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ABSTRACT

The exposures of mineral wool production workers and user workers in 11 facili-
ties to mineral wool fibers, total suspended particulate material, respirable
particulate material, and trace metals were evaluated by detailed industrial
hygiene surveys. Their exposures to noise and heat were evaluated in several
of these surveys. :

Five production sites and six user sites of mineral wool were selected for
study, based upon the:representativeness of the operations and the conditions
of exposure of the workers in those sites. Study methods included breathing-
zone air sampling for airborne particulate material (total, fibrous, and res-
pirable) with analyses to determine total and respirable airborne particulate
levels (gravimetric); airborne fiber concentrations and fiber size distribu-
tions (optical and scanning electron microscopy); and airborne trace metals
(atomic absorpticn). Limited evaluations of worker exposure to carbon monoxide,
heat, noise, and miscellaneous other materials were performed in some site sur-
veys. In addition to the environmental evaluation, samples of bulk materials
being produced and used were taken for analysis. Analysis included optical
microscopic determinations of fiber diameter, determination of bulk sample
elemental content by atomic absorption (AA) and x-ray fluorescence (XRF), ele-
mental analyses of separated fibrous and compact particles by AA and XRF, and
elemental analyses of individual particles by x-ray microprobe.

The production workers surveyed were found to have relatively low exposures to
all forms of airborne particulate material, with few exceptions. The user work-
ers had higher, but more variable exposures. It was generally not possible to
separate exposure categories on the basis of different exposures; there was
significant overlap of the confidence limits on mean exposures across the
facilities surveyed.

Past exposures in this industry were probably higher than at present, and as-
bestos exposure was relatively common.

In addition to exposures to airborne particulate material, exposures to exces-
sive noise levels were universal in the cupola areas of the production plants.
Heat stress was a potential problem for the installers of blown mineral wool
insulation.

Exposures to small diameter (<1.0 um) fibers were not common, except in the
installation of blowing wocl. In those installation situations, electron
microscopically visible airborne fibers were present in concentrations up to
ten times greater than optically visible fibers.
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INTRODUCTION

Recent animal studies have given some evidence that any respirable mineral
fiber may be potentially carcinogenic. Increasing demands for energy conser-
vation have led to increasing public and commercial utilization of insulation
products centaining mineral wool fibers. 1In contrast with other mineral fi-
bers, such as asbestos and fibrous glass, mineral wool has not been exten-
sively studied. Neither the potential occupational exposures to mineral wool,
nor the health consequences of such exposure have been widely studied. As part
of its ongoing research program emphasis on respirable fibers, the National
Institute for Occupational Safety and Health contracted with Stanford Research
Institute (now SRI International) to study, evaluate, and report upon occupa-
tional exposures to mineral wool. '

Five production sites and six user sites of mineral wool were selected for
study, based upon the representativeness of the operations and the conditions
of exposure of the workers in those sites. Study methods included breathing-
zone air sampling for airborne particulate material (total, fibrous, and res-
pirable) with analyses to determine total and respirable airborne particulate
levels (gravimetric); airborne fiber comcentrations and fiber size distribu-
tions (optical and scanning electron microscopy); and airborne trace metals
(atomic absorption). Limited evaluations of worker exposure to carbon monoxide,
heat, noise, and miscellaneous other materials were performed in some site sur-
veys. In addition to the environmental evaluation, samples of bulk materials
being produced and used were taken for analysis. Analysis included optical
microscopic determinations of fiber diameter, determination of bulk sample
elemental content by atomic absorption (AA) and x-ray fluorescence (XRF), ele-
mental analyses of separated fibrous and compact particles by AA and XRF, and
elemental analyses of individual particles by x-ray microprobe.

The resultant data were compared and evaluated, and this report is a presenta-
tion of the background of the study, detailed descriptions of the methods, and
comparisons of exposures within this industry.






BACKGROUND
HISTORY OF MINERAL WOOL PRODUCTION AND USE

Mineral wool is a generic teim that denotes any fibrous glassy substance made
from minerals (e.g., natural rock) or mineral products (e.g., slag or glass).
For the purposes of this project, mineral wool has been defined to include-
only those fibers made from natural rock (rock wool) or from slag (slag wool},
thus fibrous glass is excluded.

Production

Mineral wool has been produced and used for over a century. Thoenen (1939)
reported that mineral wool was first produced in Wales in 1840. Production
began shortly thereafter in Germany. The first U.S. mineral wool plant began
operation in Cleveland, Ohio in 1888. 1In 1890, a plant was in operation in
Salem, Virginia. The first successful commercial production operation was
started in 1897 by C. C. Hall in Alexandria, Indiana. The product began to
find a substantial market by the end of the first world war (Pundsack, 1976).
By 1939, there were 71 companies operating 82 plants manufacturing slag, rock,
and glass wool.

In the late 1930s Corning Glass Works and Owens-Illinois joined forces to be-
come Owens-Corning Fiberglas; and the company invested heavily in technology
to produce glass woel by processes superior te those that had been used in the
past. The paths of rock wool and glass wool partially diverged at this
point--the rock wool and slag wool manufacturers continued mainly with the
processes and markets of the past, and the glass wool manufacturers opened new
markets, including textiles {Smith, 1976). However, the two products con-
tinued to compete in the thermal insulation market.,

The basic process by which mineral wool is made today is similar to that used
in the 1890s. The raw material (slag and/or natural rock) is loaded into a
cupola in alternating layers with batches of coke and small amounts of other
raw materials used to give the fibers special characteristics of ductility or
size. The coke is burned, generating high temperatures {about 3,000°F) and
melting the slag. The molten stream of slag issues from a hole in the bottom
of the cupola and is "fiberized." Currently, approximately 70% of the mineral
wool sold in the United States is produced from blast furnace slag. Most of
the remainder is produced from copper, lead, and iron smelter slag. A small
amount is produced with natural rock, which is also usually added to the slag
to impart desired qualities of flexibility to the fibers.

Figure 1 shows a "typical" mineral wool cupola (Carroll-Porczynski, 1960), In
the past, the usual practice was to direct a stream of steam (or of air) to
intercept the falling stream of slag, breaking it into many small globules
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which then "tailed out," producing fibers with a semispherical head. The heads
broke off as the material cooled, producing fibers and 'shot" (the cooled)
heads). Figures 2 and 3 are representations of this process.

Currently, most of the mineral wool in the United States is made by variations
of the process shown in Figure 4. The stream of molten slag or rock falls
onto a spinning rotor and the partially fiberized slag or rock is further at-
tenuated by an annular stream of steam or air. The configuration of the rotor
may be varied, as may be the point at which the stream of molten material con-
tacts it. In some processes, the rotor spins in a vertical plane and the mol-
ten stream falls onto the edge of the spinning rotor. In other cases the ro-
tor may be horizontal, with a beveled edge, onto which the stream falls.

Figure 5 shows the "dry spinning" process used by a minor fraction of the pro-
ducers. This is a mechanical attenuation process that does not use fluid at=-
tenuation for additional separation. In all of these processes, a substantial
fraction of material is not made into fibers, but beccmes shot, which is a
waste product of limited commercial use. Some use of the shot has been made
for sandblasting, but in general, it represents a significant problem to the
producers. Commercial standards for mineral wool insulation generally specify
an upper limit on the shot content of the product because the shot is an in-
effective insulator, taking up space that could be better used as air space
(see section on mineral wool use below)., The shot is usually removed from the
fibrous material by gravity, immediately following the rotor, and carried to
waste.

As the fiber is formed, it may be further treated to increase its utility for
one or more of its intended uses. 1In general, these treatments are applied
immediately following the rotor, by the atomization of liquids that are
Ysprayed" onto the newly formed fibers. In almost all cases, an oil will be
applied in this manner to reduce the '"dustiness" (tendency to become airborne)
of the bulk products. The o0il applied may be either a proprietary product
developed for this use (e.g., "Mulrex"®) or a medium-weight fuel or lubricating
0oil. Where the wocl is intended for use in a matrix (e.g., Portland cement)
requiring effective matrix-fiber bonding, a hydrophilic agent (e.g., maleic
acid) may be used in place of the oil. If the wool is intended to be used in
bulk, this will be the only chemical treatment applied.

The fiber is then conveyed, (by skip hoist, belt, or air 1lift) to temporary
bulk storage or directly to'a compression baling machine or bagging station,
For some uses (e.g., "pouring wool," to be emptied by hand onto attic floors)
the loose wool may be granulated and '"pelletized." In this case, the bulk,
loose fiber will be passed between counter-rotating toothed drums forming
approximately l1-inch diameter wool pellets that can be more easily handled
without excessive dusting and do not pack into dense mats before application.

Where the mineral wool product to be produced is required to have moderate

or substantial structural rigidity or stability (as in equipment insulation
and building insulation batts and blankets), a "binder" may be added immedi-
ately following or in place of the oil treatment (see Figures 2, 4, and 5).
This binder is usually a phenol-formaldehyde resin that is also atomized. The
resin-coated fibers are drawn onto a travelling steel mesh belt (see Figure 2)
by a down-draft ventilation system. The speed of the belt is set to give the

5



SLAG CUPOLA

STEAM JET

COLLECTOR

Figure 2. Steam jet fiberization

MOLTEN STREAM

STEAM JET

SOURCE: NIOSH Pubi. 76-151 (Pundsack, 1976)
Figure 3. Shot propelled fiberization

- “‘ ~ QB — e - ——— -—
> R . —
o— e - —_—
> f— £~ o~ ar—
Oor— — C— Comrm— —— o [~ S, \:“— -
o D e o G P2, N {_.—‘ —
[- ¥ Sy < - [= N,
—— T . -
<& . - = ~—~_
q—\——-. — r:,\ [
T~ el ol O o~
-



MOLTEN STREAM

CONCAVE ROTOR

ANNULAR
STEAM OR
AIR STREAM

DEFLECTING PLATE

Figure 4. Downey process

— MOLTEN STREAM

DISTRIBUTOR

SOURCE: NIOSH Publ. 76-151 (Pundsack, 1976}

Figure 5. Poweli process



appropriate thickness of fibrous mat for the desired product. The mat is com-
pressed to the appropriate density and then passed through a "curing oven"
where the binder is baked. A cooling section (with down-draft air) follows.
The continuous mat is then cut longiﬁudinally and transversely to the desired
size.

Those products that are to be used without additional covering (such as high-
density equipment insulation and some residential insulation batts) are packed
for shipment. Other products require further covering, for example, residen-
tial structural insulation is often covered with a vapor barrier (e.g., Kraft
paper treated with asphalt or aluminum foil) on one side and untreated paper
on the other side. For industrial insulation (e.g., boilers), a wire mesh
covering 1s often desirable. 1In the' former case, the vapor barrier and paper
covering is done continuously after longitudinal splitting of the mat, but be-
fore transverse cutting. In the latter case, the wire mesh may be applied to
cut blankets and batts by hand, after they are cut to size. A process flow
diagram for a typical mineral wool plant producing both batts (with vapor bar-
rier) and wool is shown in Figure 6.

Although technical innovations in the century-old cupola slag-melting process
have been reported, their adoption has been slow.

In some plants, the use of electric arc furnaces has been reported. However,
substantial technical difficulties are associated with more wide-spread usage
of these furnaces, although such usage would reduce the air pollution problems
associated with cupola operation. In particular, refractory furnace linings
suitable to resist the aggressive action of molten slag must be commercially
developed (Cobble and Hansen, 1974). Suggestions have been made that commer-
cial quality mineral wool might be produced from incinerator residues (Goode
et al., 1972), recycled container glass (Abrahams, 1972), coal ash (Humphreys
and Lawrence, 1970; Office of Coal Research, 1975), and natural basalt rock
(Raff, 1974). This last suggestion has apparent merit as major basalt fiber
production plants are now in operation in the U.S8.S.R. However, the use of
raw fiber-forming materials other than smelter or blast furnace slag is un-
likely to become commercially viable soon because of the difficulties in con-
trolling the quality of raw materials and the costs of transporting basalt to
current plants.

Mineral Wool Use

Mineral wool is widely used in structural and industrial insulation products,

as well as in cements, mortars, ceiling tiles, and other products where its

characteristics of thermal and structural stability are desirable. The prod-

ucts in which mineral wool is used include:

¢« "Blowing" wool and "pouring" wool, loose bagged wool (either granu-
lated or not) that can be blown by pneumatic blowers or poured by hand
into residential or commercial building structural spaces.

+ Batts and blankets, relatively loose and light (low density) material
shaped to fit between structural members of residential or commercial
buildings.
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¢ Bulk fiber, produced for cement, mortar, or ceiling tile producers,
who add the fiber to their product to impart structural strength and
qualities of fire resistance and thermal and sound insulation,

o Industrial and commercial insulation products for covering pipes,
ducts, boilers and other equipment. High density material with sig-
nificant amounts of binder added.

Transportation costs are a signficant fraction of the costs of insulation
products; to reduce these costs, the industry has become highly regionalized.
The most directly competitive product is fibrous glass. Because of its

greater density, mineral wocl is a more effective sound insulator than fibrous
glass, and is thus often specified in industrial applications. However, this
greater density can be a drawback in the insulation of residential and com-
mercial structures, particularly where framing is light and the required ther-
mal insulation effectiveness is high. In addition, the "shot" found in mineral
wool (but not in fibrous glass) makes it ''dirtier" to install and thus less de-
sirable in some applications.

As can be seen in Figure 7 and Table 1, fibrous glass has steadily increased
its share of the total insulation market over the past 30 years. If the insu-
lation market is examined in detail, as was done for 1973 in Table 2 (Arthur
D. Little, 1976)*, it can be seen that the most probable future market for
mineral wool is in the industrial sector, with relatively limited usage in
residential and commercial products.' In general, the residential and commer-
cial market fraction for mineral wool is continuing to decline, with strength
only in those regions where it has marked economic advantages over fibrous
glass. This trend is expected to continue, with mineral wocol consolidating
its position in the industrial market and gradually relinquishing part of its
present share of the commercial and residential insulation market. It may be
expected that mineral wool will find increasing use as a substitute for asbes-
tos, as asbestos is "phased out" of some industrial thermal insulation prod-
ucts because of its known adverse health effects. Thus, it may be expected
that those workers who have been exposed to asbestos in the past may in the
future be exposed to mineral wool fibers. ‘

One aspect of the potential problem associated with the human exposure to this
material has been an increasing demand for small fiber diameter. Figure 8
shows the effect on bulk thermal conductivity (the inverse of insulation ef-
fectiveness) of fiber diameter in these products. Because of the costs asso-
ciated with attaining smaller fiber diameters, most U.S. commercial products,
particularly those used in home insulation, have a median fiber diameter near
4-5 pym. In Europe, however, and particularly in the Soviet Union, mineral
wool fibers are being commercially preoduced with median fiber diameters <lym
(SRI, 1976). Some interest has been expressed in these processes by U.S. pro-
ducers. T :

% o .
Tables 1 and 2 do not agree because of differing assumptions used in their
construction, The wvalue ¢of mineral wool production and use is uncertain.

