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ASBZSTOS IN WATZR - ANALYTICAL METHODOLOGY

Asbestos suspended in water is receiving much attention as
a potential carcinogen. It will be necessary for us to &

investigate the levels of asbestos in our water effluent
in the near future. However, at the present time good ,//fig'~
av

analytical techniques for this analysis do not exist. ;5

Don Beaman) have a sizable program underway for development

of the necessary analytical methodology. The final version
will probably involve the transmission electron microscope

to determine morphology, electron diffraction to determine
crystallinity, and some method for determining chemical
composition, possibly the scanning electron microscope. p///

The Midland Division Analytical Laboratories (Pat Traylor, //

We may have an "established" method by about mid-October.

It will probably involve use of the Midland facilities
initiallv at a cost of about $100 per sample. More will
follow after the next progress report scheduled for October 2.
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ASBESTOS IN WATER

1. Standards - Through Jim Teal's efforts contacts were
made with EPA and the State of Illinois, and current
literature was consulted from other states with regard
to standards for asbestos in water. No such standards
or recommendations exist. Asbestos would only be
included under regulations related to suspended particu-

lates in water.

2. Eazards - No information on the effects of asbestos
in wvater on aquatic life was found. However, the enclosed
article from Scilence describes an epidemiologic study on
the high incidence of stomach cancer in Japan. Asbestos
as a3 contaminant in talc used to dust rice has been
suggested as the carcinogen. Thus Ingestion of asbestos,
e.g. in drinking water, could be quite hazardous. I
expect we will see considerable activity in this area

in the future, both in the setting of standards and in
laboratory studies. Asbestos standards in effluent water
and food grade NaOR should be considered within Dow.
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ract appears o be 2 macromoiccule
sith 2 mass of approumately 30.000
1o $0.000 daltons: it is thermolabde
and destroved by irvpsin. It is appar-
ently not stable on long-tcrm storage,
even in the cold.
Joun C. Houck, HiLtiC IraUsQUIN
: SANFORD LrIiKIN
Rescarch Foundanon of the Chiidren's
f{ospital of the Disirict of Coliumbia,
« Washingion, D.C. 20009, and
George Washincton University School
of Medicine, Washingion, D.C. 20005
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Talc-Treated Rice and Japzanese Stomach Cancer

Abstract. The Japanese prefer 1ale-dusted rice in their diet. The inc.dence of
womach cancer in Jupan s unusually high. Most taic has somme asbestos con-
wnunants. Epidcmioiosic evidence i3 presented thar the csbestos-contaminated

waic on rice in the diet s the carcunogen or cocarcinogen responsible for the high

incidence of Japanese siomach cuncer.

The high incidence of stomach can-
«er in Japanese men represents a chal-
i knging problem in canzer cpidemiol-
:ogy. Study of azc-adjusted rates of
| mortality from stomacn cancer in 24
: countrics showed that fromt 1962 10

1963 Japanese men nad (he highest rate

for all nations: the rate, 6790 per
100,000 in the male population, was
E wven times that for men an the United
i Sales (/). Since tale frequently con-
- ains ashaestos (2}, and since workmien

aposed 10 ashestos show a marked
nCTease tn gastroiniosunal cancer, cs-
‘ mcially stomach cancer (3), the hy-
. pothesis  that the increused rate of
. ancer of the stomach in Japan is duce
y 1o ingestion of rice contaminated with
assbestos seems attractive and has been

reecntly suggested in a bricf note (4).
- This rcport presents cvidence for this
! telationship at somewhat greater length.
y Rice grown in Califormia and meant
"lor the Amecrican consumer is miiled
" mechanically. Rice is prepared differ-
~ently for the Japanese consumer. It

s milled and treated with glucose, 2nd

then tale is added. The tale is held to

Y suriace of the grain and is said to
, Meserve its flavor better. Japanesc con-
‘wler this ricc more tasty, both here

ad in Japan. Two percent of all tale

poduced in California from (959 to

(1963 was used as a rice additive, pri-

marily for export to Japan (5). Rice
‘ontainess in Los Angzcles markets in-
ended for the Japanese customer usu-
“dly bear the legend: “Coated with
“fucose and talc.” Optical microscopy
1of the ash of such storc-bought rice

fl SrevTriroco o

showed 3.7 x 10% asbestos-form fibers
per gram (Fig ).

