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ABSTRACT
Introduction: Healthy and safe working conditions

in the Bulgarian forest economy are associated with a lower
incidence of labor abuses and occupational diseases among
forest workers. Strategic management in this area includes
actions to improve the working environment, part of which
is the organization of pre-occupational nutrition.

Purpose of the study is to support the occupational
health of forest workers with specific dietary guidelines.

Methods: The object of the study is 105 workers em-
ployed in the forestry of Northern Bulgaria. A documen-
tary method was used - a study of the medical documenta-
tion from preventive examinations conducted in the period
from 2015 to 2019. The results were analyzed with statis-
tical software SPSS v.20.

Results: Dietary recommendations in forestry aim
to reduce the occupational health risk from contact with
biological hazards, cold and hot microclimate, noise, dust
and forced working posture. Dietary guidelines include ad-
equate hydration, recommended eating frequency with  a
mandatory snacks, consumption of animal foods, fruits and
vegetables, which increase the intake of essential amino
acids, dietary fiber, vitamins (A, C, B1, B2, B6,), calcium,
magnesium and trace elements, limiting the intake of satu-
rated fatty acids and sodium, provision of dining facilities,
clean food and clean drinking water. The training of forest
workers to regulate energy intake is also being discussed.

Conclusion: The implementation of dietary recom-
mendations based on leading occupational hazards in for-
estry will help to protect occupational health and safety at
work.

Keywords: dietary guidelines, forestry, occupational
health, nutrition,

INTRODUCTION
The forest territories in the Republic of Bulgaria oc-

cupy 4,222,874 hectares (ha) or approximately 38% of the
country’s area, and in recent years the total wood stock is
constantly growing by 4 m3/ha per year [1]. Although the
forest sector forms a relatively small share of the country’s
gross domestic product, forestry and forest industry as tra-
ditional Bulgarian livelihoods are particularly important
for rural development and the creation of new jobs [2]. As

the forest sector is one of the industries with the highest
risk of accidents, prevention programs to maintain a healthy
and safe working environment should not be underesti-
mated [3].

Workers in modern forestry are exposed to a number
of occupational hazards such as extreme hot or cold
microclimate, noise, vibration, wood dust, exhaust fumes
(especially carbon monoxide, carbon dioxide, sulfur oxides,
nitrogen oxides), fixed or constrained body positions, con-
tact with wild animals, insects and reptiles, dangerous ac-
tivity as work with chainsaws, excessive physical load,
electromagnetic radiation, insufficient lighting at the work-
place [4, 5].

Efforts to maintain physical and mental perform-
ance in the forest work environment require continuous
development and improvement of the system of preven-
tive measures. Precautionary occupational nutrition,
aimed at reducing health risks from the effects of occu-
pational hazards in this sector, is part of modern programs
for the prevention and protection of health and safety.
Nutrition studies in different occupations showed specific
dietary intake characteristics and differences in diet re-
lated to working conditions and the organization of the
work environment, which would be useful to design the
dietary guidelines for the protection of occupational
health at the workplace [6, 7].

OBJECTIVES
The objective of this ongoing study is to support

the occupational health of forest workers with specific di-
etary guidelines.

MATERIALS AND METHODS
The object of the study is 105 employed active work-

ers (average age - 44.5 ± 6.1, n=105) in forestry in North-
ern Bulgaria. Clinical, laboratory and statistical diagnos-
tic methods have been used [8]. Sources of health informa-
tion are medical documentation for conducted preventive
examinations and data on general and occupational mor-
bidity, as well as occupational injuries for the period 2015-
2019. The data were processed with statistical software
IBM SPSS Statistics v.24. for Windows. The results regard-
ing dietary recommendations for forest workers were
analyzed using age, gender, work experience and occupa-
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tional hazards at the workplace as independent variables.
Gender, age, work experience in years and risk factors at
the workplace were used as independent variables in the
analysis of the results on dietary recommendations. Dietary
reference intakes (DRIs) issued by the Bulgarian Ministry
of Health were also used as a reference [9]. A significance
level of α = 0.05 using t-tests was considered statistically
significant.

