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Mineral Phases and Some Reexamined
Characteristics of the International Union Against
Cancer Standard|Asbestos |Samples

Norihiko Kohyama, #ho, Yasushi Shinohara, PhD, and Yasunosu ke Suzuki, MD

Standard asbestos samples to be used for biomedical research were first prepared by rhe
fnternational Union Against Cancer (UICC) in 1966 in the United Kingdom and South
Africa. Using modern techniques. X-ray diffractomerry. analviical transmission electron
microscopy, and thermal analvsis, we have now analvzed these UICC samples to determine
the mineral composirions (mineral phases) and their respeciive quaniities. PICC chrysotile
A {from Zimbabwe) contains 2% fibrous anthophyllite as impurity: chrysarile B (from Can-
ada) does not contain any fibrous impurities, only non-fibrous minerals. UICC amosite and
crocidolite are aimost pure. UICC anthophyilite has 20-30% talc as impurity. The chemical
composiiians and fiber size distributions of the UICC asbestos samples have also been
determined. The mean widths of the fibers of chrysotile A and B are smaller than those of the
amphibole fibers. This agrees well with the earlier resuits which showed the rwo chrvsotile
samples 1o have a larger respirable fraction than the amphiboles. © 1996 Witey-Lixs. Inc.
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INTRODUCTION

The four main types of asbestos (chrysotile A and B,
crocidotite, amosite, and anthophyllite) were prepared for
standard reference samples by the collaborative efforts of
the Llandough Hospital MRC Pneumeconiosis Unit in the
United Kingdom and the Preumaconiosis Research Unit of
the National Research Instiute for Occupational Diseases in
South Africa in 1966 [Timbrell and Rendall, 1972; Rendall,
1970; Timbrell, 1970] following the recommendations
made after the Conference on the Biological Effects of As-
bestos held in New York in 1964, Since then, thesc asbestos
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sampies prepared by the International Union Against Can-
cer (UICC) have been used extensively in many important
biomedical swdies.

The chemicat and physical characteristics of the pre-
pared samples were initially and carefully determined [Ren-
dall. 1570; Timbrell, 1970). However, the mineral phases
occuring as impurities were not determined and no daa
have been obrained on the actual asbestos percentage in
each sample nor on the types and concentrations of all im-
purity mincrals {Graf et al., 1982].

Recently it has been argued that chrysotile asbestos
conlains impurities, especially fibrous tremolite. This is an
important argumens because some fibrous tremolite has a
Strong carcinogénic action as shown in amimal experimen-
tation [Wagner et al., 1973, 1982]. Such contaminalion
could adversely affect any experimental resuits when the
UICC ashesios samples had been used.

For these reasons, it is important to know the type and
quartity of mineral impurities in the UICC asbestos sam-
ples, especially if different kinds of fibrous mincrals them-
selves exist as such impurities. This paper presents the de-
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TABLE |. UICC Standard Asbestos Sampies

Chrysotile A {irom Zimhahwe)
Chrysclile B (from Canaca)
Crocrdoine {from South Atrica)
Amosite {from South Afnca)
Anthophyllite (iram Finkand}

tails of the minergi phases of each UICC asbestos sample as
well a5 the chemical and physical charactgristics using mogd-
em instruments and technigues.

MATERIALS AND METHODS

| Minera!lPhases

To know the mineral phases, the UTCC asbestos sam-
ples were dstermined by a conventicnal X-ray powder dif-
fractometer {Rint 2200, Rigaku Co., Japan) equipped with a
Cu X-ray mbe (1.5 kV) and a graphite monochrometer. The
powder sample embedded in Al-specimen holder was ana-
lyzed al a power of 40 kV and 30 mA with 2 scanning speed
of 1%/min for diffraction angle from 2° 1o 70° and a step
scamming (0.02° interval: 50 and 100 sec exposures for each
step) for the detection of amphibole phases. These data
were treated by an attached computer. To identify the minor
mineral phases effectively, & computer was employed for
matching the X-may diffraccion (XRD) peaks with the min-
eral powder diffraction file.' In this matching analysis, as
the pezk intensities were expressed in the square root, i...
small peaks were enlarged and jarge peaks shrunk in one
XRD pattern. all miner phases could be succassively iden-
tified with high precision,

XRD patterns for the UICC asbestos samples are
shown in Figures [ and 2. Figure { shows the XRD paterns
of chrysotile A and B, of which low diffraction angie pans
(5-~50° in 28} were enlarged in Figurs | (bottom) to show
the miner mineral phases present in the two chrysolile sam-
pies. Figure 2 shows the XRD pattems of the UJCC am-
phibole asbestos samples. The peaks of coexisting minerals
(impurity minerals) were indicated on the figures of each
sample. The precisz data of each XRD peak, such as 20,
d-spacing, intensily, idestification. and Miller index, are
omitted here. Tabie [ shows the minerl phases identified
and quantified in the five UICC swndard asbestos samples
by XRD, combined with analytical transmission electron
microscopy (ATEM). The deteciion limit of the XRD anal-
ysis was about 0.5% in weight.

