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Introduction 
The American Conference of Govern

mental Industrial Hygienists recommend a 
maximum permissible concentration of 
ozone of 0.1 ppm in industrial plants.^ We 
recently demonstrated that the passengers 
and crev^s of commercial jet airliners are 
exposed to mean concentrations of 0.3 to 
0.4 ppm during flight.^ It is therefore im
portant to determine if any impairment of 
pulmonary function can be demonstrated 
in subjects repeatedly exposed to similar 
concentrations of ozone over a period of 
some years. 

Kleinfeld et al described three cases of 
severe pneumonia in men vv̂ ho had been ex
posed to a concentration of approximately 
9 ppm of ozone for periods of 3 to 14 days 
v^hile engaged in argon-shielded electric arc 
v^elding.^'^ Other w^elders chronically ex
posed to 0.3 to 0.8 ppm had a high incidence 
of complaints of pharyngeal irritation and 
chest constriction, w^hile those exposed to 
concentrations below^ 0.3 ppm had no symp
toms.^ No studies of pulmonary function 
w êre carried out. 

Grisw^old et al demonstrated a decrease 
in vital capacity and timed capacity follov^-
ing an experimental exposure to 2.0 ppm of 
ozone for tw ô hours.^ Clamman and Ban-
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croft reported a fall in the pulmonary carbon 
monoxide diffusing capacity following ex
posures to 1.2 to 6.0 ppm for one to two 
hours.^ Bennett has recently reported a fall 
in one-second forced expiratory volume 
(FEVi.o) in a group of six subjects ex
posed to 0.5 ppm of ozone, three hours per 
day, six days per v̂ êek for 12 v^eeksJ A 
similar exposure to 0.2 ppm of ozone pro
duced no change. Challen ^ has reported 
symptoms of upper respiratory tract irrita
tion in 11 of 14 v^elders, on exposure to 
ozone concentrations of 0.8 to 1.7 ppm. 
These symptoms no longer occurred when 
the concentrations of ozone were reduced to 
approximately 0.2 ppm. 

Charr has described three welders with 
progressive respiratory illness of several 
years' duration.^ Lung biopsy was per
formed in two of these cases, of which one 
revealed a necrotizing bronchiolitis, epi-
thelialization of alveolar walls, extensive 
fibrosis, and infiltration with neutrophils and 
macrophages. These pathological findings 
are similar to those described in the lungs 
of animals exposed to ozone.^^'^^ They are 
not sufficiently specific, however, to exclude 
other irritants. 

It is evident that men engaged in argon-
shielded electric arc welding constitute a 
group of subjects likely to have frequent ex
posures to ozone and that any pulmonary 
damage done might be detected by tests of 
pulmonary function presently available. 
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Introduction 

The American Conference of Govern
mental Industrial Hygienists recommend a 
maximum permissible concentration of 
ozone of 0.1 ppm in industrial plants.1 We 
recently demonstrated that the passengers 
and crews of commercial jet airliners are 
exposed to mean concentrations of 0.3 to 
0.4 ppm during flight. 2 It is therefore im
portant to determine if any impairment of 
pulmonary function can be demonstrated 
in subjects repeatedly exposed to similar 
concentrations of ozone over a period of 
sorne years. 

Kleinfeld et al described three cases of 
severe pneumonia in men who had been ex
posed to a concentration of approximately 
9 ppm of ozone for periods of 3 to 14 days 
while engaged in argon-shielded electric arc 
welding.3,4 Other welders chronicaUy ex
posed to 0.3 to 0.8 ppm had a high incidence 
of complaints of pharyngeal irritation and 
chest constriction, while those exposed to 
concentrations below 0.3 ppm had no symp
toms.4 No studies of pulmonary function 
were carried out. 

