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ABSTRACT

OCCUPATIONAL MOULD EXPOSURE A N D
RESPIRATORY DISEASE MORBIDITY A M O N G
BC L U M B E R MILL WORKERS

by Lisa Anne Ronald
University of British Columbia

S

Department of Health Care and Epidemiology

Chairperson of the Supervisory Committee: Paul A. Demers

Background: Previous studies have found woodworkers to be at an increased risk for nonmalignant respiratory disease (NMRD) compared to control populations, and mould exposure
has been suggested as a possible cause of N M R D in woodworkers. The main objectives of this
thesis were to develop a predictive model of mould exposure among BC lumber mill workers
and to assess the risk of N M R D associated with mould exposure within a cohort of BC lumber
mill workers. Methods: In the first study, multivariate linear regression modeling was applied to
223 personal samples of B-(l,3)-glucan (a marker of mould exposure) collected at four BC
lumber mills, to produce a predictive model of mould exposure among workers. In the second
study, quantitative exposure values derived from the predictive model were assigned
retrospectively to a cohort of 11,200 BC lumber mill workers (employed at one of fourteen BC
mills between 1979 and 1994 for at least one year) to develop cumulative exposure estimates.
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Morbidity was assessed using hospital discharge records (April 1, 1985 and July 31, 1997)
obtained from the BC linked Health Database. Exposure gradients among hospitalrzation rates
for any N M R D (ICD9=460-519), chronic obstructive pulmonary disease (COPD, ICD9=49092, 496) and asthma (ICD9=493) were assessed using Poisson regression, with workers in low
exposure categories acting as the reference population. Results: A total of 1097 cases of any
N M R D , 256 cases of COPD and 97 cases of asthma were included in analyses. After controlling
for age, calendar period and race (and employment in Western Red Cedar mills for asthma
analyses), there was evidence of an increase in C O P D risk among high and moderate exposed
workers at no exposure lagging and lagging up to 5 years. There was some evidence of a link
between exposure and asthma, though no clear trends were apparent, and no evidence of a link
with any respiratory disease. Conclusion: This study provided evidence of a link between
cumulative mould exposure and hospitalrzation due to COPD among woodworkers. Further
studies with greater power and better control of possible conflunders are needed to fully assess
dose-response relationships between mould exposure and N M R D morbidity among BC
woodworkers.
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INTRODUCTION

Employment in woodworking occupations has been associated with a range of nonmalignant respiratory diseases (NMRD's). Mould growing on wood has been suggested as one
of the most hazardous agents facing woodworkers and has been found to be a causal factor for
some NMRD's, yet there is still little documentation about the level of risk of NMRD's among
woodworkers due to mould exposure. There were three objectives of the following thesis
project:
1)

To develop a predictive model for mould exposure (using B-l,3-glucan as a mould
marker) among a cohort of BC sawmill workers;

2)

To retrospectively assign mould exposure levels to the cohort of BC sawmill
workers; and

3)

To compare hospitalization rates for NMRD's among the cohort of BC sawmill
workers based on different estimated levels of occupational exposure to mould, in
order to assess for dose-response relationships

There are five chapters to this thesis report. Chapter 1 is a background section, with
a review of the literature about mould-related respiratory disease among woodworkers.
Chapter 2 describes the study and results regarding the first objective listed above. Chapter
3 describes the study and results regarding the second and third objectives listed above.
Chapter 4 is a discussion about the observed results. Chapter 5 is a summary of the
conclusions and recommendations for future studies.
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Chapter 1

BACKGROUND

Non-malignant respiratory disease among woodworkers

Employment in woodworking occupations has been associated with a range of nonmalignant respiratory diseases (NMRD's), including bronchitis, occupational asthma, extrinsic
allergic alveolitis and chronic airflow obstruction [1-6]. The primary epidemiologic evidence has
come from cross-sectional studies of workers in sawmills and furniture factories [7], in which
an increased prevalence of respiratory disease symptoms (including phlegm, cough, wheeze,
nasal symptoms) and decreased lung function have been reported among woodworkers
compared to controls (eg. [8-12]).

In contrast to the results of most cross-sectional studies, the results from cohort studies
have been less consistent. In a BC study examining mortality and cancer incidence among a
cohort of over 26,000 BC sawmill workers, the risk of death due to N M R D among workers was
significantly decreased compared to the general BC population (standardized mortality ratio
(SMR)=0.65, 95% 0=0.55-0.76) [13]. Similarly, in a re-analysis offivecohorts of workers from
wood-related industries, the SMR for N M R D was 0.81 (95% CI=0.75-0.87) [14]. In a cohort
study examining N M R D mortality among approximately 330,000 male workers, employment
in woodworking occupations was associated with a small excess risk (RR=1.42, 95% CI=T.151.74), however, the relative risk was higher among woodworkers who did not report exposure
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to wood dust than those who did and no clear trend with duration of exposure was observed
[7]. It has been suggested that the results of some of these studies may reflect a 'healthy worker'
effect, since most cohort studies published thus far have compared woodworker mortality rates
to those of the general population (in contrast to most cross-sectional studies which have
utilized working populations as "controls") [1]. Additionally, it has been suggested that NMRD's
among woodworkers may not be serious enough to cause death, yet almost all cohort studies
conducted to date have examined mortality rates [7].

One suggested alternative has been to utilize hospital discharge records as a source of
data for identifying cases of occupational respiratory disease [15-18]. A recent pilot study
comparing respiratory disease mortality versus morbidity among a cohort of BC lumber mill
workers found that use of the hospital discharge data led to greatly increased power of the study,
with 1136 cases of N M R D detected using hospital discharge data and only 41 cases detected
with mortality data. Also, while the study found a trend towards decreased mortality risk among
the lumber mill workers compared to the BC population (SMR=0.87 for all respiratory disease,
95% CI=0.62-1.18), a significantly increased risk for respiratory disease morbidity was observed
(adjusted relative risk=1.36, 95% CI=1.28-1.46) [19].

In addition to the apparent lack of consistency between some cross-sectional and cohort
study results, many of the exposures causing respiratory diseases and their underlying diseasecausing mechanisms are not well understood [3]. The majority of respiratory disease studies
among woodworkers have focused on exposure to wood dust, and relationships between
increasing levels of wood dust and increased prevalence of symptoms have been observed [1,
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3-5]. Exposure to Western Red Cedar dust, in particular, has been well-documented as a cause
of occupational asthma [20-22] and experimental studies have identified a naturally-occurring
compound in Western Red Cedar, plicatic acid, to be the causal agent [23]. However, as
suggested in a recent review about the respiratory health effects of softwood dust exposure,
most studies that have examined the health effects of wood dust exposures suffer from a
number of limitations in regard to the methods by which exposure was assessed, including their
failure to examine the possible health effects from other exposures in wood-processing
industries, such as moulds [1].

M o u l d exposure i n woodworking operations

Fungi are one of the principal types of microorganisms that invade wood during its
growth, storage or use, potentially causing decay. Fungi are able to grow on wood under a wide
range of environmental conditions, as long as four critical requirements are met: a supply of
unbound water, favourable temperature (0-42 C ) , atmospheric oxygen, and digestible carbon
D

compounds. These conditions are commonly found within wood-processing operations, with
wood providing an excellent substrate for fungal growth [24].

There are three general classes of fungi which can be found growing on wood, mould
fungi, sapstaining fungi, and decay fungi. Sapstaining and decay fungi, types of fungi which can
grow deep within the wood structure and can cause serious discolouration or decay, have
received the greatest focus within the wood-processing industry due to the potential for high
product and revenue losses. Attempts to restrict growth of such fungi have included control
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measures such as water storage of logs at lumber mills (which restricts the availability of
atmospheric oxygen necessary for fungal growth), application of anti-sapstain chemicals and
kiln-drying of lumber [24]. In contrast, mould fungi growth does not cause decay or severe
discolouration of wood, with mould growing primarily on surfaces of wood and within the bark
and sapwood layers of logs [24]. Studies examining microorganism growth on stored logs have
reported extremely high concentrations of fungi (moulds) in the sapwood as compared to the
heartwood layers [25, 26].

Studies measuring the concentration of airborne viable fungi in woodprocessing
operations have found high concentrations within debarking operations of mills (representing
the process areas where the outer bark and sapwood layers are removed) [26-28]. High
concentrations of viable airborne moulds have also been measured in some woodchipping
operations [26, 29] and in areas where moist piles of wood chips or bark mulch are stored [3032]. A number of studies (predominandy of Scandinavian origin) have also measured high
mould levels within trimming operations [33-36] which contrasts with the very low mould levels
observed in trimming departments in other countries, such as Australia [29]. The reason for the
observed difference within wood trimming departments in Scandinavia and elsewhere, as
concluded by Rask-Andersen, is that the Scandinavian kiln-temperatures were generally lower
than those used elsewhere, which would have promoted greater mould growth through slower
drying times and increased condensation [37].

Recent studies measuring viable mould concentrations in three BC sawmills reflect
similar mould exposure patterns to those reported in the literature. The studies all involved area
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sampling (with a six-stage Andetson sampler), targeting the major process areas within two
Coastal BC mills and one BC Interior mill. As summarized in Table 1.1, mean levels of mould
exposure were highest overall at the Interior mill (where logs are stored in yards) compared to
the two Coastal mills (where logs are stored in water prior to processing). The highest mean
concentrations were measured outside of booths in the log processing (26,108 CFU/m ) and
3

sawmill-cutting areas (27,981 CFU/m ) of the Interior mill, contrasting with the generally low
3

levels of mould exposure observed outside of booths in the corresponding areas of the two
Coastal mills.

In addition to studies of viable moulds, a number of studies have also examined mould
exposure in terms of total spore counts and other fungal cell markers.

(3(l-3)-glucan (a

polyglucose compound present in the cell wall of fungi, certain bacteria and vegetable materials
[38]) has been examined as a possible marker for total mould exposure in several studies of
woodworkers. Elevated levels of p(l-3)-glucans have been detected within woodworking
operations in Australia [29], sawmills in New Zealand [39] and debarking operations in Sweden
[40], and high correlations between viable mould concentrations and |3(l-3)-glucan
concentrations have been measured in some woodworking operations [29].

Mould exposure as a risk factor for NMRD among woodworkers

According to Dutkiewicz, allergenic fungi growing on timber represents one of the most
important hazardous agents threatening workers in wood processing facilities [41]. Mould
exposure has been linked to chronic and acute respiratory diseases in a number of wood-related
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industries including sawmills [34-36, 42-46], wood chip and debarking operations [27, 28],
plywood factories [47], logging [48], carpentry [6], landscaping [49, 50], and farming [32]. Three
main categories of health effects from inhaled moulds can be distinguished: infectious diseases,
specific toxic effects and inflammation (either nonspecific/non-immune inflammation or
specific allergies) [51].

Infectious diseases (caused by living/viable microorganisms that invade, grow and
replicate as parasites, using the human bodytissuesand cells as substrate) associated with mould
exposures have not been commonly reported among woodworkers. One case of aspergillosis
pneumonia was reported in a worker after shovelling mouldy cedar wood chips, however, it was
noted that the worker also suffered from chronic granulomatous disease which left him in an
immunosuppressed state and thus susceptible to aspergillus infection [50].

The specific toxic effects of some mould fungi have been suggested as a risk factor for
some NMRD's among woodworkers. Tremorgenic mycotoxins are a group of substances,
produced by various Aspergillus (including Aspergillus fumigatus) and Penirillium spp, that are
reported to induce sustained or intermittent tremors in treated mice, rats, chickens, and sheep
[52]. Cultures of aspergillus fumigatus collected at sawmills by a research group in Sweden were
found to contain tremorgenic mycotoxins, which, when administered to rats, induced symptoms
such as sluggishness, dyspnea and other tremorgenic reactions [52, 53]. The authors concluded
that these results, coupled with the known resemblance of the acutely toxic phase of woodtrimmers' disease (see below) to the symptoms produced by these tremorgens, imply that woodtrimmers' disease and similar occupational diseases are, at least in part, mycotoxicoses [52].
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Inflammatory responses are the most commonly reported mould-related respiratory
disease types among woodworkers. Airways inflammatory responses, initiated upon deposition
of organic or inorganic particles in the respiratory tract, can be either non-allergenic responses
(initiated by non-specific pro-inflammatory cells) or allergenic responses (activated by antibodies
following an initial sensitization exposure). Initial symptoms of airways inflammatory responses
may include runny nose and phlegm (due to excess mucous production), sneezing, stuffy nose,
and wheezing and asthma-type symptoms (due to bronchoconstriction). If inflammation occurs
for weeks, months or even years, the mucosal wall can become permanently thickened and more
or less permanent airway obstruction may result [54, 55].

