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Ventilatory function in workers exposed to tea and
wood dust
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ABSTRACT Changes in ventilatory capacity during the work shift were studied in workers exposed to
tea dust in two tea-packing plants, wood dust in two furniture factories, and virtually no dust in an

inoperational power station. The FEV, and FVC in workers exposed to dust were found to decline
during the work shift by a small but significant volume. The MMFR, Vmax 50% and Vmax 75%
were too variable to display any trend. No dose-response relationship could be discerned between the
fall in workers' ventilatory capacity and the concentration of airborne dust or microbes to which
they were exposed. Bronchodilators could reverse the fall in FEV1.

Many non-allergenic dusts of vegetable or animal
origin have been shown to affect acutely the ventila-
tory capacity of exposed workers. McKerrow et alt
found that dust in cotton mills suppressed the
"indirect maximum breathing capacity" (IMBC)
and increased airway resistance during the working
day. These findings were later confirmed2 3 and
others observed that the FEVo.75, FEV1, or forced
vital capacity (FVC) were similarly affected in
workers exposed to flax dusts,45 cotton dust,6 7
hemp dust,8 9 and jute dust.10 11 These changes were
at one time considered to be byssinotic symptoms
even though they occurred also in non-byssinotic
subjects. In the past decade, however, workers'
FEV1 and FVC in particular were found to decline
on exposure to dusts in industries where byssinosis
does not occur, such as in coal-mines,12 and in wool13
and tobacco processing factories.14 Similar changes
tended to occur in other, occasionally more sensitive
but at the same time less reproducible, indices of
ventilatory function, such as the maximum mid-
expiratory flow rate (MMFR), peak-flow (PF), and
flow volume curves (Vmax 25 %, Vmax 500%, and
Vmax 75 %). Recently, Anderson et al15 showed that
the FEV1 fell by a small but significant amount in
people who had been rebreathing very high con-
centrations (2-25 mg/m3) of inert carbon-coated
plastic particles for several hours in an exposure
chamber.

Evidence suggests that the decline in ventilatory
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capacity that occurs after exposure to some dusts is
brought about by airway constriction due to the
release of histamine in the bronchioles of the lung.
Cotton dust was shown to contain agents that in in-
vitro experiments released about twice as much
histamine from lung tissue as other dusts." 16 17
Inhalation of an aerosol dispersed from an aqueous
extract of cotton bract was found to suppress the
FEV1 in healthy volunteers and cause a sensation of
chest tightness not unlike that felt by byssinotic
patients during the first shift of the working week.18
Treatment of byssinotic workers with antihistamine
drugs was found to block the decline of FEV1 but
significantly did not relieve the feeling of chest
tightness and dyspnoea.19 The latter symptoms are,
according to Rylander,20 caused by the invasion of
the airways by leucocytes in response to the inhala-
tion of Gram-negative bacteria that usually occur
abundantly in the cardrooms of cotton spinning
mills. Treatment with antihistamine drugs was
found to block the decline of ventilatory capacity
also in wool and tobacco workers.13

In this study we have investigated the effects of tea
and wood dusts on workers exposed to them. A short
resume of part of this study was reported earlier.2'

Method

Two tea packing plants (factories 1 and 2), two
furniture factories (factories 3 and 4), and a power
station (control factory) were investigated. Chests of
imported tea were opened in the tea packing plants,
blended, and packed into tea bags for retailing.
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Table I Mean age, height, weight, and distribution of workers by smoking habit and shift in five factories

Department Sex Age (yr) Height (m) Weight (kg) Distribution ofsmoking habit Distribution by shijt
Mean + SD Mean ± SD

M F Mean min-max Non- Ex- Smokers 0600- 0800- 1400- 0730- 1230- 1700-
smokers smokers 1400 1700 2200 1230 1730 2200

Factory I
Blending 32 - 30-6 19-64 1-72 ± 0 07 72-53 ± 10-08 10 5 17 18 3 11 - - -
Engineering 14 - 36-9 20-60 1-70 ± 0 04 68 05 ± 5 99 4 2 8 5 1 8 - - -
Packing - 21 32-0 19-57 1-61 ± 0-06 61-3 ± 7-28 10 3 8 - 21 - - -

