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Work-Related Symptoms and Dose-Response
Relationships for Personal Exposures and
Pulmonary Function Among Woodworkers

John Mandryk, phD,'* K. Udeni Alwis, Msc,2 and Ailsa D. Hocking, PhD3

Background Four sawmills, a wood chipping mill, and five joineries in New South Wales,
Australia, were studied for the effects of personal exposure to wood dust, endotoxins,
(1 — 3)-B-D-glucans, Gram-negative bacteria, and fungi on lung function among
woodworkers.

Methods Personal inhalable and respirable dust sampling was carried out. The lung function
tests of workers were conducted before and after a workshift.

Results The mean percentage cross-shift decrease in lung function was markedly high for
woodworkers compared with the controls. Dose-response relationships among personal
exposures and percentage cross-shift decrease in lung function and percentage predicted lung
function were more pronounced among joinery workers compared with sawmill and chip mill
workers. Woodworkers had markedly high prevalence of regular cough, phlegm, and chronic
bronchitis compared with controls. Significant associations were found between percentage
cross-shift decrease in FVC and regular phlegm and blocked nose among sawmill and chip
mill workers. Both joinery workers and sawmill and chip mill workers showed significant
relationships between percentage predicted lung function (FVC FEBV,/FVC, FEF5_750)

and respiratory symptoms.

Conclusions Wood dust and biohazards associated with wood dust are potential health
hazards and should be controllesin. J. Ind. Med. 35:481-490, 1999.© 1999 Wiley-Liss, Inc.
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INTRODUCTION chipping, joinery, and furniture, paper, and pulp manufac-

ture, employing more than 85,000 people [Forest Industries,

The industrial use of wood is of significant economid992]. Any work-related symptoms or diseases due to

importance to Australia. The industry includes sawmillingndustrial association are, therefore, of importance to the

Australian economy, as well as affecting the lives of a

substantial proportion of the working population.
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TABLE I. Description of Worksites in the Study of Woodworkers, Australia (1996—1997)

No. of

Type of workers
Worksite wood Common name of major species processed Product employed
Sawmill C (green mill + chip mill) ~ Hard Eucalypt Green timber and woodchips 25
Sawmill D (dry mill) Hard Eucalypt Kiln dried timber for flooring 20
Sawmill E (green mill + chip mill) ~ Hard Eucalypt Green timber and woodchips 26
Sawmill F (green mill + dry mill) Hard Eucalypt Green timber and kiln dried timber (for flooring) 23
Woodchipping mill G Hard Eucalypt Woodchips 300
Joinery H Hard and soft ~ Radiata pine, meranti, MDF@ Staircases 12
Joinery | Soft Western red cedar Window frames 20
Joinery J Hard and soft ~ Sugar pine, radiata pine, meranti brush box Mouldings 12
Joinery K Hard and soft ~ Radiata pine, meranti, MDF Staircases and handrails 18
Joinery L Mostly hard Tasmanian oak, American oak, jarrah Pantry cupboard doors 11

Tasmanian blackwood, brush box

aMedium density fiber.
bSix workers in production and 24 workers in maintenance and transportation.

1981], and fibrosis of the lungs [Michaels, 1967]. Previousdoor air studies have demonstrated dose—response relation-
studies have reported dose-response relationships betws@ps between levels of & 3)-8-D-glucan and eye and
respiratory function and dust exposure among woodworketsoat irritation, dry cough, and itchy skin [Rylander, 1996].
[Holness et al., 1985; Liou et al., 1996]. Extrinsic allergic  This report describes the dose-response relationships
alveolitis (wood trimmer’s disease [Belin, 1987], sequosisetween lung function parameters and personal exposure to
[Cohen et al., 1967], woodman’s disease [Dykewicz et ahjrborne wood dust and biohazards associated with wood
1988]) have also been reported among workers. dust (endotoxins, (+ 3)-B-D-glucans, fungi, and Gram-
Wood trimmers can develop restrictive pulmonary dysiegative bacteria). The associations between percentage
function in response to heavy mold exposure and significactbss-shift decrements and percentage predicted lung func-
correlations have been found between reductions in lutign indices and prevalence of work-related respiratory
function and mold concentrations [Dahlqvist et al., 199Zymptoms are also discussed.
Hedenstierna et al., 1986].
Endotoxins (lipopolysaccharide protein complexeMATERIALS AND METHODS
which are integral parts of Gram-negative bacteria) and
allergenic fungi are the main biohazards found in wood Four sawmills, a woodchipping mill, and five joineries
processing workplaces [Dutkiewicz et al., 1988]. Chesbcated in New South Wales, Australia, were investigated
tightness, cough, shortness of breath, fever, and wheezthging 1996-1997 (Table I). None of the worksites used
have been observed in workers exposed to airborne endotolxemical preservatives during wood processing. Except for
ins [Olenchock, 1994]. Endotoxins may be an importamivo female workers each at Sawmills C and D, the total
causative agent in the development of chronic bronchitigorkforce at each worksite was male (Caucasian). This
associated with organic dust exposure [Rylander, 1985judy had the approval of the Human Ethics Committee, the
Dose-response relationships between change in,BBdY University of Sydney.
endotoxin levels have been reported in the cotton industry
[Castellan et al., 1987; Rylander et al., 1985] and in swilBust Sampling
production facilities [Donham et al., 1995; Reynolds et al.,
1996]. Personal dust monitoring for airborne inhalable dust
(1 — 3)-B-D-glucan, a fungal cell wall component, isand respirable dust was carried out. The Casella-seven-hole
considered a potential biological agent found in organgamplers (modified UKAEA) [Vaughan et al., 1990] and
dust. Animal studies have shown that{13)-3-D-glucanis Higgins-cyclone samplers were used for inhalable dust and
an inflammatory agent which reacts synergistically withespirable dust sampling, respectively. The duration of
endotoxin, and is also an important agent for the developampling was 6—8 hr. For inhalable dust sampling, all job
ment of allergic alveolitis [Fogelmark and Rylander, 1993titles (woodworking) and all workers at each worksite were



