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Objectives This study evaluates personal exposure to respirable inorganic and organic fibers during normal
human lifetimes and assesses the order of magnitude of the contribution of inorganic fibers other than asbestos
to total fiber exposure from man-made and natural sources.
Methods Four groups (suburban schoolchildren, rural retired persons, office workers, and taxi drivers), with
five persons per group, were monitored for 24 h four times during one year. Personal sampling pumps collected
airborne dust on gold-precoated Nuclepore filters. The fibers were analyzed for fiber sizes specified by the
World Health Organization
Results The geometric mean concentrations ranged from 9000 fibers . m-3 (office workers) to 20 000 fibers .
m-3 (schoolchildren) for organic fibers, and from 600 fibers . m-? (taxi drivers) to 4000 fibers . m-3 (schoolchildren) for gypsum fibers. For other inorganic fibers the concentrations were around 5000 fibers . me3. The
contribution of fibers with an elemental composition similar to that of man-made vitreous fibers (MMVF) was
less than about one-quarter of the content of other inorganic fibers. The fiber size distributions were uniform
across the groups, and the organic fibers were the longest and thinnest nonasbestos fibers.
C O ~ C ~ U S ~Lifetime
O ~ S exposure to fibers can be ranked as organic fibers > other inorganic fibers > fibers with
an elemental composition similar to MMVF > MMVF. Information on the biological effects of fibers is difficult
to interpret for use in assessing the health risk from exposure to low levels of ubiquitous fibers, and there is a
lack of knowledge on the effects of organic fibers.
Key terms lifetime exposure, mineral fibers, organic fibers, population.

The ongoing debate on the possible carcinogenic effects
of fibers must include the contribution from personal
exposures to indoor fibers and general population exposures. Up to now, the risk analysis for the general population has been based almost exclusively on asbestos.
However, during their lifetime humans are exposed to
many different types of fibers from natural and anthropogenic sources, including man-made vitreous fibers
(MMVF). Skinner et a1 (1) have described some 420
1
2
3
4

5
6
7
8

species of natural mineral fibers, other than asbestos, and
about 200 species of man-made mineral fibers
(MMMF).8 A limited number of papers has been published on nonoccupational exposure to mineral fibers.
General reports and proceedings of meetings have recently been published in which information on the nonoccupational exposure to fibers can be found (2-7).
Comparison between studies of fiber concentrations is
often difficult due to, for example, use of different mea-
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surement objectives, methods for sampling and analysis,
and counting rules. Representativity of the data for assessing the exposure may also be difficult to evaluate
and the reliability of the data may not be documented.
For coherence and clarity, we have summarized only the
results obtained by SEM and only for mineral fibers
other than asbestos in table 1. Even in this case, comparison may be questionable. The "other inorganic" fibers
refer to those which are not calcium sulfate (gypsum).
Some authors sometimes make another distinction by
considering the "product" fibers (fibers having the same
chemical composition as the product installed). In table 1
these "product" fibers have been included in the "other
inorganic" category. Figure 1 shows the results for outdoor measurements. In rooms with suspended ceiling
boards, average "product" fiber concentration increased
to 100 fibers . m-3 above atmospheric values (21). Lenvik (19) found only traces (below the detection limit of
600 fibers . m-3) of MMMF in the air of office buildings.
In the settled dust sampled in these buildings two-thirds
of the MMMF, by number, had a diameter of > 3 pm
(able to irritate skin and eyes). Schneider et a1 (22) found
geometric mean diameters of 3.9 ym and a geometric

standard deviation of 1.8 for MMVF fibers settled on
room surfaces. The fibers were analyzed using polarized
light microscopy. Tiesler & Draeger (23) reported that
indoor and ambient concentrations are positively correlated.
It is not known if these published results are representative for the population at large. Moreover the measurements seem to have been made almost exclusively
by stationary (area) rather than by personal sampling.
Recent measurements (24) have shown that a person is
surrounded by a personal dust cloud, not originating from
the person or the person's clothing, but from the resuspension of settled particles from his or her activities.
There is no study, as far as we know, in which personal
nonoccupational exposure to any type of fibers has been
assessed by analyzing samples with SEM.
The possible health effects of some types of organic
fibers are also under debate, and the population exposure
to organic fibers needs to be determined. Synthetic and
natural organic fibers include polyethylene, polypropylene, polyvinylalcohol, polyester, polyamide, polytetrafluoroethylene, carbon, and natural cellulose fibers
(25). For the concentration of airborne synthetic organic

