crop farmers exceeds the 
permissible levels from 3 to 6 times. The average daily noise exposure 

The most important parameters describing noise are: the frequency 
of sound considered as noise, the level of acoustic pressure (sound 
intensity) and the impact on the human body [3, 2]. Noise with 
negative effects is referred to as ‘harmful noise’. It can cause chronic, 
adverse physical effects, the consequences of which are known as 
‘health effects’. Examples of such effects include damage to the hearing 
organ, decline in psychomotor performance, deterioration of general 
health status and incidence of hearing and balance disorders [2].

The risk of noise injury in farmers is a very complex issue. Therefore, 
a number of variables affecting humans should be considered, 
including factors specific to the work environment of crop, livestock 
and mixed farmers. Unfortunately, there are no detailed statistics 
on farmers available and the information on all possible factors 
contributing to hearing loss in this group is lacking. For this reason, 
when describing the risk of hearing loss in farmers, it is necessary to 
rely on data about general public and, at the same time, to consider 
factors typical for agricultural work environment, such as using 
agricultural machinery to cultivate land and harvest crops. Studies 
conducted in the agricultural work environment show that it is 
significantly affected by noise and vibrations [2, 4–7].

Noise is considered to be a harmful physical factor. As far as the 
already mentioned standards are concerned, Poland has the same 
regulations and similar legal acts implementing them as other 
European Union countries and most developed countries in the 
world. They recommend limiting the 8-hour noise exposure to 
less than 85 dB (A). Tab. I. presents in simplified form selected 
maximum permissible noise level limits and peak allowable sound 
pressure level [8–13].

In accordance with Polish regulations, an employer is obliged to 
provide protection against noise exposure, that is to eliminate or 
reduce the hazard connected with the occupational noise exposure 
if the workplace noise limits are exceeded. These activities include: 
regular monitoring of noise exposure and determination of noise 
sources, assessment of the risk of noise exposure to workers, 
inspection of noise protection measures, implementation of solutions 
limiting the impact of noise, e.g.: location of workplaces away from 
the source of sound, rotation of workers at workplaces, longer breaks, 
using acoustic partitions or vibration isolators [9–11, 14]. 

Unfortunately, most aspects of noise protection do not apply to 
farmers. First of all, noise measurements are not made. It is probably 
due to low awareness of dangers arising from exposure to noise in 
agricultural environment. Most farms in Poland have limited human 
resources that make rotation of workers impossible. In addition, 
occupational environment is virtually completely polluted by noise, 
so workers would not benefit from rotations. Agricultural work, 
especially during harvest, depends heavily on weather conditions, 
so farmers cannot take breaks because they work under pressure of 
time. Working with agricultural machinery, such as various types of 
tractors and other self-propelled machines, makes it impossible to 
use the most effective solution with regard to hearing protection, 
that is the elimination of noise or moving away the operator from 
the machine. In addition, the use of custom hearing protection 
in the form of earmuffs or earplugs closing the external ear canal 
does not have positive effects because these devices are impractical 

Tab. I.  Occupational noise level limits. 

ExpOSURE TO NOISE

pERMISSIBLE ExpOSURE LIMITS

STANDARD IN pREGNANT 
wOMEN

IN ADOLESCENTS

Eight-hour time weighted 
average of noise exposure [dB]

85 65 80

Maximum sound pressure 
level [dB]

115 110 110

Peak sound pressure level [dB] 135 130 130
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biological factors are particularly important for this group of workers. 
However, there are no studies concerning the correlation between 
biological factors and the hazard to farmers’ hearing [8].

NOISE-INDUCED HEARING LOSS IN FARMERS

Noise-induced hearing loss (NIHL) is a disease found in the 
international classification of diseases (ICD-10), issued by the World 
Health Organization (WHO), under the code H83.3. Agerelated 
hearing loss (ARHL) and NIHL are the most common causes of 
sensorineural hearing loss. An etiology of both, NIHL and ARHL, is 
complex and influenced by many factors, including those mentioned 
above [8, 17–20].