Wood Dust, Biohazards, & Respiratory Effects 483

sampled (except Joinery |, where a randomly select@ds calibrated wit a 1 Lprecision syringe (cat. no. 20.408,
number of workers from each job title were sampled). Fafitalograph) before testing. Each worker was requested to
respirable dust sampling, random sampling of each job tiglerform 3-5 attempts, until it appeared that maximum effort
was carried out. The sampling was conducted accordingwas obtained. The “best test” (highest FEEV;) was

the specifications of Standards Australia [1987, 198%corded as the lung function capacity of the worker. For
Polycarbonate filters (25 mm, 0.8 um, Millipore, Venturagach worker, age, height, number of years of exposure to
CA) were used as the collection media since high extractabiood dust, ethnic origin, and smoking status were also
ity of endotoxins using such filters has been reported lbgcorded. The maintenance workers at the woodworking

previous studies [Douwes et al., 1995]. sites were used as controls as their ethnic and social
backgrounds were similar to the woodworkers. The job tasks
Endotoxin and (1 — 3)-p-D-Glucan of the maintenance workers did not involve wood dust

exposure under normal circumstances. The lung function
After weighing, the sample filters were extracted witlflata of workers having a past history of asthma were not
endotoxin/glucan-free water [Olenchock, 1990]. The supdncluded in the data analyses. The data of the female workers
natant was analyzed separately for endotoxin and gluc&gre also notincluded in the data analyses. The two workers
using quantitative endpoint chromogenic limulus assdaving mild asthma at Joinery | (processing western red
[Obayashi, 1990] using endotoxin-specific (endospecy, stag¢dar) did not participate in the lung function test.
dard endotoxin —E coli 0111:B4 (Westphal), Seikagaku
Co., Tokyo) and glucan-specific lysates (gluspecy, standa
(1 — 3)-B-D-Glucan — pachyman, Seikagaku Co., Tokyo).

estionnaire

The Rylander et al. [1990] “Organic Dust Question-
naire” together with appropriate questions on respiratory,
eye, and nasal symptoms from the British Medical Research
Personal samples of airbome bacteria and fungi WeCouncil’s [1960] respiratory questionnaire were used to

. . . tain symptom prevalence data among woodworkers and
collected using presterilized three-piece cellulose ester MeJI control group.
brane filter cassettes (37 mm, 0.45 um, Millipore) connected
to a constant flow personal pump calibrated to 1.5 L/miStatistical Analysis
The duration of sampling was 4—6 hr. Microorganisms were
extracted from the collected filter cassettes using a suspen- Stepwise multiple regression was used to develop
sion fluid (0.1% bacteriological peptone with 0.05% Tweegnodels for prediction of pulmonary function changes from
80 and 2% inositol) as described by Eduard et al. [199Ghdependent variables (using Microsoft Excel, Ver. 5.0,
Serial dilutions of the suspension were then prepared usiREicrosoft Co., Redmond, WA, USA). Cross-shift change in
one-fourth strength Ringer’s solution (Oxoid, UK) and 0.kach pulmonary function variable (VC, FVC, FE\FEV,/

ml of the dilutions were plated in different media. The platesvVC, PEF, FER ;5,) was treated individually as the
were incubated at two temperatures (25°C and 40°C). Mediapendent variable. Independent variables tested in the
used for the isolation of fungi were 2% malt extract agar; faegression models included age, height, smoking, number of
xerophilic fungi, dichloran-glycerol agar (Oxoid, UK); andyears of exposure to wood dust, and personal exposure data
for Gram-negative bacteria, a selective medium, violet régr inhalable dust, respirable dust, inhalable endotoxin,

