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Grain elevator workers show work-related pulmonary
function changes and dose-effect relationships with
dust exposure
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ABSTRACT The purpose of this study was to determine whether grain handlers underwent work-
related changes in their pulmonary function and, if so, to examine the dose-effect relationships
with dust exposure. The pulmonary function of grain handlers was measured at the beginning and
end of work shifts over a period of one week, during which their exposure to dust was measured
daily. The results showed changes indicative of a within-day obstructive change, in addition to a
small restrictive defect occurring over the course of a week. Civic outside labourers who were
examined as a control group showed a similar within-week obstructive change without any
associated restriction of lung volume. The data on the grain handlers were also used to examine
the dose-effect relationships of dust exposure, both on baseline pulmonary function and on
within-day changes in these measurements. The baseline flow rates of workers who did not wear a
mask were found to vary inversely with their average exposure to respirable dust. In addition, the
flow rates underwent a within-day decrease that varied directly with their corresponding ex-
posure to respirable dust and was unrelated to mask wearing. The median of the slopes for this
relationship indicated that 50% of the subjects had a decrease of at least 923 mi/s in the value of
their VmaX5O%VC for each 1 mg/i3 increase in the concentration of respirable dust. Non-
respirable dust did not have a measurable effect either on the baseline or the within-day changes
in pulmonary function. The acute changes were unaffected by age, duration of employment, or
extent of smoking.

The effects on health of employment as a grain
handler have been examined mainly in cross-
sectional studies,1 5 which are best suited for the
detection of chronic changes. The results obtained
have shown a small excess of symptoms of bronchitis
and a slight decrease in flow and volume variables of
pulmonary function. Only one previous study has
inquired into the possible presence of short-term
health effects,2 and none has dealt with the issue of
dose-effect relationships. The purposes of the fol-
lowing studies were to examine the pulmonary func-
tion and the dust exposure of grain handlers within
shifts and during a week of work and to clarify the
nature of any dose-effect relationships found.

Materials and methods

The data on the grain handlers described in this
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report were obtained in May 1977 on employees of
the Saskatchewan Wheat Pool in Thunder Bay. A
questionnaire was completed on all subjects, provid-
ing details of age, duration of employment, smoking
history, and other information.' 6 Workers of varying
levels of seniority were selected by the superinten-
dent from all operational areas of the elevator,
based on the feasibility of releasing them from their
duties at the required times. All workers were
otherwise equally eligible, and the agreement for
them to participate in the study was obtained
through a process of informed consent. A total of 47
grain handlers was examined, representing about
25% of the staff of one elevator (pool 4).
The tests performed on the grain workers

included maximal expiratory flow volume curves
obtained at the beginning and end of the 0800 to
1600 work shift on Monday, Wednesday, and Friday
of a given week. Also, lung volumes were estimated
at the beginning of the work shift on Monday and at
the end on Friday. The subjects were asked to
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undergo all pulmonary function tests in a given
week, and 47 subjects were studied over four weeks.
Each subject wore a personal dust monitor for the
full shift on all five days of the same week.
During June and July 1977, we also examined 15

civic outside labourers who were members of the
divisions of sanitation (11), roads (2), and sewage
and water (2). These subjects were providing flow
volume curves and lung volume measurements on
Monday mornings as one aspect of a large cross-
sectional study' and were asked to repeat the same
procedure on Friday morning of the same week. No
measurements were made of their associated dust
exposure.
Maximal expiratory flow volume curves breathing

air were carried out with a wedge spirometer equip-
ped with a one-second time marker and a direct
writing X-Y recorder as described previously.' 6
Replicate curves for a given subject were superim-
posed, and the manoeuvre was repeated until two
tracings were obtained that corresponded within 5%
both for forced vital capacity (FVC) and for flow
over the lower 70% of vital capacity. The best of the
two superimposed curves (based on acceptable
effort, with the largest VC and flow rate) was used to
measure the FVC, the forced expiratory volume in
one second (FEV1), and flow rates at 50% and 25%
of the vital capacity (Vmax50%vc and Vmax25%vc).
The results were expressed in BTPS as a percentage
of the age-height predicted values, using the formula
of Goldman and Becklake for the FVC,7 Morris and
associates for the FEV1 ,, and Lapp and Hyatt for the
Vmaxso%vc and VmaX25%VC-9
The lung volumes were measured by the helium