Factorj 2
Blending 17 - 30 0 18-45 1-72 i 0-06 70-01 ± 10-40 4 4 9 17 -

Machine floor - 43 42-1 22-60 1-60 0-06 5948 7-01 17 8 18 - - - 18 13 12
Packing - 30 40 5 21-57 1-59 ± 005 5790 ± 909 11 4 15 - - - 12 10 8

Factory 3
Sawmill 40 - 33 5 18-60 1-71 ± 005 74-72 9-29 13 7 20 18 7 15 - - -

Assembly 13 - 32-9 20-55 1-71 0-07 76-21 i 911 1 2 10 - 13 - - - -

Factory 4
Machine floor 23 - 36-4 18-60 1-68 i 007 68-79 + 10-40 6 9 8 - 23 - - - -

Cabinetshop 37 - 24-1 18-61 1-70+007 68-49+11-12 15 4 18 - 37 - - - -

Office 6 5 36-4 20-61 1-62± 009 62-65 14-65 1 7 3 - 11 - - - -

Controlfactory
Powerstation 47 5 41-1 18-64 1-72 0-08 7204 ± 11-72 19 20 13 - 52 - - - -

Factory 1 was an old, dusty plant with a stable and
long-standing working population while factory 2
was a brand new plant that was nevertheless dusty
because no dust suppression equipment was provided.
The third factory specialised in making cabinets and
cupboards of veneered chipboard and in factory 4
chairs, tables, and cabinets were produced in the
traditional style from a wide range of soft and hard
woods such as limba, beech, ash, and, to a lesser
extent, from mahogany, oak, and ramin. Saw and
machine shops were the dustiest sections in factories
3 and 4 and in addition to wood dust, workers in the
finishing sections were exposed to sprays of dye and
varnish. The power station was shut down for
maintenance at the time of the study, and people
working there were minimally exposed to airborne
particles.

In all, 333 people aged between 18 and 60 took
part in the study: 229 men, 104 women, 147 smokers,
75 ex-smokers, and 111 non-smokers (table 1). The
participants engaged in light to medium manual
labour and worked several different shifts in various
dusty and clean departments.
The FEV1, FVC, and MMFR were determined

using the Vitalograph. Flow-volume curves were
monitored by a Fleisch No 4 pneumotachograph and
the McDermott dry spirometer. A pressure trans-
ducer and a carrier preamplifier converted the
pressure difference across the pneumotachograph (a
function of volume flow) into an electrical signal
which, together with the signal from the McDermott
spirometer, was displayed on the X and Y axis of a
storage oscilloscope, and the resultant flow volume
was photographed. The volume flow was measured at

50% (Vmax 50%) and 75% (Vmax 75 Y) of vital
capacity. Lung volumes were determined by the
Morgan resparameter. The instruments were cali-
brated by water displacement techniques.
The mass concentrations of airborne dust (mg/m3)

in the workers' breathing zone were determined by
Casella personal dust samplers (at a flow rate of
about 2 1/min) and that in the work zone was
measured by the Rotheroe-Mitchell L60 areal dust
samplers (at a flow rate of about 60 1/min) at a height
of roughly 1-5 m. The glass-fibre filters used were
conditioned in a desiccator before weighing them on
a Cahn electrical microbalance. The concentration of
airborne respirable dust was measured by the
Hexhlet (at a flow rate of 50 1/min) and the size
distribution (aerodynamic diameter) of airborne
particles was estimated by the seven-stage Battelle
cascade impactor (at a flow rate of 12 5 1/min).
The concentration of viable airborne micro-

organisms (N/m3) in the work zone was measured
using the Andersen 2000 Viable Sampler (at a flow
rate of 28 3 1/min). This is a multijet cascade impactor
in which petri-dishes filled with culture media take
the place of impactor plates. Samples of organisms
were deposited on selective media for growing fungi
(5% malt extract agar), Gram-negative bacteria
(endo-agar including penicillin), and Gram-positive
bacteria (nutrient agar including nalidixic acid).
After a period of suitable incubation (three to seven
days at room temperature for the malt extract agar
and 24 h at 37°C and a second 24 h at room tem-
perature for the nutrient and endo-agar media) the
colonies of micro-organisms were counted and the
counts corrected according to the positive hole
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Ventilatory function in workers exposed to tea and wood dust

conversion tables supplied by the manufacturers of
the Andersen sampler. Precise identification of the
microbe colonies was not attempted.