Table 1. Mineral fiber (other than asbestos) concentrations in nonoccupational situations. (RID = not detected, WHO fibers = fiber size as
specified by the World Health Organization,ie, D < 3 ym, L > 5 ym, UD > 3, D = diameter, L = length)
Reference

Situation

Felbermayer & Ussar 1980 (8)

Urban. traffic hiah
urban; traffic ol;
Rural
Unaffected area
Urban, "clean" air
Urban, traffic high
Urban, traffic low
Urban/Dusseldorf
"Glean air"
Urban
Rural
Indoor
Urban, crossing roads

Spurny & Stober 198Ia (9)
Friedrichs 1983a (10)
Lanting & Den Boeft 1983a (11)
Altree-Williams & Preston 1985 (12)
lburg et al 1987a (I 3)
Oodgson et al 1987a (14)
Marfels & Spurny 1987a(15)
Bockler-Klusemann et al 198ga (16)

Goldman & Kruger 1989 (17)
Rodelsperger et al 1989 (18)
Lenvik 1992 (19)
Schnittger 1993 (20)
Unweltbundesant 1994 (4)
a

Other fibers
(mean or range of
WHO fibers .

Total inorganic fibers
(mean or range of
WHO fibers. r n 9

400-4300

Indoor, new buildings
Indoor, old buildings
Domestic house
Administrative
Offices
Hair dresser shop
Emergency clinic
Urban
Urban
Urban, crossing roads
Urban and rural
Offices
Urban
Indoor
Outdoor

References taken from Unweltbundesant (4)
Stated as man-made mineral fibers.
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Figure 1. Mineral fiber concentrations
("other inorganic" fibers: inorganic fibers
without gypsum fibers) in different outdoor situations (clean air, ie, rural and
urban) (#2 from reference 9; #3 From
reference 10; #4 from reference 11;
#5 from reference 13; #7 from reference
16; #8 from reference 20; #9 from reference 4; #10 from this study, Me being
Neuss, Germany, Pa being Paris, France,
and DK being Denmark)

fibers, no information could be found other than the
mention of one single measurement (300 fibers. m-3)
near a plant weaving carbon fibers (2). Data on natural
organic fibers not related to occupational exposure are
also scanty. The amount of organic fibers in indoor or
outdoor air is considered to be at least as large as the
amount of mineral fibers (26). This finding has been
confirmed in another study (8) in which outdoor concentrations in the range of < 100 to around 30 000 fibers. m-3
were found for both "other inorganic" and organic fibers.
In a survey of 22 buildings for asbestos contamination
(12) levels of mineral fibers of < 1000-13 000 fibers . m-3 were found. Organic fiber concentrations
ranged from < 1000 to 63 000 fibers. m3.The results
obtained by Schneider et a1 (22), using optical microscopy, support the finding that organic fibers in indoor air
occur in concentrations larger than those of "other inorganic" fibers.
A small-scale study was thus performed to assess
personal exposure to respirable inorganic and organic
fibers (natural and man-made) during ilormal human
lives at three geographic sites in Europe. Only a very
small subsainple of the population could be investigated
with the resources available. The study thus does not
pretend to be an exposure characterization of the population at large, but intends to give an indication of the order
of magnitude of fiber exposure.

Subjects and methods
Study population
The study population should include children and adults,
both employed and unemployed, in areas covering big

276

Scand J Work Environ Health 1996, vol22, no 4

cities, suburban areas and rural areas, but excluding persons occupationally exposed to fibers. Due to our limited
resources, only the following very small subsamples were
chosen: five schoolchildren aged 13-14 years from a
school in suburban Paris (for practical reasons, the
schoolchildren were chosen from one school and one
class only), five retired persons from rural areas in Denmask (North Sealand) (the selected persons were all physically active and were living in either an apartment or a
house), five office workers from one large and four small
offices in the Diisseldorf-Neuss region, and five taxi
drivers from the region around Dusseldorf-Neuss.

