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PROJEZT HISTORY

Reseach lios revenled a rerogniced occupational health hazard connected .
with evcessive and prolanad inhe Lation of asbestos dust. A related question has
arisen regarding the possitle healtl hazord thot may result from the presence of
ashestos fibers in walur, borerapnze food, or Fluids used for the administration of
drugs. Since contiderable umount: of atbestos-cement pipe convey potable water ;
in Noi i Anerica; Evrore, and ot er parts of the world, a questicn has alio been
raised with respeci to the possible lieclth hazard that may be ossociated with
arinking water which has floved theough asbestos~cement pipe.

The asbestos indlustry hus been investigating the biological effects of
astestos for many vears. Aldditionlly, the A/C Pipe Producers Associution
contracted with the Amaiicun Water \Yocks Association (AWMWA} Resecrch Foun-
dation tn study ihe problem of asbestos in water, and specifically with ralation
to the use of asbestos-cement pipe. '

The objectives of the study were te: (1) assemble all pertinent literature
on the biological effects of ashestos; 12) have a committee examine the technical
literature and on the hasis of preseut knowledge issue a report answering the
question: Does asbestos in water constituie a hazard to health by causing o
greater than normal occurien :e of gastrointestinal cancer or malignunt mesothe-
lioma of the peritoncum or pleura?; and (3) recsmmend the research required o
finally resolve the matter, .

Sclectian of Study Committee I

In the forriation of the szle~t committee, censiderable attention was
Jiven to keeping the grauvp mancge bly small bhut investad with compatanz;. in
the following specialtics.

1. An individual familiar with the asbestos problent in air and w-:er,

A representalive of the 1.5, Envircnmental Protection Agency {(EPA}
familiar with the problem,

3. A represeniative of the water supply industry.
4. An expzrl in analyticol methods. . -
L J
-2 -
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5. A pathologist.
6. An epidemiologist.
7. An international ¢ xpert knowledgeable in the water, medical and

L N T LI PP R I E 1T T
PES RO SR R S N

public health fields, and capable of providing input and insight
from cbroad.

e

The fact that the comniiti-'e members ccceptnd the first invitation to serve
indicates their interest in the subiect,

The following nersons served on the study cemmittee:
Marvin ¥usachner, M_D.

Dean, Schoel of ldedicin:

State University of New York

"Stony Brook, New Vork

Roger Lee

Chief, Surveillance & Tezhnical Assistonce Section
‘Program Operctions Branch

Waler Supply Division

U.S. Environmentc! Protection Agency

Gordon G. Rubeck
Director, Water Supply Fasearch Laberatory
U.S. Environmental Protection Agency .

John R, Rossum
Sanitary Engincer
Califarnia Water Service Coampany

Marvin A, Sclineiderman, Ph.D
Ascociate Director for Fi- Id Studies and “tatistics, DCCP
U.S. Department of Health, Education, and Velfore

Public Health Sersice
Naticne! Cencer Institute
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E. Windle Taylor, C.B.E., M.A., M.D., D.P.H., F.R.C. Pcth. .
Dirnctor of Water Examin ition {retired March [974)
Metropolitan Water Boare!

« London, England

Geo;gc W. Wright, M.,
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Prozedure . .

o

Two meelings of two days' duration were held. ‘Prior to the first meeting )
the AWWA Research Foundation ¢*aff gathered and analyzed, to the extent possible,
all the pertinent literature on the biological effects of asbestos. Copies of papers
dealing specifically with asbesto: ih water, including analytical methods, were
sent to the comniittee members for thair study prior to the first mecting. Each
committee membar also received :Ybstracts of the Lyon Conference papers, the full
text of whichwas availuble for tirir examination upon request. The committee
members were also instructed to conduct their own search for additional information.

-~

The Lyon Confercnce, corvened by the International Agency for Research on
Cancer, was hel:! in Lyon, Franz» on October 5-6, (972, [t involved 137 partici-
pants from 20 countries and wes c:llxd to review aoll evidence relating asbestos with
cancer and other biological effects.

e smmenre

‘e m——

Worthy of meation is e [3ct that in addition to the technical papers
listed in the biblicgraphy, the cconference resulted in the issuance of a report
of the advizory committee on asbustes cancers. Penels specializing in
epidemiology, pathclogy, ~nd phesi<s and chemistry, met in a separate
session after the conference and p-er-ared a report whicl. consisted of two
sections. .

The first section providad 1 general review in the form of answers to o
number of important gensral questions akout the relation of asbestos to cancers
of diffcrent body sites while the s:cond section oifered recommendations for
further research. Question seven in the first sectior was phresed os follows:

“Is there evidence of cn increcsed risk of cancer resulting from
asbestos fibres present in v:a'2r, beverages, food or in the fluids
used for the administration of drugs ?"

The answer was os follerws:
"Such evidence cs there i+ does not indicate any risk.’

The panel on pathology and experimental pathology recommcnded the :
" following two projects for further exverimental study. :
1. “The effect of lon-;-term ingestion of fibres of various sizes,
shapes, and chemical composition should be studied. "

2. “The cffects of fi' -es and =ssociated melcls on the metabolism .
of target organs si-ould be investigated.”
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Neither of tnese two groincts were rated high in priority.
- ‘ H
The biblicgrenhy !ists the material distributed t6 cach member or
ovailable for their study. - o )
The nurpase of the ©rst moéting waes to crient the committee, exchange
information cnd views, discuss the work reported inthe literature, and essign
various tasks 1o be cerfarmed by te zommittee members during the threc-month

interim hetween meetings. ‘ .
The second.committee meziing cancentrated on the health hazards posed

by asbestos in water (sasad on prose it krowledge of the subject} end r:commendations
for rescarch needed to answer unrascived questions,

, saveral committee members collaborated
of the comwritiee's position and recommen-
to ¢li members,

Following tha second mer™ir

on the devziopmesnt of tha stater
dation. This wes sired’

ey

atad 5y sl

Section 1i! ‘Surmrieey): s:ction IV (Recommendations); section V (Committee
Report); section V. (Refvrences); cnd scetior V!l (Appendices) comprise the COM- 3
MITTEE RECORT, ' .

.
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of the Peritoneum or Pler-o?

ASARCO ELP 0003749

i e syt e e ST R TR A X D TR TR 0 R Y v
g . R Qv Lt el R e . oy
S SRR L R T R TR A .

o atm wideg " HaaBbeny b
LA Sl kobts B Jvphek gt B o

Qe it Ne
i Cete b 0 5 ot

-

150

.
¢

Ve

rs erorosostint st Arem + fomars s 1yt 1emut ow V2 1h
e S L Ll S S L L S T L
RS TR .

-

-




E||m|nc*|ng the “lr‘zcrd< of Asbostos ‘Yaste. Municipal Engineering. (Bflfl;h)
p.297 (13 Feb., 1970).

Exposure to fsbestos. Nature 274:383-384 (Dec. 17, 1971.)

————

Municipa! Wate- Systems Analysiz == Tekle provided by Johns-Manville Research
Center.

Lyon Conference Pcpers

Ahlman, K.; Pcrteren, T.J.; Rinta'a, E.; & Wiikeri, M. Anthophyllite Mining
and Mil'ing a3 a Cause of Asbestosis.

Akehurst, R.L. Tha 1962 Ashi~si-s legulstiors - Their Economic Appraisal.

. Allison, A.C. E%acts of 25! 23tws Perticles on Macrooheges, Mesothelic! Cells
and Fibroblasts. :

Asheroft, T.; & Heoplesian, A.C. Quantitction of Asbestos Fibres in Lung
Tissue.

Becklake, Margaret R, Assessment of Mathods Used in the Studies of the Biolo-
gical Effzcts of Azt astos -- C. Lung Function,

Berry, G. Hygiene Stende-ds = Theory and Application,

Boersma, A.; . Caguid; end Havez, R, Mesothcliome Diffus. Etapes
Biochmiques du Liegnestic. Detecticn et Dosage de L'Acide”
Hyaluronicue Duns Le Ln:uu.e Pleural,

Bohli¢, H.; end Gilsan, !1.C. ~ssessment of Mathods Used in the Study of
Biologiceal Eficcts of Asls st-s: Radislogy.

tohlia, H.; cnd Fuin, &, Cene s in Relation to Type of Fibre, Dose, Occupa- .
1, ' ’ ' P
and iderstion of Exp sure  h) Manefecturing = [l Environmental.

Butler, E. Yenchiz; and Berry, £9n V., Diffuse Mesotheliomas Diagnestic Criteria
Usi~g Exfoliative Cytoley.

Cooper, V. Clark; ond Mieden 1, J. Asbestos in Relation ta the Type of Fibre
anet Coze in tha Insulation Indust-y.
-

Cralley, Lovis J.; and Sundermen, F. William, Interactions of Metals and
Miaerals in Carcinegenceis, Interim Report of Investigations after

-O.

ASARCO ELP 0003750

i ALY st h i RSl i abe i Mt Xy AL
., * e I

-

vnrs v 2r3res Soge et ou
LA hat il A

P ..
B deerin

’

.

"t

P
IS X TR SR S-S it N
4 .

ke

Al

L DT N
EPPR Y AP W RN RS VNt A

'y ety e,

o

LRt

e Autde Ay bt VO

o A

(outeots B0 LARRA YR RIS A ey

eqde v oo

et wrsgn wranh

, NETECA,
BRI e




22 months.

-

Elmes, P.C. Therapcuhr Openings in the Treatment of Mcsorhehomo .

Elmes, P.C. The Noturcl Histor:» of Diffuse Mesothehoma.

o

Enterline, Philip E.; and Weill, Hans. Asbestosis in Asbestos Cement Werkers

Gibbs, G.W.; and Du Tait, R.5.J. Environmental Data in Miring.

LAY Y,

Gilson, J.C. Progress in Epide:-ioiogy.

1 2

4

i
%
3
1
I

Greenb=r9, M. The Vclue of A Cencer Reglsfer in the Study of Asbestos
Tumours.