Extrinsic allergic alveolitis (EAA) is an immune-mediated respiratory disease that has
been reported in several studies of woodworkers.

The term E A A (also known as

hypersensitivity pneumonitis) describes a spectrum of lymphocytic and granulomatous alveolar
filling and interstitial pulmonary diseases associated with repeated intense exposures to a variety
of inhaled organic dusts and chemical antigens.

E A A can manifest as acute, sub-acute or

chronic disease. Acute symptoms typically involve cough, chest tightness, fever, headache,
aches and pains in the extremities, and malaise occurring within four to twelve hours of
exposure, in contrast with subacute or chronic forms of the disease which can develop without
acute attacks but with symptoms of chronic cough, gradually increasing shortness of breath and
loss of weight [56, 57]. A mortality rate of 3-10% of individuals with chronic E A A has been
reported [58].
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The first published reports of E A A in woodworkers were observed among maple bark
peelers in northern Michigan, in 1932 [59]. The disease was associated with exposure to fungal
spores found in the bark, and the disease was referred to as 'maple bark strippers disease'.
Further cases of maple bark disease were reported in 1962 [60] and 1967 [28] among debarking
workers at paper mills processing maple logs. In the 1967 study, five of thirty-seven woodroom
workers tested had active E A A based on testing positive to clinical, serological, and radiographic
tests, nine had disease based on being positive to two out of three tests, and four had positive
serological tests only. It was observed that the spore counts of Cryptostroma corticak rose to very
high levels in winter because the woodroom was closed and the ventilation was rninimal; clouds
of spores could be seen each time an infected maple log entered the saw area.

Other reported cases of E A A among woodworkers followed in the literature. E A A was
observed in a redwood sawyer following exposure to redwood dust. Two of the fungal species
encountered in the dust, Graphium sp and Aureobasidium pullulans, contained antigens
immunologically related to the redwood dust antigen against which the patient's serum reacted,
leading the researchers to hypothesize that fungal spores were a cause of the disease [61]. E A A
was also associated with heavy and prolonged exposure to Alternaria sp among two workers at
a woodroom of a paper manufacturing facility (where debarking, cutting and chipping of spruce
and pine logs was carried out) [27] and to Trichoderma koningii'm a U K sawmill electrician [43].
E A A has also been associated with exposure to Penidllium sp among farmers handling mouldy
wood chips [32] and in a 28-year old tree-cutter, who experienced repeated episodes of fever,
productive cough, dyspnea, and burning sensations in the chest several hours after cutting live
oak and maple trees [48]. Cases of E A A (also called wood trimmers' disease) were reported
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in Scandinavian sawmill trimming department workers and were linked to Rhi^opus sp [45], and
Aspergillus sp or Thermoactinomyces vulgaris [62]. Signs of low-intensity alveolar inflammation
(considered a symptom of the acute form of EAA) were measured by bronchoalveolar lavage
among non-smoking wood trimmers in a Swedish study, even though sampling in the wood
trimming department indicated that levels of dust, mould and bacteria were low [63]. Six cases
of EA A were also reported in a study of BC sawmill workers, representing an estimated annual
incidence of 4.3/100,000. All of the patients worked in BC interior mills, with no cases from
coastal mills observed [2].

Another respiratory disease observed among woodworkers is inhalation fever (also
called organic dust toxic syndrome (ODTS)), a type of non-allergenic respiratory reaction to
organic dust inhalation that may be difficult to distinguish clinically from E A A [37]. It requires
intense exposure to airborne dust and results in influenza-like symptoms with leukocytosis and
fever but it requires no prior sensitization, antibodies do not develop, respiratory symptoms may
or may not occur and there are usually no radiographic changes [37, 64]. It also generally results
in high attack rates in exposed populations and brief, self-limited illness [37].

Only a few

studies have documented organic dust toxic syndrome among woodworkers. Among a group
of 2,052 trimming department workers at Swedish sawmills, 22% reported experiencing febrile
attacks that they thought were associated with their work (RR=7.5, 95% 0=5.4-10.4 compared
to controls) [36]. In an experimental study where six healthy volunteers were exposed to wood
chip mulch, three subjects reported flu-like symptoms after exposure. While no significant
changes in pulmonary function were measured following exposure, increased pro-inflammatory
cytokine molecules were measured in bronchoalveolar lavage [49].
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An increased prevalence of other respiratory diseases and disease symptoms has also
been reported among woodworkers following mould exposures. Occupational asthma was
linked to exposure to Neurospora sp in a plywood factory worker after the handling of mouldy
plywood sheets [47], and an increased risk for asthma was associated with reported "ever versus
never exposed" to occupational mould among a group of union carpenters [6]. As well, in a
recent BC study, overall prevalence for asthma-like symptoms increased with increasing mould
exposure (2.4% for low exposed workers versus 13.3% for high-exposed workers) [65].

In the same BC study, dose response trends were also observed for some respiratory
disease symptoms (particularly cough and phlegm) with increasing levels of viable mould
exposures [65]. The risk of reporting phlegm among high mould-exposed workers (10,000+
CFU/m ) was particularly high compared to controls (OR=11.0, 95% CI=3.2-38.0). Risks for
3

work-related cough and phlegm also followed dose-response trends, with high risks in highexposed groups compared to controls (OR=35.2, 95% CI=2.8-448.4 for phlegm and OR=11.7,
95%CI=1.5-91.3 for cough). Risks for low FEV1 (<80%) and for low FVC (<80%) were also
significandy higher for high mould-exposed groups than for controls (OR=6.4, 95%CI=1.8-23.1
for low FEV1 and OR=11.6, 95%CI=3.0-45.6 for low FVC) [65].

In a Swedish study comparing office workers to wood ttirnmers, trimmers had an
increased prevalence of reported cough and breathlessness and an increased prevalence of mild
obstructive impairment. The decrease in FEV1 and MEF25 was correlated with the degree of
viable mould exposure [34]. Declines in lung function were also observed in a study of Swedish
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wood trimmers at two sawmills with high versus low mould exposure levels. Following returnto-work after a one-month period of no exposure (summer vacation), FVC among all wood
trimmers was reduced compared to controls by an average of 0.4 and FEV1 reduced by an
average of 0.31. Further reductions in lung function among wood trimmers were observed
during the working week in the mill with high mould concentrations, but not in the mill with
low mould concentrations. The authors concluded that wood trimmers may develop restrictive
pulmonary dysfunction which might be explained by an immunopathalogical reaction to heavy
mould exposure [35].

Further, in a study of Australian woodworkers, increased risks for bronchitis, phlegm,
breathlessness, ear inflammation, throat irritation and wheezing were all associated with
increased exposures to viable moulds [29]. As well, in several studies of wood trimmers and
planer operators in Norway, a significantly increased prevalence of cough, shortness of breath,
tight chest, wheezing, chills, fever attacks, sore throat, and nasal obstruction were observed
among trimmer operators who reported handling mouldy timber than planer operators, and the
level of reporting of these symptoms increased with increasing years of employment in the
ttimming department [33, 46].

M o u l d exposure level and N M R D risk

A n examination of the mould levels associated with respiratory disease symptoms in
studies among woodworkers suggests that exposures to viable moulds at levels as low as 1000
C F U / m may be associated with increased prevalence of some respiratory disease symptoms
3

12

(see Table 1.2). Measures of decreased lung function have been observed at levels ranging from
10,000 to 100,000 C F U / m . According to Eduard [66], 1000 to 10,000 C F U / m may be
3

3

considered a high level of exposure to airborne moulds. However, it was highlighted that the
insidious subacute development of allergic alveolitis can also result from prolonged exposure
to low concentrations of fungi.

In the recent BC studies exarrrining exposures within BC lumber mills (Table 1.1), levels
of viable mesophilic moulds were shown to exceed 10,000 C F U / m within three departments
3

at the Interior BC mill (the log yard, debarker/merchandizing department and the sawmill).
Levels within the debarking department at the Interior mill exceeded even 100,000 C F U / m ,
3

suggesting that some BC lumber mill workers may be at risk for mould-related respiratory
diseases. Since exposure levels at the Coastal BC mill did not exceed 3,000 C F U / m within any
3

mill department, it is possible to hypothesize that risks for mould-exposure related respiratory
disease may be highest among workers at Interior BC lumber mills. This hypothesis is supported
by the recent finding by Enarson and Chan-Yeung that all six BC lumber mill workers
diagnosed with E A A were employed at BC Interior mills (with no cases from coastal mills
observed) [2].

In summary, mould exposure has been associated with a number of NMRD's among
woodworkers, however, the actual level of risk for mould-related NMRD's among woodworkers
is not clear. High mould levels have been measured within BC lumber mills, suggesting that
some BC lumber mill workers may be at risk for mould-related NMRD's.

Table 1.1: Summary of samples of viable mesophilic mould (CFU/m ) collected at three BC
1

3

sawmills (1996-1999) >
2

3

Mills
Coastal 1 (1996,
Vancouver)
process group

n

log yard

.6

4

Interior 1 (1997)

Coastal 2 (1999,
Vancouver Island)

range

n

AM

range

n

AM

range

-

-

-

-

-

6

4186

267-14771

AM

5

no
booth

6

283

18-629

6

885

448-2012

8

26108

49-93037

booth

-

-

-

-

-

-

12

4874

528-13,820

no
booth

6

725

59-3043

18

1636

23613,244

20

27981

30-111,432

booth

-

-

-

-

-

-

12

1724

161-11441

planing

6

3665

12-12448

6

495

306-806

12

1113

166-2651

sort/pack

6

745

14-2421

10

1008

316-1889

37

3014

131-26098

lumber yard

-

-

-

-

-

-

8

955

436-1816

chip/hog

-

-

-

3

781

330-1263

-

-

-

office

-

-

-

-

-

-

12

283

30-831

control (outside)

8

539

14-1604

6

996

320-1479

16

639

43-1759

log
processing

sawmillcutting

1.
2.
3.
4.
5.
6.

.

Viable can be defined as that which is living (ie. capable of growing and surviving). In this case, viable mould
was mould that was able to grow at room temperature on a medium of malt extract agar.
See Demers 1997a [67]; Demers 1997b [65]; and Ronald 1999 [68] for more detailed descriptions of this data.
If not specified, then assume samples taken outside of a booth
See Appendix 1 for detailed descriptions of process groups
AM=arithmetic mean
The symbol - indicates that data was not collected at this location
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Table 1.2: Levels of exposure to airborne moulds and associated health effects
Study

Exposure Level

Health outcome

Dahlqvist et al, 1994
[44]

10 cfu/m (total viable moulds)

Decreased FVC and across-shift decrease in
FEV,

van Assendelft et al,
1995 [32]

3 x 10 cfu/m (penicillium)
4.7 x 10 cfu/m (total viable
moulds)

Extrinsic allergic alveolitis (case reports)

Alwis etal, 1999 [29]

Mean range of personal
exposures 10 - 10 cfu/m
(total viable moulds)

Increased prevalence of bronchitis, phlegm,
breathlessness, ear inflammation

6

3

6

3

6

3

2

5

3

Demers et al, 1997 [65]

>10,000 cfu/m

Eduardetal, 1994 [33]

10 spores/m (total viable and
non-viable)
'

Increased prevalence of respiratory
symptoms (dry cough, sore throat, congested
nose)

Lipscomb et al, 1998 [6]

Ever versus never reported
exposure to occupational mould

Increased risk of asthma

6

3

3

Low FEV1 (<80%) OR: 6.4
Low FVC (<80%) OR: 11.6
Increased reporting of cough, phlegm
(apparent dose-response, with increased
reporting at >1000 cfu); increased
prevalence of asthma-like symptoms
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Chapter 2

STUDY 1. PREDICTIVE M O D E L

Introduction

The first study of this thesis project involved an examination of the determinants of
exposure to moulds among BC lumber mill workers (using P(l—»3)-glucan as a mould marker).
The goal was to develop a predictive model of glucan exposure for use in predicting historical
exposures among workers in a retrospective cohort study (Study #2).