Sampling
Samples were taken at four different tiines within a calendar year, once for each season, beginning in the spring
of 1993. Each person had to keep a diary of activities.
This diary could be used for identifying possible causes
of outlying analytical results. A building questionnaire
describing type of building, space, floor covering, insulation, heating, presence of pets, cleaning, and do-ityourself activities was also used.
Personal sampling was carried out with gold-precoated Nucleopore filters with a pore size of 0.8 pm, a diameter of 25 mm, gold-precoated and mounted in conducting filter holders, which were fitted with an extension
cowl. Rotary vane pumps provided a pulsation-free, electronically regulated airflow set at 1 1 . min-I. The subjects were asked to carry the personal sampler at all
times, except while in the bathroom or sleeping. Sampling usually started in the morning. For the schoolchildren sampling started at school. During the first round of
measurements (spring), the filters were changed between
the day and night for the schoolchildren. During sleep
the sampler was positioned either close to the head in the
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bed room, if the subject could accept the pump noise, or
in the living room. During stationary sampling, the filter
holder was pointed downwards. The pumps were preprogrammed to shut off after 24 h. The filters were sent by
mail in their original filter holders placed in shock-absorbent containers to the analyzing laboratory.
A few (24-h) outdoor samples were taken with the
same equipment. In Denmark the site of measurement
was part of the national network for monitoring outdoor
pollution in rural areas (Lille Valby). In France, samples
were taken at a site located in Normandy (Eure), in a
rural environment. In Diisseldorf samples were taken
close to a one-family house situated in a housing estate
near Neuss. The housing estate is surrounded by areas
used for industry and agriculture. Several heavily trafficked streets and motorways are in these surroundings.

Analysis
For the analyses, we decided to use SEM for several
reasons. Even though many studies assessing mineral
fiber content have used transmission electron microscopy
(TEM), their fiber for assessment was asbestos. SEM
does not have the same capability of detecting very thin
fibers, usually found for asbestos far from primary
sources, and to determine the crystal structures of fibers,
but it does offer some advantages. Sample preparation is
simple and does not affect the particles. SEM constitutes
a compromise between the amount of information obtainable by analysis and our limited resources. SEM is
the method recommended for indoor and outdoor air
sampling in Germany (27). Optical microscopy could
have been an alternative because it is less costly, and
several reports are based on this technique. However,
since there was a need to distinguish between fiber types
for diameters below 1 pm (below which polarizing microscopy cannot be used) and down to the limit of visibility of 0.2 ym of the method of the World Health
Organization (WHO) (28), this method was not considered any further.
The filters were precoated with gold and analyzed by
SEM according to reference 27, with the only exception
that the filters were not ashed after the sampling in order
to retain the organic fibers. Jeol JSM35 and Jeol
JSM6400 scanning electron microscopes were used for
the analysis, both operating at a magnification of 2000, a
working distance of 15 mm, and an accelerating voltage
of 25 kV. Fibers were evaluated according to the WHO
method (28). For a subsample of the filters, the lower
length limit was extended downwards to 2.5 pm. The
lower limit of fiber visibility has been estimated as
0.1 pm, but the boundary was not sharp (29). The analytical sensitivity was 260 fibers per cubic meter for the
2-mm2 filter area evaluated.
The classification strategy followed VDI guideline
3492 (27), the fibers being categorized into asbestos,

calcium sulfate (gypsum), and "other inorganic" fibers.
In addition the class "organic fibers" was included. The
decision criteria for the organic fibers were as follows:
chrysotile if lines for manganese and silica were clear;
possibly chrysotile if there were faint lines of iron, manganese, and aluminum; amphibole if the lines for silica
and iron were clear; possibly amphibole if there was a
faint line for manganese; gypsum if the calcium line was
clear and the sulfur line was present; organic if there
were no lines with an atomic number equal to or above
11 (sodium); and "other inorganic" if none of the other
classifications were applicable.
If the fibers contained only chlorine, they were classified as "other inorganic", even if there was a possibility
that they were organic (eg, polyvinyl chloride). Carbon
fibers were classified as organic fibers, even though they
were considered to be mineral fibers.

