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ble 1 continued

Year of work on TDI plant

5 6 7 8 9

a b c d a b c d a b c d a b c d a b c d

98 2 11 2 85 2 5 2-3 78 0 3 0 75 1 0 1-3 74 1 3 1-3
68 1 1 1-4 66 0 0 0 66 2 1 3 63 0 0 0 63 1 1 1-5
33 0 3 0 30 1 0 3-3 29 0 0 0
16 1 2 6-2 13 0 0 0
11 0 0 0 11 0 0 0
10 1 0 10

236 5 211 205 3 14 173 2 111 138 1 0 7 137 2 1-4

TABLE 4
REGRESSION OF VENTILATORY CAPACITY ON HEIGHT AND AGE

Regression on height (in) and age (yr) SD R

FEV1 (litres)
Lowe et al. (1968), Ebbw Vale .. 0-085 Ht-0041 age-0667 0-68 0-68

Port Talbot .. 0-108 Ht-0042 age-2-037 0-59 0-72
Cotes et al. (1966) .. .. .. 0-088 Ht-0033 age-1-12 0 45 0-83
Present study .. .. .. .. 0-084 Ht-0035 age-1-023 0 49 0-65

FVC (litres)
Lowe et al. (1968), Ebbw Vale .. 0-122 Ht-0 035 age-2-429 0-69 0-67

Port Talbot .. 0150 Ht-0037 age-4106 0-63 0-71
Cotes et al. (1966) .. .. .. 0-129 Ht-0032 age-3-02 0-52 0-82
Present study .. .. .. .. 0-123 Ht-0032 age-2-884 0-54 0-69

The author's results have been added to a table from Lowe et al. (1968).

TABLE 5 TABLE 6
RESULT OF MRC QUESTIONNAIRE IN 76 MEN

CURRENTLY WORKING ON TDI-MANUFACTURING
PLANTS, AND 76 CONTROLS

TDI Controls x2
men

Asymptomatic .. .. 40 39 0-03
Frequent phlegm .. .. 8 4 1 45
Cough in morning .. 17 13 0-66
Cough during day .. 8 8 0
Cough three months or
more . .. .. 6 8 0-32

Cough symptoms combined 31 29 0-11
Breathless hurrying .. 2 5 1-35
Breathless on level .. 0 1 1-01
Wheezing occasionally .. 19 19 0
Wheezing frequently .. 1 9 6-85

SMOKING HABITS OF 76 MEN CURRENTLY
EMPLOYED ON THE TDI PLANTS, AND CONTROLS

No. of cigarettes per day

0 1-10 11-20 21-40 Pipes

Men working on
TDI plants .. 19 19 23 9 6

Controls .. 19 1 2 24 3 18

age distribution of the two populations. There is a
significant difference between TDI-exposed men and
the controls in smoking habits (X2 = 10-6) (Table 6)
which appears to be caused mainly by pipe-smokers.
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If the pipe-smokers are excluded there is no signifi-
cant difference between the groups (X2 = 3-38).

Ventilation tests
The data from 180 men give 1 100 data points from
which a linear regression analysis has been carried
out to examine the relationship of the FEV1 and
FVC to height, age, and duration of exposure.
Duration of exposure is defined as the difference
between the time the measurement was made and the
time the men actually started on the plant. The
equation for the FEV1 before any significance tests
were carried out was:

FEV1 (ml) = -1 005 + 0-086 (height in inches)
- 0-037 (age in years)
+ 0-002 (duration of exposure)
the standard errors associated with these coefficients
being height 0 005 inches, age 0-002 years, duration
of exposure 0 005 years. The residual standard
deviation of this equation is 0-484. A similar reg-
ression analysis was also carried 'out for the FVC,
giving the following equation:
FVC (ml) = -2-99 + 0-129 (height in inches)
- 0-039 (age in years)
+ 0 003 (duration of exposure),

the standard errors associated with these coefficients
being height 0-006 inches, age 0f002 years, and
duration of exposure 0f006 years. The residual
standard deviation for this equation is 0 544.