Griswold et al demonstrated a decrease 
in vital capacity and timed capacity foUow
ing an experimentai exposure to 2.0 ppm of 
ozone for two hours.5 Clamman and Ban-
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croft reported a faU in the pulmonary carbon 
monoxide diffusing capacity following ex
posures to 1.2 to 6.0 ppm for one to two 
hours.6 Bennett has recently reported a faU 
in one-second forced expiratory volume 
(FEV1.o) in a group of six subjects ex
posed to 0.5 ppm of ozone, three hours per 
day, six days per week for 12 weeks.7 A 
similar exposure to 0.2 ppm 0 f ozone pro
duced no change. ChaUen 8 has reported 
symptoms of upper respiratory tract irrita
tion in 11 of 14 welders, on exposure to 
ozone concentrations of 0.8 to 1.7 ppm. 
These symptoms no longer occurred when 
the concentrations of ozone were reduced to 
approximately 0.2 ppm. 

Charr has described three welders with 
progressive respiratory iUness of several 
years' duration.9 Lung biopsy was per
formed in two of these cases, of which one 
revealed a necrotizing bronchiolitis, epi
thelialization of alveolar walls, extensive 
fibrosis, and infiltration with neutrophils and 
macrophages. These pathological findings 
are similar to those described in the lungs 
of animaIs exposed to ozone.10,11 They are 
not sufficiently specific, however, to exclude 
other irritants. 

l t is evident that men engaged in argon
shielded electric arc welding constitute a 
group of subjects likely to have frequent ex
posures to ozone and that any pulmonary 
damage done might be detected by tests of 
pulmonary function presently available. 
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TABLE 1.—Clinical Data 

Subject 

A 
B 
C 
D 
E 
F 
G 

Age, Yr 

48 
45 
51 
46 
36 
35 
46 

H t , In 

68 
66 
68 
68 
70 
66 
66 

Wt , L b 

170 
125 
206 
134 
172 
153 
125 

Cigarettes 
per D a y 

20 
30 
20 
12 
12 

H o z t 
20 

A-SW,* Yr 

10 
4 
5 

10 
10 
3 
2 

Cough 

Yes 
Yes 
Yes 
No 
No 
No 
No 

S p u t u m 

N o 
No 
Yes 
N o 
N o 
N o 
No 

Abnor . P h y s . 

Signs 

No 

Yes 
Yes 
No 
N o 
N o 
No 

* Argon-shielded electric arc welding, 
t Pipe tobacco. 

Methods 

The complete staff of seven full-time welders of 
an electronics factory were selected as subjects. 
All these men worked together in a room approxi
mately 40 by 20 by 15 ft subdivided into cubicles by 
canvas partitions about 6 ft high. Ventilation was 
only occasionally provided by opening one small 
window. At least one or two of the men were do
ing argon-shielded electric arc welding at all times 
throughout the working day. This task was shared 
about equally by the seven men who have done 
this type of welding for two to ten years. The 
mean concentration of ozone in the shop was found 
to be 0.2 to 0.3 ppm by the rubber cracking 
method.^ 

A full clinical history was taken with particular 
reference to illness involving the respiratory tract, 
and a thorough physical examination was per
formed. Each subject had had a chest x-ray re
ported as normal in the previous six months. The 
following measurements of pulmonary function 
were carried out: vital capacity, functional residual 
capacity (FRC), maximal midexpiratory flow rate, 
indirect maximum breathing capacity (FEV0.75 
X 4 0 ) , and carbon monoxide diffusing capacity 
at rest and on exercise. Normal values for all the 
resting measurements were calculated from the 
formulae of Bates et a l " and those for the exercise 

diffusing capacity from the formula of Donevan 
et al.^' 

Results 

The clinical data are shown in Table 1 
and the laboratory measurements in Table 
2. Only one individual (D) had symptoms 
which might be attributable directly to the 
presence of ozone. He complained that 
whenever he did argon-shielded electric arc 
welding, the work area soon became per
vaded with an irritating odor like that of 
burnt felt. He then developed soreness of 
the eyes and dryness of the mouth, throat, 
and trachea. His appetite, and his taste for 
cigarettes, disappeared until late in the eve
ning. 