Tale, the muneral, is a hydrouy sili-
cate of magnesium. So arc some forms
of ashestos. The difference between
these two minerals is not in their chem-
ical compositions, but rather in their

. structure, asbostos being fibrous and

mincral, talc being flaky or granular.
However, commercial tale is composcd
not only of the pure mineral tale, but
also of fivrous silicates, which are in
part classifiable 3s asbestos. Thcere is
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Fig. . Photomicrozraph of the ash of a
speamen of nice ntended for Japanese
consumption and purchascd in a2 Los
Anzeles market. Arrows indicate asbestos-
form (bers. The speaimen contained 3.7 X
10® such fibers per gram.

1 aurence, Feoc. Ror, Soc.
Limdon Scr. O 181, S17 (V'wily: Lap. Cell Res.

no firm mincralogic definition of com-
mercial taic, und in most arcas the
nuncral tale forms much less than hall
ol comnicrciul tale. The composition
of commercial talc vanes with the de-
posit. Vermont mines producc a platy
or granular type of mincral relatively
{ree of ashestos minerals (6). New York
and California wles contain morc
fibrous silicales, inciuding anthophyilite
and tremolite (2, 5),

Respired asbestos and tale dust cause
similar disorders in workmen. Older
talc workers show more than four times
the expected incidence of lung and
pleural cancer (7). Tale or talcose
minerals, including contamunating as-
bestos, arc apparently the responsible
carcinogens since, where confirmatory
evidence could be odtained, all those
tale workers with plcural and lung
cancer also had tale pncumoconiosis.
Autopsies on six talc workers with tale
pncumoconiosis showed the prosence
of the characteristic “ashestos pody™
in the lungs of cvery onc (§). When
tale is examined by phasc contrast
microscopy. from 38 1o 30 purcent of
the  particles  arc  fibrous  ailicates.
ldentifiable tremolite. anthophvilite, and
chryxatile are also scen (9. The large
tale deposits of New York aad Cali-
fornia regularly contain the ampiibole
ashestos nunerals, tremolite and antho-
phyllite. Thexe are normal ngredicnts
of commereial tales {rom these arcas.
Chrysotile asbestos occurs in veins in
talcose mincral deposits and may  be
then muned with the tale and ¢reate a
contaminant (9).

Asbextox is an established curcinagen,
Not only dous it cause lung cancer. but
it is associated win a4 subsiantial in-
crease of morbidity [ron: siomach can-
cer (3). Although chrysoule is the most
important commercial fiber of asbestos,
there is no rcason 1o regard the amphi-
bole asbestos nuncrais as safe. To the
contrary in onc study an amphibole
asbestos mincral predominziad ia z2s-
bestos-bodics in the sputum of a group
of men exposed to asbeston and haviay
a high inodeace of mesotheliomata
{10). The fact shat tale workers exposed
to fibrous tale, which contains aniphi-
bole asbestos, develop more pulmonary
injury than do workers exposed only 10
tales relatively free of fibrous silicates
or amphiboles (/7). indicztcs the patho-
genicity of amipnidole asdestos.

The Japanese preference for talc-
coated rice means that rice caters of
that nation are exposed to the hazard
of ingestion of amphibole asbestos, as

28LEIGOLS
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well as the anpredictebic naston of
chrysotile v areas woere tale contan
“these carainesenic malerials.

Examunation of the known epidemio-
logic characterisics of stomacih cancer
in Japancse strongly sussests . st the
causative azent is an additive [0 rice.
Not oniy is the incuderce of siomach
cancer hizh in ricc-cating Japancsc. but
inside Japan stomach cancer 1s most
prevalent in thowe prefectures where
rice is the main stapic: 1t is less 50 in
prefectures where rice s sunppicmented
with cereal (/2) and where the popuia-
tion cats heavily of the sovdcan prepa-
rations shovo and miso (/3). The mor-
bidity from stomach tumors is greater
among Japancse who eat rice with cvery
meal than it is among Japanese who
eat it lcss often; among Japancse men
who like nulk and vegetables there is
a lesser morbidity froma stomach nco-
plasms (/¥). Expcrimental consumpuion
of polished rice will cause ulccropzpilio-
mata of the forestomach of rats (/5).

These observations susgest a relation-
ship bctween rice consumption and
stomach cancer. However, the agent is
not the rice itsclf, since in other oriental
countrics where tale<coated rice is not
popular the inzidence of slomach can-
cer is not unduly high.

