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INTRODUCTION

Forestry activity is intense and physically demanding. The risks to the health
and safety of forestry workers are generally characterized by a combination of
natural and material risks.

In forestry where high slopes and accidented terrain limit the use of machinery,
a combination of motorized and manual operations are often required for the
tasks of felling, bunching, winching, etc., thus increasing the factors that lead
to physical stress and risk of accidents for operators.




INTRODUCTION

In industry and forestry especially, the study of the physical stress of work has
a long tradition.

Several studies have estimated the energy effort required through indirect
methods using a correlation between heart rate and resting.

» Trites, D.G., (1992) Ergonomics of tree planting work among British Columbia forest workers. Theses
Simon Fraser University, 96 p.

 Tuure, V. (1992) “Determination of physical stress in agricultural work”. International Journal of
Industrial Ergonomics, 10 (1992) 275-284 Elsevier

* Kurumatani, N., Yamaguchi, B., Dejima, M., Enomoto, Y., and Moriyama, T. (1992) “Applied Physiology
and physical demands of forestry operations”. European Journal of Applied Physiology, 546-551.

» Parker, R., and Kirk, P. (1994) Physiological workload of forest work. LIRO Report (New Zealand Logging
Industry Research Organisation) 19(4): 1-49.

* Kirk PM, Sullman MJM., (2001). Heart rate strain in cable hauler choker setters in New Zealand logging
operations. Appl Ergon 32(4):389-398.



INTRODUCTION

Energy demand is generally determined based on heartbeat frequency during
the job using a correlation between heart rate and resting.

The most used criterion for the evaluation of physical stress are:
* Heart rate;

* Check-list;

* Blood pressure.




The aim of our study was to evaluate the INTRODUCTION
physiological inputs during cable yarding

operations, using direct measurements of

oxygen consumption, pulmonary ventilation

and heart rate.

Therefore, by identifying directly these “ %
parameters, it has been possible to .. g
determine the metabolic energy [#:
consumption required (metabolic demand) *
and to evaluate aerobic capacity and their
physical condition.




MATERIAL AND METHODS
STUDY SITE

The study was conducted in a coppice in Southern Italy. During this study, a Chestnut
wood (Castanea sativa Mill.) was used.

Felling, delimbing and topping were carried out using a medium-sized Jonsered
Turbo 2152 chainsaw with cylinder capacity of 51.7 cm3 and a weight of 5 kg;
Extraction with a cable yarder (Greifenberg TG 700).
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MATERIAL AND METHODS

A total of 11 workers were observed over a 3-months research period
(September - November 2015) to estimate the physiological inputs necessary to
complete a cycle of timber harvesting operations. The team worked from 07:00

h until 15:00 h, with two half hour rest breaks during the day at 09.00 and
12.00.




MATERIAL AND METHODS

Subjects
The oxygen consumption and heartbeat rate were measured with
a portable gas analyzer (metabolimeter) to determine the

physiological cost of each task.

Each worker was requested to spend 45 min with the

metabolimeter switched on during the realisation of phase.

Velocity of walking and distances were calculated in continuous

using GPS data collected via the metabolimeter.




Parameters observed MATERIAL AND METHODS

e Minute ventilation (VE): Amount of air moved in and
out of the lungs/minute;

utilized by the body;

e Carbon dioxide production (VCO2): Amount of carbon |
dioxide generated during metabolism, primarily from
aerobic cellular respiration; 5 g

o Respiratory exchange ratio (RER): Ratio between the
amount of CO2 produced during metabolism and 02 ° -
used;

o Energy expenditure (EE): Amount of energy (or x7 '.
calories) that a person needs to carry out a physical =
function;

physical work. One MET is defined as the amount of 02 !
consumed while sitting at rest and is equal to 3.5 ml 02 Zg&s
per kg body weight X min; AFE T,

e Heart Rate (HR): Number of times heart beats per
minute as additional information.



Subjects MATERIAL AND METHODS

Before the evaluation of forestry activities, the methodology required to define the workers’
physiological profile in the same environmental conditions. For this, the maximum aerobic
power (VO2 max) for all workers was assessed by the method using the Astrand’s nomogram.
VO2 max represents the maximum amount of oxygen that an individual can utilize during

intense or maximal exercise.