Procedure

In a preliminary session each subject was weighed and
had his or her height measured, was given the MRC
respiratory questionnaire (1971), and was tested for
ventilatory capacity by blowing into the Vitalograph
and the McDermott spirometer after having first
familiarised themselves with the instruments. The
FEV1, FVC, MMFR, Vmax 50%, and Vmax 75 Y
were computed from records of the mean of two best
blows.

In the main study the ventilatory indices were
determined in each subject just before and immedi-
ately after a Monday and a Thursday work shift.
At the same time the concentration of airborne dust
to which the workers were exposed was monitored in
some workers' breathing zones by personal dust
samplers with which they were fitted for the duration

of the shift. The concentration of airborne dust in the
work zone, airborne respirable dust, airborne fungi,
and bacteria were monitored in one to three stra-
tegically selected positions in the zone during the
work shift by areal dust and microbe samplers at a

height of 1.5 m.
In a separate study 26 workers whose ventilatory

capacity had been found to decline during the work
shift in one of the two tea packing plants (factory 1)
were given bronchodilator drugs to ascertain
whether or not the observed changes could be
reversed. Isoprenaline sulphate (Iso-autohaler, Rika
Labs) was administered at the end of the shift on a
Monday and ipratropium bromide (Atrovent,
Boehinger) at the same time on another Monday,
both in aerosol forms through inhalers in measured
doses of 0-16 mg and 2 x 0-02 mg respectively.
Although these drugs are perfectly safe, they were,
nevertheless, given under full medical supervision;
intravenous lignocaine and emergency resuscitators
were available in the unlikely event of cardiac
arrhythmia. The blood pressure and heart rate were

Table 2 Concentration of whole and respirable dust in work zones and in workers' breathing zones with mass median aerodynamic
diameter of airborne particles and the concentration of airborne microbes in factories 1 to 4

Department Concentration of Concentration of Concentration of Mass median Concentration of airborne
airborne dust in airborne dust in airborne respirable aerodynanmic micro-organisms
work zones (mg/m3) breathing zone (mg/m3) dust (mg/m3) diameter ofairborne (N/m3)

particles (um)
Duration Mean ± Duration of Mean ± Mean ± Duration Mean i Duration Mean Duration Mean ± SD
of SD sampling (h) SD SD of SD of Of
sampling Mon Thur sampling sampling sampling Fungi G+ G-
(h) No ofsamples (h) (min) (min)

No of No of No of No of
samnples Mon Thur samples samples samples

Factory I
Blending 70-6 2-71 166 95 4-08 4-71 - - 185 10 0 80 2950 770 181

6 1 69 35 19 405 4-23 - - 6
Packing 45 0 77 33 40 0-83 1-32 - - 80 - 40 2790 500 204

2 0 05 6 8 0-72 0 74 - - 2 8-0
Engineering - - 30 - 142 - - - - - - - -

- - 6 - 0-69 - - - - -

Factory 2
Blending 89-9 3-66 38-5 8-20 42 1 0 41 155 - 64 2650 2130 140

20 2-19 14 5-72 5 0 14 6 104
Machinefloor93-2 493 30 3-92 25-5 0-66 95 108 32 1240 1150 85

23 1 42 12 2-28 3 0 12 4
Packing 56-2 2-60 10-8 1-97 11.9 0-33 60 9-7

15 0-69 5 1 40 2 003 2

Factory 3
Sawmill 42-5 1 39 239 170 2-89 4 16 - - 180 17 3 40 1100 570 33

6 1*21 4 1 34 2-69 6-78 - - 6
Assembly 10-4 0-82 6 8 0-46 0-92 - - 60 18-0 20 280 230 24

