Industrial Health 2001, 39, 132-140

Original Article

AirborneFibe Concentration and Size Digribution of
Mineral Fibersin Areawith Serpentinite Outcrops

In Aichi Prefecture, Japan

Kiyoshi SAKAI*™ Naomi HISANAGA?, Norihiko KOHYAMA?,
Eiji SHIBATA® and Yasuhiro TAKEUCHI*

1Nagoya City Public Health Research Institute, 1-11, Hagiyama-cho, Mizuho-ku, Nagoya 467-8615, Japan
2National Institute of Industrial Health, Ministry of Labour, 6-21-1, Nagao, Tama-ku, Kawasaki 214-8585, Japan
3Department of Medical Technology, Nagoya University School of Health Science, 1-1-20, Daiko-minami,

Higashi-ku, Nagoya 461-8673, Japan

“Department of Occupational and Environmental Health, Nagoya University Graduate School of Medicine, 65,

Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan

Received December 13, 2000 and accepted March 2, 2001

Abstract: Airborne fiber concentrations and size distributions of both asbestos and nonasbestos
fiber s were determined at property boundaries of 4 serpentinite quarries producing crushed stone
(quarry property boundary), 10 siteswithin 10 km of the area with ser pentinite outcrops (ser pentinite
area), and 2 sitesin areference area. The asbestos was identified in 7 rock and 3 soil samples
collected in the serpentinite area. The geometric means of air bor ne concentrations of asbestos and
nonasbestos fiberslonger than 0.2 um in length were: 384 and 447 fiber</liter (f/L) in the quarry
property boundary (in operation), 12 and 124 f/L in the quarry property boundary (in closed), 5 and
103 fiberd/liter in the serpentinite area, and less than 2 and 59 fiberg/liter in the reference area,
respectively. There was a significant difference in airborne concentrations of both asbestos and
nonasbestos fibersamong the areas. Ttremolite/actinolite were found with chrysotilein the stones.
Airborne concentrations of tremolite/actinolite were higher than those of chrysotile at the quarry
property boundary and in the serpentinite area. Tremolite/actinolite were also found in the soils.
Therewasno significant difference among the areasin the arithmetic means of fiber sizedistribution
of both asbestos and nonasbestos fibers.

Key words: Asbestos, Nonasbestos fiber, Serpentinite, Fiber concentration, Fiber size distribution,
Ambient air

I ntroduction

Serpentiniteis primarily used for crushed stones and raw
materials in fertilizer, construction, and the iron and steel
industries. InJapan 1.8, 2.1 and 2.3 million tons of serpentinite
were produced as crushed stone in 1980, 1985 and 1990,
respectively?. Crushed serpentinite has often been produced
at some open-pit quarries located in and around areas with

*To whom correspondence should be addressed.

serpentinite outcrops. Serpentinite sometimes contains
tremolite and anthophyllite as well as chrysotile?®. There
are some reports on air pollution by asbestos from natural
sources in the United States. Airborne chrysotile
concentrationsin the vicinity of roads paved with asbestos-
containing serpentine rock were about 1,000 times greater
than those found in urban areas®. Airborne chrysotile
concentrations found in a recreational area located in a
serpentine massive were found to be 100,000 to 10,000,000
times greater than those in urban areas?. In Japan airborne
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asbestos concentrationsin thevicinity of aserpentinite quarry
producing crushed stone were higher than those in reference
areas®. Asbestos was disseminated from asbestos mines
and mills rather extensively’™?. The possibility was raised
of air pollution by asbestos dispersed from serpentinite rock
by natural means, such as weathering and landslides, or by
human activities, such as quarrying, road building,
construction and tilling the soil®. On the other hand, animal
data suggested that long and thin mineral fibers produced a
higher incidence of mesotheliomathan short and thick ones'?.

Theobjectives of thisstudy areasfollows: (1) to determine
airborne fiber concentrations and size distributions of both
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ashestos and nonasbestos fibersin and around the areas with
serpentinite outcrops, (2) to identify the type of asbestosin
both stone and soil samples collected in the area surveyed
in this study.

Materials and M ethods

Sudy area description

Figure 1 showsthelocation of the areaswhere serpentinite
crops out in eastern area of Aichi Prefecture, Japan'®. The
areais surrounded by forested mountains on its three sides.
There were no human-created sources such as the large-
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Fig. 1. Sampling sites of ambient airsand bulk samplesin Shinshiro area.