10
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Table 1. Shipments of mineral wool, 1947-1976%

Mineral woolt Fibrous glasst Rock wool and slap wool
Year Quantity# Value** Quantity# Value** - Quantity# Value** Price+t
1947 79

1954 160
1958 236

1959 (286) %4+

1960 (284) 674 163 121 0.06
1961 (322) |

1962 (369) 873 187 182 0.06
1963 356 972 213 143 0. 06
1964 (367) 938 226 . 141 0.06
1965 (398) 1046 250 148 0.06
1966 (431) 1076 282 149 0.07
1967 425 1039 179 146 0.07
1968 461 1124 312 149 0.08
1969 504 1203 355 149 0.08
1970 533 1186 356 177 0.08
1971 606 1517 425 181 0.08
1972 739 1738 487 252 0.08
1973 1904 558 0.08
1974 1944 650 0.09
1975 1675 676 0.11
1976 : 1992 817 0.11

* Includes all amorphous mineral insulation fiber; does not include textile
fibers (x15%).

+ From 1967 and 1972 Census of Manufacturers--SIC 3296 Mineral Wool (includes
rock wool, slag wool and glass wool used for structural, industrial and
equipment insulation).

# From Current Industrial Reports MA-32J(76)-1, Fibrous Glass (June, 1977),
includes insulation fibers, but not textile fibers.

§ Derived by subtracting value of fibrous glass from that of mineral wool.

# Millions of pounds.

*% Millions of dollars.
++ Dollars per pound.
% Estimated by SRI

Source: U.S. Department of Commerce, Bureau of Census.

PRIOR STUDIES OF OCCUPATIONAL- EXPOSURES

Human exposures to mineral wool fibers have been examined only in a few stud-
ies. In the first of. these, by Carpenter and Spolyar (1945), dust concentra-
tions in a mineral wool preduction plant were measured by Greenburg-Smith im-
pingers in 1934. The dust counts so measured ranged from 12-26 million
particles per cubic foot (mppcf) with limited dust control equipment in-
stalled. When more effective controls had been installed, a resurvey by the
same investigators found dust concentrations of 5-10 mppcf.

In 1962, Sheinbaum reported the preliminary results of surveys in the building
trades, including the application of "asbestos-rockwool cement' as a
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Table 2, Sales of mineral fiber insulation materials, 1973
{millions of dollars)

Fibrous glass Mineral wool
Residential and commercial
insulation products *
Structural 310 -
Rigid board 50 --
Pipe and duct insulation 50 10
Subtotal 410 10
Industrial and other
Pipe and duct insulation 70 30
OEM 55 --
Ceiling panels 25 130
Subtotal 150 160
TOTAL 60 170

* Quantity greater than zero,

Source: ADL, 1976

fireproofing and sound insulation agent. He found "extremely dusty condi-
tions," with average breathing zone impinger dust counts "about 200 mppcf."

Both of the ahove studies share a major disadvantage--the method of measure-
ment does not differentiate between mineral wool fibers and general particu-
late material. Thus, it is difficult to ascertain how much of the inhalation
burden imposed upon the workers in these operations resulted from mineral wool
fibers and how much resulted from other material. Total particulate mass con-
centrations and fiber size were not determined in the above studies.

In 1976, Corn et al. published the results of extensive industrial hygiene
surveys in two mineral wool production plants. With the use of personal sam-
pling pumps, measurements were made of total suspended particulate matter
concentrations and of fiber concentrations, The latter analysis was performed
with optical and electron microscopy, and the sizes of the fibers observed
were determined.

In Plant A, ceiling and wall panels and tiles containing about 50% fiber were
produced. Optically visible (2 1 ym diameter) total fiber concentration
ranges were 0.2-1.4 fibers/cm3; electron microscopically visible (% 1 um diam-
eter) total fiber concentrations ranged from 0.0056-0.16 fibers/cm3. Total
suspended particulate material levels were 0.53-23.64 mg/m3.

In Plant B, where specialized thermal insulation materials were produced,
total suspended particulate matter levels were 0,045-6.88 mg/m3. Fibers

2 1 ym (diameter) were found in concentrations from 0,11-0,43 fibers/em3,
The concentrations of those fibers less than 1 ym diameter were 0.0059-0.089
fibers/cm3,
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In both plants, the fraction of respirable fibers (less than 3 _m diameter)
was approximately 75%. The total airborne dust concentration (mg/m3) was
found to be a poor indicator of airborne fiber (fibers/cm3) concentration.

Recent European studies were discussed at a Workshop in Copenhagen (JEMRB,
1976), It was stated in the discussion of those studies that the "... concen-
trations of fibers in the respirable range encountered in the production in-
dustry vary between averages of about 0.03 and 0.2 fibers/ml" (Hill, 1977).

The National Institute for Occupational Safety and Health has engaged in sev-
eral additional studies that are now being presented. This report presents
one such study, and a NIOSH report on one ceiling title production plant has
recently been presented, with information on an epidemiologic study of the

. workers at that plant (Ness, 1977).

HEALTH EFFECTS OF MINERAL FIBER EXPOSURE

The health effects attributable to mineral fibers have been the subject of
major international conferences in the past 10 years (New York, 1964; Dresden,
1968; Lyon, 1972). Other conferences such as the Johannesburg conference in
1969 and the ILO Helsinki conference in 1971 have also devoted substantial
portions of time to the same and associated topics.

The majority of these reports, however, deal with only one category of mineral
fibers, asbestos. [We will set aside, for the moment, Harington's (1975) ob-
jection to the use of "mineral fiber'" as a generic term to include the amor-
phous man-made fibers.] Little attention has been paid to the health effects
of other mineral fibers with the exception of limited work on fibrous glass.

Health Effects of Asbestos

Cancer=-- ‘ :

The most serious potential consequence of mineral fiber exposure is the devel-
opment of cancer. An increased incidence of the following tumors has been as-
sociated with human exposure to asbestos:

Tumor ‘ Selected Epidemiologic Evidence

Lung Cancer (Doll, 1955; Knox, 1968; Selikoff,

: 1973) - '

Mesothelioma (McEwen, 1970; Bohlig, 1973; New-

(Pleural & Peritoneal) house, 1973) '
G.I. Cancer - (Selikoff, 1973)

Laryngeal Cancer - (Stell, 1973; Newhouse and Berry,

1973)

Fibrotic Lung Disease (Asbestosis)-- ‘ ‘

There is no need for further documentation of asbestosis in humans; such docu-
mentation exists in scores of studies. Although the attack rates have varied
from study to study (and for type of asbestos fiber), it is clear that inhala-
tion of any form of asbestos will, given sufficient doses, lead inevitably to
asbestosis in a significant. fraction of the exposed population. The
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universality of the response can be seen in the table on pages 364-365 of
Harington's (1975) review.

Health Effects of Fibrous Glass

The only exposure-specific population studies that have been carried out on
the consequences of exposure to mineral fiber other than asbestos have been

on fibrous glass. The studies (Wright, 1968; Nasr, 1971; Utidjian, 1970;
Gross, 1971) did not address the question of malignancy. They concluded from
pulmonary function (Utidjian), radiographic (Wright and Nasr), and post-mortem
(Gross) studies that there were no significant effects from occupational ex-
posure to fibrous glass. A discussion of these studies was presented in an
article by Dement (1975). A study by Enterline (1975) examined the mortality
experience of a cohort of 416 men who retired during the period 1945-1972 from
six fibrous-glass manufacturing plants. Enterline found "no evidence of an
excess in respiratory cancer mortality. No mesotheliomas were noted," For
115 of- the men, the stated retirement cause was disability. Comparing this
with the expected distribution, Enterline found "... no evidence of any unusual
health hazards, with the exception of a possible excess in chronic bronchitis'.

These and other studies were reviewed in-depth in the preparation of the NIOSH
Criteria Document on Fibrous Glass (NIOSH, 1977). Upon consideration of human
health studies and animal tests, NIOSH concluded that two categories of fibrous
glass could be defined--those fibers larger than 3.5 micrometers {um) diameter
and those less than 3.5 uym. For the former, it was concluded:

The primary health effects associated with the larger diameter fibers
involve skin, eye, and upper respiratory tract irritation, a rela-
tively low incidence of fibrotic (lung) changes, and preliminary in-
dication of a slight excess mortality risk due to non-malignant re-
spiratory diseases. In this regard, NIOSH considers the health hazard
potential of fibrous glass to be greater than that of nuisance dust,
but less than that of coal dust or quartaz.

The Criteria Document goes on to address the potential problems associated with
small diameter fibers. The laboratory animal implantation studies of Stanton

(1972, 1977) were examined and it was concluded that these results could not be
extrapolated directly to conditions of human exposure. The document continued:

On the basis of currently available information, NIOSH does not con-
sider fibrous glass to be a substance that produces cancers as a re-
sult of occupational exposure. However, these smaller fibers can
penetrate more deeply into the lungs than larger fibers and until
more definitive information is available, the possibility of poten-
tially hazardous effects warrants special consideration.

On the basis of these considerations, NIOSH recommended an envirommental (work-
place air) concentration limit of 3 fibers/cmd, determined as a time-weighted
average concentration for up to a 10-hour work shift in a 40-hour work week.
Only those fibers with a diameter less than or equal to 3.5 um and a length
equal to or greater than 10 ym are covered by the recommended limit. Addi-
tional recommendations involve medical examinations and record keeping.
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Health Effects of Mineral Wool

It has been assumed previously that fibrous glass and rock (or slag) wool
could be appropriately grouped together in a discussion of the health effects
of mineral fibers. No reported studies of those exposed only to rock wool or
slag wool are known, although Enterline is currently carrying out such a
study, sponsored by the Thermal Insulation Manufacturers Association (TIMA), as
is NIOSH (Ness, 1977). ©No firm evidence exists from which the health effects
of rock wool or slag wool can be predicted. The evidence most clearly indi-
cating potential exposure risks associated with mineral wool is the work of
Stanton et al. (1972, 1977), Kuschner and Wright (1976), Pott et al. (1976)
and Davis (1972). - In these laboratory studies, it has been found that long

(2 10 pm), thin (5 1 ym) fibers have greater biological potency (tumorigen-
icity, fibrogenicity) than shorter or thicker fibers, regardless of the chemi-
cal composition of the fibers. This indicates that these long, thin fibers
are probably of greatest concern in human exposures to mineral wool. Figure 9
is an adaptation of some of Stanton's data, showing the effect of increasing
the fraction of long, thin fibers in implanted fibers on the probability of
tumor response in animals (Stanton, 1977).

Comparability of Results for Other Fibers:
Extrapolation to Mineral Wool

There is convincing epidemiological and case.report evidence that asbestos,
upon inhalation, is fibrogenic and carcinogenic in man. Fortunately, no such
convincing human evidence exists for other mineral fibers. It is difficult

to extrapclate from the results for asbestos to predict human health effects
from exposure to mineral wool. The work that has been done with fibrous glass
is more directly applicable, but there are still many areas of uncertainty.
The NIOSH decision (in regard to the recommended environmental standard for
fibrous glass) that ™.., until more information is available, the recommended
standard can also be applied to other man-made mineral fibers..." seems appro-
priate with respect to mineral wool. The two recent NIOSH publications (1976,
1977) dealing with fibrous glass are recommended as background reading on the
health effects of mineral wool, as are the Copenhagen Workshop Proceedings
(JEMRB, 1977).
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METHODS OF STUDY
IDENTIFICATION AND SELECTION OF FACILITIES FOR STUDY

The goal of this task was to select 10 facilities for study, to include five
mineral wocl producers and five mineral wool users.

The criteria for selection of the 10 facilities were:

s Representativeness of current industry-wide coperations.

o Fiber size produced or used.

e Greatest potential for worker exposure to respirable fibers.
s Number of workers exposed.

e Length of history of production 'or use of slag wool or rock wool
fibers.

e Availability of historical work practices and exposure levels and
previous industrial hygiene surveys.

o Representativeness of probable future industry-wide opetrations.
o Potential for future worker exposures to respirable fibers.

¢ Extremes of environmental control technology applied (e.g., best case
and worst case).

e Willingness to cooperate with the survey,
Selection of Producers

Twenty-five major production facilities for rock wool or slag wool in the
United States were identified. Each of these was examined for inclusion in
the study based upon the criteria above.

Representativeness of Current Industry-Wide Operations--
Three variables were judged to be most important in selecting currently repre-
sentative plants. '

s Production processes

¢ Raw materials used

¢ - Material produced.
Three major scurces of current information were available to aid in the selec-
tion (Esmen, 1976; Matthews, 1976; and Schneider, 1975). From these sources,

it was concluded that the major differences in production processes were be-
tween centrifugation with air or steam attenuation (see Figure 4) and the '"dry
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spinning'" process shown in Figure 5. The former is far more widely used than
the latter; accordingly, four of the selected plants used the former method of
fiberization and only one was selected in which "dry spinning' was used.

Potentially significant differences do exist in the raw materials used, and
thus in potential exposures to trace elements. A typical plant uses a mixture
of steel mill slag and natural rock. The raw materials identified include:.

Slag:
Steel mill
Lead smelter
Copper smelter
Iron smelter
Phosphate ore
Clay
High silica rock
Lime .
River gravel
Natural rock

Three of the selected plants use steel mill slag as the basic raw material,
with the admixture of a small amount of various rocks and other slags; one

uses iron smelter slag and the third uses steel mill slag with the addition
of significant amounts of lead smelter slag.

Fiber Size--

We did not identify any facilities that produce '"fine fiber" (mean diameter
ca. 1.0 pm)., The overwhelming majority of current production is of fibers
with stated mean diameters around 7 um. The range of fiber sizes is broad,
and there is an appreciable proportion of larger and smaller fibers in almost
all products, including '"respirable'" fibers (<3.5 pm diam). Accordingly, this
criterion was not specifically applied in selection.

Potential for Worker Exposure to Respirable Fibers--

Although there is a broad range of housekeeping practices in this industry,
exposures to airborne fibers appeared to be similar from plant to plant, based
upon industry information (Esmen, 1976). Esmen stated that there were no
major differences in the proportions (or absolute quantities) of respirable
fibers in the production plants.

Number of Workers Exposed--

Facilities with as few as 25 and as many as 150 mineral wool production work-
ers were identified. The plants surveyed ranged from 25-100 production em-
ployees. Two of the surveyed plants had 80-100 employees.