Materials and Methods

Study population and sampling strategy

Wood dust samples were collected at four BC lumber mills during the summer of 1997.
The four mills were selected to represent the range of geographic areas and variety of conditions
in the industry in this province. Two of the mills were located on the BC coast [one on Central
Vancouver Island (mill A) and one on the South Coast (mill B)] and two were located in the
interior of the province [one in the Southern Interior (mill C) and one in the Northern Interior
(mill D)].
As summarized in Table 2.1, species processed at the two Interior mills (C and D) were
primarily Engelmann Spruce {Picea engelmannii) or White Spruce (Picea glaucd), Lodgepole Pine
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(Pinus contortd), and Balsam Fir {Abies lasiocarpd), while the Coastal mills (mills A and B) processed
predominandy Western Hemlock (Tsuga heterophylld) and Douglas Fir (Pseudotsuga men^esii). Logs
at mill D were stored on land, while logs at other mills were water-stored (though following
debarking, logs at mill C were stored on land for a short time prior to processing). Among the
mills using water-storage methods, the two Coastal mills stored logs in salt water while the
Interior mill C stored logs in fresh water. Mills included in the study also differed by yard
condition, and type and location of debarking machines.

Personal sampling was conducted over a two-week period in each mill. The sampling
strategy targeted all production and maintenance jobs (except administrative jobs) at least once
in each mill. Individuals were randomly selected from all available job tide/shift combinations
and full-shift sampling periods were utilized for the majority of samples (ie. 8 or 12 hours).

In order to assess the determinants' of exposure to moulds and other wood dust
components, data was recorded at the level of the mill, department, job, and individual. For
each sampling day, weather information was collected from the government environmental
monitoring station closest to each mill and production information (ie. species processed,
production level) was collected for each department of the mill, based on reports from
production management personnel. Over the sampling period, information was gathered for
each job sampled including department in which the job was located, whether it was designated
as a clean-up job, an estimate of the percentage of enclosure (in a booth) associated with the
job, and whether the job was located indoors or outside. Temperature and relative humidity at
the site and time of sampling were also collected. At the end of each sampling period,

17

individual participants were questioned about the jobs performed that day, the number of times
that compressed air was used for "blowing down" sawdust, whether they spent time in a cab
or booth during their shift, and the drying condition of the wood processed (ie. kiln versus
green).

Glucan sampling and analysis

All airborne dust samples were collected using a GSP-sampler for inhalable dust (DehaHaan

& Wittmer

GmbH,

Friolzheim,

Germany).

Filters used

were

Teflon

(polytetrafluorethylene) with a 0.45 um pore size and 25 mm diameter (Costar, USA). Filters
were pre-conditioned in a climate-controlled room (temperature 22 ± 2 C, relative humidity
65% ± 5%) and weighed in triplicate on a Sartorius microbalance (Sartorius M3P, Germany).
Personal air sampling pumps (SKC model 224-44XR, Eighty-Four, PA, USA) were calibrated
to a flow rate of 3.5 litres per minute. After sampling, each filter was immediately refrigerated
at 4 C. Before weighing to determine dust concentration, thefilterswere desiccated at 4 C for
approximately 48 hours and then re-equilibrated in the climate-controlled room for 48 hours
o

at 22 C. After equilibration, the filters were again weighed in triplicate and stored in 50 ml
pyrogen-free centrifuge tubes until extracted for endotoxins and P(l—>3)-glucans.
All filters were initially extracted for endotoxin analysis (with the results described
elsewhere by Dennekamp et al [69]). Subsequent to endotoxin extraction, dust samples were
heat-extracted in 5 ml pyrogen-free water with 0.05% Tween-20 (polyoxyethylenesorbitan
o

monolaurate; Merck, Germany). Samples were shaken for 15 minutes, autoclaved at 120 C for
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60 minutes, then shaken again for 15 minutes. Sample suspensions were centrifuged at 1,000
o

x g for 15 minutes and stored frozen at -20 C until analysis.

P(l—>3)-glucan was assayed with a specific enzyme inhibition immunoassay (EIA) as
i

developed by Douwes et al [70]. Microtitre plates (Costar 96 well cell culture cluster 3596,
o

USA) were coated overnight (200 uL/well) at 4 C with 16 (og/ml laminarin (Fluka A G , Buchs
SG, Switzerland) in PBS.

Plates were washed with PBT (PBS washing buffer solution

containing 0.05% Tween-20), then coated with P B T G solution (300 uL of 0.5% gelatine in
o

PBT) and incubated for 30 minutes at 37 C. Test sample or kminarin standard (100 uL diluted
in PBTG) were added to microwells and mixed with 100 uL 1:75,000 purified polyclonal rabbit
o

anti-laminarin antibodies in PBTG. Microtitre plates were then incubated at 37 C and shaken
for one and a half hour. After extensive washing, 200 uL 1:5,000 horse anti-rabbit peroxidase
(Central Laboratory of the Red Cross Blood Transfusion Service, Amsterdam, The Netherlands,
o

no.M1234) was added to each well and shaken for 1 hour at 37 C. After further extensive
washing, 200 uL OPD substrate (2 mg/ml o-phenylenediamine (Sigma Chemicals, St. Loius,
MO) in 0.05 M citrate/phosphate buffer and with 0.015% H2O2) was added and incubated for
0

30 minutes at 20 C in dark conditions. The enzyme reaction was terminated by adding 50 uX
2M HCI in wells and optical denisty (OD) was read at 492 nm. On each microtitre plate twelve
dilutions of the reference laminarin preparation were included as well as four control wells
(containing only antibodies mixed with PBTG). Samples were tested in four different dilutions.
P(l—»3)-glucan concentrations were determined by interpokting the OD492 of each test sample
dilution on a semi-log calibration curve obtained with the twelve dilutions of the reference
19

preparation and calculated with SOFTmax (Molecular Devices Corporation, Menlo Park, Ca,
USA), a 4-parameter curve fitting program.

Statistical analysis

The intended purpose for the final model was its usage in prediction of historical
exposures for a retrospective cohort study. Therefore, the strategic plan for the development
of the predictive model was to 1) identify factors that are strong predictors of mould in current
time; 2) identify which of these have historical data; 3) create the best fit model(s) for strong
predictors with historical data; and 4) retrofit them to past circumstances.

The limit of detection (LOD) for the assay was determined using the laminarin
calibration curves of 40 assays performed on individual microtitre plates. The detection limit of
each microtitre plate was determined by calculating the corresponding glucan concentration at
15% inhibition. The mean L O D of the 40 plates was calculated as 0.059 ug/ml (SD^O.054
ug/ml). The mean concentration of field blanks (calculated as 0.16 ug/ml, SD^O.40 ug/ml) was
subtracted from all values, in order to correct for background glucan levels.

All statistical analyses were conducted using the statistical program SPSS (Release
10.0.5, Chicago, USA). Descriptive statistics (counts for categorical data, and means, ranges,
standard deviations, and frequency distributions for continuous data) were calculated for all
variables thought to influence exposure levels. Continuous variables which appeared to be lognormally distributed (wood dust concentration, glucan concentration) were log-transformed

20

(base e) prior to analysis. A l l categorical variables were re-coded, so that one category from
each variable was selected as baseline (based on the a priori assumption that the category selected
for baseline represented a low exposure category). Variables with a large proportion of missing
data (ie. relative humidity and temperature at the time and site of sampling) were excluded from
further analysis. The self-reported variable for wood drying condition was also partially
incomplete, but it was included in further modeling procedures after attempts were made to
interpolate the missing data based on the knowledge of specific mill drying procedures. The
department variable was re-coded by an industrial hygienist into a 'process group' variable to
better reflect jobs with similar tasks within the mill.

Using univariate modeling procedures, variables that were not highly predictive of the
outcome variable (p>0.25) were excluded from further analysis. Among pairs of work area
variables with a correlation coefficient >0.7 (using Pearson's r), only one variable was selected
for inclusion in the model. Since the major intended purpose for the final model was its usage
in prediction of historical exposures for a retrospective cohort study, variables were selected for
inclusion based on the range of data available historically for the fourteen BC cohort mills.
Variables were also selected based on ease of interpretability of the final model.

Interactions between log storage method and process group were selected based on the
a priori hypothesis that fungal growth rates on land-stored logs would be higher than on waterstored logs and that exposures would be highest for jobs located close to the debarking
machines at land-storing mills. No other interactions were included in the modeling as there
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were no other a priori hypotheses. Multivariate regression modeling was then conducted using
backward stepwise and forward stepwise procedures; the best fitting model was selected.

Results

There were 227 personal samples analysed for glucans (mean sample time = 467
minutes). Two personal samples were excluded because the workers were rotating through
multiple jobs during the shift and two personal samples were excluded because the sample time
was less than three hours. Concentrations below the limit of detection were included as
LOD/V2 [71]. O f the 223 personal samples, 45.7% were below the L O D and the mean L O D
was 0.52 ug/m .
3

Sampling characteristics for each of the four study mills are summarized in Table 2.1 (a
and b). Mean temperature during sampling were highest at the Coastal mill A lowest at Interior
mill D, while mean relative humidity during sampling was highest at Coastal mill A and lowest
at Interior mill C. Precipitation was most frequently recorded during sampling at the Interior
mill D and most infrequently recorded at Coastal Mill A. For personal samples, the majority of
sampled workers at all mills were located at an inside location (ranging from 61.4% of workers
at Coast mill B to 75.5% of workers at Interior mill D) and were less than 50% enclosed (ie. in
a booth) for the duration of their shifts (ranging from 65.7% of indoor workers at Coastal mill
B to 97.5% of indoor workers at Interior mill D). Approximately one-third of all workers used
compressed air during their shift to blow sawdust off of equipment (ranging from 26.6% of
sampled workers at Coastal mill B to 42.6% at Interior mill C). Mean wood dust levels and
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production levels were highest at the Interior mill D, followed by the Interior mill C and the two
Coastal mills A and B.

A summary of glucan concentrations at the four study mills is presented in Table 2.2.
Mean personal exposures to glucans were highest in the two Interior mills (GM=2.52 at mill C
and GM=4.00 at mill D). A greater percentage of samples were below the L O D at the two
Coastal mills (67.3% at mill A and 59.6% at mill B).

Variations were also observed by process group within Interior versus Coastal mills (see
Table 2.3). The highest P(l—»3)-glucan levels were measured among workers in the log yard
(GM=12.6 ug/m ), clean-up/labour (GM=8.94) and log processing (GM=5.91) process groups
3

at the Interior mills. Glucan levels below a geometric mean of 1 ug/m were observed in the
3

majority of Coastal mill process groups, including log processing, mill maintenance/sawfilers,
non-mill maintenance, planing, sawmill-cutting, sawmill-non cuttmg,sorting/packaging, and
outside workers (administration/boom). At the Interior mills, only the outside workers
(administration/boom) had a geometric mean exposure below 1 ug/m .
3

Examination of univariate modeling results (Table 2.4) suggests that log storage method,
process group, wood dust concentration, debarker type, species, yard condition, and production
level were all associated with P(l—»3)-glucan concentration.

Working in a booth/cab,

precipitation recorded, number of compressed air blowdowns, relative humidity, and outside
temperature were also significant or borderline significant predictors of P(l—»3)-glucan
concentrations in univariate modeling and were thus retained for further modeling. Species,
23

yard condition, outside temperature and production level were later removed from further
modeling procedures due to correlation with other predictor variables.

