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TABLE 4

IL.M.B.C. THROUGHOUT DAYS OF EXPOSURE TO TOTAL AND TO FINE DUST
(First Series of Tests)

| ™.

B.C. (I./min.)

] } Exposure to Total Dust
!

Group A | 7.30 a.m. | 10.45 a.m. | 12.00 noon | 2.00 p.m. | 3.30 p.m.

7.30 a.m. |104Sam 12.00 noon | 2.00 p.m. ,330pm

\ Exposure to Fine Dust
!
|

Subject: ! I !
H. M. 1240 ! 121-0 127-3 121-0 ! 121-3 121-3 110-7 1157 112-7 1157
C. H. 59-3 53-3 52-7 557 | 54-0 57-3 517 490 537 | 47-0
E. M. 129-0 103-0 109-7 108-7 105-3 121-0 113-0 115-0 1136 113-3
J. M. 106-0 103-0 106-0 103-7 107-3 101-7 95-3 100-7 104-0 103-0
R.S. 1563 138:0 1340 1377 1413 162-7 156-0 154-7 147-0 1455
Mean 1149 103-7 1059 | 1054 105-8 112-8 105-3 1 107-0 106-1 ; 104-9
Group B | 1.00 p.m. | 4.15 p.m. 5.30 p.m. f 7.30 p.m. | 9.00 p.m. 1.00 p.m. | 4.15 p.m. ‘ 5.30 p.m. 7.30 p.m. | 9.00 p.m.
Subject: : ;
J. C. 143-0 125-7 1287 137-7 120-7 1433 136-0 133-7 1340 126-5
L. A 146-3 1333 138-0 138-5 127-3 146-7 139-0 1360 139-0 128-7
T.B 84-7 68-7 757 767 80-0 893 0 3 840
T. W. 61-0 477 50-7 50-0 577 687 50-7 50-7 547 57-3
S. R 173-0 165-0 169-0 169-3 1663 1737 161-7 1597 161-0 ’ 168-0
Mean 121-6 108-1 1124 | 114-4 110-4 124-3 f 112-5 ‘ 1117 ‘ 1142 \ 112:9
Grand i i ! |
mean 1183 ! 105-9* 1092 109-9 108-1 1186 | 108-9* 109-4 1102 ! 108-9

* Falls in M.B.C. after both total and fine dusts are significant (p < 0:001).

with fine dust exposure on Monday afternoon had
a similar composition to Group A with the addition
of one man (N. L.) who had byssinosis symptoms.
Significant falls in I.M.B.C. of 18-5 litres per minute
and 16-2 litres per minute respectively followed

exposure to total and fine dust (p < 0-001.)
Group D contained three people additional to
Group B and they were relatively insensitive to either
dust. There was a significant fall of 6-9 litres per
minute following total dust (0-001 < p < 0-01),

TABLE 5
NITROGEN CLEARANCE INDEX THROUGHOUT DAYS OF EXPOSURE TO TOTAL AND TO FINE DUST

(First Series

of Tests)

Change in Expired Nitrogen (%)

Exposure to Total Dust Exposure to Fine Dust
Group A | 7.30 a.m. ‘ 10.45 a.m. | 12.00 noon 1 2.00 p.m. I 3.30 p.m. 7.30 a.m. | 10.45a.m. | 12.00 noon | 2.00 p.m. | 3.30 p.m
Subject: 1
H. M. 063 0-63 0-62 0-60 ‘ 0-54 0-52 0-62 0-66 0-62 0-70
C. H. 2-05 1-54 1-75 1-36 ‘ 1-58 1-60 2:56 1-78 2:04 | 1-56
E. M. 1-00 0-83 1-28 1-12 0-86 1-02 1-02 0-96 094 i 1-00
J. M. 0-63 0-52 0-64 0-56 0-50 0-58 0-67 0-44 0-52 | 0-46
R.S. 0-37 0-40 0-41 0-56 i 0-56 0-40 0-48 0-40 0-40 i 0-42
Mean | 094 | 078 0-94 084 | 081 | 082 1-07 0-85 090 | 083
Group B | 1.00 p.m. 1 4.15 p.m 5.30 p.m. 7.30 p.m. ‘ 9.00 p.m. | 1.00 p.m. | 4.15 p.m. 5.30 p.m. 7.30 p.m. \ 9.00 p.m
Subject: i |
J.C. 0-38 | 0-41 0-48 i 0-32 i 0-28 0-45 0-61 0-44 0-30 0-43
L. A. i 0-22 , 0-31 0-40 0-14 . 0-10 0-30 0-20 0-34 0-28 i 0-18
T. B. | 1-14 i 1-35 1-00 0-88 ; 0-74 : 0-93 1-35 1-18 0-86 i 0-87
T. W. 3-00 4-60 5-02 4-05 I 3-65 | 1-70 i 4-38 4-65 4-0. 3-80
S.R. { 0-18 ! 0-26 0-32 0-18 i 0-20 i 0-30 ' 0-30 0-16 0-30 0-19
Mean | 098 | 139 | 144 . 111 | 099 | 074 | 137 135 | 115 | 109
Grand | i
mean 0-96 1-09 1-19 0-98 | 0-90 0-78 i 1-22#* 1-10 1-03 l 0-96