Hammond, E. Cuylar; and Selic’f, !rving J. Relotion of Cigarette Smoking
to Risk ¢f Decth of Ashbas'os-Asscciated Disease Among Insulation
Workers in the U.S,

AL e et st se e Shimiats ] et o4 A 1 e v s 1 ST TRAAL TPV T4/ - P

Harington, J.S. Chemical Facters {Including Troze Elements) as AeholocucQI
Mechanisms.

Harries, P.G. Assessment of Metheds Used in the Studies of the Biological
Effects of Ashastos. .

Hinson, K.F.W.; Cito, H.; Webster, |.; and Rossiter, C.E. Criterio for
the Diagnosis cnd Gradin1 cf Ashestosis.

Holmes, S. ‘Criteri~ for Snvironn.ental Data ¢nd Bases of Threshold Limit Values ~
Enviranmental Data in Incusiry.

Holmcs, S. Samsting Metiods,

Jones, J.S.P.; ond Sheers, G. “leurcl P.cqc

Kannerstein, M.; Churg, J.; end Magner, D. Hisfochemical Studies in the
Diagnosis of Mesothelioma.

N . pwo b 4 e e
i At dete & b e e 80 60 S e S 34 040 e

Langer, Arthur M.; and' Paoley, fred D, Identification of Single Asbestos Fibers
in Human Tissues.

T St N -
“« o .

Le Bouffant, L.; Martin, J.C., and Durif, S Structure Et Composition Des
Plogues Pleurales.

. -10- .

ASARCO ELP 0003751




-

Lindell, K.V. Asbastos and the Coramunity == Industrial Uses.

McCaughey, W.T.E.; and Oldlzmm, P.D, Diffuse Mesotheliomas: Morbid
Anatomical and Histologizal Diegnostic Criteria, Including Observer
Variation in Histological Diagncsis. .

T T Y P IS Ao Pl e B, S s s o -

McDoncld, J.C. Asbestosis in Chrysotile Mines and Mills.
McDoncld, J.C. Cancer in Ch-ysatile Mines and Mills.

Meurman, L.O.; Kiviluoto, R.: an'l Hakama, M. Mortality and Morbidity
of Employees of Anthopl-vllite Asbestos Mines in Finland.

T e L

Morgan. A.; and Cralley, L.J. Chemical Characteristics of Asbestos and
Associaled Trace Eleman!s, .

s
ey

Cood
vt b

s enian b 1,
-

Newhouse, Muriel L. Cancer Arorng Workers in the Asbestos Textile Industry , .

anpos

3
1

Nicholson, W.J. & Puadsack, F.L. Acbestos in the Environment,

- he
et won & o .

Oldham, P.D. Asbestos in Lung Tissue.

capriin

o
e o v

Oldham, P.D. A Trial of Teciw’q:eS for Couating Asbestos Bodies in Tissue.
Pooley, F. O. Mesothelicme in Relstion to Expesure.

Pooley, F.D. Method: for Asse-sing Asbestos Fibres and Asbestos Bodies in
: Tissue by Eiectren Micro-cepy.

Rajon, K.T. Experimental Metiods - Or:c_v:n Culture.

N e AR Bes
—td e

3
—ims

Selikoff, leving J.; Hemmend, &. Cuyvler; ard Seidman, Herbert., Cancer
Risk of Insulation Worke's *n the U.S.

Stuis-Cremer, G.K.; ond DuToit, R.S.J. Amesite end Crocidolite Mining and
Mitling e¢s Ccuses of Asl.estosis.

srder. g . e

Smither, V/.J.; cnd Lowinsohn, H.C. Asbestosic in Relction to the Type of Fibre,
Dese, Occupction and Duration of Exposure in Textile Mcnufccfuring.

ayer

ye

Vieos

ek 1r ba
ot a1 2ok & b neitn Soom st § S Peh 4B

22

T Al Or A
. N

Stanton, *tiecr! F. Srme Aetiol-gic Considerations of Fiber Carcinogenesis, H
. : : i
M t
Suzuki, Y.; Kennerste'n, M.; cd Churg, J. Electron Microscopy of Narmgl, 4
Hy perplestic-end Necplestic Mesothelium. ’s o
-11- 3; g
gt
i
3!

ASARCO ELP 0003752




Timbrell, V. Physical Factors as Acilolcgical Mechanisms.

Timbrel,, V. Progress in Physics zné Chemistry,

Wagner, J.C.; and Berry, G. Conziderations of Aetiological Mechanisms
and Other Factors - Info: natinn Obtained from Animal Experiments.

Wagner, J.C.; and Berry, G: Iiestigations Using Animals.

Wagner, J.C. Report on Pregress flcede on the Recommendcticns of the UICC
Warking Group on Asbestas and Cancer, 1944,

Warwicl;, M. Turner; Farkes, Rzynrond; Hanson, Audrey; Smither, Walter;
Harries, P2ter: end Clctar, P.D. Immunology and Asbestosis.

Webster, lan.- Mclignencey in Rz ztion to Crecidolite and Amosite.

Summary Report of the Advisory ~.ommittee on Asbestos Cancers to the Director
of the Internctiongl Agerzy for Sesec-ch on Cancer, a Divisicn of the
J
World Healih Crgrnization, Lven, Fiznce, Oct. 3-4, 1973,
-] 0) [4 '

Recommendctions for Further Res~gr=h by Eoicemiclogy, Fathclcgy ond

Experimentz! Pcihclogy, =rd Fhysics and Chemistry Zenels,

v
i

Abstracts of Popers

Curry, M.G.& Gigliotti, G.M. Cycling a:d.Control of Metals. Proceedings

of an Environeznatal Rescurces Corfarenca, Celumbus. Chio. Oct, 31 -
" [4

Nov. 2, 1972, Report Mo NERC-C-72-1,. Feb, 1973, 187 p.

Smith, R. W.; Cis!, 1.K.; Allen, M.P.; & Thomas, R. E. Aqueous Surface

Chemistry of Asbestos Minesals. Chemiesl cnd Metallurgicel Engineering

- Dept., Cclifornia Stete University erd Collepas, University of Nevada,
School of Mines, Teno, Mavcda 8307, Smithsonian Science Information
Exchange tlcticz of Resrarch Project surperted by Health, Ecucction and
Welfare, P.biic tiealth Uervice, Health Service Mental Health Administra-
tion, Maticral Institue of Oceupationa: Safety and Health. Sent. 71 to

August 72,

.

ASARCO ELP 0003753

ERYIN AR et
TR yane o S meniarr e L e L R s T R ey
S I )

T I
m:.u..«.-__.m..
Lt
.
R B
aos

)
B

PP LI Ay

e

{eroicr

b Mo s e e e turboposrcyd
aoov s PR, g g
. o

S
o

cor

s Nmayy ha
. & da

P hot tzap
PIAS IS Ao v the gty v
s . B

L R LR e Ty )

&
"
b3 ]
q

v
-



DOES THE USE OF ASBESTOS-CEMENT PIPE
FOR POTALLE WATER SYSTEMS,
CONSTITUTE A HEALTH HAZARD?

A Committee Report
by

MASNIN XUSCHNZER, M.D.
RO 3SR LEE .

GCRION G. 203ECK

JO{M R, ROSSUM ,
MARVIN A SCHNEIDERMAN, PH.D.

F.R.C. PATH,
GEDFGE W, WRIGHT, M.D., (CHAIRMAN)

Prepared for

The Amecricon Water Warks Association Research Foundation
6666 V1, Quincy Avenue
Denvar, Colorado 80235

-13-

ASARCO ELP

E. VINDLE TAYLOR, C.B.E., M.A,, M.D,, D.P.H.,

0003754

.
IO N S T o Y T T rae
et Iy v ¢ ot F R bl st ISl e A VAV S PO B R re Al St o S A RO o | ot Ad




Does the use of asbestos-::ement ptpe for potable water systems constitute

SUMMARY

a health hazard ?

This question hes been raised because of the possibility that asbestos. fibers
_might be releascd by mechanical action during construction or subscquent tapping
of the svstem, or by erosion or by leaching and thus be ingested directly or indirect-
ly through water drunk or through food prepered from water flowing through such
systems, Asbeslos-cement pip= bas been in use for potable water systems for 50 |
years in Europe and almost 40 yeows in the United States of America without overt
evidence thot it poses a hazard 5 health, Populations using these systems have

not bee1 studied with techniques adequate to reveal small differences of health:
experieace when comperes to penulations using other water distribution systems.
Moreover, the lag time for biolcqical effects such as’cancer may be longer than
the per’od spanred by the usc of ashestos-cement pipe. For these reasons, a direct
evaluation of the question on cpidemiolcgic grounds is not passible at this time.
Nevertheless, it is possible to ccnsider the matter in a useful way by exploration

of the fallowing questions: .

A.

Is there valid evidence that ingested asbestos is harmful ?

Asbestos can cause qranulomatous and fibrotic reactions in the
lungs but there is no evidence that it does so in the gastro-
intestinal tract, :

There is sufficient evidence to support the presumption that
occupational exrasure te gshestos poses an unusual risk of
develeping gostn--infcstinol cancer. This is assumed to be
caused by the cs’iestos ingested a5 a result of o"cupcnonol
exposure.

An excess occurrance of peritoneal mesothelioma. hus heen
reported in most occupational groups exposad to airborne
asbestos.  Althovgh it may be so, it is not certain that this
is caused by ingcsted asbestos.

- What is known dout the determinants of the blologtccl effects

of mgcshng osbestos ?
Tliere is evidence that whatever, gastro-intestinal carcinogenic
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offéct is demonsirablz, it is relate to dosc but is not related to

variety of fiber, une whether or not it is related to fiber size is

unknown. If ingusted asbestos pleys a role in the development of
mesathelioma of the peritoneum it can be expected to be dose

related and probebly related to the dose of those fibers longer

than ten micromelers and thinner than three micrometers. It

is unlikely to be related to the chemical make-up of the .

“different varietics of fibe-.

What is the evidrnce that asbestos is released from asbestos-cement
pipe by mechanical handling during installation, tapping for new
users, or by erozion or by leaching as water flows through the sysiem?
If this does occur, what are the amounts of the released fiber, its
size and pattern of build-ug or persistence ?

