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Abstract. Red pine (Pinus brutia Ten.) is one of the most common and most processed softwood species 
in the forest products sector in Turkey. It is essential to learn as much information as possible about 
potential employee health problems that may occur during processing of this wood. For this reason, 
sawmill workers that produce lumber from the red pine species were investigated in terms of employee 
health problems. A face-to-face survey method of employees was used to conduct this study. The 
questionnaire contained three sub-sections: demographic, physical, and environmental and ergonomic 
factors that affect employee health. The collected data were statistically evaluated and compared with 
findings from the literature. Certain important findings are presented as crosstabs and graphs for 
comparison. Based on the study results, employee complaints about the red pine sawing process during 
working hours are as follows: allergic reactions due to wood dust: 23.2%; burning eyes and redness: 
27.4%; dyspnea: 30.5%; prolonged standing and discomfort: 64.9%; noise-induced hearing loss: 38.5%. 
It is also realized, however, that occupational diseases such as vascular disorders depend not only on the 
working environment and conditions but also on the age of employees. 
Keywords: work healthy, woodwork, work-related symptoms, Pinus brutia, occupational hazards 

Introduction 
According to a recent press release from the International Council of Forest and 

Paper Associations (ICFPA), 90% of wood and paper production comes from 43 
countries and the forest products industry has a volume of more than $470 billion with 
more than 14-million people employed worldwide. Approximately 300,000 people 
provide employment opportunities in Turkey’s wood and forestry products industry, 
with an annual worth of $19-billion (OAIB, 2017). 

However, timber manufacturing in Turkey is a sub-sector of the overall 
manufacturing sector and consists mainly of private sector enterprises of which the 
majority are small enterprises that grow slowly. Although there is a total of 10.000 
sawmills (small or medium to large) with an annual timber capacity of 10 million m3, at 
present the current production capacity is reported to be approximately 6-million m3of 
sawn timber (Sakarya and Canlı, 2011; Görgün and Unsal, 2015). 

However, it has been reported that most wood processing plants are exposed to gas, 
steam, and wood dust that is harmful to workers, but occupational health has not been 
given enough importance in these enterprises (Barlı, 1996). In recent years, increased 
sensitivity to occupational health and diseases has led to a comprehensive review of the 
lumber and forest products sectors. As a result, international authorities have established 
some legal arrangements with certain risk groups. 

One of the first studies on the subject of health problems in the wood-working 
industry was conducted in England in 1965. This study established that a critical 
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number of workers exposed to furniture and wood dust developed sino-nasal 
adenocarcinoma. Since then, many scientific studies of employees working in various 
wood-related industries have been conducted that reported that these types of workers 
are at risk. It has been reported that beech and oak species are two of the most common 
species that cause workers to develop some type of disorder, although many other 
species cause health problems in workers (Demers et al., 1997). It was also reported that 
quercetin and 3-carene isolated from wood is mutagenic (Jensen et al., 2001). 

It was reported that wood dust generated different types of processing could cause 
work-related respiratory and skin problems or disorders, such as eczema, shortness of 
breath, nasal cancer, headache, and cramps (Bozkurt and Bozkurt, 1979). It was also 
reported that workers exposed to high levels of hardwood or softwood dust after 
smoking and consuming alcohol are at risk for laryngeal cancer (Ramroth et al., 2008). 
In another study conducted on pine wood sawmills, asthma and cough symptoms were 
observed for employees that were associated with increased levels of eye and nose 
irritation resulting from dust exposure (Douwers et al., 2001). It was also proposed that 
cutting of green wood releases essential oils and monoterpenes into the environment 
along with wood dust that could cause eye irritation, mucous membrane defects, and 
skin irritation (Rosenberg et al., 2002). It is clear that dust exposure may result in 
declining lung function, bronchial hyper-responsiveness, and various other problems 
such as allergic alveolitis, toxic dust syndrome, chronic bronchitis, rhinitis, mucous 
irritation, and asthma. 