O ~0O : for ambient air, A~J: for bulk sample. —200—: Contour line in meter.

v Serpentinite area (Inomata M, 1978).

: Urban area of Shinshiro City.




134

scale manufacture and use of asbestos products within this
area, but were some open-pit quarries producing crushed
stone and areas sticking out the serpentinite ground due to
road buildings and landslides. The downtown part of
Shinshiro City (population: about 36,000) is located at a
distance of about 5 km northwest of an areawith serpentinite
outcrops. The reference area was Tsukude Village located
at a distance of about 20 km northwest of an area with
serpentinite outcrops.

Thewesther and average (maximum) velocity of thewind
at Hohrai weather station (elevation: 81 m, Fig. 1) located
near an area with serpentinite outcrops were as follows;
March 6, 1996: fine, 1.5 (4.0) m/s, April 22, 1996: fine, 1.8
(4.0) m/s, April 27, 1996: fine, 2.1 (5.0) m/s, May 23, 1996:
fine, 2.0 (4.0) m/s.

Sampling and preparation

Airborne samples: Fig. 1 showsthe sitessurveyed. Table
1 gives a short description of each sampling site. These
sSiteswere classified asin aproperty boundary of serpentinite
quarries producing crushed stone (quarry property boundary),
an areawithin 10 km from an areawith serpentinite outcrops
(serpentinite area), and a reference area. In 4 open-pit
serpentinite quarries, two quarries were in operation and
others were closed. Each air sample was collected on
membrane filter (Millipore AA, 47 mm in diameter) that
was mounted in an open-faced filter holder. Thefilter holders
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were positioned about 1 meter above the ground. The air
sampling was done for 2 hours at a flowrate of 10 L/min.
The direct transfer method' was employed to prepare
samples for transmission electron microscopy.

Bulk samples: The sites where we collected the bulk
samples are shown in Fig. 1. The stone samples were
collected at 5 serpentinite quarries producing crushed stone,
one cliff and oneroadside. The soil sampleswere collected
from the soil surface at two fieldsand beside afield. Stones
and soil were crushed into powder with an agate mortar.
The powders suspended in distilled water were filtered
through Nuclepore® filters (pore size: 0.2 um). Thesefilters
weretransferred into TEM mesh samplesby using chloroform
to dissolve thefilters.

Analytical methods

The prepared air sampleswere scanned at a magnification
of 20,000 by means of analytical transmission electron
microscopy (ATEM) (H-800, HITACHI). Only particles
with approximately parallel sidesand an aspect ratio (length/
diameter) of more than 3 were considered to be fibers. For
each sample, either a minimum of 100 fibers or 50 grid
openingswere counted. Asbestoswasmorphologicaly (e.g.,
the hollow tube structure for chrysotile) identified with the
help of an energy-dispersive X-ray (EDX) analyzer (7000Q,
KEVEX). The X-ray diffraction (XRD) method was used
for identification of the minerals, especially for tremolite/

Table 1. Description of the different types of sampling sites of ambient air

Site No. Type of area Name of place L ocation situation Date
1 Quarry property boundary® Teruyama Southern border of serpentinite quarry producing crushed stone (in operation) 96. 4.27
2 (in operation) Yanai Eastern border of serpentinite quarry producing crushed stone (in operation) 96. 4.27
3 Quarry property boundary? Yoshikawa Southern border of serpentinite quarry producing crushed stone (in closed) 9.3.6
4 (in closed) Tsugeno Southern border of serpentinite quarry producing crushed stone (in closed) 96.3.6
5 Serpentinite area Kuroda Vicinity of intersection (motor traffic volume: very few) 96. 4.22
6 Tsugeno Roadside of key street ( about 50 m from site No. 4, moter traffic volume: few) 9.3.6
7 Shimoyosida Parking lot of kindergarden (asphalt pavement) 96. 4.27
8 Kuroda Roadside of farm road (about 80 m from site No. 5) 96. 4.22
9 Takenowa Opening in agrove 96. 4.27
10 Nakauri Precinct of ashrine 96.5.23
1 Kuroda Opening on the south of aassembly hall 96. 4.22
12 Kazekiriyama  The roadside of unpaved woodland path (moter traffic volume: none) 96. 4.22
13 Nakauri Precinct of ashrine 96. 5.23
14 Tugeno Vicinity of aintersection (moter traffic volume: very few) 96.3.6
15 Reference arezd) Tsukude Shrine ground surrounding with trees 96.5.23
16 Tsukude Roadsidein ricefield 96.5.23

a) Property boundary of a serpentinite quarry producing crushed stone. b) Areawithin 10 km of an areawith serpentinite outcrops. c) Areafar from more than

