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Abnormalities of pulmonary function and pleural disease
among titanium metal production workers
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GARABRANT DH, FINE LJ, OLIVER C, BERNSTEIN L, PETERS JM. Abnormalities of pulmonary
function and pleural disease among titanium metal production workers. Scand J Work Environ Health
13 (1987) 47 —51. The authors conducted a cross-sectional survey of respiratory disease among 209 tita-
nium metal production workers. Work in areas where there was exposure to titanium tetrachloride and
titanium dioxide particulates was associated with reductions in ventilatory capacity. Pleural disease (plaques
and diffuse thickening) was present in the chest radiographs of 17 % of the subjects and was associated
with the duration of work in titanium manufacturing. It was also associated with past asbestos exposure.
After control for asbestos exposure, it remained associated with titanium manufacturing. The findings
are consistent with the hypothesis that titanium tetrachloride and titanium dioxide particulates may be
associated with a reduction in ventilatory capacity and that the overall process of titanium manufacturing

may be associated with unexpected pleural disease.
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Titanium metal is produced by the reduction of tita-
nium tetrachloride with metallic sodium to yield a sol-
id mixture of sodium chloride and titanium. This mix-
ture is chipped into small pieces with pneumatic ham-
mers, and the sodium chloride is removed by washing
the pieces with hydrochloric acid, which leaves behind
small lumps of high-purity titanium. Workers involved
in the chipping and washing process are exposed to a
mixed aerosol of titanium, sodium chloride, and hy-
drochloric acid, while workers involved in the reduc-
tion process are exposed to titanium tetrachloride va-
por, titanium oxychloride (TiOCl,), and titanium di-
oxide particulates. In addition workers in the reduc-
tion process may be exposed to welding fumes gen-
erated in the maintenance and repair of the reduction
vessels.

The respiratory health risks of this process are not
known. Information on toxicologic aspects is available
for some of the potential exposures. Titanium metal
is believed to be biologically inert (2), but there are
no reports on the pulmonary response to the inhala-
tion of titanium particulates. Titanium dioxide given
to rats by inhalation results in small subpleural depo-
sits of the dust and focal areas of emphysema around
the dust aggregates (3). Inhalation studies with rab-

! Division of Occupational Health, University of Southern
California School of Medicine, Los Angeles, California
90033, United States.

2 University of Michigan School of Public Health, Ann Ar-
bor, Michigan 48109, United States.

3 Medical Services (Pulmonary Unit), Massachusetts Gener-
al Hospital, Boston, Massachusetts 02114, United States.

Reprint requests to: Dr DH Garabrant, Division of Occupa-
tional Health, Department of Preventive Medicine, Univer-
sity of Southern California School of Medicine, 1420 San
Pablo, B-306, Los Angeles, CA 90033, USA.

bits have demonstrated decreases in pulmonary func-
tion accompanied by thickening of the alveolar sep-
tae (1). Pathological study of lung specimens from hu-
mans who have been heavily exposed to titanium di-
oxide has shown that the dust accumulates in the al-
veolar epithelium and on the surface of the lung and
that subpleural fibrosis occurs (4). The severity of this
reaction appears to be slight. Titanium tetrachloride
is an extremely hazardous material which reacts vio-
lently with water to liberate heat and produce hydro-
chloric acid and titanium dioxide. Repeated exposures
of dogs to titanium tetrachloride vapor at an average
concentration of 8.4 ppm produced pulmonary reac-
tions similar to those produced by silica; the reactions
were characterized by a reduced pulmonary ventila-
tion capacity and proliferation of connective tissue
(14). Acute inhalation produces intense chemical
bronchitis and pneumonitis (8) and diffuse endobron-
chial polyposis (12).

We conducted the present cross-sectional investiga-
tion to determine whether there was evidence of res-
piratory disease among a cohort of titanium produc-
tion workers. In the plant studied, there were separate
areas for the reduction process and the chipping and
washing process. Workers rotated job assignments
within these areas but did not rotate between them.
Maintenance and service personnel worked throughout
the plant. Because of these work patterns it was pos-
sible to define three exposure groups.