The International Agency for Research on Cancer (IARC) has already classified 
wood dust as a Group 1 agent that is carcinogenic to humans, based on evidence of the 
effects of exposure to hardwood dust on the nasal cavities and paranasal sinuses of 
exposed woodworkers (IARC, 1995). In 2009, the IARC concluded that wood dust 
should be avoided by workers and could cause cancer of the nasal cavities, paranasal 
sinuses, and nasopharynx (Siew et al., 2012). 

In view of the physical and psychological effects of working conditions in the 
workplace, it was suggested that musculoskeletal injuries of the upper limbs were the 
most common type of injury in the timber industry (Jones and Kumar, 2004). Similarly, 
it was found that the highest rate of injury was associated with the transport of logs to 
timber processing sites (Bello ve Mijinyawa, 2010). Work-related symptoms in sawmill 
workers typically are chest tightness, cough, dyspnoea, hoarseness, headache, weakness, 
sweating, eye and body itching, and skin rash (Dutkiewitcz, 2001). 

Based on the results of this comprehensive literature survey, a detailed study focused 
on the occupational health problems of employees working in red pine processing 
sawmills was not found. However, the red pine species is spread widely throughout not 
only Turkey but also throughout the forests of Mediterranean countries. The aim of this 
research was to evaluate the working conditions of red pine processing sawmills in 
order to identify general health problems for employees and to develop solutions to 
problems that may arise in terms of occupational health in depends on the perception of 
employees. Results of this study will provide simple but high-impact information 
concerning the quality of life of employees. 

Materials and methods 
In this study, health problems that may occur in employees were directly evaluated 

with a standard questionnaire that was distributed to employees. This survey was given 



Sütçü – Semerci: Occupational health problems of sawmill workers processing red pine in Turkey 
- 7627 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4): 7625-7639. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1704_76257639 
 2019, ALÖKI Kft., Budapest, Hungary 

to 413 employees across 17 enterprises in Turkey. The study was conducted among 
sawmill workers processing red pine wood in west mediterrian region between July 
2013 and February 2014. The open-ended questions included in the questionnaire form 
were distributed to employees about 10-15 min. Participants were asked to respond and 
their opinions about the general problems and their solutions were recorded. 

According to a forest activity report from the Union of Chambers and Commodity 
Exchanges of Turkey (TOBB), 13285 people are employed in the sawmill and parquet 
sector and 67.3% of them are workers (8945) (TOBB, 2012). No official information 
was available that reported the species of wood processed by the sawmills. However, a 
previous study conducted on the Isparta region found that 90% of the primary forest 
production enterprises used red pine (Sütçü et al., 2008). 

In order to determine the minimum sample size to be surveyed and to provide 
statistical reliability, the number of samples needed for a 95% confidence level was 
determined to be a minimum of 368 people according to the following equation (Eq. 1) 
(Krejcie and Morgan, 1970). 
 
  (Eq.1) 
 
where; s: required sample size; χ2: the table value of chi-square for one degree of 
freedom at the desired confidence level (1.962); N: the population size (8945); P: the 
population proportion (assumed to be 0.5 since this would provide the maximum sample 
size); d: the degree of accuracy expressed as a proportion (0.05), s=368. 

In this study, a total of 413 randomly selected people were given the questionnaire in 
order to produce more accurate results. The study’s data information and survey 
specifications are shown in Table 1. 
 

Table 1. The survey and questionnaire specifications 

Country 

Population* Samples 

Number of work 
places (Nw) 

Number of 
employees 

(Ne) 

Number of 
work places 

(nw) 

Number of 
employees (ne) 

Workplace rate 
(nw/Nw) 

Employees rate 
(ne/Ne) 

Isparta 402 1.070 12 315 2.99% 29.44% 
Burdur 235 780 1 15 0.43% 1.92% 
Antalya 1.027 2.496 1 40 0.10% 1.60% 
Adana 755 1.699 3 43 0.40% 2.53% 
Total 2419 6045 17 413 0.7% 6.83% 

* According to TUIK (2007) 
 
 

The questionnaire forms, which were prepared with the literature reports, contained 
23 topics under three headings (demographic, current, physical and environmental 
factors). 

