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Current occupational exposures to man-made mineral
fibers (MMMF), including refractory ceramic fibers (RCF),
were measured as part of an exposure assessment program for
an epidemiological study pertaining to cancer and mortality
patterns of Ontario construction workers. The assessments
were carried out at commercial and residential sites. A total of
130 MMMF samples (104 personal and 26 area) was collected
and included 21 RCF (16 personal and 5 area). The samples
were analyzed by the World Health Organization method in
which both respirable and nonrespirable airborne fibers are
counted. The results show that Ontario construction work-
ers’ full-shift exposure to MMMF (excluding RCF) is gener-
ally lower than the American Conference of Governmental In-
dustrial Hygienists’ (ACGIH©R ) recommended threshold limit
value–time-weighted average (TLV©R-TWA) of 1 fibers/cc and
thus should not present any significant hazard. However, ap-
proximately 40% of the occupational exposures to RCF are
higher than ACGIH’s TLV-TWA of 0.2 fibers/cc and present a
significant potential hazard. Workers generally wore adequate
approved respiratory protection, especially while performing
particularly dusty tasks such as blowing, spraying, and cutting,
so the actual exposure received by workers was lower than the
reported values. Adequate control measures such as ventilation
and respiratory protection should always be used when work
involves RCF.
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INTRODUCTION

M an-made mineral fibers (MMMF) constitute a family of
man-made, glass-like fibrous products. These fibers are

noncrystalline, that is they are amorphous, unlike asbestos that
has crystalline fibers. MMMF are made from molten glass (fi-
brous glass), molten rock (rock wool), molten slag (slag wool),
or clay (ceramic fibers). The terms “man-made vitreous fibers”
or “synthetic vitreous fibers” are often used in place of MMMF.

Health concerns about MMMF are based on the morpholog-
ical and toxicological similarities it has with asbestos. Asbestos
is well known to be a potent occupational carcinogen causing
asbestosis, lung cancer, mesothelioma, and cancers at various
sites.(1) Epidemiological evidence for human disease from fi-
brous glass is largely negative, with some association reported
for slag and rock wool.(2–4) On the basis of epidemiological ev-
idence, the U.S. Environmental Protection Agency (EPA)and
the International Agency for Research on Cancer (IARC) clas-
sified mineral wool, glass wool, and special purpose glass fibers
as either possible or probable human carcinogens.(5,6)

Recently IARC reevaluated the carcinogenic risk of air-
borne man-made vitreous fibers.(7) Epidemiological studies
published since a 1988 monograph review,(5) plus research on
newer developed materials, were evaluated. The IARC review
concluded that only the more biopersistent materials such as
refractory ceramic fiber (RCF) remain classified as possible
human carcinogens (Group 2B). Continuous glass filaments
and the more commonly used vitreous fiber wools such as
insulation glass wool, rock (stone) wool, and slag wool are
now considered not classifiable as to their carcinogenicity to
humans (Group 3).(7)

The American Conference of Governmental Industrial Hy-
gienists (ACGIH©R )(8) has also classified various MMMF in
categories ranging from classification A2—suspected human
carcinogen, A3—confirmed animal carcinogen, and A4—
nonclassifiable as a human carcinogen. The recommended
threshold limit–value-time-weighted average (TLV©R-TWA)
for all MMMF except RCF is 1 fiber/cc, and 0.2 fibers/cc for
RCF because it is a suspected human carcinogen.(8)

