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PROJEZT HISTORY

-

Reseaich lias reverled a rerngniced occupational health hozard connected
with escessive and prolanaed inhclation of asbestos dust. A related question has
arisen regarding tha potsitale healtl hazard that may result from the presence of
asbestce fibers in water, Leseronnze food, or Fluids used for the administralian of
drugs. Since contideral!e umount: of atbestos-cement pipe convey potable water
in Noi i Auerica. Euroye, ond ol er parts of the world, a questicn has also been
raised ~ith respeci to tha possible Leclth hozard that may* be associated with
drinking water which has fluwed Hesegh asbestos-cement pipe.

The asbestos incustry hus been investigating the biological effects of
ast:estos for many vears.  Alddition-lly, the A.°C Pipe Producers Association
contracted with the fmaicun Waler Viorks Association (AWWA) Resecrch Foun-
dation tn study the problem of csbistos in water, and specifically with relation
to the use of asbestos-cement pipe.

The objective: of the study ‘vere te: (1) assemble all pertinent literature
on the biological effects of ashastos; 12) have a committee examine the technical
literature and on the busis of present knowledge issue a report answering the
question: Does asbestos in water constituie a hazard to health by causing @
areater than normal occurien ;e of vastrointestinal cancer or molign:mf mesorhe-
lioma of the peritoncum or pleura?: und (3) rec > mmend the research required o
finally resolve the matter, .

Sclection of Study Committee ‘ Lo .
In the forriation of the szle~t committee, cunsidercble attention was
given to keeping the group mancge bly small but invested with compatenzy in

the following specialtics.- .
. 2

1. An incdivizlual familiar with the esbestos problen in air and w-ier,
a2, A representalive of the 11,S. Envircnmental Protection Agency {EPA;}
familiar with the problem,
3. A reprosentative ot the water supply industry.
4, An experl in analyticol methods. ‘ -
.
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5. A pathologist.
6. An epidemiologist. :

7. An international ¢ xpert knowledgeable in the water, medical and
' public heclth fields, ond capoble of providing input and insight
from cbroad.

The fact that the commiti e members acceptad the first invitation to serve
indicules their interest in the subiect,

The following versons served on the study committee:
Marvin Xuszhner, M. D.

Dean, Schocl of Idedicin:

State University of New ‘York

Stony 8rook, New Vork

Roger Lee

Chief, Surveillznce & Tezhnical Assistonce Section
Program Operations Branch

Water Supply Division

U.S. Environmentc! Protection Agency

t
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Gordon G. Ruveck
Director, Water Supply Fasearch Lobcratory
U.S. Environmental Protc ction Agency .

et e et =

John R, Rossum
Sanitary Engineer
California Water Service Company

Marvin A, Schneiderman. Ph.D.
Associate Director for Fi- Id Studies and “tatistics, DCCP
U.S. Depurtment of Health, Education, and Welfare

Public Health Ser-ice
Naticne! Cancer Institute

E. Windle Taylor, C.B.E., M.A., M,D., D.P.H., F.R.C. Pcth.
Diractor of Water Examin ition (retired March 1974)
Metropolitan Water Boarr!

o London, England

Geo;gc W. Wright, M.,
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Pro=edure

Two meelings of two days’ duration were held. Prior to the first meeting
the AWWA Research Foundation <*aff gathered ond analyzed, to the extent possible,
all the pertinent literature on the biological effects of asbestos. Copies of papers
dealing specifically with asbestos in water, including analytical methods, were
sent to the committee mambers <! thair study prior to the first mecting. Each
committee member also received :stracts of the Lyon Conference papers, the full
text of whichwas availuble for tiizir examination upon request. The committee
members were also insiructed to concuct their own search for additional information.

5
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The Lyon Confercnce, corvened by the International Agency for Research on
Cancer, wos hel.! in Lyon, Franc~ on October 5-6, 1972, It involved 137 partici-
pants from 20 countries and wes c-:ll:d to review all evidence relating asbestos with
cancer and other biological effects.

