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Few studies have assessed respiratory symptoms and dust exposure
levels in small-scale wood industry workers in Africa. We interviewed
546 workers exposed to wood dust and 565 control subjects using a
respiratory health questionnaire. Inhalable dust measurements were
collected for 106 workers. The dust exposure was high, and job
title–based geometric mean exposure levels ranged from 2.9 to 22.8
mg/m3. Prevalence of respiratory symptoms in the previous 12 months
was significantly higher in the exposed group compared with the
nonexposed office workers. Allergy and sensitivity symptoms were
reported regularly in the exposed group with Odds ratios and 95%
confidence intervals (CIs) varying from 2.4 (95% CI � 1.8–3.1) for
low-and 2.7 (1.8–4.0) for high-exposure groups compared with con-
trols. We conclude that working in the small-scale wood industry in
Tanzania is associated with an increased prevalence of respiratory
symptoms. (J Occup Environ Med. 2002;44:1153–1160)

H ardwood is the common name given
to broad-leaved trees, classified bo-
tanically as Angiosperms, whereas
softwood is the common name given
to conifers, classified botanically as
Gymnosperms.1 In the 1990s, nearly
5% of hardwood and 89% of soft-
wood produced in Tanzania (by vol-
ume) was processed in either large-
or small-scale industries.1 Large-
scale wood industries in Tanzania
process mostly softwood, whereas
small-scale wood industries (SSWI)
process a mixture of hard and soft-
woods. The SSWI are mostly found
in the informal sector. The term in-
formal sector is defined broadly to
refer to very small-scale private units
employing less than 10 people and
involved in the production of goods
and services for sale in both rural and
urban areas.2

Workers in SSWI are exposed to
many hazards, including exposure to
wood dust and specific agents herein.
Workers exposed to wood dust have
an increased risk of developing oc-
cupational asthma3–5 lung function
deficits,6 and respiratory symp-
toms.1,5–10 Respiratory symptoms
and lung function changes have been
associated with a variety of different
species of hard and softwoods.
Asthma, for instance, has been asso-
ciated with exposure to both soft-
wood dusts from eg, Eastern white
cedar11,12 Western red cedar,13 and
pine5 and hardwood dust from eg,
iroko/teak, blood wood (Pterocarpus
angolensis], mahogany (Khaya spp.)
and Tanganyike aningre. Many of
these studies have been conducted in
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large-scale industries in developed
countries. However, to our knowl-
edge, only three studies have been
conducted in the continent of Afri-
ca.7,9,10 Shamssain7 assessed lung
function and respiratory symptoms
among 145 nonsmoking workers ex-
posed to wood dust in a furniture
factory in Umtata, Republic of Tran-
skei, and 152 nonsmoking controls
subjects from bottling factory. The
exposed workers had more respira-
tory symptoms than the control sub-
jects. In this study, no dust exposure
was evaluated.7 Fatusi and Erhabor9

evaluated the health impact of expo-
sure to saw dust on 59 sawmill work-
ers from Southwest Nigeria using a
respiratory symptoms questionnaire.
A high prevalence of respiratory
symptoms was common in the ex-
posed subjects compared with non-
exposed subjects.9 Ige and On-
adeko10 assessed occupational-
induced lung impairment in 500 saw
mill workers as result of exposure to
sawdust using a questionnaire com-
pared with 500 workers from Uni-
versity College Hospital. Lung func-
tion was lower in forced vital
capacity (FVC) saw millers than the
control subjects.10 Because industrial
hygiene has been developed only
poorly in developing countries and
particularly in the SSWI, it is ex-
pected that exposures may be high
and therefore health risks may also
be increased. The three African stud-
ies are of little relevance for the
situation in the SSWI in Tanzania
because other tree species were in-
volved and the study population
came not from SSWI but from larger
industrial operations.

The objective of the study was to
assess respiratory symptoms and
dust exposure among workers in SS-
WIs. We have conducted a question-
naire survey assessing the prevalence
of respiratory symptoms among
workers exposed to both softwood
and hardwood dust and nonexposed
workers. Dust exposure was charac-
terized by taking personal measure-
ments.