Two determinants of exposure models were created, the first excluding wood dust
concentration and the second adjusting for wood dust concentration. The first model accounted
for 29.3% of the variance, as measured by the R value for the model, and included process
2

group, log storage, and the interactions between land storage/log processing and land
storage/lumber yard. When wood dust concentration was added to the model, it was a highly
significant predictor variable of glucan concentration. The R value for the second model
2

increased to 39.6% and the parameter estimates changed slighdy (though the variables included
in the model did not change). Parameter estimates for the two models are shown in Table 2.5.

Discussion

High (3(1—»3)-glucan exposures have been measured in some occupational
environments, particularly within environments containing high concentrations of organic dusts
[72]. This corresponds with the results of our study, which indicate that some BC sawmill
workers may be exposed to elevated levels of (3(1—>3)-glucans.

In the assessment of determinants of (3(1—>3)-glucan exposure, one pattern that
emerged in our study was the higher overall mean P(l—»3)-glucan levels observed at the Interior
mills (particularly the Northern Interior mill) compared to lower levels at the Coastal mills.
There are a number of characteristics associated with BC Interior versus Coastal mills which
24

could help to explain these differences, several of which were shown to be strong determinants
in the regression models.

In BC, the Coast mountain range divides BC into coastal and interior zones, each having
distinctive forest types and industries. In the Coastal industry, sawmills are generally located on
rivers, lakes or on the sea where transportation of logs is facilitated by water. Logs are often
stored in water prior to processing. This contrasts with a number of the Interior mills, where
land storage of logs prior to processing is more prominent. In our study, log storage method
was a strong determinant of p(l—»3)-glucan exposure, with the highest exposures measured
within mills processing land-stored logs and the lowest exposures measured within mills
processing water-stored logs. The interaction between land storage and log processing
department was also statistically significant, with higher levels observed in the log processing
areas where the bark from land stored-logs is removed prior to further processing. Water
storage has been shown to inhibit the development of fungi due to the low concentration and
slow diffusion rate of oxygen in water [24]. The potential for mould growth on land-stored logs
is much higher (depending on conditions such as log spacing, yard condition, length of storage
and climate). Since mould has been shown to grow predominantly within the bark and outer
sapwood layers of logs [25, 26], it might be expected that the highest mould levels (and thus
P(l—»3)-glucan levels, assuming P(l—>3)-glucan is a marker for mould exposure) would be in
debarking areas of mills where logs are land-stored. This pattern was observed in our study (for
P(l—>3)-glucans) and has been observed in other studies assessing viable mould concentrations
in BC mills [65, 67]. High P(l—>3)-glucan levels have also been reported in the debarking areas
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of a paper manufacturing plant in Sweden [40], though the log storage methods at this plant
were not specified.

Differences in species processed at the mills in our study could also help to explain
some of the observed differences in [3(1—»3)-glucan levels. While not included in the final
regression modeling, species was a strong predictor of exposure in univariate modeling.
Specifically, pine (which was processed at the Interior mills in our study) is known to have
particularly low durability to microbial attack, while species processed at the Coastal mills tend
to be of higher durability [73]. As a marker for mould exposure, it might be expected that
P(l—>3)-glucan levels would be slightly higher at Interior mills based on species processed.
However, it is unlikely that species alone could fully explain the extent of the differences
observed between Coastal and Interior mills, particularly the large differences observed within
the log processing areas of the mills. Durability ratings of softwoods generally refer to the
durability of heartwood rather than sapwood layers and the sapwood of all species is considered
to have low resistance to decay [74]. Therefore, levels of mould growth within sapwood would
not be expected to differ markedly between species and as a predictor of mould growth, the
impact of species would more likely be evident further into the mill (where heartwood is being
cut and the dust is allowed to settle). Differences in species durability could help to explain the
slighdy higher glucan levels observed in the sawmiU-cutting areas of the Interior mills compared
to the Coastal mills, however, the differences were not marked and thus the effect of species,
if any, is likely small.
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Production levels were also higher at the two Interior mills and production was a strong
predictor in univariate regression modeling. It might be expected that higher production would
produce greater levels of airborne moulds (due to increased debarking). Higher production
would also likely produce more wood dust, thus leading to even higher concentrations of
moulds if wood dust acted as a substrate for secondary mould growth within the mill. However,
it is not possible to determine the impact of production (adjusting for wood dust concentration)
since it was not included in the final regression models (due to concerns about colinearity).

Wood drying methods also tend to differ between Coastal and Interior mills. Kilndrying is generally considered less economical (and is thus less common) among the Coastal
mills than the Interior mills, due in part to the fact that hemlock is a naturally wet wood
requiring longer dryingtimesthan the naturally drier spruce-pine-fir combination. In our study,
both of the Interior mills used kiln-dried wood (with highest levels observed at the Interior mill
D) whereas only one of the Coastal mills used kilns (to a lesser extent). Several studies have
reported high mould concentrations (both viable and non-viable) in tjtimming departments
processing ldln-dried wood [33, 44], while others have reported low levels in mills that use kilndried wood [29]. In a study of two New Zealand sawmills, the highest levels of [3(1—»3)-glucan
were measured in the planer mills [39]. This contrasts with the results of our study, where
relatively low glucan exposures were measured in the planing mills. Differences in findings
between our study and those of the recent New Zealand study could be due to possible
differences in ldln-drying temperatures or dryingtimesused in their study mills or differences
in ventilation systems within their planer mills (since personal exposures to microorganisms
have been shown to be very low at workplaces with efficient dust control systems [29]). Wood
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drying condition was also not a strong predictor of P(l—»3)-glucan levels in univariate regression
modeling our study, however, information about wood drying condition was collected by selfreporting from workers and the accuracy of the data is unknown. It is noteworthy that relatively
low levels were also observed in the sorting/packaging and lumber yards in our study, with
regression modeling mdicating that particularly low levels may be observed in the lumber yard
of Interior mill D (where kiln-drying is most common).

Within mills, levels of personal p(l—»3)-glucan exposure were significantly elevated for
clean-up workers/labourers. This is not surprising, since clean-up workers would likely be resuspending particulates during the clean-up process. Elevated bioaerosol exposure levels have
been measured among clean-up workers in other studies [66, 69], suggesting that clean-up
workers without effective respiratory protection in the sawmill environment could be at an
increased risk for bioaerosol-related respiratory diseases.

Booths have been shown to markedly decrease exposures to wood dust in sawmills [75],
however, working witMn a booth/cab was not a significant predictor in the final regression
models in this study. One possible explanation for this discrepancy is that, while booths may
be effective in reducing exposures to wood dust, they may be less effective in reducing
exposures to glucans. As well, it is possible that the variable did not adequately reflect the
amount of time spent in the booth/cab during the shift or the amount of enclosure that the
booth/cab provided. Though the booth/cab variable was not a significant predictor in the final
regression models, the fact that booths/cabs were more commonly reported as being used by
workers within the sawmill-cutting process groups (61% of workers in booth/cab) than sawmill
28

non-cutting process groups (8% of workers in booth/cab) may help to explain why personal
exposure levels of P(l—»3)-glucan were lower for workers in the cutting areas of the sawmill
than in the non-cutting sawmill areas.

This analysis of P(l—»3)-glucan exposure included a fairly large number of samples and
included an assessment of some of the determinants of P(l—»3)-glucan exposure within the
sawmill environment. The amount of variability explained by the regression model ranged from
approximately 29% to 40%. It is interesting to consider potential additional sources of variability
not explained in our models. Some of the key determinants for P(l—>3)-glucan exposure may
have either not been collected or were not collected in a meaningful way for the purposes of this
exposure assessment. Wood dryness, for example, is likely an important determinant for
P(l—>3)-glucan exposure however, it was collected by self-reporting and was somewhat
incomplete. Attempts were made to fill in missing data for the variable based on our knowledge
of mill-specific drying practices, however, this may have led to some misclassification within this
variable. Similarly, data for the inside versus outside location variable was recorded based on
observations made by the hygienist for each job and work area and may not have accurately
represented the location of the worker during the sampling period. Length of log storage time
(both in the forest after felling and in the yard or boom) and general yard hygiene are additional
exposure determinant variables that may have been important determinants to examine but were
not documented as part of this assessment. Within-mill data at the time of sampling, such as
relative humidity and temperature at the sampling location (rather than as collected for the
general mill location), could also be important determinants for P(l—>3)-glucan exposure,
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particularly as determinants for secondary sources of mould growth within the mill environment
(assuming that p(l—» 3)-glucan represents a marker for mould exposure). However, these
variables were not included in the regression modeling since the data collection for these
variables was incomplete. As a result, this analysis tended to focus on mill-wide differences as
opposed to job-specific or sample-specific determinants, which could account for much of the
unexplained variance in the models. Our study design was also not the best for examining all
mill-wide differences, since only one mill-wide difference could be included in the final models
(due to colinearity concerns). With only four mills included in the study, it was difficult to
distinguish whether log storage, species, or production levels had independent effects.

Since no viable mould measurements were conducted as part of this study we were
unable to direcdy assess the potential for using |3(l-»3)-glucan as a marker for mould exposure.
The distribution of (3(1—>3)-glucan within our study mills do correspond with distributions of
viable moulds observed in other studies of BC sawmills, however it is not possible to
conclusively state that P(l—»3)-glucan represents an effective marker for mould exposure in this
study. One drawback of the EIA method of P(l—>3)-glucan extraction used in this study is the
potential cross-reactivity with other plant P(l—>3)-glucans [70]. Wood dust represents a large
possible source of P(l—»3)-glucan, however, we were able to rule out the possibility that all of
the p(l->3)-glucans measured in our study were derived from wood dust since some adjustment
was made for wood dust concentration in the regression models. Wood dust concentration
accounted for about twenty-five percent of the variance in P(l—»3)-glucan levels in our study
samples (through univariate modeling), suggesting that other sources of P(l—»3)-glucan were
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present in these mills. In the log and lumber yards it is possible that organic debris (other than
from mould sources) contributed to the levels of (3(1—>3)-glucan observed in our study.
However, within the sawmill itself, it is likely that mould represented a large proportion of the
observed (3(1—>3)-glucan.

It is not at present known how comparable results are from the P(l —»3)-glucan EIA
(used in this study) and the more-commonly used Limulus amebocyte lysate (LAL) assay
method of P(l—»3)-glucan extraction [72]. Levels observed in our study were similar to other
occupational environments (compost workers and pig farmers) where workers are known to
experience organic dust-related respiratory symptoms [70], however no direct associations
between P(l—>3)-glucan exposure levels (using this extraction method) and health effects have
been published to our knowledge.

In conclusion, the results of our study demonstrated patterns of exposure to P(l—»3)glucans among BC lumber mill workers. Higher levels of p(l—>3)-glucans were measured in
mills that process land-stored logs compared to mills processing water-stored logs, with the
highest personal exposure levels occurring in the log processing areas (where the bark is
removed) of mills that land-store logs. Clean-up workers were also at risk for higher P(l—>3)glucan exposures compared to other sawmill workers. A predictive model for mould exposure
was developed for use in a retrospective cohort study, with 2 variables included (log storage
method and process group).
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Table 2.2: Summary of P(l—»3)-glucan concentrations (ug/m ) at the four study mills
3

Coastal Mills

Interior Mills

A

B

C

D

52

57

61

53

Arithmetic mean glucan
concentration (AM)

3.84

3.54

10.41

18.94

Geometric mean glucan
concentration (GM)

0.84

1.02

2.52

4.00

Geometric standard deviation
(GSD)

3.32

3.86

5.16

5.96

<LOD-77.2

<LOD-53.6

<LOD-120.8

<LOD-226.3

67.3%

59.6%

31.1%

24.5%

n

Range
% below L O D
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Table 2.3: Mean P(l—>3)-glucan concentrations (ug/m ) by process group in Coastal versus
3

Interior mills
Coastal mills

Interior mills

process group

n

AM

GM

n

AM

GM

boom/administration

9

0.86

0.59

5

0.51

0.51

Chip and hog

5

3.86

2.17

3

8.14

3.93

cleanup/labour

7

5.38

2.1

13

26.98

8.94

log processing

8

0.72

0.59

7

37.7

5.91

log yard

_i

-

-

3

23.42

12.6

lumber yard

9

12.99

1.93

8

2.45

1.32

mill maintenance/sawfiling

20

0.85

0.72

31

20.66

3.97

non-mill maintenance

2

0.51

0.51

4

4.28

2.23

planing

3

0.51

0.51

6

8.61

4.24

sawmill-non cutting

8

14.7

3.03

4

15.15

2.72

sawmill-cutting

18

1.61

0.64

5

2.79

1.16

sorting and packaging

20

2.4

0.81

25

4.94

2.14

1.