4
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Worthy of mention is tse 3¢t that in addition to the technical papers
listed in the bibliograply, the ccnference resulted in the issuance of a report
of the cdvu'ory committee on asbestes cancers. Penels specializing in
epidemiology, pathclogy, ~nd phsizs and chemistry, met in o separate
session after the conference and p-er-ared a report which. consisted of two
sections.

arrear g

L]

The first section providad 3 cxenercl review in the form of answers to a
number of important gensra! questions about the relation of asbestos to cancers
of diffcrent body sites while the scond section offered recommendations for
further research. Question seven in the first section was phrased as follows:

“Is there evicence of un increased risk of cancer resulting from
asbestos fibres present in v a'ar, beverages, food or in the flvids
used for the administration of drugs ?"

The answer was os follevs

“Such evidence cs there i+ does not indicate any risk.

1
]
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]
!
|
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The panel on pathology atid experimental pathology recommcnded the
* following two projects for further 2xserimental shtdy

1. "The effect of lor;-term ingestion of fibres of various sizes,
shapes, and chemical composition should be studied."

2. "The cffects of fi' -ec and 2ssociated metels on the metabolism o
of target organs siould be investigated. "
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Neither of these two groincts were rated high in priority.
The bibliogreohy !isis the :naterial distributed to cach member or
available for their study.

The nurpase of the ©rst m:@ting wes to crienl the committee, exchange
information and views, discuss th: woik reporled in-the literature, and cssign
various lasks to be cerfarmed by e zommittee members during the three-month
interim hetween mectings. '

The second. committes mezii~g concentrated on the health hazards posed
v asbestos in water (tasad on prse it knowledge of the subject) end rr:commendations
for rescarch neeled fo answer nnrascived questions.

varal committee members collaborated

Following the sezond rmeitirz, so
on the devaiopmesnt of ha stater ent of the coruittee's position ond recommen-
dation. This wes zircu’atad 35 -izil to ¢!l memiers,

Section 1i! /Surmiiery): s:ction IV (Recommendations); section V (Committee
Report); section V! (Ref.rences); c:d scetior V! (Appendices) comprise the COM-
MITTEE RECORT, '

.
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SUMMARY
Does the use of asbestos-ement plpe for potable water systems constitute
o heolth hazard ?

This question hes been raiser] because of the pOSSlblllfY that asbestos fibers
_might be releascd by mechanica!l action during construction or subscquant tapping
of the svstem, or by erosion or by leaching and thus be ingested diractly or indirect-
ly through water drunk or through food prepered from water flowing through such
systems. Asbestos-cement pip2 hus been in use for potable water systems for 50
"years in Europe and almost 40 ye.rs in the United States of America without overt
evidence that it poses a hazard ' health, Populations using these systems huve
not bee 1 studied with techniques adequate to reveal small differences of health
‘experieace when compere? to pehulations using other water distribution systems.
Moreovzr, the lag time for biolosical effects such as'cancer may be longer than
the per'od spanrec by the use of ashestor-cement pipe. For these reasons, a direct
evaluation of the question on cpidemiolcgic grounds is not possible at this time.
Nevertheless, it is possible to ccnsider the matter in o useful way by exploration
of the following questions:

o e o S ot - b ekt s, ok v S o
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A. Is there valid evidence that ingest=d asbestos is harmful ?

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

There is sufficient cvidence 1o support the presumption that
occupetional exrasure te asbestos poses an unusual risk of
develeping gastre. ~intestinal cancer. Thi$ is assumed to be
caused by the cs-estos ingested s a result of o"cupohonal
exposure.

An excess occurrance of peritoneal mesothelioma hus heen
reported in most sccupational groups 2xposed to airborne
asbestos. Althorgh it may be so, it is not certain that this
is ccused by ingc¢sted asbestos.

b

8. - What is known d'sout the determinants of the buologuccl elfects
of mgestlng usbestos ?

Tl:ere is evidence that whaiever gastro-intestinal carcinogenic
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effect is demonsirablz, it is relate] to dose but is not related to
variely of fiber, ane whether or not it is related to fiber size is
unknown. If ingusted asbestos pleys a rcle in the development of
mesothelioma of the peritoneum it can be expected to be dose
related ond probebly related to the dose of these fibers longer
than ten micromnters und thinner than three micrometers. It

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

" different varietics of fibe-.