Statistical analysis
The statistical analysis was performed with MINITAB
(30) using the generalized linear model. The results from
the fiber counting are Poisson distributed. The concentrations thus were transformed for square root prior to
the analysis in order to obtain equal variance independent
of the concentration level.

Results
Buildings
A broad range of building types was included in the
study. Material containing asbestos was not found in any
of the buildings. Apart from the use of thermal insulation
in walls and roof space, MMVF were only present in the
school, which had tiles containing MMVF, and in the
large office in the Neuss-Diisseldorf region, which had a
suspended ceiling made of sheet metal and MMVF.
There were 26 pupils in the classroom. The large office
was of the open-plan type with 30 employees and 50
personal computers. The number of pet animals in the
homes ranged from none to five.
Fiber concentrations
Summary statistics are shown in table 2 for the nontransformed variables of fiber length (L) 2.5 pm < L < 5 pm.
Table 3 shows the results for the fiber length of >5 pm.
Concentrations were also determined for fibers with a
length of >20 pm. None of the gypsum fibers exceeded a
length of 20 pm, and only one asbestos fiber with a
length of >20 pm was found. For "other inorganic" and
organic fibers the results are given in table 4.
Asbestos concentrations were calculated by pooling
the data. For all the person groups the sampled air volumes were added, the total filter areas were added, and
Scand J Work Envlron Health 1996, vol22, no 4
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Table 2. Geometric and arithmetic means and standard deviations of the exposure levels of the different groups as fibers
(2.5 pm un L L 5 pm) per cubic meter. (L = length)
Type of
exposure

Geometric Geometric Arithmetic Arithmetic
mean
SD
mean
SD

Other inorganic
Schoolchildren
Retired persons
Office workers
Taxi drivers
Organic
Schoolchildren
Retired persons
Office workers
Taxi drivers
Gypsum
Schoolchildren
Retired persons
Office workers
Taxi drivers

6483
4095
3955
5233

1.7
2.2
1.6
1.9

7517
5437
4405
6555

4322
4218
2056
5277

18826
10927
8857
11814

1.5
1.4
1.8
2.5

20305
11539
10166
17030

8267
3888
5123
14753

3722
1965
1046
597

3.6
3.4
2.5
2.7

6536
3297
1414
942

6371
2976
954
879

Table 4. Geometric and arithmetic means and standard devia-

tions of the exposure levels of the different groups as fibers
(L > 20 pm) per cubic meter. (L = length)
Group

Geometric Geometric Arithmetic Arithmetic
mean
SD
mean
SD

Other inorganic
Schoolchildren
Retired persons
Office workers
Taxi drivers
Organic
Schoolchildren
Retired persons
Office workers
Taxi drivers

95% CI

Fiber 95% CI
concentration

50
0
0
281

1.4-280
0-390
0-160
120-555

44
66
10
164

12-112
21-154
0.3-58
90-275

105

22-308

47

13-120

Table 6. Analysis of variance for fibers with L > 5 pm for organic
fibers also L z 20 pm. (L = length)

per cubic meter. (L = length)
Group

L > 5 pm

2.5pm<L<5pm

Fiber
concentration
Schoolchildren
Retired persons
Office workers
Taxi drivers
Taxi, excluding one
measurement

Table 3. Geometric and arithmetic means and standard deviations
of the exposure levels of the different groups as fibers (L > 5 pn)

39
55
26
197

a

2175
1480
765
1920

2.4
1.7
1.8
2.0

3001
1700
920
2534

2302
877
637
2678

TOOfew fibers available.

the total fiber numbers were added. This generated a
meta-sample, from which the concentration was calculated in the usual manner. (See table 5.)
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Group

Geometric Geometric Arithmetic Arithmetic
mean
SD
mean
SD

"Other inorganic"
Schoolchildren
Retired persons
Office workers
Taxi drivers
Organic
Schoolchildren
Retired persons
Office workers
Taxi drivers
Gypsum
Schoolchildren
Retired persons
Office workers
Taxi drivers

a

Table 5. Asbestos fiber concentration and 95% confidence interval
(95%CI) (Poisson)(fibers . m-3) forthe meta-samples. ( L = length)
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"Other inorganic" fibers
Group
Season
Group x season
Organic fibers
Group
Season
Group x season
Gypsum fibers
Group
Season
Group x season
Organic fibers, L > 20 pm
Group
Season
Group x season