The symbol - indicates that data was not collected at this location
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Table 2.4: Results of univariate modeling of exposure variables as independent predictors
[3(1—»3)-glucan concentration

df

p-value

Amount of variance
explained (R )
2

Process group (16 categories)

11

0.001

0.139

Log storage (water/land/mixed)

2

<0.001

0.148

Drying condition (kiln/green/mixed)

2

0.868

0.001

Precipitation on sample day (no/yes)

1

0.069

0.015

# of compressed air blowdowns/shift (0-5, 6+)

1

0.035

0.02

0.013

0.027

<0.001

0.254

Location of worker (indoor/outdoor)

0.517

0.002

Working in booth/cab during shift (yes/no)

0.021

0.024

Debarker type (mechanical/hydraulic)

0.005

0.036

Species (5 categories)

<0.001

0.152

Yard condition (paved/dirt)

<0.001

0.083

Relative humidity (continuous)
Wood dust concentration (continuous, ln-transformed)

1

Production level (continuous)

1

<0.001

0.103

Debarker location (inside/outside or enclosed)

1

0.563

0.002

Outside temperature (continuous)

1

0.08

0.014

Table 2.5: Linear regression models estimating P(l—»3)-glucan concentration (ug/m )
3

Exposure Model #1
(wood dust excluded)

Exposure model #2 (wood
dust adjusted)

R = 0.293

R =0.396

2

2

B

p-value

B

p-value

-0.916

0.019

-0.177

0.641

-

-

0.51

0.007

1.340
0.836

<0.001
<0.001

0.656
0.429

0.017
0.060

Ref - boom/administrative (n=14)
chip and hog (n=8)
cleanup/labour (n=20)
log processing (n=15)
log yard (n=3)
lumber yard (n=17)
mill maintenance/sawfiling (n=51)
non-mill maintenance (n=6)
planing (n=9)
sawmill-non cutting (n=12)
sawmill-cutting (n=23)
sorting and packaging (n=45)

1.601
1.927
0.466
2.276 ,
1.329
0.970
0.587
0.874
1.668
0.346
0.625

0.012
<0.001
0.406
0.014
0.016
0.026
0.400
0.156
0.003
0.475
0.156

1.096
1.299
0.482
1.847
1.107
0.503
0.121
0.143
0.940
0.080
0.292

0.064
0.007
0.352
0.031
0.030
0.220
0.853
0.806
0.078
0.860
0.477

land storage * log processing

2.553

0.008

2.407

0.007

-1.901

0.026

-2.163

0.007

Intercept
Wood dust concentration (continuous)
Log storage (categorical)

Ref = water stored (n=109)
land stored (n=53)
water / land stored (n=59)
Process group (categorical)

(n=3)

land storage * lumber yard (n=4)
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Chapter 3

STUDY 2. E P I D E M I O L O G I C A L STUDY

Introduction

The objectives of the second study of this thesis project were: 1) to retrospectively
assign mould exposure levels to a cohort of BC sawmill workers, using the predictive model
developed in study #1; and 2) to compare hospitalization rates for NMRD's among the cohort
based on different estimated levels of occupational exposure to mould, in order to assess for
dose-response relationships.

Methodology

Description of the BC Sawmill Workers Cohort

The BC Sawmill Workers Cohort was organized through the University of British
Columbia to examine the relationship between chlorophenol fungicide exposure and the
development of certain cancers [13]. It represents the largest cohort of sawmill workers ever
assembled for epidemiologic study and has since been used to examine a variety of health
outcomes associated with a number of different exposures [76].

37

The cohort currently consists of approximately 29,000 workers who were employed for
a minimum of 1 year between 1950 and 1997 at one of 14 BC lumber mills. Three of the mills
are located in the BC Interior and the remainder are Coastal BC mills (with six located on
Vancouver Island and five in the Lower Mainland). Species processed at the mills differ, with
nine of the Coastal mills processing predominancy Douglas Fir and Hemlock, and the
remaining two Coastal mills processing Western Red Cedar. The three Interior mills process
a mixture of Engelmann spruce, white spruce, lodgepole pine and sub-alpine fir. Storage
conditions of logs at the mills also differ, with water storage of logs at Coastal mills
(predominandy in salt water) and a mixture of land storage and water storage of logs at the
Interior mills (see Table 3.1).

In order to enumerate the cohort, personal identifying information (mcluding surname
and given names, birth date and social insurance number if available) was abstracted for each
worker from mill personnel records. Job history information (including start and end dates, job
tide and department for every sawmill job; leave periods, termination date at the mill and reason
for termination) was also abstracted from mill personnel records to aid in assessing exposure.
Job history information was last updated for the cohort in 1997. National follow-up of
mortality (1950-1995) was conducted using the Canadian Mortality Database, operated by
Statistics Canada. Follow-up to minimize the number of person-years unaccounted for included
use of pension records, BC motor vehicle license records and union records. Workers of East
Indian origin and Chinese origin were identified on the basis of name by two research assistants
of the same respective ethnic origins.
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The current study is limited to workers who were employed in the industry at any time
between 1979 and 1994 and were employed for at least one year. Since hospital discharge data
was only available from 1985 onwards, the 1979 entry start date was chosen primarily in order
to minimize discrepancies between employment period and follow-up period. As well, many
technological changes occurred throughout the sawmill industry in the 1970's and early 1980's.
However, there were no historical mould data available for any of the mills and thus exposures
in this study were predicted for the cohort workers based on mould exposure data collected in
a later time period (1997). The start date of 1979 was thus also selected since it was
hypothesized that selection of a start date later than 1950 (ie. the full cohort start date) would
provide better predictive power for exposure levels among the cohort workers. This study
period also corresponds with a sub-cohort of 9,830 workers employed after 1979 which had
previously been linked to the BC Linked Health Database (described below) as part of a study
to examine the effects of technological and economic change.

Morbidity Data from the BC Linked Health Database

Health outcome data was obtained from the BC Linked Health Database (BCLHD).
The B C L H D was created by the Centre for Health Services and Policy Research at the
University of British Columbia. It maintains records for all BC deaths, births, hospital visits,
outpatient visits, continuing care, pharmacare use, cancer incidence, WCB claims, and mental
health. Almost all records widiin these data sets are linkable by common identifiers to a single
master file and the B C L H D currendy has records for the period from April 1,1985 through to
the end of 1998.
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Cases of non-malignant respiratory disease occurring between April 1, 1985 and July 31,
1997 were identified for the cohort workers using data derived from the B C L H D hospital
separation file. The end date was chosen because it was the last date for which complete work
history follow-up was available. The hospital separation file contains records for all inpatient
and day surgery hospitalizations. Up to sixteen diagnostic codes are available for each record,
with possible discharge diagnosis types mcluding primary, principal, secondary and
complications. Principal discharge diagnoses represent the major disease/illness associated with
the hospitalization and primary discharge diagnoses represent other major diseases/illnesses
associated with the hospitalization. Secondary diagnoses represent other underlying diseases or
illnesses the individual may have had, which may or may not have contributed to the
hospitalization. Complications are illnesses or diseases which develop as a result of the hospital
visit.

Vital status for the cohort workers was determined based on each individual's last
observed date recorded in the B C L H D (including the latest date of enrollment in the BC
Medical Services Plan (MSP), claims against MSP, hospital admission, or prescription) and
mortality follow-up data. Cases of non-malignant respiratory diseases were identified based on
principal and primary diagnoses only. A case was identified as the individual's first record of
hospitalization for the respiratory disease of interest during the study period, based on principal
or primary diagnoses. Cases of any respiratory disease (ICD9=460-519), asthma (ICD9=493)
and chronic obstructive pulmonary disease (ICD9=490-92, 496) were identified for cohort
members. Cases of other non-malignant respiratory diseases were also identified for cohort
members (eg. extrinsic allergic alveolitis) for descriptive purposes only.
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Assignment of Exposure Levels to the Cohort

All mills were classified into one of three mill types based on their predominant logstorage method (water-storage, land-storage or mixed-storage). The determinants of exposure
model developed for P(l—>3)-glucan exposure was used to predict quantitative exposure levels
for process groups at each of the three mill types. The non-wood dust adjusted model was used
to predict exposures, since corresponding wood dust measurement data were not available at
the time of the analysis. In order to assign exposures using the model, all 82 standardized job
tides in the cohort work history records were re-coded into the same 12 process groups as used
in the determinants of exposure analysis (based on the system developed by an industrial
hygienist for a study of wood dust exposures and health outcomes among this cohort, see
Appendix 1).

As described previously, many technological advances (such as the installation of
enclosed booths and improved ventilation systems) were observed throughout the sawmill
industry during the late 1970's and early 1980's. Examination of booth installation dates at each
of the fourteen cohort mills showed that the majority of booths were installed between 19781982 and were predominandy within log processing and sawmiU-cutting process groups. In
order to adjust for the potential increased exposures prior to these technological advances, a
global date of 1980 was selected as the approximate date of technological change in the cohort
mills. While the variable for booths was not a significant predictor of exposures in the glucan
model, it was discussed previously that the variable as it was entered into the model may not
have accurately reflected the amount of time spent in a booth or the level of booth enclosure.
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Results of viable mould data collected previously at several BC sawmills suggest that booths may
significandy reduce exposures to viable moulds within sawmiU-cutting and log processing areas
of the mills. Therefore, an assumption was made that exposure levels among sawmill-cutting
process groups prior to 1980 (before booths were installed) would be comparable to exposure
levels in the sawmill non-cutting process groups (where there are typically no booths present).
Exposure levels for sawmiU-cutting groups prior to 1980 were thus assigned the same exposure
levels as non-cutting sawmill groups prior to 1980. The log processing process group prior to
1980 was also assigned a higher exposure value, which was estimated based on the assumption
that booths installed after the global date of 1980 would decrease exposures by a factor of 3.75.

Within the cohort, 4.1% of the total work history person-years did not have a job tide
recorded and thus had not been assigned to process groups (ie. job tide coded as 'not otherwise
specified', or 'NOS'). In order to assign exposures to these records, job tides were interpolated
from the last known job for the individual (to a maximum retrospective period of 1 year). If
there was no last-known job for the individual, the last-known administrative department was
interpolated (again, to a maximum retrospective period of 1 year).

The administrative

department was a code used in the original work history records to indicate the administrative
departments responsible for each job. There were 12 administrative departments coded in the
work historyfiles,including boom department, barker mill, sawmill, dry kiln, yard, maintenance,
planer, administration, powerhouse, chip plant, shipping, NOS and N R (not relevant
employment, such as pulp-mill or other non-sawmill work). Although jobs had been re-coded
into process groups to better reflect job tasks, adniinistrative department codes were retained
for all work history records (for reference purposes). When assigning exposures to NOS jobs,
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aclministrative department codes that could be easily associated with a single process group were
re-coded to the respective process group and exposure values for the new process group were
assigned to these work history records (for example, aclministrative department = boom, barker
mill or administration). When administrative department code represented large components
of several process groups (eg. administrative department=sawmill, yard, maintenance or planer),
weighted averages (by person-years) based on all major process groups represented by the
administrative code were computed and an exposure value was calculated for the administrative
department code for each mill. Finally, workers who did not have either a last-known job or
last-known administrative department code were assigned exposure values based on the
weighted average (by person-years) for all process groups within the respective mill. For each
cohort member, cumulative exposure was calculated as: ^(predicted exposure level (ug/m ) for
3

the job x years in the job).