RESULTS
In this study, about two-thirds of the respondents

were men (105 workers) with an average work experience
of 14.5% ± 4.1years (n=105). The shortest work experience
in forestry (less than 3 years) was reported only by 11% of
respondents, the longest work expåriånce (more than 10
years) – 48%, while the percentage of those with the pe-
riod of employment from 3–10 years was 40,7%. The rela-
tive share of the youngest workers in the survey aged 18
to 30 was 14%. One third (33,3 %) of workers in the study
group was aged 41–50 y, 23,3% were aged 31-40 y, 26%
were aged 51-60 y, and only 3,4% of employees were aged
over 60 years. The distribution of forestry workers în the
workplace was as follows: wood cutters – 24,6%, mechan-
ics (tractor driver) – 24%, garden workers -23,3%, forest
rangers – 12,7%, foresters – 10,7% and office workers -
4,7%.

The distribution of energy intake of forest workers
was made according to their daily energy expenditure de-
termined on the basis of gender, age and level of physical
activity in the workplace.Òhe results showed significant
gender differences in the distribution of daily energy ex-
penditure (p<0.05). For men, workplace with high (forest-
ers, warden, woodcutter) and moderate energy expenditure
(crane operators, car /truck drivers, etc.) predominate, while
for women, the leading workplaces were with moderate and
low energy expenditure. The average daily energy needs
of 75% of men were high, respectively 2939 kcal/day, and
23% of them were moderate - 2612 kcal/day). In percent-
age, 87% of women were moderate average energy needs -
2083 kcal/day, and  13% of them were low average energy
needs - 1823 kcal /day. In this study, 75% of forest men
workers carried out activities related to heavy physical
labor [Figure 1 and Figure 2].

Fig. 1.  Distribution of energy expenditure of men
forest workers

Fig. 2.  Distribution of energy expenditure of  women
forest workers

As shown in Figure 3. dietary recommendations for
forest workers should be aimed at reducing health risk and
nutritional protection against contact with biological
agents, overexertion of certain muscle groups from
unfavorable working positions (forced working posture)
and against the leading physical factors - extreme cold
and hot microclimate, noise, as well as organic dust of
plant origin.

Fig. 3 Forest workers exposed to risk factors (n)

DISCUSSION
Most harvesting, handling and forest protection ac-

tivity demand great physical exertion, so to provide the
caloric and nutritional density food are important for
proper organized occupational nutrition of forestry work-
ers. The results of modern studies of real nutrition in for-
estry showed that in this occupational group, an unhealthy
eating pattern is established. Forestry workers consumed a
fat-rich diet, a high intake of trans and saturated fatty ac-
ids, salt, added sugar, consumption of alcohol daily or spo-
radically. Furthermore, the daily intakes of calcium, potas-
sium, dietary fibres and some vitamins – A, B1, C  were
under dietary reference values DRVs [10].

The workplace is a suitable place to improve dietary
behaviors and intake because workers spend a long time
at their workplace. Tanaka et al. found significant differ-
ences in dietary intake and eating behavior based on the
professional status of participants. In this study, forestry of
Bulgaria belongs to male-dominated industries or occupa-
tions (> 70% male workforce). Promoting a healthy diet and
healthy eating behavior among forestry men in their
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workplace is important because they reported inadequate
knowledge about food-based dietary guidelines [11].

Dietary recommendations guide forest workers to
choose certain foods and nutrients that reduce the risk of
disorders in the body caused by the occupational hazards
to which they are exposed. The diet is varied, balanced,
corresponding to the physiological needs of energy and
nutrients of forest workers to avoid the risk of nutritional
deficiencies that reduce the body’s immune defenses. The
scientific criteria for developing specific nutritional rec-
ommendations are based on the nature of occupational
hazards (biological, physical, overexertion) and the role of
certain nutrients and foods in reducing its impact, as well
as in suppressing major manifestations and preventing
complications from occupational diseases.