Length of History of Production--
All plants ranged in age from-6 to ~50 years; the selected facilities ranged
from 7 to ~50 years in age.

Availability of Historical Work Practices and Exposure Levels--

Work practices histories were available from many of those plants contacted.
Exposure levels in the past were (and are) essentially unknown, except for the
recent Calspan and Corn studies. Plants selected for this study included some
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of those studied previously by Calspan for NIOSH and by Corn for TIMA. Three
of the five plants produced residential/commercial insulation, which was the
most abundant product in the past.

Representativeness of Probable Future Industry-Wide Operations--

As shown in Section 2, the mineral wool industry will probably be more heavily
concentrated in industrial insulation than is currently true. Four of the
plants produced fibers for use in industrial insulation.

Extremes of Environmental Control Technology Used--

One of the plants surveyed had recently made major investments in engineering
measures for occupational exposure control; another was planning such measures
in the near future, but had not yet implemented them. Others were operating
at varying levels of control effectiveness.

Willingness to Cooperate with the Study--

Approximately one-half of all plants contacted were willing to cooperate with
the study. It was concluded that those plants not willing to cooperate did
not differ in any substantial way from those that were cooperative, as judged
by production processes and products. No consistent bias either in products
or in processes was observed.

Selection of Users

Thousands of companies deal with mineral wool in the United States. Many of
these purchase fabricated products at wholesale and sell them at retail with-
out repackaging and without substantial opportunity for occupational exposure.
Others purchase bulk wool and fabricate consumer products, with substantial
opportunity for exposure. Still others produce mineral wool and fabricate it
into products, using their entire mineral wool output captively. Other users
(e.g., insulation contractors) install mineral wool products (batts, blankets,
loose wool, insulating cements, etc.) with potential for exposure.

Representativeness of Current Industry-Wide Operations-- .

As shown in Table 2, the major uses of mineral wool are in industrial insula-
tion, with the majority of the wool going into ceiling panels. One user se-
lected was a manufacturer of ceiling panels; another was a manufacturer of
industrial insulation blankets. A third user installed industrial insulation
blankets.

Fiber Size--
No extremes of fiber size usage were found; the production of a relatively
modest range of mean diameters is responsible for this. ‘

Greatest Potential for Worker Exposure to Respirable Fibers--

Based upon past experience with asbestos and consideration of basic physical
principles, the operations judged most likely to cause high exposures to
respirable fibers were those in which the wool was purposely aerosolized.
Twe contractors "blowing'" wool into old and new homes were studied, as was a
contractor applying sprayed fire proofing.
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Number of Workers Exposed--

This information was not generally available for mineral wool products. Resi-
dential insulation products and ceiling tiles are in widespread use by many
small contractors. It is thus probable that the greatest numbers of workers
are exposed to these products.

Length of History of Use of Mineral Wool--

The oldest uses of mineral wool have been as thermal insulation in structures
and in industrial applications. The selected user facilities are all examples
of these uses. One of the insulation contractors had been applying mineral
wool by essentially similar methods since 1931, The fabricator of industrial
insulation had been making similar products for at least 30 years.

Availability of Historical Work Practices and Exposure Levels--

Exposure level information was generally not available prior to the surveys.
In particular, exposure level measurement by microscopic fiber-counting
methods had not usually been performed in this industry in the past. The work
practices involved in the installation of blowing wool and industrial insula-
tion have not changed substantially since the mid-1930s. Consequently, the
workers in these two user industries in the past were probably exposed to
levels very similar to the present levels.

Representativeness of Probable Future Industry-Wide Operations--

The future of mineral wool usage appears to be principally in industrial insu-
lation and ceiling tiles, Three of the selected users were representative of
these uses.

Potential for Future Workers' Exposures to Respirable Fibers--

In the future, as in the past and currently, the greatest potential for res-
pirable fiber exposure will exist where fibers are purposely aerosolized
(sprayed or blown). Three examples of these uses were selected for surveys.

Extremes of Environmental Control Technology Used--

The users surveyed included those with fixed '"production-line" operations
where engineering controls were installed and used and those where field in-
stallations in difficult surroundings prohibited use of conventional controls.

Willingness to Cooperate with the Study--

Among the users, as among the mineral wool producers, relatively good coopera-
tion was found. Approximately half of those contacted were willing to permit
a survey without protracted negotiations. No consistent biases among those
refusing permission were seen. That is, ne common factors of size, age, or
use could be identified.

Field Studies and Analysis
All surveys were performed in conformity with 42 CFR Part 85a "Occupational
Safety and Health Investigations of Places of Employment."” The surveys were

intended to give the following information:

¢ A description and documentation of the processes involved in the pro-
duction or use of mineral wool and the occupational environment at
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each facility, giving specific attention to worker exposure to air-
borne mineral wool fibers.

e Eight-hour time-weighted-average (TWA) airborne mineral fiber concen-
tration exposures (in fibers/ml) of all production and maintenance
personnel. .

s Eight-hour TWA total suspended particulate (ISP) concentration expo-
sures {in mg/m3) of all production and maintenance personnel.

o Eight-hour TWA respirable airborne particulate concentration exposures
(in mg/m3) of employees in each production process or job category
(10% of employees).

» Eipght-hour TWA concentration exposures to total airborne concentrations
of the elements: cadmium (Cd), chromium (Cr), cobalt (Co), nickel
(Ni), manganese (Mn), lead (Pb), zinc (Zn), in ug/m3.

¢ Sizes of fibers to which workers are exposed.

e Fiber size and elemental composition of all mineral fibers and fiber-
containing materials produced or used at the facility (1nc1ud1ng ma-
terials produced or used in past years).

e The identification of exposures to other potentially toxic materials
in the workplaces surveyed, with sample collection and analysis as
required to identify those exposures.

o The survey and evaluation of environmental engineering contrcl measures
(such as ventilation systems) and personal protective devices (such as
respiratory protection) in use at the facility, including an evaluation
of the actual extent of use and effectiveness of those measures or de-
vices.

Field Survey Procedures

Alr samples were taken to evaluate worker exposure to airborne mineral fibers,
total airborne particulate matter, respirable particulate matter, and trace
metals (Cd, Cr, Co, Ni, Mn, Pb, Zn). Bulk samples of raw materials, inter-
mediate products, and final products were also collected for the determination
of fiber size and trace element concentrations. The sampling/analysis matrix
is shown in Figure 10.

Detector tube samples to determine approximate concentrations of several po-
tentially toxic gases were taken at selected locations. Carbon monoxide
measurements were made using an "Ecolyzer" direct reading instrument in some
cases. Limited noise surveys were performed, as were limited ventilation sur-
veys and heat stress evaluations.

Survey Equipment--
s Bendix §DX-44, portable battery-powered air sampling pumps.
. ﬁSA Model G, portable battery-operéted air sampling pumps..
‘e Bendix 10 mm (Dorr-Oliver type) nylon cyclone preselectors.

¢« Millipore type AA (0.8 um mean -pore size) 37mm diameter mixed cellu-
lose ester membrane filters.
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e Gelman type VM-l (5.0 um mean pore size) 37mm diameter polyvinyl
~ chloride membrane filters.

e Millipore 2-piece and 3-piece polystyrene filter holders.,
s 'Ecolyzer' carbon monoxide monitor.

o Alnor "Jr. Velometer."

e Alnor Thermoanemometer. 7

o MSA and Driger detector tubes and pumps.

s Botsball,.

e Sling psychrometer.

e General Radio 1565-B Sound Level Meter.

Calibration--

The rotameters on each pump were calibrated in Menlo Park before the survey
with the use of a "bubble-meter” (timing passage of a soap bubble through a
500 ml burette). The calibration was performed with a Millipore AA filter in
line and with a tube of the same length (30") and inside diameter (1/4") as
that used for field sampling. No differences in rotameter calibration were
found when a polyvinyl chloride (PVC) (Gelman VM-1) filter with significantly
lower flow resistance was placed in line, in place of the Millipore AA filter.
This calibration was repeated at the survey sites to check for changes result-
ing from shipping damage and to verify calculated corrections for altitude
(Treaftis, 1976). The rotameter scales were marked at 1.5, 1.7, 1.8, 2.0, and
2.2 liters per minute.

The calibration of each pump rotameter was assumed to be accurate until er-
ratic pump behavior (e.g., "jumping" float, marked decrease or increase in
indicated flow, etc.) indicated the need for repair or maintenance. The cal-
ibration was repeated after each such event, and the rotameter scale remarked
to indicate any change in calibration. Use of calibration charts has not been
effective with the Bendix pumps because breakdowns are relatively frequent,
with consequent frequent changes in calibrations.

The General Radio 1565-B Sound Level Meter was calibrated with a GR 1562-A
Sound Level Calibrator. Calibration of the Ecolyzer was done with CO "span
gas,' at 100 ppm. '

Air Sampling--

Personal air samples were taken in the breathing zones of all workers exposed
to mineral wool. The sampling effort was intended to characterize peak and
time-weighted-average (TWA) exposures to mineral wool fibers, total suspended
particulate material (TSP), respirable particulate {(RP) material, and the
seven listed trace metals, for all job categories. Area (general environment)
samples were also taken in some locations. These samples were taken to evalu-
ate the potential exposures of workers not sampled, such as clerical and
supervisory workers.

Filters used were 37mm diameter Millipore Type AA (0.8 pm mean pore size,
mixed cellulose ester} for fiber counting and 37mm Gelman VM-l (5.0 pm mean
pore size, PVC) for total and respirable particulate matter sampling.
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Preparation of the filters and holders is discussed under Analytical Pro-
cedures, below. Two pumps and filters were used on each worker. 1In most
cases, one of these was for fiber counting and one for total particulate mat-
ter. For approximately 10% of the workers, total and respirable particulate
matter samples were taken. Bendix cyclones (10mm Dorr-Oliver nylon type) were
used as preselectors before the filter for the respirable samples.

The calibrated pumps were run for 15-20 minutes (without a filter in place)
after the battery charger was discomnnected to stabilize flow rates before set-
ting the desired flow rates. The filter units (Millipore or Gelman in 3-piece
Millipore filter holders or Gelman in 2-piece holder inserted in the cyclone
assembly) were attached to the pumps, and the initial flow rate (1.7 liters
per minute for respirable; 2.0 liters per minute for all others) was set, with
the use of the calibrated pump rotameter scale. The filter was then recapped,
and the pump/filter unit taken into the sampling area.

The pair of air sampling filters were clipped to the collar of the worker's
shirt or jacket, one on each side, as close as possible to his or her breathing
zone, without interfering with work or comfort.

The filter faces were directed generally downward, where possible. In some
cases, where there was possible direct contamination of the filters by very
large and definitely nonrespirable (>lmm diameter) particles ejected from the
process under investigation, the filters were shielded by a shroud over the
entire cassette (ATHA-ACGIH, 1975). The approximate inlet velocity for the
open faced filters was 7.7 feet per minute (fpm), and the inlet velocity for
the TSP samples was 522 fpm. The pair of pumps was clipped to the worker's
belt and the pumps started after the removal of the small end plug of the TSP
filters and the cover section of the fiber-counting filters. The flow rate
was rechecked, and the relevant data (worker, area, place, job, date, time,
flow rates, sample numbers) for the pair of samples was recorded on an air
sample record sheet.

The flow rates were checked at intervals throughout the sampling period, as
were the appearances of the filters. The total sampling periods for each
worker were typically 6-7 hours, beginning shortly after the start of a shift
and continuing until shortly before the end of the shift. The TSP and RP fil-
ter samples were usually left throughout the sampling period to accumulate as
heavy loading as possible for the gravimetric and trace metal measurements.

The fiber counting filters were usually changed at about midpoint of the shift,
or as needed to prevent obscuration of the collected fibers by other particu-
late material.

The samples being taken were monitored at intervals throughout the sampling
period, and air flow rates were adjusted back to the initial values when neces-
sary. The time of each such adjustment was recorded on the air sample record:
sheet as were the "0ld" and "new' (adjusted) flow rates. At the end of the
sampling period, the filters were recapped and stored for shipment to the
laboratory.
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Bulk Samples--

In addition to the bulk samples of produced or used material taken at the sur-
vey sites, an effort was made to obtain samples of "old" mineral wool preducts
produced in past years. TFor each sample obtained, the approximate date of pro-
duction or installation was determined by interviewing the producer or in-
staller and from any evidence at the site of installation, such as an installa-
tion record card. In some cases, the date of installation in buildings was
determined by interviewing the current owner or tenant.

Analytical Procedures
Air Sample Analysis--

Filter handling--Each Gelman PVC filter was weighed (0.0l mg) on a Mettler

M-5 balance and then placed into a Millipore filter holder. A cellulose band
was shrunk onto the holder, and a unique sample identification number and the
initial weight of the filter were then recorded on the holder and in a labora-
tory record book. The numbered filter holder was then stored until field use.

The Millipore filters in holders (for fiber counting) were used as received
from Millipore except for the addition of a cellulose band as described above.
‘One filter from each box of 50 was held as a blank and was examined for con-
tamination by using the optical microscopic technique described below. Upen
return of the filters to the laboratory, the Gelman PVC filters were reweighed
(£0.01 mg) on the same balance used for the initial weighings. This was the
sole analysis applied to the respirable particulate samples. After being
weighed, the total suspended particulate samples were analyzed by atomic ab-
sorption spectrometry; the Millipore filter samples were prepared for micro-
scopic examination without being weighed.

Atomic absorption--The Gelman PVC filter samples were placed in Teflon beakers
to which 5 ml of hydrofluoric acid (HF) were added. The beakers were heated

to 110°C on a hot plate and intermittently swirled to ensure complete reaction.
The samples were taken to dryness, an additional 5 ml of HF added, and the
samples were taken to dryness again. Five ml of nitric acid (HNO3) were added
and the solution was evaporated over a 20-minute period. The residue was
dissolved in 3 ml of warm nitric acid and transferred to a graduated cen-
trifuge tube. The filter residue remaining in the beaker was rinsed with suc-
cessive portions of distilled water. These rinses were added to the centrifuge
tube. The total volume was then brought to 7.0 ml. Blank samples consisted of
unused filters treated in the same manner as above.

The solutions of solubilized mineral wool and the blank samples were analyzed
for zine, lead, manganese, chromium, cobalt, nickel, and cadmium by atomic
absorption spectrometry (see-Table 3 for operating parameters). Calibration
curves were constructed from calibration standards for each of the seven metals.
Absorbance measurements corrected for nonatomic absorption and the blank value
were then compared to the appropriate calibration curve to obtain the metal
concentration in the sample. . .

