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Respiratory Health in Workers Exposed 
to Man-made Vitreous Fibers1'1
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Introduction
Man-made vitreous fibers (MMVF), 
which include fibrous glass, mineral 
wool (rock and slag), and ceramic fi­
bers, are manufactured from glass, 
from natural rocks and minerals, or 
from slags, the residues of smelting. 
They are used extensively in thermal, 
acoustical, and electrical insulation 
products as well as in reinforcing plas­
tics and resins.

With many millions of tons of prod­
ucts with MMVF being manufactured 
annually in the United States and Eu­
rope, thousands of workers are ex­
posed to these fibers in the workplace. 
The U.S. National Institute for Occu­
pational Safety and Health (NIOSH) 
estimated that 200,000 U.S. workers 
experienced occupational exposure to 
fibrous glass in the early 1970s (1). 
Since that time the industry has had ad­
ditional growth, some of it because of 
the substitution of these fibers for 
asbestos.

The most commonly recognized ef­
fects of contact with MMVF are acute 
irritation of the skin and, to a lesser ex­
tent, the eyes and upper respiratory 
tract, with symptoms abating after ces­
sation of exposure. Although acute ef­
fects on the lunp have not been ob­
served, the fibrous nature of these sub­
stances has resulted in concern about 
possible long-term respiratory effects. 
Moreover, at a time when there is an 
evolving consensus that biological ef­
fects of fiber exposure are related to di­
mension (with long, thin fibers appar­
ently posing the greatest risk), environ­
mental studio have shown that airborne 
dusts in all plants manufacturing 
MMVF contain fibers having a wide 
range of diameters and lengths, a high 
proportion being respirable. The rela­
tive frequency of fine fibers depends 
on the nominal diameter of the fiber 
being manufactured, with production 
of (nominally) small-diameter fibers 
resulting in the greatest airborne con-
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ccatrationa of long, thin fibers (2). 
Manufacture of fine MMVF accounts 
for less than 1W of production in the 
United States; total production, how­
ever, continues to increase in response 
to demand for special purpose insula­
tion, primarily for Aircraft and Aero­
space Applications.

Although there are certain similari­
ties between MMVF sad asbestoe fi­
bers, there are important differences. 
Asbestos fibers split longitudinally, 
creating even thinner fibers, whereas 
MMVF break transversely, thus pro­
ducing shorter and, therefore, possibly 
less hazardous fibers. Overall exposure 
levels also differ, with measured levels 
of airborne fiber concentrations la 
plants manufacturing MMVF being 
very low compared with those known 
to occur in occupational exposures to

turns’ Association (TIMA), was de­
signed to include long-term employees 
exposed to various dimensions of fi­
brous glass and mineral wool. The 
study did not include-workers manu­
facturing ceramic fibers or products 
containing those fibers.

Methods
Study Design end Plant Seketion 

la order to have the largest amount of ex­
posure data available to investigate possible 
exposure-response relationships, only the 
Id plants surveyed in an earlier environ­
mental characterization study were consid-
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In order to assess the respiratory 
health of workers in this industry, a 
cross-sectional survey of current em­
ployees wis begun in 1979. This study, 
in 7 plants manufacturing MMVF be­
longing to the sponsoring organiza­
tion, the Thermal Insulation Manufac-
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«nd for iacluslon in the present nudy (2); 
that study htd included the 16 oldest U.S. 
plants ensued in MMVF production.

Ei|ht plants were excluded for various 
reasons: textile production, unavailability 
because plant was sold, past asbestos use, 
and very targe size with complex exposures 
requiring separate study. Seven of the re* 
maining 8 were selected by the investigators 
for inclusion: two fibrous glass plants 
(Plants I, 2) producing ordinary fibers 
(greater than 3 pm in diameter), 2 (Plants 3, 
4) producing both ordinary and fine fibers 
(I to 3 um), 1 (Plant 3) producing only very 
fine fibers (less than 1 tan), and 2 mineral 
wool plants (fibers greater than 3 tan).

Products of these plants were primarily 
insulation materials but also included such 
items as roofing supplies, acoustical tiles 
and panels, automotive liners, and flexible 
and rigid fibrous glass ducts.