Microorganisms

bile glucose agar (Amyl Media, Australia). respirable endotoxin, inhalable glucan, and respirable glu-
can. As the number of exsmokers was few, they were
Lung Function Test considered nonsmokers. The mean percentage cross-shift

changes in lung function were compared with controls

Lung function testing followed the guidelines given byunpaired-test).
the American Thoracic Society [1979] for measuring respira- The effects of personal exposures on percentage cross-
tory function. The Vitalograph Alpha portable spirometeshift changes in lung function and percentage predicted lung
(serial no: AL 06993, Vitalograph Ltd., UK) was used. Thdéunction were computed by linear correlation analyses
measurement of expired air was made on the Vitalograpirearson’s R). Predicted normal values were calculated
Alpha using a Fleisch type pneumotach while the attacheding the formulae of Gibson et al. [1979] for FVC, FEV
microprocessor displayed the data on the screen. FEV./FVC, and of Lazarus [1982] for VC and FEE;s,

The vital capacity and forced vital capacity tests ofhe percentage predicted values were compared with con-
workers were conducted before and after a workshift. All theols using unpaired-test. Personal exposure data were
workers at each worksite were tested for lung function aridg-normally distributed and, hence, the natural logarithms
monitored for dust on the same workshift. The spirometef exposure (GM values) were used for regression and
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correlation analyses (GraphPad InStat, Ver. V2.04a, Sah exposure to wood dust, and personal exposures was
Diego, CA, USA). The SPSS statistical program was useifnificantly high in both joinery workers and sawmill and
for the questionnaire analysis (SPSS for Windows, Vethip mill workers compared with controls (Table V). Saw-
6.1.3, SPSS Inc., Chicago, IL, USA). Work-related symmmill and chip mill workers had a high mean percentage
toms were adjusted for age and smoking by logistic regregoss-shift decrement in FE\adjusted for number of years
sion analysis. Relationships among work-related respiratQsy exposure to wood dust (15%) compared with that of
symptoms and lung function indices were computed Q¥inery workers (4%). An 11% mean cross-shift change in
linear regression analyses. FER»s_7s5 adjusted for inhalable endotoxin was also ob-
served among sawmill and chip mill workers. Joinery
RESULTS workers had a high percentage of cross-shift changes in VC

The mean exposure levels of dust, endotoxins(8)- (10%) and FEVY (15%) adjusted for respirable end_otoxi_n
B-D-glucans, bacteria, and fungi are given in Table |[€VelS compared with those of sawmill and chip mil
Overall, 62% of the personal inhalable dust exposurd@rkers. Effects of inhalable and respirable~13)-3-D-
exceeded the current standards (hardwood: 1 Mggoft- 9lucan on the percentage cross-shift decrements in lung
wood: 5 mg/m [Worksafe Australia, 1995]). Among joiner- function were more prominent among sawmill and chip mill
ies, 95% of the hardwood exposures and 35% of tieorkers compared with those of joinery workers. The total
softwood exposures exceeded the above standards. @Heup of woodworkers (joinery workers plus sawmill and
wood dust exposures by job titles at different worksites aredip mill workers) had marked effects of inhalable dust
determinants of wood dust exposure have been descrilgegposures on mean percentage cross-shift change in VC
[Alwis et al., 1999b]. The geometric mean dust exposu29%), respirable dust exposure on mean percentage cross-
level at Joinery | was much lower (0.60 mgjnthan the shift change in FEYFVC (15%) and inhalable endotoxin
occupational exposure limit of 5 mgrfor softwood. exposures on mean percentage cross-shift change in FVC
Joinery | processed western red cedar, which is known (88%) compared with those of controls. The effect of all the
cause asthma and rhinitis among such exposed populatipagsonal exposures on cross-shift decrements in lung func-
[Enarson and Chan-Yeung, 1990]. tion was more prominent among sawmill and chip mill

High levels of endotoxins and (& 3)-B-glucans were \yorkers compared with joinery workers. Similar to the
founq in the inhalable fraction cpmpared with the respirablgfects on percentage predicted lung function, the effects of
fractlon.'Some of the personal mhala.ble exposure levels &ﬁst, endotoxin, Gram-negative bacteria, ané(B)-3-D-
endotoxms_ (_Sawm|lls C, E, F, and Joinery H) exceeded t@ﬁjcan on cross-shift decreases in lung function were more
threshold limit value of 20 ng/A{Rylander, 1990]. prominent among the joinery workers compared with the
sawmill and chip mill workers (Table VI). The cross-shift
decrements in VC and FEE7s,were positively correlated
with the number of years of exposure to wood dust among

functions compared with controls (Table Ill). The effects of

personal exposures on the percentage predicted lung fupgevalence of Work-Related Symptoms
tion indices were more pronounced among joinery workers

compared with the sawmill and chip mill workers (Table  Taple VII presents the prevalence of work-related