Statistical Analyses

In order to assess dose-response relationships, factors related to respiratory disease
hospitalizations were examined using Poisson regression (with workers from the low cumulative
exposure groups acting as the reference population). Only the first occurrence was used for
each individual and separate analyses were performed for any respiratory disease, COPD and
asthma. The Life Table Analysis System (LTAS) created by the National Institute for
Occupational (NIOSH) was used to convert the cohort data into the form necessary for analysis
and E G R E T (Verson 2.0.3, Cytel Corporation, Cambridge, MA) was used to perform the
regression analyses. Entry into follow-up began after they had received the one year necessary
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for entry into the cohort or April 1,1985, whichever was later. Follow-up ended at the hospital
admission date for first occurrence of the outcome being studied, at the B C L H D B date last
observed, or July 31, 1997, whichever was earlier.

Cut-points delineating three exposure levels (low, moderate and high) were selected for
each disease type based on the points which came closest to equally dividing the cases into three
groups. For any respiratory disease, these were 5,000 and 11,000 ug/m person-years, for
3

COPD these were 8,000 and 16,000 ug/m person-years and for asthma these were 6,000 and
3

12,000 ug/m person-years. Exposures were lagged 0, 1, 5, and 10 years for all analyses. Strata
3

with fewer than five cases were merged. Rate ratios from Poisson regression models were
adjusted by 5-year age group, ethnic group and calendar periods (1985-1989, 1990-1994, and
1995-1997). Asthma analyses were also adjusted for employment in a mill producing Western
Red Cedar.

Results

Exposure Assessment

As summarized in Table 3.2, the cohort includes a total of 136,342 work history records,
representing a total of 174,697 person-years of employment. The majority of person-years of
employment were focused in water-storage mills (89.4 % of all person-years), particularly in mill
sorting/packaging (17.7% of total person-years), maintenance/sawfiling (12.5% of total personyears), and cleanup/labour (12.2% of total person-years) process groups. 12.0% of total person
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years were recorded in Interior mills, with 9.2% of total person-years in land-storage mills and
2.8% of total person years in mixed-storage mills.

Assigned exposure values (as derived from the glucan determinants of exposure model)
for each of the process groups at the fourteen cohort mills are summarized in Table 3.3. Values
assigned to NOS jobs (based on administrative department code) are summarized in Table 3.4.

Description of eligible cohort members

A total 11,320 individuals were successfully linked to the BCLHDB. Completeness of
vital status ascertainment was 95.8% among workers included in the analysis. As summarized
in Table 3.5, approximately 81.2% of the linked cohort workers were alive at end of follow-up,
14.6% were dead by end of follow-up and 4.2% had unknown vital status at end of follow-up.
Of the full cohort, there were 140 women and 9066 men. There were 957 ethnic Indian and
180 ethnic Chinese workers. There were also 2450 workers who had worked at some time in
one of the two cohort mills cedar mills versus 8870 workers who had not spent any time
working in the cohort cedar mills.

Respiratory Disease Morbidity

A summary of all hospital visits for non-malignant respiratory disease among cohort
members is displayed in Table 3.6.
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In total, 1093 cohort members were hospitalized with a principal or primary diagnosis
of any non-malignant respiratory disease (ICD9=460-519) between January 1, 1985 and July 31,
1997. In addition, four cohort members died during the mortality follow-up period with an
underlying cause of non-malignant respiratory disease, but were not hospitalized with a
diagnosis of respiratory disease. For these analyses, both the hospital and death certificate-only
cases were included for a total of 1097 cases.

Of these total respiratory disease cases, 249 cohort members were hospitalized for a
chronic obstructive pulmonary disease (as defined for the following analyses, ICD9=49092,496), with 92 hospitalizations specifically for chronic bronchitis (ICD9=490-91), 40 for
emphysema (ICD9=492), and 165 for chronic obstructive pulmonary disease (ICD9=496). In
addition, seven cohort members died during the mortality follow-up period with an underlying
cause of COPD, but were not hospitalized with a principal or primary diagnosis of COPD. For
these analyses, both the hospital and death certificate-only cases were included for a total of 256
cases.

There were 96 principal or primary hospitalizations for asthma (ICD9=493).

In

addition, 1 cohort member died during the mortality follow-up period with an underlying cause
of asthma but was not hospitalized with a principal or primary diagnosis of asthma. For these
analyses, both the hospital and death certificate-only cases were included for a total of 97 cases.

As well, there were 2 principal or primary hospitalizations for E A A (ICD9=495). O f
the 2 cases of E A A identified in the sub-cohort, one case was an individual who was employed
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as a clean-up/labourer (in November 1970-September 1978 and March 1979-June 1980) and
as an office worker (in September 1978-March 1978 and June 1980-May 1982) at Coastal mill
#3. This worker was first hospitalized for E A A in September 1989. The second case of E A A
was an individual who was employed as a mill maintenance worker (specifically as a millwright)
at Interior mill #12 between September 1988 and March 1993, at which point employment was
terrriinanted due to illness. Employment as a maintenance worker was re-instated between
January 1996 and April 1998. The first occurrence of hospitalization for E A A was in August
1993 for this worker.

Respiratory disease risk by cumulative level of mould exposure (based on approximately
equal numbers of cases in each level and with lagging of exposures at 0, 1, 5, and 10 years) is
summarized in Table 3.7. After adjustment for age, calendar period and ethnic group, there was
no apparent trend towards an increased risk for "any respiratory disease" associated with
increasing exposure. Rate ratios for any respiratory disease among workers in moderate and
high exposure levels did not appear to differ significandy from the low-exposed reference group.
Exposure lagging had a negligible effect on the risk estimates for any respiratory disease.

For COPD, there was some indication of an increase in risk among sawmill workers
exposed to both moderate and high levels of exposure. The increased risk was about the same
in the two groups (moderate and high exposed groups), but statistically significant only in the
high exposure group compared to low exposed workers. This pattern was evident when
exposure was either not lagged or lagged up to 5 years, but not evident when only exposures
from 10 years or more previous were considered.
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For asthma, there was some evidence of an increased risk at high versus low-exposure
levels, however, no clear trend emerged from the data. Exposure lagging had a negligible effect
on the risk estimates for asthma. As well, adjustment for employment in a mill processing
Western Red Cedar was maintained in all analyses based on a priori evidence about possible
confounding due to this variable, however differences between rates pre- and post-adjustment
for this variable was negligible.
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Table 3.1: Location, log storage method and species processed at the fourteen cohort mills
Mill#

Location

Major Log Storage Method

Major Species Processed

1,5, 7,14

Coastal, Vancouver

Water (salt)

Hemlock-Douglas Fir

2, 4, 9,10

Coastal, Van Island

Water (salt)

Hemlock-Douglas Fir

3

Coastal, Vancouver

Water (salt)

Western Red Cedar

6

Coastal, Van Island

Water (salt)

Western Red Cedar

8

Coastal, Van Island

Water (fresh)

Hemlock-Douglas Fir

11

Interior

water (fresh), debarked logs
stored on land

Spruce-Pine-Balsam Fir

12,13

Interior

land

Spruce-Pine-Balsam Fir
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Table 3.2 Distribution of person-years (py) of work history by mill type and process group
Coastal Mills
Water-storage

Interior Mills
Land-storage

Mixed-storage

&

% of total

m

% of total

&

% of total

14,306

8.2%

1360

0.8%

224

0.1%

5512

3.2%

408

0.2%

403

0.2%

3: cleanup/labour

21,243

12.2%

1749

1.0%

621

0.4%

4: log processing

2954

1.7%

523

0.3%

315

0.2%

5: log yard

586

0.3%

499

0.3%

189

0.1%

6: lumber yard

12,094

6.9%

1507

0.9%

414

0.2%

7: mill maintenance/sawfiling

21,909

12.5%

3110

1.8%

823

0.5%

8: non-mill maintenance

5170

3.0%

613

0.4%

294

0.2%

9: planing

4115

2.4%

702

0.4%

141

0.1%

10: sawmill-non cutting

9250

5.3%

270

0.1%

45

<0.1%

Process Group
1: boom/administration
2: chip and hog

11: sawmiU-cutting

10,224

5.9% .

827

0.5%

242

0.1%

12: sorting and packaging

30,872

17.7%

2160

1.2%

517

0.3%

13:NOS/NR

15,642

10.1%

2221

1.3%

642

0.4%

153,877

89.4%

15,950

9.2%

4871

2.8%

2

Sub-Total (for mill type)

1. Numbers rounded off so totals may not equal 100%.
2. NOS/NR=not otherwise specified/not relevant.
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Table 3.3: Exposure values (ug/m ) assigned to process groups in the fourteen cohort mills
3

Process Group

Water-storage
(mills 1, 2, 3, 4, 5, 6, 7,
8, 9,10,16)

Land-storage
(mills 13,15)

Mixed-storage
(mill 11)

Pre-1980

1980+

Pre-1980

1980+

Pre-1980

1980+

Boom/administration

0.40

0.40

1.53

1.53

0.92

0.92

Chip and hog

1.98

1.98

7.58

7.58

4.58

4.58

Cleanup/labour

2.75

2.75

10.5

10.5

6.34

6.34

Log yard

3.90

3.90

14.88

14.88

8.99

8.99

Lumber yard

1.51

1.51

0.86

0.86

. 3.49

3.49

Mill maintenance

1.06

1.06

4.03

4.03

2.44

2.44

Non-mill maintenance

0.72

0.72

2.75

2.75

1.66

1.66

Sawmill-non cutting

2.12

2.12

8.10

8.10

4.89

4.89

Sawrnill-cutting

2.12

0.57

8.10

2.16

4.89

1.30

Planing

0.96

0.96

3.66

3.66

2.21

2.21

Log Processing

2.40

0.64

117.30

31.28

5.51

1.47

Sorting / packaging

0.75

0.75

2.85

2.85

1.72

1.72
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Table 3.5 Vital status of the cohort and total person years of work history
Number of individuals

Person Years

Total

Alive

Dead

Unknown

11,320

9195

1656

469

174,697

140

129

7

4

970

11,180

9066

1649

465

173,728

Ethnic Sikhs

957

784

150

23

16,154

Ethnic Chinese

180

161

14

5

2635

10,183

8250

1492

441

155,909

Any Cedar processing

2450

1972

392

86

41,336

Other

8870

7223

1264

383

133,362

Full cohort
Gender
Women
Men
Ethnic Group

Other
Mill Type

1

1. 'Any cedar processing' mill type includes individuals who worked for some period of time in one of the two
cedar-processing mills. 'Other' mill type includes individuals who never worked in either of the 2 cohort cedar
mills.
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Table 3.6 Non-malignant respiratory disease cases (1985-1997) among cohort members

Non-mallgnant respiratory disease category (ICD 9 code)
Any respiratory disease (460-519)

First reports of
hospitalization for primary
or principal diagnosis type
1093

Chronic Obstructive Pulmonary Disease = C O P D , as used for these analyses

1

249

Chronic Bronchitis (490-91)

92

Emphysema (492)

40

Chronic Obstructive Pulmonary Disease (496)

165

Asthma (493)

96

3

Extrinsic allergic alveolitis (495)

2

Coal workers pneumoconiosis (500)

2

Asbestosis (501)

1

Silicosis (502)

1

Pneumoconiosis due to other inorganic dusts (503)

0

Pneumopathy due to other inorganic dusts (504)

0

Pneumoconiosis, unspecified (505)

0

Respiratory conditions due to chemical fumes and vapours (506)

1

Pneumonitis due to solids and liquids (507)

25

Respiratory conditions due to other and unspecified external agents (508)

0

1.
2.
3.