Exposure Estimation
The glass commonly used for the manufac­
ture of fibrous glass is a borosilicate type; 
the batch usually contains silica, soda ash, 
boric oxide, fluorspar, rutile, and day. The 
materials are conveyed pneumatically from 
storage silos to a mixer, and then arc fad 
into a furnace. Insulation wool is produced 
by feeding the molten glass through a fore­
hearth to centrifugal spinners where the fi­
ber is forced out of small orifices in the 
spinner head. The fibers arc attenuated by 
compressed air or steam, and the binder is 
sprayed on the fibers. The fine and very 
fine fibers are produced by passing the mol­
ten glass through a bushing plate located at 
the bottom of a forehearth where large di­
ameter fibers are formed. The fine fibers 
are produced from the primary fibers by 
flame attenuation.

In slag wool manufacturing, slag and 
coke are melted and allowed to flow in 
open channels to rotary spinners. Fiber at­
tenuation is achieved by blowing air under 
high pressure around the spinners.

Because of free crystalline silica in the 
batch mixing areas and phenol-formalde­
hyde in the binder mixing area, workers in 
those areas were excluded bom the study.

Estimation of workers' exposure to air­
borne fibers was based oo a survey coo- 
ducted by the University of Pittsburgh dur­
ing 1974 and 1973, in which approximately 
800 samples were collected in the 7 plants 
included in the present study (2). A similar 
survey, using the same sampling methods 
and sample analyses, collected 201 samples 
in 1980 as pan of the present investigation; 
results showed that exposures had not 
changed significantly since the earlier 
study. The Pituburgh survey provided esti­
mates of fiber concentration levels in all 
areas of each plant for all time periods since 
opening of the plants; these were the same 
as those used by Enterline and Henderson 
(3) and Enterline and Marsh (4, 3). These 
estimates were obtained by considering 4

categories for the concentration of airborne 
fibers, as determined by both optical mi­
croscopy (OM) and electron microscopy 
(EM): 0.001 to 0.01,0.01 to 0.1,0.1 to 1.0, 
and greater than 1.0 fibers/ml. Areas were 
classified into these categories based on the 
median measurement for that area; the 
level assigned to an area was the geometric 
mean of that category: 0.0032,0.032,0.32, 
or 1.3 fibers/ml, respectively (8). For sev­
eral production lines, median concentration 
levels differed from the beginning of the 
line to the end, but all jobs on the lines were 
labeled identically in the work histories; in 
such cases, the median concentration for 
the entire line wafused.

These exposure estimates were used in 
conjunction with individual job histories to 
calculate total accumulated exposure and 
average concentration of exposure for each 
eligible employee. Calculations were per­
formed scpvateiy for fibers identified by 
OM (I to 3 tan in diameter) and by EM (leu 
than 1 um), as well as their sums « 3 tan). 
Total length of plant employment and time 
^ent in jobs at or above several fiber con­
centration levels were also calculated for 
both the OM-sized and EM-sizcd fibers.

Employs* Eligibility
In order to maximize the likelihood of do- 

, testing adverse health effects resulting from 
fiber exposure, a minimum of 10 years of 
employment was required for participants 
from Plants I to 4. Because Plants 3 to 7 
were small, a minimum of only 5 yr was re­
quired in these plants. Male employees with 
I month or more in the batch or binder 
areas, as well as female employees (leu 
than 34k of the work force), were excluded. 
Because the study wu designed include 
approximately 200 workers from each 
plant, additional inclusion restrictions were 
imposed at the larger plants; these excluded 
employees with lengthy work in clerical 
positions. In 8 plants, recruitment efforts 
were directed at all employees meeting the 
inclusion criteria; in the largest plant (Plant 
I), a random sample from the eligible em­
ployees wu selected for recruitment.

Using official employee rosters from 
each plant (e.g., state tax and social securi­
ty reporting forms), job histories were ob­
tained for 373 randomly selected employees 
not originally identified by plant personnel 
u eligible. Of these, only 4 (14k) qualified 
for inclusion in the study. Thu, identifica­
tion of the target population wu excellent, 
with few eligible employees having been 
omitted from reouitmeat efforts.

Respiratory Health Assessment 
A modified version of the American 
Thoracic Society-Division of Lung Diseases 
(ATS-DLD) questionnaire (7) wu adminis­
tered in all 7 plants by the same trained 
interviewer.

Participants were judged to have lower

respiratory symptoms if they reported hav. 
tag usual cough, phlegm, or wheezing, cur­
rent attacks of shortness of breath with 
wheezing, or breathlessness when walking 
with others; upper respiratory symptoms if 
current sinus trouble or postnasal drip; 
chronic bronchitis if usual cough and 
phlegm for more than 3 months in each of 
the last 2 yr. Dyspnea levels were defined 
u: Grade 1, shortness of breath when 
hurrying on level ground or walking up a 
slight hill; Grade 2, when walking with 
others one’s own age; Grade 3. when walk­
ing at own pace on level ground; Grade 4, 
when washing or dressing.