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

The general pre:-alence cf asbestos in soil results in its presence
in most waters of lcke, river, and well origin, and in distribu-
tion systems whurher fabricated of ashestos-cement or other
materiais. Additional atbestos fibers may be contributed to
the weter flow through transfar from the asbestos-cement pipe
wall or deposit in the pipe during construction or repair of
the distributicn system. At present the availeble data are
inadegucte to duscribe 12 quantitctive or gualitative con-
tribution radz by asbestos-zement oine clene with respecr

tc the amount, tize, cnd carsistence of tha asbestos fibers
fsurd in potcble water <lstribution systems,

If there is evide'ic= to indicate that ingested asbestos is harm-
ful, what inferences cen be draown from the circumstances of
such exposure thct cre applicable or meaningful with respect
to the exposure *hot might b experienced due to the domestic
use of asbestcs- :ement pipe ?

The total amouw toi asbestos ingested by occupctionel groups
somns a range tost, evern ct its lov est level, is many times that

- which is like'y "o :2.experienc»d by the public use of water.

from asbestos-cument pipe systems. Since the occupational risk

of excess gastrc-intestinal cancer is dose-related, the slight or
perheos no risk »ozed by low le el ozcupational exposure makes

it even less likely that the expousure from ingestion of public water
would poie a gustro-intestinal cancer hazord.

Asbestos-cement pipe systems have serviced:large populuticns for
40 or more yeaors in Europe and the United States. No apparent
increasec in peritonea! mesotheliomas anong the public has
occurred during thic period despite the fact that this tumor has

.H‘ \u
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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 nc 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 thal the proper use of asbestos-cement pipe poses

a hazard to health by resson cf ingestion of asbestos fibers. Calculations comparing
the probable ingestion exposure in o=cupational groups to that likely to oczur as a
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 wcter, reached
a similar conclusion. Additional evidenze, currently not cvailable, to show more
directly that the use 6f ashestes-cement pipe is without risk, is desirable. Appendix
F lists proposed areas of research directed toward achieving that goal.
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RECOWENDATIONS

Of primary importance is the development of a standard analytical
procedure to identily and quantify asbesros fibars by type and size as they
actually exist-in water. This ability is essential for the equally importani
study cf pipe systems of various n ate-ials to determine the effect of the
asbestos content of the soil in which the nives are laid and the effect of
the pipe itself (asbestos-cement) tpen the asbestos content of the water
traversing the system.

In gddition, necessary rest:crch should include epidemioclogical
studies of human population groups expo:ed to asbestos~cement pige
systems, and animal studies to excmine the health aspects of asbestos
* fiber and to explore passible carcinogenic effects.

Appendix F provides a mote detailed list of suggested research
projects.
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COMIMITTEE REPORT

Introduction

The question we have been osked is: Does the use of asbestos-cement pipe
for potuble water systers constitete a health hazard ?

This question has been rai-2d beceuse of the possibility that asbestos fibers
might be released by mechanical 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 throvgh food orepared from watar flowing through such systems.*
Asbestos-cement pipe has been in use for potable water systems for 50 yzars in
Europe and almoest 40 years in the United Stotes of America without overt evidence
that it poses a hazard to haalth. Populutions using these systems hcve not been '
studied with technigues cdequata ‘o reveal smaoll differences of health experience
whea compared to oopulations usi.ig other watar distribution systems. Moreover,
the lag time for binlogiccl offects such os can :er may be lenger than the period
spanned by the use n-ashestes~ceet pipe. Fer these reosons, a direct evaluation
of the question on epideminlogic arcunds is not pessible at this time. - Nevertheless,
it is possible to consider the mattar in a usefu! » “ay by exploration of the fallowing
questions:

A. Is there velid evic'ence that ingested asbestos is harmfui ?

B. Whagt is L:nown abiut the detarminants of the blOlOQICO[
cffects of ingestiny aosbestes ?

C. What ic the evidence that asbestos is released from asbastos-
cement pipe by mnchanical hendling during installation,
tapping for new urars, by erosion, or by leaching as water
flows through the syster:? If this dons cccur, vhat amouats
of fier cre relzcsad cnd what is *heir size ond pattern of
build up or persistance ?

A TRy

D. If the evidance irdicates that ingested askbestos is harmful. what
inferan=es con be drawn from the circumstances of such exposure
that are applicab's or meaningful with respect to the cxposure
that might be exprienced due to the domestic use of asbestos— -
cement pipe?

il eyt y

_*While the use of ashestos-cemer.t pipe for sewcge or other water systems might also .
be considered, it seems logical tr believe that such systems would have o lesser and
more indirect effect and that consideration should first be d.rected to potable water

systems.
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A. Is there valid evidence thet ingested asbestos is harmful ?