dilution method'0 using a Collins lung analyser, and
included the functional residual capacity (FRC),
total lung capacity (TLC), and residual volume
(RV). These added tests were expressed as a percen-
tage of the values predicted for age and height using
the formula of Goldman and Becklake for the FRC,
TLC, and RV.7
The dust exposure of the grain workers was moni-

tored using a Bendix super sampler BDX 44 pump
and BDX 99 respirable dust collector (Levitt Safety
Ltd, Toronto). The pumps were calibrated with a
wet test gas meter and were adjusted to entrain 1-7
litres of air per minute. The rotameters were
checked at roughly two-hourly intervals during use
and the airflow was readjusted as required. The dust
collector consisted of a nylon cyclone (Dorr-Oliver,
10 mm inside diameter) and a cassette containing a
mixed cellulose acetate and nitrate filter 37 mm in
diameter and having a pore size of 0*8 ,um (Milli-
pore, Toronto). The size-selective characteristics of
this cyclone have been described.2 The filters were
weighed to an accuracy of + 0-03 mg and were

desiccated in the presence of anhydrous calcium sul-
phate for 24 hours both before and after use. The
weight of the filters did not change appreciably if
desiccated for longer. The dust collected in the cyc-
lone was desiccated in the same manner before
being weighed. The term respirable dust is applied
to particles collected on the filter and non-respirable
dust to those in the cyclone."I The dust sampling and
gravimetric analysis were performed by staff mem-
bers of Labour Canada.

Statistical analysis of the pulmonary function data
was performed by analysis of variance, t test for
paired and unpaired data, and by correlation
analysis, using the statistical analysis system pack-
age.'2 The dose-effect relationships were examined
using the Mann-Whitney test for independent com-
parisons and the sign test and the Wilcoxon signed-
rank tests for paired comparison.'3 Multivariate
relations were estimated by multiple regression
analysis.'4 Changes in pulmonary function between
two points in time were always calculated by sub-
tracting the value obtained at the earlier point from
the later one, yielding a negative value for a
decrease and a positive value for an increase;
logarithms of the pre-shift and post-shift pulmonary
function variables were also calculated, which
allowed proportional changes in lung function over
the work shift to be measured.

Results

The subjects examined in this study were not
selected by a randomising procedure. Nevertheless,
their characteristics (table 1) were almost identical
to those of a more inclusive group of grain handlers
and civic workers that we surveyed in a larger
epidemiological study conducted in this community
in 1977.' The average respirable and non-respirable
dust exposure of the grain handlers was respectively
0-9 and 5-7 mg/m3 of air (table 2). The number of
subjects represented in the daily means was not con-
stant and thus caution must be used in comparing
the dust measurements between different days.

Table 1 Subjects examined

Grain handlers Civic workers

No of subjects 47 15
Age 40 ± 13* 40 ± 15
Height (cm) 172 + 7 170 ± 7
Weight(kg) 81 ±13 80± 11
Years on job 15 + 9 11 ± 11
Smoked:
Never 13% 7%
Previously 32% 53%
Currently 55% 40%

*Mean ± standard deviation.
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Table 2 Respirable and non-respirable dust levels
obtained by personal dust monitoring ofgrain handlers

No of Respirable dust Non-respirable dust
subjects (mg/m3 of air) (mg/m3 of air)

Monday 35 0-9 _ 0-7t 4-3 _ 8-5
Tuesday 45 13-3 1.5 8-6 - 15-2
Wednesday 46 0-8 _ 0-7 4-9 _ 10-2
Thursday 47 0-9 ± 1-1 5 6 _ 12-9
Friday 35 0-6 ± 0-4 3-0 - 5-2
Average* 47 0.9 ± 0-7 5.7 _ 10-9

*Average of weekly means for all subjects.
tMean ± standard deviation.

PULMONARY FUNCTION CHANGES
The following analysis is based on 34 of the 47 grain
handlers who had a complete set of pulmonary func-
tion results available at the beginning and the end of
all work shifts on Mondays, Wednesdays, and Fri-
days, consisting of the FVC, FEV, VmaX5O%vc, and
Vmax25%VC. The incomplete data sets occurred ran-

domly in time and were explained either by the sub-
jects being unable to report for the tests or to a given
set of results being rejected on technical grounds.
The subjects having complete results did not differ
from those deleted in the characteristics listed in
table 1.