For statistical evaluation of survey data, the necessary analyses were conducted using 
statistical software SPSS 13.0 and the results of these analyses were interpreted by 
graphs and tables. Due to the discontinuous data of the study, the results were graded 
with 0-1 variables that are expressed as discrete variables (yes-no, good-bad, existent-
non-existent). Therefore, it was decided to simultaneously use Chi-square for trend test 
and Student's t-test, assuming p < 0.05 as the significance level. However, a Chi-square 
for trend test was performed whether there was a linear trend for an outcome to increase 
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or decrease over the range of an ordered categorical exposure variable (Peat et al., 
2009). 

Results and discussion 

Evaluation of demographic factors for sawmill employees processing red pine 
Demographic data of the employees in the pine wood processing sawmills are 

presented in Table 2. According to the survey results, the majority of the employees in 
the sector are predominately male with an age distribution greater than middle-age. 
However, according to the Turkish 2002 general manufacturing industry workplace 
report, the rate of women working in the sub-sector of sawnwood and cork production 
(excluding furniture) is 6.84% (TUIK, 2007). In this study, the rate of female employees 
was found to be only 3.6%. Moreover, more than half of the employees in this sector are 
in the age group of 30 to 40 years of age. This clearly shows that young people (18-30 
years) are not interested in the sawmill industry. It is also important to note that 
approximately 70% of employees have primary education while the undergraduate level 
is not even 1%. Similar results were found in Turkish studies of the sawmill sector 
(Osman and Pala, 2009). 
 

Table 2. Demographic characteristics of participants 

Gender Female  Male 
%3,6  %96,4 

Age (Year) <20 20-30 31-40 41-50 50< 
%1 %19 %50 %23 %7 

Education level Primary Education High School Vocational High School Higher 
Education 

66.8% 14.5% 17.9% 0.7% 

Length of employment (in industry) <1 2-5 year 6-10 year 10< 
%13 %27 %23 %37 

 
 

It was also found that approximately 40% of the workers have worked in the same 
sawmill for 10 years or longer. The work time of employees in the forest products 
industry also supports the results of our current work (Osman and Pala, 2009). Of the 
employees in this sector, 45% had previously worked with furniture or as carpenters and 
3% worked in other manufacturing sectors such as marble-mining, which is different 
from woodworking sector. 

Working units in sawmills are broadly divided into two parts: the sawmill workshop-
manufacturing area and sawmill yards. Sawmill workshops refer to the units where 
activities such as processing, sawing, planning, and sanding are performed and 67% of 
employees working in Sawmill workshops. In sawmill yards, activities such as stacking 
logs, and drying the sawn timber in the open air are performed and 33% of the 
employees work in sawmill yards. 

Evaluation of physical working comfort for red pine sawmill employees 
Physical working comfort is dependent on the physical working circumstances and 

the ergonomic characteristics of the manufacturing environment. Conditions such as a 
poor working environment, noise, inadequate lighting, ventilation, excessive and 
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prolonged work hours, absolute temperature and failure to comply with ergonomic 
standards adversely affects the productivity of employees. However, the most important 
work environment factors that affect occupational health in the woodworking industry 
are noise and wood dust (Barlı, 1996). In this study, noise was found to be the most 
important factor (Figure 1). The main sources of noise in sawmills are band saws, 
planers, gang saw, and compressors, and the noise level usually exceeds 85 dB 
(Reinhold et al., 2006; Gomez et al., 2010). Although this situation may cause 
temporary deafness and hearing loss, it is reported that this noise is effective even on 
retention of coronary heart failure and this risk continues even after retirement 
(Virkkunen et al., 2005). De Souza et al. (2015) claims that noise exposure is 
independently associated to hypertension. In our study, we considered only for auditory 
effects. As a result 62% of the employees stated that they had experienced hearing loss 
as a result of excessive noise. 
 

