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Abstract

Wind farms produce electricity without causing air pollution and environmental degradation.
Unfortunately, wind turbines are a source of infrasound, which may cause a number of physiological
effects, such as an increase in cortisol and catecholamine secretion. The impact of infrasound noise,
emitted by wind turbines, on the health of geese and other farm animals has not previously been
evaluated. Therefore, the aim of this study was to determine the effect of noise, generated by wind
turbines, on the stress parameters (cortisol) and the weight gain of geese kept in surrounding areas.
The study consisted of 40 individuals of 5- week- old domestic geese Anser anser f domestica, divided
into 2 equal groups. The first experimental gaggle (I) remained within 50 m from turbine and the
second one (II) within 500 m. During the 12 weeks of the study, noise measurements were also taken.
Weight gain and the concentration of cortisol in blood were assessed and significant differences in
both cases were found. Geese from gaggle I gained less weight and had a higher concentration of
cortisol in blood, compared to individuals from gaggle II. Lower activity and some disturbing changes
in behavior of animals from group I were noted. Results of the study suggest a negative effect of the
immediate vicinity of a wind turbine on the stress parameters of geese and their productivity.
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Introduction

Sound waves are divided into infrasound, audible
sounds and ultrasounds (Pawlas 2009). Infrasound is
a sound or noise with a frequency spectrum ranging
from 1 to 20 Hz (Augustyńska 2009), and is perceived
not as a “normal” tone, but rather as a pounding and
the feeling of “tightness” in the ears (Pawlas 2009).

Continuous sounds (both audible and infrasound
noise) may be produced by wind turbines. The level of
noise emitted by wind turbines, ranges from 100-107 dB
and decreases as the distance from the turbine in-
creases (Pawlas 2009).

Currently, there is no European and international
legislation concerning the exposure limit values for
infrasound (Augustyńska 2009). The results of animal
studies suggest considerable nuisance and harmful-
ness of infrasound, and therefore indicate the need to
determine the safe level of noise.

The effect of infrasound on animals under labora-
tory conditions, has often been studied (Nekhoroshev
and Glinchikov 1992, Bohne and Harding 2000). Dur-
ing such studies the adverse effects of infrasound were
noted in animals such as mice, rats, guinea pigs, chin-
chillas, dogs, monkeys and other mammals. Changes
may be observed in the cardiovascular system (nar-
rowing of arteries and coronary vessels) (Alekseev
1985), in the brain (Nekhoroshev and Glinchikov
1992) and in the lungs (thickening of alveoli and fill-
ing of the pulmonary acinus with erythrocytes, the
partial destruction of the acinus and the disruption of
blood vessel walls) (Svidovyi and Glinchikov 1987).
Infrasound with a very high intensity may cause seri-
ous damage to ear structures (Johnson 1980). Con-
tinuous exposure may cause significant changes in
comparison to intermittent exposure. In chinchillas
constantly exposed to infrasound at a frequency of
0.5 Hz and a level of 95 dB, damage to hearing may
occur after 2 days up to 432 days of exposure (Bohne
and Harding 2000). In humans exposed to infrasound
some psychological and physiological changes such as
fatigue and wakefulness disorders, related to changes
in the central nervous system, have been reported
(Landström et al. 1983).

Under natural conditions, infrasound generated
by wind turbines reduces species diversity during nest-
ing (Francis et al. 2009) and may have negative effects
on the behavior, communication skills, health and sur-
vival ability of birds (Barber et al. 2010), and also on
squirrels’ ability to recognize predators (Rabin et al.
2006). In the case of animals living fenced in, held
without the possibility of free movement, noise can
lead to an increasing level of stress (Flydal et al.
2004). In domestic animals, such as sheep and horses,
the noise from wind turbines at a level of 60-75 dB

may cause acceleration of breath, rapid heart rate,
increased alertness and reduced grazing time (Ames
and Arehart 1972). Increased cortisol secretion in
sheep was observed as a response to stress caused by
exposure to the noise emitted during the shearing
procedure (Hargreaves and Hutson 1990). However,
more research showing the impact of noise emitted by
wind turbines on farm animals is needed.

Glucocorticoids (GCs): cortisol and corticos-
terone, are the front-line hormones in overcoming
stressful situations (Palme et al. 2005). Although cor-
ticosterone is considered to be the dominant avian
glucocorticoid and is well known as a stress hormone
in birds (Koren et al. 2012), there are some papers
demonstrating that birds also produce cortisol (Walsh
et al. 1985, Schmidt and Soma 2008, Sohail et al. 2010,
Swathi et al. 2012, Jadhaw et al. 2013). We, therefore,
examined the changes of cortisol concentration in
blood of geese as a response to the possible stress
caused by infrasound generated by a wind turbine.