Taken as a whole, evidence suggests that the risk of lung
diseases from MMMF exposure is very low in comparison
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with asbestos. In many commercial and residential construc-
tion operations such as insulating, fireproof spraying, taping,
and texturing, MMMF has been substituted for asbestos to
reduce the health risk and protect workers. Although the risk
is much lower than with asbestos, there still remains a con-
cern about MMMF exposure, thus the need to gather expo-
sure data involving its use. Selikoff et al.(9) found that insula-
tors had a very high rate of cancer from asbestos insulation.
Verma and Middleton(10) found tapers to have high exposure
to asbestos.(10) In the past, sprayed fireproofing operations
entailed spraying asbestos or asbestos-containing materials on
steel beams.(11,12) Oska et al.(13) found excessive occurrences of
mesothelioma among asbestos sprayers, and the highest cancer
incidence in a cohort study of Finnish asbestos sprayers and
asbestosis and silicosis patients.The authors postulated that
this was due to the high carcinogenic potential of crocidolite,
which was the main type of asbestos sprayed in Finland prior to
being prohibited, and high airborne dust concentration encoun-
tered in this operation. Since the mid-1970s, asbestos has been
replaced with MMMF in insulation and fireproofing products
to minimize the health hazard in these operations.

In June 2000, our group received a grant from the Workplace
Safety and Insurance Board of Ontario to conduct a study
entitled, “Cancer, Mortality, and Workplace Exposures Among
Ontario Construction Workers.” The objectives of this study
were to assess the cancer and mortality patterns of union con-
struction workers in Ontario (approximately 125,000 workers
from nine unions), their cancer risks, and to assess both qualita-
tively and quantitatively the risks of current occupational expo-
sure to chemical agents. To accomplish our quantitative assess-
ment, we visited numerous construction sites and conducted a
range-finding exercise using task-based exposure assessment
methods, traditional sampling (pump and filter), and direct-
reading instruments. The cumulative results of our exposure
measurement study, including a summary of the data presented
in this article, have been reported elsewhere.(14) The objectives
of this article are to present exposure data for MMMF, includ-
ing RCF, collected during this study and to compare the results
with those published in literature.

MATERIALS AND METHODS

Workplace and Process Description
The installation of MMMF products is an important and

routine operation in the construction industry. MMMF is found
in all types of construction including residential, commercial,
industrial, renovation, and major structural. In general, MMMF
products can be categorized into three classes: sprayed/blown,
batt, and reinforcing. Sprayed/blown products are applied di-
rectly to building surfaces using spraying or blowing tech-
niques. The MMMF is usually mixed with water and some
form of binding material such as cement, and then sprayed
using hydraulic or pneumatic pressure. Structural insulation or
fireproofing is typically applied in this manner. Batt insulation
refers to a group of products applied in sheets, rolls, and/or
panel forms to building surfaces. The MMMF may serve as

acoustical or thermal protection and may contain fiberglass,
rock wool, slag wool, and/or refractory fibers. The batt products
are usually contained in protective backings such as aluminum
foil or paper. Acoustic tiles, ceiling tiles, residential insulation,
pipe insulation, duct insulation, and/or boiler wrapping are
typical of batt MMMF products. In reinforcing material such
as drywall, floor tiles, and roofing felts, MMMF helps improve
structural integrity. The loose insulating fiberglass wool is used
in residential construction in attic spaces and is installed by
blowing using a pneumatic system.

In Ontario, construction workers are exposed to MMMF
from primary and secondary sources. Construction workers
directly involved in installation or application of MMMF ma-
terials are primarily exposed to MMMF. Workers not directly
involved in the application of MMMF materials, but who are
exposed by virtue of construction work going on nearby or
who are in the presence of MMMF in unfinished construction,
are secondarily exposed.

The type of construction worker performing a certain task
is determined by the winning contractor and by union rules
regarding the substrate to be used in the construction. Some
contractors may employ one type of trade such as laborers,
whereas another firm may employ another type of trade such
as cement masons. Therefore, the type of tradesperson doing
the work depends largely on the firm that wins the tender. Fur-
thermore, provincial collective agreements between employers
(contractors) and employees (tradespeople) list the types of
work performed and the bounds of that work. The bounds are
often set by the major material being worked on or substrate.
Different substrates, such as wood, steel, concrete, piping, or
ductwork, will dictate which trade is allowed to perform the
work. For example, if studs against a concrete fascia are being
insulated with batt insulation, a cement mason will perform the
work. However, if drywall or wood panel is being insulated, a
carpenter will insulate the wall. In both cases the same MMMF
material may be used (i.e., fiberglass) but the trade will be
different.

