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Abstract: The study covered a group of 128 private farmers aged 28–65 (mean age
47.2) who had a period of occupational activity of 11–40 years (23.9 years average).
The evaluation of hearing capability was based on 2 calculated values: PTA (mean from
frequency: 0.5; 1; 2 and 3 kHz) and HFA (mean from 3; 4; and 6 kHz). Statistically
significant differences in mean hearing loss were observed between the 2 groups in the
study: farmers - control group (p < 0.001). The value of 20 dB was adopted as a
criterion of the deterioration of hearing. This criterion was exceeded in 78% of farmers
examined – within the range of high frequencies (HFA), and in 45 % of farmers within
the range of medium frequencies (PTA). In the control group, abnormal hearing loss
was noted in 17% of people only for mean HFA value. In the group of farmers a
significant correlation was noted between hearing loss (PTA and HFA) and age, as well
as period of occupational activity. It was statistically confirmed that the most significant
decrease in hearing occurred during the age interval up to the age of 50 and during the
period of occupational activity of up to 30 years. The results of the study confirmed that
noise present in the agricultural environment is the primary cause of the decrease in
hearing among private farmers.
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INTRODUCTION
Noise is one of the most important physical factors
occurring in an agricultural working environment which
is produced as the result of operating such machinery and
mechanical equipment as: tractors operating with agricultural
units, self-propelled agricultural machines, machines for
fodder production, chain and electric saws, and various
types of equipment used for repair [16].
In German agriculture [12], the manual handling of loads,
noise and vibration create the main occupational health
risks. Noise-related hearing impairment occupies the third
position among occupational diseases recognized in
agriculture. As early as 1937, bilateral hearing loss within
the range of high frequencies observed among American
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farmers was reported by Bunch [3]. Studies of the state of
hearing conducted by Glorig [6] confirmed a considerably
greater hearing loss within the range of high frequencies
(2–6 kHz) in older American farmers, compared to office
workers of a similar age. Further investigations by Townsend
et al. [21], Mönnich [13], Thelin et al. [20], Minczewa
>@-LQGLFKRYDet al. [8], Czerniuk [4], Karlovich et al.
[9], Franzinelli et al. [5] and Beckett et al. [1], showed that
occupational exposure to noise present on farms is the
main cause of hearing loss among farmers. The age of
farmers and the number of years spent on a farm are
highly correlated with hearing loss.
In Poland, the problem of noise-related health risk among
private farmers is poorly recognized and underestimated.
This results from the fact that private farmers are not
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The studies covered 128 private farmers aged 28–65
(mean age 47.2) who had a period of occupational activity
on a farm 11–40 years (23.9 on average). These farmers
ran family farms with a cultivated area of 10–100 ha (19.8
on average) and were exposed to noise which occurred
exclusively on their own farms. In the course of further
selection, farmers who had ever had ear diseases or suffered
head injuries were excluded out of a larger cohort.
Preliminary environmental studies carried out previously
[15] showed that during the period of the whole year
private farmers are exposed to noise at the daily level of
exposure of 89.1dB (mean value for the whole year; for
farms: 5–40 ha).
The control group were 42 manual and office workers
who during their occupational career to-date have not
been exposed to noise which would result in a significant
decrease in hearing (level <70dB) and with no hearing
changes due to factors not related to noise. The ages of
this group were similar to those of the farmers in the
study (29–59; mean age 42.3).
Each farmer in the study was subject to physical
laryngologic examination, taking a detailed otologic
history and the proper audiometric test. The audiometric
examination consisted of the determination of threshold
curves for tonal air conductivity (8 pure tones of the

