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ABSTRACT This study examines the physical workload, isometric strength and body composition values of
workers working in the forestry industry. Researches in 10 different test areas in total were carried out, including
31 workers of forest harvesting and 30 workers of forest nursery-afforestation in The Regional Directorate of
Forestry, Artvin (RDF). As the result of the workload measurement conducted on the workers, the physiological
workload (%HRR) of harvesting and nursery-afforestation workers was found as 40.9 percent and 32.4 percent on
average, respectively. This finding leads to the conclusion that nursing-afforestation workers can be classified as
“light-work™ workers, whereas harvesting workers must be classified as “medium-weight work” workers. Heartbeat
rates for both worker groups during resting (HRrest) were almost identical; however, the heartbeat rates while at
work (HRmax) were found to be higher in harvesting workers than in nursing-afforestation workers, which suggests
that harvesting workers are more challenged at some periods of their work activity.

INTRODUCTION

Forestry activities form an organization in-
volving various practices which are mostly per-
formed in outdoor working conditions, includ-
ing hard work (Apud and Valdez 1995; Apud et
al. 2014). This organization includes afforesta-
tion, maintenance, protection, harvesting/pro-
duction, construction, tree nursery, and erosion
control (Eroglu et al. 2008; Eroglu et al. 2015).
When forestry work is evaluated in general, it
differs from other fields of operation due to such
factors such as the working conditions, and the
place and time of the operation (Erdas and Acar
1995; Zhao and Jackson 2014).

As is the case in several fields of operation,
itis also required in the forestry operations that
there be some harmony between the worker and
the job done in order for the human body to work
more efficiently. It is necessary that a worker has
a proper physical body to show his physiologi-
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cal capacity at work. A worker cannot expect to
reach the highest performance in his work un-
less the features of his physical body are able to
meet the workload he is exposed to. The rela-
tionship between the human body at work and
the job being done is of great importance.

Physiological workload is a parameter which
shows the pressure a worker is exposed to at
work is based on his heart rate during his work
activities. Heart rate is related to oxygen con-
sumption and can be used to determine the phys-
ical workload under certain conditions.

The devices used to measure the heartbeat
values consist of the analogue components need-
ed to record the electrocardiography signals and
contain different digital components to record
the number of heartbeats. Thanks to this meth-
od, the load intensity the worker is exposed to
during his activities at work can be calculated
through formulas (Vitalis 1987; Kirk and Sulmann
2001; Shemwetta et al. 2002; Samsuddin et al.
2015). The physiological workloads of the work-
ers are affected by such physical attributes such
as body composition, body mass index (BMI)
and strength (Diament et al. 1968; Wortman et al.
2015). The body composition is generally made
up of a proportional collection of fat, bones,
muscle cells, other organic substances and ex-
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PHYSICAL WORKLOAD OF FOREST WORKERS

tracellular fluids (Going et al. 1995: Bangsbo et
al. 2015). Today the most valid measurement is
the body mass index (BMI). The BMl is calculat-
ed by dividing the body weight (kg) by the square
of the height (m). The ideal weight for a person
can be determined by calculating his/her BMI
(Sonmez 2003). Another factor associated with
physical structure which affects the performance
of a person is the concept of “strength”. Strength
is the ability of the muscles to contract against
any resistance they meet or to endure against it
for a given period. As another definition, strength
is described as the ability to apply a force with
short-term maximal efforts and to repeat the sub-
maximal efforts.

In this study, the load intensity at work which
the workers, all of whom were male and in charge
of harvesting and nursery-afforestation, were ex-
posed to as well as their body compositions and
some of their isometric strengths were deter-
mined.
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MATERIAL AND METHODS
Study Area

Within the scope of this research, studies
were conducted in 10 places in total, all of which
were located within the boundaries of the RDF
(Regional Directorate of Forestry), Artvin (Fig.
1).

Studies were performed at one location in the
Ardanuc Forest Nursery, the Seyitler Nursery,
Acisu, Natangev, Erenler and Sitimsara, respec-
tively and at 2 location in Varlik and Bogaboynu,
respectively (Table 1). The study was conduct-
ed on 61 forestry workers, all of whom were males
aged between 18 and 61. Of these workers, 31 of
them were employed in the harvesting area, while
30 were employed in the nursery-afforestation.

