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as a control because the kind of work was more com-
parable with that in the Forming department.

In the investigation of ventilatory capacity, the Plate
Cutting department was thought to be as suitable a
control department as Assembly or Pasting and was
chosen for administrative reasons.

Working conditions
Working conditions are summarized in Table 1.
The Forming department was unheated, with wet

floors and open jack-roof ventilation which allowed the
acid mist to escape and outside air to enter. The men
wore rubber boots and aprons, and surplus Army cloth-
ing which became rotted by the acid. They loaded pasted
plates into racks in tanks and burnt a lead strip on to the
lugs.

TABLE 1
WORKING CONDITIONS OF DEPARTMENTS

Physical
Department H2S04 Heating Floors work

mist load

Forming .. Present Nil Wet Moderately
heavy

Assembly .. Absent Good Dry Light

Pasting .. Absent Good Wet Moderately
heavy

Plate cutting Absent Good Wet Moderately
heavy

The Assembly department was dry and well heated.
The men wore cotton overalls. They assembled plates and
separators into boxes to make the finished battery.
The Pasting and Plate Cutting departments had wet

floors but were well heated. The men wore rubber boots
and aprons over cotton overalls. Pasting men pressed
lead oxide paste into the meshes of lead grids by hand or
machine. Plate Cutting men cut and cleaned formed
plates. The work was judged to be moderately heavy in
all departments except Assembly, where it was light.

Methods

Sickness absence
The sickness absence records of two groups of men were
analysed. One group, 'workers', comprised all the men
who were still employed in the Forming, Assembly, and
Pasting departments on December 31, 1962. Their
sickness absence between 1950 and 1962 inclusive was
investigated.
The second group, 'ex-workers', comprised all the men

who had left the Forming or Assembly departments
between 1955 and 1962 inclusive. Their sickness absence
between January 1, 1955 and the date of leaving was
investigated. (No records prior to these dates were avail-
able. Pasting 'ex-workers' were not included because
their numbers were small.)
The length of exposure to sulphuric acid mist of both

the 'workers' and 'ex-workers' in Forming varied from

a few days to more than 40 years.
For all spells of certified absence attributed to sickness,

the diagnosis entered by the general practitioner on the
first National Insurance Medical Certificate was extracted
from the Personnel records and assigned to one of six
classes. The classes, and the International Classification
of Diseases (World Health Organization, 1967) code
numbers of the diagnoses, were as follows:

Class
I Influenza
II Other upper respiratory

tract infection
III Bronchitis
IV Other lower respiratory

tract infection
V Injury
VI Other illness

LC.D. No.
471
034, 460, 462, 463, 464,
501, 503
466, 490, 491
464, 471, 481, 484, 511,
514
N844, N845
011, 471, 472, 473, 474,
493, 717.9, 724.1, 725,
731, 783.7, 788.8, 788.9,
N846, N847.9, N848

There is some overlap, e.g., 464 occurs in class II
(laryngitis) and class IV (tracheitis).
The diagnosis from the first National Insurance

Medical Certificate, although possibly less accurate than
a subsequent one, was taken to ensure that the diagnosis
used was that of the primary disease rather than of a
complication.
The date of birth, the dates of entering and leaving

employment, and the date of the beginning of each
sickness absence spell were extracted from the records.
For the men in each department, both 'workers' and 'ex-
workers', the number of man-years at risk, and the
number of observed spells of absence in each disease
class, were determined for each of the nine five-year age
groups between 20 and 65 (20-24, 25-29,... 60-64). In
any year, men entering employment after June, or leaving
employment before July, were counted as half a man-
year; entry before July, or leaving after June, was
counted as one man-year. For each class of disease the
expected number of spells of absence in each five-year
age group in each department in both 'workers' and 'ex-
workers' was calculated by applying proportionally to the
number of man-years the rate of all men combined in that
age group.
The numbers of observed and expected spells in each

five-year age group were then summed to obtain the
numbers in younger (20-34 years) and older (35-64 years)
men. The total number of men and the number of men
having one or more spells of respiratory disease (classes I,
II, III and IV combined) in each department and group
were determined subsequently.