Number Duration of i Total .
of observation  Age Working body Height gy
Parameters experience P
workers (h) (years) (years) mass (cm) (kg m?)
observed (kg)
e Walking to
tree
: 42 16.8 79.2 174.6 26.0
* Felling ) >0 +4  +33 +32 +51 =+1.8
e Delimbing
and Topping
e Hooking and 3 30 43 21.3 80.7 171.7 27.4
Bunching + 6 + 7.2 +1.2 =31 =*£=0.3
. 40 16.5 81 179.5 25.1
* Unhooking 3 30 +5 +21 +£28 35 0.2



RESULTS

Walking, felling, topping and delimbing were done continuously and repeated during
the day by means five worker while operators used to move the trees by cable crane

have worked discontinuously depending on the time cycle of the extraction.

Each period of felling was completed in an average of 1.24 min (* 0.11). Each

worker felled and processed 21 trees on average per hour.

On the other hand, the average time to perform the hooking and the bunching the
trees was 3.36 min (* 0.44) in addition to 3.73 min (% 0.64) to extract the load of

trees, partially suspended from terrain, and 0.40 min to unhook the load.

Moreover, the number of trees in each load (five in the most of the cases) has
required more time to loop the steel cable around each tree and 8 travel load per

hour were realized.



Several parameters increased sharply during
felling; the same operator during the walking to
the tree has 15% of physiological factors lower
respect to the felling operation. 02
consumption during these phases were 0.74 |
min-!' and 0.94 | min-!, respectively.

The mean monitored parameters indicated that
felling and hooking/bunching are two heavy
workload activities.

Energy

Work Phases RER  expenditure  MET HR
(kcal min-1)

0.75 3.04 3.03 78.3

Walking to tree

Fellin 0.81 7.10 3.68 136
g (£ 0.12)  (£2.95) (x 1.6) (= 28.6)
Delimbing and 0.79 4.11 3.43 109

Topping (£ 0.15) (=% 2.06) (£1.6) (= 19.1)

Hooking and 0.84 3.62 3.76 101

Bunching (% 0.16) (£ 1.59) (£ 2.1) (=* 12.6)

Unhooking o2 2.85 2.97 76.5

(£ 0.17) (£1.28) (£ 1.3) (=* 15.8)

(£ 0.16) (£ 1.33) (*x 1.4) (=* 16.8)

RESULTS

VE VO,

Work Phases (I min) (I min)

vCo,
(I min-1)

Walking to 32.71 0.74 0.57
tree (%= 14.33) (%= 0.33) (=% 0.28)

38.53 0.94 0.78
(*x 13.98) (= 0.41) (% 0.42)

Delimbing and  38.85 0.84 0.69
Topping (£ 13.78) (x 0.39) (%= 0.37)

Felling

Hooking and 33.97 0.93 0.67
Bunching (£ 13.28) (%= 0.51) (= 0.49)
Unhookiny 29.88 0.72 0.55

(+ 11.92) (+ 0.35) (= 0.30)

The effect of cable weight and the
distance from the skyline during
the hooking/bunching phase
influenced the energy expenditure
of the workers.

An average distance of 30 m and a
moderate slope increased fatigue
during this phase.



RESULTS

The complex interaction of several factors (total distance covered, length of cable,
size and number of trees) were likely influential for the energy demand requested

during hooking and bunching phase.

Pulmonary ventilation ranged between a minimum of 29.88 | min' during the
unhooking phase, to a maximum of 38 | min-! during the felling and delimbing phases.
During the main work activities, both felling and delimbing/topping produced similar

results for pulmonary ventilation and 02 consumption as confirmed from Tukey tests.




CONCLUSIONS

This first methodological approach, beyond some limits due to different factors
(number of examined samples, analysis of medical etc.), could be useful as clinical
data become available for workers exposed to different forestry tasks and will be
considered a first step for this type of methodological approach.

The evaluation of the physical stress can be used to support decision making or job
planning, to mitigate any adverse effect on the worker’s health and safety.

Working conditions in forestry operations can be significantly improved through
safety and health measures.



Thank you for your attention