Degrees of
freedom

F-value

P-value

3
3
9

6.30
2.33
1.80

0.001
0.083
0.086

3
3
9

11.52
0.80
0.45

0.000
0.501
0.905

3
3
9

0.45
6.95
0.95

0.716
0.000
0,488

Statistical analysis
The five persons within each combination (person group
per season) were treated as repeat measurements. It was
assumed that the results for a given person did not correlate across seasons. An initial analysis showed that there
was a strong interaction between fiber type and person
group. An analysis was thus performed for each fiber
type separately. Only fibers with a length of >5 pm were
included, and asbestos was not analyzed due to the low
number of fibers detected. The result of the analysis of
variance on the concentrations transformed for squareroot is given in table 6. There was no interaction between
the person group and season, except a borderline significance (P = 0.086) for organic fibers (length >5 pm).
Thus the effects of person group and season could be
treated independently.
The standardized residuals for the fiber concentrations with the square-root transformation were normal
(Anderson-Darling normality test in MINITAB) for the
organic and "other inorganic" fibers, but not for gypsum.
Six of the fiber concentration data points with normalized residuals which deviated the most from the fitted
normal distribution, as estimated visually, were checked
against the diaries. In the house of one schoolchild with
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high "other inorganic" and gypsum fiber concentrations,
work with cement was in progress in the living room.
Two low values for organic fibers for taxi drivers could
not be explained. One taxi driver had a high "other inorganic" fiber concentration. This sample contained almost
exclusively fibers with only a chlorine signal. A retired
person with a high gypsum fiber concentration was digging out water pipe during winter and snow. All the
values have been included in the analysis.
The means and standard deviations were calculated
with a oneway analysis of variance (pooled estimates).
They were back-transformed. The results are shown in
figure 2 (seasons pooled) and figure 3 (person groups
pooled).

Fiber size
The fiber concentrations calculated according to the
WHO method were grouped according to diameter
( D < l pm, 1 < D < 3 pm) and length ( 5 < L < 1 0 pm,
L> 10 pm). Figure 4 shows the results.

25000
inorganic
20000

0

I

,,

I

ILlkIII

I

S R O T

S R O T
Person groups

;

I

1

1

S R O T

Figure 2. Fiber concentration (L>5pm) forthe person groups-data
pooled over seasons. The results are shown as the back transformed
values of the means ? 1 standard deviation (pooled estimates) of the
concentrations transformed for square root. (S = schoolchildren, R =
retired persons, 0 = office workers, T = taxi drivers, L = length)

25000

Outdoor measurements

Gypsum

Other

Organic

The results of the outdoor measurements are given in
table 7, and data concerning the "other inorganic" fibers
Table 7. Outdoor fiber concentrations as fibers (L > 5 pm) per
cubic meter. (ND = not detected, L = length)

Season

Organic

"Other

fibers inorganic"
fibers

Gypsum Asbestos
i

i

i

o l : I : i i I I I I i I 1 I 1 l

Summer 1993
Denmark, some rain
Normandy, dry
Neuss, clouded dry
Winter 1993

Denmark,windy

Normandy, windy, rain

Neuss, rainshowers

a)

3450
2400
790

1850
1850
2900

260
ND
ND

ND
ND
ND

3700
ND
530

3500

5000
ND
800

ND
ND
ND

550
260

1 2 3 4

1 2 3 4
Season

1 2 3 4

Figure 3. Seasonal variation in the fiber concentration (L>5pm) data pooled over the person groups.The results are shown as the back
transformed values of the means + 1 standard deviation (pooled
estimates) of the concentrations transformed for square root. (1 =
spring, 2 = summer, 3 = autumn, 4 = winter, L = length)

Organic

Other inorganic

20

20

10
0

S

R

O

T

0

S

R

O

T

Dclpm, ScL<lOprn

Figure 4. Size distribution of the organic (a)and other inorganic (b) fibers forthe person groups -data pooled over seasons.The results are given
as the percentage of fibers in the four size classes of D<1 pm, 1pm<D<3pm, 5pm<L<10pm, and L>10pm. (S = schoolchildren, R = retired
persons, 0 = office workers, T = taxi drivers)
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are plotted in figure 1 for comparison with results ob
tained by others.