Table I lists the most common uses of MMMF in the Ontario
construction industry and the corresponding trades primarily
exposed to the materials. Various tasks sampled in this study
included blowing, mixing, spraying, installing, cutting, han-
dling, sweeping, and wrapping MMMF. Figure 1 shows some
of the typical tasks.

Sampling and Analysis
Air Sampling

The majority of samples were collected January 2000 to
May 2002. Prospective subjects were approached and informed
of the nature and purpose of the study. They were asked to
wear air sampling equipment and advised that participation
was voluntary. Both personal and area samples were taken for
fiber counts using portable personal air sampling pumps. Air
samples for fiber counts were taken using a 25-mm, 3-piece
open-face cassette at a flow rate of 1–2 L/min. Mixed cellu-
lose ester filters of 0.8-µm pore size (Millipore Corporation,
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TABLE I. Primary Uses of MMMF in the Ontario Construction Industry

MMMF Type of Worker Task
Category MMMF Use Affected Trades Specialization

Sprayed Rock wool Thermal insulation, structural
fireproofing, acoustic insulation

Painters, cement masons,
laborers

Foreman, sprayer,
mixer, helper

Slag wool Thermal insulation, structural
fireproofing

Painters, cement masons,
laborers

Foreman, sprayer,
mixer, helper

Mineral wool Thermal insulation, acoustic insulation,
structural fireproofing

Painters, cement masons,
laborers

Foreman, sprayer,
mixer, helper

Blown Fiberglass Thermal Insulators Sprayer, loader,
helper

Batt Rock wool Moisture barrier, acoustic insulation,
thermal insulation

Carpenters, cement masons Installer, helper

Fiberglass Pipe insulation, boiler lagging,
duct insulation, framing insulation

Insulators, carpenters,
boilermakers

Foreman, installer,
helper

RCF High-heat thermal insulation,
duct insulation, structural insulation

Insulators, laborers Foreman, installer,
helper

Brick RCF High-heat thermal brick Bricklayers Foreman, installer,
cutter, helper

Panel Rock wool Acoustic insulation, moisture barrier Insulators, cement masons Installer, helper
Fiberglass Duct wrap, ceiling tiles Insulators, laborers, painters Installer, helper

Structural panel Fiberglass Drywall Carpenters, painters Drywaller, helper
Structural felt Fiberglass Roofing membrane Roofers, waterproofers Foreman, roofer,

helper
Structural tile Fiberglass Floor tile Floorlayers Floorlayer, helper

Bedford, Mass., or Pall Corporation, Ann Arbor, Mich.) were
used. Since it is important not to overload the filter for fiber
counting, the appropriate sampling duration was determined by
trial and error to ensure that filters could be counted. Thus, the
sampling time varied depending on the expected dustiness of
the operation and location. An attempt was made to sample for
the total duration of the task or for as long as possible without
overloading the filter. Where possible, personal samples were
taken; otherwise, area samples that were representative of the
subject worker’s exposure were taken.

Analysis
The evaluation of the membrane filter for fiber counting

was carried out in accordance with the World Health Organi-
zation (WHO) MMMF reference method.(15) In this method
both respirable fibers having a diameter <3 µm and a length
>5 µm with an aspect ratio (length to diameter) of 3:1, and
nonrespirable fibers having a diameter ≥3µm and a length
>5 µm with an aspect ratio (length to diameter) of 3:1, are
counted using phase contrast microscopy at a magnification of
450×. If respirable and nonrespirable fiber counts of the WHO
method are combined, then the result would approximate the
fiber counts by National Institute of Occupational Safety and
Health (NIOSH) 7400 A rule method in which all fibers >5 µm
length with an aspect ratio of 3:1 irrespective of diameter are
included.(16) The WHO method is one of the two methods rec-

ommended in ACGIH’s documentation of TLVs of synthetic
vitreous fibers.(8) The other recommended method of analysis
is the NIOSH method 7400 using B rules for counting.(16)

Using NIOSH 7400 B counting rules, fibers are counted with
diameters <3 µm, length >5 µm, but with an aspect ratio
(length to diameter) of 5:1. Thus, all else being equal, NIOSH
7400 B rules give lower results than the WHO method since
the WHO method includes fibers with a shorter aspect ratio.
It should be noted that respirable fibers have been defined
in the documentation of the TLVs(8) as those with lengths
>5 µm and with an aspect ratio of 3:1. Strictly speaking, the
WHO method meets the definition more closely than 7400
B rules method. The 7400 B method is generally used in
North America, while the WHO method is used in Europe
and elsewhere. In earlier studies, however, the NIOSH 7400 A
rule method was generally applied.