Subjects A and B coughed only when 
smoking, while subject C reported a morn
ing cough productive of one-fourth cup of 
whitish sputum. In addition, subjects B and 
C gave a history of two attacks of pneumo
nia in earlier life. 

Examination of subject B revealed an oc
casional medium-pitched rhonchus over the 

TABLE 2.—Laboratory Data 

Subject 

A 
B 
C 
D 
E 
F 
G 

vc, 
P 

4.0 
3.8 
3.9 
4.1 
4.7 
4.1 
3.8 

Liters F R C , 

a p 

4.2 
3.1 
3.7 
3.2 
4.5 
3.1 
4.0 

3.2 
3.3 
2.9 
3.5 
3.5 
3.0 
3.3 

, Liters 

a 

3.5 
2.4 
3.0 
3.3 
3.6 
2.0 
4.0 

M M F R , 

P 

3.52 
3.53 
3.40 
3.60 
4.11 
3.94 
3.49 

L/Sec F E V 

a 

6.36 
2.85 
3.16 
3.50 
3.90 
4.12 
4.82 

0.76 X 

P 

112 
99 

118 
101 
134 
124 
97 

4 0 L / M i n 

a 

146 
93 

100 
105 
128 
106 
133 

Deo 
M l / M l 

P 

17.2 
17.7 
16.4 
17.8 
21.0 
20.5 
17.4 

(Rest) , 
m H g / M i n 

a 

16.8 
13.4 
22.9 
22.0 
15.1 
22.6 
13.1 

Deo (Exercise) 1 
M l / M m 

P 

32.8 
37.6 
33.0 
27.3 
40.2 
36.3 
27.3 

H g / M i n 

a 

43.6 
28.5 
37.1 
33.3 
36.5 
31.7 
24.4 

p indicates predicted; a, actual; VC, vital capacity; FRC, functional residual capacity; MMFR, maximal midexpiratory flow 
rate; FEVO.TS X 40, indirect maximum breathing capacity; Deo, carbon monoxide diffusing capacity. 
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TABLE 1.-C linical Data 

Subject Age, Yr Ht, In 

A 48 
B 45 
C 51 
D 46 
E 36 
F 35 
G 46 

• Argon-shielded electric arc welding. 
t Pipe tobacco. 

Methods 

68 
66 
68 
68 
70 
66 
66 

Wt, Lb 

170 
125 
206 
134 
172 
153 
125 

The complete staff of seven full-time welders of 
an electronics factory were selected as subj ects. 
All these men worked together in a room approxi
mately 40 by 20 by lS ft subdivided into cubicles by 
canvas partitions about 6 ft high. Ventilation was 
only occasionally provided by opening one small 
window. At least one or two of the men were do
ing argon-shielded electric arc welding at aU times 
throughout the working day. This task was shared 
about equally by the seven men who have done 
this type of welding for two to ten years. The 
mean concentration of ozone in the shop was found 
to be 0.2 to 0.3 ppm by the rubber cracking 
method.2 

A full clinical history was taken with particular 
reference to iUness involving the respiratory tract, 
and a thorough physical examination was per
formed. Each subject had had a chest x-ray re
ported as normal in the previous six months. The 
following measurements of pulmonary function 
were carried out: vital capacity, functional residual 
capacity (FRC), maximal midexpiratory flow rate, 
indirect maximum breathing capacity (FEVo.75 
X 40), and carbon monoxide diffusing capacity 
at rest and on exercise. Normal values for an the 
resting measurements were calculated from the 
formulae of Bates et al 12 and those for the exercise 

Cigarettes A bnor. Phys. 

per Day A-SW,· Yr Cough Sputum Signs 

20 10 Yes No No 

30 4 Yes No Yes 

20 5 Yes Yes Yes 

12 10 No No No 

12 10 No No No 

72 oz t 3 No No No 

20 2 No No No 

diffusing capa city from the formula of Donevan 
et aJ.13 

Results 

The c1inical data are shown in Table 1 
and the laboratory measurements in Table 
2. Only one individual (D) had symptoms 
which might be attributable directly to the 
presence of ozone. He complained that 
whenever he did argon-shielded electric arc 
welding, the work are a soon becalne per
vaded with an irritating odor like that of 
burnt felt. He then developed soreness of 
the eyes and dryness of the mouth, throat, 
and trachea. His appetite, and his taste for 
cigarettes, disappeared until late in the eve
nlng. 