Subjects and methods

Subjects and survey procedures

All 209 employees who were present in the plant dur-
ing the two-week study period participated in the study.
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Forty-five employees who were absent from work be-
cause of vacation or illness during the study period
were not included. The examination of each subject
included the administration of a health questionnaire,
a physical examination, pulmonary function testing,
and chest radiography.

The questionnaire of the American Thoracic Socie-
ty Epidemiology Standardization Project (5) was ad-
ministered by interview to assess the prevalence of
chronic respiratory symptoms, past medical history,
and smoking history. A complete occupational histo-
ry was also obtained. We determined previous asbes-
tos exposure by asking each subject if he/she had ever
engaged in occupations in which asbestos was used and
by asking specifically about work in occupations with
likely asbestos exposure. Each participant underwent
a physical examination by a physician to determine the
presence of adventitious chest sounds and finger club-
bing. In addition, each subject was instructed to take
a deep breath and cough hard; the examining physi-
cian judged the cough to be loose (productive) or dry
(unproductive) by its sound, using the method of Gan-
devia (6).

In the determination of the exposure group to which
each participant belonged, the company work records
were abstracted for job title and dates of service. Three
exposure groups were defined. Reduction workers were
defined as those who had spent at least six months in
the reduction area. Chipping and washing workers
were defined as those who had spent at least six months
in the chipping and washing area but who had spent
less than six months in the reduction area. Maintenance
and service workers were defined as those who had
spent less than six months in production jobs (reduc-
tion or chipping and washing). Maintenance and ser-
vice workers performed repair jobs in each production
area, but the time spent in each area was considerably
less than that of the production workers who were as-
signed there full time.

A single 14 x 17-inch (35.6 X 43.2-cm) posteroante-
rior chest radiograph was obtained for each subject.
Radiographs were read by a certified ‘‘B”’ reader of
the National Institute for Occupational Safety and
Health (NIOSH) according to the criteria of the In-
ternational Labour Office (ILO) (7). They were read
without knowledge of the subject’s age, exposure his-
tory, or other information.

Spirometry was performed in the plant by trained
technicians using a Stead-Wells spirometer, according
to the recommended standard procedures for pulmo-
nary function testing of the American Thoracic Society
(5). The spirometer was calibrated and checked for
leaks at the start of each session. The technicians were
unaware of the subjects’ exposure histories. Each sub-
ject completed a minimum of three acceptable forced
expiratory maneuvers. The maximum value of the
forced expiratory volume in 1 s (FEV,,) was read
from the spirograms and used as the index of ventila-
tory capacity in the analysis, after adjustment to body
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temperature and ambient pressure saturated with wa-
ter vapor.

Statistical analysis

Respiratory symptoms, objective cough, adventitious
chest sounds, and finger clubbing were analyzed in
comparisons of the prevalence of each finding among
the three exposure groups. Fisher’s exact test (13) was
used to determine whether the prevalence in each group
differed from that in the other groups.

For the purpose of analysis, cough was defined as
a usual cough as much as four to six times a day, four
or more days of the week for three consecutive months
or more during the year. Phlegm was defined as usual
phlegm as much as twice a day four or more days of
the week for three consecutive months or more during
the year. Chronic bronchitis was defined with the same
criteria as phlegm but with a duration of at least two
years. Wheezing with dyspnea was defined as ever hav-
ing an attack of wheezing accompanied by shortness
of breath. Dyspnea on exertion was defined as having
to walk slower than people of the same age on a level
surface because of breathlessness, or worse.

Stepwise multiple regression techniques were used
to analyze the relationship between the FEV, , and
the height, age, duration of smoking, pack-years of
cigarette smoking, and the duration of time worked
in each exposure area. These procedures were per-
formed with the SPSS batch system (11).

Abnormalities in the chest radiographs were ana-
lyzed in relation to the duration of employment and
in relation to past asbestos exposure by means of con-
tingency tables. Rate ratios were calculated, and sig-
nificance testing was performed with Fisher’s exact test
(13). Multiple logistic regression models were also used
to assess the effects of asbestos exposure, smoking,
age, and work in the titanium industry on the pres-
ence or absence of pleural thickening with the use of
the GLIM system (10).