Quality assurance test
All the lots of filters were prescreened according to VDI
3492 (27) and the lot could be either accepted or discarded. Actually, no lots had to be discarded. Field blanks
were evaluated from each sampling exercise. After the
samples had been analyzed (by GSA), one of us (GB)
selected seven samples at random and recounted them on
a Philips XL20 scanning electron microscope operating
with a working distance of 30 mm and an accelerating
voltage of 20 kV. There was good agreement (all 95%
Poisson confidence intervals were overlapping) between
the two laboratories for a length of > 5 pm.
The loss of fibers during transport was estimated to be
negligible. This assumption was based on experience from an
interlaboratory exchange organized by VDI (Konig, personal
communication). One fiber was found in three of nine field
blanks (all giving only a chromium signal).
The hypothesis that concentrations of the organic and
the "other inorganic" fibers for personal and for stationary samples (measured in an office area) could not be
rejected against the alternative, according to which concentrations for personal samples are higher than for stationary samples in t-tests for the difference between the
log-transformed values of stationary and col~esponding
personal samples.
Measurements in the breathing zone were made for
one person without any contact between the filter holder
and the clothing. No difference in the organic fiber concentration was found; therefore fiber abrasion from clothing was probably not a major source of contamination.

Discussion
Data
The study covered a range of building types and a range
of activities. The chosen sampling methodology proved
to be successful in obtaining samples for the SEM evaluation of fibers. The presence of a personal dust cloud of
organic and "other inorganic" fibers could not be demonstrated for the office environment studied.
The concentration of asbestos fibers was frequently
below the detection limit. This situation has been found
by others also, but it is also well known that, in urban air,
most of the fibers are short and thin and the concentrations are method dependent. The mean and confidence
intervals thus had to be calculated from one meta-sample
from each of the person groups. Only the office workers
and taxi drivers had nonoverlapping 95% confidence
intervals as calculated from the formed meta-samples.
However, asbestos concentrations for the groups office
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workers, schoolchildren, and retired persons were similar. One sample (taxi driver, summer 2, person 4) was
overloaded and difficult to evaluate. When this sample
was removed from the data (table 5), the difference from
the other person groups disappeared. No asbestos fibers
were detected in the six outdoor samples. Thus there was
no clear indication that taxi drivers are exposed from
localized sources in the street environment, such as dust
from brake linings and clutches, and possibly secondary
sources built up from earlier extensive use of asbestos.
For fibers with a length of > 5 pm, the effect of the
person group was statistically significant for explaining
the differences between the measured concentrations for
all three fiber types (P<0.05). Schoolchildren had the
highest exposure. For a length of > 20 pm, only organic
fibers were counted in sufficient numbers to allow a
statistical analysis. The effect of person group was not
statistically significant (P = 0.72). Organic fiber concentrations were in general more than twice the concentration of "other inorganic" fibers (L>5 pm).
Concentrations of fibers with 2.5 pm < L < 5 pm were
similar or somewhat higher than the concentration of
fibers with a length of > 5 pm.
For fibers with a length of > 5 pm, there was a significant difference between seasons for "other inorganic"
fibers (P = 0.004). Figure 3 shows that the "other inorganic" fiber concentrations were lowest in winter. For a
length of >20 pm, the season had an effect for organic
fibers (P = 0.00).
The size distributions were surprisingly uniform
across the person groups (figure 4). The difference between organic and "other inorganic" fibers was as expected. The organic fibers were longer and thinner than
the "other inorganic" fibers.
The outdoor concentrations in France and Denmark
were measured far away from cities. The results were
consistent with the assumption that wet conditions reduce resuspension and scavenging by rain reduces concentrations. The concentrations were in line with results
obtained by others (figure 1). According to Schnittger
(20), the concentrations of mineral fibers do not significantly differ between indoor and outdoor air. In the