2

4 additional cases of all respiratory disease were identified through death certificates.
7 additional cases of C O P D were identified through death certificates.
1 additional case of asthma was identified through death certificates.
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Table 3.7: Respiratory disease risk by cumulative level of exposure to glucan (lagging exposures
by 0, 1, 5 and 10 years)

1

Cumulative mould exposure categories (ug/m person-years)
3

Low
RR, cases

Moderate
RR (95% CI), cases

High
RR (95% CI), cases

No lag

1.0, n=358

1.08 (0.93-1.26), n=371

1.03 (0.94-1.12), n=368

1 year lag

1.0, n=377

1.03 (0.88-1.20), n=358

1.03 (0.95-1.12), n=362

5 year lag

1.0, n=384

1.00 (0.86-1.17), n=323

1.06 (0.97-1.16), n=321

10 year lag

1.0, n=375

1.14(0.97-1.34), n=295

1.05 (0.96-1.16), n=255

No lag

1.0, n=78

1.28 (0.94-1.73), n=95

1.19 (1.02-1.40), n=83

1 year lag

1.0, n=80

1.30 (0.96-1.75), n=95

1.20 (1.02-1.41), n=81

5 year lag

1.0, n=79

1.25 (0.92-1.70), n=92

1.17 (0.99-1.38), n=74

10 year lag

1.0, n=91

1.01 (0.74-1.37), n=80

1.07 (0.90-1.27), n=58

No lag

1.0, n=33

1.06 (0.64-1.76), n=30

1.39 (0.87-1.49), n=34

1 year lag

1.0, n=36

0.98 (0.59-1.62), n=29

1.10 (0.84-1.45), n=32

5 year lag

1.0, n=34

1.29 (0.78-2.17), n=30

1.20 (0.89-1.62), n=28

10 year lag

TO, n=39

0.74(0.41-1.35), n=17

1.22 (0.91-1.65), n=26

2

3

3

Any respiratory disease

COPD

Asthma

4

1. All rate ratios from Poisson regression models were adjusted for age group, calendar period and ethnic group.
2. Reference category
3. A series of cut-points for categorical analyses were selected - the points that came closest to equally dividing
the cases were chosen. For all respiratory disease, these were 5000 and 11000 units (ug/m person-years). For
C O P D , these were 8000 and 16000 units. For asthma, these were 6000 and 12000 units.
4. Rate ratios for asthma from Poisson regression models were also adjusted for cedar.
3
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Chapter4

DISCUSSION

The results from this study provide evidence of a relationship between mould exposure
and hospitalization for some NMRD's in BC lumber mill workers. Specifically, workers with
higher cumulative mould exposure were at higher risk for C O P D than workers in lower
exposure conditions. The risk was about equally elevated in moderate and high exposed groups
and thus there did not appear to be evidence of a step-wise dose-response trend. In contrast,
there was no evidence of a link between any N M R D and cumulative exposure. As well, there
was some evidence of a link between asthma and cumulative exposure, with some indications
of increased risk among higher exposed workers. However, there were no clear dose-response
trends observed.

In addition, the results indicated that the pattern of increased risk for COPD among
higher exposed workers was only evident with no exposure lagging or with exposure lagging of
up to 5 years; this pattern disappeared when exposures were lagged by 10 years. This suggests
that there is a limited latency period before hospitalization for COPD, in contrast to diseases
like some cancers where there is often a latency period before symptoms are observed. In
contrast, the effect of lagging was negligible on risks for any N M R D and asthma.

This study is unique from other studies among woodworkers conducted to date in that
it utilized a cohort design to assess risk of non-malignant respiratory disease and occupational
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mould exposure. More generally, to our knowledge, a cohort design has also not previously been
used to assess respiratory disease morbidity risks associated with occupational mould exposure.
Use of a cohort design is advantageous because it allows for the determination of disease
incidence within a specified population [77]. Additionally, use of a cohort design allows for the
assessment of multiple outcomes [77], thus we were able to assess three disease outcomes
simultaneously. One drawback to utilizing this study design, however, was that there was no
previous literature on which to estimate appropriate cut-off points for delineating exposure
levels. This study was therefore somewhat exploratory in nature. One limitation of this is that
it is possible that the cut-off points selected in this study were not appropriate for detecting
effects. For instance, in toxicology, most dose-response relationships have a threshold for
health effects and defining that threshold has an important practical application in the setting
of hygienic standards [78]. Thus, if there are threshold effects for these NMRD's, it is possible
that the exposure levels selected in our study were not high enough to detect an effect. Future
studies with more detailed exposure assessments and possibly using different exposure cut-off
points or exposure measures will be needed to better understand the form and health effects
thresholds of these dose-response relationships.

It is also possible that the incidence of disease was actually gready underestimated in this
study since it is likely that most cases of N M R D would not require hospitalization. While using
hospital discharge records would have identified more severe cases of non-malignant respiratory
disease, many of the less severe cases would likely have been missed. Usage of both primary and
principal diagnoses from the hospital discharge records may have detected some additional cases
that were not severe enough alone to cause hospitalization. However, it is still probable that
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many cases would have been missed by this method. Future studies might consider using
additional methods of identifying less severe cases of N M R D , such as utilization of Medical
Service Plan records (reflecting visits to physicians).

In addition, it would have been ideal to be have been able to examine E A A , a nonmalignant respiratory disease known to be highly associated with mould exposure. There is
currendy littie available evidence in the literature about the level of risk for developing E A A
associated with specific mould exposure levels among woodworkers. Therefore, the ability to
assess and compare E A A rates among exposure groups would have provided important
information about the risk of disease associated with different levels of mould exposure among
woodworkers. The ability to assess for a dose-response pattern with mould exposure and E A A
would have also helped to validate the mould exposure assessment matrix used in this study.
However, only 2 incident cases of E A A were detected during the study period. Examination of
the temporal pattern of exposure and disease development for the 2 E A A cases suggested that
at least one of the E A A cases was likely associated with mould exposure (since the individual
was employed in a fairly high mould work area and had been forced to stop work due to illness
very soon before hospitalization for EAA). But with only 2 cases detected, rates of E A A could
not be compared between exposure groups.

For rare diseases such as E A A , a case-control study design provides a more efficient
method of assessing risk than a cohort study design, which is not efficient for the study of rare
diseases [77, 78]. A nested case-control design might be considered as a follow-up to this study.
However, the efficiency of such a study would depend on the total number of E A A cases
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detected within the full cohort (ie. employed since 1950), since a nested case-control study could
not be completed on the negligible number of E A A cases detected in this sub-cohort study. As
well, since E A A is a rare disease, possible misdiagnosed or undiagnosed E A A must be
considered as one factor that may have led to an under-ascertainment of E A A cases in this
study. Future studies might consider alternative methods of E A A case identification.

Additionally, based on the results of the glucan sampling completed for this study and
from other surveys of mould levels in BC mills [65, 67, 68], Interior mills appear to have
typically higher mould levels than Coastal mills. In this study, however, Interior mill work
histories accounted for only about 10% of the cohort work histories. Therefore, lack of a large
group of highly-exposed workers was a limitation of this study which likely affected the power
to detect an effect. The power of a study is dependant on both the magnitude of the effect and
the size of the study population; if the magnitude of the effect is small then a larger study
poplulation is required to detect an effect [77]. Too small a population size can cause a true
effect to pass undetected [78]. Thus, in order to increase power, future studies of the health
effects of mould exposure among BC woodworkers might also consider focussing more
specifically on workers in Interior mills.

Bias due to misclassification of exposure represents another significant limitation of this
study and a possible contributor to the lack of statistical power [79]. There are generally
considered to be two types of misclassification, differential and non-differential (or random).
Non-differential misclassification results when inaccuracies exist in the categorization of
subjects by exposure or disease status but these inaccuracies occur in similar proportions in each
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of the study groups. The effect of such misclassification is to increase the similarity between the
exposed and nonexposed groups, so that any true association between exposure and outcome
will be underestimated or diluted (ie. biasing the results towards the null hypothesis). This
contrasts with differential or nonrandom misclassification, which results when errors in the
classification of individuals by exposure or disease produce a differential accuracy among the
study groups (thus leading often to an underestimation or overestimation of the true risk) [77].
In our study, non-differential misclassification was the most likely form of misclassification and
could have emerged from several different areas of the study design.

First, assigning exposures in retrospective cohort studies represents a challenge when
historical exposure data is lacking [80]. In our study, there were no historical mould exposure
data for any of the mills and thus exposures had to be extrapolated retrospectively from current
exposures. Recent quantitative data of B-l,3-glucans were available from four of the cohort mills
and thus a statistical model was developed based on this data for the purpose of retrospective
exposure prediction. According to Seixas, there are numerous methods for assigning values to
an exposure data matrix, all of which involve some risk of exposure misclassification [80]. O f
all methods, however, statistical modeling has been described as perhaps the most
comprehensive and powerful approach to retrospective exposure estimation [80, 81]. With
statistical modeling of exposures, information about the influence of each dimension of the
matrix on exposure estimation may be determined through the modeling procedure. Therefore,
by using a statistical modeling procedure, we were able to determine what some of the
important determinants of exposure were for mould exposure in the lumber mill envirnoment,
and thus could more accurately predict exposures historically for all of the 14 cohort mills. We
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were also able to develop quantitative estimates of exposure (which likely further increased the
accuracy of the exposure assessment).

However, as Seixas emphasizes, there are also inherent limitations of statistical
modeling. Most importantly, the predictive power of a statistical model is dependant on the
degree to which the model actually fits the data [80]. Since there may be times and places in
which the exposure data is unusual, and the information concerning these conditions is either
not measured or not included in the model, the model prediction may contain a certain degree
of error. Therefore, while statistical modeling provides a powerful tool for exposure prediction,
exposure misclassification must still be considered when statistical models are utilized [80].

Thus, while statistical modeling in this study provided more specific estimates of
exposure (compared to the alternative of qualitative or semi-quantitative exposure estimates),
misclassification of exposure (predominandy non-differential misclassification) may still have
occurred. First, the model developed did not explain 100% of the variation observed in the
data. While it is not known definitively what the additional sources of variability in the data
were, the model predictive variables were predominandy based on mill and process group
variables and did not account for individual job or work task variations. This reflects the fact
that the data were relatively limited, with only 223 samples from only four of the fourteen
cohort mills on which to base the model. In order to try to account to some degree for
differences in work tasks, administrative department codes were replaced with process groups
in the model. However, the process groups selected for the model had actually been developed
for a wood dust exposure assessment and thus the assumption that these process groups would
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have homogenous exposures for both wood dust and mould could have led to some exposure
misclassification.

Ideally a proportion of the exposure data would have been withheld for the purpose of
validation of the exposure model [80]. However, there was limited data on which to develop
the model and thus a validation set of data was not withheld for comparison. Without
validation of the model, it increases the possibility that either the developed statistical model will
not be generalizable to other exposure settings or that the model is not valid. The model results
were compared against the CFU count data collected at several BC sawmills, however, and the
patterns of viable mould exposure were very similar with those of the predicted model. While
not direcdy validated, this indirect validation of the model suggested that the model predictions
were within an acceptable range.

As well, since the model was based on current glucan exposures there may have been
some misclassification of exposures due to the fact that current exposure levels may not
accurately reflect historical exposure levels. Some efforts were made in the creation of the job
exposure matrix to account for changes in exposures over time. Unfortunately, these
assumptions (particularly the attempt to account for differences in exposure associated with the
installation of booths, including rough estimates of where and when booths were installed) may
have actually led to some further misclassification of exposure.

An additional possible area for misclassification of exposure in this study was the
utilization of cumulative exposure as the primary exposure measure. As described by Seixas
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[80], detemiination of the effect an agent has on health requires that the dose of the agent to
a person be described as accurately as possible. Dose may be defined as "the amount of
substance that remains at the biological target during some specified time interval" and is thus
characterized into four dimensions: identity, form, concentration, and time. In an epidemiologic
study, in which dose is observed rather than administered, defining the dimensions of dose
poses a substantial problem and the process of exposure assessment is thus one of translating
a measurable quantity of exposure to an estimated dose received by each subject [80].
Cumulative exposure is an effective measure for describing the accumulation of exposure over
the duration of an individual's work history. However, exposures can vary in their intensity and
some diseases may require a particular threshold to be reached before manifestation of disease
[80]. If a disease mechanism depends more on a threshold being exceeded, episodic events and
the time between the events may be more important than the average daily exposure or the
cumulative Hfetime exposure [81]. Perhaps other measures, such as peak exposure or an
exposure above a certain threshold would be more relevant indicators of exposure for
hospitalization for N M R D [79, 81]. Future studies might consider using different measures of
exposure to assess N M R D risks associated with mould exposure.