Small amounts of other minerals were identified as im-
punties in chrysotle A (from Zimbabwe) and chrysotite B

1. Published by the Joim Commitiee of Powder Diffraction Standards
(JCPDS kIntemationat Cenure for Diffraction Daca {ICRD). 199),

{from Canada). Anthophyllite was found in chrysotile A by
XRD and was identified as fibrous by ATEM. Since strong
and major XRD peaks of talc are overlapped with some
peaks of anthophyllite, the presence of ralc was also £xam-
ined by ATEM for chrysoiile A and tic was confirmed
showing irregular platy shape. The finding of anthophyllite
in chrysotile A will be discussed further. No remolite peak
was detected in either of the chrysatile samples. Although
we also examined the chrysotile samples for the presence of
tremelite more precisely by XRD analysis empioying a step
scanning method, no tremolite peak was detected at the
detection level of 0.1%. The ather identified minerals were
afl non-fibrous minerals, mostly of platy morphology.

Quantification of coexisting minerals in the two UICC
chrysotile samples showed that they exist in very small
amounts judging from the XRD patterns. The amounts of
each mineral, such as anthophyllite, brucite. and pyroaurite
in chrysotile A and B, were estimated By an intemal stan-
dard method using pure powdered quartz {fram Fukushima.
Japan} as an internal standard. Pure (or mostly pure) sam-
ples of anthephyllite (from Afghanistan; fibrous), brucite
(from China; platy) and pyroaurite (from Norway: platy)
were used for the standard minerals allowing the calibration
lines for each mineral o be quantified. The quarz powder
was added into the UICC chrysotile samples and the sam-
ples of the standard anthophyllite. brucite, and pyroaurite at
10% in weight. The raiio of a peak intensity of each mineral
to that of quanz was measured for cach sample. Then. the
calibrution lines were made by connecting the intensity rafio
with the origin of the cocrdinate axes by a stmight line for
each mineral. By this XRD quantification, the quantity of
anthophyllice in chrvsotile A was estimated to be 3% by
weight. However. this percentage also contains a small
amount of talc and the aciual content of anthophyllite was
estimatzd as approximateiy 2% o the basis of the ATEM
observation. The other minerals presemt were also quanti-
fied, as shown in Table IL; the cantents of chrysotile in the
samples of chrysatile A and B were $94% and 92%, respec-
tively.

Some very weak peaks of quartz. estimated at about | %
of less by weight (Fig. 2}, were identified in the amosite and
crocidolite samptes. No other peaks were found. In the an-
thopityllize sample. wlc, chiorite. and mica (probably phio-
gopite) were identified (Fig. 2}. The chlofite and mica were
estimated as being aboui 5%, respectivety. It was found that
the UICC anthophyllite sample contains substantial lalc ac-
cording to the ATEM observation. In order 1o estimate this
amount of talc, the XRD pattern of the UICC anthophyllite
sampie was compared with those of other fibrous antho-
phyllite samples (Figure 3). Fibrous anthophyliite from Af-
ghanistan is mostly pure, but a very smzll amount of talc
was found by ATEM. Fibrous anthophyllite from Uchida,
Japan, also has a small amount of talc, but the amount
seemed to be much smaller than that of the UICC antho-
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FIGURE 1. XRD pattems of the UICC chrysolile samoies. O,

chrysollla; An, anthophytiite; P, pyroaudite; H, hydromag-

nesite; B, brucile; Mg, magnetite; °, noise paak from specuman holder.

phiyllite. It aiso has a very small amount of vermiculite. The
identification and gquantification of walc in anthophyllite
sample by XRD are very difficult because swong major
peaks of 9.4, 4.67, and 3,12 Aof talc are all overiapped with
those of anthophy!llite. In addition, the orientation effect of
fibrous anthophyllite is obviousty large. Conversely, the
derection and quantification of anthophyllite in talc by XRD

ars casicr as reported [Rohl and Langer, 1974, We are
trying to develop a precise method for quantification of talc
in anthophyllite, but by the present rough esiimation. the
UICC anthophyilite sample appears to contain aver 20% of
talc as impurity at least. The shapes of talc particles were
mostly irregular platy ones, bur some of them showed lath
or fibrous shapes. As the fibrous tale could be misunder-
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FIGLRE 2. XRD patierns of the UICC amphibale asbestos sampies. C, chiorite; M. mica (phiogapiie), A. T, ovenapped
peak of antmaphyllits and taic; . quart.
TAALE J1. Minerd Phases of the UIGG Swndard Ashestos Samples Determined by XAD Anatysis and Some Other Methods
Waight (%) Weight (%} Welght {%)
Minerais Cheyeolite A Chrysatile B Mineraks Amgsite Crocidalite Minsrals Anthaphytiie
Chrysatile 94 9 Amosite o4 — Arhophyllite 80
Anthophyllita ? - Crocidofite - 9 Taic 10
Tale 1* _— Quartz <1 «l Chiorite 5
Brucits - 6 Phiogopits
Lizardits - Trace®
Antigarite <1 Trace®
Pyroaurite 2 2
Hydromagnesite® — Trace®
Magnetita - Trace®
Total {%) m 100 100 100 100
4 G-liyer SerpRating af app y 1%

MdeneMed and estmated by ATEM anlyss, Trace. <0.5%.
“Pyroaordy, MggFrCl,(0K.ChH 154 HyO. platy mineril.
*Hydrocragresiie. Mg, (C05h,{0H} 2.8 H0, platy meneral.

stood as fibrous anthophyliite, the precise icentification by
ATEM is required. The content of the tale was also esu-
mated by chemical analysis.

