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Abstract: This study was designed to evaluate the effects of furniture production,
mainly including fir tree (aberia mulleriana), on respiratory health of young workers and
to compare the results with those obtained from previous studies. Sixty-four furniture-
decoration students (57 males and 7 females) and 62 controls (54 male, 8 female) from
different departments in the same school were included into the study. All participants
were assessed with a questionnaire (concerning history of occupational exposure, work-
related respiratory and other symptoms, smoking history, previous asthma history), full
physical examination, spirometric evaluation and chest radiograph. Participants then
performed serial monitoring of peak expiratory flow rates (PEFR) at work and away
from work within a month. Mean age of students was 20.9 + 3.7 years, 20.5 + 2.6 years
in controls. There was no difference between study and control groups with regard to
age, gender, smoking status and previous asthma history. Reported coughv23.4%
8.1%) and shortness of breath (18.8%06.5%) were significantly higher in furniture-
decoration students than in controls (p = 0.016 and p = 0.034, respectively). Furniture-
decoration students had higher conjunctivitis (34w£8.7%, p = 0.001) and rhinitis
(34.4%yvs. 19.4%, p = 0.044) history when compared with controls. Both students and
controls were normal in terms of respiratory examination. PEF recordings were
performed for approximately one month. Diurnal variability greater than 20% was seen
in 12/64 (18.7%) of students at work, whereas it was detected in 4/62 (6.4%) of controls
(p = 0,034). When comparing for the presence of diurnal variability greater than 20% in
weekends, no difference was found between groups (p = 0.457). In conclusion, early
detection of work-related respiratory changes by serial monitoring of peak expiratory
flows should save the workers from hazardous respiratory effects of the furniture
production, especially in young population.
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INTRODUCTION include occupational asthma, non-asthmatic chronic airflow
obstruction, extrinsic allergic alveolitis, organic dust toxic
Respiratory health effects have been documented sgndrome and simple chronic bronchitis [11, 26, 28].
furniture production workers due to the exposure to a Among woods, western red cedar is the most investi-
variety of wood dusts, chemicals and microorganisms [1§ated agent which causes occupational asthma, whereas
18, 28]. Furniture production related respiratory disordeisther types of wood dust such as pine, spruce, fir have
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only received limited attention [3, 9, 16]. Few studie8) Painting and polishing the products (the formulations
showed that occupational asthma, lung function impaiof paint and varnish were alkyd and nitro-cellulose based,
ment and increased respiratory symptoms were detectedpectively. Toluene was used as thinner) 4) Glueing the
among workers exposed to pine, spruce and fir dusts [Jarts of furniture (formaldehyde based glue).
20]. In furniture factories not only wood dusts but also A central vacuum connected to all the woodworking
chemicals (formaldehyde, isocyanate etc.) and microaachines was used to reduce the wood dust exposure.
organisms (bacterial, fungal spores) have been accus&didents were also encouraged to use face masks and
for the development of respiratory diseases such psotective glasses during dusty woodworking processes.
occupational asthma, extrinsic allergic alveolitis, organiStudents worked in the furniture unit twice per week for 4
dust toxic syndrome [1, 3, 10, 24]. In a study, painters imours.
the furniture industry, particularly atopic subjects, were The measurement of dust levels could not be performed
found to be at high risk of asthma-like symptoms. In theshie to the lack of laboratory facilities.
workers, asthma-like symptoms were more sensitive than
non-specific bronchial hyperreactivity in detecting a Diagnostics ProceduresA guestionnaire was used to
negative effect of the occupational exposure [30]. record the work-related symptoms (cough, shortness of
Previous studies have reported different prevalendmeath, wheezing, chest tightness, rhinitis, conjunctivitis,
rates of respiratory and other symptoms related to woautticaria), smoking habits, previous asthma-allergy history
processing. Hessel al. reported that the prevalence ratesand occupational history.
of bronchitis and asthma in sawmill workers exposed to At the beginning, all subjects were assessed with
pine and spruce were 26.6% and 7.4%, respectively [1@hysical examination, pulmonary function testing and
Prevalence of occupational asthma due to western reldest radiograph. Chest radiographs were performed in
cedar ranged from 4% to 15% in different studies [2, 4, 3lthe Radiology Department of the University Hospital.
Few reports have focused on respiratory impairmeBoth groups were examined and investigated during the
related to wood processing and furniture production isame period, with the same staff (physician and technician)
Turkey. Erdogan et al. found the prevalence of occupationaland equipment. Forced vital capacity (FVC), forced
asthma to be 2.5% among 163 furniture production arkpiratory volume in one second (FBVforced mid-
sawmill workers [13]. Fisek¢i et al, in a cross-sectional expiratory flow between 25-75% of FVC (FiEksy and
study which included 138 furniture polishers and painterpeak expiratory flow (PEF) were measured in all subjects
reported the occupational asthma rate as 4.3% [14]. using a spirometer (Vitalograph Alpha). Three technically
The aims of the present study were to evaluate tlaeceptable measurements were made for each subject and
effects of furniture production, mainly fir tree (aberiaall volumes were corrected to body temperature and
mulleriana), on respiratory health of young-aged workeggressure saturation (BTPS). Results were expressed as
and to compare the results with those obtained fropercentages of the predicted values [27]. Spirometric tests