Chest roentgenograms were taken at 
local facilities and seat to our unit. After all 
films were received they were placed into 
random order and read independently by 3 
outside readers experienced in the use of the 
0.0 1980 Classification of Radiographs 
(». Films judged unreadable by 2 of the 3 
readers were excluded from analysis.

The median of the 3 readings wu used u 
the summary reading. For shape of small 
opacity (rounded or irregular), at least 2 
readers had to agree on presence and shape 
in order for a summary reading to be 
determined.

Pulmonary function testing wu con­
ducted at each plant site in a mobile labora­
tory using a Pulmolab (Model 3000; Cardio­
pulmonary Instruments, Houston, TX). 
This unit measures forced expiratory flows 
and volumes, lung volumes, and single 
breath carbon monoxide diffusing capacity 
(Dice). Calibration for all measured pa­
rameters wu performed at the beginning 
and middle of each testing day.

Spirometry wu conducted standing; 
nosedips were used. At least 3 satisfactory 
forced expiratory maneuvers were re­
corded. A forced expiratory maneuver wu 
considered satisfactory if its curve had a 
sharp initial flow and showed smooth con­
tinuous effort extending until flow ceased 
or 7 s elapsed. At least 2 curves of satisfac­
tory shape with forced vital capacity (FVC) 
within 34k of the largest were required. The 
values of FVC, forced expiratory flow be­
tween 23 and 734k of FVC (FEFn->0. and 
forced expiratory volume in one second 
(FEVi) used in statistical analyses were 
averages from the 2 satisfactory maneuvers 
with the greatest total of percent of pre­
dicted for FEV,., and FEF».». Both 
FEV,., and FEV, sure computed using 
backward extrapolation from the steepest 
post of the curve.

Residual volume (RV), measured by the 
ntarogea washout technique, wu consid­
ered satisfactory when 2 tests wen within 
104k or 200 ml, whichever wu larger. The 
—,iw rv wu used in analysis. Total lung 
capacity (TLQ wu calculated u the sum 
of RV and the larger of FVC or a slow vital 
capacity. The Du:o wu taken u the aver­
age of 2 measurements within 104k of each 
other in which the alveolar volume (in­
spired volume plus multibreath residual
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Statistical Analysis
Multiple logistic regressions were used to 
test for a relationship between possible ex­
planatory variables and dichotomous re­
sponse variables (e.g., presence of small 
opacities of a specified profusion level, 
pctKnce of symptoms); multiple linear re­
gressions were used in the case of contin­
uous response variables such u the pulmo­
nary function measurements. These regres­
sions were run on the smoking groups 
separately as well as on these groups com­
bined. allowing for smoking main effects 
and interaction terms. Tests for the signifi­
cance of the exposure variables were per­
formed after allowing for other factors 
such as age, height, race, and smoking.

Response variables were examined for in­
fluence of all exposure variables: fiber type, 
plant, average and cumulative dust levels 
(by both optical and electron microscopy 
counts, as well as their sum), length of

exposure, and time spent at or above spe­
cific fiber concentration levels. Logarithms 
of the exposure measurements were also 
used to allow for a possible exponential 
relationship.

Result*
Participation

Of the 1,148 employees ssked, 1,028 
(90%) participated in some phase of 
the study; participation rates were sim­
ilar in all 7 plants. Health response 
data were, for various reasons, not 
complete for all participants: of those 
eligible, interviews were obtained for 
79%, function testing was done in 
78%, and radiography was done in 
83%. Of those who did not participate 
on-site, most (67%) were unavailable 
at the time of testing (e.g., vacation, 
skit leave).

Of the 1,028 participants, 33 had 
been employed in a plant job with silica 
exposure, and an additional 36 may

have had silica exposure in mainten­
ance jobs. Analyses comparing these 2 
groups of workers with those with no 
silica exposure found no differences in 
any respiratory health measures and 
these workers were retained in the 
study.

Population Description 
Median age of the 1,028 participants 
was 46.3 yr; 12% were black and 88% 
were white. Median length of employ­
ment in the plants was 18.0 yr; 21 par­
ticipants were found not to have the 
minimal required length of employ­
ment because of leaves of absence but 
were retained in the study.