The workers in charge of the areas where
harvesting was done performed such tasks such
as tree-cutting, branch-collecting, peeling, log-
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Fig.1. The location of the study points
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Table 1: Information about study locations

HABIP EROGLU, RAHMI YILMAZ AND YILDIRIM KAYACAN

Study location Work Number Division Aspect Elevation Slope Tree type
of workers No. (m) (%)
Acisu Harvesting 5 30 NE 1100 80 Spruce
Natangev 8 114 SE 1600 50 Spruce
Varlik 2 137 SE 1900 70 Spruce
Erenler (1) 3 150 SE 1900 70 Spruce, Abies
Erenler (2) 3 3 SE 1900 70 Spruce
Sitimsara 7 241 S 1800 60 Spruce
Bogaboynu (1) 3 72 NE 1950 70 Scotch pine
Total 31
Bogaboynu (2) Nursery- 8 71 S 1900 70
Afforestation
Seyitler nursery 7 S 536 1-2
Ardanuc nursery 15 W 760 1-2
Total 30

ging, cabling to the nearest roadside and wood
extraction with cabled overhead lines. The work-
ers in charge of the nursery-afforestation, on the
other hand, performed activities such as prepar-
ing seedbeds, filling tubes and placing them in
harvesting parcels, disinfecting them from pests,
shelling, harvesting, sapling-packaging, and
sowing. The afforestation workers performed
their tasks as part of afforestation activities con-
nected to slope stabilization.

Determining the Strength Values

A back and knee dynamometer was used for
measuring the maximal strength of the workers.
When knee strength was being measured, the
workers were made to place their feet on the dy-
namometer scaffold with their knees in a bent
position and to keep their arms stretched, their
back upright, and their chests slightly bent for-
ward. When measuring back strength, the work-
ers were made to sit on the dynamometer scaf-
fold and to keep their legs straight and their back
slightly bent, so that they were prevented from
moving their legs. The workers were then asked
to pull the dynamometer chain with the help of a
handle using their maximum strength. These
measurements were repeated twice on the work-
ers, and the highest values were taken into
consideration.

Determining Body Compositions

The skinfold thickness method was used for
measuring body composition. A Holtain-brand
skinfold caliper was used for measuring the skin
fold thickness. Measurements related to deter-

mining the body composition were made in 7 ar-
eas, namely the abdominal area, the thigh, the
biceps, the triceps, the suprailiac and subscapu-
lar areas, and the calf (Zorba and Ziyagil 1995).

The measurements were repeated three times,
and their average was recorded in “mm?”. Later
on, the formulas 1, 2, 3 and 4 were used for deter-
mining the body fat ratios of the forest workers
(Jackson and Pullock 1978; Siri 1956).

DB_= 1.112-0.00043499(X7SKF)+0.00000055 (1)
BM=79KF)? -0.0002826 (age)
Fat (%)=[(4.95/ dB)—4.50]x100 2
0,
v = BM xFat% 3)
100
NFM= (4)

dB, Body density

SKF, Biceps, Triceps, Subscapular and Su-
prailiac areas, the Abdominal area, the thigh, Calf
skin thickness in “mm” .

Fat (%), Body fat percentage
FM (kg), Body Fat mass

BM (kg), Body mass
NFM(kg), Non-fat mass

Determining the Physiological Workload

The GPSport system was used in order to
measure the physiological workloads of the work-
ers in the forest. Afterwards, the GPSport sys-
tem data were recorded throughout the study,
and the obtained data were transferred to the
computer environment with the help of Team
AMS R1 2011 software. Formula 5 was used to
determine the physiological workload (Smith et
al. 1985; Trites et al. 1993; Apud and Valdes 1995;
Kirk and Parker 1996; Sullman and Byers 2000;
Kirk and Sullman 2001; Astrand et al. 2003).
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Formula 6 below was used for the purpose of
determining half of the heartbeat reserves of the
workers (Lammert 1972). The heart rates of the
workers at rest and their heart rates during work-
ing hours were obtained using Formula 7 (Dia-
ment et al. 1968).

%HRR = x 100 (5)
50% 1=+ HRy ~ HR (6)
Ratio = % 2 @)

%HRR, The number of physical workload

HR .. (beat/min), The number of heartbeats
during working hours

HR _ (beat/min), The number of heartbeats
during resting

HR, . (beat/min), The number of maximal
heartbeat (= 220 — age)

50% Level, Half of the heartbeat reserves

RESULTSAND DISCUSSION

The values obtained from the measurements
performed on the harvesting and sapling-affor-
estation workers in the study are given in Tables
2and 3.

As can be seen in Tables 2 and 3, the average
ages of the harvesting and nursery-afforestation
workers were 43.1 and 44.9, respectively. Their
average body weights were determined to be 79.2
kg and 80.4 kg, respectively, whereas their aver-
age height was found to be 1.70 m. in both groups.
The average body mass index values of the har-
vesting and nursery-afforestation workers were
found to be 26.6 kg/m?and 27.1 kg/m?, respec-
tively. From these results, it is seen that both
groups of workers were in the “obese” class. A
detailed examination shows that 43 percent of
the harvesting workers fall into the “normal”
class, whereas 57 percent were in the “obese”
class, and that 33 percent of the nursery-affores-
tation workers were in the “normal” class, while
67 percent were in the “obese” class. In this clas-
sification, the criteria used for the BMI were as
follows: 20=slim, 20-25=normal, 25-30=0bese
(Kirk and Sullman 2001: Ramesh 2015).