IV). For both joinery workers and sawmill and chip mill egpiratory symptoms among woodworkers and controls.
workers, Fhe percentage prgdlcted lung function 'nd'C%bodworkers had a markedly high prevalence of regular
were positively correlated with the number of years 0n:!ough, phlegm, and chronic bronchitis (persistent cough and

might be that some workers developed tolerance to high dE@egm for more than 3 months per year for more than 2

: : ears) compared with controls. The prevalence of regular
exposure after working for a number of years with wood, ) P P g

possibly leading to the “healthy worker effect,” where thosghlegm’. wheezmg,. a}nd regular blocked nose was 5|gn.|f|-
workers who were sensitive to wood dust had left the jobs.Cantly high among joinery workers compared with sawmill
and chip mill workers. Particle-size distribution studies have

Effects on Percentage Predicted Lung
Function (Chronic Effects)

Effects on Cross-Shift Change shown that the major portion of wood dust is contributed by
(Decrease) in Lung Function particles larger than 10 pm in diameter, which can be easily
(Acute Effects) trapped in the nasal passages [Hinds, 1988; Pisaniello et al.,

1991]. The dose—response relationships between personal
The mean percentage cross-shift decrease in luegposures and work-related symptoms among these wood-
function adjusted for age, height, smoking, number of yeansorkers have been described [Alwis et al., 1999a].



TABLE II. Personal Exposure to Dust (mg/mq), Endotoxins (ng/mé), (1 — 3)-B-D-Glucans (ng/m?3), Fungi (x 10 cfu/m3), and Gram-Negative Bacteria (% 10* cfu/m®) Among Woodworkers,

Australia (1996-1997)