Quality Control
Appropriate quality control procedures were adhered to in

the field sampling and in the analyses of collected samples in
the analytical laboratory. During the field sampling all air sam-
pling pumps were calibrated pre- and postsampling. Hygiene
technical personnel observed the sampling. McMaster Uni-
versity Occupational and Environmental Health Laboratory
(OEHL) performed the analysis for fiber counts. The OEHL, an
American Industrial Hygiene Association accredited facility,
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FIGURE 1. (a) Insulator spraying fireproofing, (b) Painter mixing sprayed fireproofing, (c) Laborer demolishing building, and (d) Insulator
blowing insulation

is experienced in the analysis of fiber counting procedures and
participates in a proficiency analysis testing program for fiber
counting.

RESULTS

A total of 130 MMMF samples (104 personal, 26 area) was
collected that included 21 RCF (16 personal, 5 area) sam-

ples. Only respirable concentration results are summarized in
Table II. The table shows the range of results for specific tasks
by trade, along with an assessment as to whether the exposure

was primary or secondary. Residential, commercial, industrial,
and demolition sites were assessed. Fifteen of the 130 MMMF
samples including 2 out of 21 RCF samples are from secondary
exposure in which workers sampled were not directly involved
in MMMF work. Most of these samples were taken when
other operations such as insulating, mixing, and spraying were
being carried out in the vicinity at the commercial site. A
value of half the detection limit for the method was used to
calculate the mean respirable fiber concentrations (shown in
Table II) where concentrations were reported as below detec-
tion limit.
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FIGURE 2. Boxplot of MMMF (excluding RCF) respirable fiber distribution by material used. Outliers are shown as*

Data were analyzed using the statistical package
Minitab©R (17) version 12. Figure 2 shows boxplots of the dis-
tribution of the combined personal and area samples by mate-
rial type for MMMF (excluding RCF). Figure 3 shows sim-
ilar information for RCF. Boxplots illustrate the statistical
range of data between the 25th and 75th percentiles, with
whiskers extending out showing the general range of all data.

FIGURE 3. Boxplot of RCF respirable fiber distribution by material used

The numerical value shown at the center of each boxplot is
the median value. The width of each box is proportional to the
square root of the number of observations in the box.

Outliers, specific data outside the statistical range, are shown
as a * symbol. Outliers were predetermined automatically by
the statistical analysis package used. In the boxplot function,
Minitab considers any observation 1.5 to 3 times away from
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FIGURE 4. Relationship between respirable vs. nonrespirable MMMF fibers (excluding RCF)

the middle 50% of data as a possible outlier. Figures 4 and
5 show the relationships between respirable fiber counts and
nonrespirable fiber counts for MMMF (excluding RCF) and
RCF, respectively. Only comparisons between counts where
both results are detectible are shown. In Table III, results of
previous studies(18–28) relating to the construction and end user
were tabulated.