Chemical Composition

Major elements of the UICC asbestos samples were
analyzed by gravimerric determination for Si0, and Fe,0,

+ Al,0,, colorimetric methods for FeO, and inductively
coupled plasma-atomic emission specromeuy and alomic
absorption spectrometry for TiQ,, Fe;0;, MnO, MgO, Ca0,
Na,0. and K,0. The other minor elements were determined
by X-ray fluorescence analysis for their presence and quan-
tities,

The results of our analyses of the chemical compaosition
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of the UICC asbestos samples are given in Table 1. Tra-
ditionally. the cauons of silicate minerals have been ex-
pressed in oxide percent. The chemical compositions of the
UICC asbestos samples were reported on earlicr by Tim-
brel} [1970]; since the exprassion of those results was
slightly different from the traditional way. they-could not be
compared with our present data.

For chrysotile A and B, the[chemical| compositions are
close to ideal; the contents of MgO and HaO(+) in chrysotile
B were slightly larger, which may be due 1o brucite
{Mg(OH),) as an impurity. Part of the iron content will be
in the chrysotile structure itself but part can also be antrib-
wied 1o the impuries, pyroaurite and magnetite.

The amosite and crocidolite samples showed a typical
chemical compesition for these minerals, which means the
samples are mastly pure. [t is & characteristic of amosite and
crocidolite 1o contain small amounts of Mn and Na ions,
respectively.

As minor ¢lements, very small amounts of Cr and Ni
jons were present in the samples of chrysotile and antho-
phyllite. These are considered to replace the Mg jons n the
crystal structures.

An jdeal anthophyllite mainly consists of 5i. Mg, and 2
small amount of Fe for the cations. The anthophyilite sam-
ple, however, had noticezbly high coatens of Al,O, and
K,O. These latter correspond well with the presence of
chlorite and mica (phlogopite) as impurities. The amount of
the actual hydroxyl water, which was csumated © be

3,65%, was alsa larger than that of anthophyilite (calculated
as 2.3% for the ideal crystal sructure), The esbmation of the

-

actual hydroxyl water is described below.” These results
reflect the fact that the UICC anthophyllite sample contains
talc, chlerite, and phiogopite as impurities. These minerals”
ideal amounts of hydroxyl water are larger than that of
anthophyllite. ie.. 4.7%, 13%, and 4.3%. respectively. Us-
ing these values of ideal hydroxyl water, the conents of
ezch mineral can be calculated as amhophyllite 60%, tale
30%, chiorite 5%, and mica 5% by the following eguaticn:

2HEIA +47%) T + 13(%) x C + 4.3(%) x M = 163(%)

where A. T. C, and M are the fractioas of anthophyllite, wlc,
chlorite, and mica, tespectively, and T=10~ A ~C - M,
as the fractions of chionie (C) and mica (M) had been

1. As the iron ip the original anthophyllite sample was all oxidized
when heated at 1,100°C {ignitian) to meastre the content of H.O(+).
1he vatue of hydroxy) water was measured smaller by the weight gain -
following the oxidation. To subtract the weight gain and obtain the
actual content of hydronyl water, the tolal won was initially expressed
by a fervic form as in the parentheses in Table [I1. then only e femic
iron was recalculated iplo ferrous form and the weight difference
6.32 = 575 = 0.57%) was added 1o lhc initial value of H;O(+)
1.65% producing 4.22%. Finally, the actual content of hydrosyl wa-
Ler cauld be estifnated to be 3 65% by subtracting the value of 50,
0.57%, which was recaleuiated from SO,0.71% and was considered
10 be contained in the imitial weight loss of HyOt+):3.65% as 2 pus
componeni. from that of H,O(+):4.22%.
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TABLE IIl. Ehemical Composttians of the UICC Standard Asbastos Sampies”

Chrysoilis A Cheysotise B Amosite  Crocidallle  Anthophyllite
Sil, 35.69 kLAL 50.53 48.84 55.31
Tid, 0.02 Trace ND 002 003
M0, 0.75 040 0.95 0.06 099
Fed, 187 239 1.9 19.07 {6.32)
Fed 0.49 114 L] 18.9% 5.75
Mp0 0.08 0.06 1.82 .11 047
MgO 42,80 4326 .43 232 N
[5%] 0.33 .17 0.51 1.08 0.28
Na,0 Trace c.o2 Q.02 558 0.03
K0 Trace 4m 227 0.06 0.43
Ha0i) 12.58 13467 23 2.33 (3.65)4.22
Hy01-) 047 0.66 .20 0.34 1.3t
Minor giements
505 0.3 013 0,24 0.03 0.71
cr 0.05 025 0.03 Trace 0.01
Cr0, 023 Q.97 Traca ND 0.13
Co,0, Traca Traca NG NO Tracs
NiO o 0.12 Trace Trace .14
Cu0 ND NO KO ND Trace
InQ Trace Trace NO ND 0.03
Total (%) 1001 100.68 99.93 a9 76 100.00