While the difference between the harvesting
workers and the nursery afforestation workers
was more prominent due to the fact that the work-
load of the harvesting workers was far more chal-
lenging during the working hours, the fact that
the values were proximate to each other may re-
sult from the differences in nutritional means.
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Similar to the obtained valuess, the studies
conducted showed that in chainsaw operators
the BMI value was found to be 25.1 kg/m? (obese)
(Caliskan and Caglar, 2010), whereas this value
in overhead line workers was 24.9 kg/m? (normal)
(Kirk and Sullman 2001) in forest workers 22.6
kg/m?(normal) (Dube et al. 2015) and 24.4 kg/m?
(normal) in the loader tractor drivers (Melemez
and Tunay 2010).

Whereas the body density values in both
groups of workers were almost identical, it was
determined to be 1.059 in the harvesting workers
and 1.055 in the nursery-afforestation workers.
The body fat percentage of the harvesting work-
ers was 16.77 percent, whereas it was measured
as 19.10 percent in the nursery-afforestation
workers.

On considering the body fat percentage val-
ues and average ages (43.1 in the harvesting
workers and 44.9 in the nursery-afforestation
workers) of the harvesting and nursery-affores-
tation workers by using Table 4, the workers are
seen to be in the “medium” group (Robers and
Roberts 1997: Arora et al. 2015).

Table 4: Classification of body compositions

HRageording to body fat percentages
R

HR,. —HR,,
Group-age 20-29 30-39 40-49 50-59 60<
Perfect <11 <12 <13 <14 <15
Good 11-13 12-14 14-16 15-17 16-18
Medium 14-20 15-21 17-23 18-24 19-25
Overweight 21-23 22-24 24-26 25-27 26-28
Fat 23< 24< 26< 27< 28<

A detailed look at the body compositions of
the workers reveals that 30 percent of the har-
vesting workers were “perfect”, while 3 percent
of them were “good”, 57 percent were “medium”
and 10 percent were “overweight”; and that no
“obese” worker was found in this group of work-
ers. On the other hand, it was determined that 24
percent of nursery-afforestation workers were
“perfect”, 20 percent were “good”, and again 20
percent of them were in the “medium” class,
while 6 percent were “overweight”, and 30 per-
cent were “obese”. From these values, it follows
that the majority of the nursery-afforestation
workers fall into the class of the “obese” class;
however, when the general averages are exam-
ined, both groups of workers seem to fall into
the “medium” class. There is no way of directly
measuring the body composition of a living per-
son (Swenor et al. 2015).
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However, this value can be determined
through a number of calculations. In this paper,
starting from the body fat percentages of the
forestry workers, the fat-mass and non-fat mass
values were obtained. It is important to estimate
the fat mass value, since this value represents
the energy reserve of the body; on the other
hand, the non-fat mass value is an important in-
dicator of the muscle and skeleton structure of
the body, and for this reason it is related to the
body’s state of fitness (Apud and Valdes 1995;
Schoenfeld et al. 2015).

While the body weight average of the har-
vesting workers was 79.2 kg, this value in the
nursery-afforestation workers was 80.4 kg. As a
result of the calculations made, the fat-mass ra-
tios of the harvesting and nursery-afforestation
workers were calculated as 13.51 kg and 16.15
kg, respectively. The non-fat mass values in the
harvesting and nursery-afforestation workers
were determined to be 65.69 kg and 64.25 kg, re-
spectively. From these results, it can be conclud-
ed that the nursery-afforestation workers are
heavier than the harvesting workers. The aver-
age fat-mass of the nursery-afforestation work-
ers is higher than that of the harvesting workers;
however, there is no significant difference in
terms of their non-fat mass. In other words, it
can be said that the energy reserves of the nurs-
ery-afforestation workers are at higher levels,
whereas the muscular and skeletal development
of the harvesting workers is in better condition.
In astudy conducted in Chile, the average weight
value of forestry workers was calculated as 63.4
kg, while their body fat-mass was 16.8 kg and
their non-fat mass was 52.7 kg (Apud and Valdes
1995). In the other study conducted in Turkey,
the average weigth values of forestry workers
were determined as 73.1 kg (Enez et al. 2014).