* The rise in % N, after fine dust is significant (0-001 < p < 0-01).
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TABLE 6

1.M.B.C. THROUGHOUT DAYS OF EXPOSURE TO
TOTAL AND TO FINE DUST
(Second Series of Tests)

L.LM.B.C. (1./min.)

Exposure to Total Dust Exposure to Fine Dust
12.30 5.10 6.30 12.30 5.10 6.30
Group C p.m. p.m. p.m. p.m. p.m. p.m.
Subject:
H. M. 110-0 102-7 108-3 118-3 112-3 114-0
C. H. 69-0 413 59-3 71-3 483 65-3
E. M. 128-3 100-0 1197 130-7 110-7 126-7
J. M. 1127 100-3 101-7 111-0 99-0 102-0
N. L. 61-3 40-7 460 69-7 47-0 42-3
R.S. 1483 1333 128-0 1473 1343 136-0
Mean 104-9 86-4* 93-8 108-1 91-9% 977
7.30 12.00 2.00 7.30 12.00 2.00
Group D | 'y noon | pm. | am noon | p.m.
Subject:
J. C. 139-0 131-7 1337 138-7 131-0 136-7
F. M. 116-3 118-3 1117 1107 113:3 112:0
T. W. 69-0 49-0 51-3 64-0 480 533
J.S. 124-0 1187 120-7 1147 116:0 1237
P.S. 133-0 126-7 132-3 122-3 119-3 1283
S.R. 173-3 169-0 172:3 173-3 1793 181-0
Mean 125-8 1189t | 1203 120-6 117-8 122-5

* Falls in M.B.C. after both total and fine dusts are significant
(p < 0-001).
t Fall in M.B.C. after total dust is significant (0-001 < p < 0-01).

but an insignificant one of 2-8 litres per minute after
fine dust. Table 2 suggests that, in this experiment,
the concentration of fine dust when the elutriators

DAY OF EXPOSURE FOLLOWING DAY

were present was very low, and this may have been
partly responsible for the small ventilatory change
produced. There was no significant difference
between the response of this group to total or to
fine dust, and it is justifiable to plot the results for
Groups C and D together (Fig. 4) in the same way
as for Groups A and B. It shows, as in the earlier
experiment, a change produced by total dust
somewhat larger than by fine alone.

Only two readings of the inspiratory airways
resistance were taken on each day. Mean results
are shown in Fig. 5, and detailed findings for the
days of exposure in Table 7.

The rise in airways resistance after inhalation of
dust has been largely confined to five subjects in
total dust and to four in fine. Taking Groups C
and D together there is a significant increase in
airways resistance of 0-51 wunit in total dust
(p < 0-001), but that of 0-24 unit in fine dust is
insignificant. The difference in the two responses
is not significant. The effective standard error of a
single reading of the inspiratory airways resistance
is 4 0-35 unit, showing that its sensitivity in
measuring the functional effects of inhaling cotton
dust is lower than that of the I.M.B.C.

Relation to Byssinosis.—In the results given in
Table 8 the cotton workers have been divided
according to the presence or absence of symptoms
of byssinosis. The physiological changes immedi-
ately following dust exposure usually appear

DAY OF EXPOSURE FOLLOWING DAY
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F1G. 4.—Change in I.M.B.C. (second series) caused by exposure to
total dust (@) and fine dust (O). The period of exposure is
indicated by the solid block.
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Fi1G. 5.—Change in inspiratory airways resistance caused by exposure
to total dust (@) and fine dust (O). The period of exposure is
indicated by the solid block.
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TABLE 7

INSPIRATORY AIRWAYS RESISTANCE THROUGHOUT
DAYS OF EXPOSURE TO TOTAL AND TO FINE DUST
(Second Series of Tests)