The general pre:-alence cf asbestos in soil results in its presence
in most waters of Icke, river, and well origin, and in distribu-
tion systems whusher fabricatzed of ashestos-cement or other
materiais. Additional asbestos fibers may be contributed to
the weter flow thircugh transfar from the asbestos-cement pipe
wall or deposit in the pipe during construction or repair of
the distributicn system. Al present the gvailcble data are
inadequcte to duscribe "2 quantitstive or gualitative con-
ribution racde by asbezios-cement oipe clone with respecr

tc the amount, cize, snd parsistence of tha asbestos fibers
fzund in potcble weter 2istrinution systams.

[f there is evidenca to indicate that ingested gsbestos is harm-
ful, what inferencas cen be drawn from the circumstances of
such exposurc that cre applizable or meoningful with respect
to the exposure *hct might b experienced due to the domestic
use of asbestes- :ement pipe ?

The total amout tof ashestos ingested by occuoctional groups

sorns a range ! zt, sven gt its lov est level, is many times that
vhich is like'y “o se.experienc d by the public use of water

from asbestos~cumant pipe systems. Since the occupational risk
of excess gastro~intestinal cancer is dose~related, the slight or
perhcps rio risk zozed by low le-el ozcupational exposure makes

it even less Lik<ly that the expusure from ingestion of public water
would pose g gustro-intestinal cancer hazard.

Asbestos-cement pipe systems have serviced:large populuticns for
40 or more years in Europe and the United States. No appcrent
increase in peritoneal mesotheliomas among the public has
occurred during thic. period despite the fact that this tumor has
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been the focus o great interest among pathologists for the past
ten yecrs.

Asbestos fibers shorter than 20 micrometers in length appear to
have little or ne capacity to induce mesotheliomata in experi-
mental animals. To the degree that fibers longer than this

are absent or scent in the water of asbestos-cement pipe systems
the likelihood that such systems would pose a mesothelioma risk
would be small.

No firm evidence shows that the proper use of asbestos-cement pipe poses

a hazard to health by reason of ingestion of asbestos fibers. Calculations comparing
the probable ingestion exposure in o=cupational groups to that likely to occur as o
result of ingestion of potable water from asbestos-cement pipe systems suggests that .
the probability of risk to health fiom the use of such systems is small - approaching
zero. A group of scientists at th- Lyon Conference on Biological Effects of Asbes-
tos, who looked at the possible Fizard posed by asbestos in potable weter, reached
a similar conclusion. Additional evidenze, currently not cvailable, to show more
directly that the use of ashestes-cement pipe is without risk, is desirable. Appendix
F lists proposed arecs of research directed toward achieving that goal.
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RECOW-ENDATIQNS

Of primary importance is the development of a standard analytical
procedure to identify and quantify asbesros fibars by type and size as they
octually exist-in water. This cbility is essential for the equally importani
study of pipe systems of various n ate-ials to determine the effect of the
asbestos content of the soil in which the sioes are laid and the effect of
the pipe itself (asbestos~cerient) upen tr.e asbestos content of the water
traversing the system.

In ¢ddition, necessary res::arch should include epidemiclogical
studies of human population groups exposed to csbestos-cement pige
systems, and animal studies to excmire the health aspects of asbestos
- fiber and to explore possible carcinogenic effects,

Appendix F provides a more detailed list of suggested research
projects. :
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COMMITTEE REPORT’

Introduction

The question we have been asked is: Does the use of asbestos-cement pipe
for potable water systemis constituta a health hazard ?

This question has been raicad because of the possibility that asbestos fibers
might be released by mechenical action during construction or subsequent tapping
of the system, or by erosion,or by le«:ching,and thus be ingested directly or indirect-
ly by water drunk,or through food orepared from watar flowing through such systems.*
Asbestos-cement pipe has been in use for potable water systems for 50 years in
Europe and almost 40 years in the United Stotes of America without overt evidence
that it poses a hazard to hzalth. Populations using these systems heve not been '
studicd with techniques cdequate *o reveal small differences of health experience
whea compared to oopulctions usiag other watar distribution systems. Moreover,
the lag time for b;o.og:c :| offects such os can ter may be lenger than the period
spanned by the use of-ashestos-cenet pipe. Fer these reasons, a direct evaluation
of the question on epideminlogic arcunds is net pessible af this time. - Nevertheless,
it is possible to consider the matter in a usefu! way by exploration of the following
questions: .

A, Is there velid evid'ence that ingested asbestos is harmfui ?

" Z o
|
|

B. Wha is l:nown ab-wt the detzrminants of the btologlcal .
cffects of ingestiny csbestos ?

C. What is the evidence that asbestos is released from asbostos-
cement pipe by machanical hendling during installation,
tapping for new wizr:, by eresion, or by leaching as water
flows through the systers? [f this doas ccecur, vrhat amounts
of fi'zer cre relecsad cnd what is their size and pattern of
build up or persistznce ?

D. If the evidance irdicotes that ingested asbestos is harmful, what
infercnzes cen be drawn from the circumstances of such exposure
that are applicabl2 or meaningful with respect to the cxposure
that might be exprienced due to the domestic use of ashestos—"
cement pipe ?
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*While the use of ashestos~cemer.t pipe for sewcge ‘or other water systems might also
be considered, it seems logice!l 1 believe that such systems would have o lesser and
more indirrct effect and that consideration should Fiest be directed to potable water
systems.
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A. Is there valid evidence thet ingested asbestos is harmful ?

Data relating human exposure lo ashestos in the envvronmenl’ to subsequent
health cffects ar2 limited to occunational and pora-occupational exposure. Such
expasurcs constitute a combination of inhalation gnd ingestion, since the bulk of
the fibers deposited in the redions distal to the pharynx by inhalation are cleared
from the lungs by being brought v into the back of the throat via the mucous
removing apparatus and then swellowed or expectorated. In addition, thosa fibers
deposited in the back of the nose and the pharynx are likewise cleared into the
throat and then swallowed or expectorated. Moreover, for most occupationally
exposed groups, facilities for ealing and washing were not always available, and
direct contamination of food consumed on the job was comman. Although quantita-
tive aspects of expasure via the. ingestion route in man have not been examined, on
the basis of studies of pulmonary clearance of particles it is undoubtedly substantial.

Asbestos can ccuse granulomatous and fibretic reactions in the lungs, but
there is no evidence that it does so in the gastro-intestinal tract. Therefore this
‘manifestation wes not Further considered., An excess occurrence of cancer of the lung;,
pleura and peritoneum, and alsc the gastro-intesting! tract, has been reported in
association with occupational and para-occupational exposure of humans to asbestos.
Since it is logical to believe that of these manifestations an cxcess of gostro-intesti-
nal and paritoneal cancer migh® be associatzd with asbestos entering the body via the

route of ingestion, these two classes of cancer were considerad. "

.

Severnal recent reporls have shown a higher incidence of tumors of the gastro~
intestinal tract in populations exposed oc .upchonalié to ashastos than in a compcroble
age group of the genaral public not thus exposed. | Another study, comgparing
an occupational group heavily exposed to asbestos to several groups who had ex-
perienced lesser exposure in the tame occuaation, has shown a gastro-intestinal
tumor incidence in the most hcavily exposcd double that of the lesser expased 4r9
In none of these studies hos th2 cuthor concluded that the data establish unequivo-
cally that employmant in asbestos-producing or -using occupaticns poses a higher
than usual risk of developing fjostro-intestinal cancer. Nevertheless, the data;
when token in aggregate, appear to establish the presumption that such a relation-
ship does exist. In each of these occupctional groups the exposure has been by both.
inhalation and ingestion, but it would appear reasonable to assume that whatever *

effect on gastro-intestinal cancer rate exists, it is due to ingestian, since the'ingested
fibers would have direct access to the cells lining the gastro~intestinal system,

An excess occurrence of peritoneal (abdominzl) mesoihelioma hus been reported
in several groups occupationull cmd 9cra-o¢cupcnonclly exposed to combined inhala-
tion ard ingestion of asbestos, In contrast to the gastro-intestinal
cancers where the ingested fzbcrs come into direct ond immediate contact with the
inner surface of the gut wall, the route of azcess of fibers-to the mesothelial cells:
of the periteneum is not cle arly understood. Channels through which fibers could go
from™the lung to the peritoncum without entering the gastro-intestinal tract do exist.
Morecver, the intestinal well may provide a barrier to the migration of asbestos
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fibers of critical size from the luricn of the gut to'the 'mesothelial cells covering

the outer surface cf the gastro-intestinal tract. For these reasons, the excess of

peritoneal mesotheliomas is less clearly the result of ingestion, and may be the )
result solely of inhalation. ) :

- .