Methods

Subjects
We did a walk-through survey in

all Dar es Salaam City Municipali-
ties and prepared a list of all SSWIs
(400), ie, 103 in Ilala Municipality,
126 in Kinondoni, and 171 in Te-
meke, with a population of 2000
workers. All industries of interest
were identified. We got clearance
from the owners or heads of work-
shops (121) selected randomly to
continue with the respiratory symp-
toms study. More than 90% of these
SSWIs were located near the main
roads to attract customers with the
exception of those in Gerezani in
Ilala Municipality (n � 103). We
randomly sampled 121 industries in
all the three municipalities in propor-
tion to the number of industries; 31,
38, and 52 industries for Ilala, Ki-
nondoni, and Temeke municipalities,
respectively. The workers of indus-
tries selected were informed in de-
tails the purpose of the study and
requested to declare for participation.
From the selected industries, 601
woodworkers (all workers from the
random sample of 121 industries)
and 600 nonexposed workers from
nearby offices agreed to participate
in a respiratory health questionnaire.
After the interviews, some were ex-
cluded from the analysis because
several answers were not recorded,
women were excluded from the
study because only very few partici-
pated, and we finally were left with
546 (91%) and 565 (94%) exposed
and nonexposed workers, respec-
tively.

SSWIs
The characteristics of these SSWIs

are different from those found in
large-scale industries in developed
countries. Most of the industries con-
sist of a temporary shelter with four
poles supporting a roof thatched with
old corrugated iron sheets or palm
leaves. Most of the tasks there were
done manually. The only small-scale
industries with permanent shelters
were the ones fitted with wood ma-

chinery. No exposure control equip-
ment, such as exhaust ventilations,
were fitted in any of the workshops.
The wood machine operators re-
ceived tasks from other SSWIs using
hardwood that is difficult to process
manually. The tasks commonly per-
formed are planing, sawing, carving,
and drilling hardwood, like East Af-
rican teak trees (Chlorophora ex-
celsa), mahogany (Khaya nyasiga),
blood wood (Pterocarpus angolen-
sis), East African camphor (Ocotea
usambarensis),14 East African Afze-
lia Burl (Afzelia quanzensis),
“mtanga” (Albizia ssp), African pen-
cil cedar (Juniperus procera), Afri-
can blackwood (Dulbergia melan-
oxylon), and “kawilia” (Grevillea
robusta). Podo (Podocarpus gracil-
ion), cypress (Taxodium distichium),
and pine (Pinus patulla) are the com-
monly used softwood species. Some
species of soft wood (cypress, podo,
pine) and hard wood like (teak, Gre-
villea robusta) have been imported
in the past and are nowadays farmed.

Questionnaire
A physician competent in English

and Kiswahili translated the ques-
tionnaire into Kiswahili, the National
language of Tanzania. Another phy-
sician translated it into English and it
was compared with the original. No
differences of importance for the
meaning of the questions were seen.
We employed research assistants (in-
tern doctors) to pretest the question-
naire and then assisted in data col-
lection. We interviewed all the
workers using a questionnaire and
consisted of three parts, including 1)
personal and work characteristics; 2)
respiratory health symptoms; and 3)
smoking habits (current and ex-
smokers). The respiratory health
questions were adopted from a recent
study conducted by Douwes and col-
leagues,15 which was based on an
international study of asthma and
allergies in Childhood (ISAAC),16

the British Research Council ques-
tionnaire (BMRC),17 and the Euro-
pean Community Respiratory Health
Survey (ECRHS)18 and supple-
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mented with additional questions to
assess whether symptoms were work
related (eg, do symptoms lessen or
disappear over the weekend or dur-
ing holidays). Moreover, several
questions on nose, eye, and skin
irritation and questions on the fre-
quency of symptom occurrence were
included. We considered to use the
ECRHS definition,18 which is based
on the proportion of subjects answer-
ing “yes” to: 1) whether they were
awakened by shortness of breath in
the last 12 months; 2) had an asth-
matic attack in the last 12 months; or
3) were currently on asthma medica-
tion. However, medication use is low
in Tanzania because it is costly and
most workers have no health care
insurance to cover expenses, and this
approach would therefore lead to bi-
ased estimates in this study and was
therefore not considered useful.