frequencies: 250, 500, 1000, 2000, 3000, 4000, 6000 and
8000 Hz) and bone conductivity (6 pure tones of the
frequencies: 250, 500, 1000, 2000, 3000 and 4000 Hz) by
means of ZALMED AAD-80 diagnostic audiometer
possessing a valid certification. The examinations were
performed in a specialist audiometric cabin. The results of
hearing loss examinations were analysed primarily with
the use of data concerning air conductivity. Bone
conductivity supplemented basic medical examinations
and was most often applied to exclude cases where hearing
loss was due to non-occupational causes. Audiometric
examination of each farmer was carried out in the morning,
after 16 hours had elapsed since the last exposure (after
completion of work on the day prior to the examination).
Hearing capability (deterioration of efficiency of the
hearing organ) was based on 2 mean calculated values.
The first value was calculated as a mean arithmetic value
of hearing loss (in dB) for pure audiometric tones: 500,
1000, 2000 and 3000 Hz, denoted by the symbol PTA
(Pure Tone Average), whereas the other value - as a mean
arithmetic value of hearing loss (in dB) for 3 high
frequency tones: 3000, 4000 and 6000 Hz - denoted by
the symbol HFA (High Frequency Average). The mean
PTA value (medium frequencies) contains pure tones
within the range of sounds produced by human speech
(300–3000 Hz), and therefore is the exponent of the
quality of communication by speech. The mean value
denoted as HFA (high frequencies) defines the susceptibility
to hearing injury and is responsible for the reception of
sounds which are harmonic components of human speech,
decide about the timbre of the voice received, and to a
certain extent, the possibility of recognizing individual
features of the speech received. Hearing loss (mean PTA
and HFA values) equal or higher than 20 dB, which were
proposed as abnormal by Suter [19], were adopted as
hearing capability criteria (deterioration of the efficiency
of the hearing organ).
The results of the study were evaluated by use of SPSS/
PC statistical programme [18]. The following statistical
features were analysed: normality of data distribution
(skewness, kurtosis, Kolmogorow-Smirnow test), mean
values (arithmetic, median, mode), and degree of data
scattering (dispersion, standard deviation). The strength of

Table 1. Statistical data for calculated mean hearing loss values (PTA
and HFA) in the group of private farmers. a p > 0.05; b p < 0.05

Table 2. Statistical data for calculated hearing loss values (PTA and
HFA; dB) in the control group.

Statistic parameter

Statistic parameter

covered by prophylactic medical examinations and are not
subject to sanitary-hygienic control. The problem is
especially important because over 1.3 million agricultural
tractors are currently used in Poland, and it is estimated
that over 1 million people are potentially exposed to noise
on farms. At the present time, the Institute of Agricultural
Medicine in Lublin is the only scientific centre dealing
with this issue.
In order to recognize noise-related health risk among
Polish private farmers the Institute conducted studies of
the state of hearing in a selected group of farmers [17].
The objective of the present study was the analysis of
health loss noted among private farmers with reference to
the criteria concerning diminished sense of hearing
(deteriorated comprehension of speech).
OBJECTIVES AND METHODS

Right ear
PTA

a

Left ear
HFA

a

PTA

b

HFA

a

Right ear

Left ear

PTA

HFA

PTA

HFA

11.3

8.5

11.7

Arithmetic mean

20.4

34.4

20.8

35.7

Arithmetic mean

9.9

Standard deviation

12.2

19.4

13.7

19.7

Standard deviation

3.9

6.5

4.3

7.0

Median

17.5

31.7

17.5

31.7

Median

10.0

10.0

8.8

10.9

Mode

11.3

18.3

16.3

16.7

Mode

10.0

10.0

8.8

10.0

0.65

0.14

0.77

Skewness

1.80

0.84

2.25

0.83

Skewness

0.07

Kurtosis

4.50

0.32

8.58

0.52

Kurtosis

- 0.15

0.50

- 0.07

0.48

2.5–70.0

3.3–88.3

3.8–100.0

6.7–108.3

1.3–18.8

0–28.3

0–18.8

0–31.7

Min.–Max.

Min.–Max.
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Figure 1. Frequency of occurrence of abnormal hearing loss (%).

Figure 2. Mean hearing loss values (PTA and HFA) according to the
period of occupational activity and ear of the person examined (dB).

rectilinear dependence between the values of hearing loss
(mean PTA and HFA values) and age, as well as period of
employment, was determined by means of r-Pearson
correlation coefficient. In order to evaluate the significance
of differences between mean values of hearing loss for the
2 different groups in the study: farmers and control group,
t-Student group test for independent samples was applied
(normal distributions). The significance of differences in
mean values of hearing loss between the right and left ear
was determined by means of t-Student test for paired
samples (dependent variables, paired samples, normal
distributions, and positive correlation). The character of
the relationship between hearing loss and age, as well as
the period of employment, was determined by means of
linear regression analysis.