A final indication of the environ-
mental causes of stomacih cancer in
Japanese is provided by statistics con-
ceming its prevalence in Japanese im-
migrants o western countrics. The
incidence in Japanese nuales in Japan
in 1962 to 196+ was 77.9 per 100.000
(16). Japancse men in Hawaii had an
incidence of oniy <5 per 100.,000.
Even this lowered rate was high com-
pared to that for Chincse and Cauca-
sian mcn of Hawau who nad incidences
of 9.2 and 8.3, respecuively. Native-
born Japancse have a higher incidence
of stomach canccr than Japancse bom
in Hawaii or continental North Amcr-
ica (/7). Dictetie studics on immi-
grant Japancse show that from 50 o
70 percent of their dict is Jzpanese-
type food (18). The longer tac immi-
grant has been in the West the more
western his dict becomes; this increase
in western food in the dict coincides
with a decrease 1o e acidence "of
stomach cancer.

The hypothesis that the carcinogenic
agent causing the high incidence of
Jepancse stomach cancer is asbestos-
containing talc om ricc appcars there-
fore to satis/y the characteristies of the
known cpidemiology of that form of
cancer in Japan, However, siandaraized
mortality rates are also high for Chile,
Finland, and Iceland, where rice is zot

1142

2 maor doetany staple (1207 Inovicw
ol the c¢vidence for the Japanese, e
presence of asbesios—contznunated tale
as an additive to some natonaily popu-
Jar food should de suspected in fhese
countries. Further studics of the total
contaniination of the common dict by
tale and asbestos in these nations with
high incidenccs of stomach cancer arc
nceued.

R. R MEeruss
8820 Wilshire Doulevard,
Beverly Hills, California 90211

References and Notes

1. T. Rirohata and M. Xuratsume, B, J. Con

cer, 13, 465 (1969},

L. A. Wnizht, Tale and Soapstome (Califormia

Divisson of Mincs Publicauoas, Bulletia 176,

San Francisco, 1930,

3. I, Sewbofl, J. Chure, E. Himmond, /. Am.
Med. Assoc. 188, 22 (1964).

4, R Nerihiss, sbid. 216, 2143 (197D,

3. 1. R. Wells, un Alincral Focts and Prohlems
(US. Bureay of Mioes, Wastungwa, D.C.
1945

-
-

402981

Al Wond and T. Clocuner, Arca. Environ,
Hegith 413, Wl (1T,
M. KNioaleld, J. Mevae, O, Kooymaa, M.
Jakt, wndy p. 663,

b M. Kienleld, C. Grel. 1. Magranowsks, J
Mesae, dnd. T, 101 (1903), ’

9. L. Cealley, M. Key, D. Grnth, W. Liinhan,
R. lazo, Am, Ind. Ilyp. Assec. 4, 29, 1%
(196X,

. J. Stunphuis and P. Mcyer, Ana. Occup. Jigg,
i, 2X) (196%),

1. J. Mewae, G. Reddin, M. Kicinfeld, Am.

\fed. Assoc. Arch. Ind. Hcaith 19, 408 11959,

M. Semi and M. Kurihara, Tohwau J. Ezp.

Aed. 72, 169 (1961,

M. Seps, Lo Fukushema, S, Fuusaku, M.

Kunhara, S. Sato. K. Awno, M. Kamo,

Gann 43 (Suppl.). 1063 (1957).

14. 1. Hirayama, n lroceedincs of the Interne
iwmal Conference an Gastric Cancer (Many.
zn. Tokyo. 1908).

15. A. Braunschwiz and R. A. Rasnussen, Cen

cer Res. 1, 371 (1941).

R. Dol P. Mayne. J. Walerhouse, Cancer

Incidence in Five Conunmenis (SpringesVes.

l3g. New York. 1966).