Among the eligible employees, those 
who participated in various study 
phases and those who did not had com­
parable ages and employment dura­
tions. For example, the radiography 
participants had mean age of 43.9 yr 
and mean employment of 19.0 yr, 
whereas these parameters for nonpar­
ticipants were 46.6 yr and 18.9 yr, 
respectively.

Interviews with 912 employees found 
48% cigarette smokers (currently 
smoking or stopped within the past 
year), 29% ex-smokers (stopped more 
than 1 yr before), and 24% never cig­
arette smokers. Of these 912 employees. 
187 (21%) had been employed previ­
ously in jobs potentially harmful to re­
spiratory health (27 of these 187 had 
multiple previous exposures); 38 had 
worked for more than 1 yr in a foun­
dry, 29 for more than 1 yr in mining or 
quarrying, 120 had sandblasted, 12 had 
worked with asbestos, and 13 had 
worked in a cotton mill.

There were considerable differences 
among the plants in age of workers and 
length of employment (table I). There 
was also a wide range in the percent­
ages reporting previous employment in
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an industry with potential respiratory 
risk: 11% in Plant 3. 31% in Plant 7. 
Most of those in Plant 7 indicated pre­
vious sandblasting exposure, although 
plant management reported no known 
abrasive blasting with sand in this rural 
area. Many workers reporting sand­
blasting possibly referred to plant 
clean-up jobs, which included blasting 
with ferrous shot or water (referred to 
as sandblasting although sand was 
never used). If sandblasting experience 
is ignored, the overall percentage re­
porting such employment is 10%, 
ranging from 8% (Plant 3) to 16% 
(Plant 6).

Estimation of Worker Exposure 
The plant manufacturing very fine fi­
bers (Plant 3) exhibited the highest 
concentrations of airborne fibers for 
both OM-sized and EM-sized fibers. 
For fibers 1 to 3 pm in diameter, the 
median concentration was 0.210 fi­
bers/ml in Plant 3: all other medians 
were less than 0.032 fibers/ml. For fi­
bers less than 1 pm in diameter, the me­
dian concentrations were 0.928 fibers/ 
ml for Plant 3, 0.203 fibers/ml for 
Plant 3, and less than 0.040 fibers/ml 
for all other plants.

Total accumulated dust exposures 
exhibited similar trends: median cumu­
lative EM-sized fiber exposures were 
7.4 fibers/ml/yr for Plant 3, 4.3 fi- 
bers/ml/yr for Plant 3, and 0.8 fi- 
bers/mi/yr for all other plants.

Symptoms
dost respiratory symptoms were sig­
nificantly related to cigarette smoking 
(table 2), and among current smokers 
were significantly related to either 
years or pack-years of smoking.

A high prevalence (36%) of Grade 
I + dyspnea was unexpected in this ac­
tively employed population. Puimo- 
nary function results showed that those 
without dyspnea had higher values for 
spirometry and lung volume measure­
ments than those with Grade I dyspnea 
only, thus validating the responses to 
this question. Overall, 4 persons re­
ported Grade 3 dyspnea; none reported 
Grade 4.

Among current smokers, those with 
previous hazardous employment had 
greater prevalences of lower respira­
tory symptoms (63 versus 34%) and 
wheezing (40 versus 27%), but this in­
crease was not observed among ex­
smokers and never smokers.

For current smokers, there were dif­
ferences across the plants for several

4
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symptom prevalences (table 3), which 
were significant after adjusting for 
pack-years and previous employment. 
For 3 symptoms (lower respiratory, 
wheezing, shortness of breath with 
wheezing), the elevated prevalences 
occurred in the mineral wool plants, 
primarily in Plant 7. By contrast. Plant 
7 exhibited very low rates for upper re­
spiratory symptoms.

There were no dose-response rela­
tionships for any symptoms with any 
of the quantitative measures of expo­
sure, either within the mineral wool 
plants or within the entire population. 
Moreover, symptom prevalences among 
ex-smokers and never smokers demon­
strated no differences between the 
plants, nor any relationship with ex­
posure dose.

Holography
Overall film quality was excellent, with 
only 7 of the 948 chat radiographs 
judged unreadable by 2 of the 3 read­
ers; these were excluded from all anal- 
ysa. Nine films were judged unread­
able by 1 of the 3 readers; a total of 64 
were classified by median judgment as 
poor quality but nevertheless readable.

Using the majority opinion, few 
films exhibited pleural abnormalities: 
13 had pleural thickening, 16 had oblit­
eration of the costophrenic angle, 1 
had pleural calcification, and 1 had 
pleural plaques. These were not associ­
ated with previous asbestos exposure, 
and the low prevalenca of pleural 
changa tends to confirm that no sig­

nificant asbestos was used in these 
plants.