Within-day and between-day comparisons were
made for each of the pulmonary function variables
(table 3). The FVC decreased from Monday to
Wednesday and this change was sustained on Fri-
day. The morning and afternoon FVC measure-
ments did not differ on any day. The FEV,
decreased from Monday morning and afternoon to
the respective times on Wednesday, but increased
every afternoon compared with the morning of the
same day. The FEV,/FVC ratio followed the same
pattern. The Vmax5o%vc decreased progressively at
each test period until Friday afternoon; the value on
Friday afternoon was higher than on the morning of
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the same day but remained appreciably lower than
the Monday morning value. The Vmax25%VC
behaved in a similar manner to the Vmaxso%vc.
These within-day decreases in the flow rates on

Mondays and Wednesdays were indicative of an
obstructive ventilatory defect. The within-week
decrease in the FVC, however, could technically be
explained by either pulmonary obstruction with gas
trapping or restriction. The corresponding subdivi-
sions of lung volume measured independently by the
helium dilution method were available for 30 sub-
jects on Monday mornings and Friday afternoons.
All of these subjects also had full flow volume curve

data at both times, which showed the same changes
as those in table 3. These workers showed a small
but significant decrease in their TLC from Monday
morning to Friday afternoon (115 16 to 112 +

16% of predicted, average + standard deviation; p
= 0-05) and a similar trend in their FRC (108 + 27
to 105 + 24), and RV (113 + 39to 110 + 34), with
the RV/TLC ratio remaining constant. Thus these
findings suggested that a restrictive ventilatory
defect was present in addition to the airway obstruc-
tion.
The FVC of the 15 civic workers examined in

1977 did not change from Monday to Friday morn-
ing (111 + 13 to 111 + 12% of predicted, average

standard deviation). The FEV, and flow rates
decreased to a small degree (113 + 19 to 110 + 20
for the FEVp, 123 + 30 to 114 + 24 with p = 0-03
for the Vmax5.0%vc and 76 ± 31 to 68 + 28 with p =
0-05 for the Vmax25%VC). There were small associ-
ated increases in the FRC (82 + 16 to 85 + 15),
TLC (96 ± 14 to 99 + 8), and RV (76 + 23 to 79 +

18). Only the change in the flow rates was statisti-
cally significant. These findings indicated that the
civic workers developed within-week changes of
slight airway obstruction, but there was no associ-
ated restrictive defect.

Table 3 Pulmonary function of34 grain handlers* at the beginning and end ofwork shifts on alternate days ofa given
week

Monday Wednesday Friday p valuest

Between Within Inter-
days days action

FVC am 115 ± 15t 111 _ 16 111 + 15
pm 115 ± 17 112 ± 16 112 _ 15 00001

FEV, am 111 ± 20 105 ± 21 105 ± 20 0-0001 0-0001
PM 114±-22 108±-22 110±-20001

FEVI/FVC am 0-72 _ 0-10 0-71 _ 0-09 0-71 + 0-09
pm 0-74 - 0.09 0-72 _ 0-10 0.74 + 0.10 0-000 00001

VmaxSO%VC am 103 + 38 95 + 41 89 + 33 0-0001 0-002
PM 98 ± 39 90 ± 37 95 ±34000002

Vmax25%VC am 61 + 33 57 ± 27 56 + 2 0-02±204
PM 59±-26 53±-26 61±-32 0200

*AIl subjects have complete data at each point in time.
tPercentage of predicted values, mean ± standard deviation.
tp values obtained by analysis of variance. A blank value indicates a probability > 0-05.
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The change in the FVC and FEV, of the civic
workers from Monday to Friday morning were

significantly smaller than those of the grain hand-
lers; both comparisons yielded a p value of less than
0*05. The comparison of the corresponding changes
in the flow rates of the grain and civic workers were

not significantly different.

DOSE-EFFECT RELATIONSHIPS
We examined two different aspects of the relation-
ship between pulmonary function and dust expos-
ure, using the data obtained in the grain handlers.
The first was concerned with the correlation be-
tween the baseline pulmonary function of the grain
workers and their usual dust exposure. The assump-
tion was made in this analysis that the baseline pul-
monary function of each subject was reasonably rep-
resented by his Monday morning pulmonary func-
tion measurements. Similarly, the mean dust expos-
ure of each subject during the week of his study was
taken as representative of his usual dust exposure.
The second aspect of our interest was concerned
with the acute daily effect of grain dust exposure.
This was studied by determining the relationship
between the daily changes in pulmonary function of
each subject and his personal exposure to dust on