10 km of an areawith serpentinite outcrops.
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actinolite, in bulk samples. Tremolite and actinolite cannot
be clearly distinguished by qualitative EDX analysis asthey
chemically resemble each other, and were combined into
one group as tremolite/actinolitein calculating in this study.
The type of nonasbestos fibers was not identified. Thetype
of nonasbestos fibers was classified with the combination
of components of which contents were more than 30%. The
fiber which showed no elemental peaks or very small peaks
was classified as a biological one'®. These fibers were not
counted.

The detection limit was about 2 fibers/liter (f/L) when
thesampled air volumewas 1200 L. Thelength and diameter
of each fiber were measured by ATEM at two magnifications,
i.e. 2,000~20,000 and 5,000~50,000, respectively. The
shortest fiber counted by ATEM was 0.2 um in length. The
mean number of fibers counted per samplewas61.1 (27~112)
fibers.

Thirty fibers from each bulk sample were identified by
ATEM. When at |east onefiber of agiventypewasseenin
a sample, the sample was classified as “positive”.

Satistical methods

The mean fiber concentrations were shown as geometric
means. Where no fibers of a given type were seen, the
concentration of the fiber typewas set at one half the detection
limit to allow geometric mean calculations. The means of
fiber size dimensions (length, diameter, aspect ratio) of the
airborne fibers are shown as geometric ones. The mean
fiber size dimension by areais shown as the arithmetic one.
Fiber concentrations and size dimensions of airborne samples
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among the areas were compared by means of Kruskal-Wallis
test.

Results

Types of mineral fibersin bulk samples

Table 2 lists the collecting sites and fiber types of both
ashestos and nonasbestos fibers found in the bulk samples
examined. Out of 7 stone samples, tremolite/actinolite was
found in all samples, and chrysotile wasfound in 2 samples.
Nonasbestos fiberswere considered to be antigorite, chlorite,
mica and others by their EDX specrea as listed in Table 2.
Fiber mainly composed of Sand Ca(fibrous calcium sulfates)
was not found in any of the stone samples.

Inall soil samples, tremolite/actinolite wasfound, whereas
chrysotile was not found. Fibrous aluminum silicates were
foundin al the soil samples, whereasfibrous calcium sulfates
were not found. Fibrous magnesium silicates were found
in one sample. Amosite, crocidolite and anthophyllite were
not found in any of the bulk samples.

Airborne fiber concentration of asbestos and nonashestos
fibers

Table 3 shows airborne asbestos concentrations at the
quarry property boundaries, in the serpentinite areas and
thereference areas. In 4 air samples obtained at the quarry
property boundaries, tremolite/actinolite was found in all
of the samples, whereas chrysotile was found in only 2 air
samples. In 10 air samples obtained in the serpentinite
areas, tremolite/actinolite was found in 7 air samples and

Table2. Asbestos and nonasbestos fibers found from bulk stone and soil samples

Type of sample Stone Soil
Site A B Cc D E F G H | J
Name of place Fukutsu Fukutsu ~ Kamewari Yoshikawa  Tsugeno Yanai Teruyama | Yoshikawa  Tsugeno Kuroda
Sttuation Cliff with unpaved  serpentinite serpentinite serpentinite serpentinite serpentinite the side of
outcrop field field .
road quarry quarry quarry quarry quarry field
of serpentinite
Asbetos Chrysotile - - - - + - - - -
Tremolite/actinolite + + + + + + + + + +
Nonasbestos fibers 0 Mg+Si + - + + + + + + - -
(Combinationof 0O Mg+Al+Si+Fe - + - - - - - - - —
main components) 00 Al+Si+K+Fe - - - - - - - + +
O Al+Si - - - + + - - + +
OTi + - - - - - - — - _

[0 considered to be antigorite, O considered to be chlorite, 0 considered to be micaminerals, O considered to be kaoline minerals, 0 considered to berutile.

+: detected, — not detected.
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chrysotilein 4 air samples. No asbestos was found in 2
air samplesinthereference area. Asbestos such asamosite,
crocidolite and anthophyllite were not found in any of the
air samples.