From the obtained values, it follows that 20
percent of the weight values of the nursery-af-
forestation workers were made up of fat masses,
whereas this ratio for the harvesting workers was
16 percent. This ratio in the forestry workers in
Chile, on the other hand, was found to be 26
percent, which shows that the energy reserves
of the forestry workers in Chile are higher than
those of the forestry workers in this study (Apud
and Valdes 1995). On the other hand, on consid-
ering their non-fat masses, 76 percent of the
weight values of the nursery-afforestation work-
ers in this study were calculated as non-fat mass,
whereas this ratio was 79 percent in the harvest-
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ing workers. This ratio in the forestry workers in
Chile, however, was calculated to be 83 percent
(Apud and Valdes 1995). Both of the values are
seen to be lower in comparison to those of the
Chilean forestry workers. The reason for such
an outcome may be considered to be the fact
that the Chilean forestry workers are better trained
in terms of nutritional means.

The knee strength values of the harvesting
and nursery-afforestation workers were found
to be 82.8 kg and 70 kg, respectively. The back
strength values of the harvesting and nursery-
afforestation workers were determined to be 70.5
kg and 64.8 kg, respectively. As will be under-
stood, the measured values in the harvesting
workers proved to be higher, which can be eval-
uated as an indicator of the fact that the harvest-
ing workers have a greater endurance for such
conditions. If we considering the forestry tasks
to be the same as the exercises that athletes do,
it is normal that the harvesting workers become
more resilient towards these tasks as they are
challenged more due to the activities they
perform.

Apart from the forestry sector, in some stud-
ies aiming at finding out the isometric strength
values, the knee strength value of mountaineers
was found to be 88.4 kg (Ozkan and Sarol 2008),
whereas in another study, the back strength val-
ues of soccer players, basketball and volleyball
players were determined to be 70.08 kg, 65 kg
and 62.36 kg, respectively (Aydos et al. 2004). It
follows from these values that forestry workers
and the individuals taking part in certain sports
have very similar strength values to each other.

Some heartbeat values were used in deter-
mining the workload level of the workers. These
values are Physiological Workload (Vitalis 1987;
Minard 1971; Saha 1978; Singh 2015), the ratio of
the heartbeat value during working hours to the
heartbeat ratio during resting (Diament et al. 1968;
Fordham et al. 1978; Goldsmith et al. 1978: B6hm
et al. 2015) and the 50 percent level (Lammert
1972) values. In addition, starting from the aver-
age heartbeat value during working hours, the
intensity value of the work was identified (Grand-
jean 1980).

When the physiological workloads were com-
pared, it was determined that the physiological
workload (%HRR) values of the harvesting work-
ers were 40.9 percent on average, while the phys-
iological workload (%HRR) values of the nurs-
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ery-afforestation workers were 32.4 percent on
average (Fig. 2).

Table 5 shows what class the work performed
according to heartbeat measurements and phys-
iological workload level (Vitalis 1987; Kirk and
Sullman 2001; Shemwetta et al. 2002; Grandjean
1980; Parker et al. 1999) is in. From this point,
considering the workload levels of the harvest-
ing workers during working hours, it follows that
while 33 percent of the workers fall into the
“light” work group and 67 percent into the “me-
dium” work group, they are generally considered
within the “medium” work group; and while 51per-
cent of them fall into the “light” work group and
49 percent into the “medium” work group, they
are generally considered to be within the “light”
work group.

Table 5: Workload levels
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As the result of the measurements performed
during the chainsaw and branch pruning stud-
ies carried out in New Zealand, the physiologi-
cal workload values of the workers were deter-
mined to have varied between 30 percent and 37
percent (Parker et al. 1999). It was also deter-
mined that this value had varied between 31per-
cent and 60percent during chainsaw cutting, log-
ging and ground-skidding activities (Kirk and
Parker 1996). Kirk and Sullman (2001) found the
physiological workload of the workers to be 36.4
percent while working on the forest skyline. In
another study conducted in New Zealand, Kirk
and Parker (1996) determined that the physio-
logical workload of those in charge of the prun-
ing was 29 percent. As the result of the measure-
ments performed during forestry harvesting prac-
tices in Tanzania, the physiological workload
value was found to be 49 percent (Abeli and

Heartbeat  Physiologi- Energy Malisa 1994) whereas Shemwetta et al. (2002)
Work level (beats/min) cal work- consum- found this value to be 67 percent in forestry har-
(beats/min load (%) ption vesting activities.
(Kcal/min) On the other hand, in another study conduct-
Light 20-90 0-36 <05 ed in Turkey, it was found that the physiological
Medium 90-110 36-78 25.5.0 workload of forestry workers using chainsaws
Heavy 110-130  78-114  5.0-7.5 at work was 44.79 percent (Caliskan and Caglar
Very heavy 130-150  114-150 7.5-10.0 2010). However, in another study performed by
Extremely 150-170  >150 >10.0 Melemez etal. in Turkey (2011), it was determined
heavy that the physiological workload value of the
W Harvesting Nursery-Afforestation
70
61.9
g 9 53.2
o
& 50 -
] 40.9
S 40 -
5 32.4
g
E 30
g
S 20 - 17.5
2 11.8
o
10
0
Min. Max. Average