the same day.
The requirements for inclusion of subjects in

analyses relating to the first objective consisted of
the availability of flow volume curve and lung vol-
ume data on Monday mornings along with dust
measurements on Tuesdays, Wednesdays, and
Thursdays. Only these three days were used for
estimating the usual dust exposure of a given sub-
ject, since several measurements were missing for
Mondays or Fridays. These criteria were all satisfied
by 36 of the grain handlers. For the second objective
we required only the flow volume curve data from
the beginning and end of a minimum of two work
shifts for a given subject. Again, matching meas-
urements of dust exposure were needed on the same
days. These criteria were satisfied by 39 workers, of
whom 20 had complete data for two shifts and 19 for
three shifts.
Masks were worn for up to several hours daily by

roughly half of the subjects (table 4). This practice
was treated as a major independent variable in the
following analyses in view of the obvious possibility
that it might influence the outcome. The subjects
who wore a mask were younger and had a shorter
duration both of working in an elevator and of
smoking than the others. The mask-wearing group
had a higher exposure to both respirable and non-
respirable dust, but did not differ from the others in
their Monday morning pulmonary function results.
The relationships of dust exposure with baseline

Table 4 Characteristics ofgrain handlers according to
practice of wearing a mask

Wear mask p value§

No Yes
(n = 17) (n = 19)

Age (years) 45 + 12t 36 + 11 0-02
Duration of employment

(years) 20 ± 8 9 ± 6 0-0001
Smoking (pack-years) 35 - 23 20 + 17 0-03
FVC* 120 + 17 113 + 13
FEV, 116 ± 20 113 ± 16
YmaxSO%VC 108 + 45 115 ± 32
Vmax25%vc 64 + 41 75 ± 36
Functional residual

capacity 104 ± 25 100 + 25
Total lung capacity 112 ± 20 108 ± 12
Residual volume 101 ± 32 109 ± 35
Respirable dust

(mg/m3)t 0-66 - 0-26 1-13 + 0-79 0-02
Non-respirable dust

(mg/m3) 1-65 + 1-35 8-14 + 9-6 0-009

*Baseline pulmonary function measurements made on Monday
morning are expressed as percentage of age-height predicted
values.
tDust concentrations represent average of daily measurements for
each subject made over Tuesday, Wednesday, and Thursday.
tMean ± standard deviation.
§Probability associated with Mann-Whitney test comparing the two
groups who wear and do not wear a mask. A blank p value indicates
a probability > 0-05.

pulmonary function were explored by calculating all
possible linear and multiple regressions using as
predictor variables, age, duration of employment,
pack-years of cigarette smoking, and usual exposure
to respirable and non-respirable dust. Among the
workers who did not wear a mask, respirable dust
was inversely related to the baseline FEV,,
VmaX50%VC, and Vmax25%VC (table 5). Also, pack-
years varied inversely with the baseline FEV,/FVC
ratio and Vmax2s%vc, while duration of employ-
ment varied directly with the baseline FVC and
FEV,. Among workers who wore a mask, pack-
years were a significant predictor of the baseline
FEV,/FVC and Vmax25%vc, in a similar manner as
seen with the non-mask wearers. The only other
significant relationship defined in the mask wearers
indicated that the level of respirable dust varied
directly with the baseline Vmax2s%vc (coefficient
19-7, p = 0-02). The baseline FRC, TLC, and RV
were not significantly predicted by any of the forego-
ing variables. Moreover, age and non-respirable
dust did not appear as significant predictors of any
parameter of baseline pulmonary function. Similar
results were obtained when all available dust meas-
urements were used for each subject. Also, the two
dimensional plots for all of these relationships were
inspected for outliers and none was found. In addi-
tion, all of the regression analyses were repeated
using a more robust procedure'5 that relies on the
minimisation of the sum of absolute deviations
rather than the sum of squared deviations as in con-
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ventional regression; these confirmed the relation-
ships described in table 5.
The acute effects of dust exposure were assessed

by relating the daily dust measurements fpr a given
subject with the corresponding absolute daily
changes in pulmonary function. Since each subject
had data for two or three days, an estimate could be
made of the slope of the relationship between dust
exposure and acute change in pulmonary function
for all workers individually. These data yielded a

negative slope when there was a direct relationship
between the level of dust exposure and degree of
decrease in pulmonary function.