~Mata abtainee by wet chemical aAdlyses wxcept K anihaphylits and minor mements, which were obrsed
ty X-ray lyarascence spectromey. Traca, <0.01%: ND. no! detecied (<0.001): mambers in parantheszs, see
fext. H00+) aad HaD{ ~), weight loss Dy ignitoa up to 1,100°G and 110°C. respectvaly

Thase vilses included in Ha0{+ -} and extiuded trm the Dl

obuained earlier by XRD analyses as 0.05, respectively {Ta-
bie I, T = (0.9 — A). From this, the above equation can be
written:

2% A + 47(BK0D.S — A) + 13(%) x 005
+ 4.3(%) x 0.05 = 3.65(%).

- Therefore, the fraction of anthophyllite (A) cao be calcu-
lated to be 0.60, and that of wlc 0.30. This calcularion has
a relatively large emor, but can be used 1o estimate the
approximate content of waic.

Thermal Analysis

Thermal analysis cap indicate various kinds of thermal
reactions of minerals, such as dehydragon of absorption
water, surface water, and intetiayer water {occurmring at ap-
proximately 100-140°C), dehydroxidation of stuctural wa-
ter (OH), oxidation of ferrous iron, phase transformation,
etc., which are unique for each mineral. The differenzal
thermal analysis (DTA), thermal gravimetry (TG), and de-

rivative thermal grvimetry (DTG) were simultaneously
done wusing a DTA-TG apparatus {Thermoflex TASI00.
Rigaky Co.) for the UICC asbestos samples. The heating
rate and sample weight were 20°C/min and approximately
20 mg, respectivety. To prevent the oxidation of ferrous iron
contained in the amosite and crocidolite, the thermal anal-
yses were also done in an N, environment in addition to the
norma} analyses in air. The resuits are shown in Figure 4.

In the DTG curves of chrysotile A and B, the peaks of
665°C and 650°C show the dehydroxidation of OH water in
chrysodle. Exothermic peaks of 837°C and 831°C in the
DTA curves of chrysetile A and B show the recrystalliza-
tion to forsterite andfor enstatite from the amorphous state
after the dehydroxidation. The other peaks in the DTG
curves would indicate that minor minerals coexisted: 260°C
{pyroaurite), 372°C (brucite}, 580°C and 560°C {prababiy
chlorite}, and 712°C (antigorite).

FIGURE 4. UTA and OTG curves of the LICC standard asbestos sampies. In ax,
aralyzed in air envacnmezt N Wy analyed in K, anaronment, A and B,
chrysolle A and 8, respectvaly.
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The DTA and DTG curves of the amosite did not show
any peaks in :hcenvironmcm. but in the N, environment
the endothermic peak and weight loss peak were detzcted at
820°C in the respective curves. The oxidation of ferrous
iron in the amosite occurred at a relatively low temperature
of approximately 400-500°C and continued gradually up 10
1.000°C or more n air. The DTG curve shows 2 broad
weight gain curve between approximately 500 and 1,000°C.
No mineral impurity was detected in the amaosite sampie by
the thermal analysis. The final products of the amosite, as
determined by XRD after heating to .200°C in an air en-
vironment. were quartz and cristobalite (Si0;), magnetite
(FcO-Fe,0,), hemalite {Fe.0,). and enstatite (MgSi0;).
and in an N, environment were quartz, cristobalite, magne-
tite, and enstatire,

The DTA and DTG curves of crocidolite analyzed in
both air and an N, environment were sfightly different from
cach other. in air, the DTG curve showed weight loss peaks
a1 505°C and 690°C and a weight gain peak at 946°C. while
the DTA curve showed endothemic peaks at only 680°C
and 946°C. The low sensitivity of DTA is the reason why
the endothermic peak at approximately 509°C was no: de-
tected. In N., the DTG curve showed two weight loss peaks
a1 436°C and 670°C which became slighty lower than those
of in air. The weight gain did not eccur at $46°C as in air.
The DTA curve showed four endothermic peaks at 430°C,
£40°C, 821°C. and 919°C. The first two ¢ndothermic peaks
would show the dehydroxidadon of hydroxyl water of the
erocidolite. The oxidation of the ferrous iron would occur at
about 946°C, corresponding to the weight gain and trans-
formation of crystal structure. The endothermtic peak of the
DTA at 946°C would be due 10 the wansformation. In N,
the transformation oceurred at $19°C. but the oxidation did
not oceur abruptly but proceeded gradually and the DTG
curve did not show a clear weight gain peak at approxi-
mately 919°C. An endothermic peak newly appeared at
821°C in the DTA curve in N. The cause of the peak cannot
be explained a1 the present. No mineral impurity was de-
tecied in the crocidolite sample by the thermal analysis. The
final mineral products when heated in an air environment
were quartz, cristobalite, and hematite. When heated in ar
N, environment. magnetite was found in addition 1o the
other products.