DISCUSSION

C ounts for MMMF were conducted by three methods:
(1) NIOSH 7400 method with A counting rules or its

predecessor P&CAM 239, (2) NIOSH 7400 with B count-
ing rules, and (3) the WHO method. Studies were conducted
to estimate the differences in fiber counts obtained by these

FIGURE 5. Relationship between respirable vs. nonrespirable RCF fibers
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TABLE III. Summary of Respirable MMMF Concentration in Fibers/cc from Published Sources

Respirable Concentration (Fibers/cc)

Source Remarks N Class Type AM GM GSD Min Max

UK—Head and Wagg (1980)(18)

Applications in building works
Domestic loft insulation (glass fiber blanket)

Site 7
Site 8

5
7

1 P+A
P+A

0.38
1.02

0.30
0.24

0.54
1.76

Domestic loft insulation (loose fill mineral wool) — Site 9 6 1 P+A 8.19 0.54 20.9
Fire protection of structural steel (sprayed mineral wool)

Site 10
Site 11

11
11

1
1

P+A
P+A

0.82
0.72

0.17
0.16

2.57
2.06

Applications in industrial products
Industrial engine exhaust insulation (mineral wool)

Plant 16
Plant 17

12
3

1
1

P+A
P

0.10
0.07

0.02
0.05

0.36
0.10

Furnace and kiln lining (mixed ceramic and mineral wool)
Plant 13
Plant 14
Plant 15

1
4

13

2
1+2
1+2

P
P+A
P+A

1.70
1.03
2.58

1.70
0.39
0.97

—
1.47
5.23

Finishing vacuum formed mouldings (ceramic) – Plant 16 2 2 P+A 0.65 0.62 0.67
Industrial engine silencer insulation (alumina fiber) – Plant 16 3 2 P 1.07 0.57 1.72

USA—Esmen et al. (1982)*(19)

Acoustical ceiling installer
Duct installation

Pipe covering
Blanket insulation
Wrap around

Attic insulation (fibrous glass)
Roofer
Blower
Feeder

Attic insulation (mineral wool)
Roofer
Blower

12

31
8

11

6
16
18

9
23

1

1
1
1

1
1
1

1
1

P

P
P
P

P
P
P

P
P

0.01

0.03
0.05
0.04

0.13
2.40
0.086

0.57
5.3

0.0018

0.0046
0.012
0.014

0.015
0.19

0

0.041
0.44

0.028

0.11
0.078
0.064

0.19
4.8
0.25

2.03
20.0

Feeder
Building insulation installer
Aircraft insulation (Plant A)

Sewer
Cutter
Cementer

Aircraft insulation (Plant B)
Sewer
Cutter
Cementer
Isolated jobs

9
31

16
8
9

8
4
1
3

1
1

1
1
1

1
1
1
1

P
P

P
P
P

P
P
P
P

1.17
0.02

0.20
0.07
0.12

0.09
0.56
0.05
0.02

0.15
0

0.05
0.04
0.04

0.025
0.38

—
0.0087

3.8
0.085

0.59
0.12
0.20

0.18
2.00
—

0.031
Fibrous glass duct

Duct fabricator
Sheet metal worker
Duct installer

4
8
5

1
1
1

P
P
P

0.02
0.02
0.01

0.007
0.0080
0.004

0.049
0.047
0.015

USA—Axten et al. (1990)*(20)

Exposure of fibrous glass
Batts – Installers
Loose fill loaders – Cubed
Milled
Loose fill installers – Cubed
Milled

60
86
18
87
20

1
1
1
1
1

P+A
P+A
P+A
P+A
P+A

0.24
0.87
0.56
1.0
1.8

(Continued on next page)
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TABLE III. Summary of Respirable MMMF Concentration in Fibers/cc from Published Sources (Continued)

Respirable Concentration (Fibers/cc)

Source Remarks N Class Type AM GM GSD Min Max

Canada—Perrault et al. (1992)(21)

Construction sites
Refractory fibers and glass wool 33 1+2 A 0.04 3.8
Glass wool 17 1 A 0.01 1.9
Rock wool (blown) 10 1 A 0.32 1.4
Rock wool (sprayed-on) 16 1 A 0.15 1.7
Refractory fibers

Site A
Site B
Site C

40
41
46

2
2
2

A
A
A

0.64
0.39
3.51

2.6
1.3
3.4

USA—Jacob et al. (1992)(21)

Fiber concentrations associated with installation of cubed and milled blowing wool insulation
Prior to installation
Loader, cubed
Loader, milled
Installer, cubed
Installer, milled
Following installation