None of the 941 readable films was 
judged to show large opatitks. For 
profusion of small oparitia, 847 
(90%) were classified as category 0/0. 
Of the 94 films (10%) judged to show 
small opacitia, 63 were categorized as 
0/1,23 as 1/0, and 6 as 1/1. None was 
higher than I/I. Of the 94 films with 
profusion > 0/1, 33 were categorized 
by at least 2 readers as having irregular 
opacitia a the primary shape and 13 
as having rounded. For the remaining 
24, the 2 readers indicating praence of 
small opacitia disagreed on shape.

The probability of having small 
opacitia was significantly related to 
age and cigarette smoking category 
both for profusion of categoria h 0/1 
and ) 1/0 (figure I).

There was a significant relationship 
between presence of small opacities 
and fiber type category: 8% (22 of 292)

M-«* >»
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and fiber type category.

of the radiographs from the ordinary/ 
fine fiber category were read u profu­
sion > 1/0, with only 2* (8 of 478), 
0* (0 of 86), and 1% (1 of 85) from 
the ordinary, very fine, and mineral 
wool categories, respectively, showing 
this profusion level. All 6 of the 1/1 
films were from the ordinary/ fine fiber 
category. These differences were not 
explained by gross defects in Him qual­
ity because exclusion of the 64 films of 
poor quality left the prevalences essen­
tially unchanged.

For both profusion levels Qk 0/1, ) 
1/0) these increased rates in the ordi­
nary/fine fiber category were observed 
in both plants in this category for cur­
rent smokers (for profusion ^ 1/0, 
12* in Plant 3,15* in Plant 4,2* in 
other plants combined) but only in 
Plant 3 for ex-smokers and never 
smokers (12* in Plant 3, 1* in Plant 
4,1* in the others). These differences 
were significant (p < 0.01) after adjust­
ing for age, and among smokers, pack- 
years. See figure 2 for the effect among 
smokers within various age categories.

The preceding analyses were also 
performed for prevalences of small ir­
regular opacities. Although prev­
alences were lower than when shape 
was ignored, exactly the same patterns 
across plants were obeerved.

For current smokers, presence of 
small opacities, profusion ^ 0/1, was 
also related to several quantitative ex­
posure variables; these wen, la de­
creasing order of significance; time 
above the second OM-sizsd fiber level, 
duration of employment, cumulative 
EM-sized fiber exposure, and time 
above the lowest fiber level (all p values 
< 0.025). The results for length of em­
ployment are illustrated in figure 3. 
The relationships with these exposure 
variables were significant after adjust­
ment for age, pack-years, and ordi- 
nary/flne fiber type. Moreover, after 
adjusting for one or more of these ex­
posure variables, the ordinary/fine A-

Flg. X Percentage with profusion of smaS 
opaeitlae » OH among currant smokora, by ago 
and length of amployinenL

her type continued to be significant (p
< 0.01).

Although there was an indication of 
a possible relationship between profu­
sion ^ 1/0 and employment duration 
among current smokers, this was not 
significant, possibly because of the 
small number (n-21) of cases.

Among ex-smokers and never smok­
ers, after age and Plant 3 had been ac­
counted for, no other variables were 
found to be significantly related to 
presence of small opacities (only 33 
cases )i 0/1).

Because of the observed relationship 
between small opacities (^ 0/1) and 
length of employment among smokers, 
the 163 smokers with over 20 yr em­
ployment were analyzed separately. 
Several measures of exposure were sig­
nificantly related to presence of small 
opacities (^ 0/1): cumulative EM-sized 
fiber exposure, average EM-sized fiber 
concentration, average total fiber con­
centration, and time above the second 
OM-sized fiber level (table 4).

Although all regressions allowed for 
a possible effect of previous hazardous 
employment (never clow to statistical 
significance), ail analyses were re­
peated excluding persons with such em­
ployment; no changes in the overall re­
sults were observed.

Analyses of the smoking groups

combined found that the interaction 
between cunent smoking and these 
several exposure variables was signifi­
cant but that the main effects of the ex­
posure variables were not. Thus, the 
dow-responw relationship among cur­
rent smokers was significantly differ­
ent from the lack of a relationship 
found among ex-smokers and never 
smokers.