Ventilatory capacity
All men on the 2 p.m.-10 p.m. shift in the Forming and
Plate Cutting departments were asked to attend the
Medical department before starting work and at the end
of the shift on the first day (Monday) and the last day
(Friday) of one working week. Measurements of the
forced expiratory volume over one second (F.E.V.1.0) and
the forced vital capacity (F.V.C.) of each man were made
throughout by one of three observers with a Gaensler-
type spirometer (McKerrow, McDermott, and Gilson,
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1960). Five blows were made for readings of F.E.V.1.0
and then two blows for F.V.C. The F.E.V.1.o was
calculated as the mean of the last three readings, and the
F.V.C. as the mean of the two readings.

Results

Sickness absence
Table 2 shows the number of man-years at risk in

younger (20-34 years) and older (35-64 years) men
in each group and department.

Table 3 shows observed and expected spells of
sickness absence in younger and older men for each
class of disease, for all respiratory disease, and for
all diseases combined. Because of the variation in the
number of spells of sickness absence contributed by
different individuals, no tests of statistical signi-
ficance were made. For all respiratory disease both
younger and older Forming 'workers' and 'ex-
workers' have more spells than expected, and
Assembly 'workers' have fewer. Bronchitis (class
III) and, to a lesser extent, the other respiratory
diseases (classes I, II, and III) show a broadly
similar pattern.

But in class VI (all other diseases) Forming
'workers' have fewer spells than expected for all ages
combined, as do Assembly 'workers'.

'Ex-workers' from Forming, and to a lesser extent
from Assembly, show more observed spells than
expected in both older and younger men in the
majority of disease classes.
The excess of respiratory disease spells in Forming

could result from a greater proportion of men

attacked or from a larger number of spells in
attacked men. For each department and group the
total number of men, the number of men having one

or more spells of respiratory disease (men attacked),
and the number of spells of respiratory disease were

calculated. The results are shown in Table 4 together
with the number of man-years, the period prevalence
of respiratory sickness absence calculated as the
number of men attacked per 100 man-years, and the
mean attack rate of respiratory disease, calculated
as the number of spells per man-year. The number of
spells of all diseases combined, and the number of
these spells per man-year are also shown in Table 4.

It can be seen that the increased attack rate of
respiratory disease in Forming 'workers' is not
accompanied by a commensurate increase in period
prevalence. The difference in period prevalence
between the 'workers' in Forniing and Pasting is not
significant.

These results suggest that the increased number of
spells of respiratory disease in men exposed to
sulphuric acid mist was accounted for by an increased
incidence of spells in attacked men and not by an

increased proportion of men attacked.

Ventilatory capacity
Complete sets of readings were obtained from 29 of
the 31 Forming men and from 16 of the 17 Plate
Cutting controls. Of the remaining three men, the
F.V.C. of two exceeded the capacity of the spiro-
meter and the third man was absent on one day. The
incomplete sets of readings were excluded from the
results.

In neither department did the overall F.E.V.1.0 or

F.V.C. at the beginning of the Monday shift differ
significantly from those on the Friday.

In both departments there were decreases in mean
F.E.V.1. and mean F.V.C. during both shifts. In
Forming, the decreases in both tests were statistically
significant on both days. In Plate Cutting only the
decrease in F.E.V.1.0 on the Friday was significant
(Table 5).
The mean changes in F.E.V.1.0 and F.V.C. on the

Monday shift did not differ significantly from those
on Friday in either department.
On neither day were the mean changes in F.E.V.1.0

and F.V.C. in the Forming department significantly
different from those in Plate Cutting.