Inhalable dust

Inhalable endotoxin

Inhalable (1 — 3)-B-D-glucan

Worksite AM2 GMP GSD¢ AM GM GSD AM GM GSD
Sawmill C 0.83 0.74 1.60 (0.25-2.63, n = 22) 16.83 5.35 6.12 (0.19-78.40, n = 22) 4.33 2.13 3.98 (0.25-11.74,n = 13)
Sawmill D 2.99 191 2.62 (0.55-11.22, n = 29) 2.27 1.95 1.78 (0.53-5.59, n = 20) 0.60 0.49 1.90 (0.20-1.46, n = 11)
Sawmill E 12.32 2.44 5.42 (0.26-74.05, n = 25) 21.08 9.11 4.66 (0.39-73.63, n = 24) 4.78 2.75 4.02 (0.16-9.67, n = 16)
Sawmill F 2.02 1.68 1.89 (0.56-4.55, n = 17) 8.09 2.69 4.42 (0.51-40.56, n = 17) 2.70 0.92 5.42 (0.16-7.65,n = 14)
Sawmill (total) 4.81 1.59 3.19 (0.25-74.05, n = 93) 12.97 4.30 4.77 (0.19-78.40, n = 83) 3.28 1.37 4.42 (0.16-11.74, n = 54)
Woodchipping mill G 3.17 2.86 1.66 (1.80-5.66, n = 4) 3.52 3.27 1.55 (2.00-4.87, n = 4) 4.63 2.32 4.71(0.27-10.40, n = 4)
Joinery H 15.33 11.47 2.02 (4.85-50.65, n = 13) 9.80 5.98 3.20 (0.60-27.88, n = 13) 0.51 0.50 1.22 (0.43-0.71, n = 10)
Joinery | 0.68 0.61 1.68 (0.21-1.31,n = 12) 0.74 0.37 3.41(0.10-2.36,n = 12) 0.33 0.33 1.11(0.28-0.38,n = 8)
Joinery J 2.53 1.80 2.47(0.37-7.79,n = 12) 2.61 2.21 1.78 (1.30-7.04,n = 12) 0.71 0.59 1.86 (0.31-1.62,n = 6)
Joinery K 11.35 7.32 2.86 (0.73-35.86, n = 18) 6.42 5.22 1.88 (2.37-17.88, n = 18) 0.35 0.30 1.73(0.19-0.79,n = 8)
Joinery L 5.33 4.84 1.57 (2.60-10.90, n = 11) 231 2.13 1.52 (1.18-4.72,n = 11) 1.09 0.49 4.01(0.11-3.60,n =7)
Joinery (total) 7.59 3.68 3.67 (0.21-50.65, n = 66) 4.65 2.41 3.66 (0.10-27.88, n = 66) 0.57 0.43 2.01(0.11-3.60, n = 39)
Respirable dust Respirable endotoxin Respirable (1 — 3)-B-D-glucan
Worksite AM GM GSD AM GM GSD AM GM GSD
Samill C 0.26 0.23 1.90 (0.12-0.41,n = 6) 2.03 0.87 5.76 (0.1-5.25,n = 6) 0.52 0.31 2.25(0.1-1.56,n = 6)
Sawmill D 0.52 0.49 1.41(0.28-1.05,n = 6) 0.18 0.16 1.49(0.11-0.33,n = 6) 0.15 0.14 1.35(0.1-0.25,n = 6)
Sawmill E 0.31 0.20 2.66 (0.05-0.98,n = 11) 1.85 1.45 2.13(0.16-4.45,n = 11) 0.40 0.29 2.47 (0.1-1.03,n = 10)
Sawmill F 0.32 0.27 2.02 (0.08-0.54,n = 8) 1.20 0.50 5.02 (0.1-2.80,n = 8) 0.52 0.33 2.96 (0.1-1.24,n = 6)
Sawmill (total) 0.37 0.29 2.17 (0.05-1.05,n = 31) 1.40 0.65 4.10 (0.1-5.25, n = 31) 0.40 0.26 2.53(0.1-1.56, n = 28)
Woodchipping mill G 0.28 0.26 1.71(0.12-0.40,n = 4) 0.83 0.81 1.35(0.49-1.02,n = 4) 0.85 0.76 1.64 (0.49-1.76,n = 4)
Joinery H 1.01 0.80 2.06 (0.33-2.55,n = 12) 0.91 0.71 2.09 (0.30-2.04,n = 12) 0.12 0.12 1.19(0.1-0.15,n = 6)
Joinery | 0.16 0.13 2.03(0.03-0.41,n = 8) 0.14 0.13 1.27(0.1-0.2,n = 8) 0.11 0.11 1.15(0.1-0.14,n = 5)
Joinery J 0.63 0.59 1.44 (0.41-0.99, n = 5) 0.30 0.29 1.36 (0.18-0.40, n = 5) 0.21 0.20 1.16 (0.18-0.25, n = 4)
Joinery K 0.64 0.54 2.02(0.19-1.13,n=17) 0.43 0.36 1.92 (0.15-0.83,n=7) 0.12 0.12 1.12(0.1-0.14,n =5)
Joinery L 0.73 0.70 1.36 (0.49-1.18,n =7) 0.25 0.24 1.36(0.19-0.44,n = 7) 0.18 0.16 1.69 (0.1-0.35,n = 5)
Joinery (total) 0.67 0.48 1.70 (0.03-2.55, n = 39) 0.47 0.33 2.24(0.1-2.04, n = 39) 0.14 0.14 1.39 (0.1-0.35, n = 25)
Fungi Gram negative bacteria
Worksite AM GM GSD AM GM GSD
Sawmill (total) 4.03 2.97 2.77(0.23-9.51, n = 50) 0.87 0.47 3.84(0.03-3.10, n = 50)
Woodchipping mill 741 5.01 3.41(0.45-12.60, n = 10) 1.41 0.88 3.52(0.10-3.55, n = 10)
Joinery (total) 1.31 0.86 3.18 (0.04-3.65, n = 41) 0.74 0.32 455 (0.01-3.38, n = 41)

aArithmetic mean.
bGeometric mean.

°Geometric standard deviation.

9(Range, number of workers sampled).
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TABLE Ill. Percentage Predicted Lung Function Among Woodworkers, Australia (1996-1997)

Sawmill/chip
Joinery workers mill workers Total Control

No. 63 105 168 30
Age (yr) 34 + 136 38+121 37 +128 39+ 117
Height (cm) 176 = 9.3 175+ 7.8 176 = 8.2 175+ 7.8
Years exposed 14 = 13.1 9+83 11 = 10.6 11+77
Smoking status 30% 40% 33% 30%
% Predicted lung function?

VC 83.95 + 3.02 (0.0001)°  83.16 = 3.15(0.0001)  83.45 + 3.12(0.0001)  95.35 = 7.93

FVC 84.65 * 1.43 (0.0001) 84.68 = 1.05(0.0001)  84.66 = 0.72(0.0001)  94.90 + 3.85

FEVy 84.59 =+ 0.82 (0.0001) 84.71 = 0.65(0.0001)  84.67 = 1.20(0.0001)  93.11 + 2.81
FEV./FVC 99.61 =+ 0.64 (0.0096) 99.82 + 0.72 (ns) 99.74 + 0.70 (ns) 99.90 + 0.34
FEF 25750 100.49 * 8.97 (ns) 101.23 * 7.00 (ns) 100.96 = 7.76 (ns) 101.63 = 5.17

2% predicted lung function = % observed/predicted (adjusted for age, height, and smoking).
b(Pvalues, ns = not significant).