17. W. B. QuisenNerry, Acia Unio Int. Coaire
Cancrim 17, 558 (1961),

18. W. MacDonaid. Canadian Cancer Ceonfen
erer 6ih (1966), pp. 431-439.

19. N. Dungal and J, Sigurjonsson, Br, /. Cas
cer 21, 370 (1967

7 June 1971 s

Cyclic Adenosine Monophosphate in Brain Areas:

Microwzave Irrcdistion as a Means of Tissue Fixation

Abstracl. Amounts of cyclic adenosine monophosphate in discrete regions of
the brain wcre estimmated after exposure of rats 1o microwave irradiation. Amounis
were highest in the cerehellum and brainsicm, intermediate in the hypothalimus
and midbrain, aud lowest in the hippocampus and cortex. Decapitation increase!
the concentration of cyclic adenosine monophosphate in all bruin arcas, althoush
the increase in tie cercbellun was three 10 four times greater than that in viher
arcas. Microwave irradiation may provide a means of rapidly fixing bruin tissic in
sitn while permitting casy disscction of the brain. In this way artifucts produced
by decupitation can be climinated. and concentrations of heat-stable campounds in
the brain can be estimatcd undcr conditions which more closcly upprosumute those

in vivo,

Rapid fixation of cerebral tissue in
situ is required to obtain valid estimates
of manv brain components. Decapita-
tion and dclayed fSxation lezd to signifi-
cant changes in bran giycogen (/) and
in glucose, lactic acid (2), and other sub-
strates and cofactors of the Embden-
Meyerhof pathway (3). At present fix-
ation of the brain in situ is carried out
by f{reezing whole zaimais ia liquid ni-
trogen or cooled isopeatane. Even under
such coaditions, decp brain structures

Table 1. Amounis of cyciic AMP in brain
arcas after mucrowave irradiation. Values re-
present the mean aad siandard error of the
mean (rom six scparaic ¢Clerminzlions.

Cyclic AMP

Arca {nmale/sy)
Cerebetlum 1.86 = 0.06
Jrainstem {.87 = 0.06
Hypoiaaiamus 1.0 = 0.04
Midaraun 1.4) = 0.11
Hippocampus 0.33 = 0.09 -
Corex 0.74 = 0.06

EBLETSULS

can require up to 75 scconds to resch
0°C (+). These ireczing techniques abw
require restraint of the animal and pro-
duce considerable siress berore i dies
Disscction of the frozen brain is alziow
impossible, and therciore experimenis
must be donc on whole brains. Thev
problems have prevenied the measune
ment of cvelic adenosine monopiov
phate (AMP) o discrete brain rogom
Drug-induced changes 1a concentraiion
of cyclic AMP ia specific brain arvo
might casily be masked by masuie
amounts of unrcsoonding tissuc wii
aucicotide conccalrations are Melsun.
in the frozen whole brain. Furthermor.,
the conceairation of cvelic AMP a s
whole brain incrcases severaliold w.iz
in scconds afier dccapitation thon™
prohibiting rapid Jdisscction afier w.’
(5). S:avinoha (6) reported thar amoe
of acctvlcholine ia the brains of -
that had been Kkilled by heing ovpe.
to microwave irradiation were Mt
cantly higher than previously repede-

SCIENCE, VOL. 17
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1. Introduction

A water sample was examined by electron microscopical
teehniques..for the .presence of chrysotile .asbestos fibres, The
number of such fibres per litre of water was determined and an

estimate of their mass was made,

2, Experimental Technique

The amounts of asbestos in the water sample were expected
to be very small; some method of concentration was therefore
necessary. Much of the solid content of water samples is often
organic, e.g., plant debris, bacteria, etc., and unfortunately this
is also concentrated along with the asbestos. An ashing stage was
therefore introduced into the process to destroy this organic
material, which was of no interest in the analysis, Two methods of
processing such specimens have already been described?s2, both of
which have some undesirable features. The method selected for this
sample combined the best features of the published techniques. The
water sample was ‘thoroughly shaken to redisperse any solid material

which may have settled out during storage. A 100ml sample of this

vas filtered through a 10004 pore size membrane filter. This pore

402983
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size was adequately small, since fibres even shorter than this are
unlikely to follow the tortuous path through such a membrane, [t
was necessary to assist this filtration by applying a vacuum to

the clean side of the filtration equipment. The membrane filter
was then placed in a silica crucible, covered with a silica lid

and this was heated to 500°C for a period of more than three hours,
The filter residue after ashing was dispersed in 4ml of freshly
distilled water, and agitated in an ultrasonic vibrator -for 10
minutes, The very heavy material was allowed to settle, and one ml
of this suspension was added to a special centrifuge tube which
contained a carbon coated electron microscope grid. The suspension
was deposited uniformly on the electronAmicroscope grid by operating
the centrifuge at 8300g for a period of 30 minutes. The grid was