previous studies. were repeated at the end of the study (after approximately
a month). Mini-Wright peak flowmeter and diary card
MATERIALS AND METHODS were used for PEF monitoring. Firstly, subjects were

trained in the use of the peak flowmeter and to record the
This study was performed in the furniture-decoratiomeasurements of PEF on working days and record
department of a high school in Dizce, a rural area axposure on a diary card. Students also were told to
northwest Turkey, between September and December 200&cord their PEF 4 times daily (on waking, noon, after
work and before bedtime) for at least 1 week to 10 days
Study Population. A total number of 64 furniture- when away from work [7]. According to the furniture-
decoration students (57 males and 7 females) were includistoration education programme, students recorded their
in the study. Mean age was 20.9 £ 3.7 years. Duration BEF measurements during a month. The sum of the
training in the furniture-decoration department rangedeekend records at least 1 week to 10 days was accepted
from 1-2 years. 62 students (54 male, 8 female) froas PEF monitoring away from work, the remaining PEF
different departments in the same school served escords reflected PEF monitoring at working period.
controls. Mean age was 20.5 + 2.6 years. All subjects For analyzing PEF records, a quantitative method was
gave written informed consent and the study was approvesed [19]. The following criteria were used: (1) a 20% or
by the Ethics Committee of Abant Izzet Baysal Universitgreater diurnal variability of peak flow readings to make a
Medical Faculty. diagnosis of asthma, (2) the occurrence of such changes
relatively more frequently on working days than off work
Workplace. The area of the furniture-decoration unitdays, (3) exclusion of indeterminate findings such as
was 20 x 7 x 6 f In each shift 16 students (52.8 per occurrence of diurnal change only on one occasion or
student or 0.02 student pef)mvere working at the same occurrence of PEF changes without diurnal basis. Diurnal
time. Briefly, the furniture-decoration process consists ofariation of PEF was calculated as follows:
4 main activities: 1) Sawing and trimming the woods, MaxPEF- MinPEF

mainly fir and sometimes pine, 2) Grinding the products, MaxPEF ¥100% [19].
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Definitions. In accordance with ACCP consensugable 1. Demographical features and work-related symptoms of
statement [6], we diagnosed OA and likely OA as follows;Students and controls.

(A) Diagnosis of asthma and (B) onset of asthma after Students Controls p
entering the workplace; and (C) association between n=64 n=62
symptoms of asthma and work; and (D) one or more @fe: years, mean (SD) 20.9 (3.7) 20.5(2.6) 0.473
the following criteria: (1) workplace exposure to an agent
known to give rise to OA; or (2) work-related changes in Gender
FEV1 or peak expiratory flow (PEF) rate; or (3) work-Male% (n) 89.1(57) 87.1(54) 0.474
related changes in bronchial responsiveness; or (4) positi&naies (n) 109(7) 12.9(8)

response to specific inhalation challenge tests; or (5) onset

of asthma with a clear association with a symptomatic Smoking status

exposure to an irritant agent in the workplace. Smokers% (n) 50.0 (32) 38.7 (24)
Occupational as_thma: meets A_+I_3_+C+D2 or D3 or Déonsmokerso (n) 472 (27) 56.5 (35) 0.645
or D5 of the surveillance case definition. .
Likely occupational asthma: meets A+B+C-+only D1 of*Smokers% (n) 78()  48()
the surveillance case definition. Previous asthma diagnosis% (n) 4.7 (3) 4.8 (3) 0.645