Biological hazards
Over 80% of forest workers are exposed to biologi-

cal occupational risk due to sporadic or continuous con-
tact with many infectious agents causing zoonotic diseases
[12]. Among forestry workers in Europe, a higher frequency
of Lyme borreliosis, tularemia and leptospirosis are found
compared with the common population. In Europe, these
three zoonotic diseases are considered emerging or re-
emerging infection risks [13]. The definition of occupa-
tional risk and diagnosing them as work-related diseases
is difficult, and these zoonoses are under-reported as oc-
cupational diseases. Precautions zoonoses in forest envi-
ronments are designed to avoid direct contact with con-
taminated water and soil, animals, wild wasps and other in-
sects. The most effective preventive measure that signifi-
cantly reduces the risk of infection is wearing personal pro-
tective clothing. The specific importance of nutrition is
linked to the prevention of oral contamination with infec-
tious agents. Particular attention is paid to the picking and
consumption of forest mushrooms and berries such as rasp-
berries, blackberries, etc., as well as adequate heat treat-
ment of game meat before feeding. Forestry workers should
not drink untreated water. Laboratory studies in animal
models and human observational studies have shown an
association between certain zoonoses and the micronutri-
ent status of the host [14, 15]. The potential role of the
micronutrients iron, calcium and magnesium in Leptospira
infection is discussed. Limited data in this area do not al-
low specific recommendations to be made for micronutri-
ent intake or supplementation in at-risk populations.

Overload
Most activities performed by forest workers require

high physical activity and high energy expenditure, which
is important in determining the daily caloric intake of food.
Intensive mechanization in forestry in recent years has re-
placed much of the work that is usually done with great
muscular effort. Workers are gradually becoming more sed-
entary, which reduces the average daily energy needs from
high to moderate, increases the risk of consuming more en-
ergy than necessary, which leads to the accumulation of
excess fat and the risk of widespread overweight and obes-
ity [16, 17]. In this study, 75% of workers perform heavy

non-mechanized or semi-mechanized work associated with
static and dynamic loading of large muscle groups (back,
limbs, lumbar region), which determines their higher en-
ergy costs. Almost all women (87%) and about 1/4 of men
perform activities with moderate physical activity. Balanc-
ing energy intake with food, in accordance with the daily
energy expenditure of different professions in forestry,
maintains not only normal body weight but also active
muscle mass, which is important due to the high propor-
tion of respondents exposed to overexertion. Energy intake
is met by the calculated amounts of macronutrients - pro-
teins, fats and carbohydrates, in accordance with their rec-
ommended energy ranges. Forest workers need to be in-
formed and trained to regulate their energy intake in order
to maintain a healthy weight and maintain their physical
capacity.

In addition, about 1/3 of the participants in this
study are over the age of 50. Dietary intake of biologically
active protein and branched-chain amino acids - leucine,
isoleucine and valine are essential to prevent age-related
sarcopenia. Therefore, in order to maintain skeletal muscle
mass in forest workers performing heavy physical exertion,
proteins and amino acids of high biological value from
meat and milk is recommended [18]. The beneficial effects
of energy-adjusted dietary intake of the amino acids leu-
cine and isoleucine on skeletal body mass are greater in
non-obese individuals [19, 20].