If there were no direct acute effects of dust levels
on daily change in pulmonary function we would not
expect the slope to be negative for a given pulmo-
nary function test in more than half the subjects. We
tested this hypothesis using the sign test and found
that roughly 70% of the slopes were negative (table
6) for the relationship between respirable dust and
both the daily change in VmaX50%VC (P = 0.004)
and Vmax25%vc (p = 0.08). No significant increase
in the number of negative slopes was found between
respirable dust and the daily change in FVC and
FEVI, nor for any of the relationships involving
non-respirable dust. These results were confirmed
using the Wilcoxon signed-rank statistic. The
median of the slopes between respirable dust and
both daily change in Vmax50%vc and Vmax25%vc
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were significantly greater than zero (p = 0004 and
0-01 respectively). Similar relationships were found
when the logarithms of the pre-shift and post-shift
pulmonary function data were used to calculate
proportional within-day changes in place of the
absolute changes used above and also when the per-

centage of predicted changes in pulmonary function
were used.

Multiple regression analysis was used to deter-
mine whether the individual slopes were related to
mask-wearing, age, duration of employment, extent
of smoking, and baseline pulmonary function. No
significant relationships were discovered.
We attempted to define a dose-effect relationship

between the pooled data for respirable dust expos-
ure and the daily change in the flow rates. The corre-

lation coefficient was found to be -0-049 (p = 0.63)
for the VmaxS0%vc and -0*13 (p = 0.21) for the
Vmax25%vc. This inability to show a significant
dose-effect relationship from the pooled data
despite a majority of the individual responses having
the same direction of slopes (table 6), was due to a

pronounced heterogeneity among the subjects both
in the levels of their flow rates and in their exposure
to dust.

Discussion

Grain dust is known to be a heterogeneous material

Table 5 Multiple regression analysis relating baseline pulmonary function with certain predictor variables in 17 grain
handlers who did not wear a mask

Correlation Intercept Regression coefficientst
coefficient

Respirable Pack Employment
dust years duration
(mg/m3 of air)

FVC* 0-52 98 1-1 (p =O-3)
FEV 0.72 118 -38-4 (p = 0.02) 1-2 p = 0.03)
FEV'/FVC 0-67 80 -0-2 (p = 0.003)
Vmaxo%vc 0-58 174 -1018 (p = 0-01)
Vmax25%vC 0-77 141 -67-4 (p = 0.03) -0 9 (p = 0-01)

*Pulmonary function data are used as percentage of normal predicted values.
tConstant by which predictor variable is multiplied in equation for deriving baseline pulmonary function.
tSignificance of relationship between the predictor variable and baseline pulmonary function.

Table 6 Statistical summary ofthe distribution ofthe slopes ofthe individual dose-response curves of39 grain handlers for
dust concentration versus daily change in pulmonary function

Respirable dust v change in pulmonary function Non-respirable dust v change in pulmonary functiont

% of slopes p* Median slope % ofslopes p Median slope
negative negative

FVC 56 0-52 -236 ml 38 0-26 19 ml
FEV, 56 0-52 -100 ml 44 0-42 30 ml
VmaXSo%VC 74 0-004 -923 ml/s 46 0-63 42 ml/s
Vmax2s%vc 66 0-08 -310 ml/s 54 0-75 -17 ml/s

*Probability associated with sign statistic for testing hypothesis that percentage of positive slopes is not greater than 50%.
tSlope could not be calculated for one subject whose non-respirable dust exposure was same on all days.
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composed of cereal grain particles, silica, fungal
spores, insect parts, mites, mammalian debris, and
agricultural chemicals.'6 This material is considered
to be a nuisance dust for which the usual threshold
limit value is 10 mg of total dust/M3.'7 The average
dust concentrations measured in our study were
considerably lower than this threshold limit value
(table 2). Also, our results were moderately lower
than those reported by Chan-Yeung et al2 and sub-
stantially lower than those described by Farant and
Moore'8 and by doPico and his colleagues.3
The results of several controlled surveys have

shown that grain handlers not only have an
increased frequency of respiratory symptoms but
also measurable differences in pulmonary function.
A decrease in flow rates has been presented as evi-
dence of airways obstruction in Montreal grain dock
workers4 and in Saskatchewan grain elevator work-
ers.5 Our survey of grain elevator workers in Thun-
der Bay showed a reduction in FVC and FEV, with-
out significant differences in midflow rates,' a
finding confirmed by Chan-Yeung et al in a study of
Vancouver grain handlers.2 We also found a lower
DLco in non-smoking grain handlers. Nevertheless,
differences between the results of separate studies
may be reconcilable, since we have shown that the
results obtained in grain handlers may vary with sea-
sonal changes in the activity of the industry.6 Also,
our present report indicates that the pulmonary
function of grain handlers may change according to
the time of the day and the day of the week.
Moreover, we also show here that changes in pul-
monary function are directly related to the level of
dust exposure.