The geometric mean of airborne fiber concentrations for
ashestoslonger than 0.2 umwas 384 f/L at the quarry property
boundary (in operation), 12 f/L at the quarry property
boundary (in closed), 5 f/L at the serpentinite area and less
than 2 f/L at the reference area. There was a significant
difference among the areas in airborne asbestos
concentrations (p=0.034).

Table 3 showsfiber concentrations for nonasbestos fibers
in the air ssmples. Fibrous aluminum silicate and fibrous
calcium sulfate werefound in all of theair samples. Fibrous
magnesium silicate wasfound in all of the air samplestaken
at the quarry property boundary, but was found in only 4
out of 10 air samples obtained in the serpentinite areas and
one of 2 air samplesin the reference areas. The geometric
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mean of airbornefiber concentrations for nonasbestos fibers
was 447 f/L at the quarry property boundary (in operation),
124 f/L at the quarry property boundary (in closed), 103 f/L
a the serpentinite areaand 59 /L at thereferencearea. There
was a significant difference in airborne nonasbestos fiber
concentrations among the areas (p=0.036). Although there
was no significant difference in airborne concentrations of
both fibrous magnesium silicate and fibrous aluminum
silicate among the areas (p=0.055), the geometric means of
fiber concentrations of these nonasbestos fibers were highest
in the air samples obtained at the quarry property boundary
(in operation).

The mean (range) percentage of asbestosin total mineral
fibers was 47 (42-51) % at the quarry property boundary
(in operation), 9 (8-10) % at the quarry property boundary
(in closed), 9 (0—26) % in the serpentinite areas and 0% in
the reference areas.

Table 3. Fiber concentrations of asbestos and nonasbestos fibersin ambient air

Fiber concentration (fibers/liter)

Site
No Type of area Asbestos* Nonasbestos fiber (combination of main components)*
Total Chrysotile  TR/ACY Total Al +Si S+Ca Mg + Si Others
1 Quarry property boundary? 740 <13 740 714 390 52 143 130
2 (in operation) 199 <5 199 280 104 19 57 100
Geometric mean 384 <9 384 47 202 31 90 114
3 Quarry property boundary? 14 2 12 153 33 45 17 59
4 (in closed) 11 8 2 101 21 54 5 21
Geometric mean 12 4 5 124 26 49 9 35
5 Serpentinite area? 33 2 30 96 40 23 <2 33
6 16 2 15 97 19 19 2 58
7 10 <3 10 78 31 13 3 31
8 5 <3 5 207 24 32 5 145
9 5 2 2 136 52 19 <2 66
10 5 2 2 92 19 40 <2 33
11 4 <2 4 60 9 40 <2 11
12 <2 <2 <2 106 17 64 2 24
13 <2 <2 <2 167 40 42 <2 85
14 <2 <2 <2 68 7 28 <2 33
Geometric mean 5 2 4 103 22 29 2 41
15 Reference are® <2 <2 <2 64 17 9 7 31
16 <2 <2 <2 55 18 22 <2 16
Geometric mean <2 <2 <2 59 17 14 3 22
p-value (Kruskal-Wallis test) 0.034 ND? 0.051 0.036 0.10 0.18 0.055 0.13

*: All fibers longer than 0.2 um. 1) Tremolite and actinolite (amosite, crocidolite and anthophyllite were not found). 2) Not done, because the
detection limitsin quarries (in operation) were far from those in other sites. a) Property boundary of a serpentinite quarry producing crushed
stone. b) Areawithin 10 km of an area with serpentinite outcrops. c¢) Areafar from more than 10 km of an area with serpentinite outcrops.

Industrial Health 2001, 39, 132-140
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Airbornefiber size distribution of asbestos and nonasbestos
fibers

Table 4 summarizes the geometric means of length,
diameter and aspect ratio of asbestosin each area. There
washo significant difference among the areasin the arithmetic
means of asbestos size distributions.

Table5 summarizesthe geometric meansof length, diameter
and aspect ratio of nonasbestos fibersin each sample at the
quarry property boundary, in the serpentinite areaand in the
reference area. There was no significant difference among
the areas in fiber size distributions of nonasbestos fibers.