In addition to the strong possibility of exposure misclassification, the inability to control
for several confounding exposures is a limitation of this study that could affect the
interpretation of the results. Within the sawmill environment, there may be a number of
exposures (in addition to moulds) which could lead to respiratory disease problems among
workers. One exposure that we were able to control for was cedar processing, a welldocumented cause of occupational asthma (though the change in risk estimates when cedar
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processing was added to the models for asthma was negligible). However, there are several other
potential confounding exposures that we were unable to control for, such as wood dust,
endotoxins, terpenes and resin acids.

Wood dust represents a significant potential confounder in this study. Numerous crosssectional studies have demonstrated lung function declines associated with high wood dust
exposure and it is possible that some of the observed risk observed in this study was associated
with wood dust exposure. Certainly, the glucan model was based on process groups and millwide variables, with patterns of exposure that would be similar for wood dust. In particular, the
lowest-exposed workers would have likely been similar between mould and wood dust exposure
assessments, including boom and administrative workers who were located outside of the mill
environment (who have been shown to have low wood dust exposures in other BC studies, [75,
82, 83]. The highest exposed workers for wood dust are also likely similar to the highest mouldexposed workers, in that they are both located within the sawmill [67, 75, 82, 83]. However,
there are some important differences between patterns of wood dust and patterns of mould
exposure typically observed in sawmills. Planer mills, for example, have been found to have
very low levels of mould exposure yet high wood dust levels have been observed within planer
mills [67, 75, 82, 83]. As well, the areas of highest mould exposure are the debarker and log
yard, areas not found typically to have high wood dust levels [67, 75, 82, 83]. However, it is still
not possible to rule out that some of the observed health effects in this study are actually caused
by wood dust exposure. In contrast, if both mould and wood dust exposure are causes of
N M R D and if patterns of exposure to wood dusts and mould do differ slighdy within this
cohort, the effects of wood dust exposure could have led to some decrease in the observed risk
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for mould-related N M R D . Current work is being conducted to develop a wood dust exposure
assessment for this cohort and future studies of mould-related N M R D should attempt to
control for the effects of wood dust. As well, since glucan is derived from wood dust, some
correlation between the two exposures is inevitible. Future studies should consider different
methods of mould identification for exposure assessments.

Endotoxins represent an additional possible source of confounding in this study.
Endotoxins are lipopolysaccharide components of the outer membrane of Gram negative
bacteria [84] which have been shown to induce a variety of respiratory disease symptoms among
workers, mcluding cough with phlegm and airways irritiation [85], chronic bronchitis [29], and
decreased lung function [12, 86, 87]. Dose-response relationships have been found for acute and
some chronic respiratory disease effects [88]. In sawmills, endotoxin levels may follow similar
patterns to mould exposures, thus representing a possible confounding exposure. For instance,
measurements of endotoxins in logs show that levels of bacteria are high in sapwood [26].
Endotoxin measurements from the same four BC sawmills used in the mould exposure
assessment also showed similar exposure patterns to mould [69], with the highest endotoxin
levels measured among clean-up and maintenance workers and the lowest levels measured in
planer mills. In contrast, negligible levels of endotoxins have been measured in Swedish sawmills
[89] and patterns of exposure more comparable to wood dust have been measured recendy in
sawmills in New Zealand [39]. In all of these studies, however, the levels of endotoxin exposure
in sawmills have been lower than those observed to cause negative health effects. Thus, it is
possible that endotoxins may have contributed to some of the observed health effects in our
study, however, it is likely that the endotoxin exposure levels are not high enough within our
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cohort sawmills to cause significant health problems. Alternatively, endotoxin has also been
shown to act synergistically with glucans in some cases to induce even larger health effects than
each individually [84]. Thus it is possible that an interaction between endotoxin and glucan may
be occurring to induce some of the observed health effects, as opposed to a confounding effect.
It is unlikely that the exposure assessment for a retrospective cohort study design and the
outcome measures of disease are detailed enough to separate the health effects of glucans from
endotoxins. More detailed exposure assessments for endotoxins and glucans with more specific
disease endpoints (and using a different study design, such as a cross-sectional design) might be
considered for future studies to determine whether glucans and endotoxins act synergistically
or individually to induce respiratory disease symptoms among lumber mill workers.

Monoterpenes and resin acids represent other possible confounding exposures in this
study. Monoterpenes (the major constituent of terpentine) are compounds derived from the
resins of many common softwoods and be easily volatilized during kiln drying, sawing and
trimming operations [83]. Exposure to monoterpenes has been associated with N M R D
symptoms among wood workers, including acute alveolar inflammation [63, 89], cough with
phlegm [65], and impaired lung function ([65, 90-92]). Exposure patterns to monoterpenes in
mills may be similar to moulds. For instance, a recent study in BC sawmills found that
monoterpene levels were highest in the sawing areas of the primary breakdown areas of the mill,
including at the areas of the barker operator, the head rig operator, the canter operator, the
board operator, the board edger and the utility worker, and lowest in the planer mills and yard.
Levels observed in these mills in some cases exceeded levels where deleterious health effects
have been observed [75]. Similar patterns of exposure were measured in another recent study

66

of a Northern BC sawmill [83]. While it is unlikely that monoterpenes alone would have led to
increases in non-malignant respiratory disease risk, it is possible that monoterpenes could have
contributed to the observed patterns of increasing risk with increasing mould exposure.

Additionally, resin acids (which are structurally related to monoterpenes) could represent
an additional confounding exposure. In contrast to monoterpenes, resin acids have not been
well-characterized in terms of exposure or health effects among sawmill workers [83]. However,
resin acids (abietic acid) have been proposed as a possible cause for increased bronchial
responsiveness among sawmill workers [93] and in a recent BC exposure assessment study, the
highest levels of resin acids were measured in the clean-up, planer and sawmill work areas,
suggesting some similar exposure patterns to moulds [83].

Smoking is an additional possible confounder that was not controlled for in this study.
Smoking is a well-documented risk factor for non-malignant respiratory disease (particularly for
COPD [94]) and lack of ability to control for smoking is a problem commonly facing
researchers conducting historical cohort studies [95]. However, there are several lines of
evidence suggesting that smoking may not be a significant confounder in this study. First, this
study utilized an internal group as the reference population. It is well-documented that smoking
habits vary by social class, therefore utilization of a reference group from within the same
industry would be expected to decrease the possibility that smolring habits differ between
exposure groups [95]. Also, this study assessed dose-response relationships. If a trend towards
increasing risk with increasing exposure is observed, it is thought to indicate that in fact the
excess risk is associated with exposure [95]. In addition, it has been argued that confounding by
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smoking may not be as great for woodworking populations as for other hazardous occupations.
This is due to the fact that smoking is forbidden on many woodworking worksites due to fire
and explosion hazards, thus observed smoking rates are generally lower among woodworkers
than other occupational groups [96]. Studies which have assessed smoking rates among BC
sawmill workers do suggest that smoking rates are comparable to the general BC population
[19]. One note, however, is that patterns of smoking recendy assessed wilhin BC sawmills have
been shown to vary by work area, with rates lowest for debarker, clean-up and sawmill workers
and highest for planer mill and lumberyard workers, and supervisors [65]. But this contrasts
with the patterns of mould exposure, thus if there were any effects of smoking among our
cohort, they would likely act to decrease the observed risk for mould-related N M R D (thus
biasing the results towards the null hypothesis).
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Chapter 5

CONCLUSIONS

There are clearly a number of potential exposures within lumber mills that could cause
or contribute to the development of N M R D among workers. The results of our study
contribute some additional evidence to suggest that mould-related exposure in lumber mills may
increase the risk of developing some NMRD's.

Regarding patterns of exposure to P(l —>3)-glucans among BC lumber mill workers.,
higher levels of P(l->3)-glucans were measured in mills that process land-stored logs compared
to m i l l s processing water-stored logs, with the highest personal exposure levels occurring in the
log processing areas (where the bark is removed) of mills that land-store logs. Clean-up workers
were also at risk for higher P(l—»3)-glucan exposures compared to other sawmill workers. A
predictive model for mould exposure was developed for use in a retrospective cohort study,
with 2 variables included (log storage method and process group).

Regarding risks for N M R D , workers with higher cumulative mould exposure appeared
to be at an increased risk for COPD compared to workers with the lower exposure. This pattern
was evident at no exposure lagging and at lagging of up to 5 years. No links between cumulative
mould exposure and any N M R D were observed. There was some evidence to link asthma with
cumulative mould exposure, though no clear dose-response trends were observed.
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Several recommendations can be made for future studies of the health effects of mould
exposure in BC lumber mills:

1. Try applying the predictive glucan exposure model to the entire cohort, instead of only the
sub-cohort employed after 1979. This would likely increase the number of available cases
for investigation of the risk of COPD and asthma. However, even application of the model
to the entire cohort would likely not provide enough cases to assess E A A . A nested casecontrol study might provide more information, though even then the number of cases that
could be detected in the entire cohort might not be enough to complete a case control
analysis.

2. Focus on better classification of the mould exposure patterns, as well as patterns of other
potential confounders, within sawmills and focus on Interior BC sawmills (since mould
exposure levels appear to be much higher within Interior mills). Better assessment of mould
exposure levels in these mills and better control of potential confounders might provide
stronger evidence of the risk of mould-related respiratory diseases among BC lumber mill
workers and about the threshold levels for negative health effects from mould exposure.
More focus on Interior mill workers would also provide a larger population of high-exposed
workers, thus increasing the power of the study.

3. Use additional sources for identifying incident cases of NMRD, such as Medical Service Plan
records. This would increase the power of the study by increasing the number of cases
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included in analyses and would likely provide a more accurate estimate of true disease
incidence.
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Appendix 1: Process Groups and Corresponding Job Tides
Process Group
1

Boom/Administration

2

Chips and Hog/Powerhouse

Cleanup/Labour

Log Processing

Log Yard

Lumber Yard

7

Mill Maintenance

Job Tides Included
Boat Operator
Boomman
Slipman
Clerk
First Aid
Manager/Superintendent
Foreman
Cat Operator
Chip Screen Tender
Chipper Feeder
Hog Operator
Scowman
Fireman
Powerhouse Maintenance
Cleanup
Janitor
Labour
Watchman
Barker Operator
Cut-off Sawyer
Hoist Operator
Log Deck Operator
Bucker
Log Loader Operator
Scaler
Blockman
Car Loader
Carrier Driver
Crane Operator
Forklift
Kiln Operator
Truck Driver
Yard Locomotive
Carpenter
Chemicals
Electrician
Millwright
Oiler
Spark Welder
Welder

Process group
Non-mill Maintenance

Job Tided Included
Machinist
Mechanic
Painter
Pipefitter
Sheet Metal Worker
NOS
Planer Feeder
Planerman
Tilthoist
Dropsorter
Leverman
Lumber Straightener
Tailsawyer
Timber Deckman
Unscrambler Operator
Utihty
Woodpicker
Chipnsaw Operator
Dogger
Edger Operator
Gangsawyer
Head Sawyer
Pony Edger Operator
Quad Saw Operator
Resawyer
Setter
Spotter
Grader
J-Bar Sorter
J-Bar Sorter Patrolman
Offbearer
Package Press Operator
Stacker Operator
Stenciller
Strip Handler
Tallyman
Trimmer Operator
Wire Tie
:

11

NOS
Planing

12

Sawmilling-non cutting

13

Sawmilling-cutting

14

Sorting and Packaging

9