Results

The three exposure groups were comparable in terms
of the number of years they had been employed in ti-
tanium manufacturing, education, height, race, and
sex. The maintenance workers were slightly older and
had smoked longer than the other two groups. The
mean ages of the three groups were: maintenance
workers, 42.3 years; chipping and washing workers,
35.0 years; and titanium tetrachloride reduction work-
ers, 34.5 years. The mean durations of cigarette smok-
ing for the three groups were: maintenance workers,
16.5 years; chipping and washing workers, 10.9 years;
and titanium tetrachloride reduction workers, 11.0
years.



Table 1. Prevalence of respiratory symptoms and abnormal physical findings according to exposure group.
Exposure group
Production workers
Maintenance and serv-
Reduction workers Chipping and washing ice workers (N =58),
(N =78), percent workers (N =73), percent affected
affected percent affected

Symptoms

Cough 5 14 5

Phlegm 14 16 9

Chronic bronchitis 9 11 3

Wheezing with dyspnea 14 21 12

Dyspnea on exertion 0 1 3
Physical findings

Abnormal breath sounds

Rales® 3 12 10
Loose (productive) cough 3 3 2
Finger clubbing 1 5 0

2 Prevalence significantly higher among chipping and washing workers than among reduction workers, p = 0.02.

Symptoms

The prevalences of cough, phlegm production, chron-
ic bronchitis, and wheezing with dyspnea were the high-
est among the chipping and washing workers, inter-
mediate among the reduction workers, and lowest
among the maintenance workers (table 1). There was
no significant difference in the prevalence of symptoms
between the groups. Rales were significantly more com-
mon among the chipping and washing workers than
among the reduction workers.

Pulmonary function tests

A regression analysis of the FEV, ; data demonstrat-
ed that age, height, and the total years of cigarette
smoking were significantly related to this measure of
pulmonary function (table 2). After adjustment for
these variables, the number of years worked in the
reduction area was related to a reduction of 24 ml per
year.

Chest radiographs

Small irregular opacities of profusion 1/0 were pre-
sent in the radiographs of nine subjects (eight of these
were type t). The prevalence was 3 % among the re-
duction workers (two cases), 4 % among the chipping
and washing workers (three cases), and 7 % among
the maintenance workers (four cases). Small round
opacities of profusion 1/0 were present in the radio-
graphs of only three subjects (one chipping and wash-
ing worker and two maintenance and service workers).
There were no radiographs in which the profusion of
opacities exceeded 1/0.

Pleural disease, including pleural plaques and dif-
fuse pleural thickening, was present in the radiographs
of 36 subjects. The prevalence was 10 % among the
reduction workers (eight cases), 22 % among the chip-
ping and washing workers (16 cases), and 21 % among
the maintenance and service workers (12 cases).
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Table 2. Linear regression equation for the measurements
of forced expiratory volume in 1 s in relation to expo-
sure among white males =25 years of age (N =163).

Standard
Variate Coefficient error of the p-Value
coefficient
Age (years) —0.032 0.0038 0.0001
Height (cm) +0.037 0.0056 0.0001
Years smoked
cigarettes -0.012 0.0032 0.0004
Years worked
in reduction —0.024 0.013 0.07

Intercept —~1.582
Multiple correlation coefficient: R2=0.54

Pleural disease was strongly associated with the du-
ration of work in titanium manufacturing (table 3) and
was also associated with previous asbestos exposure.
Among those workers who had no previous asbestos
exposure, the risk of pleural disease for those who had
been employed for at least 10 years in titanium manu-
facturing was 3.8 times that for workers who had been
employed for less than five years.

Logistic regression also showed that pleural thicken-
ing was strongly related to the duration of work in ti-
tanium manufacturing (p<0.001). After allowance for
the effect of work in titanium manufacturing, previ-
ous asbestos exposure was not significantly related to
pleural thickening (p =0.12), nor was cigarette smok-
ing (p=0.18).