Dust Sampling
A random sample of 106 exposed

workers in SSWI participated in in-
halable dust measurements. One
hundred and six full-shift (7 to 9
hours) inhalable dust samples were
collected from employees with a
broad range of job titles: in the
woodwork machine operators (plan-
ing, sawing, drilling, carving, join-
ery, and servicing); in carpentry
work (planing, sawing, drilling, join-
ery, polishing/varnishing, and sand-
ing manually); and in workshop
cleaning manually. Measurements
were taken from 8.00 to 17.00 hours
from Monday to Saturday. Dust par-
ticles were sampled on glass fiber
filters at a flow rate of 2.0 L per
minute using portable pumps (Case-
lla) and the Institute of Occupational
Medicine (IOM) heads attached to
the workers’ collar close to the
breathing zone.5 The filters were pre-
and postweighed on an analytical
balance (0.01 mg sensitivity). Re-
sponse rate was nearly 100%. Twen-
ty-two workers were not included in
further analysis because they got
tasks not completely related to
woodwork such as sewing and key
making, or they were excluded be-

cause they were not assigned any
work to do during the sampling pe-
riod.

Exposure Categories
Dust exposure categories that were

based on workers area and job title
were formed on the basis of obser-
vations during a walk-through sur-
vey before taking actual measure-
ments. Five exposure categories
were distinguished: 1) nonexposed
(office workers near SSWIs); 2) low
exposure (workers planing and saw-
ing manually); 3) medium exposure
(machine drilling, planing, and saw-
ing); 4) high exposure (workers carv-
ing using wood machines, cleaning
the workshops, and repairing the
wood machines), and 5) others (key
making, machine sewing, manual
sewing, tax collecting, and those
waiting for job opportunities). Dust
measurements were used to obtain
levels for these exposure categories
except for the category “others.”

Analysis
Data were analyzed using statisti-

cal analysis software (SAS 6.12;
SAS Institute, Cary, NC). The prev-
alence of respiratory symptoms in
the various exposure categories (low,
and high [intermediate and high
combined]) was compared with non-
exposed workers. Odds ratio (OR)
and 95% confidence intervals (CIs)
were calculated by means of logistic
regression analysis to describe the
association between exposure and
the occurrence of symptoms.5,19 As-
sociations were adjusted for potential
confounders, such as age and smok-
ing status. Statistical significance for
different symptoms between smok-
ing and between exposure categories
was tested by chi-square analyses.

Results
Table 1 shows dust exposure lev-

els for four categories of wood dust
exposure. Because the number of
subjects in the high category was
small, we categorized the exposed
workers into low and high exposure
(intermediate and high combined) as

shown in Table 2. Workers in the
low-exposure category are relatively
exposed according to studies in
Western Europe and United States
(Western World). Workers in the
category of “others” were not in-
cluded in the study for further anal-
ysis because they were not involved
in jobs related to woodwork. All
workers exceeded the limits of 1
mg/m3 for hardwood, and a quarter
exceeded 5 mg/m3 for softwood as
recommended recently by the Amer-
ican Conference of Government In-
dustrial Hygienists (ACGIH) thresh-
old limit value (2001).20 It was
assumed that adverse respiratory
health effects are unlikely to occur at
exposure levels below this limit. The
lowest and highest geometric mean
(GM) and geometric standard devia-
tion (GSD) dust exposure levels
were GM � 2.9 mg/m3, GSD � 1.8,
and GM � 22.8 mg/m3, GSD �
2.77, respectively. The overall geo-
metric mean was 3.86 mg/m3 and
geometric standard deviation was
2.33.

Table 2 shows the characteristics
of the study population stratified by
exposure category. We used chi-
square analysis to test whether there
was any significant difference be-
tween exposed and nonexposed; low
exposure and nonexposed; and high
exposure and nonexposed. Signifi-
cant differences existed in age,
height, weight, duration of employ-
ment in the current job, hours per
week of work, smoking status, and
daily use of protective equipment.
The observed difference of 5% be-
tween high-exposure smokers and
nonexposed smokers was not statis-
tically significant. A substantial
higher percentage of high-exposure
workers used respiratory equipment
compared with low-exposure work-
ers. Office workers (1.4%) were
daily wearing respiratory protective
equipment because they were selling
some of the volatile materials used in
wood workshops, such as solvents,
varnish, and polish, as well as ma-
chine lubricants in small quantities.
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Asthma symptoms during the last
year were significantly more prev-
alent in the exposed compared with
nonexposed workers ie, shortness
of breath with wheezing (OR �
1.9, 95% CI � 1.1–3.4) and were
twice as likely to be woken-up by
shortness of breath (OR � 2.1,
95% CI � 1.4 –3.1) (Table 3).
Symptoms of cough (last year)
were more common in the low- and
high-exposure workers than in the
nonexposed group. After adjusting
for various confounding factors
(age, height, weight, duration of

employment in the current job,
hours per week of work, daily use
of protective equipment), including
smoking, the prevalence ratios of
cough between exposed and nonex-
posed were similar (OR � 1.6, 95%
CI � 1.2–2.0). A similar pattern
was observed for “cough with
phlegm” but “were woken-up due
to breathlessness” was only signif-
icant for the low-exposure group.
The prevalence of cough symptoms
did not differ in low- exposure
compared with high-exposure
groups.

