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Asthma and Other Respiratory Symptoms in
New Zealand Pine Processing Sawmill Workers

Jeroen Douwes, rhp,''%'3* Dave McLean, msc,'’3 Tania Slater, Ba,'’3 and Neil Pearce, php'3

Background 7o study respiratory symptoms in pine sawmill workers.

Methods A respiratory health questionnaire was administered to 772 pine sawmill
workers and the association between symptoms and job-title-based exposure was studied.
Results Asthma in exposed workers (18%, n=704) was more common than in the
general population (12.1%, n= 592, adjusted OR (95% CI): 1.6 (1.1-2.3)). Asthma was
also more common in the low exposure group (15.6%, n = 294) and high exposure groups
(high exposure to ‘green dust’; 20.4%, n =212 and high exposure to ‘dry dust’; 18.8%,
n=198) than in the non-exposed workers (9.2%, n=65). Adjusted odds ratios were 1.9
(0.7-4.9), 2.7 (0.9-7.6), and 2.1 (0.8-5.7), respectively. Adjusted odds ratios for
symptoms of cough were 2.7 (1.2-6.5) for the low, 5.2 (2.1-13.0) for the high ‘green dust’
and 3.3 (1.4-7.9) for the high ‘dry dust’ exposure groups. Moreover, eye and nose
irritations were significantly more prevalent in the high and low exposure groups.
Conclusions Working in pine sawmilling is associated with an increased prevalence of
asthma and cough symptoms and eye and nose irritation. Am. J. Ind. Med. 39:608-615,

2001. © 2001 Wiley-Liss, Inc.
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INTRODUCTION

In addition to sino-nasal cancer [TARC, 1995], exposure
to dust of both hard (broad-leaved trees or Angiosperms)
and softwood (conifers or Gymnosperms) has been shown to
be associated with upper and lower respiratory symptoms,
reduced lung function, increased bronchial responsiveness,
occupational asthma, and eye and nose irritations [Chan-
Yeung et al., 1984; Shamssain, 1992; Malo et al., 1994;
Rask-Andersen et al., 1994; Hessel et al., 1995; Malmberg
et al., 1996; Noertjojo et al., 1996; Demers et al., 1997]. The
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underlying pathophysiological mechanisms are unclear, and
in case of Western red cedar asthma both allergic and non-
allergic mechanisms have been suggested [Chan-Yeung,
1982, 1994; Frew et al., 1998]. Also, it is not entirely clear
what specific exposures cause these respiratory symptoms.

Western red cedar asthma is the most common form of
occupational asthma in the Pacific North West [Chan-
Yeung, 1994] and has been studied quite extensively,
whereas occupational asthma caused by wood dust exposure
from other sources (e.g. pine, spruce etc) has only received
limited attention. The prevalence of occupational asthma
caused by western red cedar has been estimated to be
approximately 4-15% by different investigators [Brooks
et al., 1981; Chan Yeung et al., 1984; Vedal et al., 1986].
Although several studies (mainly in furniture workers) show
that pine dust also induces respiratory symptoms and
reduced lung function [Whitehead et al., 1981; Samssain,
1992; Hessel et al., 1995], valid asthma prevalence data in
pine sawmill workers are currently lacking. In addition,
dose - response relationships for pine dust and/or specific
components therein (e.g. abietic acid) have not been
reported. One study found that pine mill workers were



approximately 2.5-3.0 times more likely to report asthma
symptoms than non-wood-dust-exposed workers [Hessel
et al., 1995].

We have, therefore, conducted a questionnaire survey
assessing the prevalence of respiratory symptoms among
772 sawmill workers processing exclusively pine trees
(Pinus radiata). The prevalence of respiratory symptoms in
workers with high exposure, and those with low/intermittent
exposure, was compared with the prevalence in the general
population in the same areas and with non-exposed workers
from the same work force.

MATERIALS AND METHODS
Subjects

Approximately 900 sawmill workers were asked to
participate in a respiratory health questionnaire. Sawmill
workers were approached through the site managers directly
therefore, we did not have an exact number of workers that
were asked to participate. Based on personnel records the
number was estimated to be around 900. For practical
reasons we did not include night shift workers in our
selection. Workers were selected from 5 large sawmills
situated in the central North Island and one in the North of
the South Island of New Zealand. Of the total number of
workers approached, 772 (approximately 86%) agreed to
participate in the study. All subjects gave written informed
consent and the study was approved by the Wellington
ethics committee.