Discussion
Concentration and particle size of the sulphuric acid
mist
In this Forming department Anfield and Warner
(1968 and personal communication) found a mean

concentration of 1-4 mg. H2SO4/m.3 (ranging from
a trace to 61 mg./m.3) from 38 observations made
on two days; Malcolm and Paul (1961) found that
concentrations varied from 3*0 to 16-6 mg./m.3 on

BLE 2
NUMBER OF MAN-YEARS AT RISK OF YOUNGER AND OLDER MEN

Age Workers Ex-workers
(years) _ _ _

Forming Pasting Assembly Forming Assembly

20-34 .. .. .. .. 242 207-5 547 49-5 98
35-64 .. .. .. .. 838-5 604 854 280 173

20-64 .. .. .. .. 1,080-5 811-5 1,401 329-5 271
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TABLE 3
OBSERVED (0) AND ExPECTED (E) SPELLS OF SICKNESs ABSENCE BASED ON THE OVERALL RATE

IN EACH OF NINE FiVE-YEAR AGE GROUPS, By DISEASE CLASS, AGE RANGE, GROUP
AND DEPARTMENT

Workers Ex-wvorkers
Disease Age

class range Forining Pasting Assembly Forming Assembly
0 E 0 E 0 E 0 E 0 E

20-34 27 16 1 1 14 27 37 4 3 9 7
Influenza *. . . 35-64 59 55 38 40 56 59 15 17 14 1 1

20-64 86 71 49 54 83 96 19 20 23 18

11*... .. .. ~20-34 26 20 20 17 34 45 5 4 10 9
Other upper respiratory 35-64 40 38 17 27 42 41 23 12 3 7

tract disease-

20-64 66 58 37 44 76 86 28 16 13 16

HI.. .. .. .. ~~20-34 10 5 5 5 6 12 4 1 1 2
Bronchitis *. . . 35-64 53 44 32 32 29 41 19 1 7 1 1 10

20-64 63 49 37 37 35 53 23 18 12 12

IV. .. . . 20-34 4 2 2 2 2 5 1 0 1 1
Other lower respiratory 35-64 8 8 6 6 10 8 2 3 0 1

tract disease

20-64 12 10 8 8 12 13 3 3 1 2

All respiratory disease .. 20-34 67 43 38 38 69 99 14 8 21 19
35-64 160 145 93 105 137 149 59 49 28 29

20-64 227 188 131 143 206 248 73 57 49 48

v *. .. . . 0-34 10 9 5 8 18 20 4 2 6 4
Injury .. . . 35-64 18 21 21 15 20 21 7 7 2 4

20-64 28 30 26 23 38 41 1 1 9 8 8

VI . .. . . 20-34 44 35 28 30 62 79 10 7 21 14
All other . .. 35-64 147 175 139 124 130 161 106 67 41 36

20-64 191 210 167 154 192 240 116 74 62 50

All diseases *. . . 20-64 446 427 324 319 436 530 200 140 119 108

TABLE 4
PERIOD PREVALENCE AND ATTACK RATE OF RESPIRATORY DISEASE, AND ATTACK ]RATE
OF ALL DiSEASES COMBINED, By GROUP AND DEPARTMENT (FOR DETAILS, SEE TEXT)

Workers Ex-workers

Forining Pasting Assembly Forming Assembly

Men (N) .. . . . . 133 100 228 71 86
Man-years (M) . .. . .. 1,080-5 811P5 1,401 329-5 271
Respiratory disease
Men attacked (n) .. . . 81 58 95 31 31
Total spells (s) . .. . .. 227 132 203 72 50
Period prevalence (n/M x 100) .. 750 7-15 6-78 9-41 11*4
Spells/man-year (s/M). .. . 0-210 0-163 0-145 0-219 0-185

All disease
Total spells (5) .. . . 446 324 436 200 119
Spells/man-year (S/M) . .. 0-413 0-399 0-311 0-607 0-439
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TABLE 5
DECREASES IN MEAN F.E.V.1.0 AND MEAN F.V.C.

(LITRES) DURING THE SHIFT

Forming Plate cutting

F.E.V-.l- Monday 0161 0-07
Friday 0161 0121

F.V.C. .. Monday 0-162 0 04
Friday 0-171 0-09

lp < 0-01 2 p < 0-05.

one day. In another Forming department, Waller
(1962) found a mean concentration of 2-7 mg./m.3
with a mass median diameter of 14 ,t, and 4O% by
mass were less than 4 IL diameter. Since sulphuric
acid is hygroscopic, the particle size may become
larger still during inhalation. Thus, although the
concentration of acid mist in this Forming depart-
ment was sufficient to cause considerable erosion of
the teeth and exceeded the threshold limit value of
1 mg./m.3 (American Conference of Governmental
Industrial Hygienists, 1968), the absence of any con-

siderable lower respiratory tract disease might be
due to large particle size.