Experiments were carried out to establish the validity of the HF -HNO3 digestion
procedure. A filter and a given amount of a previously-analyzed bulk sample,
Premium Brand rock wool, were spiked with 50 ug of each of the metals of
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Table 3. Atomic absorption operating parameters

Parameter Zn Pb Mn Cr Co Ni Ccd
Wavelength {(nm) 213.9 217.0 . 279.5 357.9 240.7 232.0 228.8
Spectral band 1.0 1.0 0.2 0.2 0.1 1.0 . 1.0
pass (nm)

Standard working 0.1-2.0 0.1- 0.1- 0.2-8 0.1-1 0.2-2.0 0.05-

range (ppm) 7.0 3.0 0.5

Gas mixture Air/ A/A A/A N0/ A/A N0/ AJA
acetylene acetylene acetylene

Flame Oxidizing Ox. Ox. Reducing  Ox. Reducing  Ox.

stoichiometry

Interferences * * - -- * t *

* Correction was made for nonatomic absorption by using a hydrogen continuum
lamp.
t Correction was made for nonatomic absorption by using 231.7 line.

interest. The samples were digested as described above and absorbances of the
seven metals determined. The micrograms of each metal found were corrected
for background and compared to the amount spiked. The result was a percent
recovery factor for each metal (Table 4) that was applied to the concentration
results for each of the personal samples.

Table 4, Correction factors
from metal recovery experiments

Mn 1.04
Co 0.930
Zn  0.998
Cd 0.970
Pb 1.11
Cr 1.03
Ni 0. 949

Fiber counting and sizing by optical microscopy--The general procedures used
for mounting the personal filters and for counting and sizing the fibers are
described in detail in the NIOSH manual, Sampling and Evaluation of Airborne
Asbestos Dust.¥ The samples were mounted in a dust-free hood. Immediately

after the cover slip was put in place, it was tapped lightly with tweezers.

Any air that remained entrapped was eliminated by pushing on the cover slip

with a pencil eraser.

For couﬁting and sizing, a Leitz Ortholux II Pol-BK microscope with 40X, 0.65
NA phase objective, a 10X Periplan CF eyepiece, and Kohler illumination was

¥ This manual, used in NIOSH Course #582, can be obtained from NIOSH, Division
of Training and Manpower Development, 4647 Columbia Parkway, Cincinnati, Ohio
45226. 28



used. A standard Porton reticle (100L = 64 pm) was placed at the focal point
of the eyepiece and used as the counting field area (4.096 x 10'3mm2). Adjust-
ments for Kohler illumination, alignment of phase contrast rings, and the quan-
titative calibration of the system were checked periodically. All particles
having an aspect ratio of 3:1 or greater were counted. The diameter and length
of each such fiber were measured and recorded on a tally sheet, as shown in

Figure 11.

The initial accumulation of data was made on a 10-key adding machine, with the
use of a three-digit code for diameter, length, and presence or absence of
"typical" mineral wool morphology. This method permitted substantial savings
of microscopist time and the use of research assistants for the transcription
of the data. 1In addition, the microscopists were able to avoid constant re-
focusing and reaccommodation of their eyes during the counting process, with
reduction of "eye-strain'" problems.

Scanning electron microscope (SEM) counting and sizing--A small section (10-20%)
of the Millipore filter (from which a segment had previously been cut for opti-
cal microscopy) was dissolved in a 1:1 mixture of MEK {(methyl ethyl ketone) and
methanol. The filter (in a plastic petri dish) was photocopied before and
after removal of the section. The photocopy images were cut out from the
paper, and weighed. The fraction of the filter dissolved was determined by the
ratio of the weights of the whole circular image, the intermediate image, and
the final image. The MEK/methanol solution with suspended fibers was filtered
through an 0.8 pm (25-mm diameter) Nuclepore filter by using aspiration and
rinsed three times with filtered water. The Nuclepore filter was not permitted
to run dry between rinses and the rinses were added so that the walls of the
filter holder were rinsed also. A section of the Nuclepore filter was then cut
out and mounted with silver paint on an aluminum SEM stage.

Before use, all solvents were filtered through a 0.4-um Nuclepore filter.
These treated solvents were used to rinse all glassware, and care was taken to
prevent dust contamination during filtration.

A drop of dilute suspension of 0.01l-um (+0.005-pm) polystyrene latex spheres
(Duke Scientific Corp.) was added to one corner of the Nuclepore filter and
allowed to air-dry.

The Nuclepore filter section was then shadowed with gold/palladium with an ap-
proximate grain size of 200 Angstrom units (200 4) and examined at 2,000X and
10,000X in the SEM (Cambridge Mark II) at 30 KV and a tilt of 10°. The poly- .
styrene latex spheres were also examined at 2,000X and 10,000X and the images
recorded on videotape as an internal size standard for each filter.

A nominal 100 fields (97-103) were next examined in a random stepwise orthogonal
scanning pattern at 2,000X and the field images recorded on the same videotape.

The videotape images were independently examined on a video monitor by the same
microscopist who performed the majority of the optical analyses. Particulate
images with an aspect ratio of greater than 3:1 were measured directly (&1 mm)
and recorded, following measurement of the polystyrene latex sphere images.

The monitor image was distorted (vertical suppression); therefore, several in-
dependent vertical and horizontal measurements of the spheres were taken.
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A typical vertical measurement was 3.5 mm/pm; a typical horizontal measurement
was 4.4 mm/um.

To maximize the area examined, the total monitor screen area was used as the
counting field; this was 26.8 cm by 20.7 cm. The typical filter area covered
in each counting field was thus: ' '

1 pum 1 Eﬁ _ 2
26.8 cm x 044 om X 20.7 cm x 0.35 cm = 3602 pym

Using the total screen area presented one potentially serious problem: deter-
mining the length of those fibers that protruded into the counting area, but
whose entire length could not be seen. It was assumed that the length of such
a fiber was 1.5 times its visible length. This assumption was based upoﬁ
examination of those protruding fibers that were scanned over their total
length while moving from one field to the next. That total length averaged
approximately 1.5 times the visible length in the field.

Bulk Sample Analysis--
The . bulk samples were divided into three portions, for atomic absorption,
x-ray fluorescence, and SEM micreoprobe analyses.

Atomic absorption--With the use of fired ceramic balls, 0.1 g of the bulk
material was ball-milled in a plastic container until a homogeneous powder
was formed. Digestion and instrumental analysis of the milled powder fol-
lowed the procedures given above for the analysis of the total suspended par-
ticulate air samples on PVC filters.

X-ray fluorescence analysis--With the use of fired ceramic balls, bulk samples
were ball-milled overnight in a plastic container, The finely ground powder
was sieved through a 200-mesh nylon net and dusted on mylar adhesive tape.

The tape (of known surface area) was weighed before and after the sample was
placed upon it. The deposit, which was visually uniform, was typically 1 mg/
cm? (£50%). The tape was then placed in the x-ray spectrometer and irradiated
with a G.E. Tungsten Target tube with a molybdenum filter at 40 KV and 30 mA.
The secondary x-rays were detected with a Kevex Lithium-drifted silicon detec-
tor and were accumulated (for 10 minutes) in a Nuclear Data Multichannel
Analyzer.

Scanning electron microscope microprobe analysis--A small (~0.1 g) representa-’
tive sample of the bulk material was placed in a test tube with ~50 ml dis-
tilled water. The test tube was placed in a "sonicator" for 10 minutes, until
the solid material was evenly dispersed. The water dispersion was filtered
(with aspiration) through a 0.4-um pore size Nuclepore filter. The filter was
air-dried in a dust-free hood, and a section was cut out and attached with
silver paint to an aluminum SEM specimen stage.

Analysis was by the EDAX 505 energy-dispersive x-ray probe attached to the
Cambridge Mark II scanning electron microscope at 30 KV. An initial SEM scan
of the sample was made, and "typical' representatives of the following particle
classes were selected: ;
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e Small fibers (~<l-ym diameter)

o Medium fibers (~4-5-pm diameter)

o Large fibers (~210-pm diameter)

e Shot (nearly spherical particles formed during slag fiberization)

s Variable particles (angular particles typical of the general background
particulate contamination in the sample).

CALCULATION AND REPORTING OF RESULTS.
Air Sampling Volumetric Flows

Total flows for each of the air samples were calculated from the Air Sample
Record Sheets. The sample starting time and starting flows and the inter-
mediate and ending flow/time points were used as known points, and it was
assumed that flow rates decreased (or increased) linearly from point to point,
The average of the flow rates at each consecutive point was taken as a point
estimate of the flow over the interval of time between these two points. As
an example, one might take a hypothetical sample that was started at 0800 at
2.0 liters per minute (1 pm), was checked at 1000 (and found to be still sam-
pling at 2.0 1 pm), had decreased to 1.9 1 pm by 1200 (and was readjusted to
2.0 1 pm), and fell to 1.8 1 pm by 1400, at which time the sampling period
ended.

Flow Intermediate

(liters/ - Assumed sampling volume Cumulative

minute) average since last point sampling volume
Time 0ld New flow C (liters) (liters)
0800 2.0 0 0
1000 2.0 2.0 2.0 240 240
1200 1.9 2.0 1.95 234 474
1400 1.8 1.9 228 702

Thus, the total volume sampled for this hypothetical case was 702 liters
(0.702 m3).

Gravimetric Samples

For both the total suspended particulate material and the respirable particu-

late material air sample, the change in weight of the fllter (mg) was divided

by the total air flow through the filter in cubic meters (m ) to give a gravia
metric value Gng/m3) for that sample.

Elemental Concentratlons

For the seven trace elements considered in this survey; the total quantity (ug)
of the specific elements in each sample was divided by the total air flow (m3)
to yield a value in pg/m3 for each element/sample point (seven per sample).
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Fiber Concentrations by Optical Microscopy
The number of fibers counted for each sample and the number of microscopic
fields in which those fibers were counted were used (with the sample air volume)

to calculate the concentration of fibers per milliliter of air (per cubic cen-
timeter of air).

The basic formula for this determination is:

Fibers x R
Fields ¥ volume

Fiber concentratlon (f/cc) =

where!

Fibers = total number of fibers counted (- blank count if > Q)

Fields = total numbers of fields counted (100 if fibers <« 100)
Effective filter area 855 mm2 5
R = . - = = 2.09 x 10
Area of counting field 4.096 x 10~ 3mm2
Volume = (liters) ¥ 103 = total sample air volume (ml) = cc.

Fiber Concentrations by Scanning Electron Microscopy

The fiber count in fibers/cc is equal to:

Fibers/ce = Fielj"sibxeirilxmni X F
where:
Fibers = total number of fibers counted (- blank count if > 0)
Fields = total number of SEM fields
Volume = air sample volume (ml) '
R = Effective NucleporeAfilter area
Area of counting field
= (8)2 3 22 201 3= 8.7'x"104
2.3 x 10 2.3 ¥ 10

F = Fraction of Millipore filter taken for analysis = 0.1-0.2,
Time-Weighted Averages (TWA)
Time-weighted averages were calculated as '"flow-weighted averages'" because the
variability in flow rates of the Bendix pumps was sufficient to make control

over this variable more important than direct control over the total time of
sampling. The averages were calculated by the usual formula:

ZXf/Ef
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the concentration (ug/m3; f/cec) found for the ith sample

"
I

Fh
1

the total volumetric air flow (liters) for the ith sample

[!]

the total number of air samples.
Linear Regression

Linear regression calculations were performed in the program ST1-08 for the
Texas Instruments SR-52 programmable calculator. This program was modified
to calculate regression of the logarithms of the independent and dependent
variables.

Geometric Mean (GM) and Geometric Standard Deviation (GSD) of Fiber Size
(for individual samples)

The basic method was adapted from that of Mercer (1973, p. 96) in which:
(&
i=1
' k

>
L i=1

GM = exp{

K o \ 172
E a; + (la D; - In e B
GSD = expd =L — >
:E: n; | - 1 1
i=1 y

where:

GM = geometric mean fiber diameter or leﬁgth (um)

n, = the number of fibers in the ith size category

ln = natural logarithm (base e)

D, = an average size for that category

k = the number of size categories.
D; was taken to be the antilogarithm (base e) of the midpoint of the logarithms
of the extremes of each Porton size category. In some cases, these quantities

were determined graphically from cumulative frequency distribution plots on
log probability paper.

The GM and GSD for concentrations within a defined group are:
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N
:E: in X§
i=

GM = exp N
N ) 1/2
Z (In x; - 1n GM)
GSD = exp ¢ i=1
N -1
1/2
N 1ln X; Zy’
> - (3 o)
= exp i=1 ‘
N -1
where _
GM = geometric mean concentration (f/éc; mg/m3) of air samples within
a group. ‘ ‘ ‘
GSD = geometric standard deviation.
x; = individual sample value (f/cc, mg/m3),

=
L}

the number of air samples.

The calculations to determine GM and GSD within each exposure category (across
facilities), GM and GSD within each facility (across exposure categories), and
total GM and GSD were based upon the relat1onsh1ps (Dixon and Massey, 1957,
p- 129).

K
Z n; (1n GMy)

i=1
GM = exp N
‘ /2
K n-lK
Z - (ln‘GMI-_ - 1n GM)
. i=1
GSD = exp o1
where:
GM = geometric mean of group geometrid means
GM; = group geometric mean
GSD = geometric standard deviation of group geometric means
ny = the number of individual concentration values within a given group
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the total number of individual values

the number of groups.
Confidence Intervals for Means Within Groups

In some cases, the method of Lord, based upon‘range, was used as outlined by
Snedecor and Cochran (1967).

It was assumed that the distributions were log-normal. The efficiéncy of this
procedure (relative to interval estimates based upon t) is above 95% for samples

up to n = 20.
The confidence interval is calculated by the formula:
X-tWs<sp<X+tW
W w
where:
X = the mean of the logarithms of the measurements in the group

W = the range of the logarithms

p = the true mean of the logarithms of the population of samples from
which the group is drawm

t = a value equivalent to Student's t, based upon the acceptable con-
fidence limits (95% in this case) and upon the group size (Table A-7
in Snedecor and Cochran, 1967).

The 95% confidence limits on the true geometric mean concentration are:

exp (X + W) .

In most cases, conventional confidence limits, with the use of the sample
geometric mean, geometric standard deviation, and Student's t were calculated:

(t 05)(1n GSD)

ICL = exp { Iln GM ~ — I
' N
E 05) (1n GSD)
UCL = exp (In GM + = T
NE®
where:

ICL = lower 95% confidence limit (two-sided) on GM
UCL = upper 95% confidence limit
t g5 = an approximation to Student's t value, chosen from the following

table:
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(N-1) t. o5
1 12.7
2 4.3
3 3.2
4 2.8
5 2.6
6-7 2.4
8-9 2.3
10-13 2.2
14-27 2.1
228 2.0

Confidence limits on means across groups are:

(t;os)(ln GSD) ]
KE

CLs = exp§{ln GM £ [

where:

t 05 = the same approximation of t as in the previous example, but with
) the degrees of freedom determined by K-1 rather than N-1.