In the control group (Tab. 2) the distributions of data
for 2 mean values PTA and HFA and for both ears were
equivalent to normal distributions (p = 0.36–0.71). Mean
calculated arithmetic values (for PTA and HFA) were the
lowest for PTA (8.5–9.9 dB), whereas for HFA these
values were higher (11.3–11.7 dB), with standard deviation:
3.9–7.0 dB and scattering of values per unit: 0–31.7 dB.
Median and mode values remained within a small range
(8.8–10.9 dB) and were close to mean arithmetic values,
which is a feature of normal distributions. No differences
were noted between the mean values for both ears.
Calculations performed by t-Student group test for
independent samples indicated that in the case of private
farmers the mean PTA and HFA values for both ears
significantly differed statistically (were significantly
higher), compared to the data obtained from the control
group where the differences were very significant
(p < 0.001).
In order to evaluate the deterioration of hearing
capability in the organ of hearing in the 2 groups in the
study (farmers and control group), the frequency of
occurrence of abnormal hearing loss for one or both ears
was determined for the values of this hearing loss G%
(Fig. 1). Thus, in the whole group of private farmers (128
people), within the range of medium frequencies (PTA),
45% of such cases were noted (58 people in the study),
while within the range of high frequencies (HFA) - 78%
of cases (100 people). In the control group, abnormal
hearing loss was observed only within the range of high
frequencies (HFA) - 17% of cases (7 people).
To illustrate the frequency of occurrence of abnormal
hearing loss the groups in the study were divided by age
into 4 intervals: 26–35; 36–45, 46–55, and 56–65. Among
private farmers the lowest incidence of hearing loss was
observed in Decade I (26–35): PTA - 27%, HFA - 54%.
In Decades II and III (36–45 and 46–55) the frequency of
occurrence of hearing loss was higher (PTA: 36–51%;
HFA: 69–83%), while the highest values were noted in
Decade IV: PTA - 73%; HFA - 100%.

RESULTS
Table 1 presents the statistical data obtained for mean
calculated values PTA and HFA and for both ears. The
data distributions analysed for HFA (for both ears) are
equivalent to normal distribution (Kolmogorow-Smirnow
test; p > 0.05). For PTA mean value - left ear, this
distribution considerably differs from normal (p = 0.006)
due to high skewness (2.25) and considerable kurtosis
(8.58). However, for PTA mean value - right ear, the
distribution of data still remains within the range of
normal distribution (p = 0.056; partial skewness and
elevated kurtosis). The calculated mean arithmetic values
(for PTA and HFA) are lower for PTA (20.4–20.8 dB;
according to ear), however, these values are higher for
HFA (34.4–35.7 dB), with standard deviation: 12.2 dB
(PTA - right ear) - 19.7 dB (HFA - left ear). A similar
distribution of values was obtained for median and mode.
Scattering of values per unit is lower for PTA (2.5–88.3
dB) than for HFA (3.8–108.3 dB).
The calculations conducted by t-Student test for paired
samples showed that mean hearing loss values for both
ears were similar (p = 0.16 for HFA and p = 0.75 for PTA).
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Table 3. r-Pearson correlation coefficients.
Study group

PTA
Right ear

HFA
Left ear

Right ear

Left ear

Variable: age
Private farmers

0.38 c

0.37 c

0.48 c

0.49 c

Control group

0.40 b

0.56 c

0.57 c

0.73 c

0.30 c

0.23 b

Variable: period of employment
0.21 a

Private farmers
a

0.15 d

p < 0.05; b p < 0.01; c p < 0.001; d p > 0.05 (NS)

In the control group, however, no abnormal hearing
loss was observed within the range of medium frequencies
(PTA = 0%). The first abnormal hearing loss in this group
and high frequencies (HFA) appeared as late as in Decade
II (36–45): HFA = 4% of cases. An elevated incidence of
this loss occurred in Decades III and IV and remained on
an even level: 33–31%. The frequency of occurrence of
abnormal hearing loss in individual age intervals was
considerably higher in the group of farmers, compared to
the control group.
The calculations of correlation coefficients (Tab. 3)
showed that mean hearing loss values (PTA and HFA) are
highly correlated statistically (p < 0.001) with age
(farmers: r = 0.37–0.49; control group: r = 0.40–0.73); a
stronger correlation being observed for high frequencies
and the control group. The period of farmers’
occupational activity in conditions of exposure to noise
was also significantly correlated (p < 0.01 and p < 0.001)
with mean values of hearing loss which covered high
frequencies for both ears: HFA (r = 0.23–0.30) and with
hearing loss PTA for the right ear (r = 0.21; p < 0.05).