It is assumed that hearing damage may result from short exposure 
to impulse noise, i.e. short sound signals of intensity exceeding 
130–140 dB, or from prolonged exposure to sounds over 85 dB 
(A). The most important factor is the time of exposure to the 
noise. Pursuant to the law employers may reduce the working 
time of employees exposed to the noise of higher intensity, which 
means that they are still legally employed in a hearing-unfriendly 
environment.  This is possible due to the application of equal energy 
principle, which is a hypothesis that states that the negative effect of 
sound is proportional to the total amount of sound energy received 
by the ear, which depends on the time of exposure and the square 
of the sound pressure. According to this principle, the same energy 
will be received by the human ear and may cause the same negative 
effects for the following exposure times [3]:

•	 exposure to 85 dB for 8 hours = exposure to 82 dB for 16 
hours,

•	 exposure to 85 dB for 8 hours = exposure to 88 dB for 4 
hours,

•	 exposure to 85 dB for 8 hours = exposure to 91 dB for 2 
hours,

•	 exposure to 85 dB for 8 hours = exposure to 94 dB for 1 
hour,

•	 exposure to 85 dB for 8 hours = exposure to 97 dB for 30 
minutes. 

Long-term continuous exposure to noise is much more harmful 
to hearing than exposure to the intermittent noise of the same 
intensity. It has been found that even short breaks in receiving the 
stimulus, i.e. giving a brief respite for the ear, provide sufficient 
time for the regeneration of the hearing organ. Due to their high 
metabolic activity, auditory hair cells of the inner ear are very 
susceptible to oxidative stress, which is provoked by exposure to 
the noise. Prolonged exposure to continuous noise means that cells 
do not have time to activate defense mechanisms. 

For this reason, it is very important to take short breaks and 
limit the daily exposure to noise, taking into account the equal 
energy principle. Unfortunately, setting limits of noise exposure 
in agricultural environment is very difficult because agricultural 
noise is not steady. In addition, all standards on working time in 
an acoustically unfriendly environment do not take into account 
impulse noises, which may cause permanent hearing damage 

was 4.35 Pa2×h, which is 4.4 times the norm, which corresponds 
to the level of noise exposure during an 8-hour working day of 
91.4 dB (A). Noise exposure of livestock farmers was 3.61 Pa2×h, 
that is 3.6 times the norm, which corresponds to the 8-hour time 
weighted average of noise exposure of 90.5 dB(A). The same values 
were calculated for mixed crop-livestock farmers and the result 
was 4.27 Pa2×h, that is 4.3 times the norm, corresponding to the 
eight-hour time weighted average of noise exposure of 91.3 dB(A). 
It should be emphasized that these data are the averaged values 
over the whole year. The maximum values in particular months 
were much higher. For example, noise exposure at the farms of 
mixed production profile was the highest in April when the daily 
noise exposure was 5.6 Pa2×h, while the daily limit is 1.01 Pa2×h.

The development of new technologies and new methods of crop 
and livestock husbandry allows the reduction of noise exposure 
to farmers but unfortunately it is still a serious health hazard. 
This is due to the fact that agricultural noise is very diverse and 
affects many aspects of farmers’ work. Therefore, despite the best 
intentions of machine manufacturers, imposing new standards and 
introducing better noise protection, it is impossible to completely 
eliminate the negative impact of noise. The latest types of machines 
give hope for better working conditions because newer cabs 
suppress the sounds generated by the engine and other equipment 
more effectively.

Unfortunately, there are no studies in the literature illustrating 
the improvement of protection of the operator in modern agri-
cultural machinery.

Other environmental factors that have detrimental effects on 
the human body, including hearing, are chemical agents. In the 
Polish law there are 556 substances and particulates for which 
precise 8-hour exposure limits have been determined [11]. For 
comparison, in 2002 [16] only 441 substances and particulates were 
recognized as chemically harmful substances. Many of these agents 
are present at the farmer’s work. The concentration of molecules 
posing a threat to farmers’ health has not been specified but such 
studies are much needed, as newer plant protection products are 
being introduced to the market. As far as the authors know, there 
are no studies in the literature that would explore the composition 
of various fertilizers and other farm chemicals, to which farmers 
are exposed throughout the whole year, and the impact of these 
chemicals on the human body. The reason for the lack of such 
data may be the fact that fertilizer mixtures and fertilizer sprays 
are developed without any restrictions and with the huge variety 
of available substances, it is difficult to predict their interactions 
and determine the expected concentration. For this reason, it is 
difficult to determine the ototoxicity of chemical agents in the 
farmer’s work environment.