Sawmills

All five mills processed pine trees (Pinus radiata)
exclusively and are representative of the larger sawmills that
make up most of New Zealand’s sawmill industry. The
sawmill process has been described in more detail
previously [Douwes et al., 2000]. Briefly, the process
consists of three main activities: 1) sawing logs to green
lumber and subsequently sorting, grading, trimming and
stacking the green lumber; 2) kiln drying of green lumber;
and 3) planing and moulding of dry lumber in the planing
and moulding mill, respectively, and sorting, grading,
stacking and strapping of the planed dry lumber.

Questionnaire

Questionnaires were administered face-to-face and
consisted of 3 parts, including: 1) personal and work
characteristics; 2) respiratory health symptoms; and 3)
smoking habits (current and ex-smoking). Respiratory
health questions were adopted from the International Study
of Asthma and Allergies in Childhood [ISAAC; Asher et al.,
1995], the British Medical Research Council questionnaire
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[BMRC, 1976] and the European Community Respiratory
Health Survey [ECRHS; Burney et al., 1994] and supple-
mented with additional questions to assess whether
symptoms were work related (e.g. ‘do symptoms lessen or
disappear in the weekend or during holidays’). Moreover,
we included several questions on nose, eye and skin
irritations and included questions about the frequency that
certain symptoms occurred. As well as analyses of the
responses to individual questions, overall asthma prevalence
was estimated using the ECRHS definition [Burney et al.,
1994] which is based on the proportion of subjects
answering ‘yes’ to: 1) woken by shortness of breath in last
12 months; 2) asthma attack in last 12 months; or 3) current
asthma medication.

Exposure Categories

Dust exposure categories were constructed by two
qualified industrial hygienists with specific experience in
this industry and were based on the workers’ work area and
job title. Four ‘crude’ exposure categories were distin-
guished: 1) non-exposed: administration and other office
workers, 2) low or intermittent exposure: yard, mainte-
nance, dispatch, export workers, and saw filers, 3) high
exposure to ‘green’ dust: all workers in green mill, and
4) high exposure to ‘dry’ dust: workers in planer mill,
remanufacturing and moulding. In addition, we asked
whether respiratory equipment was used, and if so, how
often.

General Population

In the preliminary analysis, the data for non-exposed
and exposed workers (all three exposure categories
combined) were compared to the findings in the general
population in the same areas in a previous random
population survey [Lewis et al., 1997]. The methodology
for the general population survey has been described in
detail elsewhere [Crane et al., 1994; Lewis et al., 1997].
Briefly, a one-page questionnaire on asthma symptoms was
mailed to 31,470 people aged 20-44 chosen at random from
the 1991 electoral rolls for all electorates in New Zealand
and of them 25,664 responded (82% response rate). The
questions were identical to the questions on asthma
symptoms used in the current sawmill study. For the
comparison with our sawmill data we selected all 592
subjects from the three electorates in which the sawmills
were located.

Analysis
Data were analyzed using SAS statistical software

(SAS 6.12; SAS Institute; Cary, NC). After initial
comparison with the general population data (see above),
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the various exposure groups were compared with the non-
exposed workers. Prevalence odds ratios to describe the
association between exposure and the occurrence of
symptoms were calculated by means of a logistic regression
analysis [Harrell, 1983]. Associations were adjusted for sex,
age, ethnicity, current and ex smoking and mill number. For
the comparison with the general population data, associa-
tions were only adjusted for sex, age and ethnicity, since
smoking data were not available for the general population
survey. Although some authors [Lee and Chia, 1993,
Thompson et al., 1998] have argued for the use of preval-
ence ratios, the standard effect measure in prevalence
studies is the prevalence odds ratio [Rothman and Green-
land, 1998; Checkoway et al., 1989] since, in a stable
population, this provides an estimate of the ratio of the
products of disease incidence and average disease duration
in the two populations being compared. Thus, if an exposure
does not affect disease duration, then the prevalence odds
ratio directly estimates the incidence rate ratio [Pearce et al.,
1998].

RESULTS

Table I shows the characteristics of the study population
stratified by exposure category. Significant differences
existed in age, smoking status, sex and ethnicity between
non-exposed (the reference group) and exposed workers,
and these factors were therefore adjusted for in multivariate
analyses.