Considering the effect of age on the values of hearing
loss (so-called “old age loss”; presbyacusis) and various
individual sensitivity to noise, linear regression was
calculated for private farmers divided into 2 groups (Tab. 4).
The first group covered those aged 28–50 (period of
occupational activity 12–32 years; n = 87 people), and the
second group - people aged 51-65 (period of occupational
activity 11–40 years; n = 41). This division of farmers
according to age resulted from the obtained data
concerning abnormal hearing loss in the control group
(Fig. 1), therefore, associated solely with the ageing of the
hearing organ (old age loss). A significant deterioration in
hearing was noted as late as in Decade III: 46–55 (mean
age 50), and only within the range of high frequencies
(HFA). Therefore, the age interval 28–50 years was
selected as the first analytic group of farmers. The
distribution of data in these groups, subordinated to PTA
and HFA mean values, were equivalent to normal
distributions (p > 0.05).
In the first age interval (28–50) a highly significant
relationship was obtained (p < 0.001) between the mean
HFA and age (r = 0.35–0.37) and between HFA and
period of occupational activity (r = 0.29–0.38). Also, the
determination coefficients (R2) and regression coefficients
(B) were relatively high. This may be evidence of a
significant linear relationship between hearing loss and
age, as well as period of occupational activity. A weaker
relationship was noted between mean PTA values and age
(r = 0.23–0.28; p < 0.05 and p < 0.01). Between PTA and
period of occupational activity, however, a significant
relationship was observed only for the right ear (r = 0.23;
p < 0.05).
In the second age interval (51–65) a significant relationship
was observed only between mean HFA value and age; this

Table 4. Results of regression analysis for private farmers.
Age interval
28-50

Mean
PTA

r

R2

B (SE)

Sig.

Age

0.23

0.05

0.45 (0.21)

0.036

Period of employment

0.23

0.05

0.51 (0.23)

0.031

Age

0.28

0.08

0.58 (0.22)

0.009

Period of employment

0.18

0.03

0.42 (0.24)

0.088

Age

0.37

0.13

1.15 (0.32)

0.0005

Period of employment

0.38

0.14

1.32 (0.32)

0.0003

Left

Age

0.35

0.12

1.10 (0.32)

0.001

Period of employment

0.29

0.08

1.01 (0.36)

0.007

Right

Age

0.23

0.05

0.77 (0.52)

0.15

Period of employment

0.04

0.002

0.09 (0.34)

0.78

Age

0.25

0.06

1.06 (0.66)

0.12

Period of employment

0.01

0.0002

- 0.04 (0.44)

0.93

Age

0.32

0.10

1.65 (0.79)

0.042

Period of employment

0.05

0.002

0.16 (0.54)

0.76

Age

0.32

0.10

1.63 (0.78)

0.043

Period of employment

0.02

0.0006

- 0.08 (0.53)

0.88

Ear

Variable

Right
Left

HFA

51-65

Right

PTA

Left
HFA

Right
Left
2

r - correlation coefficient; R - determination coefficient; B - regression coefficient; Sig. – significant.

Hearing loss among private farmers in the light of current criteria for diminished sense of hearing