Fig. 2. Physiological workload of the harvesting and nursery-afforestation workers (% HRR)
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chainsaw workers was 36.59 percent. In this
study, this value was determined to be 20.17 per-
cent for the tractor workers. Separately, Melemez
and Tunay (2010), in the study they conducted,
found that the workers using loading machines
had a physiological workload value of 49 per-
cent. It was seen through these conducted stud-
ies that the physiological workload value was
affected by the type of work and the challenges
experienced by the workers during their activi-
ties. Likewise, due to the same kind of reasons
within the scope of this study;, it is likely that the
physiological workload value of the harvesting
workers proved to be higher than the physiolog-
ical workload of the nursery-afforestation work-
ers, considering the degree of hardship they are
faced with.

The heart rates at the time of resting (HR )
were assessed as 61.2 beats/min in the harvest-
ing workers and 60 beats/min in the nursery-af-
forestation workers on average, while the maxi-
mum heart rates during working hours (HR )
were 142.5 beats/min in the harvesting workers
and 128.4 beats/min in the nursery-afforestation
workers. The average heart rates during working
hours (HR, ,) were 108.1 beats/min in the har-
vesting workers and 96.9 beats/min in the nurs-
ery-afforestation workers on average (Fig. 3).

Within the scope of the study, the heartbeat
values of the workers during resting were found
to be between 60 and 80 beats/min, which were
accepted as normal values (Sonmez 2003). These
values suggest that the HR __ values of both the
harvesting and nursery-af?orestation workers
were within normal limits. The fact that the HR
values of the harvesting workers proved to be
lower than those of the nursery-afforestation
workers can be said to be due to the fact that the
harvesting workers are accustomed to perform-
ing heavier tasks. In a study conducted in New
Zealand, it was found that the HR _ value of
forestry workers was 79 beats/min (Kirek and Park-
er 1996). However, in a study conducted in Tur-
key on forestry workers using chainsaws, it was
found that the HR__ values of the workers was
70.5 beats/min (Grandjean 1980). In another study
conducted in our country, it was determined that
the HR . values of chainsaw operators was 72.7
beats/min (Melemez et al. 2011). The heartbeat
values of forestry workers in Tanzania and Aus-
tralia during their resting hours was found to be
68 beats/min (Abeli and Malisa 1994).

The HR  value was found to be 165 beats/
min for forestry workers in Tanzania (Abeli and

Malisa 1994). Another study conducted in Italy
suggests that the HR _ value for skidding ac-
tivities performed with a tractor proved to be 127
beats/min (Cristofolini et al. 1990). Another study
conducted on young swimmers determined this
value to be 186 beats/min. In this study, the low
level of HR _ values in forestry workers can be
attributed to their high average age (43.1 in the
harvesting workers and 44.9 in the nursing-af-
forestation workers).

Taking these values into account, it is seen
that both jobs can be classified as “medium-
weight work”. The reason for which the HR
values of the harvesting workers were higher
compared to the nursing-afforestation workers
was that the workload level of the harvesting
workers during activity was higher, which can
be said to cause an increase in the heart rate
(Fig. 3).

Heartbeat is a reliable tool for displaying the
physiological workload (Roja 2005). In a study
conducted in Tanzania, the heart rate of workers
while doing manual loading was found to be 178
beats/min. In the same study, this value during
logging activities was determined to be 133
beats/min (Shemwetta et al. 2002).

A study conducted in Turkey suggests that
the heart rate of chainsaw workers during work-
ing hours was found to be 122.8 beats/min (Cal-
iskan and Caglar 2010). In another study con-
ducted in Turkey, it was found that the heart rate
in tractor operators was 94 beats/min, while in
chainsaw workers it was 108 beats/min (Melemez
et al. 2011). In New Zealand in 1996, Kirk and
Parker found that the average heart rate of prun-
ing workers was 112 beats/min. The heart rate
during cutting-down and peeling activities
proved to be 112 and 120 beats/min, respective-
ly (Abeli and Melisa 1994). In New Zealand, the
heart rate of overhead line workers during work-
ing hours was determined to be 106 beats/min
(Kirk and Sullman 2001). In a study conducted in
Chile, however, it was determined that the aver-
age heart rate of afforestation workers was 106
beats/min. The same study showed that the heart-
beat rate during pruning was 120.9 beats/min
(Apud and Valdes 1995).