Nose, eye, and skin symptoms
were more dominant in the high-
exposure group (Table 3). Running
nose and sneezing in particular were
strongly associated with exposure to
dust (OR � 3.2, 95% CI � 1.7–6.1
and OR � 2.0, 95% CI � 1.2–3.3) in
the high- and low-exposure groups,
respectively. Symptoms of allergy/
sensitivity to house dust, foods, ani-
mals, or grasses/plants were signifi-
cantly associated with exposure
(OR � 2.4, 95% CI � 1.8–3.1 and
OR � 2.7, 95% CI � 1.8–4.0) for
low- and high-exposure groups, re-

TABLE 1
Dust Concentration (GM in mg/m3 and GSD) for Various Exposure Groups and by Job Title in SSWI in Dar es Salaam,
Tanzania

Exposure
Category Tasks n GM GSD Min–Max

Total 106 3.86 2.33 0.90–52.44
Low 58 2.92 1.78 1.22–15.78

Carpentry manual 8 2.86 1.52 1.33–6.15
Planing manual 32 3.13 1.97 1.30–15.78
Planing/drilling manual 2 2.69 1.06 2.57–2.81
Planing/sawing manual 10 2.32 1.62 1.22–6.59
Sanding manual 2 3.28 1.20 2.89–3.72
Sawing manual 4 2.99 1.48 1.84–4.59

Medium 19 6.86 2.03 2.78–27.43
Drilling machine 2 5.58 1.17 5.00–6.22
Planing machine 4 8.36 2.78 2.78–27.43
Planing/sawing machine 7 7.78 2.03 4.04–26.63
Sawing machine 6 5.57 1.97 2.85–15.20

High 7 22.76 2.77 3.99–52.44
Carving machine 7 22.76 2.77 2.99–52.44

Others‡ 22 2.83 1.74 0.90–9.19
Key making 2 2.05 1.20 2.03–2.07
Sewing machine 5 2.75 2.00 0.90–5.95
Sewing manual 1 1.43 – 1.43
Tax collecting 1 2.67 – 2.67
Waiting for job task 13 3.18 1.73 1.63–9.19

* GM, geometric mean; GSD, geometric standard deviation; SSWI, small-scale wood industry; Min–Max, minimum to maximum.
‡ Workers in SSWI who were not involved or did not get tasks involving woodwork.

TABLE 2
General Characteristics of Nonexposed Workers and Workers in Various Exposure Categories; Dar es Salaam, Tanzania*

Characteristics
Nonexposed

n � 565
Total exposed

n � 546
Low exposure

n � 415
High exposure

n � 131

Age (y, SD) 28.0 (8.2) 29.6 (10.0)† 28.8 (9.6) 32.1 (11.1)†

Height (m, SD) 165.6 (8.3) 164.7 (6.7) 164.4 (6.7)† 165.5 (6.5)
Weight (m, SD) 63.6 (9.6) 61.1 (10.2)† 60.5 (10.3)† 62.8 (9.9)
Duration of employment in current job (y, SD) 5.3 (6.1) 6.9 (8.3)† 6.2 (7.4) 9.0 (10.4)†

Hours/week of work (h, SD) 67.6 (15.1) 61.7 (13.7)† 62.8 (13.5)† 58.3 (14.0)
Smokers (%) 23.2 23.6 22.2 28.2
Ex-smokers (%) 9.0 9.0 8.7 9.9
Daily use of respiratory protective equipment (%) 1.4 9.4† 1.7 33.8†

* All workers were male.
† P � 0.01, compared with nonexposed group.
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spectively. The relations between
dust exposure and symptoms were
independent of self-reported sensiti-
zation, but the prevalence of symp-
toms was highest among subjects
with self-reported sensitization.