Asthma symptoms in the exposed workers were all
higher than in the general population from the same
geographical area with an OR of 1.6 (95% CI=1.1-2.3)
for asthma defined as a positive response to either ‘woken by
shortness of breath in last 12 months’ or ‘asthma attack in
last 12 months’ or ‘current asthma medication’ (Table II).
The use of asthma medication was also elevated in the
exposed workers (OR=1.8, 95% CI=1.1-2.9). No sig-
nificant differences in asthma symptom prevalence existed
between the non-exposed workers and the general popula-
tion with the exception of the symptom ‘woken by shortness
of breath’ that was significantly less prevalent in the non-
exposed workers. However, after adjusting for potential
confounders this difference was no longer statistically
significant.

Symptoms of cough (in last 12 months) were more
common in the low/intermittent and high exposure groups
than in the non-exposed group (Table III). After adjusting
for various confounding factors including smoking, sig-
nificant differences in the prevalence of cough between
exposed and non-exposed subgroups remained, with odds
ratios of 5.2 (95% CI=2.1-13.0) and 3.3 (95% CI=1.4-
7.9) for the high ‘green dust’ and high ‘dry dust’ exposure
groups, respectively, and an odds ratios of 2.7 (95%
CI=1.2-6.5) for the low and intermittent exposure group.
A similar pattern was observed for the symptoms ‘cough
with phlegm’ and ‘woken due to cough’ (only significant for
high exposure groups). The prevalence of cough symptoms
seemed somewhat higher in the high ‘green dust’ than in the

TABLE L. Characteristics of Study Participants; Sawmill Workers in New Zealand

Intermittent and low

High exposed to ‘green’ High exposed to ‘dry’

Non-exposed exposed dust dust
(n=65) (n=294) (n=212) (n=198)
Age (y,SD) 40.2 (11.0) 38.3(10.7) 332(10.3) 34.1(10.8)*
Duration of employment (y, SD)? 76(74) 86(7.8) 71(6.8) 5.7(6.2)
Duration of employment (y, SD)b 34(3.8) 51(.3)" 3.7(44) 3.2 (4.6)
Hours/week of work (SD) 439(6.2) 445(64) 443(59) 439(6.2)
(%) (%) (%)
Smokers 246 310 56.6" 343
Ex-smokers 292 259 222 247
Female workers 60.9 9.2 76™ 16.7*
Maori 6.3 21.2* 524 35.8™
Pacific Islander 3.1 78 179 31
European 90.6 718 316™ 62.2
Work > 50% outdoors 0.0 310 22.2* 13.6*
Daily use of respiratory equipment 00 75 16.0* 76

#In current saw mill.
®In current jobtitle.
* P<0.05,* P< 0.01; compared to non-exposed group.
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TABLE Il. Asthma Symptom Prevalence (%) and Adjusted Prevalence ratios (OR) with 95% Confidence Intervals (Cl) for the General Population, Non-Exposed
Workers and Exposed Workers (Low and High Exposure Groups Combined). ORs were Adjusted for Age, Sex, and Ethnicity; Sawmill Workers in New Zealand

General population (n = 592)

Non-exposed workers (n = 65) Exposed workers (n = 704)

Symptom in last 12 months % OR % OR(CI) % OR(CI)
Wheezing 237 10 20 0.8(04-17) 296" 14(11-19y
Wheezing without cold 14.3 10 10.8 09(04-21) 16.0 10(0.7-15)
Woken by SOB® 90 10 15 0.2(0.0-16) 13.5% 14(09-21)
Asthma attack 56 10 6.2 14(04-4.2) 70 14(0.8-24)
Asthma medication 64 10 46 09(0.3-32) 9.8* 18(1.1-2.9)
Asthma” 121 10 9.2 10(04-24) 18.0 16 (11-2.3)"

2S0B, shortness of breath.

®“Woken by SOBinlast 12 months’or ‘asthma attack in last 12 months’or ‘current asthma medication.

*P < 0.05; compared to general population.

high ‘dry dust’ exposure group, however these differences
were not statistically significant.

Asthma symptoms (in last 12 months) and current use
of asthma medication were also more common in the low/
intermittent and high exposure groups compared to the
reference group, with highest prevalence rates and odds
ratios in the high exposure groups (significant only for the
symptoms ‘woken by shortness of breath’ and ‘wheezing,
shortness of breath or chest tightness in relation to work’;
Table III). The adjusted odds ratios for asthma defined as
above and in the material and methods were 2.7 (95%
CI=0.9-7.6), 2.1 (95% CI=0.8-5.7) and 1.9 (95%
CI=0.7-4.9) for the high ‘green dust’, high ‘dry dust’
and the ‘low/intermittent’ exposure groups, respectively.
Particularly high odds ratios were found for ‘woken by
shortness of breath’ with ORs of 7.7 (95% CI=1.0-61.1)
for the high ‘dry dust’ exposure group and 9.3 (95%
CI=1.1-76.0) for the high ‘green dust’ exposure group and
73 (95% CI1=0.9-57.3) for the low and intermittent
exposure group. The use of asthma medication was
approximately 2—-5 times higher in the high exposure groups
compared to the reference group (significant only for the
high ‘green dust’ exposure group).