Materials and methods

The study included 40 individuals of 5-week-old
domestic geese Anser anser f. domestica, divided into
two groups of 20 individuals each. The first gaggle
(group I) remained within 50 m from the turbine
(with a capacity of 2 MW) in Rapałki near Rypin
(Kuyavian-Pomeranian Voivodeship, Poland), the
second one (group II) within 500 m. Animals from
both groups had continuous access to feed and water
and were fed identically, with a commercial mixture of
complete feed. The composition of the mixture is
presented in Table 1. The birds were kept on
a covered surface with paddock (1 m2 per individual).
The study lasted for 12 weeks, and during that time, in
order to analyze the concentration of cortisol, blood
was collected between 9:00 to 10:00 a.m. from 20 ran-
domly selected animals (10 individuals from

Table 1. Composition of commercial mixture of complete
feed.

Component %

Crude protein 19.00

Crude fiber 4.50

Oils and fats 3.80

Crude ash 5.30

Calcium 0.80

Organic phosphorus 0.56

Sodium 0.17

Lysine 0.93

Methionine 0.38
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Fig. 1. Scheme of vibration, noise and infrasound measurements around the wind plant: 1, 2, 3, 4 – measuring directions; a – the
diameter of the first circle resulting from PN-EN 61400-11; b – distance between following circles (100 m).

each group, 5 males and 5 females). The procedure
was performed three times, in the 5th, 10th and 17th
week of rearing. Venous blood was collected in order
to obtain serum which, until assessment, was stored
deep-frozen (-80oC) in small aliquots. The cortisol
concentration in the serum of birds from both
gaggles was measured by using the ELISA method
with the use of the R & D System diagnostic kit.
Reproducibility of the method for intra-assay preci-
sion was CV < 9.3%, and for inter-assay precision
CV < 12%.

The geese were weighed during the 5th, 10th and
17th weeks. The results were statistically analyzed
using Statistica 8.0 PL.

In the course of the experiment the measure-
ments of noise were taken as follows: 10 times at
4 designated measuring points situated 140 m away
from the turbine and 5 times within 50 m from the
turbine, at the place where the geese were kept. In
addition, measurements (in four directions) at a dis-
tance of 200 m from the plant and at every subse-
quent 100 m, up to 1500 m, were made. Both audible
sound and infrasound were measured using a class
I sound and vibration analyzer (Svantek SVAN 912
AE). Measurements of noise generated by the wind
turbine were assessed according to marker points
designated in accordance with PN- EN 61400-11
(Fig. 1). A microphone located on a special plate was
used to measure noise. The results were adjusted
based on the reference wind speed and roughness of
the terrain.

Results

Noise measurements

Noise emission in the audible range

During the experiment, ten measurements of
noise generated by the Vestas wind turbine (2 MW)
were performed. Declarations of the wind turbine
manufacturer, concerning acceptable noise emission,
are presented in Table 2. The measurements were

Table 2. Declarations of the manufacturer concerning levels
of maximum noise emission.

Wind speed [m/s] Noise level [dB(A)]

4 94.4

5 99.4

6 102.5

7 103.6

>8 104.0

performed at 4 measuring points, in accordance with
PN- EN 61400-11 and at the location of geese
gaggles (within a distance of 50 m from the turbine),
at a distance of 200 m from the plant and at every
subsequent 100 m, up to 1500 m. During measure-
ments the wind speed and its direction were ob-
served. The speed was 5.9 m/s and the wind was
blowing in the direction of 12 degrees N-E.
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Table 3. Results for measuring site 1 [dB(A)].

Measure- Average
ment value

1 2 3 4 5 6 7 8 9 10

Value 87.0 87.0 83.0 79.1 81.0 79.8 79.6 79.5 79.3 82.0 81.73

Table 4. Results for measuring site 2 [dB(A)].

Measure- Average
ment value

1 2 3 4 5 6 7 8 9 10

Value 105.0 105.0 104.0 103.5 103.0 101.5 101.0 98.0 97.5 97.0 101.55

Table 5. Results for measuring site 3[dB(A)].

Measure- Average
ment value

1 2 3 4 5 6 7 8 9 10

Value 99.0 99.0 98.5 98.0 92.0 87.0 90.0 89.0 91.0 85.0 92.85

Table 6. Results for measuring site 4 [dB(A)].