Data relating human exposure 1o asbestos in the environment to subsequent
health cffects ar= limited to occunational and para-occupational exposure. Such
exposurcs constitute a combination of inhalation and ingastion, since the bulk of
the fibers deposited in the regions distal to the pharynx by inhalation are cleared
from the lungs by being brought un into the back of the throat via the mucous
removing apparatus and then swcllewed or expectorated. In oddition, those fibers
deposited in the back of the nosn and the pharynx are likewise cleared into the
throat and then swallowed or expaclorated. Moreover, for most occupationaily
exposed groups, facilities for eating and washing were not always available, and
direct contamination of food consumed on the job was commoan, Although quantita-
tive aspects of expasure via the ingestion route in man have not been examined, on
the basis of studies of pulmonary clecrance of particles it is undoubtedly substantial.

e e e

Asbestos can ccuse granulomatous and fibretic reactions in the fungs, but
there is no evidence that it does so in the gostro-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, hos been reported in
associgtion with occupational and para~occupational exposure of humans to asbestos.
Since it is logical to believe that of these manifestations an excess of gestro-intesti-
nal and peritoneal cancer migh® be associat=d with asbestos entering the body via the
route of ingestion, these two classes of cancer were considered.

[ e i At

Severnl recent reporls lrave shown a higher incidence of tumars of the gastro-
intestinal tract in populations expeosed oc_:upoﬁonallé to ashastos than in a comparable
age group of the genaral public not thus exposed. v +3  Another study, comgaring
an occupational group heavily exposed to ashestes to several groups who had ex-
perienced lesser exposure in the tame occuaation, has shown a gastro-intestinal
tumor incidence in the most hcavily exposed double that of the lesser exposed .4+
In none of these studies has the cuthor conzluded that the data establish unequivo-
cally that employment in asbestos-producing or =-using occupatiens posas a higher
than usual risk of developing njastro-intestinal cancer. Nevertheless, the data,
when taken in aguregate, 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 ingestion, 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 occupatiorully and garo-occupotionally exposed to combined inhala-
tion ard ingestion of asbesto:. ¢3,6.7,8,%2,10 | contrast to the gastro-intestinal
cancers where the ingested fibers come into direct and 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 irly understood. Channels through which fibers could go
from™ the lung to the peritoncum without entering the gastro-intestinal tract do exist.
Morecver, the intestinal wall may provide a borrie+fo the migration of asbestos

B ‘(
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fibers of critical size from the luraen of the gut to the mesotheliul cells covering
the outer surface cf the gastro-in'estinal tract. For these reasons, the excass of
peritoneal mesotheliomas is less clearly the result of ingestion, and may be the
result solely of inhalation. ’ \

B. What is known abouf the determinanis of the effects of ingestad a: bestos"

The biological effect of virtually every ognnt is related to its sprcific
nature, dese, and host sensitivity or reactivity. Data relating the effects of asbes~
tos to host sensijivity or reactivity cre scant cnd not r-ppl(;coblr* to the g:estion
being considare !, Seme dcta ars cicilchle relating tha dose and <m=:|Fxc nature
of thr fitz:5 to the bivlogical eff2c's of asbestos.” With resp:ct to the specific
nature of asbestos fibers, one shaul<! note that the varieties of astestos r~ve
differont chemical zempasitions ~nd shopes. Some varictiac have me-r iren and

less megresium thaon o“wm crd sorie have straight, stiff fibers in contrast to
cthers that cie more flexible and curved cr cirly. Moreoever. the wirbarr dust
to which humans are exposed contains asbestcs fibers that very in lengh frem
hundreds to less then ona micromater, ond in d|omere' f-om tait or mar= to 0,04
micromelters.