24
49
16
52
15
38

1
1
1
1
1
1

A
P
P
P
P
A

0.001
0.12
0.22
0.37
0.91
0.001

Fiber concentrations associated with installation of batt insulation
Prior to installation
Installers

15
32
15

A
P
A

0.002
0.059
0.001Following installation

USA—Lees et al. (1993)(23) (N = 401)
Task length average exposure estimates by residential insulation product/occupation category

Fiberglass batts – Installer
Mineral wool batts – installer
Fiberglass with binder loose (blowing) wool – installer
Fiberglass with binder loose (blowing) wool – feeder
Fiberglass without binder loose (blowing) wool – installer
Fiberglass without binder loose (blowing) wool – feeder
Mineral wool loose (blowing) wool – installer
Mineral wool loose (blowing) wool – installer

1
1
1
1
1
1
1
1

P
P
P
P
P
P
P
P

0.14
0.17
0.55
0.18
7.67
1.74
1.94
0.31

0.12
0.15
0.44
0.15
5.98
0.57
1.16
0.23

2.01
1.73
1.86
1.89
2.18
5.41
2.81
2.20

0.02
0.07
0.17
0.06
1.32
0.06
0.32
0.09

0.41
0.39
2.88
0.67

18.4
9.36
6.16
0.78

8-Hour TWA exposure estimates by residential insulation product/occupation category
Fiberglass batts – installer
Mineral wool batts – installer
Fiberglass with binder loose (blowing) wool – installer
Fiberglass with binder loose (blowing) wool – feeder
Fiberglass without binder loose (blowing) wool – installer
Fiberglass without binder loose (blowing) wool – feeder
Mineral wool loose (blowing) wool – installer
Mineral wool loose (blowing) wool – installer

1
1
1
1
1
1
1
1

P
P
P
P
P
P
P
P

0.06
0.11
0.15
0.05
1.96
0.85
0.97
0.18

0.05
0.10
0.09
0.03
1.52
—

0.52
0.14

2.41
1.45
3.82
3.06
2.56
—

3.76
2.20

0.01
0.06
0.01
0.01
0.40
—

0.13
0.07

0.17
0.15
0.35
0.13
3.23
—

2.44
0.40

USA—Koenig and Axten (1995)(24)

Installation of Commercial and Industrial Mineral Wool Products
Installation of wet felted acoustical products
Installation of molded acoustical products
Installation of insulation products

49
40
83

1
1
1

P
P
P

0.12
0.46
0.10

0.01
0.04
0.01

0.50
1.30
1.10

USA—Maxim et al. (1997)(25)

Finishing
Internal 206 2 P 0.66 0.50 0.028 2.7
External 375 2 P 0.99 0.37 0.009 30
Combined 581 2 P 0.87 0.41 0.009 30

(Continued on next page)
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TABLE III. Summary of Respirable MMMF Concentration in Fibers/cc from Published Sources (Continued)

Respirable Concentration (Fibers/cc)

Source Remarks N Class Type AM GM GSD Min Max

Installation
External

Mixing/forming
Internal
External
Combined

Removal
Internal

288

231
186
417

5

2

2
2
2

2

P

P
P
P

P

0.41

0.30
0.32
0.31

1.6

0.20

0.19
0.16
0.18

1.4

0.003

0.007
0.10
0.007

0.66

2.5
1.4
4.1
4.1
3.2

External
Combined

103
108

2
2

P
P

1.2
1.2

0.78
0.80

0.027
0.027

5.4
5.4

Korea—Kim J.H. et al. (1999)*(26)

Rock wool sprayed on building in construction industry
Wet process
Semi-wet process

8
12

1
1

P
P

0.078
0.116

3.209
5.061

0.013
0.004

0.334
0.698

Continuos filament glass fiber users
Cutting
Piling
Grinding
Others

15
10
11
10

1
1
1
1

P
P
P
P

0.007
0.003
0.014
0.002

2.730
4.467
7.062
2.450

0.001
0.001
0.001
0.001

0.065
0.040
0.126
0.010

USA—Breysee et al. (2001)(27)