The thermal analysis for anthophyllite showed complex
curves of DTA and DTG disclosing some coexisting min-
erals. In the DTG curve. the peaks at 585°C. 805°C. 919°C.
and 1,060°C would be derived from the dehydroxidation of
structural water of chiorite, mica. anthophyllite. and tale,
respectively. The DTA curve was mostiy consistent with the
DTG curve. The exothermic peak at approximately 1,060°C
would be due to the ansformation of the crystal seructure.
The final mineral products afier heating to 1,200°C were
quartz, cristobalite, and enstatite.

Transmissian Electron Microscopic
(TEM) Observation

ATEM analyses for the UICC asbestos sampies were
done using a TEM (H-8000, Hitachi Co., fapan) equipped
with an energy dispersive X-ray spectrometer (EDX. Kevex
Co., USA) at zn accelerating voltage of 200 kV. The UICC
asbestos samples were dispersed in purc water and a droplet
of the dispersion was put on an Ni TEM grid with collodion
film coated by carbon.

The TEM photographs for UICC asbestos samples are
shown in Figure Sa-¢. It can be seen that chrysotile A and
B consist of very thin curiy fibers (fibrils) as wel| as thicker
fibers (fiber bundies). In both samples, platy minerals were
also found. which were identified to be lizardite, antigonite,
pyroaurite. brucite, chlorite. and taic as minor impurittes on
the basis of their setected area etectron diffraction (SAED)
patiermns and EDX spectra. In chrysotile A, fibrous antho-
phyliite was atso commonly found by TEM obscrvation as
impurity fibers. To observe the presence of anthophyllite
fibers more clearly and the ratio to talc. the chrysotile fibers
in chrysotile A were digested by a swong acid (HCT) and an
alkaline (NaOH) solution, by which the minor minerals
such as anthophyllite and talc were concentrated in the re-
mainder as shown in Figure 6. The SAED pattemn and EDX
spectrum in Figure 6 proved the coexisting fibers are typical
anthephyllite, showing an cxample of the chemica! compo-
sition as Si0. 56.5%. MgO 32.4%, and FeO {G.1%, which
is alse similar o that of UICC anthophyllite. The platy
particies seen in Figure 6 were tale and the amount seemed
1o be much smailer than the anthophyllite fibers. The fi-
brous anthophytite mostly consisted of relatively large fi-
bers. such as (-50 wm in length aad 0.1--3 pm in diameter
(Fig. 6).

In contrast to curly fibers of chrysetile, fibrous amphib-
oles usually show a rectilinear shape of the particles as seen
in Figure Sc-e, which are UICC amosite, crocidolite, and
anthophyllite. respectively. The amositz and crocidolite
sampies appeared almost pure by TEM observation. but the
anthophyllite sampie contained many platy minerals. which
weee mosty tale with some mica and chiorite. The talc
particles cccurred mostly as iregular plates. but fibrous taic
was also found. Fibrous talc can be differentiated from fi-
brous anthophyllite by SAED or EDX analysis. Of the three
examples of amphibole asbestos, fine fibers were common
in the crocidotite sample.

Fiber Size Distributions

The fibers in all of the UICC asbestos samples obvi-
ousty differ widely in aspect ratio (length and width), from
very short and thin 10 very long and thick. To obtain the
fiber size distribution, all of the fibers in a sample from
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FIGURE 5. TEM phowograons of the UICT asoestos samples. m: Chrysatice A, b Chiysadie B. c: Amosie. & CrocidoNte. e: Anhoghylhte.
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short 10 lonig as well us from thin to thick must be examined  Japaa) und H-8000. were used in the present study for the
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new TEMSs having u very high resolution at low magnifica- The five UICC asbestos samples were weli dispersed in
tions (less than x 1003 huve been deveioped recenly, Two  distilled water and the proper portions were filtered on cel-
such TEMs having this ability. LEM-2000 (Topcun Co..  lulase 2ster membrane filter {Millipore filter®). The mem-




brane filter samples were transferred onte TEM grids fol-
lowing low temperature ashing and carbon exwacten
techniques [Kohyama and Suzuki. 1991]. The TEM samples
were observed using 8 TEM (LEM-2000 or H-8000), and the
photographs were taken at magnifications of a few hundred
limes. The negatives were enlarged on the priat by 10 times
or more. The prints, therefore, had total magnifications of a
few thousand times. Fiber lengths were measured using ci-
ther a ruler or a scale magnifier of x10 magnification, and
the widths were measured by the scale magnifier on the
prints. When the fiber size was measured by the scale mag-
nifier, the size could be detzcied down to 0.01 um at 2 tozal
magnification of a few ten thousand times. The total number
of fibers counted for the size measurement ranged from 300
to 500 fibers for each sample. The benefit of this method is
thar almost all fibers on a very wide field of the TEM sample
could be observed on one print.

The data for fiber sizes were plotted on a log-nomal
distribution chart for each sampie (Fig. 7a—). The measured
fiber size parameters such as geometrical mean and geo-
meurical sandard deviation (SD) for length and width are
shown in Table [V. The mean lengths of the chrysetile A
and B and crocidolite sample are slighdy shorter than those
of the amasite and anthophyllite samples. These also bave a
large 5D, indicating large fiber length disuibutions. Length
and width measurements were repeated on amosite and cro-
cidolite samples from a different portion of our UICC sam-
ples. The resuits of these second measurements are shown in
patentheses in Table IV. The variability in width and length
is farly large. which is to be expected from such mineral
samples. Considering the observed variability. however,
these results clearly show simular size distributions for
UICC amosite and UICC crocidodite. This is in direct con-
trast with the photographs of samples of amosite and croci-
dolite picrured on page 296 of ~*Biological Effects of As-
bestos,”” LARC Scientific Publication No. § [Bogovski et
al., 1973]. The IARC publication suggests a severalfold
thinper size distribution for crocidolite compared with
amgosite.