Sickness absence
The number of spells of sickness absence per man-

year (Table 4) in 'workers' varied from 0-31 in
Assembly to 041 in Forming. Similar rates have
been found in bus drivers and conductors (London
Transport Executive, 1956) and in the rubber
industry (Rubber Manufacturing Employers' Asso-
ciation, 1966), and somewhat higher rates, about
0 65, in an oil refinery (Taylor, 1967).
The rates in 'ex-workers', 0 44 in Assembly and

0-61 in Forming, are higher than in 'workers'.
Similar findings in other industries were reported by
Buzzard and Shaw (1952) and Taylor (1967).

In the individual disease classes there is an excess
of spells of respiratory disease, especially bronchitis,
in Forming, and a deficiency in Assembly, although
the prevalence of respiratory disease differs little
between the two departments. An excess of spells in
Forming was not found for other diseases. It there-
fore seems likely that there are one or more factors
present in Forming which are specifically associated
with bronchitis and other respiratory disease in
susceptible individuals. This is confirmed by the
clinical impression made by four men who were

transferred from the Forming to other departments
in 1963 on account of lower respiratory tract disease.
Two of the men, who had been employed less than
two years, had no further attacks during the next
five years. The attack rates of the other two dropped
from 1-4 per year over five years to 0-8 per year over
five years, and from 2-0 per year over two years to

0-6 per year over five years.
Since the men in the Forming department were

working in 'outdoor' conditions as well as in sul-
phuric acid mist, it is conceivable that the present
findings were due to ill-defined factors known to be
present in industrial Lancashire (Fairbairn and Reid,
1958). But taken in conjunction with the findings of
Sim and Pattle (1957) described previously, it seems
more likely that there is individual respiratory
susceptibility to sulphuric acid mist.

Ventilatory capacity
The statistically significant decreases in mean
F.E.V.,.0 and F.V.C. during the shift (Table 5)
might be attributed to circadian variation. In their
investigation of circadian variation of ventilatory
capacity in shift workers, Guberan, Williams,
Walford, and Smith (1969) found mean falls of some
0 05 litre in both F.EV.1.0 and F.V.C. during the
afternoon (2 p.m.-10 p.m.) shift.
Amdur et al. (1952) found that the inhalation of

sulphuric acid mist by human subjects for 15 minutes
produced falls in expiratory and inspiratory flow
rates over the first few minutes of exposure but that
these returned to normal within 3 minutes of the end
of exposure. The absence of statistically significant
differences in F.E.V.1.0 and F.V.C. between the
Forming men and the Plate Cutting controls could
be due to the time of several minutes which elapsed
between exposure to acid mist in Forming and
observations of ventilatory capacity in the Medical
department.

Summary and conclusions

Compared with control groups, men exposed to high
concentrations of sulphuric acid mist in a Forming
department had a slight excess of spells of respiratory
disease, particularly bronchitis, but not of other
disease. There was an increased number of spells in
attacked men rather than an increased proportion of
men attacked. The absence of a marked excess of
lower respiratory tract disease might be due to large
mist particle size.

Tests of change of ventilatory capacity during the
afternoon shift on a Monday and Friday in Forming
men did not differ significantly from those in a
control group. The results of both groups were con-
sistent with the known circadian variation.

It will be of interest to determine whether tooth
erosion and the excess of spells of respiratory disease
are eliminated by the installation of local exhaust
ventilation.

I am very grateful to Dr. D. Malcolm for suggesting this
investigation and to the Directors of Electric Power
Storage Ltd. for permission to undertake it; to Mrs. B.
Roughley and the Personnel Department for much
clerical assistance; to Miss I. Dingwall-Fordyce and
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Mr. M. K. Molyneux for help with the spirometry; to
Miss Joan Walford and Miss Rosemary Wood for
statistical assistance; and to Dr. G. A. Rose for advice.
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