present investigation, however, substantially higher concentrations were found for the 24-h average concentrations. For the schoolchildren, the spring measurements
were split into day (including commuting) and night (ie,
at home). A t-test was made on the difference between
the log-transformed concentrations for the personal and
the corresponding stationary samples for organic fibers
(L>5 pm). The 80% confidence interval embraced zero.
Back transformation implied that the day-to-night ratio
of the fiber concentrations was not significantly different
from one.
Since only very few outdoor samples were taken, a
source apportionment could be made for the personal
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exposures. However, the outdoor results indicated that
the contribution of the background concentrations, in
terms of lifetime exposure, were marginal for organic
and "other inorganic" fibers. The contribution of gypsum
fibers can be neglected. There was no clear indication
that asbestos in the street environment was a possible
source of asbestos exposure.
Schnittger (20) observed some difference in the fiber
types (elemental composition) between summer and winter. Moreover, an indication was found of somewhat
more gypsum fibers in winter than in summer. The same
trend was found in the present study.
MMVF cannot be identified by elemental composition only, as can be seen from table 8, which shows
typical elemental compositions of MMVF, together with
sources of non-MMVF with similar elemental composition. At the outset of the study it was assumed that the
morphological criterion "lack of parallel edges" could
not be used as an exclusive criterion for identification,
since it had been reported (3 1) that significant numbers
of cleavage fragments (In German: Muschelbruch) could
be present. This finding was questioned as the project
samples were analyzed. However, for outdoor sources,
it could not be excluded that fibers are weathered and
thus may show, for example, mottled surfaces. It has to
be concluded that improved methods for identifying
MMVF by SEM must be found.
The elemental combinations for "other inorganic"
fibers, which showed a trend as estimated visually, is
shown in figure 5. The trend axis is from the rural environment (retired persons) to a strong city and traffic
influence (taxi drivers). It was found that fibers not containing silicon and only containing iron are the most
abundant (on a relative scale) in cities. Conversely, fibers with an elemental composition similar to MMVF,
fibers containing calcium and silicon, and fibers only
containing silicon were the most abundant for retired
persons (rural areas). Silicon and calcium plus silicon
fibers were the most frequent in the present study and
were also among the most frequent in the outdoor air, as
reported by Schnittger (20).
Figure 5 shows that fibers with an elemental composition as MMVF according to the definition given in
reference 4 (table 8) constitute less than about 20% to
30% of all "other inorganic" fibers for WHO fibers
(figure 5). For fibers with a length of >2.5 pm a similar
trend was found. Since there was no statistically significant difference in the person group mean values for
"other inorganic" fibers, concentrations of fibers with
an elemental composition similar to MMVF can be estimated by multiplying the person group mean concentrations by 0.25, the result being about 1000 WHO
fibers . m-3. Since MMVF would be only part thereof,
this result is in agreement with findings of a recent
report (32) indicating that the proportion of "product"

Table 8. Elemental composition of man-made mineral fibers,
given with decreasing specificity. Other sources of fibers with
similar elemental composition are also given. ( N = natural rocks
and soils; V = volcanic eruptions; K = coal burning; M =waste
burning; X = mortar, cement, concrete, light-weight building
blocks, limestone, Ca-silicates industrial minerals)
Elemental compositiona

Other possible sourceb

Glasswool

N
N

V

K
K

M
M

X
X

K
K
K

M
M
M

X
X
X

Stonewool
Si
Si
Si
Si

Mg Al

Al
Ma Al
Al
a

K
K

Ca
Ga
Ca
Ca

Fe
Fe
Fe
Fe

N
N
N

From Umweltbundesamt (4).
From Forster (26).

Other inorganic fibers, L>5pm

V

'

Retired

School

Office

Taxi

Figure 5. Relative fibers (L>5 pm) with an elemental composition
similarto man-made vitreous fibers excluding fibers with only calcium
(Ca) and silica (Si).The order of appearance of the person groups
reflectsthe degree of urbanization.(Ca Si = only Ca and Si detected;Si =
only Si detected; Non-Si = Si not detected, excluding pure (Fe) fibers;
Fe = only Fe detected; R = retired persons; S= schoolchildren;0 =office
workers; T = taxi drivers)
fibers in rooms with MMVF materials is around 8% of
the mineral fibers without gypsum.