Figure 1. Response of sawmill workers about working conditions 
 
 

It was reported that the woodwork industry usually utilizes low technology and the 
average age of many machine-plants is over ten years (Sütçü et.al., 2008; Sakarya and 
Canlı, 2011). The use of old machinery and facilities deprives the sector of new 
technologies that have taken the necessary measures in terms of the health and safety of 
employees. As a result of the observations made within the scope of the evaluated 
enterprises, significant differences in noise and vibration between the use of old and 
new technology, especially with compressor, multi-slitting, and profile machines, were 
observed. Ülker (2018) reported that, in furniture manufacturing, most of the machines 
exceed the threshold of 85 dB, even when operating in the idle position. Vibration, as a 
noise factor, causes pain in various limbs (e.g., wrist, arm, elbow, leg) of the workers. 
Pain was reported in the body as a result of exposure to vibration in 60.3 percent of 
employees. 

Another important factor is ‘wood dust’ (with a rate of about 24%), as shown in 
Figure 1. Wood dust is known to cause respiratory symptoms related to asthma, 
dermatitis, eye irritation, and upper respiratory tract. However, wood dust is also 
classified as a human carcinogen by IARC (IARC, 1995). And it has only been 
conclusively linked to sinonasal cancers, despite individual studies suggesting an 
association with a range of respiratory tract cancers. Hancock et al. (2014) has 
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demonstrated significant associations between lung cancer and wood dust exposure or 
employment in wood dust-related occupations. Moreover, respiratory protective 
equipment and local exhaust ventilation reduce the risk of occupational sinonasal cancer 
(Emanuelli et al., 2016). 

Lighting and ventilation are important working condition factors. Adequate levels of 
lighting reduces the risk of accidents that may occur when using machinery and 
equipment. According to this study, the lighting situation is considered to be sufficient 
by a high percentage of employees (91.5%). However, ventilation conditions were not 
quite as high by those employees who considered the lighting conditions to be adequate 
(84.3%). 

Temperature and humidity conditions are other important factors that affect the 
subjective feeling of human comfort. Too low or too high ambient temperature and high 
humidity negatively affect the productivity of employees. Based on the results of our 
study, although the majority of the employees thought that thermal comfort was 
adequate in the winter and summer months, approximately 40% of them reported that 
they felt very hot or very cold in terms of thermal comfort. This indicates that 
enterprises do not take adequate measures for heating in cold areas and cooling in hot 
areas. In regions with cold winter conditions, such as Isparta, experienced warming 
problems due to the lack of adequate heating systems in the facility; warm regions, such 
as Adana, due to the heat and humidity in summer conditions, climatic disturbance is 
felt. Despite this, the ratio of those who feel that thermal comfort is sufficient (62%) 
should not be underestimated. 

Evaluation of general health problems in sawmill activities 
In the forest product industry, it is inevitable for employees to avoid joint 

disturbances as a result of long-term outpatient work, loading and unloading of loggers, 
transporting large and heavy materials between machines, and loading the machine. But 
this factor can cause work related musculoskeletal syndrome disorders (MSD’s) or 
different kinds of problems in organisms (Gedik and Akyüz, 2004). However, it was 
proposed that low back pain, tendonitis, and tenosynovitis are the most common MSD’s 
that accounted for 25% of occupational injuries in the United States in 1997 (Wu et al., 
2009). Bello and Mijinyawa (2010) reported that 57.81% of those working in the 
sawmill industry in Nigeria had pain in the back and in the lower back. According to 
our findings as summarized in Table 3, the number and incidence of joint pain (back, 
waist, foot) caused by prolonged standing during work has been quite high (64.9%). 
Also, the situation of vascular diseases that has emerged as an occupational discomfort 
due to prolonged standing during work conducted by sawmill workers. 
 