B. What is known abouf the determinants of the effects of ingestad as bestos"

The biologicc! effect of virtually every agent is related to its specific
nature, dese, and host sensitivity or reactivity. Data relating the effects of asbes—
tos to host sensiiivity or reactivity cre scant cnd not ﬂppliCabln to the question
being considare I, Seme dcta arz cicilchle relating tha dose and specific nature
of thr fi2:s to the bivlogical eff+c's of asbestos.: With resp:ct to the specific
nature of asbestos fibers, one shauld! note that tha varieties of asbestes hve
differcnt chemical zempositions ~nd shopes. Some varictias have me-c iron and
_less megresium than o“mm, c~d zome have straignt, stiff fibers in contrast to

cthers that aie more flexible ond curved cr crrly. Morecever. the wirbarr dust
to which humans are exposed contains asbestcs fibers that very in leng*h frem
hundreds to less then one micromater, ond § in diameter from ten or mar2 to 0,04
micrometeis.,

Studies that have examined the relctionship bativean the intensity end

duration of ozcupaticnal exposur2 !0 ashestas and the incidetnce of gartre-

intestinel cancer have revealed data that cen be interpreted ¢s demon:trating

a dosz effect, the risk decreosing with diminishing dete, 179 Also seé Ap rrand'x E,
There are data! showing c greater +isk of both fung end g*s!":;--n'wstmal <-ncer

in mcintenance ﬂ‘c'! in productizn werkers aven though thair *otal ety asur 5 were
thought tc be similzr.  Among several cther pozsible axplanations f-r.this observe-
tion, the greater hkeh'xood of higl intermitt:nt exnosure of maintengncs ~werkor
-may have pleyed a roten Appro irately the some order of exzess o7 yz:tro-in: r'sh-
nal cancer hos bez nrepor‘°d in *hcse pce up"‘to"ns vhare chrssctiie, ~azstta, ora
mixture of chrysstilz and crocidli‘e, kave Leean veed 1r 2,311 Ty, t“':r': )
does not appcar to be an effect related to different chemicel compesi‘ions o

shopzs of fibers. Airbornc ashestos in all occupational end parc-occusctiz- :3
exposures contains fibers of all siz~s cs'to diameter and length, This mxkes it
impossible to study tae effect of verious sizes of fiber by humen epidamiclogy,, :
Feeding cizperiments with anima's using asbestos fibers of mixed lengths ond :
diameters hove not produced a gasiro-intestinal carcinzgenic resporse. 2,13, {
14,15,16  Thus, no animal experiments have been conducted thus frr fo examine §
the effects of various sizes of fil'er on gas-ro-intestinal ca-cinogenasis, ¢r

* To summcrize, thers ic evidence thet whatever gasiro-intastine! carcino- :

_genic effczt is demonstrable, it is related to dose and perhaps to pattern of dose, but 13
is not relcted to veriety of fiber uzad in asbestos-cement pip2, Whether or net it . |
is related to fiber size is unknevin, 3

. -20-
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With respect to mesothelioma, the only studies relating dose or severity
of occupational exposure to occur-2nce of mesothelioma are those of Newhause.
They show a dose relationship with the risk lessenirg as the dose decreases, 8,21
Animal experiments support the do-a relationship premise.zzr 2 Unfortunately, ’
the studies by Newhouse do not e~preoss exposure in numerical terms. Available :
evidence also suggests that an excass «f mesothelioma occurs in occupationally
exposcd groups at doses helaw there that produce pulmonary fibrosis anddarobobly
below tast necessary to cause an oxcoss of bronchogenic cancer3r2r8: 10 Evidence
of an excess of mesothelioma resu'ting from para~occupationcl exposure has been
presented with the cssuniption the! ir some instances these exposures have been
extremely slight. The numerical ‘ntensity of expesure'in these non~-occupational
cases has not been demenstrafed. However, on the basis of available infarmation,
it appears_thet rianyv of these expasures Lave been substantial, though perhaps
brief. 19/ 11,17,18,20 14 is dichic ult to evaluate the validity of a cause-cnd~cffect
relaticnship betwee: zasval and presumasly slight expasuras of the genarcl public
to inhaled gsbestos and the devo'opinent of mesotheliema. Such o relationship
hos been sought by looking for ¢ pasure to asiestas in the life experience of
cases of mesothelioma sollected “rom hospital or non-cceupationally derived
records.807:9:10,.1% 14 view 7 the wide-shrecd use of asbestos, or osbestos-
containing product., novw ond du-ing ihe pest 3C years, frequent slight exposure
of the gencral publi~ must ba co wman. The importence of these casugl exposures
should be evolucted with caution.

.

The two cshestos zomzor 2n1's of asbertos-cz2ment pipe, chrysotile end
crocidolite, have been shown tz be cisociated with excess development of peri-
toneal mesothelioma. The experience in pure chrysotile exposure appears to be
less severa than thet of mixed v-rizties, ¢ 1¥ Unfarturztely, there cre no numeri-
cal dose data for tie latter expest-es. Thurefore, it is unscfe to conclude that this
difference is o truz varietal effect in torms of chemicc! or physical character. Both
varinties of asbestos produce turwess of the pleura in the experimental animal model.

Since humans arz expor 32 to oll sizes of asbestos fiber, itis not possible to
examine the effect of verying by sizz by hunan epidemiolegic studies. Several
investigators have prodrced cencar of the plewra by introducing asbestos, glass, or
aluminumi-oxide fibors directly into the pleurs or peritonea! space of experimental
onimals. Some dis~grec nent e<isis as to whethier these tumors ~re the specific .
counterper? of mescthe ioma in humans. Chrysotile, omosite, and crocidolite, as
well as ciess and cluminum-ox'de fibers will produce these exparimental tumors.

This suggests that th2 tumorogenic effect is not related specifically ‘o the chemical
coinpasition of the fibers.22r2 % 25 These animal studies have indicated o striking
effect of size of fit:ar an this type of carcinogenesis. One can conclude from such
studies that fibers thinner than three and longer thon 20 miicrometers arc more carci- -
nogenic than fibars of greater dicmeter, irrespective of length, or those shorter than

20 micremeters, irrespective «f diameter.2® “hether these findings ore applicable
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> the cffects of ingested asbestos has not Leen demonstrated by animal experimentation,
but they do suggest that if ingestion of asdustos plays a role in the development of
peritoneal mesothclicma, it might be « xpecied that the size of the fibers copable of
penetrating the gut wcll and 'eochmg the mesothelial cells would be of importance.

To summarize, if ingested ast-estos plays a role in the development of meso-
thelioma of the peritoneum, it can be expected to be dose related, and, en a con-
servative basis, probably reluted to the dose of those fibers longer than ten
micrometers and thinner than three mizrometers. It is unlikely. to be related to
the chemical make-up of the different varieties of fiber.

C. Is asbestos rzlensed from ashestos-cement pipe during proper use ? {f it is,
what are the amounts and sizas of the fibers ond what are the patterns of
build-up ond persistence ?

Answers to these questions are dependent on methods For collecting samples,
xdcnnfymg the specilic veriety of ashestos in the pipe as distinct from other kinds
of co-exisling fibers, ond measuring tle asbestos fiber size and amount without
altering the original state of the fiber:. This task, even ovr ¢ research basis, is
extremely difficult and has been accomplished only in some respects to date (sce
Appendix 8). There are no data delineating temporal variations such as might
result from repair or tapping of new lines or services.
There are scant quantitative data for chrysotile asbestos in water expressed
in micrograms per unit of volume. Fibers identified as asbestos are found in the pri-
mary water source (lake, river or well) of most sys*ems thus far examined. See
Appendix D-1,3. Tlis is not surprising in view cf the ubiquity of asbestos of one
or another variety in the soil of the United Siates *hrough ‘which source waters flow,
or in which they lie, and the consequent opportun’ty for leaching of fibers from the
soil into thase waters, Appenzix C shows the distribution of asbestos on or close to
the surface throughout the United Stcres, There is also the opportunity for some
of the asbestos fibers Srend inta the ciwa-ghera by ind erosion, by earth disturbance,
and by escape o fibzrs from the use o commercial articles containing asbestos to be
washed by surfoce-weter drainage int:s the primary sources. Thus, one can anticipaté
that appreziable amounts of asbestos f'ber exist in the water as it enters the distribution
system. . .

It is nccessary to determine the amount of ashestos in potable water and the
increment odded by the distribution system. It is olso necessary to know whether an
observed increment is caused by fibers being removed from ashestos-cement pipe, or
by contamingtion from the <oil surrounding the pipe, or left in the pipe during con~ .
struction or repair of the system. Lin:ited studies of water circulcted through a :
closed loop of ashestos-cement pipe, not buried in the soil, reveal that asbestos
fibers can be transferred from the pipe wall to the waler, See Appepdix D-2.
The mechanisms governing this release and its persistence have not been established.

~22-

ASARCO ELP 0003763
e —




Three asbestos-cement pipe systems in use for a substantial period of time have -

:n sampled for their asbestos fiber content, The dato on asbestos content &f the

,.,‘cr from the system report 24 by Sargent were obtained by examining the samples

,ith a light microscope only. < Subs2quent examination of these samples using the .
, lactron microscope, which gemmits racognition of chrysonle asbestos, reveclss thet

., lorgg proportion of the F‘bL.’: a.xg...a!lv reported as being asbestos were in fest
ot 20 This experience exemz’. les a2 difficulties inherenl in measuring the csbasies .
. ontent of water,

The other two astastos-.zme-t zipe systems veere ang yzed by e technizur
tSee Appandix B cnvd D} permitting -.zci-an : microscope racognition end qre-tificg-
tion of chrysotile ashestos. In onz of tese the source and pip2 system ley 3

.

: .
tine soil. Preliminary datz place the cuuntity of asbestos in tzp weter in this system

o -
- - .

ot 5,119 microgram per frar. Th= :i .- water coniained J.l+Z mierapee -

(l'

~-

P -~ 5 i wes s ts
~aa incremsnt cnounied te 3.074 o srig om per liter,

In the sccond system thz we!! ca: asbestes-cement pipe lay in oi' comparctively
frece from serpentine rock. The tzz rzfer contained '.'.‘.'3". e cer *ver and the
cource water 0.0C81. The fnzrzrirc 1o Lited o €140 micrzzram per f"e‘

o ™ seen

Severca! points should be mede with regard to these studies, Aopendix B indicates
. the major difficulties :cs=f’ by 5o itz 29y use Thz guamtitstive ospects drz ex-

pressed For chryscilz iy, Choyszils u._.lxy cor:';_-,:e:: - ~or2 of the acbestos
used in asbestos-cement pip2. The confidence limits with preseat techniques ot these

minute amounts may be as m .,h os <ne order of magnitude. Siace the origincl size

-~ e
P
- o

(TR
)

of the fibers is alizred oy the "rik- 2ot tzchnique ™ we howe ns knewledge of the e
amount of fiber i the wztor as it it irgasted by humens cccording fo length nd
diometer, '
Multiple Migh-sziume s2=17m3 o5 cresis: come o0 Hes, ers good Jote
viizh respect to the effzzi of lengtl: oF gipe traversed, valocily of flow, 21d tersoral
, effects do not exist. Nevartheles:, tharz studies cffcrd o prel’ minzry ettinzte of
the likely exposure by v of ingzstion of tap water for :a':'.‘;:::'-c:'. wite 1z suposure
by ingestion exparlanzed by oczuz ztionce! groups. Thay 22 act provids inlciwotion

- L,
[

1 .
on tha amount of foerz of various sizes. One should cisz ncte thet
established that the make-up of the p:pe, the aggressiveness of the wcter, cond factors

" such a3 velocnty of flow cnd age of pi pe were essenticlly tha sgme in 2 systems
excmined, then other explenction: far ir 2 difference in 2 s‘os contant o r"m wcter
must be found. Serpeatine soil centeins asbestos ?ibers. Sarticles of such ol znter- .
ing the pipe during construchon, speci«~‘ly those lodging in the vrevxces of {oints,
could slowly and over ¢ long per’ 32 of ti.ne contemincte the w.ctar, A% erzzert there
cre not adequate date for a descriotion of the quentitative or gualitztive -olz of
csbestos<cement pip2 as a contnLJtcr to asbestos fiber found in potchle water distribu-

tion system:, However, the avai'ckle dota do indicate whet cdditional 33:2ies need
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tc be made and also afford a First anzeo- icanton of the magnitude of the possible
health hoZard.