When these studies are analyzed, it can once
again be seen that the heart rates and the degree
of the strength needed for the work to be done
were directly proportionate. One cannot ignore
the possibility that environmental conditions can
have an effect on the heart rate during working
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hours. It is true that with the an increase in tem-
perature and humidity, the body’s system will be
more challenged, and the heart rates of the work-
ers will therefore also increase. Moreover, the
tools used for work can also be considered as an
important factor in terms of the change in the
average heart rate.
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The ratio of the heart rates of workers at work
to the ratio of the heart rates during resting was
determined to be 1.75 in the harvesting workers
and 1.61 in the nursing-afforestation workers on
average, respectively (Fig. 4). This value was
found to be 1.45 in the pruning workers (Kirk
and Parker 1996). A study conducted in Turkey
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Fig. 4. Ratio of heart rates of the harvesting and nursing-afforestation workers to heartbeat rates durng
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found the HRwork/HRrest value in chainsaw
workers to be 1.74 (Caliskan and Caglar 2010). In
addition, Goldsmith et al. (1978) found this value
to be 1.45 in car body workers. However, another
study showed this value to be 1.37 in steel work-
ers (Vitalis 1987).

The heartbeat half-reserve values of the
workers was found to be 115.4 in the harvesting
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workers and 116.9 in the nursery-afforestation
workers on average (Fig. 5).

Considering the HR  /50% I value, the last
of the physiological parameters showing the ra-
tio of the heart rate during working hours to the
heartbeat half-reserve rate, it was seen that this
value was 0.9 in the harvesting workers and 0.8
in the nursing-afforestation workers on average,
respectively (Fig. 6).

Nursery-Afforestation

132 135
116.9
| 115.4
Max. Average

Fig. 5. Half-reserve heart reat values of the harvesting and nursing-afforestation workers (% 50)
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Put forward by Lammert (1972) and used by
Vitalis et al. (1987) the HR, /50% I value ob-
tained by dividing the heart Tate during working
hours (HR ) by the heartbeat half-reserve rate
(%501) is aS|mpIe and effective method in mini-
mizing the workload of the workers. If this value
during activity/working hours is “1”, then the
work is regarded as a “Continuous Heavy Duty”
(Lammert 1972). In this paper, this value was
found to be 0.90 in the harvesting workers and
0.82 in the nursing-afforestation workers, which,
when examined, suggests that the workload lev-
el in the groups of workers does not fall into the
“Continuous Heavy Duty” class owing to the
fact that the value in both of the groups of work-
ers is lower than “1”, although these are proxi-
mate values. In a study conducted in our coun-
try, this value was found to be 0.97 in chainsaw
operators (Caliskan and Caglar 2010). In another
study conducted in New Zealand, it was found
that this value was 0.82 in pruning workers (Kirk
and Parker 1996).

CONCLUSION

The resting and working periods of the for-
estry workers should be periodically controlled
during operational activities. In particular, occa-
sional abnormal changes that may occur in the
heart rates of workers can have negative impacts
on their health status. Considering that their heart
rates are affected by factors such as age, weight
and height, the workers must be equipped with
tools that are most suitable for them so that their
workload pressure can be mitigated.

In particular, since the harvesting workers do
various jobs with different levels of intensity,
and thus it becomes hard for them to concen-
trate on a single activity, the workload and heart-
beat rate values of the workers during the work-
ing hours cannot be brought under control. This
issue can be improved by means of a decent work
plan and a resulting action plan.

As harvesting activities are far more chal-
lenging when compared to nursing-afforestation
activities, it should be decided as to what jobs
the workers should be assigned to by consider-
ing their bodily strength and body composition
values.

The real performance values (aerobic capaci-
ties) to be exhibited by the would-be workers dur-
ing activity should be determined, and the work-
ers must be selected and employed accordingly.
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RECOMMENDATIONS

Abnormal changes of workers heart rates
may be can negative effects on the health of
workers. Therefore, it should be provided that
suitable work for worker’s anthropometric and
physiological properties. Rest periods and ex-
posure time of forest workers should be regulat-
ed according to the theirs workload. Forestry
workers should be subjected to health checks
periodically. Workers should be fed as balanced
and healthy diet taking into account the energy
they spend daily.

ACKNOWLEDGMENTS

This study is funded by Scientific Research
Council of Artvin Coruh University with the
Project number 2011.F10.01.03.

REFERENCES

Abeli WS, Malisa EJ 1994. Productivity and Workload
When Cutting with Peg and Raker Toothed Crosscut
Saws. Paper Presented in Proceeding Internatianal
Seminar on Forest Operations Under Mountainous
Conditions. Harbin, P.R. of China, July 24-27,
pp.173-180.