Subjects A and B coughed only when 
smoking, while subject C reported a morn
ing cough productive of one-fourth cup of 
whitish sputum. In addition, subjects Band 
C gave a history of two attacks of pneumo
nia in earlier li fe. 

Examination of subject B revealed an oc
casional medium-pitched rhonchus over the 

TABLE 2.-Laboratory Data 

Dco (Rest), Dco (Exercise). 
VC, Liters FRC, Liters MMFR, L/Sec FEV o. 7 6 X 40L/Min Ml/Mm Hg/Min Ml/Mm Hg/Min 

...------'-----. 

Subject p a p a p a p a p a p a 

A 4.0 4.2 3.2 3.5 3.52 6.36 112 146 17.2 16.8 32.8 43.6 
B 3.8 3.1 3.3 2.4 3.53 2.85 99 93 17.7 13.4 37.6 28.5 
C 3.9 3.7 2.9 3.0 3.40 3.16 118 100 16.4 22.9 33.0 37.1 
D 4.1 3.2 3.5 3.3 3.60 3.50 101 105 17.8 22.0 27.3 33.3 
E 4.7 4.5 3.5 3.6 4.11 3.90 134 128 21.0 15.1 40.2 36.5 
F 4.1 3.1 3.0 2.0 3.94 4.12 124 106 20.5 22.6 36.3 31.7 
G 3.8 4.0 3.3 4.0 3.49 4.82 97 133 17.4 13.1 27.3 24.4 

p indicates predicted; a, actual; VC, vital capacity; FRC, functional residual capacity; MMFR, maximal midexpiratory flow 
rate; FEVo.76 X 40, indirect maximum breathing capacity; Dco, carbon monoxide diffusing capacity. 
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right anterior chest, cleared by cough, while 
in subject C transient rhonchi and a few 
fine basal rales were heard bilaterally. The 
remainder were free from signs and symp
toms. 

Three subjects (B, D, and F) showed a 
reduction in vital capacity. In one subject 
(D) , this was an isolated finding. In a 
second ( F ) , it was accompanied by a dimin
ished FRC, the significance of which is un
certain in the presence of normal findings in 
other respects. The third (B) showed a re
duction in all measurements. Subject E 
showed a reduction in the diffusing capacity 
at rest. However, as all other measurements, 
including the exercise diffusing capacity, 
were within normal limits, this finding is 
probably of no significance. 

Comment 
The only man with symptoms possibly at

tributable to ozone had no abnormal physical 
signs but did have a reduced vital capacity. 
Of the three men with cough (A, B, and C), 
two (B and C) had a history of previous 
pneumonia, and these were the only subjects 
who had abnormal physical signs. Only one 
of these (B) , however, had abnormaUties of 
pulmonary function. The pneumonia pre
ceded the occupational exposure in all cases. 

The abnormalities in the measurements of 
pulmonary function show no relationship to 
the number of years spent at argon-shielded 
electric arc welding; this finding suggests 
that the abnormalities were not caused by the 
occupational exposure to ozone. There is no 
obvious relationship to age or smoking 
habits, but this is difficult to assess in such a 
small number of individuals of similar age 
and habits. 