Inspiratory Airways Resistance (A.W.R. Units)

|
l Total Dust { Fine Dust
Group C [ 12.30 p.m 5.10 p.m. | 12.30 p.m. 5.10 p.m.
Subject:
H. M. ! 1-56 3-12 i 1-14 0-99
C. H. ! 0-87 1-96 1-20 1-83
E. M. 0-93 1-47 | 1-58 1-28
J. M. i 0-67 0-61 0-89 0-78
N. L. 0-68 1-62 . 0-58 2:01
R. S. 0-65 0-69 i 0-64 0-51
Mean | 089 158 | 101 1-23
Group D ’ 7.30 a.m 12,00 noon | 7.30 a.m 12.00 noon
Subject: |

J.C. 0-55 0-64 ! 0-78 0-78
F. M. | 0-86 0-87 ! 1-08 1-05
T. W. ! 1-38 3-47 174 2-54
J.S . 1-28 0-88 0-78 0-85
P.S. i 0-82 0:62 : 0-66 1-16
S.R. i 0-46 0-85 | 0-71 0-94
Mean | 0-89 1-22 i 0-96 122
Grand | |

mean | 0-89 1-40* | 0-99 1-23

* Increase in A.W.R. after total dust is significant (p < 0-001).

TABLE 8

PHYSIOLOGICAL CHANGES IMMEDIATELY FOLLOWING
DUST EXPOSURE IN COTTON WORKERS WITH AND
WITHOUT BYSSINOSIS

First Series of Tests 1 Second Series of Tests
I.M.B.C. N.(%) { LM.B.C. A.W.R.
(1./min.) | (I./min.) (Units)
Total dust: 1
No byssinosis | — 9-8* =+ 003 — 83* + 0-35
Byssinosis — 14-6* ]‘ +025 | —167* + 0-71*
Fine dust: ‘ }
No byssinosis - 97 . +019 — 72* | +006
Byssinosis — 98¢ ' 4089 —13:0* | + 043

* Changes significant at 2%{ level or less.
First series of tests: four subjects with and four without byssinosis.
Second series of tests: six subjects with and four without
byssinosis.

greater in the men with byssinosis, but in these
small groups the difference does not attain statistical
significance.

Discussion

In both series of tests the ventilatory capacity
was reduced on the average slightly more when dust
of the whole particle size range was inhaled than
when particles of over 7u were excluded, but this
difference was not significant in any group. There
was a significant response to the fine fraction alone

in all subjects except Group D which was relatively
unresponsive to unfiltered dust as well. The
nitrogen clearance index and the inspiratory airways
resistance were not sensitive indices of change in
most subjects, but their general pattern followed
that of the ventilatory capacity.

It has been demonstrated previously that changes
in ventilatory capacity during the day are normally
very slight and we can conclude from the present
experiments that the fine fraction of cotton mill dust
has produced physiological effects; furthermore,
these experiments suggest that this fraction alone
may be responsible. The slightly larger effects of
unfiltered dust can be explained by the somewhat
greater weight of fine particles in it. The pharma-
cological examination of the dust suggests that its
biological activity is unrelated to particle size.

Roach and Schilling (1960) state the possibility
that fine dust may affect the smaller airways without
causing symptoms, while the larger particles may
produce the sensation of chest tightness by their
presence in the upper airways. In our first series of
tests three subjects mentioned chest tightness after
exposure to total dust and three after the fine alone.
In these experiments the elutriators were out of
sight of the subjects. In the second series seven
mentioned some chest tightness in total dust and
only one when the elutriators were in position, but
as they were visible one cannot exclude the
possibility that their presence provided reassurance.

The physiological findings are of interest in
suggesting a direct action by the dust or a constituent
of it on the smaller air passages. Had the action
been indirect, for instance via the blood stream,
one would have expected the total dust which was
some 10 times heavier to have had a much larger
effect than fine. Our findings imply that, to be
effective, dust suppression measures should remove
fine particles. If dust over 7 is chiefly responsible
for the clinical effects of byssinosis, filtration of the
larger particles only could perhaps suppress these
symptoms while leaving physiological effects which
may ultimately lead to the permanent respiratory
damage which is a feature of the disease (Schilling
et al., 1955). Further research is needed to determine
the long-term effects of cotton dust exposures
causing daily impairment in respiratory function
and to determine the effects of the coarser dust on
its own.

We thank Mr. P. D. Oldham for the statistical
analysis, and Miss Anne Davenport and Professor
W. D. M. Paton for assessing the biological activity of
dust samples. We are grateful to the management of
the cotton mill, to the volunteers who took part in the
investigation, and to Miss Pamela Edwards and Mr. R.
Pryce who provided technical assistance.
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