Measure- Average
ment value

1 2 3 4 5 6 7 8 9 10

Value 102.0 102.0 104.0 103.5 104.0 101.5 101.0 100.0 99.5 97.0 101.45

Measurements of noise emitted by the wind tur-
bine, which is audible for humans (A scale), gave the
value of the sound intensity at the distance of 140 m
from the turbine. At site 1 the average value was
81.73 dB, at site 2 – 101.55 dB, site 3 – 92.85 dB and
site 4 – 101.45 dB. Detailed results of measurements
for each point are summarized in Tables 3-6.

At the site where the geese of group I were kept
(50 m from the turbine), the average sound intensity,
obtained from 5 measurements, was 56.3 dB, while at
the place where the second gaggle was kept the mean
volume was 58.33 dB.

Noise emission in the infrasound range

Noise measurements in the infrasound range
(Lin scale) generated by the wind turbine in Rypałki
allowed determination of the intensity of sound at
the point 50 meters from the turbine (the location of
geese), where the average value was 94.5 dB, while
the average value in site 1 was 99 dB, site 2- 105 dB,
site 3- 96.23 dB and site 4- 98.63 dB. When the dis-
tance from the turbine was greater, the intensity of
recorded infrasound was significantly lower. At a dis-
tance of 300 m the intensity was less than 100 dB,

at 500 m – 80 dB, while at 1000 m it was approxi-
mately 40 dB.

Cortisol

Steroid hormones function as mediators of essen-
tial metabolic and energy-allocation processes. GCs,
cortisol and corticosterone, mobilize energy storage
in response to a crisis (Koren et al. 2012). Although
corticosterone is considered to be the dominant avi-
an glucocorticoid and is well known as a stress hor-
mone in birds (Koren et al. 2012), there are some
papers demonstrating that birds may also produce
cortisol (Walsh et al. 1985, Schmidt and Soma 2008,
Sohail et al. 2010, Swathi et al. 2012, Jadhaw et al.
2013). Cortisol is secreted by the adrenal cortex in
response to the adrenocorticotrophic hormone pro-
duced by the pituary gland (Kerr 2002) and has
a multidirectional mode of action. The best known is
its effect on the metabolism and the immune system
(Lisurek and Bernhardt 2004) and is associated with
the stress response. During stress it acts as a neur-
oendocrine mediator in organs and tissues such as
the brain, cardiovascular system, immune system,
adipose tissue and muscle (De Kloet et al. 1998).
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Table 7. Concentration of cortisol in blood of geese from both groups [ng /mL].

Age 5th week 10th week 17th week

Group I II I II I II

x – 12.40 x – 6.14 x – 31.3 x – 9.64 x – 34.08 x – 11.23

x – 11.24 x – 6.72 x – 34.12 x – 8.58 x – 34.35 x – 13.99

x for whole group 11.92* 6.43* 32.71* 9.11* 34.12* 12.61*

SD for whole group 1.63 2.13 6.3 1.65 8.9 9.10

* highly statistically significant differences between average values (p < 0.001)

Table 8. Body weight of geese from both groups [kg].

Age 5th week 10th week 17th week

Group I II I II I II

x – 3.10 x – 2.99 x – 4.55 x – 4.80 x – 7.8 x – 8.98

x – 2.67 x – 2.82 x – 4.31 x – 4.52 x – 7.1 x – 7.65

x for whole group 2.89 2.91 4.43 4.66 7.45* 8.31*

SD for whole group 260.18 104.74 173.61 153.83 0.59 0.84

* statistically significant differences between average values (p < 0.05)

During the 5th, 10th and 17th week of rearing, in
order to determine the concentration of cortisol in
the serum of birds, blood samples were collected
from 10 geese selected randomly from each
experimental group. The results are summarized in
Table 7.

The first measurement of cortisol concentration
in blood was performed 48 hours after transport
and placement of the birds at the sites located at
a distance of 50 and 500 meters from the wind
turbine. In the 5th week, the average concentration
of cortisol in the geese blood from group I was
11.92 ng/mL, while in group II – 6.43 ng/mL. In the
10th week the average cortisol concentrations for
group I and II were 32.71 ng/mL and 9.11 ng/mL,
respectively. In the 17th week, the cortisol concen-
tration in group I was 34.12 ng/mL, and in group II
– 12.61 ng/mL.

The differences in the cortisol concentration in
the blood of animals from both gaggles, in the 5th,
10th and 17th week of rearing, were found to be
highly significant (p < 0.001).

Body weight

In the 5th, 10th and 17th week of rearing geese
were weighed, each time 10 geese from both groups
were chosen. The result of body weight measure-

ments, obtained in the subsequent weeks, are pres-
ented in Table 8.