Table 3. Symptoms to body area for sawmill tasks 
Symptoms (n=413) Frequency Percentage (%) 

Work Related Musculoskeletal Syndrome Disorders (MSD’s) 268 64.9 
Joint pain due to vibratory 164 39.7 

Hearing Impairment 159 38.5 
Respiratory dysfunction (dyspnea) 126 30.5 

Eye irritation due to wood dust 113 27.4 
Varicose veins 106 25.7 

Work related allergic reactions 96 23.2 
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The distribution of vascular disease in the participants according to demographic 
characteristics is shown in Table 4. The incidence of vascular disease was not significantly 
different according to gender and work unit (p > 0.005). Although there was a decrease in 
the trend of educational status (26.8%; 23.9%; 0.0%), the incidence of vascular disease 
was not significantly different based on the education level of the employees (χ2 for trend = 
0.820, p = 0.365, Table 4). According to the data evaluated and the statements of the 
employees participating in the survey, a significant difference was found between 
vocational education and vascular disease (χ2 for trend=24.294, p=0.0001). Although the 
frequency of vascular disturbance based on length of employment showed a significant 
difference, the results of the analysis (χ2 for trend=10.304, p=0.005) show that, when the 
direction of the trend is taken into consideration and employees with 6-10 years of 
experience are excluded from the evaluation, the significant difference in the analysis is 
lost (χ2 for trend= 4.42, p=0.110). This situation applies to employees who work in the red 
pine processing sawmills and shows that the length of employment has no effect on the 
risk of vascular disease. 

Based on the t-test, the relative age of patients that developed vascular disease was 
older than no patients, but the difference was not significant (37.3, SD:7.58; 36.6, SD:4.7; 
p = 0.428). 

The incidence of MSD’s was not significantly different based on gender, educational 
status, and occupational education (p > 0.05, Table 4). However, the relationship of 
MSD’s with the working area showed a significant difference (χ2 = 3.426, p < 0.05). This 
indicates that workers (71.1%) in the yards face more risk of joint pain than those working 
in the workshop (61.9%). 

According to the length of employment, the incidence of MSD’s showed a significant 
difference (χ2 for trend = 11.374, p< 0.05, Table 4). However, when employees with a 
work duration less than one year were excluded from the evaluation, the significant 
difference in the analysis was lost (χ2 for trend = 4.66, p = 0.097). According to the results 
of the analysis, workers with a work duration of less than one year had many complaints 
about MSD’s (80.8%). Although there is a gradual increase in length of employment of 
more than one year, no significant difference was observed based on the results of the 
analysis, but this situation can be explained by the “training and practice” effect (Yıldırım, 
1989). 

Workers in woodwork industries are exposed to hand–arm vibrations, awkward posture, 
repetitive tasks, and high grip force. Also, vibration has been reported to introduce fatigue 
in muscles, further augmenting postural stress (Bhardwaj and Khan, 2018). In this study, 
the change in the occurrence of MSD's (especially joint pain) caused by demographic-
based vibration exposure is shown in Table 4. 

Joint pain caused by vibration and its correlation to gender, working unit, and work 
time does not show a significant difference. However, there is a significant difference 
based on the education level of the employees (χ2 for trend = 5.683, p < 0.05, Table 4). 
Based on the occupational education of employees, the presence of joint pain caused by 
exposure to vibration showed a significant difference (χ2 = 8.077, p < 0.05). However, the 
mean age (35.7; SD:8.0) of participants with complaints about joint pain resulting from 
exposure to vibration was lower than the mean age of those without joint pain (37.5; 
SD:7.6, p < 0.05). As a result of these observations made in sawmills, the employment of 
highly qualified personnel with a higher education level in more qualified jobs, low level 
of education, new entry into the business and unqualified personnel can be related to the 
work in units of older model machines, which work more noisily and vibrate. 
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Table 4. The Crosstab about relationship with Symptoms for sawmill employees processing red pine according to demographic characteristics 

Symptoms 
Demog-raphic 

Characters 
Gender Education level Voc. Education Production area Length of Employment 

Female Male Pri. Edu H. Sch. H. Edu. Yes No Work-shop Yards <1 2-5 year 6-10 year 10< 
 Count 15 398 276 134 3 105 308 278 135 52 111 97 153 

Varicose 
veins 

Yes 
Count 1 105 74 32 0 46 60 75 31 12 26 16 52 

% 6.7 26.4 26.8 23.9 0 43.8 19.5 27 23 23.1 23.4 16.5 34 

No 
Count 14 293 202 102 3 59 248 203 104 40 85 81 101 

% 93.3 73.6 73.2 76.1 100 56.2 80.5 73 77 76.9 76.6 83.5 66 
 χ2 2.945 0.82 24.294 0.768 0.768 
 p 0.069 0.365 0.0001 0.226 0.226 