Other Statistical Procedures

Standard statistics texts, such as Snedecor and Cochran (1967), Dixon and
Massey (1957), Natrella (1963), and Bowker and Lieberman (1959) were used as
necessary. The works of Mercer (1973), Liedel et al. (1977, 1975a, 1975b),
and Bar-Shalom (1975) were particularly helpful in selection of appropriate
procedures. '
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DESCRIPTIONS QF FACILITIES SURVEYED

PRODUCTIOﬁ FACILITIES

Table 5 is a summary of the mineral wool production facilities surveyed during
this project. Detailed descriptions of the workplaces, products, processes,
worker populations and control measures applied at each of these sites are
given in Appendix A. The facilities are coded to preserve their anonymity.

USER FACILITIES

Table 6 is a summary of the mineral wool user facilities surveyed during this
project. Detailed descriptions of the workplaces surveyed are given in Appen-
dix B. As with the producers, the facilities surveyed were assigned codes to
preserve anonymity.
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RESULTS OF SURVEYS

OVERALL DESCRIPTION OF THE INDUSTRY AND COMMON FACTORS

Producers

The mineral wool production facilities studied were found to have many common
factors and some differences. There was relative uniformity of fiber size
produced and of raw materials and fiberization processes used. The production
facilities investigated were in various states of repair and cleanliness, but
worker exposures to airborne toxic materials were generally less than was ex-
pected from inspection of the facilities. In some plants, visible airborne
dust existed, but exposures to fibers, total dust, and respirable dust were
relatively low. )

The degree of technical sophistication in this ‘industry is (generally) not
great. Control over cupcla operating conditions, for instance, was sometimes
exercised by the cupola operator who would base his judgement of optimum con-
ditions on the color and flow characteristics of the molten slag. A consider-
able amount of experience was required of the cupola operators under these
conditions.

Equipment breakdowns were fairly frequent in all of the plants surveyed.

These breakdowns contributed to the housekeeping and waste disposal problems
in the plants. because the breakdowns usually occurred in the processing and
fabrication equipment. The wool fibers would continue to be produced at the
cupola and would then require disposal to waste or recycling. During the dis-
posal or recycling operation, the waste fiber would often be piled upon the
floors.

Mineral wool is a relatively abrasive product, and ducts. for air conveyance of
the product, as well as shrouds for screw belt and skip hoist conveyors, were
often worn with holes permitting the escape of fiber. These were repaired,

as were other items of process machinery, on site by plant maintenance person-
nel, Major items of process machinery were often almost completely rebuile,
with little remaining of the original equipment. '

The cupolas were a constant source of difficulty with some of the plants. The
major envirommental problem of concern to the plant managers was emission of
combustion products to the outside air. (These emissions were not evaluated
for this project.) It was found that several plants initially considered for
evaluation in this project had recently been closed; the stated reason for
closure was given as inability to comply with local, state, or federal air
pollution control regulations. All of the plants surveyed were either in the
planning, design, or implementation phases of extensive engineering modifica-~
tions to their air pellution control equipment. In some cases, there was
intermittent recirculation of cupola emissions back into the workplace,
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with intermittent exposures of the personnel around the cupolas to fly ash,
smoke, metal fumes, and combustion gases.

The cupolas and fiberization processes were also sources of noise. Three
usual sources of this noise were identified. They were the tuyere (combus~
tion) air, the rotating fiberization apparatus, and the air or steam for fiber
attenuation. ’ .

For those facilities where phenol-fbrmaldehyde (or occasionally urea-
formaldehyde) resins were applied, the curing ovens were sources of smoke and
partially cured resin fumes. This was again principally an air pollution
problem, with occasional occupaticnal exposures.

Users

Common factors were generally absent among the user facilities surveyed. The
only factor in common was the use of mineral wool in products being produced,
fabricated, installed, or applied by the workers surveyed. The construction
trades surveyed (plasterers and industrial and residential insulation install-
ers) were alike in that they shared exposures to general safety hazards and
potentially severe risks of traumatic injury.

UTILIZATION OF ENGINEERING CONTROL AND PERSONAL PROTECTION
Producers

The major applications of engineering controls (specifically for the reduction
of occupational exposures) among the producers were in the cupola areas.

These were only partially successful. In some cases, the workers in the cu-
pola areas were exposed to unacceptable levels of airborne contaminants de-
spite recent improvements in engineering controls. In general, however, en-
gineering controls were not used in all applicable areas, and those used were
often less effective than other designs available.

Personal protective devices were widely used in these plants. The most com-
mon were safety helmets and disposable respirators. Cupola operators often
used face shields, earmuffs, and protective clothing against molten slag and
metal ejected from the cupolas. The use of steel-toed shoes, occasionally
with metatarsal guards, was also common, especially among cupola operators.
The use of these items of protective equipment was sometimes not required, but
most plants had reasonably well-enforced programs of administrative control
over personal protective equipment use, usually as part of an active safety
program.

The workers in these plants made no particular effort to avoid exposure to
airborne fibers through work practices. Indeed, on occasion, cleanup workers
were observed carrying armloads of waste mineral wool, with the waste material
inches from their faces. Bagpgers in Facility A occasionally used new bags,
which they had slit up one side, as hoods to cover their head and neck area
when "fallout" from overhead conveyors was especially noticeable. The cupola
operators would attempt to minimize their exposures to combustion gases and
molten slag by standing in positions that from experience they had learned
were least exposed.
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Users

Engineering controls are difficult to apply to many of the workplace environ-
ments in which mineral wool is used. Only in the two facilities (H and I),
where mineral wool was used in a fixed 'production line" operation, had en-
gineering controls been extensively applied. In one of these facilities, con-
trol usage was less effective than optimum because of lack of consistent ap-
plication,

The major method of control of worker exposures in the user facilities was the
use of personal protective devices. This usually consisted of the use of dis-
posable respirators. In the case of the sprayed fireproofing contractor, even
this minimal protection was not used (although clearly indicated) because of
difficulty of usage. The wet cement-bound fibrous material rebounding from
the site of application, quickly wetted and plugged the respirator, making it
very difficult to breath through, and resulting in limited worker acceptance.

EXPOSURES OF WORKERS IN MINERAL WOOL PRODUCTION
AND USER FACILITIES

Production Workers

The following sections present general tables of data. It may be helpful to
examine the assumptions made in the presentation and analyses of the data.
First, log-normal distributions of data points (individual sample results)
were assumed. This assumption was tested several times throughout the course
of the study, and no basis for rejection, that is, excessive skewness or kur-
tosis, (Snedecor and Cochran, 1967) was found for the fiber count, fiber size,
suspended particulate material, respirable particulate material, or elemental
concentration data. Second, it was assumed that the greatest use of the data
will be in making "cross-industry" comparisons.

Thus, groupings of similar job titles within general exposure categories have
been made, and individual air sample results have been so grouped in an at-
tempt to give a meaningful picture of this industry and to identify those ma-
jor exposure categories of interest. An examination has also been made of the
similarities and differences between the facilities surveyed.

It was usually assumed in these analyses that each exposure category/facility
cell was an intact sample, and that the exposure categories within each facil-
ity were internally consistant and mutually distinect (see pp. 34-35 for calcu-
lation methods). Accordingly, the results have been presented to display
(within each cell) the sample geometric means, geometric standard deviations
and 95% confidence limits on the means, calculated from the individual sample
results. These have been calculated without."weighting" by sample volume be-
cause the sample volumes did not differ appreciably from exposure category to
exposure category. Thus, they are effectlvely time-weighted averages.

Tables 7-11 show the exposures of mineral wool producticon workers in the five
facilities surveyed to concentrations of airborne fibers, total airborne par-
ticulate material, total respirable particulate material, and seven trace ele-
ments. Exposures to the trace elements are presented only as maximum values

45



and averages {(geometric means) because the data were sparse and generally
low., The individual sample values by facility, job title, and exposure cate-
gory are given in Appendix C.

In addition to the exposures to mineral wool fibers, total airborne particu-
late material, respirable particulate material, and airborne trace elements,
mineral wool production workers are potentially at risk of exposure to several
other toxic or hazardous chemical and physical agents. The cupola combustion
process is inherently relatively inefficient; incomplete combustion, with gen-
eration of carbon monoxide (CO), is a possibility when a new batch of coke is
charged into the cupola. No excess exposures to CO were found in these pro-
duction facilities, nor were excessive concentrations of HyS or S0y (possible
from use of sulfur-contaminated coke or slag) measured. However, HyS was pres-
ent in concentrations above the odor threshold of approximately 0.05 parts per
million (ppm) in one plant, probably as a result of the recirculation of stack
gases during unfavorable wind conditions.

Noise exposure was a potentially severe problem in the cupola areas of all of

these plants. Although the cupola operators usually wore plant-provided hear-
ing protective devices (plugs and/or muffs), noise levels were measured at 120
dB(A), which 1is near the limit of utility of such devices.

The results shown in Tables 7-11 are discussed in pages 63 to 90 of this re-
port.
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Table 11. Mineral wool production facilities--
maximum 4nd geometric mean trace
metal concentrations
Trace Metal Concentration
: (ug/md)
Zine Lead Manganese Chromium _Cobale Nickel Gadmium
Facility Exposure Category Max GM Max. GM Max. GM  MAX, GM Max. GM Max. GM Max. &M
A Cupola operator 713 53 290 41 3 1.5 ¥ OOYox oowoow ok x4
Cupola charger 69 133 T30 19 B 6.1
Bagger 20 3.3 2 0.4 7 0.3
Warehouse and loader 63 14 21 8.4 16 1.9
Batt mach. operator 29 4.2 14 3.4 6 0.9
Foreman 38 19 31 7.6 2 1.4
Maintenance 81 22 58 11 & 2.2
Takeoff 78 23 11 3.1 92 13
Labor (cleanup) 291 21 348 7.7 28 5.7
Boiler operator 18 t 13 t 1 t
Laboratory and Q. C. kD] + T 12.0 12 t
Outside crew 42 8.8 19 53 & 3.9 ' {
B Cupola operator 21.0 1.5 * * * * * * * * * * * *
Cupola charger 8.0 2.7 2.0 1.5 1 I l l l
Baler aperator 4of  -- 1.1 =--
Bagger 4.6 0.5 0,7 -- 1.4 -- 1.2 -- . -- 0. --
Warehouse and loader 11.4 2.9 11,5 == * 1,3 -- * * * *
Batt mach, operator 5.4 -- 8.3 -- * *
Maintenance 26.0 5.6 28.0 -- l l
Takeoff 4ob 1.7 9.0 1.1
Labot (cleanup) 5.4 -- 0.8 -- 3.4 --
Boiler operator <2.9 -- * * * *
Laboratory and Q. C. 12.0 2.5 1.1 -- l L
Qutside crew <2.8 1.4 *
c Cupola operator 5.4 1.3 * & 4.0 1.9 * * * * * # ® *
Baler operator 0.5 0.3 0.9 -0.2
Bagger 4ol -- 0.6 -- )
Warehouse and loader 1.6 "0.6 2.0 --
Foreman 0.7 + * * i
Maintenance 2.0 0.9 2.2 * l
Outside crew ok 0.8 *
D Cupola operator 1.9 l.2 -- .- 0.8 =-- * * * * * * o *
Cupola charger . 4.1 L9 -- -- 12,0 2.3
~ Maintenance 7.3 1.6 3.8 -- 1.5
Labor (cleanup) 10.7 - 3.9 - -- 15 5.2 -
Laboratory and Q. C. 0.8 0.8 -- -- 2 --
E - Cupola operator 67 30 * * 106 9 * * * * * * * #*
Cupcla charger T4 50 29 2.7
Warehouse and leader 67 8.9 49 10.1
Batt mach. operator 50 5.4 53 0.6
Maintenance 241 17.9 81 15.2
Takeoff 50 1.9 74 13.8
Clerical 15 0.4 30 14,5
Laboratory and Q. C. 10 1ot 4t 4t
Cutside crew 96 96 94T 9471

*
Below detection limits (0.2-4 ug/m3

tOnly cne sample.

, depending on element,
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User Facility Workers

Tables 12-17 are representations of the exposures of the workers in the min-
eral wool user facilities surveyed during this study. As with the production
facility results, the presentation aims at showing the cross-industry compari-
sons of importance. Appendix D contains the individual sample results from
each facility.

In addition to exposures to airborne particulate (fibrous and nonfibrous)
material in these facilities, other exposures were evident throughout the
study. The workers installing blown insulation fiber were potentially subject
to heat stress and CO exposures. Potential exposure to heat stress was docu-
mented for facility F, in Table 12. ‘

Table 12. Heat stress measurements--
- Factlity F (°F)

‘Temperature
Outside Inside truck Inside attic’
Dry bulb 60 ‘ >110
Wet bulb 55 74
Botsball 64 78 ‘ 72

Exposures to CO were measured inside the houses being insulated and inside the
trucks from which the mineral wool was being blown. Measurements were made on
several occasions and with the use of detector tubes. The highest single mea-
surement recorded was 90 ppm, inside the truck for Facility G, On all other
occasions, the measurements were between 10 ppm and 30 ppm, and the single ex-
cessive measurement could not be duplicated.

Scanning Electron Microscopic Analyses of Air Samples

To evaluate the potential for exposure to sub(optical) microscopic fibers, se-
lected filters were examined by scanning electron microscopy (SEM). Compara~
tive fiber concentrations obtained by SEM and optical microscopic examinations
of the selected samples are shown in Tables 18 and 19.

BULK MATERIALS ANALYSES

The bulk materials samples collected during the surveys were subjected to sev-
eral analyses:

¢ X-ray fluorescence determination of elemental content

e Atomic absorption determination of elemental content

¢ X-ray microprobe determination of elemental content for individual
fibers and particles . - .