Nose and eye irritations were more dominant in the
exposed groups with the highest prevalence in the high
exposure groups (Table III). Eye irritations in particular
were highly associated with exposure with ORs of 14.6
(95% CI=1.8-118.0) and 10.8 (95% CI=1.4-85.1) in the
high ‘green dust’ and high ‘dry dust’ exposure groups,
respectively, and an OR of 8.0 (95% CI=1.0-62.7) in the
low and intermittent exposure group. Symptoms of allergy
or sensitivity (sneezing or running nose, itching or watering
eyes, shortness of breath, itching or red skin) to house dust,
foods, animals or grasses/plants were not associated with
exposure.

Table IV shows the symptom prevalence and adjusted
ORs for regularly occurring symptoms that lessen or

disappear during weekends or holidays. In the non-exposed
group hardly any cough, asthma, nose or eye symptoms
that lessen or disappear during leisure periods were reported
(0-3%) in contrast to the low/intermittent and high exposure
groups where these symptoms were reported significantly
more (5-20%). Symptoms were more common in the high
exposure groups than in the low and intermittent exposure
group, whereas no large differences existed between the two
high exposure groups.

DISCUSSION

In this study we found an increased prevalence of
respiratory, nose and eye symptoms in exposed sawmill
workers with the highest prevalence in the high exposure
groups, and somewhat lower prevalence rates in the low and
intermittent exposure group, suggesting a dose-response
relationship. However, differences between the high expo-
sure groups and the low and intermittent exposure group
were relatively small and not statistically significant.

Non-differential misclassification of exposure for
particularly the high and low/intermittent exposure cate-
gories may be the most important reason for the lack of a
clearer dose-response relationship. Whereas, it is relatively
easy to distinguish non-exposed workers based on their job-
title it proved difficult to create detailed exposure categories
for the exposed workers since no reliable exposure data are
currently available for this industry. The exposure classifi-
cation used in this study is therefore rather crude and thus
misclassification is likely to have occurred. In fact, in a
previous study [Douwes et al., 2000] we collected personal
exposure data in 37 workers from two sawmills that were
represented in the current study. This indicated that some
subjects classified in the current study as ‘low’ and
‘intermittent exposed’ had similar dust exposures to that
of the ‘high exposed’ subjects in the previous study, and
some workers classified as ‘high exposed’ in the current
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TABLEIIl. Symptom Prevalence (%)and Adjusted Prevalence Ratios (OR) with 95% Confidence Intervals (Cl) Stratified for the Various Exposure Categories.ORs
were Adjusted for Age, Sex, Ethnicity, Current and Ex-Smoking, and Mill Number; Sawmill Workers in New Zealand