Arthrosis 
Pain 

Yes 
Count 8 260 174 93 1 64 204 172 96 42 61 61 104 

% 53.3 65.3 63 69.4 33.3 61 66.2 61.9 71.1 80.8 55 62.9 68 

No 
Count 7 138 102 41 2 41 104 106 39 10 50 36 49 

% 46.7 34.7 37 30.6 66.7 39 33.8 38.1 28.9 19.2 45 37.1 32 
 χ2 0.811 16.679 2.144 2.41 2.669 
 p 0.278 0.0001 0.091 0.076 0.445 

Respiratory 
dysfunction 

Yes 
Count 3 123 102 23 1 38 88 38 88 15 40 30 41 

% 20 30.9 37 17.2 33.3 36.2 28.6 36.2 28.6 28.8 36 30.9 26.8 

No 
Count 12 275 174 111 2 67 220 67 220 37 71 67 112 

% 80 69.1 63 82.8 66.7 63.8 71.4 63.8 71.4 71.2 64 69.1 73.2 
 χ2 0.811 16.679 2.144 2.41 2.669 
 p 0.278 0.0001 0.091 0.076 0.445 

Work related 
allergic 

reactions 

Yes 
Count 4 92 66 30 0 28 68 63 33 21 20 20 35 

% 26.7 23.1 23.9 22.4 0 26.7 22.1 22.7 24.4 40.4 18 20.6 22.9 

No 
Count 11 306 210 104 3 77 240 215 102 31 91 77 118 

% 73.3 76.9 76.1 77.6 100 73.3 77.9 77.3 75.6 59.6 82 79.4 77.1 
 χ2 0.102 0.367 0.924 0.162 10.649 
 p 0.475 0.545 0.203 0.388 0.014 
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Symptoms 
Demog-raphic 

Characters 
Gender Education level Voc. Education Production area Length of Employment 

Female Male Pri. Edu H. Sch. H. Edu. Yes No Work-shop Yards <1 2-5 year 6-10 year 10< 
 Count 15 398 276 134 3 105 308 278 135 52 111 97 153 

Eye irritation 
due to wood 

dust 

Yes 
Count 5 108 85 28 0 26 87 70 43 18 33 33 29 

% 33.3 27.1 30.8 20.9 0 24.8 28.2 25.2 32.9 34.6 29.7 34 19 

No 
Count 10 290 191 106 3 79 221 208 92 34 78 64 124 

% 66.7 72.9 69.2 79.1 100 75.2 71.8 74.8 68.1 65.4 70.3 66 81 
 χ2 0.279 5.409 0.478 2.035 9.295 
 p 0.393 0.02 0.288 0.096 0.026 

Hearing 
Impairments 

Yes 
Count 2 157 109 50 0 39 120 100 59 26 44 38 51 

% 13.3 39.4 39.5 37.3 0 37.1 39 36 43.7 50 39.6 39.2 33.3 

No 
Count 13 241 167 84 3 66 188 178 76 26 67 59 102 

% 86.7 60.6 60.5 62.7 100 62.9 61 64 56.3 50 60.4 60.8 66.7 
 χ2 4.163 0.65 0.109 2.295 4.709 
 p 0.033 0.42 0.417 0.08 0.194 

Joint pain 
caused by 
vibration 

Yes 
Count 3 161 120 44 0 54 110 111 53 27 42 30 65 

% 20 40.5 43.5 32.8 0 51.4 35.7 39.9 39.3 51.9 37.8 30.9 42.5 

No 
Count 12 237 156 90 3 51 198 167 82 25 69 67 88 

% 80 59.5 56.5 67.2 100 48.6 64.3 60.1 60.7 48.1 62.2 69.1 57.5 
 χ2 2.526 5.683 8.077 0.017 7.019 
 p 0.09 0.017 0.003 0.492 0.071 

Abbreviations: Voc. Education :Vocational Education; Pri. Edu.: Primary Education (basic education for eight years); H. Sch.: High School (4 years of High 
School); H.Edu.: Higher Education (4 years of University and upper) 
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Wood dust is one of the most important health risks in forest product workplaces, as 
described in the literature. Required limit values have been established by international 
organizations (Siew et al., 2012; IARC, 2012). However, the mechanism of 
pathogenesis involving the lungs in woodworkers could be due to exposure to airborne 
dust of different particle sizes, concentrations and compositions. 