® Optical microscopic determinations of fiber diameter.

kN
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Several points were of interest in these examinations:

® The elemental concentrations in the fibers and shot
¢ The diameters of the fibers

¢ The differences that may exist between currently used (and produced)
fibers, and those that may have been produced in the past.

s The results of these examinations (grouped by survey facility) are
given in Appendix E. The fiber size determinations are shown in Table
20.
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Table 13. Mineral wool user facilities--
fiber concentrations

| aud et veutt
Exposure Category Facility - N(K)F (f/ce) csp™* (f/ce) (f/ce)
Blowing wool inst.” F 6  0.518  2.90  0.167  1.60
G 2 0.139 7.03 -- --
Industrial insul. H 20 0.208 2.34 0.140 0.310
Tile wet mix I 20 6.577 - 2.38 0.385 0.866
Tile boards I 18 1.210 2.40 0.784 1.867
Tile cleanup 1 12 0.614 2,23 0.368 1.022
Tile cutting 1 -- -- - -- -
Tile painting I 2 0.972 1.12 0.354 2.673
Tile packing 1 9 0.632 1.58 0.444 0.899
Tile lab. and . Q.C. 1 1 0.518 - - -
Tile warehouse® I 3 0.250 4.05 0.008 8.045
Spray fireproofing J 3 0.496 1.29 0.263 0.932
Insulation install. K _5 0.071 1l.64 0.038 0.132
Means and totals 101 0.460 1.25 0.399 0.531
by facility (12)

Includes some area samples.

TThe values for all 8 samples were:
LCL = 0.122 f/ce; UCL = 1.137 £/cc.

$y -

number- of samples;

GM = 0,373 f/cc; GSD = 3.72;

, §GM = geometric mean of the N samples.

number of categories.

Hk
GSD = geometric standard deviation of the N samples.

TTLCL and UCL = 95% (two-sided) cpnfidence
of the N samples.
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Table 15. Mineral wool user facilities--total airborne
particulate material concentrations (mg/m3)

Exposure Category Facility N@)*  omt GSD¥ 1cLé veL$

Blowing wool inst. F 2 2.657 4.89 -- --
G 2 0.202 >103 -- -

Industrial insul. fab. H 17 1,006 1.73 0.761 1.330
Tile wet mix I 12 0.768 9.48 0.184 3.203
Tile boards I ‘9 0.805 1.96 0.482 1.347
Tile cleanup I 7 0.582 20.3 0.038 8.93
Tile cutting 1 2 4.930 2.83 -- --
Tile painting I 1 4,077 -- -- --
Tile packing I 6 1.879 1.85 0.980 3.60
Tile lab. and Q.C. I 1 1.785 - - -
Tile warehouse I 3 0.513 3.26 0.027 9.67
Spray fireproofing J 4 7.461 2,46 <10-3 >103
Issulation install. K a2 1.853 2.11 0.940 : 3.653

Means and totals 73%  1.135%% 1,241 o.998¥% 1, 291%%

by facility (13

N = number of air samples; (K) = number of exposure categories,
1.GM = geometric mean (mg/m3) of the N samples.
*esp = geometric standard deviation of the N samples.

§LCL and UCL = lower and upper 95% confidence limits on the mean of the
N samples,

oM = geometric mean (mg/m3) of the (K) categories.
TfGSD = geometric standard deviation of the means for the (K) categories.

**LCL and UCL = confidence limits on the mean of the (K) categories.
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Table 16. Mineral wool user facilities--respirable
particulate material concentrations

on* , L werk
Exposure Category Facility NgK!* (mg/m3)  GSD (mg/m3) (mg/m3)
Blowing wool inst. F 1 $2.565
‘Industrial insul. fab. H 1 0.373
Tile wet mix I 2 0.141
Tile cleanup I 1 0.126
Tile cutting I 2 0.455
Tile packing I 1 0,223
Tile lab. and Q.C. I 1 0.367
Tile warehousing I 1 0.119
Spray fireproofing J 2 0.370
Insulation install. K 3 0.762 )
Total 15 0.368  1.31  0.301 - 0.447
{10)

Note: Insufficient samples to determine GSD, LCL, or UCL for individual
categories.

%*
Refer to footnotes on Table 15.
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Table 20. Fiber size determinations in bulk samples

Sample GM 1CL UcL
Number Date N (um) GSD {m) (pm)
A<l 1976 539 3.7 1.9 3.5 3.9
5 1966 158 4.1 1.8 3.7 4,5
6 1976 164 4.8 1.7 4.4 5.2
7 1976  _ 163 3.7 .3 3.3 4.1
Total 1,024 3.9 1.8 - 3.8 4.0
B-1 1976 17 3.1 2.0 2.7 3.5
2 1976 514 4.0 2.1 3.7 4.3
3 1976 129 2.8 2,2 2.4 3.2
&4 1976 101 3.8 2.4 3.2 4.5
5 1976 142 3.6 2.3 3.1 4.1
6 1976 107 4.8 2.1 4.2 5.5
7 1976 109 3.2 2.1 2.8 3.7
B 1976 108 3.0 2.3 2.6 3.5
9 1976 182 3.4 2.2 3,0 3.8
Total 1,509 3.7 2.0 3.6 3.8
c-1 1976 109 4.3 2.3 3.7 5.0
2 1976 111 3.1 3.0 2.6 3.9
3 1976 107 3.4 2.5 2.8 4.0
4 1976 510 3,2 2.6 3.0 3.5
Total 837 3.4 2.7 3.2 3.6
D-1 1957 110 5.1 2.1 4.4 5.9
2 1962 525 3.2 1.9 3.0 3.4
3 1967 107 3.7 2,3 " 3.2 4.3
4 1973 119 3.6 1.9 3.2 4.0
5 1976 111 3.6 2.3 a1 4.2
6 1976 113 4.1 2.3 3.5 4.8
7 1976 101 1.5 2.6 2.9 4.2
8 1976 111 3.1 2.5 2.6 3.7
9 1976 108 2.9 2.3 2.5 3.4
10 . 1976 161 4.0 1.9 3.6 4.4
Total® 705 3.6 2.3 3.4 3.8
E-1 1977 556 2.0 2.1 1.9 2.1
2 1977 160 2.1 2.0 1.9 2.3
3 1977 126 3.2 2.0 2.8 3.6
Total 842 2,2 2.1 2.1 2.3,
F-1 1976 163 3.7 1.9 3.3 4.1
2 1976 164 4.8 1.7 4.t 5.2
G-1 1943 187 2.4 1.6 2.2 2.6
2 1943 101 3.3 1.7 3.0 3.7
3 1946 103 3.4 2.5 2.8 4.1
A 1946 118 0.08 300.0  0.028 0.23
5 1977 .~ 527 3.2 2.7 2.9 3.5
6 1943 250 2.1 1.7 1.9 2.2
7 1972 101 1.9 " 4.5 1.4 2.5
8 1976 122 1.7 4.0 1.3 2.2
9 1937 121 1.5 4.6 1.2 2.0
J-1 1977 502 2.1 2.2 2.0 2.2
2 . 1977 . 149 3.1 1.9 2.8 3.4
K-1 1977 161 3.4 2.0 3.1 3.8

* - .
Refers to samples D-5 to D-10
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ANALYSIS OF RESULTS

Figures 12 through 17 display pictorial representations of the data on expo-
sures in the production facilities, It should be noted that the confidence
limits portrayed in those figures are confidence limits on the means of the
several variables considered; no implication is made that exposures of all
workers in the facilities/exposure groups considered will be within those
limits. Indeed, this question is addressed later, and the distributions of
individual air sample results (individual exposures) will be similarly dis-
played for some of these facilities.

Perhaps the most striking result is seen in Figures 12, 15, and 17. Facility
D, the producer of mineral wool for captive use in ceiling tile production, is
clearly higher than the other facilities in all three types of measurements of
exposures. Fiber exposures, total suspended particulate material exposures,
and respirable particulate material exposures are all higher. As these fig-
ures were pbtained by simple compilation of the means of the individual air
sample results, it is clear that the workers in Facility D have higher mean
exposures to airborne particulate material (of all kinds) than do the workers
in the other production facilities surveyed. ' '

Another interesting result is seen from examination of the exposure data for
the baggers and the takeoff exposure categories (Figures 13 and 16). Neither
of these were remarkably different in mean exposures from other exposure cate-
gories, in spite of the commonly expressed opinion that these two categories
had the greatest exposure to fibers,

Figure 18 is a display of the confidence limits on the geometric mean fiber
concentration exposures of the user exposure categories, taken from Table 13.
As can be seen from examination of Tables 14 through 17, the relatively small
number of samples has led to broad confidence intervals for the other variables
measured, and display of those results would add little. It is interesting to
note that the installation of industrial insulation is apparently associated
with relatively low fiber exposures, when compared to the other user exposure
categories considered.

Figure 19 is a display of comparisons of the geometric mean airborne fiber ex-
posures for production and user facility workers for the samples evaluated by
both scanning electron microscopy and optical microscopy. The marked differ-
ence shown in Figure 19 is principally the result of the differences demon-
strated for the workers blowing mineral wool insulation (see Table 19).

It is instructive to compare the exposures of user and producer facility work-
ers to all of the variables measured, and Figure 20 presents such a comparison.
As can be seen, the workers in the user facilities evaluated are more highly

S " 67
Preceding Page Blank

£
%



FACILITY
I I |
A ——
B I
o S N
D N
E .-
TOTAL ' N
] 1 ]
0.1 0.2 0.5
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Figure 12. Mineral wool production facilities: 95% confidence limits
on geometric mean fiber concentration exposures
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Figure 17. Mineral wool production facilities: 95% confidence limits
on geometric mean respirable particulate material exposures
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Figure 19. Comparison of confidence limits on geometric mean fiber concentrations for samples
examined by scanning electron microscopy [SEM) and optical micrascopy {OM)

75

2.0



FIBER PRODUCERS
CONCENTRATIONS -
{f/cc)
{optical microscopy) USERS I
PRODUCERS
TOTAL
PARTICULATE
(mglma)
USERS TR
PRODUCERS
RESPIRABLE
PARTICULATE
(mg/m™}
USERS L]
a.1 1.0 2.0
flcec or mglm3
PRODUCERS
AIRBORNE
FIBER
DIAMETER
USERS
PRODUCERS
AIRBORNE -
FIBER
LENGTH
USERS ]
1.0 10 20

FIBER SIZE (um)

Figure 20. Comparison of exposures of production and user facility workers
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exposed than are the production workers. In addition, the fibers to which
the user facility workers are exposed are smaller in both length and diameter.

The chemical analyses of bulk material samples by X-ray fluorescence (XRF) and
atomic absorption (AA)} and the analyses of the individual fibers and particles
by X-ray microprobe, reported in Appendix E, were intended to answer several
questions about the chemical characteristics of mineral wool.

e Are there differences in elemental composition between the fiber and
the shot in the same product?

e Is there an effect of fiber size on elemental composition (or vice
" versa)?

The data in Appendix E have been tested by conventional statistical procedures
during the course of the preject to answer these questions. These techniques
(chi-square, paired sample t-test) have not indicated any consistent trend for
either of these questions, The differences among the fibers were at least as
large as the differences between the fibers and the shot, and no size depen-
dence of the elemental composition of the fibers could be defined.

Perhaps more interesting was the variability in overall elemental composition
seen on a day-to-day basis within a single plant and the marked differences

in chemical composition between plants. Table 21 illustrates the differences
that may be found between batches of raw material and product in the same
plant. The series of samples taken at Facility G are probably most represen-
tative of the relatively great differences in elemental composition that may
be seen in a single region. Those results are shown in Table E-28. The con-
centration ratios are diagnostic of the probable major sources of the raw ma-
terial used in making the fibers: a high concentration of iron (for instance)
indicates that steel mill or iron smelter slag was probably used, and a high
concentration of calcium indicates that natural rock was a major raw material.
The efficiency of removal of waste metal in the cupola will also affect these
ratios. The samples from Facility A, where lead smelter slag was used, exhibit
higher concentrations of lead than do the other samples analyzed during this
project. It is tempting to suggest that an XRF scan of a mineral wool fiber
sample may provide a '"fingerprint” with sufficient information to identify the
probable source of the sample. The day-to-day variability in the composition
of the raw material used within those. plants surveyed precludes such a state-~
ment at this time.

It has been suggested (Pundsack, 1976) that mineral wool preduction workers

in past years may have been exposed to substantial numbers of small fibers be-
cause of the relatively poor control of the fiber sizes produced by the older
fiberization processes. Figure 21 is a display of the frequency of occurrence
of fibers of specified sizes (by optical microscopy) in the samples from
Facility G. '

The hypothesis that larger fractions of small fibers were produced in past
years is only partially substantiated. Sample G-4, installed in 1946 is the
most marked example. Of the fibers detected by optical microscopy, 68% are
less than 0.91 micrometers in diameter, and the size distribution is markedly
bimodal. As shown in Table 20, the graphically determined geometric. standard
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Table 21. Past chemical analysis of slag and wool--Plant C (percent)

Slag Slag Wool Wool

(1969). (4/5/71) (1/30/71) (3/18/71).
Ignition loss -- .1.35 None None
Silica 35.8 38.90 40.92 41.37
Alumina 9.3 9.74 ' 11.56 10.86
Ferric oxide 0.8 1.76 1.2& 1.44
Calcium oxide 34.7 36.17 37.23 35.56
Magnesium oxide 9.8 .8.33 . 7.02 9.42
Sulfur trioxide - 1.85 0.68 : 0.48

deviation of fiber diameter for this sample was extremely large. However,
samples G-1, G-2, and G-6 (installed in 1943) exhibit reasonably well-behaved
lognormal distributions, without substantial numbers of small fibers. On the
other hand, sample G-7 (purchased in, 1972) and G-8 (1976) exhibit characteris-
tics similar to G-4, although not so marked as does sample G-9, installed in
1937. : ' :

Another aspect of bulk material characteristics is the dependence of airborne
fiber size upon the sizes of the bulk material fibers. This dependence is
examined in Figure 22 for the five production plants surveyed. The confi-
dence limits on the geometric mean fiber diameters are displayed, and no
.readily apparent relationship is evident.