Non-exposed

Intermittent and low

High exposed to ‘green’ dust High exposed to ‘dry’ dust

(n=65) exposed (n = 294) (n=212) (n=198)
Symptom % OR % OR(CI) % OR(CI) % OR(CI)
Cough symptoms
inlast12 months
Cough® 12.3 10 259* 2.7 (1.2-6.5) 46.2 5.2(21-13.0)* 323 33(14-79)*
Cough up phlegm® 10.8 10 231" 21(09-5.2) 351+ 29(11-7.5)* 25.8* 24(1.0-6.0)
Woken regularly due to coughb 00 10 5.8 Undef (0.9—00) 16.6™ Undef (3.1—00)* 6.6" Undef (1.0—00)*
Asthma symptoms
inlast12 months
Wheezing 200 10 276 15(0.7-3.1) 313 16(0.7-36) 310 16(0.7-3.3)
Wheezing without a cold 10.8 10 129 10(04-26) 185 2.0(0.7-5.6) 17.8 16(0.6-4.0)
SOB° with wheezing 47 10 133 2.7 (0.83-9.6) 13.7 2.8(0.7-10.8) 131 2.5(0.7-9.3)
Woken by SOB® 15 10 11.6* 7.3(09-57.3) 16.1* 9.3(1.1-76.0)* 13.7* 7.7(1.0-61.1)
Asthma attack 6.2 10 6.1 15(0.4-54) 76 32(0.8-126 76 1.7(0.5-6.1)
Asthma medication 46 10 9.2 24(06-9.2) 104 45(11-18.5)* 10.2 26(0.7-10.2)
Asthma® 9.2 10 15.6 19(0.7-49) 204" 2.7(09-76) 18.8 2.1(0.8-5.7)
Wheezing, SOB® or chest 46 10 19.3* 4.7 (1.3—-16.4) 18.0* 40(11-14.9) 246"  7.0(20-246)"
Tightness in relation to work
Nose, eye, and skin symptoms
Runny nose, sneezing > 1/week 13.8 10 194 1.7(0.7-4.0) 30.7 2.6 (1.0-6.5) 278" 2.5(10-6.0)
Itching, watering eyes > 1/week 15 10 10.5* 8.0(1.0-62.7)* 170" 14.6 (1.8—118.0)* 136*  10.8(14-851)
Itchy skin, skinrash > 1/month 12.3 10 85 0.5(0.2—-14) 99 0.7 (0.2-2.0) 124 09(0.3-2.3)
Allergy/sensitivity symptoms
Sensitive to house dust or food 492 10 432 09(0.5-1.7) 38.7 0.8(04-1.6) 419 1.0(0.5-18)

or animal or grasses/plants

?Daily for at least part of the year.

® 0dds ratios were undefined because none of the subjects in the reference group had the specific symptom; Pvalues and 95% Clwere calculated using Fisher exact test.

“S0B, shortness of breath.

%“Woken by SOB n last 12 months or ‘asthma attackin last 12 months’or ‘current asthma medication”

* P<0.05,** P< 0.01; compared to non-exposed group.

study had substantially lower dust exposures than expected
based on their job title and work area. Moreover,
misclassification may even be more prominent when causal
agents are considered that are not directly associated with
exposure to dust. For instance, we previously showed that
exposure levels to dust were only poorly correlated with
other potentially relevant exposures such as bacterial
endotoxin and fungal f(1,3)-glucans [Douwes et al.,
2000]. However, the main differences found between non-
exposed workers (office and administration workers who
virtually never conduct work outside the office) on the one
hand and high and low/intermittent exposed workers on the
other hand are unlikely to have been significantly biased due
to exposure misclassification. Furthermore, random mis-
classification between exposure categories is likely to
produce a bias towards the null and is unlikely to explain
our positive findings [Pearce et al., 1998]. Misclassification

of exposure due to the use of respiratory equipment was not
significant since excluding subjects that regularly used
respiratory equipment from the analyses did not alter the
results (data not shown). Differences in smoking habits,
ethnicity, gender etc, existed between the various exposure
categories and the reference group (Table I) but we adjusted
for those potential confounders in the multivariate regres-
sion analyses and it did not make much difference to the
findings. In addition, the non-exposed or reference group
may have differed with respect to social class and they are
sedentary and work indoors in contrast to the mill workers
who are physically active and work outdoors for a
significant proportion of the time. Moreover, the reference
group (non-exposed workers) was relatively small and it is
thus possible that the observed differences could have been
a chance finding. However, the asthma symptom prevalence
in the reference group was comparable to what we have
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TABLE IV. Prevalence and Adjusted Odds Ratios (OR) with 95% Confidence Intervals (Cl) for Symptoms that Lessen or Disappear During Weekends and
Holidays in the Various Exposure Categories. ORs were Adjusted for Age, Sex, Ethnicity, Current and Ex-Smoking, and Mill Number; Sawmill Workers in New

Zealand

Non-exposed

(n = 65) (n = 294)

Intermittent and low exposed

High exposed to ‘green’ dust
(n=212)

High exposed to ‘dry’ dust
(n=198)

% OR % OR(CI)

% OR(CI) % OR(CI)

Cough symptoms > once amonth
(inlast12 months)