Moreover, these structural components are also responsible for most toxic, irritant, 
and sensitizing effects which become a cause of impairment and worsening of lung 
function. In addition, it is well known that wood contains many microorganisms 
(including fungi) and toxins, agents such as; terpenes, abietic acid, and plicatic acid in 
different types are, potentially, implicated in the occurrence of asthma by inducing 
increased bronchial responsiveness or by damaging the bronchial epithelial cells 
(Kherde et al., 2017). According to the results of the survey, 30% of the workers 
experienced dyspnea that was caused by exposure to wood dust. Table 4 illustrates the 
change in dyspnea frequency caused by participants' exposure to wood dust based on 
demographic characteristics. The frequency of dyspnea was not significantly different 
according to gender, occupational education, work unit, and work time. But it was 
significantly different based on education level of employees (χ2 for trend=1.679, 
p=0.0001). This situation can be explained by qualified personnel that graduated from 
high school working in more qualified work units (technical units-departments which 
are less exposed to wood dust). When the ratio of university graduates contrasts with the 
above explanation, only three university graduates participated in the survey, which 
makes it difficult to propose a valid interpretation. 

There was no statistically significant difference (p > 0,05) in the mean age between 
employees who have shortness of breath (37.1; SD:7.3) and those that do not (36.6; 
SD:8.0). 

The frequency of allergic reactions did not show a significant difference based on 
gender, education, occupational education status, and working area (Table 4). The 
frequency of allergic reactions based on length of employment showed a significant 
difference (χ2 for trend = 10.649, p < 0,05). This difference is due to the frequency of 
high allergic reactions in less than one year (40.4%). When employees less than one 
year are excluded from the evaluation, the significant difference is lost (χ2 for trend = 
0.92, p> 0,05). 

The mean age (35.4, SD:7.5) of participants having allergic reactions was lower than 
the mean age of participants without allergic reactions (37.2, SD:7.8; p= 0.051). As a 
result of exposure to dust in the workplace, 27.4% of the workers had itching, redness, 
and burning in the eyes caused by wood dust but 72.6% of the participants did not have 
such complaints (Table 4). In the literature, allergic reactions to sawdust from softwood 
are more common among sawmill workers than allergic reactions to sawdust from 
hardwood (Dutkiewicz, 2001). Rosenberg et al. (2002) reported for pine processing 
industries the focused on monoterpene exposure which causes work-related subjective 
symptoms. 

There was no significant difference in the occurrence of redness and burning in the 
eyes based on gender, the level of vocational education, and the work area (Table 4). A 
significant difference was observed based the education level of the employees (χ2 for 
trend = 5.490, p<0.05). Similarly, a significant difference was observed based on length 
of employment (χ2 for trend = 9.295, p < 0.05). This difference was due to redness and 
burning complaints ranging from 6 to 10 years (34%). When these employees are 
excluded from the evaluation, the significant difference is lost (χ2 for trend = 0.59, 
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p> 0.05). The mean age (35.3, SD:6.4) of the participants that have redness and burning 
in the eyes was lower than the mean age of the participants without these complaints 
(37.3, SD:8.8; p = 0.051). 