In view of the standard errors of the exposure
coefficients in both equations and the fact that the
observed coefficients are positive, implying an
increase of FEV1 and FVC with exposure, it is clear
that there is no evidence from these data that
exposure accelerates the rate of decline. Omitting
exposure from these equations leaves them almost
unchanged:
FEV1 (ml) = + 0-086 (height in inches)
- 0-037 (age in years) - 1 020
FVC (ml) = + 0 129 (height in inches)
- 0-038 (age in years) - 3-013.
This does not materially change the residual
standard deviations, which are now 0-485 and 0-545
respectively.

These equations are not significantly different
from those calculated for non-TDI-exposed subjects.
Although there is a fairly high correlation between age
and duration of exposure, it is not sufficient to make
this negative finding unreliable. It is concluded that
duration of exposure to TDI has no effect on the
FEV1 or FVC.

Men removed from TDI plants because of symptoms
Forty-six men who had had no further contact with
TDI, for periods of between two and 11 years, were

available for assessment. No significant difference
was found in the smoking habits between the two
groups (x2 = 2 73). Because of the small number of
men in the 21-40 cigarettes per day group, the 11-20
and 21-40 groups were combined (Table 7).

TABLE 7
SMOKING HABITS OF 46 MEN REMOVED FROM

ISOCYANATES PLANTS BECAUSE OF SENSITIZATION
TO TDI, AND CONTROLS

Number of cigarettes per day
._I_l Pipes

0 1-10 11-20 21-40

TDI men .. 11 10 18 3 0
Controls .. 12 7 16 2 9

TDI-sensitized men suffered more respiratory
symptoms than the control group at the 1% level of
significance (Table 8). Breathlessness was more
frequent in the TDI men at the 1 % level, and wheez-
ing occurred more frequently at the 5% significance
level. The persistence of symptoms cannot be
attributed to continuous exposure to TDI, so that
it appears that long-term effects do occur in some
subjects developing acute symptoms after TDI
exposure.

TABLE 8
RESULTS OF MRC QUESTI6NNAIRE IN 46 MEN
REMOVED FROM ISOCYANATE PLANTS BECAUSE OF

SENSITIZATION TO TDI, AND 46 CONTROLS

TDI Controls x2
men

Asymptomatic .. .. 6 181 6-8
Cough occurring most days

for as much as three
months of the year . . 13 5 3-38

No. of men producing
phlegm for as much as
three months of the year 10 3 3-22

No. of men breathless when
hurrying on level ground 17 51 7-23

No. of men breathless when
walking normally .. 6 1 2-47

No. of men wheezing most
days or nights .. .. 17 7' 4.57

"Difference significant at 1 % level
'Difference significant at 5 % level

Ventilation tests
Data from 61 men were available for this study as it
was possible to use the records of men who had left
the company. At the time of testing, all these men
had also been out of contact with TDI for a mini-
mum of two and a maximum of 11 years. Although
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the majority of men become affected within the first
year (Table 1), two men had worked on the plants
for nine years before developing symptoms. Pre-
dicted FEV1 and FVC values were obtained for each
FEV1 and FVC measurement recorded using the
control equation given above. The average (actual
FEVI-predicted FEV1) was -267 ml. For affected
men as a whole, at the 5% probability level, the
average value of (actual FEVi-predicted FEV1)
will lie between - 198 and -336 (standard devia-
tion 276). The average (actual FVC - predicted
FVC) for all affected men was -269 ml, and for
affected men as a whole at the 5 % probability level
the average value of (actual FVC - predicted FVC)
will lie between - 195 and -343 (standard deviation
296).