Work-related respiratory complaints

Statistical Analysis.SPSS-8.0 package programme was
used for statistical analysis. Students and control subje£&'9n% (0
were compared by using the Student’s t test for numeistortness of breath% (n) 18.8 (12) 6.5(4)  0.034*
variables and the chior Fisher exact tests for categoriccpeg thightness% (n) 15.6 (10) 9.7 (6) 0.230
variables. Additionally, interaction between smoking and _
wood dust exposure was determined by log-linedtNeezing% (m)

234(15) 81(5)  0.016*

141(9)  4.8(3) 0.071

analysis. A p value of < 0.05 was considered significant. Other complaints
Rhinitis% (n) 34.4(22) 19.4(12)  0.044%
RESULTS
Conjunctivitis% (n) 34.4 (22) 9.7 (6) 0.001*
The demographical characteristics and work-relatedtticaria% (n) 6.3 (4) 1.6 (1) 0.193

_s%ﬂp;tims of furniture students and controls are shown ,ngalue lower than 0.05 was considered significant

There was no difference between the students andPulmonary function parameters are shown in Table 2.
controls with regard to age, gender, smoking status andBaseline PEF value of students was significantly lower
previous asthma history. than controls (89.8%s.101.5%, p = 0.002*). After study,

Reported cough (23.4%s. 8.1%) and shortness of the FVC value of students was found to be higher than
breath (18.8%vs. 6.5%) were significantly higher in controls (104.1%s.99.4%, p = 0.038).
furniture-decoration students than in controls (p = 0.016 Table 3 shows total working and weekend days when
and p = 0.034, respectively). Furniture-decoration studeritee study was performed, subjects who had diurnal
had higher conjunctivitis (34.4%s.9.7%, p = 0.001) and variability greater than 20% on working days and
rhinitis (34.4%vs.19.4%, p = 0.044) history when comparedveekends, mean working and weekend days with diurnal
with controls. variability greater than 20%.

Both students and controls were normal in terms of PEF recordings were performed for approximately one
respiratory examination. Although the difference was nanonth. Diurnal variability greater than 20% was seen in
statistically significant, furniture-decoration students hadi2/64 (18.7%) of students at work, whereas it was
higher conjunctivitis (10.9%s. 3.2%, p = 0.090), urticaria detected in 4/62 (6.4%) of controls (p = 0.034). When
(3.1%vs. 1.6%, p =0.512) and rhinitis (6.3%s. 3.2%, assessing for the presence of diurnal variability greater

p = 0.355) than controls in physical examination. than 20% at weekends, no difference was found between
Chest radiographs of all the students and controls welfee groups (p = 0.457). Serial recordings of peak expiratory
normal. flows of the 8th and 17th students having diurnal

Table 2. Spirometric values at the beginning and end of the study.

Before study After study
Students Controls p Students Controls p
FVC (% predicted values) 96.7 +14.6 100.3+12.1 0.139 104.1 +13.6 99.4+11.6 0.038*
FEV: (% predicted values) 102.9 +14.0 107.6 +13.3 0.053 109.7 +13.4 106.0 + 13.2 0.130
FERs.7500 (% predicted values)  103.2 £ 23.0 108.0 £23.4 0.256 108.9+21.7 105.3+22.8 0.369

PEF (% predicted values) 89.8 +20.6 101.5+20.7 0.002* 101.4+16.1 104.9+18.9 0.268
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Figure 1. Serial recordings of peak expiratory flow of 8th studenFigure 2. Serial recordings of peak expiratory flow of 17th studen
having diurnal variability greater than 20% during working days. having diurnal variability greater than 20% during working days.

variability greater than 20% during working days aréo fir dust for 1-2 years. The reported rhinitis and

shown in Figure 1 and 2. conjunctivitis in furniture-decoration students (22% and
A log-linear analysis made on the smoking and woo#2%, respectively) were found to be higher than controls

dust exposure showed no interaction effect betwedh2% and 6%, respectively). Our results were consistent

smoking and wood dust exposure (p > 0.05). with the study by Milanowski in that rhinoconjunctivitis
occurred in a group of workers who had a shorter mean
DISCUSSION duration of employment [25].