2 001 2 2 009 010 - - 2

Factory 4
Machine floor 505 0-72 82-9 81-1 1 36 2-08 13-3 0.19 223 9 3 64 460 690 1020

16 036 22 21 1 50 2-67 4 0-08 8
Cabinet shop 45-4 4 40 125-4 125-4 8-29 8-00 11 9 044 230 12-5 32 180 290 870

13 1t80 34 37 6-32 5-54 4 0 13 8

G + = Gram-positive.
G - = Gram-negative.
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Table 3 Mean and standard deviations of difference between preshift and postshift ventilatory function measurements
ofasymptomatic packers and machine operators in factory 2

AFEV5 / FVC AMMFR A Vmax 50% AVnax 75%

Mon Thurs Mon Thurs Mon Thurs Mon Thurs Mon Thurs
(n = 73) (n = 71) (n = 73) (n = 71) (n = 72) (n = 70) (n = 71) (n - 69) (n - 71) (n = 69)

One-way analysis of variance on
effects of 3 shifts NS NS p < 0 05 NS NS NS p < 0 01 p < 0 01 p < 0-01 NS
t-test on significance All employees 0-02 0-04 0-06** 0-02 003 - - - -001
of change in ±0-11 ±0-13 ±0-17 ±0-31 ±0 04 ±0-29
ventilatory function Shift 1 - - -0-006 - - - -0-12 -0-08 -0-02 -

0730-1230 ±0 13 ±0-36 ±0-32 ±0t19
(n = 30) (n = 30) (n = 30) (n = 30)

Shift 2 - - 0-08* - - - 005 -0 05 0 04 -
1230-1730 ±0 11 ±0-36 ±0 50 ±0-23

(n = 23) (n = 21) (n = 20) (n = 21)
Shift 3 - - 0-08* - - - 0. 19* 0-28** 0-17***-
1700-2200 0-18 ±0:25 ±0-32 ±015

(n = 20) (n = 20) (n = 19) (n = 20)

*p < 0 05, **p < 0 01, ***p < 0-001.

continually monitored. Indices of ventilatory capacity
(FEV1, FVC, MMFR, Vmax 50% and Vmax 75%)
were determined before and after the work shift and
five to 15 minutes after the administration of the
drugs. The concentrations of airborne dust, fungi,
and bacteria in the zones where the subjects worked
were estimated by areal sampling. The drugs were

also given to a group of seven healthy volunteers in
this department, and their ventilatory capacity was

monitored before and for six hours after their
inhalation.

Results

The concentrations of airborne dust in various work
zones in the tea packing plants (factories 1 and 2) and
the furniture factories (3 and 4) were found to vary
between 0'77 and 4 40 mg/m3 and the mass median
aerodynamic diameter (MMAD) of the airborne

particles between 8 and 18 pm (table 2). The
respirable fraction, where measured by the Hexhlet,
formed only a relatively small portion of the total
airborne matter (not more than 0-66 mg/m3).
Airborne dust concentrations in the workers'
breathing zone were between 0-46 and 8-3 mg/m3 and
tended to be higher than those encountered in the
work zones. The cleanest plant was factory 3 where
the airborne dust consisted of large non-inhalable
particles in relatively low concentrations. The power
station was free of internally generated dust as it was
inoperative at the time of the study. Airborne viable
micro-organisms occurred in all factories in moderate
concentrations (table 2). Airborne fungi were more

numerous in the tea packing plants; Gram-negative
organisms occurred in surprisingly high concentra-
tions in factory 4.

Analysis of covariance showed that there was no

relation between changes in ventilatory indices

Table 4 Mean and standard deviations of difference between preshift and postshift ventilatory function measurements in a
number ofasymptomatic workers

Blending and engineering department, Packing department, Blenders,
factory I factory I factory 2

Monday Thursday Monday Thursday Monday Thursday

Mean -0 09*** -0-06* -0 09** -0-02 -0l10* -0 04
FEV, SD ±0 15 ±0 15 ±0 10 ±0 12 ±0 19 ±0-14

No 46 39 21 19 17 14
Mean -0 13*** -0 09* -0 10*** -0l10** -0 19*** -0-08

FVC SD ±0 16 ±0-18 ±0-11 ±0 13 ±0-18 ±0-14
No 46 39 21 19 17 14
Mean -0-08* -0 04 -0 07 0 00 0-08 0-17