In the 5th week, the body weight of birds from
both gaggles were similar. In the 10th week, the aver-
age body weight of animals in group I was approxi-
mately 230 g lower than the average weight of birds
from the second gaggle. In the 17th week, the differ-
ence in average body weight between the two groups
was greater (860 g) and was statistically significant
(p < 0.05). Geese from gaggle I tended to eat less
feed. The daily feed intakes are presented in Table 9.

Table 9. Daily feed intake by geese of both groups [g].

Week of rearing Group I Group II

5 305 340

10 730 780

17 800 1030

The results obtained in the 10th week of rearing
showed sexual dimorphism. The body weights of
males from both groups were higher by 280 g in group
I and 240 g in group II, than the weight of females.
Sexual dimorphism in 17-week-old birds was even
more noticeable. The body weights of males were
higher (by 700 g in group I and 1330 g in group II)
than the body weight of females.
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Discussion

Noise measurements

The lowest level of noise in the audible range was
recorded at measuring site 1 and the highest at site 2.
Mean values of sound intensity at sites 2 and 4 are in
accordance with the noise intensity value specified by
van den Berg (2004) for Dutch turbines, and was
103 dB(A). According to Pawlas (2009), the level of
noise around the turbine is within the range of 100 to
107 dB(A). This information is in accordance with
results obtained from sites 2 and 4. The noise levels
measured at sites 1 and 3, were lower than the noise
levels at 2 and 4; since these sites were located oppo-
site each other, different levels of noise may be asso-
ciated with wind direction. Sites 1 and 3 were located
on the leeward side, which explains the lower average
noise value, while sites 2 and 4 were located on the
windward side, and therefore the mean values of
sound intensity were higher.

Results of measurements of the noise level,
with an average wind speed of 5.9 m/s, ranged up to
103.6 dB(A), and therefore were within the accept-
able range specified by the manufacturer. However, in
the case of measurements of infrasound, results were
higher than those reported by Golec et al. (2006).

Cortisol

48 hours after transportation and placement of
the birds at the sites, located at a distance of 50 and
500 meters from the wind turbine, the cortisol concen-
tration in the blood of geese from group I was signifi-
cantly higher than the concentration of cortisol in ani-
mals from group II. In addition, the geese of gaggle
I exhibited reduced adaptability and their behavior
(reduced physical activity and feed intake) indicated
exposure to stress.

In the 10th week the average concentration of cor-
tisol in the blood of birds from group I was significant-
ly higher than the concentration of cortisol in geese
from group II. Also in the 17th week of rearing the
concentration of cortisol in the blood of birds kept in
the immediate vicinity of the wind turbine was notice-
ably higher than in the geese that lived at a distance of
500 m from the turbine. The differences in cortisol
concentration recorded during all three measure-
ments, between the two groups of birds, were found to
be highly statistically significant (p < 0.001).

After 48 hours, geese from group I had twice the
cortisol concentration in blood compared to group II.
In the 10 week of the experiment, the concentration
of cortisol in the blood from group I was 3.5 times

higher than the concentration of cortisol in the blood
from group II. In the 17th week, the cortisol concen-
tration in the blood of birds from group I, compared
to geese from the group II, was 2.7 times higher, so it
is possible to assume that even though there are some
significant differences in the cortisol concentration in
the blood of animals from both groups, there is a ten-
dency which suggests that geese may become accus-
tomed to a stressor.

In the 5th week, males from gaggle I had a higher
cortisol concentration in blood than female geese; in
gaggle II the result was opposite. In the 10th week,
a higher concentration of cortisol in the blood of fe-
males from group I was noted, but in group II the
result was opposite. At the end of the study in both
gaggles females had a higher concentration of cortisol
in blood than males, however, the difference was not
sufficiently significant to claim that gender influences
sensitivity to infrasound.

Moreover, the concentration of cortisol in the
blood of geese increased with the time of exposure to
the immediate vicinity of the wind plant.

All three successive measurements of cortisol con-
centration showed a higher concentration of “stress
hormones” in birds kept at a distance of 50 m from
the turbine. The lower cortisol concentration in ani-
mals kept at a distance of 500 m may indicate that this
distance is safer for animals but still not safe enough,
as mentioned below.