Another aspect of fiber size, the range of sizes of airborne fibers available
for possible inhalation is also of interest. Figure 23 is a plot, on loga-
rithmic probability paper, of the cumulative frequencies of occurrence of
specified sizes of airborne fibers in four of the facilities surveyed. There
are two fiber size constraints upon the hygienic significance of exposures to
airborne fibers., First, a fiber must be respirable. That is, it must be
capable of being inhaled, and reaching the nonciliated portion of the respira-
tory tract. The general consensus of informed opinion is that a fiber must be
both less than 3.5 pm in diameter and less than approximately 50 ym in length
to be considered respirable (Dement, 1976). Second, a fiber (once inhaled)
must have a biological effect. To prevent biological effects, the NIOSH
recommended standard restricts only those fibers less than 3.5 um in diameter,
and greater than 10 pm in length. Accordingly, the lines indicating three re-
strictions on fiber size have been marked in Figure 23. For the four facili-
ties evaluated there, the fractions within the several size limits are as
shown in Table 22,

The interpretation of the columns in Table 22 is conditioned by two important
caveats: First, it is important to recognize that length and diameter of in-
dividual fibers are highly correlated. 1In general, the longer the fiber, the
thicker it is. Second, it must be recognized that individual samples may vary
considerably from the fractions given in Table 22. However, those general
fractions assist in determination of the quality of exposure. Column 4 in
Table 22 gives the fraction of fibers that would be restricted in the NIOSH-
recommended standard (fibers <3.5 pm diameter, and > 10 pm length). This
fraction varied from 39% in Facilities D and I to 56% in Facility €. Column 5
presents the fraction of fibers that might be considered respirable (<3.5 pm
diameter, <50 um length). This fraction ranged from 63% (Facility C)
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Table 22. Fractions of airborne fibers in specified
size ranges for four facilities

Column
1 2 3 4 5 6 7
<3.5 pm >0 um <50 pm Col. 1 x Col. 3 x Col, 3 - Col. 6 ¥
Facility diameter length length Col. 2 Col. 1 (1 - Col. 2) Col. 1
B .88 0.62 0.81 0.55 0.71 0.43 0.38
C 0.75 0.75 0.84 0.56 0.63 0.56 0.42
D and I 0.86 0.45 0.92 0.139 0.79 0.37 0.32

to 79% (Facilities D and I). Column 6 presents the fraction of fibers that

fell between the two length criteria (510 pm; <50 pm). Column 7 gives the over-
all fraction of fibers that might be considered most hazardous. The figures in
that column represent the fraction of fibers that are both small enough to be
inhaled, and long enough to elicit the biclogical responses with which the
NIOSH recommendation is concerned. These fractions, between 32% for Facili-
ties D and I and 42% for Facility C, are representative of what might be con-
sidered to be the biclogically effective fraction of the airborne fibers.

The relationship between fiber concentrations and total airborne (suspended)
particulate material concentrations was considered. The correlations observed
ranged from almost nonexistent (Figure 24) to fairly strong (Figure 25). In
general, neither of these measures is a very useful index of the other.

Another set of correlations was performed for the total and respirable particu-
late material concentrations in each facility. These correlations ranged from
weakly negative (Figure 26) to strongly positive (Figure 27). Again, no consis-
tent relationships were found.
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OVERALL ANALYSIS

In general, the users of mineral wool are exposed to higher levels of all
forms of airborne particulate matter than are the producers (see Figure 20).
This is true for fibrous, total, and respirable particulate material. Within
the producer exposure categories, there are significant overlaps of the con-
fidence limits on mean exposures. The baggers appear to be least exposed to
airborne fibers, although the confidence limits on the geometric mean fiber
exposures of several other exposure categories overlap those of the baggers.

The cupola chargers are clearly exposed to the highest concentrations of total
suspended particulate material (see Figure 16). Because of the relatively
great diversity of exposure levels, and the relatively small sample sizes
(number of facilities) it is difficult to determine whether other exposure
categories are at particular risk. 1In general, the laborers {cleanup workers),
maintenance workers, and cupola operators appear to be more highly exposed
than other exposure categories.

In addition, it is important to remember that on a daily basis there is a
great deal of cross expesure in these facilities. That is, laborers may re-
lieve baggers, warehouse workers, or take-off workers, and may do all four
jobs in a single day. Thus, the exposures ascribed to a particular exposure
category may represent a mixed exposure in several jobs.

Within the user exposure categories, a greater differentiation of job descrip-
tions can be made, although the measured mean exposure confidence limits are
broader. The breadth of the confidence intervals is the result of the rela-
tively great diversity of éxposures, as well as the relatively small number of
samples. As can be seen in Tables 13 through 17 and Figure 18, the installa-
tion of industrial insulation is clearly attended by the lowest fiber expo-
sures; the handling of dry boards in preparation for ceiling tile production
is equally clearly attended by the highest fiber exposures. The peak expo-
sures of the blowing wool installers are somewhere in the middle, as measured
by optical microscopy. When the electron microscopic results are considered,
however, the true extent of the total fiber exposures of blowing wool installa-
tion workers is evident. Their peak fiber exposures measured by electron
microscopy are significantly higher than for any other exposure category and
include many fibers with lengths far under 10 pm.

Thus, any interpretation must consider the relative biological significance of
exposures to short, thin fibers. This significance is still undetermined,

and its determination is far beyond the scope of this report. It is merely
noted here that the fiber exposures of these blowing wool installation workers
include many fibers below the limit of resolution of the optical microscope
used in this study. That limit of resolution is approximately 0.4 gm.
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The worker with the hipghest exposures to total particulate material was the
plasterer applying sprayed mineral fiber fireproofing in Facility J. His ex-
posures were in excess of 20 mg/m3. However, his respirable particulate ma-
terial exposure was less than 1 mg/m3, indicating that the preponderance of
the particles sampled were very large. Observation of his work confirms this;
the major apparent source of his exposure was bounce-back of sprayed material
from the surface being coated.

The workers in Facility D were exposed to higher levels of all forms of air-
borne particulate material than were the workers in any other production
facility surveyed.

TOPICS OF SPECIAL INTEREST
Trace Metals

The trace metal exposures measured in this study were nearly all near or below
the detection limit by atomic absorption spectrometry. The exposures (with
one exception) were far below the relevant hygienic standards (OSHA, NIOSH, or
ACGIH). That exception was for the cupola operators and a laborer in Facility
A, for whom lead concentrations above the 0.2 mg/m3 OSHA standard were mea-
sured. The cupola operators were exposed to lead fumes resulting from the
melting of the lead smelter slag used as a raw material in this facility. The
laborer was assigned to removal of collected fly ash from the baghouse, and
that collected material had a high lead concentration. The cupola operators
usually wore supplied-air respirators during tapping, which reduced their ac-
tual inhalation of lead to a small fraction of that measured. The laborer
wore a half-mask cartridge respirator, but had limited training in the proper
use of the respirator. 1Its effectiveness was thus seriously compromised,
nevertheless it was probably adequate for the reduction of lead inhalation to
a level below the OSHA standard.

Noise Exposures

The cupolas in all of the production plants surveyed were sources of noise.
The noise came from three sources:

e The combustion air flow. _
e The air or steam flow used for secondary fiber attenuation.

e The motors and bearings for the spinning discs and wheels used for
primary fiberization.

Overall levels were in the range of 90-120 dB(A), with a bimodal frequency
distribution. :

The two fluid flow sources were the most potentially harmful; the peak fre-
quency of this noise was usually in the 2000-4000 Hertz (Hz) range. The noise
from the spinners was typically a low-pitched "rumble" in the 20-40 Hz range.
The Powell process was much less productive of the higher frequency noise, be-
cause of the lack of fluid attenuation, and the overall noise levels were
lower.
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The engineering solution to this excessive exposure problem 1s not readily
apparent. It is probable that major redesign of the entire process would be
required. Currently, the main defense is the use of perscnal hearing protec-
tion combined with sound insulation booths to which the cupola operators may
retire during slack periods.

Thermal Stress

Although only minimal heat stress conditions were recorded during this study,
in the blowing wool insulation installations surveyed, the potential for
severe heat stress in conditions of high ambient temperatures is present. The
installers work in attics where they are exposed to the solar heating load that
the insulation is designed to prevent from affecting the living space below.
The insulation traps the heat, and the lack of effective ventilation prevents
exchange of the heated air. 1Inside the trucks, the workers filling the hop-
pers are exposed to the radiant and convective heat lecad from the walls and
roof of the truck (which usually consist of a single layer of sheet metal), as
well as to the heat from the gasoline engine driving the blower. Anecdotes of
temperatures as high as 175°F (dry bulb) were related by these workers. ’

Safety Hazards

The most apparent danger facing the user workers in the construction trades is
the risk of accidental injury. For example, one plasterer applying sprayed
mineral fiber fireproofing was working from a scaffold with his head above the
level of the cross beams he was spraying. The overspray and bounce-back ma-
terial liberally covered the scaffold and offered the potential for slipping.
(If the sprayed material had been cementitious fireproofing, which is applied
as a pumped slurry and is significantly more slippery underfoot, the hazard
would have been much greater.) While the scaffold was being moved, the plas-
terer was at risk of head injury. The bounce-back material liberally coated
the plasterer's glasses, and the risk of eye injury was present.

The blowing wool installers, both in the attie and in the truck, were also
subject to physical hazards. The workers in the attics were perched precari-
ously upon the ceiling joists and worked from an awkward crouching posture.
Their heads were near the roofs, through which shingle nails often protruded.
Where the attic contained air-conditioning equipment, they were often forced
to lie prone and work their way into corners to attain full coverage of the
attic floor. The worker in the truck repetitively lifted 40-pound bags of
mineral wool almost to his face level to empty them into the hopper.

Fiber Size Distributions

Although the lognormal assumption has been used throughout this report because
of its convenience for both exposure level and fiber size comparisons, it may
not be the most appropriate distribution to use in the determination of median
fiber diameter. Figure 23 displays the idiosyncracles of concern. The diam-
eter distributions shown in that figure display a definite upward concavity.
Leidel (1977) has suggested, based upon work by Santner (undated), that this
type of variance from a true lognormal distribution may be cause to consider
the use of other distributions, such as the Weibull or the log extreme value
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distributions. This suggestion has merit in that it would be desirable to
more closely approximate the true median sizes of these fibers.  The sugges-
tion has the distinct disadvantage of requiring more complex calculations
where statistical tests are to be applied. The topic requires additional con-
sideration because the determination of compliance with the NIOSH-recommended
standard of 3 fibers/cc applies only to those fibers less than 3.5 ym in di-
ameter and larger than 10 ym. This determination will thus require either the
counting of only those fibers, or the counting and sizing of all fibers with
subsequent determination of those fibers within the relevant size range. If
the latter course is chosen then the size distribution assumption is critical.

Comparisons with Previous Work

The reports of Corn et al. (1976) on exposures in two mineral wool production
facilities and of Ness (1977) on exposures and mortality experience of workers
in a ceiling tile production plant are relevant to this study. The results
reported here are not inconsistent with those previous reports. That is, mean
fiber concentraticons appear to be generally rather low (<l f/cc) in the facil-
ities surveyed, and differences between exposure categories are not marked.
Interfacility differences are more apparent. Exposures to all forms of air-
borne particulate material (fibrous, total, and respirable) are higher in the
ceiling tile manufacturing facilities studied (Facility D in this report;
Plant A in Corn's report) than they are in the other production facilities
studied. :

Corn's finding that fibers less than 1 pm in diameter represent a small por-
tion of total airborne fiber concentrations is also substantiated by this
study. ©No statlistically significant differences were detected in mean fiber
concentrations determined by scanning electron microscopy and by optical
microscopy in the production facilities.

Corn's conclusion that total suspended particulate material concentrations were
unreliable as predictors of airborne fiber concentrations was partially sub-
stantiated, although the correlation between these two measures of workplace
contamination was fairly strong for Facility E.

Less work has been done on the users of mineral wocl, and comparisons must
therefore be made with studies in similar trades that use different materials.
One such study, of insulation installers working with fibrous glass, was per-
formed by Fowler in 1971. The results reported there may be compared with the
results from Facility K in this report. The insulation installers in Facility
K were exposed to a geometric mean fiber concentration of 0.071 flbers/cc

with a geometric mean diameter of 1.9 ym.

The installers working with fibrous glass were exposed to an overall geometric
mean concentration of 1.3 fibers/cc, with an approximate geometric mean air-
borne fiber diameter of 3 um. It must be concluded that the exposures were
different, and that the mineral wool installers in Facility K were exposed to
lower concentrations of smaller fibers than were the fibrous glass installers.

Reitze et al. (1972) evaluated the exposures of sprayed fireproofing install-
ers to airborne asbestos fibers. The material used was similar to that used
in Facility J, except that asbestos was used instead of mineral wool; the
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method of application was identical. The worker emptying bags into the hopper
(hod-carrier) was exposed te concentrations of asbestos fibers ranging from
5-22 fibers/cc (fibers > 5 ym), and the nozzle operator (plasterer) was ex-
posed to concentrations between 30-100 fibers/cc. These concentrations were
more than 100 times greater than the exposures to mineral wool fibers measured
in Facility J in this report.

No direct comparison should be made between the potential health effects of
exposure to asbestos and exposure to mineral wool fibers. However, the sub-
stitution of mineral wool for asbestos d4ppears to have been dramatically ef-
fective in reducing the exposures of sprayed fireproofing workers to airborne
fibers.

Past Exposures

The extrapolation from current levels of exposure to estimated past levels of
exposure, without substantial data on past air sampling results, or engineering
controls is extraecrdinarily difficult. In addition, major changes have oc-
curred in materials and processes in the several industries and plants sur-
veyed, and records of those changes are almost nonexistent.

From an epidemiological point of view, the past use of asbestos in many seg-
ments of the insulation industry is a major confounding variable in any attempt
to relate exposure to mineral wool fibers to morbidity or mortality in the ex-
posed populations of workers. Nearly all of the user workers studied had vary-
ing (but significant) histories of exposures to asbestos. The exceptions were
the blowing wool installers (home insulation installers in Facilities F and G)
for whom no history of asbestos exposure could be elicited. The production
workers in Facilities D and E had been exposed to asbestos. In Facility D,

the exposure lasted for a few months, but in Facility E, .the exposures were
probably intense and were certainly prolonged. Asbestos-containing materials
were the major products of the plant for many years. As indicated above, for
the sprayed fireproofing installers, exposure to asbestos was probably quan-
titatively higher than current exposure to mineral wool, even without regard

to the probable greater bioleogical hazard of ashestos exposure. '

Past exposure levels of production workers to mineral wool fibers were prob-
ably higher than current exposure levels, with a few exceptions. That judg-
ment is based upon observations of work practices and the recollections of
plant personnel in the facilities surveyed.

The area samples taken in Facility D, in the wool room area, are representa-
tive of one such past exposure. Inside the enclosed wool rooms of many plants,
it was common practice to hand shovel wool. Some of the wool was bagged for
sale, some shifted to make room for additional production, and some loaded onto
conveyors for transport to other plant areas. The fiber levels in those area
samples (210 fibers/cc) are indicative of the possible past levels of exposure.
The exposures in other plant areas were probably significantly less severe,
although occasionally higher than current levels. The fiber exposures of the
laborers (cleanup workers) in Facility A were somewhat higher than other work-
ers in that facility, but were not extraordinarily high, even though they were
observed to perform the following operations during the sampling periods:
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e Carrying armloads of waste batts
o Using compressed air and steam lines to clean the floors

o Using pitchforks to empty an enclosed pit under the batt machine.