MMFR SD ±0-22 ±0-26 ±0-27 ±0-21 ±0-36 ±0-31
No 46 39 21 19 17 14
Mean -0 01 -0-05 -0-02 -0-02 -0-04 0-02

Vmax 50%Y. SD ±0-24 ±0 33 ±0-14 ±0 34 ±044 ±0-38
No 38 35 16 14 17 14
Mean 000 -001 -004 -0-08 001 001

Vmax 75% SD ±0 18 ±0-26 ±0t10 ±0-31 ±0-27 ±0-26
No 38 35 16 14 17 14

*p < 0 05, **p < 0 01, ***p < 0 001. tl5 readings lost due to technical reasons.
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Ventilatory function in workers exposed to tea and wood dust

Table 5 Ventilatory indices in 26 tea workers before work shift, after work shift, and after treatment with
bronchodilator

Ventilatory Isoprenaline Atrovent
index

Preshift Postshift Change After Change Preshift Postshijt Change After Change
Mean ± Mean ± treatment Mean ± Mean ± treatment

Mean± Mean ±
SD SD SD SD SD SD

FEV, (1) 3-40 3-30 -0 1** 3-41 0-11*** 3-31 3 30 -0 01 3-38 0-08**
0 94 0-92 0-92 0-86 0-86 0-87

FVC (1) 4.45 4-32 -0l13*** 4-38 0-06 4 40 4-36 -004 4-41 0 05
1-06 1.09 1-08 1-06 1-04 1-01

MMFR (1/sec) 3 21 3 04 -0-17 3-33 0-29*** 2-97 2-93 -0 04 3 09 0-16**
1-50 1 47 1-58 1-31 1-34 1-41

Vmax 50% 3-67 3-67 0 00 3-92 0 25*** 3-53 3-48 -0 05 3-68 0-20*
(1/sec) 1-58 1-70 1-71 1-34 1-42 1-62
Vmax 75% 1-45 1-42 -0 03 1-57 0-15** 1 44 1 36 -0-08 1 43 0 07*
(1/sec) 0-83 0-89 0-97 0-79 0-79 0-87

*p < 0-05, **p < 0-01, ***p < 0-001. Significance values calculated using paired t-test.

during work shift and age or height or weight or

smoking habit. The changes in factory 2, however,
did relate to the time of day the work shift took
place (morning, afternoon, or evening, table 3).
Therefore to test for significance in this factory, a

one-way analysis of variance and then a one-sample
t-test22 were performed to ascertain whether or not
the differences between ventilatory indices measured
before and after work shifts were zero. In factories
1, 3, and 4 these differences were tested simply by
using the paired t-test.
A statistically significant fall in FEV1 and FVC of

up to 0-19 1 was found during the work shift in
several groups of workers (including office workers)
employed in the dusty factories (table 4). Other
ventilatory indices monitored, such as the MMFR,
Vmax 50%, and Vmax 75 %, did not show any trend.
Factory 3 was the only plant, apart from the power

station, where FEV1 and FVC did not consistently
decrease during the work shift.

Up to 15 minutes after the inhalation of a dose of
isoprenaline or atrovent aerosol the ventilatory
capacity rose by a small but consistent amount in the
group of 26 tea workers (table 5) and in the seven
healthy volunteers.23 Increases in the FEV1, MMFR,
and Vmax 50% were pronounced, whereas those in
the FVC were negligible. Changes in the ventilatory
indices were similar in the two groups.
The percentage of subjects with respiratory

symptoms did not significantly differ from that in the
normal working population.24

Discussion

The changes observed in FEV1 and FVC in workers
exposed to tea or wood dusts during work shifts
were comparable in magnitude to those reported in
coal miners, wool spinners, and tobacco workers.12-14
Changes in other ventilatory indices were evidently
too variable to show any trends. No dose-response

Al worker, Machine and cabinet shops, Office workers, All workers at a power
factory 3 Jactory 4 factory 4 station