Thearithmetic mean length of asbestosin all of the samples
(2.8 um) was significantly longer than that of nonasbestos
fibers (1.2 um) (p<0.01). The aspect ratio of asbestosin all
air samples (9.5) was significantly greater than that of
nonasbestosfibers(5.7) (p<0.01). Thearithmetic meanlength
of chrysotilein all air samples (1.2 um) was significantly
shorter than that of tremolite/actinolite (3.2 um) (p<0.01).
Conseguently, the arithmetic mean diameter of chrysotile

Table4. Fiber size dimension of asbestosin ambient air
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in all air samples (0.07 pm) was significantly smaller than
that of tremolite/actinolite (0.46 um) (p<0.01).

Fiberswith ahigh probability of producing mesothelioma
in animal experiments (length > 8 um and diameter <0.25
um)*? were not found in any of the air samples. The
percentage of fibers producing arelatively higher incidence
of mesothelioma (Ilength > 8 um and 0.25 um < diameter
<1.5 um, or length > 4 um and diameter <1.5 um)*? to total
mineral fibers was 23 (15~30) % at the quarry property
boundary (in operation), 5 (4~5) % at the quarry property
boundary (in closed), 10 (3~17) % in the serpentinite area
and 15 (14~15) % in the reference area.

Discussion

Asbestos and nonasbestos fibers in bulk samples
Serpentine minerals are principal constituents of

serpentinite. Serpentine minerals are chrysotile, antigorite

and lizardite. Chrysotile, antigorite and lizardite all have

Site Total asbestos Chrysotile Tremolite/actinolite
No Typeof area Length  Diameter  Aspect Length  Diameter  Aspect Length  Diameter ~ Aspect
(pm) (pm) ratio (um) (pum) ratio (pum) (pum) ratio
1  Quarry property boundary? 31(23) 043(23) 72(15) — — — 31(23) 043(223) 72(15)
2 (inoperation) 26(24) 035(23) 73(17) — — — 26(24) 035(23) 73(17)
Arithmetic mean 2.82 0.389 7.3 — — — 2.82 0.389 7.3
3 Quarry property boundary? 17(21) 02127 84(19) 0.8 0.04 20.0 20(11) 029(19) 7.0(17)
4 (inclosed) 18(21) 0083(26) 21.8(1.8) 13(16) 0051(1L2) 26(1.6) 18(20) 045(12) 11.8(L5)
Arithmetic mean 177 0.146 151 1.06 0.046 230 192 0.368 94
5  Serpentinite aregd 36(25 051(29) 7.0(16) 0.8 0.05 16.0 40(24) 060(24) 6.6(15)
6 57(21) 062(24) 93(15) 27 0.18 15.0 6.1(21) 068(23) 89(15)
7 39(13) 062(1.2) 6.3(1.3) — — — 39(13) 062(1.2) 6.3(1.3)
8 38(13) 042(1.3) 91(16) — — — 38(13) 042(1.3) 91(16)
9 13(23) 013(51) 10.0(22) 0.7 0.04 175 23 0.40 58
10 16(31) 016(6.8) 101(22) 0.7 0.04 175 35 0.60 5.8
1 23(1.8) 0.27(1.8) 85(1.0) — — — 23(1.8) 027(1.8) 85(1.0)
12 — — — — — — — — —
13 — — — — — — — — —
14 — — — — — — — — —
Arithmetic mean 316 0.387 8.6 123 0.078 16.5 3.69 0.512 7.3
15 Reference ared) — — — — — — — — —
16 — — — — — — — — —
Arithmetic mean — — — — — — — — —
Total (arithmetic mean) 2.84 0.343 95 117 0.067 18.7 321 0.464 7.7
Geometric mean (geometric standard deviation). —: A fiber was not found. a) Property boundary of a serpentinite quarry producing crushed stone.

b) Areawithin 10 km of an area with serpentinite outcrops. c) Areafar from more than 10 km of an area with serpentinite outcrops.
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similar chemical compositions of magnesium silicate.
Chrysotile has afibrous form of a hallow tube and lizardite
isinirregular plate-like crystal form, so that fibrous
magnesium silicate is considered to be antigolite. The stone
samples collected in this study were of a yellowish green
color, and were confirmed to be serpentinite by XRD analysis.
Tremolite/actinolite was identified in the stone samples by
XRD, and their coexistence with chrysotile was identified
by the analytical electron microscopic study.

The soil samplescollected inthisstudy contained tremolite/
actinolite. Weathered serpentinites was an important source
for asbhestos-containing soils?. The emission of asbestos
from crushed serpentiniteisapossible source of soil pollution
by asbestos near serpentinite quarries.