PULMONARY FUNCTION CHANGES
Our results showed a morning to afternoon decrease
in the Vmax5o%vc and Vmax25%vc of the grain hand-
lers on Mondays and Wednesdays, without any
associated decrease in FVC (table 3). This change
clearly reflects the appearance of airway obstruction
within these shifts. The rise in flow rates on Friday
afternoon may possibly be related to acclimatisa-
tion.
The FEV, is known to show a diurnal increase

during the hours of the day in which our 1977 study
was conducted.'920 A similar pattern has been
described with the peak expiratory flow rate,2' and
airway resistance has been shown to be lowest in the
early afternoons.22 Nevertheless, an explanation
appears to be required for our finding that the FEV,
increased over the course of each shift while the
other flow-related variables decreased (table 3).
FEVI is influenced not only by the elastic recoil of
lung and the resistance of intrapulmonary airways
but also by the effort-dependent portion of a maxi-

mum forced expiration. Flow (and consequently
volume change) which is generated in the effort-
dependent portion is a function of the strength,
effort, and co-ordination of the subject as well as the
resistance of the airways including the larynx.23
Finally, the FEV, will depend on the FVC, being
particularly affected by a change in TLC. This latter
factor is unlikely to explain the increase in FEV,
over a shift as no volume changes were documented
(table 3). We found, however, that a correlation
existed between peak expiratory flow and FEV,
whereas no correlation could be seen between peak
flow and Vmax50%vc. We conclude that factors
affecting the effort-dependent part of maximum
forced expiration were responsible for this apparent
discrepancy between the within-shift change in the
FEV1 and the Vmax50%vc and Vmax25%vc. The mul-
tiple factors concerned in the determination of the
FEV, suggests that cautious interpretation of change
is possible where time of testing and FVC are con-
stant.
Our results also showed a Monday to Friday

decline in the FVC, and FEV,, Vmax5o%vc, and
Vmax25%vc among the grain handlers (table 3).
Such a change in FVC has been regarded as a func-
tion of a raised RV presumably due to airway clos-
ure as seen in some asthmatic reactions.24 This
response, however, could also be found if TLC was
reduced as a result of muscle weakness or decreased
compliance of the lung or chest wall.
The obstructive changes detected among the grain

workers were in fact found to be associated with a
significant within-week decrease in the TLC, with
parallel changes in the FRC and RV. Nevertheless,
this measurement was obtained by the helium dilu-
tion method, and the possibility therefore arises that
the within-week decreases in lung volume were an
artifact due to maldistribution of the indicator gas
caused by the associated airway obstruction. This
appears to be unlikely, however, since the degree of
obstruction was mild and the volume measurements
were made with scrupulous attention to achieving
full equilibration of the helium. Moreover, the civic
workers, who showed obstruction of a comparable
magnitude, did not undergo any diminution of lung
volume. We interpret the obstructive change in the
civic workers as likely to be related to dust exposure
during the course of sanitation and road work.
We examined a group of 27 grain handlers in a

similar manner on Monday and Friday mornings,
two years after the foregoing study. On this second
occasion the dust concentrations were roughly 50%
lower than those of 1977, and the grain handlers did
not show any significant within-week changes in
pulmonary function. Ten of these subjects, however,
exhibited a decrease from Monday to Friday of their
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FVC, along with their TLC measured plethysmo-
graphically, comparable with that observed in 1977.
We consider the less general effect observed in 1979
to be most likely related to the lower level of dust
exposure.
The single published report of within-shift and

within-week variation of pulmonary function in
grain handlers is that of Chan-Yeung et al,2 who
showed a decrease in the FVC and in FEV1 but no
change in midflow rates. They attributed the lack of
change in flow rates to the variability of the meas-
urement in contrast to the FVC and FEV1, implying
the presence of obstructive disease. An alternative
explanation would be the development of a restric-
tive abnormality.
The occurrence of a pulmonary restrictive prob-