Other environmental factors mentioned in the literature that have 
harmful effects on the human body are biological factors. They 
include all micro- and macroorganisms that pose hazard to human 
life or health. Therefore, this group includes a broad spectrum of 
hazards. The list includes bacteria, fungi, viruses, prions and parasites. 
Taking into account the occupational environment of farmers who 
almost constantly have contact with nature, it can be assumed that 
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disease, accounting for 11.3% of all occupational diseases in the 
general population. Another argument is that in the years 2002 
to 2006 there were only 10 cases of occupational hearing loss 
registered by KRUS (Agricultural Social Insurance Fund), while 
until 2000 there was only one such case registered. Approximate 
data can show how underestimated is the risk of hearing loss in 
farmers. In 2004 there were 1 million people working with 1300 000 
noisy self-propelled machines. If the above data is considered, 
it means that occupational hearing loss affected 0.00001% of all 
farmers. Currently, this problem still tends to be disregarded. This is 
confirmed by statistical data published by KRUS, which shows that 
one-off compensation due to the occupational disease described as 
„bilateral permanent cochlear hearing loss” in the years 2009–2013 
was paid to six people (6 cases out of 959; ~0.6%), and in the 
years 2015–2019 to three people (3 cases out of 1480; ~ 0.2%). In 
both time periods, infectious diseases were the most common. 
Presumably, the low detection of hearing loss is associated with very 
low awareness of the risk of noise-induced hearing loss in farmers. 
This may result in reluctance (or even lack of awareness about the 
possibility) to see a specialist and to undergo audiological tests 
which would enable the detection of hearing loss [24, 5, 25–27].

CONCLUSIONS

The risk of occupational noise exposure and its consequences, 
such as high frequency hearing loss, is significant in the group of 
farmers, regardless of whether they work in crop, livestock or mixed 
production. The paper shows that this risk is still underestimated. 
Worst of all, it is underestimated by the farmers themselves, as well 
as by legislators and the health service providers. Farmers do not 
undergo regular hearing tests. There are no information campaigns 
about negative effects of noise in agriculture or about the need to 
use personal hearing protection devices or actions promoting the 
use of such devices.

If this continues, we can expect an increasing proportion of farmers 
with impaired hearing in the future. For this reason, it is important 
to take steps as soon as possible to improve occupational acoustic 
environment of farmers. It is also important to run social campaigns 
aimed at farmers to make them aware of the risks to their hearing 
and the negative consequences of exposure to noise they must 
work in. It should also be considered to promote information about 
hearing tests and modern methods of hearing aids in farmers who 
already suffer from hearing deficiency.

even after a single exposure event and impulse noises are very 
often encountered in agricultural environment [21, 22, 3, 6, 20, 2].

There have been many reports and studies around the world that 
highlight the issue of too high noise exposure of farmers. Bunch 
was the first to address this topic in official publications in 1937. 
In his report he described the phenomenon of bilateral high-
frequency hearing loss in farmers. Subsequent studies carried out 
in different countries and by many other authors unequivocally 
confirm the negative impact of noise on farmers’ hearing and show 
that hearing loss correlates with time spent working professionally 
(quoted after [5]). 

The results of Solecki’s studies [23, 5] clearly show that acoustic 
conditions in the occupational environment of Polish farmers do not 
meet the standards set by Polish regulations and global conventions. 
Apart from the noise level in the agricultural environment, the 
author refers directly to the problem of hearing loss, probably 
induced by noise. From a group of 51 farmers of different ages and 
work experience working in 40 farms, 44 people with no previous ear 
diseases were selected. Then, ENT interview, physical examination 
of the ear and pure tone audiometry were conducted. Average 
losses were calculated for different frequencies obtained in pure 
tone audiometry. Arithmetic means were different for different 
frequency bands. For the 250–2000 Hz range the hearing thresholds 
were the lowest and were 11.7–21 dB HL, that is almost within the 
norm. Higher values were obtained for 3000 and 8000 Hz, that is, 
respectively, 30.7–33.8 dB HL. The highest losses were identified at 
4000 Hz and 6000 Hz and were respectively 38.1 dB HL and 42.8 dB 
HL, which indicates hearing loss at these frequency ranges. Analysis 
of the values obtained, and the shape of the hearing threshold curve 
indicate that this is a classic example of noise-induced hearing loss 
characterized by falling audiogram curve in the high frequency 
band. Taking into account the data on the absence of ear diseases 
and the level of noise affecting studied farmers, it can be concluded 
that the hearing loss was most likely induced by noise.

Considering the above data, it is astonishing that the problem of 
NIHL is greatly underestimated and disregarded by legislation 
and jurisdiction in Poland. An argument that supports this thesis 
is the report from 2010, according to which the most common 
occupational disease in the Agriculture, Forestry, Hunting and 
Fishing sector are parasitic and infectious diseases, as they 
constitute 524 out of 567 diagnosed diseases. In contrast, bilateral 
permanent hearing loss is the third most common occupational 
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