Airborne asbestos concentration
Tremolite/actinolite fibers were predominant in ambient

Table5. Fiber size dimension of nonasbestos fibersin ambient air

K SAKAI et al.

air at the quarry property boundary in this study, whereasthe
majority of asbestos in the atmasphere was chrysotile? 1617,
It has been suggested that the emission of asbestos from
crushed serpentinite is a source of air pollution by asbestos
near serpentinite quarriesin Japan®. Fiber concentrations
of tremolite/actinolite were higher than those of chrysotile
in most air samples obtained at both the quarry property
boundary and the serpentinite area in this study. Fibrous
tremolite/actinolite was identified in the stone samples of
the serpentinite quarriesand the serpentinite areain this study.
It was considered that the erosion of serpentinite was
responsible for most of the asbestosin the serpentinite areas.

The geometric mean (range) concentrations of airborne
ashestos in residentia and agricultural areas determined by
ATEM in Japan were 19.8 (<4~111) f/L and 21.8 (7~47) f/
L, respectively®. The range of airborne asbestos
concentrationsin Tokyo was 3.58~94.7 f/L'®. We previously

Nonasbestos fiber (combination of main components)

Site

No Type of area Total Al+S S+Ca Mg+ Si
Length Diameter Aspect  Length Diameter Aspect  Length Diameter Aspect  Length  Diameter  Aspect
(um) (um) ratio (urm) (urm) ratio (urm) (urm) ratio (um) (um) ratio
1 Quary property boundary? 17(27) 023(30) 7.3(1.6) 19(25) 025(30) 7.6(17) 049(L5) 0077(12) 65(15 21(24) 027(28) 80(L7)
2 (inoperation) 11(27) 018(25) 64(16) 14(27) 018(32) 74(16) 076(20) 015(21) 53(11) 24(19 029(1.9 83(1L4)
Arithmetic mean 140 0.203 6.9 161 0.215 75 0.63 0.111 59 228 0.279 81
3 Quarry property boundary? 087(22) 016(20) 54(16) 15(29) 025(29 6.0(14) 071(20) 014(19) 52(14) 10(L9) 0091(L6) 11.1(L7)
4  (inclosed) 090(22) 015(20) 60(L7) 094(21) 0.091(22) 104(20) 091(22) 017(L9 52(14) 13(22) 021(L7) 60(L6)
Arithmetic mean 0.89 0.156 5.7 121 0.168 8.2 0.81 0.156 5.2 115 0.153 8.6
5  Serpentinite arez? 12(23) 023(22) 54(16) 19(19 028(23) 68(L5 11(200 025(17) 4.4(L4) — — —
6 099(24) 018(20) 54(L7) 17(28 022(31) 77(17) 11(22) 020(L9 55(L5) 0.3 0.06 50
7 11(20) 020(20) 56(14) 14(L9) 022(20) 64(L5) 18(L7) 030(16) 6.1(14) 0.9 0.25 36
8 16(22) 035(21) 45(15) 28(29) 039(37) 70(L7) 22(L9 052(17) 42(12) 32(33) 038(30) 85(28)
9 095(29) 016(27) 61(1L5) 15(35 019(37) 79(14) 21(27) 032(23) 6.6(16) — — —
10 14(25) 021(23) 65(1.6) 16(28) 019(39) 85(16) 095(18) 018(19 53(1.2) — — —
1 15(21) 030(21) 52(14) 19(L7) 040(L7) 49(13) 14(18 027(18) 52(1.3 — — —
12 15(23) 026(22) 57(15 14(32) 017(36) 84(16) 18(22) 033(L9 56(L4) 2.7 0.35 7.7
13 13(25) 022(24) 59(16) 20(28) 026(34) 7.9(14) 11(21) 017(20) 6.6(L6) — — —
14 0.89(20) 016(20) 56(15 1.0(25 013(39) 7.8(19) 090(L7) 013(L5 6.7(L5) — — —
Arithmetic mean 125 0.226 56 172 0.244 7.3 145 0.267 5.6 1.79 0.260 6.2
15 Reference ared 1129 020(27) 53(14) 11(31) 017(33) 68(L3) 16(32 027(24) 58(15 1932 032(22) 60(L7)
16 14(26) 026(26) 54(54) 17(22) 028(29 6.0(L7) 16(25 029(24) 56(L3) — — —
Arithmetic mean 122 0.228 54 141 0.224 6.4 161 0.280 5.7 — — —
Total (arithmetic mean) 122 0.215 5.7 157 0.212 74 117 0.214 55 177 0.223 79
Geometric mean (geometric standard deviation). —: A fiber was not found. a) Property boundary of a serpentinite quarry producing crushed stone.

b) Areawithin 10 km of an area with serpentinite outcrops. c) Areafar from more than 10 km of an area with serpentinite outcrops.
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reported that the mean (range) concentration of airborne
asbestos in the outside of 21 buildings in Nagoya, Japan,
was 16.2 (1.4~127) f/L'®. The airborne asbestos
concentrations in this study, except the quarry property
boundary, were within the range of those in previous reports.