The percentage of participants who stated that they experienced hearing loss as a 
result of exposure to noise in the red pine processing sawmill was high (38.5%, Table 
3). The frequency of hearing loss based on gender showed a significant difference 
(χ2=4.163, p=0.033). Male employees (39.4%) expressed that they experienced hearing 
loss due to more noise so than women. Male employees are exposed to greater levels of 
noise depend on working in noise-intensive environments and may experience more 
health problems related to hearing loss. Female are generally employed in 
classification-standardization and packaging units. In addition, no significant difference 
was found in terms of hearing loss status based on education level, vocational 
education, working area, and length of employment. Similarly, there was no significant 
difference in the 95% confidence level between the average age of the participants with 
hearing loss and the mean age of those who did not experience hearing loss (p = 0.167). 
According to Table 4, the rate of hearing loss was found to be as high as 50% in 
employees with less than one year of work experience. However, it is known that at 
least two years of working in a noisy environment are required for the formation of 
hearing loss as a result of continuous noise exposure. According to these data, it is 
estimated that the employees experience temporary hearing loss. 

General complaints about ergonomic conditions in red pine processing sawmills 
Figure 2 shows a summary for the question of ‘What do you think is the most 

important factor that negatively affects the health of employees in the environment 
where you work?’ The most important complaints expressed by workers were “ignore 
use of personal protective equipment (PPE)” and “overtime work”. 
 

 
Figure 2. Complaints in red pine processing sawmills expressed by workers 

 
 

It is understood that the use of PPE, such as earmuffs or plugs, hand gloves, or 
masks, has been poor and inappropriate in the wood processing industries and they are 
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often considered to be irrelevant and disturbing. According to the results of the survey; 
approximately 25% of employees complain of non-use of PPE in the work environment. 
One of the most common reason for not using it, was mentioned that PPE causes 
discomfort while working (Top et al., 2016). Effendi and Pratama (2017) found a 
significant relationship between knowledge with the use of personal protective 
equipment. Similar findings were made by other groups (Bello and Mijinyawa, 2010; 
Jerie, 2012). These groups also reported that some workers (23%) complained about 
overtime. However, the majority of these employees are ungrudging in to work under 
the overtime work to meet their economic requirements due to their unqualified 
employee status and minimum wage. In Turkey, according to the Regulation on 
Working Hours of Labor Law, uninterrupted work time cannot exceed 11 hours per day 
(RG, 25425). Overtime work causes problems such as fatigue, weariness, and 
carelessness in employees and also decreases job dissatisfaction and work performance. 
This is why the risk of accidents can be reduced while increasing employee motivation 
and work efficiency with organizational configuration measures such as more efficient 
organization of break times, job expansion, and job enrichment. In addition, 9% of 
employees reported that they do not have any information or knowledge about 
occupational health and safety. This shows that the risks to employees in the work 
environment, the hazards that may arise from these risks, and the rights of employees 
against these risks are not known. In this scenario, employers have a significant role. 
Employers should organize information seminars for their employees through their 
occupational health and safety experts. The studies done by various authors have also 
recommended implementation of an occupational health service and development of a 
means for collective and individual prevention to reduce the risk maximally. It has 
already proposed that the health risk should be minimized by the mutual collaboration 
between health officials, woodworkers and their management (Kherde et al., 2016). 

Conclusions 
The employees studied in this work are exposed to wood dust generated during the 

processing of red pine wood, to chemicals formed by the extracts and essential oils in 
the wood, and to hazardous preservatives that are used to prevent biological and 
physical degradation of these raw materials. In addition, it is inevitable that 
occupational health problems will be experienced by the employees due to the fact that 
working conditions are not sufficiently ergonomic, heavy material is manipulated 
manually, and physical factors such as overtime work. 

However, inevitable muscular and skeletal syndrome disorders develop as a result of 
prolonged standing during work, loading and unloading of loggers, transportation of 
large and heavy planks between the machines. However, workers in the yards encounter 
more risk of joint pain than those working in the workshop. In addition, use of PPE, 
improvements to the working environment, and organization of information seminars 
about occupational health and safety have been suggested by workers. 

The length of the work day causes problems such as fatigue, weariness, absence, 
turnover, carelessness, poor performance, and decreased job satisfaction. For these 
reasons, the risk of accidents can be reduced while implementing work structuring 
principles such as more effective organization of break times, job enrichment, job 
enlargement, and job rotation to increase motivation and work efficiency. 
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