The fiber lengths of all five UICC samples had been
measared earlier by Rendall [1970] and Timbretl {1970],
and for comparison those data were also plotted in the same
figures. The mean fiber widths -are newly reponted in this
paper. Concerning the length distributrons for all samples,
the Rendall dawa (curve | in Fig. 7a-e¢). which combined
both the data of optical microscopy (OM) and TEM. gave
shorter lengths compared (o those fourd in the present anal-
yses. The 1970 Timbrell data on length by TEM for the
aitbomne fibers (curve 3 n Fig. Ta—e} were also slightly
shorter than those of ours for amphibole samples (but of
similar lengih for chrysotile A and B sampies). It is likely
that the data of OM (curves 2 and 4 in Fig. 7a-e), which
would measure fibers longer than 3 gm only, were biased to
express 8 longer size range than those of the TEM.
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The mean fiber widths of chrysotils A and B werc lass
than those of the amphibales; i.e., the mean fiber widths of
the three amphibole samples were 0.31-0.38 pm. but 0.17
and 0.15 pm for chrysotile A and B. Timbrell [1970) re-
poried that the two chrysotile samples (chrysotile A and B)
would be more respirable than the amphiboles. The differ-
ences of the mean fiber widths between the chrysotile and
amphiboles, as measured in our study, seem (0 correlate
well with the ratio of respirable and non-respirable fibers
reporied previously [Timbrell, 1970]. Cyclone measure-
ment of the ratio of the respirable fraction in the anthophyl-
lite was reported by Timbrell [1970] as being a little bit
greater than in the other amphiboies. but the present dara
showed that the anthophyllite was greater in jength and
equal or thicker in width compared with the other amphib-
oles. Judging from these observations. the previous respi-
rable fraction would have been affected by talc particles
contaminating the anthophyllite sample. The present find-
ings of the anthophyllite were obtained only from antho-
phyllite fibers, these fibers having been differentizted from
tale particles (mosdy plary and some fibrous) by their char-
acteristic morphalogy. SAED pattern. and EDX spectrum.

DISCUSSION

The UICC asbestos samples have been very useful to
many experimental studies on the health effects of asbestos.
Well-charactetized and easily available asbestos standards
permit the comparison and assessment of results obtained
by differsnt groups. The reliability of the UICC asbestos
samples has long been accepted. The sampies were well
characterized for some aspects when they wers first intro-
dured. However, complete and precise characterization of
the mineral phases was not available. Our findings from
state-of-the-an procedures may give rise 10 some confusion.
For example. there was no remelite found in chrysotile A;
it would appear that in some reports [Wagner et al., [986].
the fibrous anthophyllite found in chrysotile A was believed
to be fibrous tremolite. Anather aspect concems the punty
of each sample. Chrysotile A and B samples were found to
have fiber contents of 94 and 92%. respectively: they con-
tained other minerals as impurities. The UICC anthophyllite
sample now appears to be low in fiber content. approxi-
mately 60%. These observations may require reevaluations.

We detected some minor mineral phases at approxi-
mately 0.5% levels in the UICC asbestos samples in this
study. and the quantificarion fimir was estimated as approx-
imately 1%. For amphiboles in chrysotle A and B, we
examined at the 0.1% level using a highly sensitive XRD
analysis. Chlorite minerals coexisted in both chrysotile A
and B, and hydromagnesite in chrysotile B was close 1o the
detection limit, indicated as “‘trace™” in Table II. Chlorite
particles were also identified by the ATEM abservation.
The thermal analysis using DTG clearly detected the weight
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loss peak due 1o the dehydroxidation of hydroxyl water of
chlorite a1 approximately 580°C. it has been demonstrated
that DTG analysis is very effective for the quantification of
minerals such as chlorite, brucite, and pyroaurite, whea they
have a lot of hydroxy] water and the detection limit some-
times exceeds that of XRD. Since DTG analysis is less
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useful for qualitative analysis than XRD analysis, DTG
analysis is best utilized in conjunction with XRD and/or
ATEM.

Chrysotile A from the Zimbabwe mine comtains fibrous
anthophy llite estimated at approximately 2%. Based on our
unpublished data. most of the commercial chrysotile sam-
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TABLE {V. Fiber Size Parameters of the UICE Standard
Ashastas Samples*

Length Width

-Mean {um)  SD  Maax (um} SD

Cheysotile A 24 23 317 18
Chrysgtiie B 26 23 AL 1.8
Amosite 43 33 0.3 13
(2.8} 119) {0.20) (1.5)

Crocidolite 2.5 20 0.33 21
{29 (1.9 1025 {1.6}

Anthophylite 42 33 0.39 18

“Maan, geometncal mean: SO. peoMetncal Standand deviatian, Num-
bers in parentheses reprisent the second meassrement.

ples from Zimbabwe (which were milled, and sent o Japan)
contained fibrous anthophyilite in approximate amounts of
the UICC chrysotile A. This means that the chrysotiie from
the Zimbabwe mine conwined anthophyllite fibers which
could not be separaed by an industrial milling process.
Visibiy, the raw chrysotile fibers from the Zimbabwe mine
seem {o be harsh like amasite (ibers. This implies that Zirn-
babwe chrysotile could be geologically produced at reia-
tively higher temperamures, in which both chrysotile and
anthaphylite could exist as stable states.