These operations are characteristic of past activities that might be expected
to produce relatively high fiber exposures. Even those exposures, however,
were not significantly different from other exposures within the plant.

The major areas in which past fiber exposures in production plants would be
expected to be significantly greater than current exposures would be the afore-
mentioned hand shoveling of mineral wool within wool rooms and possibly the
exposures of baggers. Gravity-feed bagging and hand tamping and packing of

the bagged material were common in past years,

Past exposures to total particulate material were unquestionably higher in
most plant areas than they are currently. 1In particular, exposures of the
cupola operators and chargers to smoke, fumes, and combustion gases were prob-
ably noticeably higher; the exposures of workers in the main plant area to
smoke from the curing ovens (where resins were applied) were also probably
higher. Anecdotal statements from both hourly and salaried (management) per-
sonnel in all five production facilities surveyed indicated that past expo-
sures were substantially higher than at present. Reductions in exposures have
been the result of both occupational environment control measures and measures
to reduce emissions to the outside air. Emissions reduction measures have af-
fected the in-plant environment because of the necessity for process enclosure
to reduce fugitive emissions and process blow-by emissions.

The quantitative extent of the differences is questionable, but in some cir-
cumstances, past exposures were probably as much as ten times greater than
present exposures. This was more likely the case for the cupola chargers and
cupola operators in several of the plants surveved. 1In addition, a signifi-
cantly greater awareness of the potential for hazardous exposures exists in
this industry today than existed in the past. This awareness has led to
greater acceptance and use of personal respiratory and hearing protection in
appropriate circumstances by many workers in the insulation industry.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The exposures of mineral wool production workers and user workers in 1l facil-
ities to mineral wool fibers, total suspended particulate material, respirable
particulate material, and trace metals were evaluated by detailed industrial
hygiene surveys. Their exposures to noise and heat were evaluated in several
of these surveys.

The production workers surveyed were found to have relatively low exposures to
all forms of airborne particulate material, with few exceptions. The user work-
ers had higher, but more variable exposures. It was generally not possible to
separate exposure categories on the basis of different exposures; there was
significant overlap of the confidence limits on mean exposures across the
facilities surveyed.

Past exposures in this industry were probably higher than at present, and as-
bestos exposure was relatively common. ’

In addition to exposures to airborne particulate material, exposures to exces-
sive noise levels were universal in the cupola areas of the production plants.
Heat stress was a potential problem for the installers of blown mineral wool
insulation.

Exposures to small diameter (<1.0 um) fibers were not common, except in the
installation of blowing wool. In those installation situations, electron
microscopically visible airborne fibers were present in concentrations up to
ten times greater than optically visible fibers.

SRI's recommendations are that:

e The exposures of blowing wool installers to small fibers should be
evaluated further,

¢ The noise exposures of cupola operators should be evaluated, and en-
gineering solutions to this problem should be sought.

» The exposures of sprayed fireprocfing workers to total airborne par-
ticulate material are excessive, and suitable personal respiratory
protection should be sought.

¢ Engineering measures to ameliorate the working conditions of the blow-
ing wool insulation installers should be sought for both the worker
in the attic, and the worker emptying bags into the hopper (in the
truck). :

e Additional old samples should be sought to clearly identify potential
past exposures to small diameter fibers.
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Table E~11

BUIK SAMPLES FROM FACILITY B (SEM MICROPROBE)

Measurement in cm Taken Directly from Photographs~No Corrections for Background etc., Made

Cc1

Cu Zn

Co

Ti Cr

Ca

Mg Al s1

Na

Sample

~ M~
o0 o

<0.1

3.5
3.6

0.1

3.4

VPt

Bl

0.2

shot

0.2

3.0
2.6
2.6

70.2

small

<0.1

7<0.1

o~
(=]

<0.1

3.4
3.4

<0.1

0.6
0.7

medium
large

0.2
<0.1

0.1

<0.1

0.1

3.7

VP+

B2%

<0.1

<0.1

0.1

3.5

<0.1

VPt

<0.1

<0.1

0.2
<0.1

3.5 <0.1
0.2

0.2

<0.1

0.4

shot

0.2

<0.1

3.3
2.4

small

<0.1

<0.1

0.2

<0.1 <0.1

3.0

medium

0.2

0.1

0.1

0.1

3.5
1.5

0.2

ypt

B3

<0.1

0.3

0.1

2.7

0.5

shot

0.1 0.1 <0.1
<0.1

?

0.4

2.1
3.4
3.3

2.3 0.2

3.8

small -

0.5

0.1

0.1

0.2
<0.1

2.4
1.8

medium
large

<0.1

0.1

0.8

©
o

—
[=]

3.2
3.1
3.3

2.2 0.1
<0.1
3.2

0.9

0.4

shot

B4

<0.1
0.1

~t
(=)

-
[=]

2.1
0.9
T1.2

small -

70.1

0.4
0.4

0.1
<0-.1

<0.1

0.1

0.1
0.1

0.3
0.5

medium
large

<0.1

0.1

0.1

2.8

<0.1

<0.1

0.1

3.2
1.6
0.4

VPt

BS

0.2

<0.1

<0.1

3.6
0.1

0.5

shot

3.4
3.4
1.5

small

0.4 0.2

3.1

<0.1

3.0
3.4

medium
large

<0.1

0.4

~r
Ll

0.1

vpt

B7%

o~
(=]

3.4
1.1

0.1

<0.1

<0.1

—
-

shot

—
o

<0.1

1.8
2.6

2.3
1.3

0.1

small

<0.1

<0.1

0.1

0.1

medium

0.1

<0.1

OV N - N
D2Oo000

<0.1

-
(=]

()
o

N
COO0Oo
v v

~N N m
~ M

VPt

B8

shot

small

medium
large

<0.1

<0.1

0.2

3.2

<0.1

<0.1

<0,1
0.2

<0.1

vet 0.2
shot

B9

- -
(=N
v v

o NN
Qoo

small

T

Lal

<0.1 .

2.2

medium
large

1.4

No fibers > 10y in diameter,

Variable Particle; not a fiber.

t
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Table E-12

BULK SAMPLES FROM FACILITY B (SEM MICROPROBE)
Measurement in cm Taken Directly from Photographs-No Corrections for Background etc., Made

Ccl

Co Cu Zn

Fe

Ti Cr

Ca

Mg Al s1

Na

Sample

o=
[=R=N=]

v

=
OO0 Q
v v

<0.1
0 0.1

0.1
0

0.1

3.4

@ r~
om

Bl
B2

3.5
3.5

<0.1

0.1

0.1

B3
B5
B6
B7

<0.1
'<0.1

0.1

3.2

0.1

<0.1

0.2

<0.1

0.1

M~
o™

<0.1

0.3
0.2

3.5
"3.5
2.7
3.2

0.1

0.6

0.2
0.4

shot

Bl
B2

<0.1

<0.1

<0.1

<0.1 0.2

1.1
1.5

shot

<0.1

0.3

0.1

0.5

shot

B3

0.3

0.1

0.9 .

0.4

shot

B4

<0.1

N~
(=] =]

<0_}

0.1

o W
~ -

[Ta Y]
[==4

0.4

shot
shot

B
B6

<0.1

0.2

0.1
<0.1

0.1 3.4
3.2
3.3

<0.1

1.1

shot

B7

<0.1

0.1

2.5 <0.1

1.0

1.0

shot

B8
B9

<0.1

<0.1

<0.1

shot

-
(=]

0.1
<0.1

3.6

0.2

3.0
1.3
2.3

2.3-
3.3
3.8

20.2

small

Bl

<0.1

<0.1
<0.1

o~
o

0.1
<0.1

0

0

0.1

70.1
?7<0.1

0.4
0.1

0.1
<0.1
0.1

0.1
0.1
0.1
<0.1

2.1

3.1
0.1
2.1
1.1

0.2
<0.1
0.1
<0.1

0.2
0.1
<0.1

2.9
0.4
2.5
1.8

2.1
3.4
3.0
2.3

0.1

small
small
small
small
small
small

B
B3
B

<0.1

<0.1

0.1

0.1
0.1

<0.1

1.5

small

B8

<0.1

<0.1

2.5

0.1 <0.1

2.1

1.5

small

B9

1<0.1

0.2

3.4

. 2.6 0.1

0.2

medium

-
.
ooQ
v

<0.1

medium
medium

B3

<0.1

0.1

~e -~
(=N =R N-)

0.1

1.8 0.1 0.1 .
3.0 <0.1

0.9

0.3

medium
medium
medilum

~

(=]

BS

v v
o

- -
. .
[= =]

;mom
o m

—
(=N =]

— =
(=3 =]

Ll -]
o~ &N

- ™
— =

medium

B6
B7

0.1

0.1
3.4

<0.1

<0.1

medium

B8
B

<0.1 <0.1

0.2

1.9

medium

<0.1

o~

o

<0.1

2.6 <0.1

0.2

large

Bl

<0.1
- <0.1
<0.1

<0.1
<0.1

NF Mo
oo COo

<0.1

<0.1
0.2
0.2

0
0
<0.1

o - -
COO0OQO
A4

<0.1

MmN
A e e e
MmO m

—
(=R~ Na)

~N - -
[= = e )
v

@ G0 ~T o~ O N
HONMANNN

W N ~
O ~O ~

vy

o
940 d 0o IO
Q0 &0 b0 &0 &b &b
Mo M N W
LG
e -~
[l Cal -2 - -,
amameaaMm
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Table E-16

SEM MICROPROBE ANALYSIS--FACILITY C

Measurements in mm

Table E-17

OPTICAL MICROSCOPE DETERMINATION OF FIBER DIAMETERS

Shot

FACILITY C

5

1.3 Mg
1.5 Al

c-1

6.0

11.0

11.0

6.0

1

2]
T
=5l s
[ QE)D N_O
= 8!0 Laa}
28
-
[=}
-1 o
a T | B
-]
I
- 4w -
o H g M~
o= . .
] s N
[&]
* a
=z [=
— -
[*]
=
LY
el
—~ o~
8 S
w [ ST
ownwnoo
AR
NnNo ~ao — |
-t @
nownmoco
Q- N~
[l o~
(=R g o3 =)
i
O~ | 1
L2 ~N
[N =Ny
v e e .
NN )|
~ ~

- (U'HHE
nuKOHO

QNN ST ©
o N M TN

3.39

107

1.0

1.0

1.0

6.3 Fe

c-3

N4 had
wl o~
o~ ~
—
N ~r
™
-
Q
N
-
u
-]
M
]
o
hal
(=] r~ Ut
— [l
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Table E-19

ELEMENTAL INTENSITIES (UNCORRECTED CM) MICROPROBE ANALYSIS OF BULK SAMPLES

Element (K.e.u.)

K (3.3)

Cu (8.1)

Cr (5.4) Mn (5.8) Fe (6.3)

Ti (4.5)

Ca (3.7)

Si (1.8) S (2.3)

Mg (1.3) Al (1.5)

Sample

Particle

o -

o

0.1

0.1

3.2
2.9
3.1

0.2

o

0.8
0.8
0.9
1.

0.5
0.4

o

0.1

0.1

.
(=}

0.1

2.9

0.2

0.1

3.0

0.3

—

0.1

0.3

Small
Fibers

—

0.2

2.

0.1

0.1

0.1

1.3

0.4
0.4
0.5
0.4

0.1

0.1

0.2

2.7

2.8
2.4

0.2

0.1

-0.2

1.3
0.9

0.1

10

—
[=]

0.1

3.2

0.2

0.1

0.9

0.2

—
o

0.1

3.1

1.0
0.9

2.6
3.0
2.9

3.0

0.1
0.1

0.1

0.1
0.1

1.0
1.4
0.7

Medium

0.1

0.1

3.1

2.3

0.3

Fibers

0.1

3.1

0.2

0.5

— -
[

[ =]

3.1
3.2

0.1

0.9
0.6

0.4

—

0.2

0.2

0.7

— o -
RN
OooCQOOoO

2.9 . 0.2

2.5

0.2

0.1

3.1

0.1

1.0
0.7

0.3
0.5
0

0.1
0.1

0.2
0.1

1.3
2.3
0.9

o~
-

Large
Fibers

3.0
3.1

0.1

0.4
0.4

o

0.1

0.1

2.4

1.0
0.7

— -
> o e
oo

0.1

0.2

3.2

0.6

0.4
0.4

3.1

0.1

2.7

1.0

10

0.1

3.1
3.2
2.2
3.1

0.2

2.3

3.1

0.2

0.1

0.1

0.1

0.9

0.8
0.7

0.5

— -
'R
(=R =]

0.1

0.1
0.1

0.1

0.1

o™N N
.
(=]

0.1

1.5
3.0
2.5
3.1

0.1

3.1
1.2

1.5
1.9

Shot

0.1

0.1

0.7

0.1

0.1

2.0

2.1
2.9

0.6
0.6
0.9

0.3

3.2 0.1

3.1

0.2
0.2

0.3

0.1

0.1

0.5
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BULK SAMPLE ANALYSES--FACILITY G

Nine samples of mineral wool insulation products were obtained: from

various sites of installation. The contractor surveyed had records of

all installations made auring the forty six year history of this family

firm.

G-3
LG4
G-5

G-6

Date - Type

Attic Fill insulatién installed April 1943
Wall batts, installed April 1943
Wall batts, installed July 1946
Attic Fill ihsulatién, installed July 1946
Blowing wool in use, April 197%
Attic Fill, installed April 1943

Wall batts, purchased 1972-1973, still in stock by the con-
tractor : )

Wall batts, purchased from the same manufacturer as for
sample #5, 1976

Attic Fill insuvlation, installed June 1937

E-34
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Energy (kv)
1.

1

0

:2

Table E~29

SEM MICROPROBE SAMPLE G-1

- Element

Na
Mg
Al.
Si
S
Ccl
Ar?
K
Ca
Ca
Ti
Cr
Mn
Fe
Fe
Ni
Cu
Zn

Zn

Intensity (cm)

S M 'L Shot VP
~  0.08 0.11 - -
- —  0.16 0.17  --
1.80 . 3.60 3.71 3.73 3.78
0.29 - 0.38 0.39 0.30  —-
0.17 -- 0.12 0.18 --
0.17 0.14 0.14 0.16 -
0.60° 1.71 1.74 1.74 -
- 0.30 -—  0.26  --
—- -~ 0.10 0.08  --
0.05 -~  0.06 0.05 0.05
—  0.05 - - -
0.94 2.35 1.90 2.37  --
0.12  0.35 0.22 0.3 —
0.03 -~ - . -
--  0.05 -- - -
0.17 0.42 0.30 0.39  --
0.07 ©0.08 0.08  0.05 --

186<=<
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