Installers (task length average exposure estimates)
Fiberglass duct board
Fiberglass duct liner
Fiberglass duct wrap
Fiberglass pipe and vessel insulation
Mineral wool ceiling tiles
Fiberglass batts in prefabricated homes
Loose mineral wool in prefabricated homes
Mineral wool building safing

6
7

10
32
39
10
13
9

1
1
1
1
1
1
1
1

P
P
P
P
P
P
P
P

0.03
0.32
0.68
0.04
0.24
0.19
0.13
0.16

0.03
0.32
0.35
0.03
0.22
0.19
0.11
0.12

1.40
1.17
3.33
2.54
1.64
1.33
1.71
2.21

0.02
0.28
0.17
0.01
0.08
0.16
0.06
0.06

0.05
0.42
2.13
0.21
0.48
0.26
0.20
0.32

USA—Marchant et al. (2002)(28)

Installation of mineral wool
Ceiling panel/tile
Spray-on fireproofing
Insulation batt and blanket
Other insulation

33
15
12
14

1
1
1
1

P
P
P
P

0.23
0.08
0.09
0.11

0.02
0.02
0.04
0.02

0.82
0.42
0.16
0.40

Glass wool installation
Air-handling products
Appliance insulation
Automotive insulation
Blowing wool with binder – feeder
Blowing wool with binder – installer
Blowing wool without binder – feeder
Blowing wool without binder – installer
Cavity loose fill insulation
Pipe insulation

11
31
17
6

13
49
84
12
28

1
1
1
1
1
1
1
1
1

P
P
P
P
P
P
P
P
P

0.28
0.08
0.02
0.09
0.39
0.44
0.99
0.15
0.05

0.02
0.01
0.01
0.04
0.09
0.01
0.04
0.04
0.01

1.23
0.06
0.05
0.19
1.13
2.18
7.49
0.47
0.19

Insulation batts and blankets
Other

62
25

1
1

P
P

0.17
0.05

0.01
0.01

0.46
0.16

Glass wool retrofit/removal 6 1 P 0.26 0.03 0.74
Mineral wool retrofit/removal 2 1 P 0.01 0.10 0.11

Notes: Class 1 = MMMF (excluding RCF); Class 2 = RCF; * = “A” counting rules; P = personal; A = area.
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various methods.(23,25,29) As stated earlier, if both respirable
and nonrespirable fiber counts as determined by the WHO
method are added together, it should approximate the result
determined by NIOSH 7400 using A counting rule. The A rules
have been shown to produce higher results (approximately 40%
more based on computing A/B rules for task length or TWA
exposure estimates measured by phase contrast microscopy)
than counts by the B rules.(23) The NIOSH B rules method
has also been shown to produce statistically significant lower
counts of about 27% less than by the WHO method in a study
conducted on an exchange of microscope slides prepared from
MMMF airborne samples (mainly MMMF excluding RCF).(29)

Another study conducted on 200 samples using phase con-
trast optical microscopy for RCF showed the NIOSH 7400
method using B rules produced only 5% less than the WHO
rule for respirable fibers.(24) The difference in these two studies
is related to the materials involved indicating that RCF gener-
ates proportionally more thinner fibers (aspect ratio 5:1). The
results of these studies could be used to convert fiber counts of
various studies for a meta-analysis.

The aim of measuring total airborne fibers (both respirable
and nonrespirable) was to provide a better index of MMMF
nonrespiratory health hazards, namely skin and eye irritation,
as they were often the major complaint. Total fiber measure-
ment provides the necessary information and should be consid-
ered as the preferred method. Results of Figure 4 for MMMF
(excluding RCF) show that the airborne concentration of non-
respirable fibers as a fraction of respirable fibers is about 23%.
For RCF (Figure 5), the concentration of nonrespirable fibers
as a fraction of respirable fibers is much less at about 8%. The
total fibers would be higher in MMMF (excluding RCF). This
is useful information to estimate total airborne fibers where
only respirable fibers are measured.