In some studies of carcinogenicity of fibrous antho-
phyllitz, extremely high incidences of mesothelioma were
observed ia animal experiments in which this fiber rype was
injected directly into the peritoneal cavity of rats [Fukuda
and Kohyama. 1995. Adachi et al.. 1995]. On the other
hand, information on cancer among employees of antho-
phyllite mines is retatively limited. In Finland, pleural cal-
cification was first found in habitanis near an anthophyllite
mine by Kiviluoto [19640). Mearman et al. {1974] reported
a relatively high incidence of asbestosis, a significant in-
crease in incidence of lung cancer, but no incidence of
mesothelioma in the workers of a Finnish anthophyliite
mine. Recently, the meidence of lung “ancer and mesothe-
lioma among the anthophyilite mine workers has been up-
dated: 3 pleural and | peritoneal mesothetioma have besn
observed among 503 deaths of the 999-miner cohort [Meur-
man ¢t al., 1994; Karjalainen et al.. 1994]. A high incidence
of pleura) plaque was also found in the residents who had
lived near an old anthophyilite mine and milling factory in
Kumamote prefecture, Japan [Hiraoka et al, 1990, 1992].
The mine and factory had beerr operated for about 20 years,
since the early |940s.

In 1991, Cullen and Baloyi [1991] assassed the data for
asbestos-related discases that had been found among
chrysotile miners in Zimbabwe from 1980 to 1950. Their
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findings. acknowledged to be based on sparse daa, sup-
ported the pattemns of asbestosis. non-malignant respiratory
disease, malignant mesothelioma, and lung cancer thar have
been reported elsewhere. Therefore, it is of interest to de-
lermine whether the incidence of lung cancer and mesothe-
lioma in the Zimbabwe chrysotile miners and miliers is
significantly higher than among the other chrysotite miners
whe work with uncontaminated fibers. If a high incidence
is observed, the anthophyliite fibers contaminating the
chrysotile could have contributed o the incidence of lung
cancer and/or mesothelioma. If the high incidence is not
observed. it may be concluded that such a small contami-
nation of anthophyllite fibers has ao effect on the ncidence
of lung cancer and/or mesotheljoma. Therefore, further cp-
idemiclogical study of the miners and millers in the Zim-
babwe chrysotile mine is necessary to assess the effect of
such a jow level contamination of amphibole asbestos
(rremoiite or anthophyllite} in chryscrile.

Fibrous anthophyllite was found in chrysotile A, but no
amphitole asbestos was found in chrysotile B at the detzc-
uon level of 0,1%. Wagner [1974] reported that most of the
asbestos-related |diseases], such as asbestosis, lung cancer,
and mesothelioma, occurred in rats whan they inhaled
chrysotile B but no mesothelioma occurred due to chrysorile
A; e, chrysotile A (comaining anthophyllire fibers as im-
putty) could not induce mesothelioma. !t is interesting to
speculate a5 1o why this difference occurred. Generally,
such discrepancy is supposed to be within sxpenimental er-
ror because the incidence of mesothelioma is very low as
induced by inhalation experiments in animals, However, at
{east it can be said that the effect of the fibrous anthaphyllite
occurring in such a small amount was not farger than that of
the chirysotile itself, which was the main component of the
sample.

Kohyama and Suzuki [1991] reported the size distribu-
tion and contents of asbesios fibers (mostly chrysotile and
amosite) in the lungs of North American insulation workers.
The chrysotile and amosite that the workers used were
mostly imported from Canada and South Affica. respec-
tively [Selikoff et al., 1979). The Canadian chrysoiile and
South African amosite could be considered to be almost the
same as UICC chrysotile B and amosite. respectively. When
we compared the size distributions of the two kinds of as-
bestos fibers found in the lungs with thase of UICC
chrysotile B and amosite, it was clearly shown that both
kinds of ashestas fibers in the lungs were shorter and thin-
aer than UICC chrysatile B and amosite. approximately one
half in length and one thind in width. This phenomenon can
be explainzd by a size selection after inhalation; ic., the
larger fibers were selectively trapped at the upper tracheal
tres and relatively fine fibers were deposited in the lung
parenchyma. Moreover, fiber separation from fiber bundles
into fibrils and disselution of fibers probably occurred in the
case of the inhaled chrysotile,



http://www.mesohotline.com/what-is-asbestos/asbestos-diseases/

A

528 Kohyama et al.

ACKNOWLEDGMENTS

We express sincere thanks 1o Dr, Wen-An Chiou of the
Department of Materials Science and Enginesnng. North-
western University, Evanston. IL, Mr. Steven R Yuen of
the Department of Community Medicine, Division of En-
vironmental and Occupational Medicine, Mount Sinai
School of Medicine. New York, NY, and Ms. §. Kurimeri
of the National Institute of Industris] Heaith, Minismy of
Labour, Kawasaki. Japan. for their help with the preparation
of this paper.