Table 4 shows the prevalence and
adjusted ORs (for age, current and
ex-smokers) for regularly occurring
symptoms that lessen during week-
ends or holidays. Respiratory symp-
toms (cough, asthma, nose, eye, and
skin) occurred once a month in the
previous year that disappeared dur-
ing weekends and holidays were sig-
nificantly more likely to be reported
by exposed compared with nonex-
posed workers.

When we compared the low- and
high-exposure groups with the non-
exposed group (Table 4), we found
that work related dry cough and
cough with phlegm occurred more
frequently in the high-exposure
group (OR � 4.8, 95% CI � 3.0–
7.8; 8.6 [5.2–14.0]) compared with
the nonexposed group respectively.

Recurrent asthma symptoms
(shortness of breath) (Table 4) were
observed more frequently in the ex-
posed than the nonexposed group
(OR � 2.9, CI � 1.5–5.6). However,
the low-exposure group had a higher
prevalence of symptoms than the
nonexposed group, whereas in the
high-exposure group, the prevalence
of symptoms was the same to non-
exposed group.

Asthma symptoms (wheezing,
shortness of breath, or chest tight-
ness) in relation to work in the last
12 months did not seem to lessen
during weekends or holidays when
the low and high exposed groups
were compared to the nonexposed.

Discussion
In this study, we found an in-

creased prevalence of respiratory
symptoms in the exposed SSWI
workers compared with nonexposed
office workers. A significant in-
crease in symptoms, such as cough;
coughing up phlegm; awakened reg-

ularly because of cough; shortness of
breath with wheezing; awakened by
shortness of breath, runny nose, and
sneezing more than once a week;
itching and watering eyes; and aller-
gy/sensitivity to house dust, food,
animals, or grasses/plants was dem-
onstrated. High-exposure workers
seemed to have a slightly higher
prevalence of symptoms compared
to the low(er)-exposure workers, al-
though this difference was not statis-
tically significant. No clear cutoff
were observed within low- and high-
exposure groups.

Probably the response rate in the
study was more than 90% and higher
than in many other studies.5 Despite
this high response rate we cannot
rule out selection bias because of the
healthy worker’s effect. There might
be a possibility of exposure misclas-
sifications. However, the job catego-
ries were strongly associated with
dust-sampling results and this may
suggest that misclassification will be
limited. Despite the clear difference

TABLE 3
Symptom Prevalence (%) for Nonexposed Workers and Workers in Various Exposure Categories. ORs were adjusted for
age, Current, and Ex-smokers in Dar es Salaam, Tanzania*

Symptom
Nonexposed

n � 565

Total
exposed
n � 546 OR (CI)‡

Low
exposure
n � 415 OR (CI)‡

High
exposure
n � 131 OR (CI)‡

Cough symptoms in last 12
months

Cough† 39.5 50.7¶ 1.6 (1.2–2.0)¶ 50.6¶ 1.6 (1.2–2.0)¶ 51.1� 1.6 (1.1–2.4)�

Coughing up phlegm† 30.3 47.0¶ 2.1 (1.6–2.7)¶ 47.6¶ 2.1 (1.6–2.7)¶ 48.1¶ 2.1 (1.4–3.1)¶

Woken regularly because of
cough

7.8 13.3¶ 1.7 (1.2–2.6)¶ 14.9¶ 2.0 (1.3–3.0)¶ 9.2 1.1 (0.6–2.2)

Asthma symptoms in last 12
months

Wheezing 7.3 9.4 1.3 (0.8–2.0) 10.2 1.5 (0.9–2.3) 6.9 0.8 (0.4–1.8)
Wheezing without a cold 3.5 5.9 1.6 (0.9–2.9) 6.5� 1.9 (1.0–3.5)� 3.9 0.9 (0.3–2.4)
SOB with wheezing‡ 3.4 6.1� 1.9 (1.1–3.4)� 7.0¶ 2.3 (1.2–4.1)¶ 3.1 0.7 (0.2–2.3)
Woken by SOB‡ 8.1 15.9¶ 2.1 (1.4–3.1)¶ 15.9¶ 2.1 (1.4–3.2)¶ 16.0¶ 2.1 (1.2–3.7)�

Asthma attack 3.2 2.7 0.8 (0.4–1.7) 2.7 0.8 (0.4–1.8)§ 3.1 0.9 (0.3–2.7)
Nose, eye, and skin symptoms
Runny nose, sneezing �1/week 5.1 11.0¶ 2.3 (1.4–3.6)¶ 10.1¶ 2.0 (1.2–3.3)¶ 13.7¶ 3.2 (1.7–6.1)¶