Asbestoswasfound in ambient air at arock quarry which
had produced crushed stone containing ashestos?. Although
the airborne asbestos concentrations in the vicinity of the
serpentinite quarry producing crushed stone were relatively
higher than those in the surrounding area, the ashbestos
concentrationsrapidly decreased to background levels (20~30
f/L) at adistance of about 1 km from the serpentinite quarry®.
Although the airborne asbestos concentrations at the quarry
property boundary were much higher than those in the
serpentinite area in this study, the airborne asbestos
concentrations in the serpentinite area were similar to those
in urban areas. Our observation was not compatible with
previous reports.

The geometric mean concentration of airborne asbestos
at the quarry property boundary was higher than that in the
serpentinite area. This indicates that airborne asbestos
concentrations inside the serpentinite quarries producing
crushed stonewould be very high and that the quarry workers
also would be greatly exposed to asbestos.

Airborne nonashestos fiber concentrations

There is no detailed study of airborne nonasbestos fiber
concentration near serpentinite quarries producing crushed
stone. The airborne concentrations of both fibrous
magnesium silicate and fibrous aluminum silicate at aquarry
property boundary (in operation) were not significantly
different from thosein other areas, but their geometric means
were more than 7 times higher at the quarry property
boundary (in operation) higher than in other areas. Fibrous
magnesium silicate was a minority of nonasbestos fibersin
urban atmospheres, whereas fibrous aluminum silicate was
prevalent in urban atmospheres'®. On the other hand, the
geometric mean of fibrous calcium sulfate concentrations
at the quarry property boundary (in operation) was similar
to those in other areas. Calcium sulfates have also been
frequently found in urban atmospheres'® 2+ 22, Fibrous
magnesium silicate and aluminum silicate were found in
the stone samples, but fibrous cal cium sulfate was not found
in any bulk samples collected in this study. These results
suggest that serpentinite is one of the emission sources of
both fibrous magnesium silicate and aluminum silicate as
well as asbestos.

We previoudly reported that the mean (range) concentration
of airborne nonashestos fiber in the outside of 21 buildings

in Nagoya, Japan, was 332 (43.2~1716) f/L19). Theairborne
nonashestos fiber concentrations at the sitesinvestigated in
this study were within those in the urban areas.

Fiber size distributions of asbestos and honasbestos fibers

The mineral fibers in the atmospheres might be affected
by natural crushing that breaks fiber bundlesinto thin fibers
and/or shorter fibers. Consequently, it was supposed that
the size of airborne asbestosfibersin the vicinity of emission
sources is different from that in distant areas, but we could
not find asignificant difference between the quarry property
boundary (in operation) and other areasin size distributions
of airborne fibers in both asbestos and nonasbestos fibers.

We previoudly reported that the most potent mineral fibers
in producing mesothelioma found by Stanton et al.*? was
0.13% in total mineral fibers in urban atmospheres'®. In
this study we could not find any minera fibers of thissize.
The airborne concentration of mineral fibers of this size may
be negligible even in the vicinity of natural sources of
ashestos. The airborne size distributions of mineral fibers
in this study were not very different from those in the urban
area.

Acknowledgement

This study was supported in part by grant No. 07670434
fromthe Ministry of Education, Sciences and Culture, Japan.

References

1) Yoshida K (1993) Outlines of mineral products
business, revised and enlarged edition, 490-508,
Thusyou-sangyou-tyousakai, Tokyo (in Japanese).

2) Burilkov T, Michailova L (1970) Asbestos content of
the soil and endemic pleural asbestosis. Environ Res
3, 443-51.

3) Rohl AN, Langer AM, Sdlikoff 1J(1977) Environmental
ashestos pollution related to use of quarried serpentine
rock. Science 196, 1319-22.