REFERENCES

Adachi 5, Takemoto K, Hiraoka T (1995); Animal experimeats for asbes-
tos from Kumamato. Japan, J Qeeup Health 37tSupph:5LE {in Japanese).

Bogovski P. Gilson IC, Timbeeil ¥, Wagner JC (1973j: “'Biologicat Ef-
fects of Asbestos IARC Scientific Publication Ne. 8. Lyon: intermarional
Agency for Resegrch on Cancer,

Cullens MR. Baloyi RS (1991): Chrysotile ashestas end health in Zimb-
bwe: [ Analysis of minery and millers compensated for asbestos relaled
discases since independence (1980). Am J Ind Med 19:161-169.

Fukudz ¥_ Kohyama N (1995} Carcinogeniciry of some fibrous minerals
exasmuned by peritoneal inpections in rats. 7 Occup Health 3NSuppl):527 (in
Jupanese).

Graf JL. Drafiz RG. Haanz IC (1982); Asbestos reference materials:
Saurces aad characteristics. Proceedings of the NDS/EPA Asbesios Stan-
dards Workshep, NBS Special Publicatien Mo. 519, pp 5-2C.

Hiraoka T. Kiyota S. Shima K., Kinuwaki E, Kimurs T. Fukuda K. Shimazu
K. Teshima Y. lzumi K. Fukuda ¥, Numba K. Kowahar T. Tanaka F,
Hirom Y. Tamaru 1¢1990): Analysis of pleural plague found ai lung cancer
screenmg examization. 1pn I Lung Dis 28:1566-{573.

Hiraoka T. Hiro ¥, Shimazu K. Obkura M. Teshima Y, Setoguchi K
(1992): Eademic pleural plagues among the inhabitants around the asbestos
mines and factories. Tryo 46:603-610.

Intemalionai Umion Against Cancer (UICC) Geographical Pathology Com-
mittee (1963): Repon and recommendations of warking group on asbestos
and cancer; Relating to physics and chemisiry. Ana NY Acad Sci 132:
T20-T21.

Karjalunen A, Meurman LO. Pukkala E (1994): Four cases of mesothe-
lioma among Finnish anthophyliite mubers. Cccup Environ Med 51:212~
215,

Kiviluoio R (15960): Picura) calcification as 3 roetitgenciogic sign of non-
occupational endemic anthophylite-asbestosis. Acta Radiol Suppl 194:1-
67.

Kohvama N. Suzuki Y (1991): Analysis of asbestos fibers in lung paren-
chyma, pleural plaques, snd mesothelioma tssues of North American in-
sulasion workers. Ann NY Acad Sci 643:27-52,

Meurman LO. Kiviluso R. Hakama N [1974): Montality and morbidity
among the werking population of anthophyllite 3sbesios mincrs i Finland.
BrJ Ind Med 35:105-112.

Meurman LQ. Pukkala E. Hakama M (1994); incidence of cancer among
anthophyliite asbestos miners n Finland. Occup Environ Msd 51:421-
425,

Rendali REG (1970): The data sheets on the chemical and physical prop-
erties of the UICC wandard reference samples, In Shopire HA ted): “'Preu-
moconiosis Proceedings af the [memational Confereace, 1969, Johannes-
burg.”” Oxfard: Oxford Umversity Press_ pp 2327,

Roht AN, Langer M [1974); Identification and quantitation of asbestos in
taie. Envieon Health Perspect 9:95-109.

Selikoff 1. Hammond EC. Seidman H (1979): Morality caperience of
insuiation workers in the United States and Canada, 1943-1976. Aan NY
Acad 5ci 130:91-1 16,

Timbrell V (1970); Charactenistics of the Inlernational Union Agaast Can-
cer Standard reference samples of asbesios. in Shapmro HA (cdi: “Preu-
moconiosis Proceedings of the Intemational Conference. 1969, Johannes-
borg." Oxford: Oxford University Press. pp 38-35.

Timbrell ¥, Rendall REG (1972 Preparation of the UICC standard ref-
crence samples of ashesios. Powder Technol 5279-287.

Wagner IC. Berry G. Timbrell V (1973} Mesothelinma in rais ofer inoc-
ulation with asbestos and oiher materials. Br ] Cancer 28:173-185,

Wagner JC. Berry G. Skidmors W. Timbrell V (1974): The effects of
inhalatson of asbestos in raw. Br ! Cancer 29:252-269.

Wagner IC. Chamberlain M, Brows RC. Berry G, Pockey FD. Davies R,
Griffiths DM (1982); Bialowicai effects of wemalite. Br) Cancear 43:351-
&0,

Wagner JC. Griffiths DM. Munday DE {1986); Receat invesugations in
animals and humans. fn Wagner JC (ed): “The Biclogical Effeces Of
chrysotile. Ascomplishments in Oncology Vol L No. 2.7 pp 11120,