Itching, watering eyes �1/week 2.1 4.8� 2.3 (1.4–4.6)� 4.3� 2.2 (1.1–4.7)� 6.1� 3.0 (1.2–7.8)�

Itchy skin, skin rash �1/month 0.2 1.1 6.3 (0.8–52.2)§ 1.2� 6.9 (1.8–59.1)§,¶ 0.8 4.3 (0.3–69.8)§

Allergy/sensitivity symptoms
Sensitive to house dust, food,

animal, or grasses/plants
38.1 59.9¶ 2.4 (1.9–3.1)¶ 59.2¶ 2.4 (1.8–3.1)¶ 61.8¶ 2.7 (1.8–4.0)¶

* All workers were male.
† Daily for at least part of the year.
‡ SOB, shortness of breath; OR (CI), Odds ratio (95% confidence interval).
§ Only a crude odds ratio could be found because the number of subjects for this particular case was to small.
¶ P � 0.01, � P � 0.05; compared with the nonexposed group.
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in mean dust values between the four
categories, a substantial overlap was
present according to min-max val-
ues. Therefore, nondifferential mis-
classification cannot be excluded.
The respiratory symptom prevalence
was high compared with other stud-
ies elsewhere.5–7,10 Because 95% of
SSWI were close to the main road,
exposure to dust from roads gener-
ated by vehicles, in addition to ex-
haust pipe fumes, may have contrib-
uted to the high prevalence.
However, controls were also exposed
to these hazards, and their prevalence
of respiratory symptoms was not as
high as observed in exposed workers.
Other confounders, such as duration
of employment, age, and smoking,
were controlled for, and it is unlikely
that confounding affected the results.
Other nonoccupational health prob-
lems, such as tuberculosis as a result
of low immunity and malnutrition,
could play a role, but with heavy-

duty work like manual carpentry, this
seems unlikely because the workers
would have most likely left the job
(healthy workers effect). Therefore,
it is most probable that the respira-
tory symptoms were associated with
exposure to wood dust, possibly in
combination with a variety of other
exposures of either natural origin
(molds and bacteria) or industrial
made additives, formaldehyde (glues
and resins) and pesticides. Chemicals
used in the SSWI were lubricant oils
for wood machines, wood glues with
thinners, polish, and varnish. It was
unlikely that use of turpentine as a
thinner could have major changes on
respiratory symptoms because it is
used infrequently and the respiratory
symptoms among low- and high-
exposure woodworkers exposed did
not differ.

Despite the fact that elevated re-
spiratory symptom levels were ob-
served in exposed workers, we were

not able to show exposure-response
relationships. A substantially higher
percentage of high-exposure workers
used protective equipment compared
with low-exposure workers and this
is perhaps the reason for no dose-
response relation. Also in a stratified
analysis by allergy/sensitivity expo-
sure-response relationship was not
observed. Interestingly, the associa-
tion between allergy/sensitivity and
chronic respiratory symptoms and
work-related respiratory symptoms
was relatively strong. Independent
studies have recently shown that in
other African countries but also in
Tanzania, the association between
self-reported allergy and respiratory
symptoms and asthma is usually low
or even completely absent,21,22 In
our study, allergy/sensitivity was
evaluated by a questionnaire. The
wording of the questionnaire most
likely also includes individuals with
bronchial hyper-responsiveness and

TABLE 4
Prevalence (%) for Work-Related/Temporal Symptoms in Weekends in the Various Exposure Categories. ORs Were
Adjusted for Age, Current, and Ex-smokers; Dar es Salaam, Tanzania*

Symptom
Nonexposed

n � 565

Total
exposed
n � 546 OR (CI)�

Low
exposure
n � 415 OR (CI)�

High
exposure
n � 131 OR (CI)�

Cough symptoms � once a
month (in last 12 months)

Dry cough 9.0 27.7¶ 3.8 (2.7–5.4)¶ 26.0¶ 3.6 (2.5–5.1)¶ 32.8¶ 4.8 (3.0–7.8)¶

Coughing up phlegm 7.1 31.5¶ 6.0 (4.1–8.7)¶ 29.2¶ 5.4 (3.6–8.0)¶ 38.9¶ 8.6 (5.2–14.0)¶