Work-related cough and shortness of breath were
Most of the previous studies that revealed thhigher in students (15% and 12%, respectively) when
respiratory health effects related to woodworking andompared with controls (5% and 4%, respectively) in our
furniture production demonstrated the long-term exposustudy. Moreover, in this study respiratory complaints
effects on workers. Additionally, those studies includedere seen earlier (1 to 2 years after exposure) than in a
middle-aged workers [9, 18, 22, 23, 28]. The presestudy investigated laboratory animal workers asthma [21].
study investigated furniture production related respiratory A relatively short period between rhinoconjunctivitis
effects in a younger age group than those of other studiaad respiratory symptoms in our study was thought to be
This study also showed the earlier effects of exposure telated to the involvement of both immunologic and
wood dust and other materials included in furnitur@onimmunologic mechanisms in furniture production
production. related asthma-like symptoms. Since a formaldehyde
The natural history of red cedar asthma includes lzased glue was used in this particular environment it
latent period between the onset of exposure armbuld be thought that these symptoms may be due to
symptoms [5]. The duration of the latent period remairf®rmaldehyde exposure, although a potential causal role
unclear in red cedar asthma, whereas the incidender other exposures cannot be excluded. Moreover, most
density of rhinoconjunctivitis symptoms is higher in yearsf the inhaled formaldehyde is retained in the upper
1 and 2 after exposure and respiratory symptoms becomespiratory tract due to its extraordinary solubility.
more relevant in years 2 and 3 in laboratory animdiherefore, cases of formaldehyde-induced occupational
workers asthma [21]. In our study, students were exposasthma are sporadic despite its widespread use in
industrial processes [17]. Although the prevalence rates of

Table 3.PEF diurnal variability in subjects. -
Y : cough and shortness of breath in the present study were

Students  Controls p found to be lower than those of other studies [16, 25, 28],

n =64 n=62 our results were similar to those obtained from a study
Working days, mean + SD 19.6+25 202+21 o0.306ncluding intermittent and low exposed pine sawmill
Off work days, mean + SD 107427 99419 0.261workers [9]. In another study, a minor part of the

respiratory symptoms in furniture industry workers was
Subjects with diurnal variability ~ 18.7 (12) 6.4 (4) 0.034* explained by pine-specific IgE [29]
0, i .

3;‘;2‘?;}*(‘2)” 20% on working Spirometric values in the present study did not show

) - N any changes attributable to the hazardous effects of
Subjects with diurnal variability 9.3 (6) 9.6 (6) 0.596 furniture roduction workin This result mav be
greater than 20% at weekends, - p g . g. y
% (n) explained with relatively younger workers, and the

intermittent and lower exposure in our study. In a study

Working days with PEF 7.7+438 47+29 0.272 A

variability greater than 20%, by Shamssairt al, FEV,/FVC and FVC were found to
mean + SD be lower in the exposed workers who had been employed
Weekends with PEF variability 5.3+3.0  4.1+2.0 0.457 for at least 10 years in a furniture factory [28]. Some

greater than 20%, mean + SD studies evaluating the respiratory effects related to
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woodworking reflected evidence of airway obstruction 7. Coté J, Kennedy S, Chan-Yeung M: Sensitivity and specificity of

while others described restrictive defects only [8, 16, 25 Crﬁgni?ldgggg'; ‘;’égi_rgggry flow rate in cedar asthinAllergy Clin

31]. In our study, the differences in the bas_e“ne value Of'g cyrosso A, Ruffino C, Bagiani M: Respiratory diseases in wood
PEF and in FVC at the end of the study might be relat@@rkers.Br J Ind Med1987,44, 53-56.
to the spirometric performance of subjects and technician,9. Douwes J, Mclean D, Slater T, Pearce N: Asthma and other

piratory symptoms in New Zealand pine processing sawmill workers.
effort dependence of FVC and PEF maneuvers, and™ Me001.39, 608-615.

learning effe(?t C_Ombination- ) ~10. Eduard W, Sandven P, Levy F: Serum IgG antibodies to mold
PEF monitoring was used as a screening test #dores in two Norwegian sawmill populations: relationship to respiratory
establishing work relatedness of respiratory symptonasd other work-related symptordsn J Ind Medl993,24, 207-222.