relationship, however, was weaker (r = 0.32; p < 0.05). No
significant correlation was noted between health loss and
period of occupational activity. The data obtained clearly
shows that up to the age of 50, apart from the
physiological process of ageing of hearing organ, the
hazardous effect of noise results in significant deterioration
of the state of hearing. The effect of this factor decreases
after the age of 50.
In order to establish the effect of period of occupational
activity on conditions of exposure to noise on health loss,
mean arithmetic values were calculated for 2 analysed
parameters: PTA and HFA, in 3 employment period
intervals: 11–20, 21–30, and 31–40 (Fig. 2). In the first
interval (11–20), mean arithmetic values reached the
lowest values (PTA - 15.9 dB; HFA - 26.0 dB). In the
second interval (21–30) the mean values increased;
especially for HFA (up to 38.2 dB), while in the third
interval (31–40) the calculated mean values remained on a
similar level. This confirms that the most intense decrease
in hearing takes place during the period of exposure to
noise, with a period of occupational activity of up to 30
years, after which the process slows down.
DISCUSSION
The results of the studies indicated that hearing loss
among farmers exposed to noise are considerably higher
than those observed in the control group (p < 0.001).
Similar data were obtained by Thelin et al. [20], Jankowski
and Piotrowski [7], Marvel et al. [10] and Plakke and
Dare [14]. A statistically significant difference in hearing
loss (mean PTA and HFA values) between the groups in
the study (farmers, control), as well as the lack of differences
in hearing loss noted between right and left ear, indicate
that the decrease in hearing among farmers is the result of
an excessive exposure to occupational noise. Marvel et al.
and Plakke and Dare arrived at the same conclusions.
Abnormal hearing loss concerning one or both ears and
exceeding 20 dB (an accepted criterion) were observed in
78% of private farmers within the range of high
frequencies (HFA), and in 45% of farmers within the
range of mean frequencies (PTA). In the case of the
control group abnormal hearing loss occurred only for
HFA - 17% of people in the study. Marvel et al. [10]
obtained 65% of hearing loss for HFA and 37% - for PTA
in a selected group of American dairy farmers. These
values are slightly lower than data obtained in our study,
which may be explained by the fact that the American
farmers were loaded with a lower noise level (most of
their time was spent in animal houses where the level of
noise is lower than while operating agricultural tractors
and machinery).
Considering the division of farmers into 4 age Decades,
impermissible hearing loss was 54% and 27% (Decade I),
69% and 36% (Decade II), 83% and 51% (Decade III)
and 100% and 73% (Decade IV), respectively. Plakke and
Dare [14] reported the frequency of occurrence of medium
hearing loss (frequency 1, 2 and 3 kHz) exceeding 19 dB
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in 3 age decades (I, II and III) as being 10%, 30% and
50%. These data are close to the values obtained in the
present study for PTA, except for Decade I (in our study 27%). This may be justified by the fact that our study group
was characterised by a longer period of occupational
activity (11–40) than the group of farmers examined by
Plakke and Dare.
In our study, the age of farmers was significantly
correlated with mean hearing loss (r = 0.37–0.49), this
correlation being very high (p < 0.001). A significant
correlation was also noted between the period of
occupational activity (p < 0.001–0.05) with hearing loss
(r = 0.21 030), except for the mean PTA value for the left
ear. Slightly higher values of correlation coefficients were
obtained by Marvel et al. (r = 0.42–0.59 for the relationship
age - hearing loss, and r = 0.33–0.42 for the relationship
period of occupational activity - hearing loss). This may
be explained by the fact that the group of farmers
examined by Marvel were specially selected from the
aspect of age and period of occupational activity. For the
control group in the present study the correlation between
age and hearing loss were similar to those obtained by
other researchers (e.g. Marvel: r = 0.53–0.71).
A series of correlation and regression analyses conducted
among private farmers divided into 2 age intervals: 28–50
and 51–65 showed that in the first group of younger
farmers a very highly significant correlation was observed
between mean HFA values and age (p < 0.001; r = 0.35–
0.37), and a slightly weaker correlation between HFA and
period of occupational activity (p < 0.01 and p < 0.05;
r = 0.29–0.38). In the second age interval (51–65, older
farmers) significant relationships concerned only the
correlation between HFA and age (p < 0.05; r = 0.32).
These results confirm that the hazardous effect of noise
on the organ of hearing takes place mainly up to the age
of 50, and that younger people are more susceptible to the
effect of noise (showing a greater sensitivity). Considerable
health loss among young people was also described by
Karlovich et al. [9], Broste et al. [2] and Marvel et al.
[10].
An analysis of the relationship between hearing loss
and period of employment indicated that the most
significant decrease in hearing is observed during a period
of no longer then 30 years of agricultural occupational
activity. This may also be associated with the previous
statement that considerable hearing loss occurs in the group
of young people, during the age interval not exceeding 50
years.
CONCLUSIONS
The results of own studies and data from literature
confirm the thesis that exposure to noise in an agricultural
environment is the primary cause of hearing loss among
private farmers.
A significant correlation was observed between hearing
loss (PTA, HFA) and age, as well as period of occupational
activity.
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The most significant decrease in hearing due to noise
occurred in the age interval up to the age of 50, and during
the period of up to 30 years of occupational activity.
Private farmers should be covered by free specialist
medical care (audiometric examinations) within organized
prophylactic examinations.
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