D. If the evidence indicates that i:yested achestos is harmful, whet inferences
can be drawn from the circumstc.ice:z of such exposure thet c. 2 sppiicosle .
or meaningful with respect to th+ exposure H.at might be experienced due
: S —
to the domestic use cf asbestos-~2ment pipe ?

Wit respect to an excess of gas‘re-intestinal cancer, such evidence cs there
is does not sigges: that the veriety of «-hr1tos nloys a raie end thue the kinds of
ashestos used in atbastas—cement pipe : "git be implicated. There is . zvidenze
in man or animals about the influanca ~7 tha size of fibers ingestad « = *he develop- (
ment of gastro-intestinal carziroganesi-. lenze, until cdditicac! inforr stion is
ovaileble,it must be arsumed that th= s« of fihars existing in potshin vreter cauld
play arole.

Evidence derived fron sz vz " v o' ceoenr tadiacios a diveci t-iu igla
ship between environmental mxpc.  « = iz .irk g, owoess genrs- TuINTe zanc
The omeount ingested can be exzeztz ¢ 3.
expcsure. [he amount of asbastos in water delivered threugh ashestes-cume
and other pipa systems is expressed in terms of micrograme ger liter, U ¢
.ind of date, onz cen compare the qua t7'y of cshestes liksly o be 10728
‘water to those ingested by the ozcunatior:lly-exposed populutions evneriencing
an excess of gastro-intestinal cance-, *hus placing these two cotegories of
tions in perspective.

As shown in Appendix A, o7z t2r calculete the cpproximate amounts of
asbestos ingested by the occupationaiis -« xposed peaulatin:s of the *wo group? wh.ere
an excess cf gastro-intestinal cancer crid exposure dats have been reported.  Ia the
McDonald group this rangad from 2.1 :> "68.0 graws, and in the Enterline group from
42 1o 336 grams during the working 1i% ti~e of the men studicd. For compcrison,
besed upon a water consumptio= of f+ ! 25 per dey, one zan calculate that the .
total amount ingested in 40 yeurs S-a=— bz ‘weler systan with the highest cencentration
of fibers would be 0.07 gram (See ;¢ :rdix D-3:Memzhis, noi csbestos-cemznt Pipe,
filtered). The higher of the twz cs2. > -z2m2at pipe systems studied (S=¢ Appendix
D.Malvern) would provide o tote! ¢ £.C75 grom ingested in 40 yecrs. That .f.‘\e agmount
of asbestos ingested from ashestzz=z2: 2~* pipa systems over a 60-ycar priisc vould
approach the least of the occupationc’ v«ocsures is unlikely. #Aoreover, th dose
response observed in the occuratiznz!'v-2xposed populations suggits that at the lower
levels of exposure there was slight ar -+ "1aps no risk of excess g3stro~‘nleslingl

cancer. 1/4,5. Alsosee fnoendix 5. = ... _..nars to ke coven loes ceohebility

U3, TSI 3 R

that the ingestion of asbestos frem -, ~"zhar of the two potcble a:bestos-cems 2% ;':lPe .
* . - . f, . H -

systems would rc ach the risk level “zr zustro-intestine! concer of the occupationally

exposed groups. . )
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" With respcct to mesotheliome: ¢ the peritoneum, the occupational and para-
occupational exposure is by both ial-alation and ingestion. Neither route provides
direct exposure of the target cells. The fibers reaching the pleura or peritoneum
do so by indirect rouies., It is possitle, therefore, that peritoneal mesothelioma is
not caused by ingestion of fibers and' thus not a matter for our consideration.- Both
chrysotile and crocidolite are associated with an excess of peritoneal mesothelioma
in occupchonolly-ﬂxposed populaticns. Hence, fibers released from asbestos-
cement pipe would have this potential. Mesothelioma is dose related in occupa~
tional exposures and also the animal model. There are no numerical data defining
the hozardous level of this dose relationship in humans. As Appendix A shows,
the range of exposure by ingestion In thosc occupationally exposed is highe- than
that which is opt to be provided by potable water. Since animal studies indicate
that the longer fibers are the potent initiarors of mesothelioma, the dose should
be looked at in terms of categories c's to length of fibers in potable water, We do
not knov: the proporticn of long to short fibers in their natural state in potable
water and therefore cannot rake the desirad comparison at this time. {f all or -
most of the fibers releused by asbestss-cement pipe are less than ten micrometers
long, especially if the quantity of those that are longer is small, the likelihood
that asbestos-cement pipe poses a mrscthelioma risk would be small.  As stated
ot the outset, asbestos -cement pipe systems have serviced large populations for
40 or more years in Eurcpe and the United States. No cpparent increase in
peritoneal mesotheliomas among the public has occurred during this period despite
the fact that this tumor has been the fecus of great interest among pctho!oglsts
for the past ten years,

Conclusions

+ No firm evidence shows that th2 groper use of asbestos-cement pipe poses
a hazard to health by reason of ingestion of asbestos fibers. Calculations comparing
the probable ingestion expesure in cccupational groups to that likely to occur as a
result of ingestion of potable water frem csbestos-cement pipe systems suagests that
the probability of risk to health from the us2 of such systems is small - approaching
zero. A group of scientists at the Lvon Conference on Biological Effects of Asbestos,
who lookad at the %ossible wazard pased by asbestos in potable water, reached a
similar conclusion. Additional evidence, currently not available, to show more
direcily that'the use of usbestos—cement pipe is without risk, is desirable. Appendix
F lists proposcd areas of research dirzcted toward achievirg that goal. Most will
require several years time and the commitment of substanticl money and mcnpower.
Some require techniques not currently developed.
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APPENDIX A

The approximate omount of tiber ingested by reasen of inhalation in
occupational settings can be estimated retrospectively if the intensity and dura-
tion of airborne expasure is knewn. The occupational group reported by McDonald
et ol had an airberne exposure :gcnning the range of 10 to 800 million.-particles
per cubic foot {mppcf) years.4' Assuming a duration of exposure of 40 years
for a person acquiring a total of ten mppcf yvears, his exposure would have been ) .
to an environment containing 0.2 ¢ mppef each day. McDonald estimates that in
the general exposures of his stidy pepulation one mppcf of airborne dust was
equivalent to two asbestos fibs;'s per cubic centimeter (cc) large encugh to be
seen by the light microscope.! Thus, the exposure ot ten mppcf years was 0.5
fiber per cc for 40 years. It is reasonable to estimate that during work in the
occupations of his study group, the respiratory volume, averagad during a seven~
hour period of work per day, vrould be of the rate of 16 liters per minute. Doing
this seven hours a day, five days a week, 50 weeks a year for 40 years would pro-
duce a total inhaled volume f 6.72 x 1010 ¢z, If each hwo cc contained one
fiber, this would amount to 3.36 x 10'C fibers being inhaled in 40 years. In
occupationgl circumstences the fibers thet are counted by the light microscope
can be estimated to average ¥ x 20 wmicrorietzrs. Besed on the weight of this
size of fiber, it is estimated that 1.35 grems of asbestos fiber vould be inheled
as the equivalent of an exposure ef ten mopcf years. Further, estimating that 80%.
of this size of fiker is deposil2d ond subsequantly cleared from the respiratory
systém to be swollowed, a teral of *.1 grams might be ingested at this level
of exposure.

Lyn=h has shov:n thet in monufacturing operations there are 25 to 100 times
os maony thin fibers requiring the electror micrascope for recognition as there are
of those large enough to be rzen by the fight microscope.2? Gibbs reports similar
circumstances for the type of exposdre reported by McDonald et al. Using the
lowet value of 25, and assutaing a fiber of C.5 x 5.0 micrometers, a lung deposi-
tion of 50% of this size fibe:, and clzaranc with subsequent swallowing of 9C%,
calculations show thut the it gestian by this accvcctional group ot the ten mppef
lavel was an additional 1.0 gror of asbrstes fiber. Thus, a total of 2.1 grams of
asbestos would be ingested «+ this lavel of exposure.

Since the greup unc'ar study by Mclionald et ol zovered cn exposure range of
10 to 800 mppcf years, the ~ange of ingestion during their working life was approxi-
mately 2.1 to 168 grams of ashestes of all rizes, and 1 to 80 grams for the size of
fiber measuring 0.5 x 5.0 micrometers.
- Based on Lynch's studies, the group examined bty Enterline can be expected
to heve had a fibzr to particle ratio of between two ard six fibers per cc for each ~
one mppcf. Cheosing four fibers per cc fer the convetsion ratio, and using the

-
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.”" same calculations as above for Mclonzld’s study graup, the numbers ure simply :

‘e

doubled in order to arrive at the ir:gestion exposure for the Enterline group. The
range of exposure for this group wes 109 to 800 mppcf years.. Therefore, the
ingesticn exporura for the Enterlin- group ranged between 42 and 336 grams for
both the light-microscope and electron~micrescepe sizes of asbestos fiber over.
the 40-year periad of work, and from 20 to 160 grams for the fibers 0.5 x 5.0
micrometers which would be seen cnly by using an electron microscope.