4) Cooper WC, Murchio J, Popendorf W, Wenk HR (1979)
Chrysotile asbestos in a California recreational area.
Science 206, 285-8.

5) DouglasV, Gomez J, NegreteL (1991) Control measure
for asbestos-containing serpentine rock in surfacing
applications. ProcAWMA Ann Mest (Air Waste Manage
Assoc) 84th (15A) 91.135.2, 1-9.

6) Kohyama N (1989) Airborne asbestos levels in
nonoccupational environments in Japan, In:
Nonoccupational exposure to minera fibres (IARC Sci



140

7)

8)

9)

10)

11)

12)

13)

Pub No. 90). eds. by Bignon J, Peto R, Saracci R, 262—
76, IARC, Lyon.

Laamanen A, Noro L, Raunio V (1965) Observations
on atmospheric air pollution caused by asbestos. Ann
NY Accad Sci 132, 240-5.

Singh B, Thouez JP(1985) Ambient air concentrations
of ashestos fibers near the town of Asbestos, Quebec.
Environ Res 36, 144-59.

Kohyama N, Hiraoka T, Kurimori S (1995)
Environmental asbestos pollution by an old asbestos
mine and factory in Kumamoto Prefecture, seen from
the asbestos concentration in the lung tissues of the
residents. J Occup Health 37 supplement, S515 (in
Japanese).

Kohyama N, Hiraoka T, Kurimori S (1997)
Environmental asbestos pollution by an old asbestos
mine and factory in Kumamoto Prefecture, seen from
the asbestos concentration in the lung tissues of the
residents (2). J Occup Health 39 supplement, S470 (in
Japanese).

Suta BE, Levine RJ (1970) Non-occupational asbestos
emissions and erxposures, In: Asbestos. Properties,
applications, and hazards Vol. 1, eds. by Michaels L,
Chissick SS, 171-205, A Wiley-Interscience
Publication, Chichester.

Stanton MF, Layard M, TegerisA, Miller E, May M,
Morgan M, Smith A (1981) Relation of particle
dimension to carcinogenicity in amphibole asbestoses
and other fibrous minerals. JNatl Cancer Inst 67, 965—
75.

Inomata M (1978) Geology of the Mikabu Belt and
ultrabasic complexesin Mt.Ufu-san and Mt.Tonmaku-
yamaareato the north of Lake Hamana, Central Japan.
Chikyu Kagaku (Earth Science) 32, 336—44 (in

14)

15)

16)

17)

18)

19)

20)

21)

22)

K SAKAI et al.

Japanese, partly in English).

Ortiz LW, Isom BL (1974) Transfer technique for
electron microscopy of membrane filter sasmples. Am
Ind Hyg Assoc J 35, 423-5.

Kamens R, Lee C, Wiener R, Leith D (1991) A study
to characterize indoor particles in three non-smoking
homes. Atmo Environ 25A, 939-48.

Sdikoff 1J, NicholsonAM, Langer AM (1972) Asbestos
air pollution. Arch Environ Health 25, 1-13.

Sakai K, Hisanaga N, Mitani K, TsuchiyaH, Haung J,
Shibata E, Ono Y, Tanabe E, Takeuchi Y (1990)
Airborne asbestos concentrationsin roomswith sprayed-
on asbestos materials. Jon J Pub Health 37, 109-17 (in
Japanese, partly in English).

Watanabe T, Kamataki H, Akiyama K, Asakuno K,
Adachi H, Yoshino N (1994) Asbestos concentration
in Tokyo. Annual Report of the Tokyo Metropolitan
Research Institute for Environmental Protection 1993,
7-13 (in Japanese, partly in English).

Sakai K, Kohyama N, Hisanaga N, Yamanaka K,
Takeuchi Y (1996) Airborne fiber concentrations and
fiber size dimensions in buildings determined by
analytical transmission electron microscopy. Indoor Air
'96 2, 973-8.

Carter LJ (1977) Asbestos: trouble in the air from a
Maryland rock quarry. Science 197, 237—40.
Midditon AP (1978) On the occurrence of fibres of
calcium sulphate resembling amphibole asbestos in
samplestaken for evaluation of airborne asbestos. Ann
Occup Hyg 21, 91-3.

Spurny KR, Stober W, OpielaH, Weiss G (1979) On
the evaluation of fibrous particles in remote ambient
air. Sci Total Environ 11, 1-40.

Industrial Health 2001, 39, 132-140