TABLE IV. Dose—Response Relationships (Pearson’s R) Between Percentage Predicted Lung Function Indices and Personal Exposures (log
transformed), and No. of Years of Exposure (yr), Australia (1996-1997)

Group of % Predicted Inhalable Respirable Inhalable Respirable Gram-negative Respirable No. of years
workers? lung function dust dust endotoxin endotoxin bacteria glucan of exposure
Joinery FEV, —0.65%** —0.41%** —0.60%** —0.55%** —0.66*** 0.28* 0.77%=
Sawmill/chipping —0.26™* ns ns ns ns ns 0.49%**
Total —0.30%** —0.27%** —0.33%** ns —0.24** 0.18* 0.59%**
Joinery FvC —0.57%* —0.36** —0.52%** —0.48%** —0.58%** ns 0.59%**
Sawmill/chipping ns ns ns ns ns ns 0.38***
Total —0.27% —0.19* —0.30%** ns —0.26%** ns 0.48**
Joinery FEV,/FVC —0.34* ns —0.31* —0.28* —0.64%+* ns 0.56*+*
Sawmill/chipping 0.22* ns ns ns ns 0.19* 0.27**
Total ns —0.20** ns ns —0.24** 0.24** 0.34%*
Joinery FEF25 750 —0.63%** —0.40%* —0.58%** —0.53%** —0.32* 0.27* 0.73%=
Sawmill/chipping ns ns ns ns ns ns 0.48***
Total —0.29%** —0.24** —0.32%** —0.16* 0.26%+* ns 0.58%*

aJoinery: n = 63, sawmill/chip mill: n = 105, total: n = 168.
*P < 0.05.

**pP < 0.01.

**+p < 0.001; ns, not significant.

Significant positive correlations were found betweepredicted lung function (FVC, FEVYFEV,/FVC, FERs_759)
respiratory symptoms and percentage cross-shift charaged phlegm and bronchitis.
(decrease) in lung function among total woodworkers (Table
VIII). Regular phlegm and blocked nose were positivelDISCUSSION
correlated with the percentage cross-shift decrease in FVC
among sawmill and chip mill workers. Both joinery workers ~ The correlations found between lung function indices
and sawmill and chip mill workers showed significanand personal exposures indicated that airborne wood dust
inverse relationships between respiratory symptoms aadd biohazards associated with wood dust (endotoxins,
percentage predicted lung function (FVC, FEWEV,/ (1— 3)8-D-glucans, fungi, and Gram-negative bacteria)
FVC, FEFRs5 7509 (Table IX). The total group of woodwork- have negative effects on the pulmonary function of wood-
ers showed significant correlations between percentagerkers. The cross-shift decrements in lung function were



TABLE V. Percentage Cross-Shift Decrements in Lung Function Among Woodworkers, Australia (1996-1997)

A/H/ISM/Y A/H/Sm/Y/Id A/H/Sm/Y/Rd A/H/Sm/Y/le A/H/ISm/YIRe A/H/ISm/Y/Ig A/H/Sm/Y/Rg A/H/ISm/YIP

Lung function
(% decrease) C Jn Sc Jdn Sc Jn Sc Jn Sc Jn Sc Jdn Sc Jn Sc Jn Sc
Ve 237 530 7.56%** 7.09%**  8.A4TH 7.97%*  4.35%* 3,97 5.30%*  10.44%*  6.88%* 433+ D530k 7 @7k 13 LMk 5.17%** 7.67%**
FvC 212 4510 3.21%** 450 253* 3728 4,910 4. 410 3.75%** 3.64%* 928+  3,08** 3.19%  3.50% 3.35%x* 5.85%* 19 .2]%k*
FEV, 178  4.24% 14,66+ 9.11* 4. 42%%* 2.52%%  4.66%* 5.07%* 5.50%**  14.97¥*  593%k 7 A4wx* 5.28**  7.05%*  11.74%** 2.72% 8.80%**
FEV,/FVC 0.06  2.34% 3.62%* 2.13%*  3.58%k* 1.77%%  5.81x 1.78%* 3,420 2.15m™ 2.35%* 1 75%* 3.53*%*  0.69%** 3410 1.76%* 3.76%*
FEF25-750 222 3.83 8.31%** 6.05%**  9.68*** 6.21%+*  2.85%* 4.13%*  10.62%* 1.64ns 2.63m 5.61%* 8.57**  9.09%* 5.55%* 2.67™ 8.83%**
PEF 520 3.48* 9.09%** 3.40* 8.98** 3.21* 8.59*** 3.42* 8.50%** 3.55* 8.62%**  3.79" 8.92%% 327 9.15%** 3.69" 8.60%**