Confirmation of these statistical results has been
obtained from the records of 20 men for whom pre-
employment lung function data were available and
who had been removed from the plants for between
three and eight years because of sensitization to
TDI. Eleven of these men were asymptomatic and
12 had no reduction in the FEV1 or FVC below their
pre-employment level. Of the remaining eight, six
had a reduction in FEV1 and FVC to between 90%
and 100% of the pre-employment figure, and two to
between 80% and 900%. In the few men with symp-
toms but no reduction in the FEV1 or FVC, the
symptoms were slight, consisting of intermittent
cough with occasional wheezing at night. The men
who had some reduction in their ventilatory capacity
were more positive about their symptoms, com-
plaining of dyspnoeaon exertion, nocturnal dyspnoea,
and tightness in the chest. This tends to support the
statistical evidence that, although the reduction in
lung function of sensitized men is slight, a fairly high
proportion do appear to have long-term symptoms.

Discussion

Peters et al. (1970) demonstrated in men working in
low concentrations of isocyanates (apparently
below the TLV) that there was a persistent drop in
the FEV1 and FVC. This has not been found to be
the case in the group studied here. This result may be
criticized because the lack of reduction in lung
function in this group could be due to an artefact
arising from the removal from the plants of exposed
men who had developed symptoms and because there
is difficulty in constructing a valid control group for
the selected TDI-exposed group.
Examination of Table 1, however, shows that 74

of the original 256 men are still employed on the
TDI plants. Out of the number who left, 138 did so
for non-medical reasons. From Table 1 it can be
calculated that approximately 79% of the total
number of men who have worked on the plants from
one to 11 years show no signs of sensitization.

There is unfortunately no method whereby an
exactly comparable group of controls can be
obtained as the survivors on a TDI plant are self-
selected but, as already pointed out, the controls are
taken from the only possible comparable group, i.e.,
men living in the same area and doing a similar
type of work on non-TDI chemical plants.
Although the criticisms are to a certain extent valid,

it has been demonstrated that it is possible to work
on a TDI plant in areas of low exposure to TDI
(mainly below the present TLV of 0-02 ppm) without
developing respiratory symptoms.

In the group who have had to be removed from
the plants because of symptoms, the average FEV1
and FVC indicate a small but persistent drop below
the predicted level. In the men for whom pre-employ-
ment ventilation tests are available this reduction in
average FEV1 and FVC is caused by approximately
50% of the men (9 out of 20) being affected, the rest
showing no reduction. The MRC questionnaire
demonstrates that there is a significantly greater
number of men suffering from chest symptoms of
some description than in the control population.
This part of the study demonstrates that sensitization
to TDI can lead to long-term respiratory symptoms
with slightly impaired ventilatory function. The
cause of these effects has not as yet been established,
but there is general agreement that allergic mechan-
isms are involved in at least a proportion of cases
developing symptoms after exposure to TDI
(Reinl, 1953; Swensson, Holmquist, and Lundgren,
1955; Woodbury, 1956; Scheel, Killens, and
Josephson, 1964).
One of the puzzling features is the lack of con-

sistency in the presentation of symptoms in that
some men develop cough, dyspnoea, and broncho-
spasm within an hour of going onto the plant, while
others do not develop symptoms until some hours
after work, these coming on either while sitting in
front of the fire or in bed. This situation is further
complicated by the fact that the lag between ex-
posure and the development of symptoms diminishes
with duration of exposure, and eventually those men
who initially did not develop symptoms until some
hours after exposure develop them immediately
following further contact. In the majority of cases
the immediate symptoms are not due to primary
irritation in that the man is unaware of the presence
of TDI in the atmosphere and other men working in
the immediate vicinity are unaffected. A possible
explanation for this is the occurrence of type 1 and
type 3 sensitivity reactions in the same person.

Further discussion on this is outside the scope of
the present paper, and work on the immunological
aspect of TDI-sensitization is at present going on.
Those men in the present series who have persistent
symptoms or diminished lung function tests are those
in whom sensitization has taken place.
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