Asthma symptoms � once a
month (in last 12 months)

Wheezing 1.2 4.6¶ 3.9 (1.7–9.3)¶ 5.3¶ 4.6 (1.9–11.0)¶ 2.3 1.9 (0.5–7.3)§

SOB with wheezing† 0.7 4.0¶ 5.7 (1.9–16.8)¶ 4.8¶ 7.1 (2.4–21.2)¶ 1.5 2.2 (0.4–12.0)§

SOB† 2.3 6.6¶ 2.9 (1.5–5.6)¶ 7.2¶ 3.2 (1.6–6.3)¶ 4.6 2.0 (0.7–5.4)
Chest tightness 3.0 7.1¶ 2.4 (1.3–4.3)¶ 8.0¶ 2.8 (1.5–5.1)¶ 4.6 1.3 (0.5–3.5)
Asthma symptoms in relation to

work (in last 12 months)
Wheezing, SOB,† or chest tight-

ness in relation to work‡
4.4 19.4¶ 5.4 (3.4–8.5)¶ 19.3¶ 5.3 (3.3–8.6)¶ 19.8¶ 5.3 (2.9–9.8)¶

Nose, eye and skin symptoms �
once a week (in last 12
months)

Stuffy, runny nose, sneezing 2.7 9.2¶ 3.7 (2.0–6.6)¶ 9.4¶ 3.7 (2.0–6.8)¶ 8.4¶ 3.4 (1.5–7.5)¶§

Itching, burning, watering eyes 0.9 3.1¶ 3.6 (1.3–9.8)� 2.9� 3.3 (1.2–9.5)§� 3.8� 3.9 (1.1–14.4)*
Itchy skin, skin rash 0.2 0.5 3.1 (0.3–30.1)§ 0.5 2.7 (0.3–30.2)§ 0.8 4.3 (0.3–69.8)§

* All workers were male.
† SOB � Shortness of breath.
‡ Symptoms that did not particularly lessen or disappear during weekends and holidays.
� OR (CI), Odds ratio (95% confidence interval).
§ Only a crude odds ratio could be found because the number of subjects for this particular case was to small.
¶ P � 0.01, � P � 0.05; compared with the nonexposed group.
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not only allergic individuals. It is
assumed that subjects who were al-
lergic/sensitive because of work-
related exposure had symptoms oc-
curring more frequently. These
results are therefore not necessarily
conflicting with earlier studies, but
these findings need to be verified by
skin-prick testing or serological eval-
uations. Only in a few cases a posi-
tive exposure-response relationship
was seen with dust exposure. Be-
cause job mobility is low, very few
high-exposure subjects tend to move
to less-dusty areas (healthy worker
effect). This area needs further eval-
uation. It seems more plausible that
because of the high dust exposure,
we reached a plateau value of the
exposure response relationship and
therefore differences in symptom
prevalence between low- and high-
exposure workers are small.

Studies performed elsewhere have
concentrated on well-established in-
dustries (saw mills, plywood, furni-
ture making, etc.) processing a par-
ticular wood type, or comparing
more than one industry processing
similar or different types of wood.
Most studies have concentrated on
softwood mills.5,7,9,10 However, our
dust exposure levels were high and
were not specific for a particular type
of a tree.

Although the workers in SSWI
were exposed to a mixture of dust
from softwood (pine) and hardwood
dust (teak, mahogany, and blood
wood), it is not known whether the
mixture is more hazardous with re-
gard to causing asthma or not. This
area needs an evaluation. The study
has documented an increased preva-
lence of respiratory symptoms
among woodworkers using mixed
wood species compared with nonex-
posed workers. Effects of specific
trees from elsewhere causing asthma
are known. It is well documented
that Western Red Cedar can cause
asthma.4 Exposure to pine has been
associated with asthma and other re-
spiratory symptoms.5 Asthma has
also been associated with dust from

hardwood like iroko/teak,23 blood
wood/mninga,24 and mahogany.25

In conclusion, exposure to soft-
wood and hardwood in SSWI is as-
sociated with a wide range of symp-
toms, including cough, asthma, eye
and nose symptoms, and allergy/
sensitivity. These symptoms appear
to be more common in exposed than
nonexposed workers. However, a
more rigorous exposure assessment
in combination with a health evalua-
tion is needed to establish the under-
lying mechanism.
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