A precise estimate of the ingestion exposure is not possible in these
retrospactive studies. The estimatns arrived ot are meant only to provide a
frame of reference for comparison of the occupational exposure to that which
might occur in the general public by reason of ingestion from potable water
supplies. -

~30~
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ATPENDIX 8 =

The determination of th= asbestos fiber concentration in water supplies
is a very difficult tosk. Some «f the reasons for this are:

1. The concentration of a:‘vestr‘s fiber in water is generally very low, i.e.
in the parts-pr‘r—bllhon range.

2. There is no convenient chxmical method which can be considered because
the elements present in o!l forms of asbestos fiber are common to all rock-
forming minerals, .

3. There are no reliable methods to zoncentrate or separate the asbestos fiber

from the other inorgaric solids prasent’in the water,

4, The size of the fiter iz, in most ivstances, below the limits of resolution
of the opticcl microscepe

Faced vith these limitatiens, the cnalyst must resort to electron microscopic
techniques for the ic:ntificat!zn and cuanlification ¢f the csbestos fiber in water, -

The exact details of .2 2leztron microscopic methods which are used for the
analysis of asbestes fiber will denend to u grzat eittent on the nature of th2 informa-
tion desired. Besically there are th-ee mcior steps Involved: -

1. Removal ¢f the selids rem the weter by filt-ction on q membrane filter.

2. Transfer of the capturad solids tu a su:fo:>|° mount for excmmchon vith
the electror microsccoe .

3. Exomingtion of the sc'ny?e,. inclu'ing counting and measuring the asbestos
« vrl

fibers which

~3
v
-n }‘

The meioriiy of irfor aation - thic' hes been okizined on thz asbestos-fiber
content of vaters weas gatazed b sy @ ~ettod designed to determine the mass (or
vieight) of chiyrsitle presani. Tris method veos devolcn'd to ascertain the levels
of chrysotile fibers ir source waters, and alza to obtcin information on the possible
" addition of fiber by csbestos -cemant pirz. In somawhat more detail, thiz method
involvas a considercble degrae of mechcmc'xl work on the sample prior to examina-
tion by the electron microsz2pe. )

After the suspended solids are colle<ted on the membrane filter, the entire
sample is ashed (at 463° C) o destroy the filter and any organic solids present in
the water. An aliquot of tha ashed inorganic solids is then rubbed out, or ground,

~ - .
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.~ a dilute solution of-nitrecelulosc. Tiiis latter step raduces the size of the

- ticles of residue which might hid . 2% +emely smoll asbestos fibers. The final
-esult is an even dispersion of the in-.gar’c residue in o film which is suitable
‘or tronsfer to a standard electron-mizroscopa grid., .

The sample s excmined under the 2lectron microscope, and photograghs
taken of ropresentative dreas. Unde: there zonditicns it is possible to recognize
chrysotile fibers by their characteris "¢ hellow-tuhe structure.  Quantifization is
accomplished by measuring the langtir enc diometar of each fiber, calculating
the totc! mass, ond finally relating this ~ass to the criginal amount of water
sompled.

This tecknicue, which many investigalors cgree is the besi cvailatle for
the purpcse, has several shortcomin:; . Firct, becouse of the e -,.tremely small
fraction cf the sample which con e xermined under the electron microscope, and
because of the small criounts of asb: :tos present, thz eccurcey o=d precision of the
analysis is very poor. Undur the Lo cmnditions dup'icaie determinations on the
same sanple connot ba repraduced b - totter than o factor of three. Although
there are insufficient data railchls *a estimate the accuracy, “'Oaf agree that
the true value is ct least within o fo "= - =% len o ths mec-i-ed value. From these
values, it is obvidus that the report=d - .clues cor or'y e used as an inde. of the
r2lative emount ~f fiber prasent, one <o graat s:g:\:‘ucnr:.:e should be plazed 2n
small differensas, ..

A second limitciion of this mathed is the destruction of the origingl form of
the fibers by the rub-out nrocedu-2. There is i-’!"l‘{""‘ir.g i "essure from medicc!
and biological reseczchers to have ivfermation o the excct size and shape of the
fibers a3 they mcy be ingested. It i ncassary, therefare, that methods be devised
to obtain this information. )

Finally, the methed s spr.--.:i‘"c e chrysetile ond carnot be used for the
determinction of ameiibele fiters, “his point is imeoriant since many verieties
of asbestiform mingrale can a=er ~ . tr, ond - . =ideliiz is @ comuon ingredient
of asbestos-cement »ice.

There ore sevarc! cossible vr -iztions of the < bove technique which might
‘be. used ‘s obtain informction cbout the o'i inzl siz- end sncpe "‘ the fibers, and -
the verious types cf fiser oraemat, ' /i the transmizsion 2'ectron micresaope, it
is possitie to idertify = winerel var® 2ty Ty mizans of sc!ectnd areq electrza diffrac-
fon. This method s alse Hwited ir: thet it cannot be ussd relickly to distinguish
between the differert *yons ~¢ cmoh™c'es, i.e., crocidoli.e, amosite, unthophyllite,

etc. Thus, gr2 con only e cortain th ot cn amphib-le mineral is present.

In ord: r to obtain mare infe ncticn about tha verliet oF amphibole fiber, it
is necessary tc use an clectroneprob 1 cppreazh to determin re the che’mcal composition
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of each fiber in question. This type of analysis can be accomplished in a scanning-
electron micrescope wiih the proper accessories, or in the more sophisticated
transmission-¢lectron microscope now available, e.g. EMMA V. These techni-
ques require more time per samplc and more sophisticated instrumentation, and

are, therefore, much more expensive.

In order *o obtain the desired information on the original size and shape of
the fibers, it is necessary to expl re new sample preparation tecl‘mques. Obviously,
the technique cannot involve any excessive amount of physical work in the sample.
The most promising approach apprars to he the direct-transfer methed. In this
method the solids are collected cn a merbrane filter. Using a special extraction
apparatus, it is then possible to dissolve the filter and deposit the residue on o
carbon-coated electron-microscere grid. The sample can then be examined by
either transmission or scanmng electron microscopy and the actual dimensions of
the fibers determined aiong with the other essential informaticn, This method
might suffer from even poorer precision and accuracy than the rub-out technique,
but it will yield the information most urgently nesded.

Finally, it should be pointed sut that the various modifications of the
analytical method which have becn discussed are only now being explzred in
various laboratories. Although tl:ey do show considerable promise, more work i is
required to establish their validity and appllcabthty fo this problem,

[
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APPENDIX C

KEY TO MAP, PACE 35 -

1. Cresshatched or shaded areas e counties where amphibole
asbestos fibers have been reported, :

2. Solid black ar=as are counties where chrysotile and/or
‘ serpentine rock have been repsrted. If both amphiboles
and serpentine are found in a county, it is solid black.

3. Solid lines surround those arecs where fiber-bearing
rocls might exist.

4, The daoshed line sows lowest limit of glacial activity.
Rocks not native to the area can be found north of this
line.
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. . o AFPENDIX D-1

JOHNS-MANMLLE RESEARCH "+ Report No. E404-79
AND ENGINEERING CENTER

" ——

INTRODUCTION

This project was conducted to investigate the removal of chrysotile fiber from the

inner walls of asbestos cement pipe by potable water in municipal water systems. .
Two municipel systems were selected: Malvern,Pennsylvania and Glendale, Arizona.
Both systems utilize well waler sources. The Malvern well is drilled in o serpentine
rock belt tknown to conlain chrysotil: fiber intermixed v:ith the rock), while the
Glendale system is outside any serpentine-becring area.

EXPERIMENTAL

Pertinent fzatures of the two municips| systems and water preperties are given in
Table 3 of Appendix I, Sampling w5 conducted of the wel! site and at a loca-
tion down-line, referred to as the domestic site. The objective was to obtain
weekly samples ar both sites in both =ystems; hovr2ver, monpower and equipment
problems caused occasional sampling interruptions. Sampling was initiated ot .
Glendale during September 1959 and :entinued through December 1970. Sampling
at the Malvern well site was initiate< in June 1969, but the domestic filtration

site was not placed in operction untit December 1969 so that comparative well and
domestic site dnta at Malvern vzas ne* evailable as early as Glendale. The sampling
sites were not changed throughaut the program, with the exception of the Malvern
well site where a new well wes dnlch on the original site in October 1970,

P T N I e T e T LR e teqepasey

The sampling equipment and proceduiss are described in Appendix 1. Sample

analysis for fiber content, including :shing, rubout and counting, is described

in Report ido, E104-37 and <04-467.. Analysis we: conducted at the J-M Research .
& Engineering Center. :

Anidyets.

]

[

LS

i
Analytical results for the Malvarm onl Glen-ale municipal water systems are .a{
presented in Tebles 1 o= 2 of Appintis 1. Tobla 3 of Aupendix I, in tabulating g‘
the water properties at the well and ~utlinirg the pipe systems, provides a basis for iB
interpreting the fiber lovel data. Tl ese fiker l2vel data were analyzed statistically ‘E
and the results are outlined beiow. ' 3

There is u greater than 99 cer cent piobability that the initial fiber level (et the

well site) is higher at Malvern than «t Glendale. Teble 3 of Appendix 11 shows the
average of all well site samples for alvern (0.17 pq-gal) and for Glendcle

(0.023 ugsgall. As stated in the Intre-fuction, the Malvern well is drilled in an
area of serpentine rock, which contcins chrysotile filier, while the Glendale well

is not in such an area. It is, therefs-e, not unexpected that well water from Molvern
contains more hl:er. . .

~34-
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JOHNS-MANVILLE RESEARCH ' _ Report No. E404-79
AND ENGINEERING CENTER

Statistical cnalysis of the data yie!lds a 70 per cent probability that there was on in- -
crease °n fiber leve! between the well site and the domestic site ot both Malvern and
Glendcle. In addition, it was shewn that at both Malvern and Glenda'e (within
each system) there is no significan® cor-elation between the initial fiber level and

the cmc»unr of increase. it thus ap:ecrs that the water is picking up fiber freia the
pipe wells, but the amount of pick-‘up is not significantly influencad by the existing
fiber level in the water. A!so, this lack of correlation beiween initial fiber level and
aomount of increasa indicates thet *he fiber quantification procedure can define “changes
in fiber level una fected by the initial lavel.