C Total Total Total Total Total Total Total Total
Ve 237 6320 29,244 6.34%** 6.10%** 6.32%** 6.33*** 6.32%** 4.36%*
FvC 212 4.40% 3.52%* 4.33* 38.23%* 4.40%** 4.40% 4. 39%* 4,56+
FEV; 178  6.34%** 5.71%* 6.30%** 6.34%** 6.34%+* 6.34%* 6.35%* 7.10%**
FEV,/FVC 0.06  2.86** 2.87%* 14.84%** 2.86*** 2.86%* 2.86%** 2.86%** 2.66%**
FEF25-750 222 7740 7.76%* 8.00%** 7.75%* 7.75%* 7.75%* 7.76%* 11.38%**
PEF 520 6.62* 6.70%* 6.69%** 6.62* 6.62* 6.61* 6.63* 6.79*

A/H/ISm/Y = Lung function adjusted for age, height, smoking, duration of exposure to wood dust.

A/H/Sm/Y/Id = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and inhalable dust.

A/HISm/Y/Rd = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and respirable dust.

A/H/Sm/Y/le = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and inhalable endotoxin.

A/HISm/Y/Re = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and respirable endotoxin.

A/H/Sm/Y/lg = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and inhalable glucan.

A/H/Sm/Y/Rg = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and respirable glucan.

A/H/ISm/Y/P = Lung function adjusted for age, height, smoking, duration of exposure to wood dust, and all personal exposures (Id, Rd, le, Re, Ig, Rg).
C = Controls (n = 30). Jn = Joinery workers (n = 63). Sc = Sawmill/chip mill workers (n = 105). Total = Both joinery workers and sawmill/chip mill workers (n = 168).
*P < 0.05.

**p < 0.01.

**p < 0,001; ns = not significant.
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TABLE VI. Dose—Response Relatonships (Pearson’s R) Between Percentage Cross-Shift Change (Decrease) in Lung Function Indices and Personal

Exposures (log transformed) and No. of Years of Exposure to Wood Dust (yr), Australia (1996-1997)

% Decrease

Group of in lung Inhalable Respirable Inhalable Respirable Gram-negative Respirable No. of years
workers? function® dust dust endotoxin endotoxin bacteria glucan of exposure
Joinery Ve —0.66*** —0.42%* —0.61%* —0.56%** —0.31* 0.28* 0.81%**
Sawmill/chipping 0.26** ns ns ns ns 0.20* 0.48***
Total —0.29%** —0.28*** —0.32%** ns ns 0.23** 0.59%+*
Joinery FEV, 0.55%+* 0.35%** 0.51%* 0.47%+* 0.54%* ns —0.77%**
Sawmill/chipping —0.26** ns ns ns ns —0.21* —0.39%**
Total 0.21** 0.25%** 0.24%* ns ns —0.24** —0.50%**
Joinery FvC 0.67%** 0.42%** 0.61%** 0.56*** 0.67%** —0.28* —0.80***
Sawmill/chipping —0.25% ns ns ns ns —0.20* —0.48%**
Total 0.29%** 0.28%** 0.33%** ns 0.23** —0.22%* —0.60%**
Joinery FEF 5 7506 —0.33** ns —-0.31* —0.28* —0.66%** ns 0.57%+*
Sawmill/chipping 0.22* ns ns ns ns 0.19* 0.28**
Total ns —0.20* ns ns —0.22** 0.23** 0.35%+*
Joinery PEF 0.43%+* 0.27* 0.39** 0.36*+* 0.41%* ns —0.32%**
Sawmill/chipping —0.25* ns ns ns ns —0.21* —0.65**
Total 0.16** 0.22%* 0.19* ns ns —0.24** —0.40**

aJoinery: n = 63, sawmill/chip mill: n = 105, total: n = 168.

®Lung function indices were adjusted to age, height, smoking by multiple linear regression analyses. % Change (decrease) in FEV; = [FEVimorming — FEVaattemoony/FEVamoming] < 100.

*P < 0.05; **P < 0.01; **P < 0.001; ns = not significant.

also positively correlated with the number of years ofABLE VIl. Percentage Prevalence of Work-Related Respiratory
exposure to wood dust. The lung function changes obsen&nptoms? Among Woodworkers and Controls, Australia (1996-1997)

among woodworkers were obstructive in nature.