Health implications
The health effects of very low doses of fibers on humans,
as observed in this study, should be discussed according
to fiber type.
Asbestos fibers. An in-depth analysis of available data
on asbestos fibers has already been reported in an attempt to assess the lifetime cancer risk to building occupants (33). A conservative approach was proposed that
applies linear extrapolation from effects resulting from
heavy occupational exposure in the past; the risk for
continuous outdoor exposure to 10 f . m" (assessed by
S ~ a n Jd Work Environ Health 1996, vol22, no 4
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analytical TEM) from birth was estimated to be four
premature cancer deaths (lifetime risks) per million exposed persons. Similarly, exposure to 100 f . m-3 was
associated with a risk of 40 premature cancer deaths per
million exposed persons. This assessment did not take
into account fiber type. Other scientists have discussed
the method of risk assessment presented by the Health
Effects Institute, particularly the concept of linear extrapolation (34). Finally, Valleron et a1 (35) concluded,
after a workshop on low-dose exposure to natural and
man-made fibers and the risk of cancer, that available
data from indoor and outdoor low-dose levels suggest
that public health risks are below reasonably measured
levels.

Glass, slag and stone fibers. Human data concerning
glass, slag, and stone fibers are less well defined than for
asbestos. Recent up-dating of the two international occupational cohorts (36, 37) and the nested case-referent
studies that took place in the United States (38, 39) did
not demonstrate any clear relationship between the parameters of exposure of production workers and the numbers of lung cancer. Moreover, information concerning
concomitant exposure to other respiratory carcinogens is
still insufficient. Even if methodological problems could
lead to an overmatching of cases and referents, the levels
of exposure to MMVF observed in the present study
were two orders of magnitude less than in modern fiber
production plants.
Morbidity studies concerning MMVF in the same
industries failed to demonstrate any chronic respiratory
effects (40).
Considerable experimental data are now available
concerning MMVF (41-43). They point out the importance of three major parameters that can contribute to
chronic lung disease, namely, diameter, durability (or
biopersistence), and dose. Very few data demonstrate
dose-response relationships among in vivo experiments
(inhalation and intraperitoneal injection). Even with
chronic inhalation models, it is difficult to extrapolate
such results for humans. It has been shown that only
ceramic fibers result in excess respiratory cancer. In that
situation, the no-observed effect level (NOEL) was observed with 25 000 000 fibers . m-3 (44). However, it
should be noted that the number of tumors reported per
number of WHO fibers was at least five times higher for
ceramic fibers than for asbestos fibers.
Organic fibers. Finally, virtually no data exist for organic
fibers. However, both synthetic polymers and para-aramid fibers, have relevant experimental data available.
After the publication of the controversial inhalation study
(45) that used a special preparation of para-aramid fibers
and showed parenchymal fibrosis and odd keratinized
cysts in the lung (46), other studies proved that these
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fibers are biodegradable in the lungs of exposed rats. For
other organic fibers like cellulose, a high biopersistence
was proved (47). It must also be considered that multiple
chemical treatment of organic fibers is supplied to modify the technical properties of natural fibers. As stated
recently (48), there is a need to investigate these fibers.
The large amount of information on the biological
effects of mineral fibers is difficult to interpret for use in
the risk assessment of exposures to the low levels of
ubiquitous fibers found in the present study.

Conclusions
This limited study indicated that (i) asbestos fiber concentrations can be of the order of 100 WHO fibers . m4
or lower (the SEM method may have underestimated the
true concentration), (ii) lifetime exposure is ranked in the
following order: organic fibers > "other inorganic" fibers
> fibers with elemental composition similar to MMVF >
MMVF, (iii) background outdoor concentrations contribute only marginally to organic and "other inorganic"
fiber exposure, (iv) schoolchildren have higher fiber exposures than other person groups, (v) better criteria for
identifying MMVF need to be developed, and (vi) there
is a lack of information on the effects of organic fibers,
and the large amount of information on the biological
effects of mineral fibers is difficult to interpret for use in
the risk assessment of exposures to the low levels of
ubiquitous fibers found in the present study.

The authors wish to thank the volunteers for participating in the study. The study was supported by European
Insulation Manufacturers' (EURIMA) as project HSP-05.
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