Pulmonary Function
Of the 897 employees who participated 
in lung function testing, 836 had satis­
factory spirometry, 824 repeatable 
lung volume measurements, and 796 
repeatable pulmonary diffusing capaci­
ty results.

Percentages of predicted (based on 
nonsmoker values) were calculated for 
each person using published equations 
(9-12) that take into account age, 
height, and race. Mean percentages of 
predicted (table 5) were generally high, 
with significant differences binweea 
the cigarette smoking groups. Among 
cunent smokers, there was a signifi­
cant correlation with pack-yean of 
cigarette smoking.

For all symptoms, thow with the 
symptom had significantly (p < 0.001) 
tower spirometric measurements and 
higher lung volumes than those with­
out the symptom, after adjusting for 
age, height, race, and smoking.

To assess the relationship between 
lung function and profusion of small 
opacities, residuals were obtained from 
internal regression equations (using 
age, height, race, and 2 smoking cate* 
gory-by-age interaction terms); FEV,, 
FEFis.fi, FEV./FVC*, and Dtco 
exhibited a significant trend in mean 
residuals by profusion of small opaci­
ties (table 6). After adjusting for pro­
fusion, there were no significant diffef^ 
ences in pulmonary function by prP“*
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PULMONARY FUNCTION (MEAN FERCEKT OF 

PREDICTED) BY CIGARETTE SMOK1NO 
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Function n
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Navor Cl Currant
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miry type of smell opacities (rounded 
versus irregular).

For current smokers, comparisons 
across plants revealed that after adjust­
ing for known factors (age, height, race, 
pack-years), there were significant dif­
ferences for some of the lung volumes 
(RV, TLC) and for diffusing capacity 
(Dl, Di/ALVOL), but that these dif­
ferences showed no consistent or 
meaningful pattern. For example, F 
and Dt/ALVOL were lower in Plant 3 
than in the other plants, but none of 
the other functions were, whereas RV 
was high in Plants 5 and 7, but all other 
functions were comparable. There 
were no differences for the spirometric 
measurements, and similar analyses of 
ex-smokers and never smokers found 
no differences for any functions. These

results do not support the hypothesis 
that Tiber type or plant variables are 
having important effects on pulmonary 
function among current smokers.

Combining the smoking groups, 
FEVi, FEFij.ii, and FEV./FVC* 
were found to be significantly related 
to length of employment and time 
above the lowest fiber concentration 
level, after adjusting for known fac­
tors, including smoking effects. The 
coefficients of these variables, how­
ever, were positive, indicating increas­
ing function with_ increasing exposure 
time (employment time coefficients: 
0.009 L/yr for FEVi, 0.019 L/s/yr for 
FEFij.il. 0.140tt/yr for FEV,/ 
FVCft). Detailed analyses of residuals 
and weighted regressions faded to ac­
count for these findings. When these 
regressions were performed on the 
smoking categories separately, no sig­
nificant relationships (p values > 0.10) 
were found.

Analyses for RV, RV/TLC, and TLC 
showed similar results: coefficients 
were negative, indicating a decrease in 
these functions with increasing expos­
ure time; these results were generally 
consistent for the smoking groups.

No exposure relationships were 
found for the measures of diffusing 
capacity.

Discussion
Assessment of the respiratory health of 
1,023 workers engaged in the produc­
tion of MMVF gave the impression of 
a generally healthy population experi­
encing no substantial lung disease.

In all studies, large unexplained vari­
ability in symptom prevalences, as 
determined by standardized question­
naire, occurred both within and be­
tween surveyed populations. For this

TABUS
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reason it is impossible to firmly estab­
lish the “background" prevalences that 
can be expected in a working pop­
ulation not occupationally exposed to 
any respiratory risk. Despite this diffi­
culty, it is unlikely that any of the ob­
served symptom prevalences were sig­
nificantly elevated in this population. 
Indeed, the prevalence of bronchitis 
seemed low, particularly among never 
smokers and ex-smokers. The relation­
ship of symptom prevalences with pul­
monary function measurements and 
cigarette smoking, as well as with the 
level of smoking among current smok­
ers, supports the validity of the ques­
tionnaire responses.

Although an increased prevalence of 
certain symptoms was detected among 
current smokers in the 2 mineral wool 
plants, statistical significance was at­
tained in only ! of these plants, and 
nodose-response relationships were 
found. Bronchitis rates were not 
elevated in these plants and the 
nonsmokers exhibited no increased 
symptoms.

It is concluded that prevelmcfs of 
respiratory symptoms are not increased 
in this population and no coherent 
pattern of symptoms in relation to ex­
posure to MMVF emerges.