lem caused by exposure to grain dust is not a new
concept. Davies et at25 have described an individual
who, in response to bronchial challenge with grain
dust, developed evidence not only of severe bron-
chial obstruction but also showed marked reductions
in TLC and RV. They considered the phenomenon
of a decrease in lung volume to be possibly due to
constriction of small airways, as has been shown in
animals26 but without an effect on the gas exchang-
ing spaces. It is noteworthy, however, that the KCO
(ratio of the carbon monoxide diffusing capacity to
the total lung capacity) of their patient decreased
after challenge. Similarly, if the pressure-volume
curves of their patient are plotted with reference to
the observed TLC rather than the observed VC,
they show an increase in elastic recoil for a given
lung volume.
Our study showed the appearance of airways ob-

struction within some day shifts (table 3) and also
suggested the development of volume restriction
during the course of a week of work. The volume
restriction could occur from an insult causing con-
striction of small airways, since this has been shown
to produce pressure-volume changes in man.27 The
possibility cannot be excluded, however, that this
reported volume restriction and pressure-volume
change may be in part due to an effect at the alveo-
lar level.

DOSE-EFFECT RELATIONSHIPS
Our study shows that the baseline FEV,,
VmaxS0%vc, and Vmax25%vc of grain handlers who
did not wear a mask varied inversely with their
exposure to respirable dust (table 5). These findings
suggest indirectly that although the flow rates tend
to improve on Friday (table 3), there is some
residual obstructive defect which persists over a
weekend. The absence of an observed relationship
between respirable dust exposure and the baseline
lung volume measurements raises the possibility that

the restrictive defect may be more reversible. These
measurements, however, are also relatively variable,
perhaps making this relationship more difficult to
observe among the number of subjects studied.
These relationships between the baseline

pulmonary function and exposure to respirable dust
were not observed in subjects who wore a mask.
This suggested that wearing a mask is associated
with a beneficial effect, which was further supported
by the observation that the Vmax25%vc varied
directly with respirable dust among those who wore
a mask. The latter may have been a result of a ten-
dency for workers to wear a mask for increasing
periods under dustier conditions. Nevertheless, this
finding cannot be confidently attributed to mask
wearing, since the subgroups also differed in other
important respects, including age, duration of em-
ployment, and smoking (table 4).
The FVC and FEVI were paradoxically found to

increase with longer duration of employment in
those subjects who did not wear a mask (table 5).
This may be related to the tendency for the most
recently employed men to be given the dustiest jobs
(table 4). In addition, workers who are most
affected by exposure to grain dust may be inclined to
relinquish their work, leaving behind a more healthy
survivor population.
We also showed an acute effect of grain dust

exposure that was mainly manifested by a daily
decrease in Vmax50%vc and Vmax25%vc in direct
relation to the level of respirable dust exposure
(table 6). There was no corresponding change in the
FVC or FEV1 and the effect was not clearly related
to wearing a mask. Nevertheless, workers who wore
a mask worked in higher dust concentrations than
those who did not (table 4), raising the possibility
that both subgroups may be exposed to a similar
effective concentration of the component of grain
dust responsible for this acute effect on the flow
rates.
We attempted to define an exact dose-effect rela-

tionship between respirable dust exposure and
within-day change in Vmax50%Vc or Vmax25%vc, by
using the individual or pooled data for these vari-
ables. This was prevented in the case of the indi-
vidual results, however, by the limited number of
data points available for defining a curve and in the
case of the pooled results by the pronounced
heterogeneity of response between subjects.
Nevertheless, the magnitude of this response may be
estimated from the median of the slope for all of the
relationships, which indicated that 50% of the sub-
jects underwent a daily decrease in their Vmax50%vc
of at least 923 ml/s and in their VmaX25%VC of 310
mlIs, for each 1 mg/m3 increase in the concentration
of respirable dust (table 6).
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The effects of dust exposure on both the baseline
and within-day changes in pulmonary function were
observed with respirable dust but not with non-
respirable dust. This is not surpnsing, since we
assume that the dust must gain access to the lungs in
order to affect these parameters of pulmonary func-
tion, and this can occur more effectively with the
material in the respirable fraction. The possibility
therefore arises that air quality standards in the
grain industry should be based on respirable dust.
Suppression of this would also lower the non-
respirable fraction and mitigate its effects on parts of
the body such as the nose, eyes, and skin.
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