Woodworkers had significantly high prevalence of Sawmill
regular cough, phlegm, chronic bronchitis, and regular and chipmill  Joinery ~ Woodworkers®  Controls
blocked nose compared with controls. The high personat
airborne dust exposure levels observed, and workers Not 108 82 195 34
wearing respirators, might have contributed to this higtee (7 38128 36*147 37*136 40 =113
prevalence of respiratory and nasal symptoms. Overall, orfis exposed (yr)* 8 +87 12+121  10*105 9=x77
10% of the workers used appropriate respirators and, amaiigking 40% 23% 33% 30%
them, respirators were worn on average less than 50% of fhigptoms
time during a workshift. The South Australian Study [Pisani- Asthma 83 13.4 10.8 5.9
ello et al., 1991] also reported a high prevalence of nasaPry cough 241 232 231 285
symptoms among furniture workers, where the geometricRegular cough 58.6*** 62.2++* 61.0%+ 235
mean exposure level was 2.9 md/frange: 0.4—24 mg/& Regular phlegm ~ 46.0* 67.1%+ 61.5%+ 235
The prevalence of bronchitis was high among smokersChronic bron-
(20%) compared with nonsmokers (10%). Previous studies chitis 29.6* 317 30.3* 118
also reported high prevalence of chronic bronchitis amongpreathlessness 185 18.3 174 147
woodworkers [Enarson and Chan-Yeung, 1990; Li et al.,Wheezing 157 32.9¢ 226 118
1990: Liou et al., 1996]. Chest tightness 21.3 36.6 27.2 17.6

Significant positive correlations were found among Dyspnea 2.8 73 4.6 0.0
percentage cross-shift decreases in lung function and respir&egular blocked
tory symptoms. Respiratory symptoms were inversely corre- nose 46.3* 63.47 42.6 294
lated with percentage predicted lung function among joinery
workers and sawmill and Chip mill workers. #Adjusted for age and smoking by logistic regression.

, . , snglucing workers at logging stes.
Wood dust and biohazards associated with wood dugt. ey o oo e

are potential health hazards in the wood processing industpy 0.05, #p < 0.01, **p < 0.001 (chi-square analysis; compared with controls).



TABLE VIII. Significant Correlations Between Percentage Cross-Shift
Change (Decrease) in Lung Function and Respiratory Symptoms Among

Joinery Workers and Sawmill and Chip Mill Workers, Australia

(1996-1997)

% Cross-shift

decrease
Group of in lung Respiratory
workers? function® symptom (e P-value
Total FvC Regular phlegm 0.18 0.012
Chronic bronchitis  0.14 0.046
Sawmill/chip mill Regular phlegm 0.19 0.049
Blocked nose 0.19 0.046
Total FEV, Chronic bronchitis 0.14 0.047
Regular phlegm 0.17 0.017
Total FEV4/FVC Chest tightness 0.15 0.045
Dyspnea 0.15 0.034
Total PEF Regular phlegm 0.15 0.037

aTotal: n = 168, sawmill/chip mill: n = 105.
bAdjusted for age, height, and smoking.

cCorrelation coefficient.

TABLE IX. Significant Correlations Between Percentage Predicted Lung

Function and Respiratory Symptoms, the Study of Woodworkers

in Australia (1996-1997)

Group of % Predicted Respiratory
workers? lung function® symptom (re P-value
Joinery FvVC Regular phlegm -0.22 0.045
Sawmill/chip mill Blocked nose -0.32 <0.001
Total Regular phlegm -0.17 0.018
Chronic bronchitis ~ —0.14 0.046
Joinery FEV, Regular phlegm —0.23 0.038
Sawmill/chip mill Blocked nose —0.26 0.007
Total Regular phlegm —-0.18 0.011
Chronic bronchitis ~ —0.16 0.024
Joinery FEVy/FVC Regular phlegm —0.26 0.020
Sawmill/chip mill Dyspnea —0.20 0.038
Regular phlegm —0.20 0.040
Total Regular phlegm -0.15 0.036
Chronic bronchitis ~ —0.15 0.039
Joinery FEF 5 7506 Regular phlegm —-0.22 0.050
Sawmill/chip mill Blocked nose —0.20 0.037
Dry cough —0.20 0.043
Regular phlegm —0.20 0.039
Total Regular phlegm —0.19 0.008
Chronic bronchitis ~ —0.15 0.043

aJoinery: n = 63, sawmill/chip mill: n = 105, total: n = 168.
bAdjusted for age, height, and smoking by multiple regression.

cCorrelation coefficient.
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However, using proper dust extraction systems, occupa-
tional exposure to wood dust and the biohazards associated
with wood dust can be prevented or minimized. When the

exposure cannot be fully controlled, workers should be

provided with appropriate personal protective equipment.

Workers should also be educated on the potential health
effects of wood dust exposure.
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