Apud E, Meyer F, Espinoza J, Ofiate E, Freire J, Mau-
reira F 2014. Ergonomics and Labor in Forestry,
Tropical Forestry Handbook. Berlin-Heidelberg, Ger-
many: Springer-Verlag, pp. 1-81.

Apud E, Valdes S 1995. Ergonomics in Forestry (The
Chilean Case). Geneva: ILO.

Arora D, Sitholay D, Sau SK 2015. Body status and
occupational health hazards of female workers : A
comparative analysis. International Journal of Oc-
cupational Safety and Health, 4(1): 26-30.

Astrand P, Rodahl K, Dahl HA, Stromme SB 2003.
Textbook of Work Physiology, Physiological Bases
of Exercise. 4" Edition. Canada: Hardback.

Aydos L, Pepe H, Karakus H 2004. An investigation of
the relative strength values on some team and indi-
vidual sports. Journal of Gazi University Education-
al Faculty of Kirsehir, 5: 305-315.

Bangsbho J, Hansen PT, Dvorak J, Krustrup P 2015.
Recreational football for disease prevention and treat-
ment in untrained men: A narrative review examining
cardiovascular health, lipid profile, body composi-
tion, muscle strength and functional capacity. British
Journal of Sports Medicine, 49: 568-576.

Bohm M, Borer JS, Camm J, Ford I, Lloyd, SM, Koma-
jda M, Tavazzi L, Talajic M, Lainscak M, Ukena C,
Swedberg K 2015. Twenty-four-hour heart rate low-
ering with ivabradine in chronic heart failure: In-
sights from the SHIFT Holter sub-study. European
Journal of Heart Failure, 17(5): 518-526.

Cristofolini A, Pollini C, Maggi B, Costa G, Colombini
D, Occhipinti E, Bovenzi M, Peretti S 1990. Orga-
nizational and ergonomical analysis of forest work



180 HABIP EROGLU, RAHMI YILMAZ AND YILDIRIM KAYACAN

in the Italian Alps. International Journal of Indus-
trial Ergonomics, 5: 197-209.

Caliskan E, Caglar S 2010. An assesment of physiolog-
ical workload of forest workers in felling operations.
African Journal of Biotechnology, 9(35): 5651-5658.

Diament ML, Goldsmith R, Hale T, Kelman GR 1968.
An assesment of habitual physical activity. Journal
of Physiology, 200: 44-45.

Dube PA, Imbeaua D, Dubeaub D, Augerb I, Leonec M
2015. Prediction of work metabolism from heart
rate measurements in forest work: Some practical
methodological issues. Ergonomics, DOI:10.1080/
00140139.2015.1044920.

Enez K, Topbas M, Acar HH 2014. An evaluation of
the occupational accidents among logging workers
within the boundaries of Trabzon Forestry Director-
ate, Turkey. International Journal of Industrial Er-
gonomics, 44(5): 621-628.

Erdas O, Acar HH, 1995. Workers Health of Forestry
Workers in Black Sea Region. Paper presented in V
National Ergonomics Congress, Istanbul, Turkey,
November 15-17, pp. 312-322.

Eroglu H, Acar HH, Eker M 2008 Evaluation of Work
Condition of the Nursery Workers in Ardanuc Forest
Nursery. Paper presented in XIV National Ergonom-
ics Congress, Trabzon, Turkey.

Eroglu H, Kayacan Y, Yilmaz, R 2015. Effects of work
types and workload on certain anthropometric pa-
rameters in forestry workers. Anthropologist, 20(3):
515-522.

Fordham M, Appendeng K, Goldsmith R 1978. The
cost of work in medical nursing. Ergonomics, 21:
331-342.

Going SB, Williams DP, Lohman TG 1995. Aging of
body composition: Biological change and methodog-
ical Issues. In: J Holloszy (Ed.): Exercise of Sport
Science Reviews, 23: 411-458. Baltimore: Williams
& Wilkins.

Goldsmith R, O’Brian C, Tan GLE, Smith WS, Dixon M
1978. The cost of work on a vehicle assembly line.
Ergonomics 21: 315-323.

Grandjean E 1980. Fitting to Task to the Man: An Ap-
proach. London: Taylor and Francis.

Jackson AS, Pollck ML 1978. Generalized equations
for predicting body density of men. British Journal
of Nutrition, 40: 497-504.

Kirk PM, Parker RJ 1996. Heart rate strain in New
Zealand manuel tree pruners. International Journal
of Industrial Ergonomics, 18: 317-324

Kirk PM, Sullman MJM 2001. Heart rate strain in cable
hauler choker setters in New Zeland logging opera-
tions. Applied Ergonomics, 32: 389-398.

Lammert O 1972. Maximal aerobic power and energy
expenditure of Eskimo hunters in Greenland. Jour-
nal of Applied Physiology, 33: 184-188.