Pleural thickening in relation to pulmonary
Sfunction, symptoms and findings from the
physical examination

There were no significant differences in pulmonary
function, symptom prevalence, abnormalities reveal-
ed in the physical examination, or pulmonary func-
tion between the subjects who had pleural thickening
and those who did not.
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Table 3. Pleural thickening according to duration of work in titanium manufacturing and according to past asbestos expo-

sure.
Pleural thickening
Exposure Rate ratio p-Value
Present Absent
Duration of work in titanium manufacturing
<5 years 7 77 1.0 d
5 to 9 years 5 43 13 0.44
=10 years 24 53 3.7 0.0002
Total 36 173 E o
Past asbestos exposure
No 32 165 1.0 "
Yes 4 8 241 0.13
Total 36 173
Duration of work in titanium manufacturing
by past asbestos exposure
Never exposed to asbestos
<5 years of work in titanium
manufacturing 6 70 1.0
5 to 9 years of work in
titanium manufacturing 4 43 11 0.58
=10 years of work in
titanium manufacturing 22 52 3.8 0.0005
Exposed to asbestos
<5 years of work in titanium
manufacturing 1 7 1.6 0.52
5 to 9 years of work in
fitanium manufacturing 1 — 12.7 0.09
=10 years of work in titanium
manufacturing 2 1 8.4 0.03
Discussion

Our choice of maintenance and service workers as a
comparison group for production workers in the as-
sessment of respiratory symptoms and pleural disease
probably led to an underestimation of any true asso-
ciation which existed. The maintenance and service
workers had a higher prevalence of cigarette smoking
and also had a higher prevalence of past asbestos ex-
posure than the reduction workers. These factors may
have increased their prevalence of respiratory symp-
toms and chest radiograph abnormalities and may have
adversely affected their pulmonary function.

The etiology of the reduced ventilatory capacity is
unclear from the information available. An industri-
al hygiene survey carried out in the plant by NIOSH
during this investigation indicated that exposures to
hydrochloric acid were negligible and that there was
no measurable exposure to volatile organics or asbes-
tos. Total particulates, consisting primarily of titanium
dioxide, ranged from 0.2 to 2.8 mg/m? in the reduc-
tion area.

Titanium tetrachloride, which is used in the reduc-
tion area, was not measured. This material probably
represents the greatest acute hazard in the plant when
it is inadvertantly released into the air. It spontane-
ously combines with water vapor to produce a dense
cloud of titanium dioxide, hydrochloric acid, and ti-
tanium oxychloride. Experiments with dogs in repeat-
ed exposures have shown that it causes a reduction in
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pulmonary capacity and proliferation of connective tis-
sue (14).

Although no asbestos was detected in the air at the
time of the survey by NIOSH, asbestos had been used
in the past in heat shielding drapes in the reduction
area and in insulation for pipes throughout the plant.
We presume that asbestos exposure may have contrib-
uted to the pleural thickening in some of the subjects,
particularly in the maintenance workers who were re-
sponsible for pipefitting and maintaining the reduction
furnaces. No measurements of past asbestos exposure
in the plant were available, so it is unclear whether or
not asbestos exposure could explain the pattern of pleu-
ral thickening seen among the workers. The observa-
tion that pleural thickening was more common among
the chipping and washing workers is difficult to ex-
plain on the basis of asbestos exposure, as work in the
chipping and washing area did not apparently involve
exposure to asbestos, whereas maintenance workers
and reduction workers maintained and operated as-
bestos-insulated equipment. The pleural thickening of
the chipping and washing workers was less extensive
in terms of its thickness and length along the lateral
chest wall than that of the maintenance workers. These
observations are consistent with the hypothesis that an
agent other than asbestos also contributed to the de-
velopment of pleural thickening.

There are indications that the inhalation of titanium
dioxide by humans may cause localized increases in



connective tissue in the lungs (4) and titanium dioxide
to accumulate in patches on the lung surface (9). Similar
findings among rats also suggest that pleural changes
may occur in response to the inhalation of titanium
dioxide (3). Our data are consistent with the hypothe-
sis that titanium dioxide may contribute to the devel-
opment of pleural thickening, but they are not con-
clusive because of the limited information available re-
garding past asbestos exposure in the plant.

Our data do not show a clear association between
pleural thickening and a reduction in ventilatory ca-
pacity, and therefore these abnormalities may not be
related to a common exposure. Reductions in the
FEV, , in relation to work in the reduction area and
pleural thickening among the chipping and washing
and maintenance workers support this view. This is-
sue needs clarification.
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