Monday Thursday Monday Thursday Monday Thursday Monday Thursday

-0-02 -0 05 -0-08*** -0-1 1*** 0-01 -0.09* -0-02 -0-02
±0-12 ±0-15 +0-14 +0-28 ±0-12 ±0-11 +0-15 ±0-15
53 53 60 58 1 1 1 1 52 52
-0-04 -0 09* -0-12*** -0-12*** -0-02 -0 13** -0-01 -0-04
+0-19 +0-19 +0-15 +0-18 +0-11 +0-10 +0-21 ±0-17
53 53 60 58 1 1 1 1 52 52
-0-03t -O-lOt -0-08 -0-08 0-03 -0-06 -0-06 0-06
+0-21 ±0-29 ±0-29 ±0-35 +0-35 +0-34 ±0-36 ±0-28
53 53 60 58 11 11 52 52
-0-03 0-03 0-07 -0-01 0-06 -0-07 -0-01 -0-02
+0-33 ±0-26 +0-34 +0-29 +0-39 ±0-47 +0-35 +0-31
53 53 60 58 11 11 52 52
-0-06 -0-04 0-02 0-00 0-03 0-10 0-01 -0-01
+0-23 +0-18 +0-22 +0-24 +0-16 +0-25 +0-19 +0-21
53 53 60 58 11 11 52 52
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relationship was found in any factory between the
levels of exposure to airborne dust or microbes and
changes in FEV1 and FVC, although those exposed
to the highest dust concentrations (in factory 4)
tended to show the largest drop in FEV1 and FVC
(table 3). Those employed in factory 3 and the power
station, where dust levels were the lowest, showed no

change at all. In factory 4, where airborne Gram-
negative bacteria as well as dust occurred in relatively
high concentrations, the FEV1 and FVC tended to
decline during working hours, even in office workers
whose offices were in the factory building (table 3).

In a separate study (to be published) we were, like
other researchers,2526 unable to detect a circadian
rhythm in the ventilatory indices of a group of 19
healthy individuals monitored four hourly round the
clock. Earlier studies that took place in industry,612 27
however, indicated a significant rise of up to 0 15 1 in
FEV during morning shifts and a similar fall in after-
noon and evening shifts. In the present investigation
the effects of airborne matter on the ventilatory
indices were determined during morning and day
shifts in all but 77 subjects who worked on afternoon
shifts. Thus the observed decline in FEV1 and FVC
is in sharp contrast with a rise that might have been
expected according to a circadian rhythm.
The administration of bronchodilators, especially

of isoprenaline, to a group of 26 people employed in
one of the tea placking plants reversed the decrease
in all ventilatory indices but the FVC at the end of a

Monday shift (table 5). The administration of these
aerosols increased the ventilatory capacity also in
seven healthy staff members of this department with
much of the effect developing within minutes after
treatment. As observed before28 29 the greatest
improvements were obtained in the MMFR and
maximum expiratory flow rates (particularly in
Vmax 50%) rather than the FEV1. Therefore, the
decrease of ventilatory capacity in the workers
exposed to dust during the work shift was probably
due to bronchoconstriction.
Cotton dust that has been shown to include some

histamine-releasing agents depresses the ventilatory
capacity in many workers during a work shift
considerably more than wool, tobacco, tea, or

wood dusts, which presumably contain histamine-
releasing agents in lower concentrations. Dusts
consisting of inert coal or plastic particles may

release histamine by mechanical irritation when they
deposit in the pulmonary tract. The resultant
bronchoconstriction may be a physiological rather
than a pathological reaction to dust exposure. The
narrowing of airways enhances airflow turbulence,
which in turn increases the rate of particle deposition
into the tracheobronchial region from where
deposited particles are cleared out efficiently by the

Al Zuhair, Whitaker, and Cinkotai

ciliary mechanism.Thus bronchoconstriction tends to
prevent the entry of respirable particles into the
alveolar region, which is considerably more vul-
nerable to the toxic effects of foreign bodies than the
tracheobronchial region.

This study was partially financed by a Medical
Research Council grant. We are grateful to the
workers, management, and trade union representa-
tives of the factories for their whole-hearted support
of this project.
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