PR AR N A YRS Ayt e tire—par
P et A CR
R N S L R TR .

Table 3 of Appendix Il shows thet the cverage fiber level increase at Malvern is 0,28

ug/gc!, while at Glendole *he c2rags increose is 0.015 ug/gz!. Statistical analy-
sis yields a 0 per cant probebiiity tha* Malvern hed o greater Fber leval increcse
between the well site and the dom:stic ¢ite thon did Glendcle. Ameong the factors
that could influence removal of fiber from pipe by water are the water | -aperties,
the length of evposur. time of the »ipe to the water, the {low rate of th2 water
through the pipe and the pipe surfcce area exposed per unit volume of water,

Table 3 of Appendix !l shows thet *here is not a large difference in pipe crea ex-
posed per gallon of water betwzen the Malvern {0.80 sq ft/gal} ~nd Glendcle
(0.96 sq ft/gel) pipe systems. The flow rate through about 90 per cent =f tha
length of the Glerdzle system wes 54 ft/min., similor to the 48 ft/min. through
the Malvern system. The first 10 ; er cent of the Glendole system hed a flow rate
of 138 ft/min., so that the overa!! potential for erosion of the pipe was somewhat
greater in the Glendale system. The length of exposure time of the pipe to the
water could be an influencing fec*ar, but hds not been systematically evaluated.

AT A BTN M B o e A s ar s
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JOHNS-MANVILLE RESEARCH Report No. Z40G4-79
. . AND ENGiNEZIRING CIN 2R T

Sampling Monictza Weter Systems

Apocratus Ceserinticn

The filter assembly consists of a top and bottom section. The bottom section {cn

four legs) contains c coarse stzinlese =tz +! mesh end sintered stcmlcss steel Fiiter~
support disc, Taz t-7ckr toz sect’z™ s Mald i1 plece ::y statnless stza! wing-ruts
ond is fittad with e sma’f Yleed valvr, ‘a2 \"‘::33 cssa:.:::!;.- s seqiad wits fen O
rings. Boih iop and bottom sectiors « =

n. pipe.

Apparatus ~osk-up

1. . To ihe oo section; conrzst ¢ 4 'z, niszly, an elbow, and crott

27

LR

' to which a plestic ipe or 2ct2 1izy be cicmped. the elostis nipe
ed to a cut-off valve tcpped int> the syster

*

2. To the bc“c—' caction. goom2sh ri-ortmizst

4 at - * -
a~ s = -
2, QO €iICW, TS SNITneT MNE.e
;2 ’ ’ ¢
. ?

to connect fne water marzr, Th: cutfow "z run off into a cenvenien? drain.

(Note - Ail Fttings
dope cou'd foul the il

¢r3niess st s, Kibbon depe !

Collecting Sumple

1. Remove the tca sacticn of Fus cozemsly,

.2, On the sintarad fi'ter-suszor, ¢y {€) o Wactman 543 filter pc::)e w...ch has
been cut to size, &) ¢ 0.2 « = nzre s'z2 Millizore filter sheet, ond (c) another
V/agimen 547 *Hig- czzar. T s FURor sheats zr2 alt 290 '.‘i::r\.::‘-a:'-

3. Wat tha flrer popars fom thranterc "fw:.'c.s, and sraoth out the rigples. -

4. Replace the top and :zin on ze wing nuts finger tigh:.

5. Open the waier va!ve siow'v w' -k the bleed velve coan. Waen tie test
chamber is filied, sloze *=¢ ilesd velve, :
“

6. Run cpproximately 230 - 407 g2'lers threug™ the filter, "or until the cutflow .

slows o a trickle.
~38-
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. T i

7., " Shut off the water. Note the initial and final meter readings, and record [
volume, data, location, and any other pertinent data or observations. ;

i

8. Open the assembly and remove the fep Whatman 541 Filter paper plus the :

' Millipore Filter sheet. leave the bottom Whatman filter paper in place i

for the'next test. This bottom filter paper is only used to protect the
Millipore from possible damage due to direct contact with the sintered
metal support.

9. Fold the Ffilter sheets togather into a petri dish for shipment to be i
analyzed. §
¥
S
1
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AVPENDIX 1

vable 3. Municipal System Characteristics and Data Summary

_ . Malvern Glendale*
s - i
Pipe System ) g i
Diamater (in.) . 8 | 12 ' 6
Length (f%) 2800 . - | 1300 12,000
Area exposed to water (sq ft) 5860 ¢ 4150 18,700
Weter velume flow re!z (acl/min.) 125 ; 200 €0
Water linear flow rate {ft. min.) 43 138 54
__ Pipe area exposed (¢ ft.'gal) . €.80 0.54 . 1.06
Water velume in pipe . 0.96**
Water progerties (well sito) .
Total herdness (mg/.CnCO3) 4¢ 94
Cclcium hardness (g CaCO3) 2; 61
Alkolinity (m‘.:'/?.CcC(?:;) 110, 114
Dissolved solids ( ma/) 10& 328
pH 7.8 8.0
Average initial fibzr level (,.a-gal} c.17 eLz22

(well site)

Average fiber lavel increase (- a/a.:h) (.28 6.215

*The first 1300 ft cf the Glendele syst:m utilized 12-"n. diameter pipe, follov-ed
by 12,000 ft of &-in diamcter pipe. '

** Qverall system

-41-
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. . ' _ -APPENDIX D-2

. TINS-MANVILLE RESEARCH
= =D EMGINEERING CENTER ) Report No. 425~T-1360

INTRODUCTION

T..ming 1968, a TRANSITE pipe test line vras installed in a building situated cdjocent .
-= +he Reseurch filtration plant. The purpose of this installation was to determine
-~z amount of asbestos fibers entering a potable water supply after possmg through

——

T NSITE water pipe.

PRO®EDURE

~zinally, the system v.as constructest far 175 GPM to pass through the installation
= once-through basis. Trial runs revealed that a once-through system was not
ible due to almost immediate pluaaing of filters. Consequently, the system was

verted to a semi~closed recirculating system with ¢ small amount of filtered fresh
- ==ar coniinuously entering the system, und cn equal cmount of system water dis-

"':‘-'gcd to the scwer, in order to prevent dissolved solids buildup. (See Figure 1 .
=7 asppendix for schematic and equipment list). (Refer also to Resecrch Reporf MNa.
+Z5-T-13435).

-2 most critical portion of the test ir sclved two iAillipore filters, one before the

-‘\NSITE line and one aftcr the TRAIMSITE line. Tihe TRANSITE line was 30 feet of

Z =ss 200 RTPP from Wautegan Plant. The ore-TRAMSITE filter vias o 40 plate

) llxporc contcmmg 40 sheets (292 mm diameter) of 0.S micrometer filter paper.

I :7ore entering the TRANSITE line, all water passed through this filter., The 0.8
"'“romefer size was chosen based en cham lab tests she'ving that 0.8 micrometer

" ter poper would retain 100 percent f the asbestos. (See Research Report No.
225-1nt=-1301). After lecving the TRANSITE line, ten percent of the water was .

s=mpled by a ten plate Millipore Filte: clso containing 0.8 micrometer filter paper.

“-~us, all of the asbestos fiber found en this filter zan ke considered to have come

- 5m the pipe wall. Hardness of the “ra'er was controlled by a waler softener and pH

was controlled by a chemics! m;e"‘-c. n cumg using dilute sulfuric ocid. Water velume

« as about 150 GPM and flow rate wa: 6 - 8 FPS. A series consisted of a minimum

o7 ten weekly runs ot a chosen pH ani hardness level. At the end of each weel:ly

run, the ten papers from the sampling Millipore were delivered to the chemistry

tzh for filver analysis. A fresh TRANGITE line was installed ot the start of each

series of ruis. p

A e et T ekt

Py TS RRUIPP N Y

AT Sycera

Fiber analysis waos originally intended ta be based on the magnesium content found
on the sampling Millipe-e. tlowever. due to the extremely small amounts of fiker
and because of traces of magnesium From cement in the pipe and magnesium in the
water, this approach was abandoned. The results from the first few runs were, there- i
fore, considered invalid and are not :eported. Runs "C* through "G" results were < i3
considered to Be as accurate os possit-le and are reported as valid runs. (See Tables '

.
—49.
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- "1\, Fiber onalysis was performed by the chemistry lab using particle and fiber

- =5 of magnificd electron microscope photographs combined with a radiocactive tra~

z- ~achnique. Observation of the data showed that in all series of runs, the amount )
Tzer in the woter is extremely smoll, For instance, calculating the numbers of HE

= - >ms needed to produce one gram of fiber results in the following:

[ WIS

QTMmMoOnN !?
3

No. Gollons Required for 1,0 g Fiber

3T b S e STy
ke 4 20

by

5,950, ¢00, 000
8, 130,000, 000
12,800, (:20, 000
71,400, 000, 000
11,200,000, 000

e

T SR

¢
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Jonns-Manville Research Report No. 4:5-7-1360
znd Engincering Center .
Figure 1. Schemotic Diagram of Te-t Line Installation "
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no leafs) TRANSITE
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FIOR Tty
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Water | . E

- ' —d—— . ;
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Figure 1 (cont'd) - List of Equipmcnt - Test Line Installation

Inlet Woter Flowmeter - Fischer ™ Poriar No. 10A35355Y - 9.5 GPM max.

Inlet Water Filter - Pali Trinity M cro Carp. filter housing No. MCSI002UX16
utilizing two pleated peper filter <z::ridges No. MCYI00IUX rated for 100 percent
removal of 0.8 niicroa.zter,

Chemical Pumn cn Inlet VWater - ’hemcon .F‘ump - Model No. 124 "Raider"

Diatomite Filter - BIF Model No. 121503 vacuum diatomite filter, 240 square feet,
flow rate 175 GPAM ot [iva Lsig. Op:rated with [2afs removed and no diatomite in
system,

Pump Weirman Madal zkfi (Certrifuge!) capacity 175 GPM at 220 fect TDH, 2-inch .
discherge, 3~inch suction flengad 70 M2 3500 RPM motor 460-3-60.