Physical hazards and nutrition
Hot or cold microclimate, noise and vibration are

common physical hazards in forestry work. Mîst of the par-
ticipants in this study were exposed to physical risk factors.
Exposure to physical hazards varies greatly depending on
the type of work and the equipment used. Statistically sig-
nificant relationships are described between the better diet
quality and the better health status of the participants with
different exposure to physical factors [21]. High-quality and
balanced diets support basic cellular processes related to the
influence of physical factors on stress reactions, immune pro-
tection, endothelial dysfunction, neuronal and mental sta-
tus. A protective diet for workers exposed to noise, vibra-
tion and high temperatures above 30°C is rich in animal pro-
teins (essential amino acids), polyunsaturated fatty acids,
biologically active substances (vitamins and antioxidants),
cocoa and caffeine-containing foods and beverages [22].
The following foods are preferentially included in the menu
of the forestry workers - egg, liver, cottage cheese, yogurt,
chicken, beef, fish, nuts, wholemeal bread, oatmeal and other
whole grain snacks. Dietary intake of fatty meats, salty and
smoked foods, spicy sauces and confectionery, which are rich
in saturated fatty acids, cholesterol, added sugar and salt, is
limited. Some vitamins - A, B12 and folic acid, have a con-
siderable protective effect as antioxidants to reduce occu-
pational hearing loss. Ji Eun Choi and et. revealed that
higher dietary intakes of seeds, nuts and fresh fruits were posi-
tively associated with better hearing [23, 24]. Findings re-
garding the protective effect of vitamins C, D, B1, B2, B6 are
inconsistent, but studies highlight their important role in
protective occupational nutrition for workers exposed to
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physical hazards. For the prevention of occupational diseases
in forestry, it is necessary that the dietary intake of the above
vitamins met their recommendations [Table 1], which means
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Adequate hydration
Adequate fluid and electrolyte intake during the

summer is especially important to prevent injuries to work-
ers in agriculture, forestry or fishing due to high tempera-
tures. The increase in the maximum temperature by 1°C was
associated with a 1.4% (RR = 1.014, 95% CIs 1.012-1.017)
significant increase in daily work-related injuries in mid-
dle-aged men employed in the manufacturing sector [25].
The  most important is to supply the liquid in good qual-
ity. Mineral water, fruit juices, fresh juices and kefir are rec-
ommended. The temperature of the drinks is in the range
between 8-12°C. Adequate hydration keeps working capac-
ity and ability to concentate, maintains the volume, resil-
ience and differential attention ability,  and  significantly
reduces the risk of injury in the second part of workday
and at the end of the workweek [26]. During heavy physi-
cal work in the summer (high temperature), forestry work-
ers need approximately 1 liter of fluids per hour. Consump-
tion of alcohol should be strictly forbidden. Alcohol in-
creases the body’s dehydration.

Regular breakfast
Regarding irregular eating habits for this occupa-

tional category of workers, it is important to note the con-
tribution of the mandatory breakfast to micronutrient intake
and especially calcium intake if breakfast contains dairy
products. A regular breakfast will provide an average of 1/4
dietary fiber and 1/3 of calcium, folate and riboflavin from
the daily reference values. Eating at least three main meals
a day with mandatory breakfast will improve compliance

greater and more frequent consumption of dietary antioxi-
dants or anti-inflammatory foods, including fresh fruits and
vegetables.

with nutritional recommendations of dietary fiber, calcium,
folate and riboflavin in forestry workers [27, 28].

Nutrition in the workplace
Nutrition in forestry depends on the level of sanita-

tion and comfort on  the campus. The infrastructure of the
kitchen is the most critical place in the forest camp. The
personnel in the kitchen must have the appropriate quali-
fication and health licenses and be regularly monitored.
The HACCP system in the camp kitchen must be applied
to effectively manage food safety [29]. Adequate and bal-
anced nutrition incorporate a greater variety of daily and
weekly menus. However, most forest workers live in their
homes and travel to their jobs. In this case, forestry work-
ers follow the family diet and most often used catering fa-
cilities in the nearest locality, mainly for lunch. If be in-
convenient for workers to return to the forest camp or visit
the nearest catering establishment for lunch, safely pack-
aged lunches must be provided for them or the same to be
delivered to their workplace.

CONCLUSION
In conclusion, the use of the pharmacological action

of nutrition through effective dietary recommendations is
directed not only to the preservation of health and safety
at work but also to the prevention of major chronic non-
communicable diseases, such as circulatory diseases, type
2 diabetes, etc., whose frequency in the studied profes-
sional group does not differ from that of the modern Bul-
garian population.

Table 1. Dietary reference values (DRVs) of some important vitamins for forest workers

Nutrients A D B1 B2 B6 C* Folate B12

(Units) (µg RE) (mg) (mg) (mg) (mg) (mg) (µg DFE) (µg)

DRVs** 800 15 1,2 1,3 1,3 145 330 4

 *Most study participants reported being regular smokers
 ** DRVs -  for men in the age group 30-60 y
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