Lung function testing also failed to 
detect any adverse effect of exposure, 
although measurements were related to 
age, height, race, cigarette smoking 
stilus, and level of smoking. Using 
published equations to provide exter­
nal comparisons, mean values for ail 
smoking groups were near or above 
1009k of predicted.

After taking into account other in­
fluencing factors, there was no adverse 
association between functional meas­
urements and any of the indexes of 
exposure to MMVF. In fact, after age 
and smoking were taken into account, 
the associations of RV and expiratory 
flow rates with length of exposure 
suggested a possible “healthy worker” 
effect.

The negative findings concerning 
symptoms and pulmonary function 
testing in this study are consistent with 
the generally reassuring results of all 
reports published to date. Several sur­
veys of working populations failed to 
driest any chronic respiratory effects 
of exposure to MMVF (IJ-16). The 
single histologic study also reported 
negative results, with lungs of exposed 
workers exhibiting no differences from 
those of matched control subjects (17).

r
S
y

Although some mortality studies showed
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u in?*—v1** risk of nonmalignant 
respiratory disease, there was no in­
dication of increased lung cancer risk 
(3, 4, 18-20), and animal inhalation 
studies produced adverse respiratory 
effects only after either intratracheal 
injection or direct installation of fibers 
into the pleural space (21-23).

However, reported findings of new 
and updated studies presented at the 
WHO International Occupational 
Health Conference on the Biological 
Effects of Man-Made Mineral Fibres 
(Copenhagen, 1982), while providing 
no cause for alarm concerning health 
risks from MMVF, were not entirely 
negative.

In a U.S. mortality study, there was 
no overall excess of lung cancer among 
14,884 fibrous glass workers, but an 
increase was observed (47 observed, 
36.0 expected) among those with over 
30 yr of follow.up from initial expo­
sure (3). The 1,846 mineral wool 
workers in this study exhibited an over­
all excess of lung cancer mortality (43 
versus 28 expected). Both groups of' 
workers were found to have an increased 
risk of death caused by nonmalignant 
respiratory disease. A European study 
of 17,083 employees, although not 
completed, reported a significant ex­
cess of lung cancer deaths (12 versus 
3.6) among those followed over 30 
yr (26). Similar results were reported 
from another U.S. study (4,394 work­
ers), which found an excess of lung 
cancer deaths (11 versus 6.2 expected) 
among workers with over 20 yr of 
employment and 30 yr of follow-up 
(27). No mesotheliomas were found in 
the U.S. studies, but one wu found in 
the European studies.

It is difficult to interpret the results 
of these mortality studies with regard 
to exposure to MMVF because none 
found a dose-response relationship aaa\ 
none had smoking information avail­
able. The past use of asbestos in some 
of the U.S. mineral wool plants intro-/ 
duces further uncertainty regarding' 
these results.

Recent animal experiments with 
MMVF confirmed the results of earlier 
studies: MMVF injected intrapleuraQyi 
or intraperitoneaHy produced mcsoth* 
Uomas, but none was produced by 
halation. Inhalation Rudies with glam i 
fibers produced no or mild fibrosis;' 
fewer lung tumors occurred in exposed 
rats than in unexposed control animals 
(28-31). Inhalation of very high con­
centrations of ceramic fibers produced

interstitial fibrosis and neoplasms in 
the lung tissue of animals (29). Several 
studies showed that pitting, corrosion, 
progressive shell formation, decreasing 
fiber diameter, fracturing, and dissolu­
tion of MMVF occur in vivo and in 
vitro (28', 30, 32-34). These findings 
concerning the durability of MMVF in 
lung tissue may help to explain the dis­
crepancies reported La the literature 
between intrapleural injection and 
inhalation Rudies.

A recent cross-sectional survey of 
340 employees of a U.K. fibrous glass 
plant reported that 139b of the cheR 
radiographs of men exhibited small 
opacities of category 1/0 or higher 
(33). Although this Rudy had consider­
able technical limitations, the presence 
of small opacities was related to previ­
ous employment in dusty trades and 
general environmental exposures, but 
there was no relationship with expos­
ure to MMVF as measured either by 
length or intensity of exposure. Al­
though FEVi and VC were low, neither 
functional measurements nor symp­
toms were related to exposure to 
MMVF. Two smaller studies of mineral 
wool workers found no evidence of 
adverse functional effects (36, 37).