The MMMF (excluding RCF) exposures measured in this
Ontario study are generally lower than 1 fiber/cc with mean
values ranging from 0.04 to 0.72 fibers/cc (see Table II and
Figure 2). Blowing residential insulation and sweeping had
the highest concentration, 0.95 and 1.75 fibers/cc, respectively.
Very high arithmetic mean values of 5.3 fibers/cc,(19) 7.7 fibers/
cc,(23) and 8.2 fibers/cc(18) have been reported previously (see
Table III). These high values are mainly from residential blow-
ing and feeding operations. In the case of RCF there were
several samples that exceeded the recommended TLV-TWA
of 0.2 fibers/cc (see Table II and Figure 3). About 42% of all
samples (9 of 21) were above 0.2 fibers/cc, indicating that
the RCF exposure needs to be controlled more rigorously.
Exposure levels in excess of 0.2 fibers/cc have been prevalent
as noted in other studies listed in Table III. All reported RCF
exposures by Head and Wagg,(18) and some by Perrault et al.,(21)

are in excess of 0.2 fibers/cc. The extensive data set of Maxim
et al.(25) (almost 1400 samples) also shows all the mean values
to be in excess of 0.2 fibers/cc. The exposure to RCF is thus
of significant concern and needs special attention. It should
be noted that the actual exposure received by workers would
be lower than the reported values if they wore respirators. In

this study, most workers in direct contact with MMMF wore
NIOSH approved N95 disposable or half-mask cartridge respi-
rators, especially during dusty tasks such as mixing, spraying,
and blowing insulation. The assigned protection factors for
these respirators are between 5 and 10.(30) Assuming the actual
protection in field use of about 50%, the exposure received by
the workers would be less than half of the reported exposure.
Maxim et al.(31) also found that the use of respirators was
substantially beneficial for many job categories. A high per-
centage wore respirators while engaged in removal activities,
which had the highest exposures. The use of respirators reduced
RCF exposure for removal activities from an average of 1.84
fibers/cc to 0.247 fibers/cc.(31) The exposure of 0.247 fibers/cc
is, however, still above the current ACGIH TLV-TWA of 0.2
fibers/cc. The actual exposure received by Ontario workers to
MMMF including RCF was lower than those listed in Table
II, especially for dusty tasks. The potential of nonoccupational
or para-occupational exposure to MMMF including RCF for
those who work in the vicinity, or happen to be in the area,
can be estimated by area and secondary exposure. The data in
Table II shows that levels for trades and bystander areas are
low, ranging from 0.01 to 0.68 fibers/cc for MMMF (excluding
RCF) and below the limit of detection for RCF. It should be
noted that the sample size for secondary exposure is small.
Based on this data set the exposure to MMMF including RCF
for workers not directly involved should not be of any signifi-
cant concern.

CONCLUSIONS

B ased on this data set and our observations it appears that
full-shift occupational exposure to MMMF (excluding

RCF) in Ontario is generally below the ACGIH TLV-TWA of
1 fibers/cc and therefore should not present a significant hazard.
However, exposure to RCF could be a significant problem since
several measured concentrations were in excess of the ACGIH
TLV-TWA of 0.2 fibers/cc. The actual exposure received by
workers to MMMF including RCF would likely be lower than
the measured concentration due to respirator usage. It is im-
portant that workers’ RCF exposure be controlled diligently
through engineering control measures and use of respirators.
The bystanders and other trades not directly involved, but in the
vicinity of MMMF operations, generally have minimal expo-
sure and therefore should not be of concern. Both respirable and
nonrespirable fibers determined by the WHO method should
be routinely measured since the method provides added in-
formation on total airborne fibers that is relevant from a skin
and eye irritation hazard point-of-view. Studies of the rela-
tionships between various methods of counting exist, enabling
conversion of fiber counts made by different methods. The
ratios of respirable and nonrespirable fibers are different for
MMMF (excluding RCF) and RCF. There are a lot more non-
respirable fibers as a percent of respirable fibers (about 23%) in
MMMF (excluding RCF) than the RCF (about 8%) in airborne
fibers.
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