Cuno Filter - "Micro-Wyn !} cart:ridee type filier, type CG 40 S-4 for 175 GFM at 1.0 micro-
meter filter dersity, 95 psig inle! - five psig prassure drop. Cartridges used are 160
each of JM 2E7P c- equivcient,

"Large Millipore - Mi”ipore 20 se' multi plate filter unit complete in 30 set plate .
- capacity be!l kousing. 0.8 micrcneter filter tapers.

,Samplc Millipore - Millipore five sct multi-plate filter unit complete in five set
capacity bell housing. 0.8 micre ncier filter popers.

Sampling Fiowmater = Schutte & “'= rtina Figrre Me. 18410 size 6HCF6 type SK W/S.S.

fittings, 17.5 GPM ¢ 55 psig cne -i .ch coanne stions.

Sampling Crfice & Rezerfer = Be ke model N, 153062, ccpocit‘y 17.5 GPM with

one pair (=172 inch +VC crifice § :nges,

EH Moters - Bezkman Madel Mo, 979,

Water Softener - Sears Raebuck ! iodel Mo, 625.3474 - capacity 8.5 GPM

Total Flow Drifice & Display - Frxboro, serial Ne. 423484, capacity 300 GPM
(model No. unkrown).

Water Testing - Hach portable enqineers kit - Model No. DR 18348,

-45-
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EQUIVALENT AVERAGE DEAYH RATE
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DOSE MPPCF - YEARS (LOf5 SCALE)
Prepared by Marvin A. Schneiderman, Ph.D.
Associate Director for Field Studies and Statistics
National Cancer Institute, 9000 Rockville Pike, Bethesda, MD, 20014 USA
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. MUNICIPAL WATLE. 05 1145 AMALYSIS ©o. Mpendic 03
- Tiltered - . Fet Cent Filies in Totel “tatal Calcium  Tolul Tron ’
Quantity #sh Fibor in Oriwingl Sofids  Hardnen Herdness  Albelinity ©
Sumpls {Gols) ™9 Ash Viytee mg/t  mgh mglh mg/e mg/t
ea/ad ptt '
11 Globe 1ouce | -8 3.0 0.04. 0.2 8.1 479 1% 14 1 0.02
12 Globa dist, system [ 0.4 0.0053 0.9 8.0 614 183 u .23 0.10 )
13 San Diegn source 5 2.0 0.067 0.27 - - - - - . . -
14 Son Dicgn dist, system 413 10.0 0.137 3.18 8.0 753 3 204 s 0.07 )
15 Long Bcorh towce -1 ) 2.9 0.050 2.5) - - - - - -
16 Long Beach dist, syttem 4-1,3 10.3 0.098 2.34 8.0 40?7 104 76 |2 0.C5 )
17 Feovideace towee 4 2.7 0.141 .75 9.4 63 bd 25 5410(15) 0.02 .
13 Providenca dist. syitem ] 3.4 0,16} 1.45 105 8 56 11 ISIS(0)  0.05
12 Providence dut, syitem 4 2.5 0351 2% 102 B2 4s “ 200508) 98¢
20 Providenco tource 4 10 0.302 0.55 9.8 62 3 25 10+5(15) .21
21 Providence dist. system 4 0.7 0.574 1.0 9.8 61 30 25 S+10(15) .03
22 Vfichita dist, systam 2 211 £.018 1.82 9.0 359 113 81 13+82(95)  G.01
23 Vickita sowce i 5.6 0.c84 1.13 g.4 355 br] 49 2425EY) 8,28
24 Wichita dist, system 1 7.4 0.022 6.3 8.9 389 105 52 9+80(77) 2.5 .
25 Memphis dist. system 5 7.8 0.222  6.:2 8.3 % . ¥ 3 0.08
48 Soginaw touce 4 18.0 0.00026  0.2:2 8.0 138 16 75 82 9.725
47 Sadingw dist, system 4 4.3 0.00045  0.0M8 9.0 13 88 54 48 9.m1! .
48 Viiancpeg tource ST M0 0.02% .57 78 797 ) 87 0.1 )
49 Wianepeg dist, l;zlem R H 8.9 .034 C..7 &:Q., 129 98 [ 87 C.235- ¢ 7
*Fhenolphtholein Alkolinity ¢ Mathyl Ocence Atkalinity (fotc’ Albz'inity in mg/t CeCO3)
CHRYSOTILE ASBISTOS CINTINT OF RIVER WATER

VMM S e s wmo e umtowm yn Y ym

Juniota River

Breefewoad, PA. 0.0 0.0 131 2,75 0.¢ 405 92,20 0.4 Q.19 2.92 1.8  S.-1 0.0
Newton-Homilton 0.0 0.0 0.0 0.0 0.0 2.37 0.0 0.0 fat 6.18 543 4.6 8.88
Lewistown 2.96 2.8¢ 2,26 3.35 - 1079 0.0 0.0 1,09 8.57 14,95 == e-
Anmity Hell 6.06 6,30 2.9 0.0 - 2.02 0.0 0.0 2,38 0.0 L e
Canaun, Vi 48.05 3.9 L<3 1L2S 0.0 .74 1.83 2,95 0.3 1.58 f.0 0.43 0.0
Littletan, NLH, 2.6\ 0.0 .81 2.77 5.08 €.0 13.79  0.83 1.25 0.0 .3 LSS 0
Lebanon, NLH, .4 0.0 0.0 313 2.84 .92 0.0 1.& 1.70 1.15 .37 1.3 0.0
Greenlield, Man, 8.39 .48 341 0.0 0.57 €07 2.98 4,44 1.63 1.3 1202 4.2 1S5
Middlatown, Conn, 623 11,57 4,41 10.10 $.75 12,48 0.0 0.88 0.48 - J.02 4.52 8.43
Note: All aumben in micronzams per golion.

0 = 5o fiben detactel or (ewer fibers than considered reli ble T *

All valuet detennine.t by elactron microucope cbiervotion, No fibers were visible in ony of the samples under optical

micrascopic obsarvatioa at 50X magnificatlan,
-51-~
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. © APPENDIX E .

DOSE RESPONS? RELATIONSHIP
In persons occupationally exposed to ctbertss (McDonald and Enterline) most of
the cancers reported are of the respirctory system. However, some of the asbes-
tos is ingested, and excesses of digesti--e system cancers are also reported. The
figure compares the.rates of digestive system cancers following exposure of two
groups of asbestos workers: McDonald - miners; Enterline ~ retired industrial
werkers. '

Since McDonald and Entorline measur= ¢ ~ir responses on different scales, an
attompt wes made to eguate thaee s2=i:: + 2ing the bronchus and lung date.  This
led to an "equivalent cverage doath reie” (EADR) of ten being roughly cemperable
to a “standard mortality ratic™ (SMR} :I 120, an EADR of 20 = SMR of 400, EADR
of 30 ¥ SMR of 600, etc. os shown ar = figure.

’ ﬂ\

It also led to a dose response rxlzticnsiip =s shown by the line of trizngles. This .
dose response rclchcnthlp is not appre-ricie for the dtgesn‘ system. In fact,

there appear to be two deose resconse el Hionships in these data with rhe cre fer

the miners at a higher risk than the in:vsrial werkars for the scme excesure in mppef
years. ’

.
-

Because of the pcucity of data, samz forz groups for botn the MeDencld series and
for the Enterline serics were combinsd  {cDonald originally reperted siz dase
groups collapsed here into feur. Enteriina first reported seven cosz gioups. Zn
one publicetion, he collepsad thesz ir*o “ive, and in this figure ‘h=y are further
collapsed into three, Both the McDorale data and the Enterline data shew posi'iv
dose response relctionships, Tho Erte:'i-=2 da*a are possitly c01='sr°n. with a
threshold somewhere above ten mpg=f e 5. The McDanald dete show no % “Zars
of a threshold., -

o

(¢}
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AIPENDIX F

Research suggested for furiber elucidation of the primary question "Does

the use of asbestos-cement pipe ir: potable water systems constitute a health

1.

hazard ?" Not arranged in prioritias.

Develop a standard method for determmmg asbestos in water according
to needs for item 2.

Determinc the quantity of usbastes by categories of size (length and
diemeter) as it actually exists during variations that might be introduced
over time, m.mllahon, tenping, ete. in potcble water supplies distributed
in asbestes—cement, metal ond plostic pipe

Determine the increment ¢f asbestos fibars odded to the water as it .
traverses a:- cstos-cement, metal and plastic pipe systems under varying
circumstances of installaticn and operation.

Determine the contribution that the asbestos centent of soil, in which -
pipe of the three kinds is imbadded, mckes to the asbestos content of
the vater traversing the pipe.

Determine the effect of wcler flew in on asbestos~cement pipe loop (not
instglled in soil) under variing conditions of velocity end aggressiveness,
and also with resnect to dittance and temporal influences.

Examine the wse of crocid=lit: contert of water as @ "marker” of fiber

migration from the g:besto' -cament pip2 wall tc water in operaiing
systems, (Pize loop ond I «ru),

Conduct mnima! studies bo!' by inhalaiion and direct ingestion to examine
the quantitative ospects (tatal and for various kinds, sizes and shupes of
fiber) of fiker ontry into and its fate in the gastre-intestinal system and
migration from the system. Clearance and migration studies.

Conduct animal inhalation and feeding studies. to explore possible carcino-
geni: effects (gastro-intestinal, peritoneal and others). Perheps combine

this wirh 5’6. .

Conc'uet studies to ascertain whether or not fibérs migrating from either lung
or gastro—mtcsrmal tract might reach the peritoneum. Perhaps as part of #s,

54
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10.  Conduct a direct study of human population groups exposed fo ashestos-

cement pipe distribution systems in contrast to distribution systems of
other materials in terms of concer experience ~~ especially gastro-
intestinal and peritoneal mesothelioma.

11, Conduct studies to develop better dose relationships invoiving occupa-

tional eiposure to asbestes and gastro-intestinal and mesothelial cancer
experiences.
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