then ready for inspection in the electron microscope,

The g;id was examined at a direct screen magnification of
25000 times at an accelerating voltage of 80kv, Using a series of
calibration circles scribed on the microscope fluorescent screen,
asbestos fibres were placed into size categories according to their
lengths. A minimum.of 10 grid squares (200 mesh size) wvere examined,
and all asbestos fibres in this area were counted, One problem in._7

i

fibre counting was caused by the presence of large amounts of other (
PSR

material. At a magnification of 25000 the area of samplec examined

402084
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amounts to some 40 square metres, on which fibres perhaps as small
as 3mm are being looked for among other material. This illustrates
the main difficulty of the technique - that of manual counting of

very widely spaced fibres; a method for which there ‘is no

substitute on samples such as these, However, counting times of

about 2 hours were adequate to size the 10 grid squares required,

During the search a typical fibre was photographed.

Identification of chrysotile asbestos fibres gave rise
to little difficulty, The fibre itself has a characteristic tubular
appearance, and in most cases {(depending on previous history) such
fibres give an equally characteristic electron diffraction pattern,
This pattern can be compared with that obtained from specimens of

known chrysotile.

The fibre counts obtained on the sample were processed by
a computer programme, and results in terms of fibres/litre were
obtained, in addition to estimates of the mass concentrations. A
blank sample of distilled water was processed, in order to
demonstrate that asbestos was not being introduced as a result of the
analytical procedures, It is very easy to think of possible sources,
such as airborne m;terial, or contamination from furnace insulation,

etc, In this blank sample 200ml of distilled water was filtered and

402985
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the sample processed in the same way as in the case of the other

specimen, No fibres were detected in this sample,

In a further standardisation experiment, a known
suspension of fibres in the size range of interest was added to a
membrane filter prior to ashing. This sample indicated that the
method was satisfactory, giving confidence in the results obtained

on the actual sample,

3. Results

The results aré shown in the computer printout (Figure 1).
The concentration of fibres was 4,8 x 105 fibres per litre, which
is of the same order as that in many beverages and natural sources
of water.® The sensitivity of the method can be judged by a mass
calculation, assuming a density of Z.Ag/cc for chrysotile asbestos,
The observed fibres correspond to one part in 3.2 X 102 parts of
water. The length distribution of the fibres is shown in Figure 2.
Figure 3 shows a typical asbestos fibre found in this specimen,
Figures 4 and § show reference chrysotile asbestos fibres and the

electron diffraction pattern obtained from one of these fibres.

402986
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4, Conclusions

The concentration of chrysotile asbestos in the water
sample was 4.8 x 105 fibres/litre, corresponding to an estimated

3.1 x 1074 ug/litre. This is of the same order as that in many

beverages and natural sources of water,

402987
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ASBESTOS FIBRE COUNT

Tigure i

ANALYSIS

SAMPLE: WATER SAMPLE, DOW CHEMICALS

PARTICLE NUMBER cum
CATEGORY SIZE, UM COUNTED NUMBER
B.040 2 2.0
2.057 2 1.8
2.0888 7 5.5
B.113 7 12.5
2.160 5 1845
8.226 5 23.5
2.320 7 29.5
B.453 l 335
2.648 3 35.5
8,985 2 37.0
1.280 2 38.0
1.818 2 39.92

12

CONCENTRATION OF ASBESTOS IN SAMPLE

Cum NO Cum MASS
PERCENT PERCENT

8.80

2.56
14,10
32.@5.
47,44
60.26
75.64
85.58
91,03
94,87
97.44
180,08 l

TOTAL NUMBER OF PARTICLES COUNTED = 39S

ESTIMATED MASS CONCENTRATION

T 4,83 X 10

2.28
2.10
B.66
1.81
5.68
6.58
15.85
26,14
48.39
51.93
715.97

0p.80

5
FIBRES/LITRE

-4

= 3.1 X 18 MICROGRAMS/LITRE

THIS MASS CONCENTRATION CORRESPONDS TO ONE PART OF

ASBESTOS IN

3.22 X 10

12

PARTS OF WATER

402988
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Figure 3. Typical Chrysotile Fibre in
Water Sample, X53000
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Figure 5.
Pattern

Chrysotile Electron Diffraction
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