The present Rudy, also presented at 
the Copenhagen Conference, while 
finding no adverse exposure effects u 
measured by symptom prevalence and 
function testing, found that the pres­
ence of small opacities was related to 
some measures of exposure.

Classification of chest radiographs 
demonstrated a low prevalence of 
small opacities, with no large opacities. 
Films considered to show small opaci­
ties were almoR exclusively in the 
Iowcr profusion categories (0/1 or 
1/0) on median reading. On individual 
readings, a choice of these ILO cate­
gories indicates that the reader favored 

' (0/1) or seriously considered (1/0) a,- 
negativc judgment.

Prevalence of small opacities rose as 
both age and smoking increased, find-t 
logs that have been reported elsewhere 
(38-40). Among current smokers, 1 
probability of small opacities was pod-/ 
tivdy associated with exposure dura/ 
tion; however, among ex-smokers and 
never smokers, there was no uaodd- 
don with exposure measures*

With respect to fiber type, exposure 
to a mixture of ordinary and fine fibers 
significantly increased the probability 
of low-level small opacities among cur­
rent smokers, an effect observed in

both plants. They have produced fine 
fibers for a sufficiently long period to 
make the detection of an effect pos­
sible. Among ex-smokers and never 
smokers, this effect wu observed only 
in the dustier plant. Thus, in the gener­
ally leu duty plant, an increased pre­
valence occurred only among smokers, 
whereas in the dustier plant, an in­
creased prevalence wu observed in all 
smoking categories. If the higher duR 
levels contributed to the increased 
prevalence of small opacities, then a 
fiber dose-response relationship should 
be demonstrable in this fiber type cate­
gory after smoking hu been taken into 
account. In fact, such a relationship 
wu found only among current smokers. 
This could be a result of the smaller 
number of ex-smokers and never 
smokers with small opacities, but it 
may also reflect the recognized diffi­
culties of individual exposure recon­
struction.

If the increased probability of small 
opacities is attributable to exposure to 
fibers with the smallest diameter, then 
the plant manufacturing very fine 
fibers, whose average fiber concentre- j 
tion levels were considerably higher 
than all other plants, would be ex-/ 
peeled to exhibit increased prevalence/, 
of small opacities. In fact, they were 
very low in this plant. Because them3, 
workers were the youngert (media 
age, 34 yr) and overall had the shone 
employment duration (a median of' 
yr; only 14 employed for more than I; 
yr), longer follow-up is required t{| 
fully assess radiographic outcome 
this exposure category. ,

The focus of environmental charac^” 
teriiation, and therefore exposure 
reconstruction, hu been on qualitative 
and quantitative upects of airborne 
fibers in this Rudy. Although this ap­
proach seems well based in prioritizing 
concern about potential' respiratory 
health effects, we recognize that 
further exploration of nonfibrous par­
ticulates and gaseous inhalants in this 
industry is a logical next Rep.

Inevitably, attention will be directed 
to the potential biologic significance of 
the correlations found in this Rudy 
between low profusion of small opaci­
ties and some Indexes of exposures. 
Possibly there is minimal duR accumu­
lation, retention, and persistence of 
MMVF with fine diameters in lung tis­
sue. If so, these effects, in general, are 
attaining the radiographic detection 
limit only in current smokers, perhaps
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because of leu effective clearance of 
particulate. The absence of intermedi­
ate or higher profusion of small opac­
ities, in a population with a consid­
erable rente of exposure durations, 
susiesu that a progressive, diffuse 
tissue reaction (e.g., fibrosis) is un­
likely, yet it cannot be excluded.

Because interobserver variability is 
greatest at these lowest profusion levels 
(0/1, I/O) and because of the im­
portant influences of age and smoking 

x—on the probability of detecting thesbs 
f opacities, the presence of small opac­

ities at these levels has a low order of 
specificity for an occupational expo­
sure effect. Gearly, the findings re­
ported here should be considered pre­
liminary, requiring replication and 
confirmation before firm conclusions 
can be drawn. The suggestion that 
fibers with fine diameters may be hav­
ing an effect on lung parenchyma 
makes it prudent to continue biologic 
surveillance of workers exposed to 
MMVF with small and very small 
diameters. This approach is particu­
larly indicated when a working popula­
tion may have had relatively short-term 
exposure on average and the potential 
anticipated biologic response is sus­
pected of having a long latency period. 
In general, however, the minimal evi­
dence of respiratory effects detected in 
this investigation, which cannot, at 
present, be considered clinically signifi­
cant, is encouraging concerning the 
question of potential health effects of 
exposure to MMVF.
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