; ; 11. Enarson DA, Chan-Yeung M: Characterization of health effects
and to evaluate the safety of work environment in the -~ = “ " exposuream J Ind Med.990.17, 33-38.

present _StUdY- Alt_hQUgh_ PE_F monitoring requires 1, Enright PL, Sherrill DL, Lebowitz MD: Ambulatory monitoring
cooperation and training, it still remains a useful anef peak expiratory flow: reproducibility and quality contrGhest1995,
cheap method in screening possible occupational asthr@/, 657-661. ) ) _ _
especially in developing countries. Our study showed that 3 Frdogan S, Giilmez L, Unluhizarct K, Demir R, Ozesmi M: Odun

o 12/64) of students had sianificant diurn zuna maruz kalan is¢gilerde solunum fonksiyonlari ve meslek astmasi
18.7% ( S1g revalanst (In Turkish). Solunumi995,19, 127-134.
variability greater than 20% on working days, whereas 14. Fisekgi F, Kiligaslan Z, Cuhadaroglu C: To determine pulmonary
6.4% (4/62) of control subjects had such changes in PEFmptoms and prick tests in furniture polisher and painters (In Turkish).

; iahili 0 olunum Hastaliklarl998,9, 143-153.

In the case of diurnal Varlablllty greater than 20% ﬁ 5. Goldsmith DF, Shy CM: An epidemiologic study of respiratory
weekends there were no d'ﬁerenc_e between Stl%de”ts §adith effects in a group of North Carolina furniture workér@ccup
controls (9.3% and 9.6%, respectively). We pointed ouited1988,30, 959-965.
that the effects of age, gender, smoking status andié. Hessel PA, Herbert FA, Melenka LS, Yoshida K, Michealchuk

; ; ; Nakaza M: Lung health in sawmill workers exposed to pine and
previous asthma history on PEF recordings were excmdseéjruce.c:hesuggs,loa 642646,

by matching the students and controls [12]. 17. Kim CW, Song JS, Ahn YS, Park SH, Park JW, Noh JH, Hong
Although students with PEF diurnal variability greatercs. occupational asthma due to formaldehymsei Med 2001,42,

than 20% did not meet the criteria for occupationa#40-445. ) )

asthma in surveillance case definition [6], we suggest thﬁ1il8'Krys.‘“Ska'Tra.czy.k E, Skorska C, Cholewa G, Sitkowska J,
. . . . . . . Milanowski J, Dutkiewicz J: Exposure to airborne microorganisms in

furniture production including fir tree was associated withmiture factoriesann Agric Environ Me®002,9, 85-90.

higher risk for the development of respiratory complaints. 19. Liss GM, Tarlo SM: Peak expiratory flow rates in possible

Further studies are needed to assess whether ea&xigupational asthm&hest1991,100, 63-69.

it i ; ; 0. Malo JL, Cartier A, Boulet LP: Occupational asthma in sawmills
recognition Car.] be be.St achieved b.y ap_propnat_e Survelllanocf%astern Canada and United StafeAllergy Clin Immunoll986,78,
programmes in furniture production industries such ag, 3gg.

those using fir tree and various chemicals that account for21. mMalo JL, Chan-Yeung M: Occupational asth@iallergy Clin
most suspected occupational asthma cases. Immunol2001,108 317-328.
In conclusion, early detection of work-related respirator%%fzz' Malo JL, Cartier A, Desjardins A, Weyer RV, Vandenplas O:

. . . cupational asthma caused by oak wood @etst1995,108 856-858.
changes by serial monitoring of PEFs recordings should 3’ Mandryk J, Alwis KU, Hocking AD: Effects of personal

save the workers from hazardous respiratory effects of thgosures on pulmonary function and work-related symptoms among
furniture production, especially in the younger-agedawmil workersAnn Occup Hy@000,44, 281-289. .
population. A further study must be carried out to dete% 24. Milanowski J, Dutkiewicz J, Potoczna H, Ku$ L, Urbanowicz B:

h he | | of h \e gic alveolitis among agricultural workers in eastern Poland: A
the nature and the level of exposure, and measures s y of twenty caseénn Agric Environ Med.998,5, 31-43.

be undertaken to lower the exposure to offending agents2s. Milanowski J, Géra A, Skérska C, Krysinska-Traczyk E,
by substitution or by improving exposure controls at thiackiewicz B, SitkOWS_ka J, Cholewa G, Du_tkieWiC_Z J: Work-related
Workplace. symptoms among furr_uture factory workers in Lublin region (Eastern
Poland).Ann Agric Environ Me@002,9, 99-103.
26. Pisaniello DL, Connell KE, Muriale L: Wood dust exposure
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