Melemez K, Tunay M, Emir T 2011. Investigation
Physical Work Load on Forest Harvesting Opera-
tions in Bartin-Kumluca Region, Paper presented in
XVII National Ergonomics Congress, Eskisehir, Tur-
key, October 14-16, pp. 732-740.

Melemez K, Tunay M 2010. Evaluation of the physio-
logical workload of loading machine operators dur-
ing forestry work. Kastamonu University, Journal of
Forestry Faculty, 10: 20-26.

Minard D, Goldsmith R, Farrier JR 1971. Physiolgical
evaluation of industrial heat stress. American Indus-
trial Hygiene Association Journal, 32: 17-28.

Ozkan A, Sarol H 2008. Relationship between body
composition, leg volume, leg mass, anaerobic per-
formance and knee strength in climbers. Ankara Uni-
versity Faculty of Sport Science Spormetre, 4: 175-
181.

Parker R, Sullman M, Kirk P, Ford D 1999. Chainsaw
size for delimbing. Ergonomics 42: 897-903.

Ramesh N 2015. Respiratory function of workers at a
construction company in Bangalore Urban district.
International Journal of Occupational Safety and
Health, 4(1): 16-19.

Robergs RA, Roberts SO 1997. Exercise Physiology:
Exercise, Performance and Clinical Applications. St
Louis: Moshy.

Roja Z 2005. Measures to Overcome Health Problems
of Latvian Road Builders Created by Ergonomical
Risks. Doctorate Thesis. Riga: University of Latvia
Institu of Occupational and Environmental Health.

Saha PN 1978. Aerobic capacity of steel workers in
India. Ergonomics, 21: 1021-1025.

Samsuddin N, Rampal KG, Ismail NH, Abdullah NZ,
Nasreen HE 2015. Pesticides exposure and cardio-
vascular hemodynamic parameters among male work-
ers involved in mosquito control in east coast of
Malaysia, American Journal of Hypertension, 28(7):
1-8.

Schoenfeld BJ, Aragon AA, Krieger JW 2015. Effects
of meal frequency on weight loss and body composi-
tion: A meta-analysis, Nutrition Reviews, 73(2): 69—
82.

Shemwetta D, Ole-Maulidie R, Silayo AD 2002. The
Physical Workload of Employees in Logging and For-
est Industries. Paper presented in Wood for Africa
Forest Engineering Conference, South Africa, July
2-4, pp. 107-114.

Singh SP 2015. Physiological workload of women agri-
cultural labourers in selected activities in maize culti-
vation. Journal of The Institution of Engineers (In-
dia): Series A, 96(1): 21-25.

Siri WE 1956. Gross composition of the body. In: JH
Lawrence, CA Tobias (Eds.): Advances in Biological
and Medical Physics. New York: Academic Press.

Smith AL, Wilson GD, Sirois DL, 1985. Heart-rate re-
sponse to forest harwesting work in the south-east-
ern united states during summer. Ergonomics, 28:
655-664.

Sonmez GA 2003. Evaluation of Physiological Param-
eters with Ergospirometry in Young Athletes From
Different Sports. Thesis of MS. Institute of Medical
Sciences. Gazi: University of Osman Gazi.

Sullman MJM, Byers J 2000. An ergonomics assesment
of manual planting pinus radiata seedlings. Liro Lim-
ited, 11(1): 53-62.

Swenor BK, Simonsick EM, Ferrucci L, Newman AB,
Rubin S, Wilson V 2015. Visual impairment and inci-
dent mobility limitations: The health, aging and body
composition study. Journal of The American Geriat-
rics Society, 63: 46-54.

Trites DG, Robinson DG, Banister EW 1993. Cardio-
vascular and muscular strain during a tree planting
season among British Columbia silviculture worker.
Ergonomics, 36: 935-949.



PHYSICAL WORKLOAD OF FOREST WORKERS

Vitalis A 1987. The Use of Heart Rate as the Main
Predictor of the Cost of Work. Paper presented in
the Inaugural Conference of The NZ Ergonomics
Society, Auckland, February 11-13, pp. 168-181.

Wortman AC, Hernandez JS, Holcomb DS, Wilson KL,
Mclntire DD, Sheffield JS 2015. Effect of body mass
index on maternal morbidity following peripartum
hysterectomy. Clinical Obesity, 5(2): 72-78.

181

Zhao K, Jackson RB 2014. Biophysical forcings of land-
use changes from potential forestry activities in
North America. Ecological Monographs, 84: 329-
353.

Zorba E, Ziyagil M 1995. Body Composition and Mea-
surement Methods. Trabzon, Turkey: GEN Printing
Office and Advertising.