In three of the men (B, D, and E) the 
measured vital capacity was below the pre
dicted value by 0.7,  0.9, and 1.2 liters re
spectively. This measurement has a wide 
range in normals, and it is, therefore, difficult 
to attach any precise measurement of signifi
cance to this observation. It cannot be dis
missed entirely, however, in view of 
Griswold's observation of a fall in vital 

capacity following an experimental ozone ex
posure.^ 

The finding of some deviation from pre
dicted values in measured pulmonary func
tion in three of seven smokers between the 
ages of 35 and 51, with an occupational ex
posure to dusts and fumes, is not unusual. 
Also there is the suggestion that in one case 
(B) the abnormalities are due to pre-existing 
chronic pulmonary disease. Our data demon
strate no major consequences on pulmonary 
function of repeated exposures to very low 
concentrations of ozone. 

Some reservations are necessary in draw
ing conclusions from these data. First, the 
group of subjects is a rather small sample. 
Second, there may exist some degree of auto
matic selection of subjects, whereby particu
larly ozone-sensitive individuals may tend to 
transfer from argon-shielded electric arc 
welding to another type of work. The com
plete elimination of symptoms of upper 
respiratory tract irritation by reduction of 
ozone levels from 0.8 to 1.7 ppm to 0.2 ppm, 
as reported by Challen, is, however, in agree
ment with our viewpoint.^ Bennett's recent 
work showing that chronic experimental ex
posure to 0.2 ppm of ozone produces no im
pairment of vital capacity or one-second 
forced expiratory volume also is in agree
ment with our findings.''̂  The fact that 
a similar exposure to 0.5 ppm did produce a 
significant fall in the FEVi.o suggests that 
the welding shop we have studied is operat
ing close to the limit of safety. 

Summary an d Conclusion s 

1. Seven men engaged in argon-shielded 
electric arc welding were examined clinically 
and by measurements of pulmonary function 
for evidence of respiratory damage at
tributable to ozone. The mean concentra
tion of ozone in the welding shop was 0.2 
to 0.3 ppm. 

2. One man had symptoms associated with 
the argon-shielded electric arc welding. 
Three had a slight cough associated with 
smoking, and two of these, both of whom 
gave a past history of pneumonia, had ab
normal physical signs in the chest. 
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right anterior chest, cleared by cough, while 
in subject C transient rhonchi and a few 
fine basal raIes were heard bilaterally. The 
remainder were free from signs and symp
toms. 

Three subjects CB, D, and F) showed a 
reduction in vital capacity. In one subject 
(D), this was an isolated finding. In a 
second CF), it was accompanied by a dimin
ished FRC, the significance of which is un
certain in the presence of normal findings in 
other respects. The third C B) showed a re
duction in all measurements. Subject E 
showed a reduction in the diffusing capacity 
at reste However, as all other measurements, 
including the exercise diffusing capacity, 
were within normal limits, this finding is 
probably of no significance. 

Comment 

The only man with symptoms possibly at
tributable to ozone had no abnormal physical 
signs but did have a reduced vital capacity. 
Of the three men with cough (A, B, and C), 
two (B and C) had a history 0 f previous 
pneumonia, and these were the only subjects 
who had abnormal physical signs. Only one 
of these (B), however, had abnormalities of 
pulmonary function. The pneumonia pre
ceded the occupational exposure in all cases. 

The abnormalities in the measurements of 
pulmonary function show no relationship to 
the number of years spent at argon-shielded 
electric arc welding; this finding suggests 
that the abnormalities were not caused by the 
occupational exposure tO' ozone. There is no 
obvious relationship to age or smoking 
habits, but this is difficult to assess in such a 
small number of individuals of similar age 

and habits. 
In three of the men (E, D, and E) the 

measured vital capacity was below the pre
dicted value by 0.7, 0.9, and 1.2 liters re
spectively. This measurement has a wide 
range in normals, and it is, therefore, difficult 
to attach any precise measurement of signifi
cance to this observation. l t cannot be dis
missed entirely, however, in view of 
Griswold's observation of a faB in vital 
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capacity following an experimental ozone ex
posure.5 

The finding of sorne deviation from pre
dicted values in measured pulmonary func
tion in three of seven smokers between the 
ages of 35 and 51, with an occupational ex
po sure to dusts and fumes, is not unusual. 
Aiso there is the suggestion that in one case 
(B) the abnormalities are due to pre-existing 
chronic pulmonary disease. Our data demon
strate no major consequences on pulmonary 
function of repeated exposures to very low 
concentrations of ozone. 