In birds, due to their endocrine dissimilarity, the
corticosterone concentration during the stress re-
sponse is commonly tested, and there are few publica-
tions on the change in the cortisol concentration in
the blood of birds that are influenced by a stressor.
Sohail et al. (2010) examined the impact of cyclic heat
stress on serum cortisol concentration in broilers. To-
karzewski et al. (2006) studied the impact of the stress
caused by transportation on the changes in the corti-
sol concentration in broiler blood. In the studies men-
tioned above, the results for control groups were as
follows: 1.04 ng/mL (mean) (Sohail et al. 2010) and
1.55 ng/mL (mean) (Tokarzewski et al. 2006), whereas
in the experimental groups the results were: 1.91
ng/mL (mean) and 9.26 ng/mL (mean), respectively.
In the present study, all results of the cortisol concen-
tration were higher than the control values outlined
above. The concentration of cortisol, determined in
both gaggles, in every week of rearing (except for the
concentration of cortisol in geese from group II in the
5th week), was also higher than concentrations of
“stress hormones” obtained in the experimental
groups by Tokarzewski et al. (2006) and Sohail et al.
(2010). This information suggests that infrasound
noise may be a very serious source of stress. In addi-
tion, it was noted that the cortisol concentration in the
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animals from group II was higher than the control
concentration, which may therefore suggest that the
distance of 500 m from the turbine is still not a safe
distance.

The reaction of the birds confirmed that geese
have a sensitive sense of hearing and are responding
to both audible sounds and infrasound.

Furthermore, a change in the animals’ behavior
was observed. Birds of group I, for the most part,
remained in a compact group and showed less physi-
cal activity, while individuals from gaggle II moved
freely. This change is likely to result from the expo-
sure of the animals to chronic stress and may be asso-
ciated with a higher concentration of cortisol, as was
shown for birds from group I.

The literature review indicates that any stress, par-
ticularly mental, is accompanied by an excessive secre-
tion of the adrenocorticotropic hormone (De Jong et
al. 2001). The effect of the stress source on cortisol
secretion has been confirmed in other species, includ-
ing sheep (Hargreaves and Hutson 1990). The in-
creased secretion of cortisol may be harmful to the
health of geese, as steroid hormones suppress the im-
mune system, resulting in increased susceptibility to
infections with bacteria of endogenous origin (De
Jong et al. 2001).

Body weight

In the 5th week, the body weights of birds from
both groups were similar. In the 10th week, the aver-
age body weight of animals in group I was lower than
the mean weight of individuals from gaggle II. Seven
weeks later, the difference was even greater and was
statistically significant (p < 0.05). The mean body
weight of both groups of animals, in 10 weeks of rear-
ing, was lower than in the studies of Biesiada-
-Drzazga et al. (2006). Depending on the experimen-
tal group, the authors reported that the male’s body
weight was from 5.29 to 5.61 kg and for females from
4.88 to 5.11 kg.

In the 17th week the body weight of geese from
group I was much lower, but achieved weights in both
groups were satisfactory and higher than those found
in the literature. During 17 weeks of rearing, Kłos et al.
(2010) obtained a weight of 5.74-6.00 kg for males and
from 5.18 kg to 5.38 kg for females. Similarly, Łukas-
zewicz et al. (2008) reported lower body weights –
7.09 kg for males to 6.30 kg for females. Moreover, in
our experiment, sexual dimorphism was observed. The
greatest differences in body weight between the sexes
were found in the 17th week of rearing.

At the end of the study, the differences in the
body weights between birds from both groups were

found to be statistically significant (p < 0.05). Animals
kept near the wind turbine had about 10 percent
lower body weight than those kept at a distance of 500
m from the turbine. The lower body weight of group
I was caused by reduced feed intake. Animals ate less
willingly, which could have resulted from the stress
caused by infrasound noise emitted by the wind tur-
bine.

To sum up, the results of measuring noise gener-
ated by the wind turbine are in accordance with the
results obtained by other research (van der Berg
2004). When the distance from the turbine increased,
the intensity of infrasound decreased greatly, and at
a distance of 1000 m the intensity was 40 dB. Geese
from the gaggle which was kept at a distance of 50 m
from the turbine, grew slower, gained less body weight
(by 10 %) and had a higher concentration of cortisol
in blood, compared to birds reared 500 meters away
from the wind plant. It was also noted that even the
distance of 500 meters cannot be considered a safe
one; this was confirmed by the results of infrasound
measurement and cortisol concentration in blood,
which exceeded the control values.

In addition, cortisol concentration increased with
the residence time in the vicinity of the wind turbine.
Differences in both weight and cortisol concentration
were proven to be statistically significant. The cortisol
concentration in both groups, which was higher than
the concentration in the control groups, could have
resulted from stress caused by the noise generated by
the wind plant. Stress may have caused the disturbing
changes in behavior.

The results indicate the negative impact of the im-
mediate vicinity of wind turbines on feed consump-
tion, weight gain and cortisol concentration in blood.
Nevertheless, further studies, with a larger number of
animals and with a variety of distances, are needed, so
that the safe distance appropriate for keeping animals
can be determined.
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