Dry cough 15 10 13.6 11.5(1.5-89.0) 231* 18.7 (2.4-148.3)* 19.27  16.0(2.1-124.3)*
Cough up phlegm? 0 10 13.3* Undef (2.5—00)** 18.4* Undef (3.6—c0)* 146™  Undef (2.7—o00)™
Asthma symptoms > once amonth
(inlast12 months)
Wheezing® 0 10 51 Undef (0.8—00) 1.3~ Undef (2.0—c0)™* 86"  Undef (1.4—o0)™
Breathlessness with wheezing® 0 10 41 Undef (0.6—00) 8.5 Undef (1.4—o00)™ 56 Undef (0.8—00)
S0B*® 0 10 58 Undef (0.9—c0) 8.5™ Undef (1.4—o0)™ 101 Undef (1.7—00)™
Chest tightness 15 10 34 2.6(0.3-224) 5.7 4.8(0.5-457) 71 5.0(06-43.2)
Nose, eye, and skin symptoms
(inlast12 months)
Stuffy, runny nose, sneezing 31 10 8.8 26(06-11.7) 175 39(0.8—-184) 19.2*  6.0(1.3-27.3)*
> 1/week
Itching, burning, wateringeyes 0 10 48 Undef (0.7—00) 9.0* Undef (1.5—00)™ 71" Undef (1.1—o0)*
> 1/week®
Itchy skin, skinrash > 1/month 1.5 10 31 12(01-104) 47 16(0.2—14.9) 6.6 3.1(0.4-276)

#0dds ratios were undefined because none of the subjects in the reference group had the specific symptom; Pvalues and 95% Clwere calculated using Fisher exact test.

®SOB, shortness of breath.
*P<0.05,* P< 0.01; compared to non-exposed group.

previously found in a large sample of the general population
from the same geographical area (with the exception of
“woken by shortness of breath’; Table II), and thus the
lower symptom prevalence estimate in the reference group
seems valid. Finally, the healthy worker effect may have
biased our results, but excluding workers who had worked in
the sawmill for more than 5 years did not alter the results.
Moreover, the mean number of years worked in the industry
was relatively small for all exposure groups (Table I) which
makes a significant bias caused by the healthy worker effect
less likely.

Our findings are consistent with other studies [White-
head et al., 1981; Hessel et al., 1985; Shamssain, 1992;
Halpin et al., 1994; Mandryk et al., 1999] in that they
demonstrate that working with pine (or a mix of tree species
including pine) is associated with an increased prevalence of
respiratory symptoms and eye and nose symptoms. The
majority of these studies were, however, conducted in
furniture workers and only very few studies have been done
in pine sawmill workers. The fact that most of the symptoms
reported by exposed workers disappeared or lessened during
the weekends and holidays (Table IV) suggests that
symptoms were indeed work related. While the participants

in this study were grouped primarily according to estimates
of wood dust exposure based on work area and job title, it
was recognized that additional exposures to chemical
extractives occur during sawmilling and lumber processing.
In softwoods (including Pinus radiata) these include the
volatile monoterpenes and the higher molecular weight
resin acids, primarily abietic and pimaric acids, which have
been suggested as possibly having a relationship with the
health effects under study [Demers et al., 1997]. Abietic
acid is a major constituent of colophony, a natural product
derived from pine and other softwoods which has been
associated with occupational asthma in other industries
[Sadhra et al., 1994]. Furthermore, it was recognized that
the relative composition of the contaminants of interest
would vary throughout the milling process [Teschke et al.,
1999], although information on the composition of emis-
sions from radiata pine is limited. Two distinct high
exposure categories were defined, high ‘green’ and high
‘dry’, on the assumption that green milling was likely to
produce higher monoterpene emissions than the processing
of kiln dried lumber. Comparison of symptom prevalences
between these two groups showed that the differences were
small, indicating that the monoterpenes are unlikely to be
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the underlying cause, although most symptoms did appear
to be slightly more common in the high “green” than the
high ‘dry’ group. Therefore, wood dust and resin acids that
remain after kiln drying might be more important.

Symptoms seem to occur at levels well below the
current occupational exposure limit for soft wood dust
® mg/m3) used in New Zealand and many other countries,
including the USA, since the majority of exposure measure-
ments performed previously in the same mills (Douwes
et al., 2000) did not exceed the 1 mg/m? level and only one
sample out of 37 exceeded the 5 mg/m>. This finding is in
line with a recent recommendation by Demers et al [1997] to
lower the current standard for dust exposure. However, in
order to establish a more appropriate exposure limit for pine
wood dust more studies are needed that include extensive
exposure assessment of both dust and other potential causal
agents (abietic acid, terpenes, microbial agents etc).

In conclusion, exposure to pine wood dust and specific
agents therein is associated with cough and asthma
symptoms as well as nose and eye irritations. These
symptoms appear to be more common in the workers
with the highest exposures. However, a more rigorous
exposure assessment is needed to establish a dose-response
relationship.
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