Sorne reservations are necessary in draw
ing conclusions from these data. First, the 
group of subjects is a rather small sample. 
Second, there may exist sorne degree of auto
matic selection of subjects, whereby particu
lady ozone-sensitive individuals may tend to 
transfer from argon-shielded electric arc 
welding to another type of work. The com
plete elimination of symptoms of upper 
respiratory tract irritation by reduction of 
ozone levels f rom 0.8 to 1.7 ppm to 0.2 ppm, 
as reported by Challen, is, however, in agree
Inent with our viewpoint. 8 Bennett's recent 
work showing that chronic experimental ex
posure to 0.2 ppm of ozone produces no im
pairment of vital capacity or one-second 
forced expiratory volume also is in agree
ment with our findings. 7 The fact that 
a similar exposure to 0.5 ppm did produce a 
significant fall in the FEV 1.0 suggests that 
the welding shop we have studied is operat
ing close to the limit of safety. 

Summary and Conclusions 

1. Seven men engaged in argon -shielded 
electric arc welding were examined clinically 
and by measurements of pulmonary function 
for evidence of respiratory damage at
tributable to ozone. The mean concentra
tion of ozone in the welding shop was 0.2 
to 0.3 ppm. 

2. One man had symptoms associated with 
the argon-shielded electric arc welding. 
Three had a slight cough associated with 
smoking, and two of these, both of whom 
gave a past history of pneumonia, had ab
normal physical signs in the chest. 
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3. The measurements of pulmonary func
tion were: vital capacity, functional residual 
capacity (FRC), maximal midexpiratory 
flow rate, indirect maximum breathing ca
pacity, and carbon monoxide diffusing capac
ity at rest and on exercise. Four of the seven 
showed no abnormality in any of the pul
monary function measurements. Three men 
had vital capacities below those predicted. 
In one, the only subject with symptoms pos
sibly attributable to ozone, it was an isolated 
finding. In a second it was accompanied by a 
diminished FRC and in a third by a slight-
to-moderate diminution in all the other 
measurements. However the history and 
physical examination suggested that this man 
had some pre-existing pulmonary disease. 

4. These findings indicate that exposures 
to these low concentrations of ozone do not 
cause impairment of air flow or of pulmonary 
diffusion. However, recent evidence that 
slightly higher levels of ozone produced a 
decrease in the one-second forced expiratory 
volume suggests that they are approaching 
the limit of safety. 

D. B. Shaw, MD, Cardio-Respiratory Service, 
Royal Victoria Hospital, Montreal 2, Canada. 
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3. The measuren1ents of pulmonary func
tion were: vital capacity, functional residual 
capacity (FRC), maximal Inidexpiratory 
flow rate, indirect maxitnum breathing ca
pacity, and carbon monoxide diffusing capac
ity at rest and on exercise. Four of the seven 
showed no abnonnality in any of the pul
monary function measurements. Three men 
had vital capacities below those predicted. 
In one, the only subject with symptoms pos
sibly attributable to ozone, it was an isolated 
finding. In a second it was accompanied by a 
diminished FRC and in a third by a slight
to-moderate diminution in aU the other 
measurements. However the history and 
physical examination suggested that this man 
had sorne pre-existing pulmonary disease. 

4. These findings indicate that exposures 
to these low concentrations of ozone do not 
cause impairment of air flow or of pulmonary 
diffusion. However, recent evidence that 
slightly higher levels of ozone produced a 
decrease in the one-second forced expiratory 
volume suggests that they are approaching 
the limit of safety. 

D. B. Shaw, MD, Cardio-Respiratory Service, 
Royal Victoria Hospital, Montreal 2, Canada. 
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