Studies thct have examinrd the relctionship betirean the intensity end
duration of ozcupaticnal exposur2 1o ashestos and the irncidence of gartro-
intestinel cancer heve revealed data that cen be interpreted cs demon:trating
a dos= effsct, the risk decreasint with diminishing dese. 1. 5 Also seé Ap mand'x E,
There are data! showing ¢ greater +isk of both lung end g-.,;ff:)--n‘esfm::! z~ncer
in maintencnce then in producticn werkers 2ven though thair *atal exg xur 5 were
thoucht te be similzr.  Among several cther rossible explanations f-r this ohserva-
tion, the greater llkeh‘xood of higl. intermittant exnestre of r"mntn-v--.ce rerkars
-may have pleyed a roie. Appro, ir-ately the some order of exzess =7 ¢ z:tra-iniesti=
nal cancer hos beznreported in *hese pccupztions where chrusciile, - a27'ta2, or @

mixture of chrysotit= ond crocid~li‘e, have Leen used, 1,2,5,11 Thuz, thare
does not appear to be an effect related to different chemica! compesi‘ions ar
shapes of fibers, Airborne ashestos in all occupational and parc-oczunctiz-al
exposures contains fibers of all siz~s as to diameter and length, This mzkes it
impossible to study the effect of verious sizes of fiber by humen epidamiclogy,
Feeding experiments with anima's using asbestos fibers of mixed lergths ~nd :
diometers hove not produced a ¢asiro-intestinal carcinzganic resporse., 12,13,
14,15,16  Thus, no animal experiments have been concucted thus fer to examine
the effects of various sizes of filier on gas-ro-intestinal ca-cinogenas's,

* To summcrize, there ic evidence thet whatever gasiro-int2stinel carcino-
_genic effcct is demonsirable, it is related to dose and perhaps to pattern of dose, but
is not relcted to veriety of fiber uzad in asbestos-cement pipz. Whether or net it
is related tc fiber size is unknevin,
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With respect to mesothelioma, the only studies relating dose or severity
of occupational cxposure to occui 2nce of mesothelioma are those of Newhouse.
They show a dose relationship with the risk lessenirg as the dose decreases 821
Animal experiments support the do-a relationship premuse 22,2 ‘Unfortunately,
the studies by Nrwhouse do not e prass exposure in numericol terms. Available
evidence also suzgests that on excass «f mesothelioma occurs in occupationally
exposed groups at doses helow thee timat produce pulmonary fsbrosw cndcprobcbly
below taat necessary to cause an ~xctss of bronchogenic cancers? Evidence
. of an excess of mesathelioma resc'ting from parg-occupationcl exposure has been
presented with the assumption thet ir some instances these exposures hove been
extremely slight. The numerical ‘ntensity of exposure in these non~occupational
cases has not be~n demcnstrated. However, on the bosis of available information,
it oppeurs thc.t r:anv_of these expasures Lave been substantial, though periaps
brief. +17,18,20 1 55 disfi- ul' to evaluate the volidity of a cause~cnd-cffect
relatn:-r:slx:p betwee: zasual ond presumasly slight exposures of the genarcl public
to inhaled asbestos ond the deve'opment of mesotheliema. Such a relotionship
has been sought by laoking for o-posure to asuestas in the lifz experience of
cases of mesothelioma zallecied “rom hoipital or non-cccupationally derived
records.0¢ 70 9:110,79  1q view -7 the wide-sirecd use of asbestos, or asbestos-
containing product., nov ond du-ingthe pest 5C years, frequent slight exposure
of the gencral pubiiz must be cc wmasn. The importence of these casugl exposures
should be evalucted with caution.

The two cshestos zomzor 215 of asbertos-cz2ment pipe, chrysotile end
crocidolite, have Leen shown t= be essociat~d with excess davelopment of peri-
toneal mesothelioma. The experience in pure chrysotile exposure appears to be
less severs than thet of mixed v. riaties,*: 1F Unfarturctely, there cre no numeri-
cal dose data for the lotter exposu-es. Thorefore, it is unsefe to conclude that this
difference is a truz varietal effrct in terms of chemice! or physical character. Both
varinties of asbestos produce tunc.s of the p'eura in the experimental animal model.

Since humans crz expor g to ol! sizas of asbestos fiber, itis not possible to
examine the effec! of verying “hur size by hwnan epidemiolegic studies. Several
investigators have crodriced coieer of the plevea by introducing asbestos, glass, or
aluminum~cxide fibars directly into the pleurc or seritonea! space of experimental
animals. Somec dis~grec nent e<ists as to whether these tumors -re tha specific
counterpert of mescthe ioma in humans. Chrysotile, omosite, and crocidolite, as
wel!l as ciass and cluminum-ox’de fibers will produce these expﬂrimnnrcl tumors ,

This suggests that the tumorogenic eifect is no' related specifically ‘o the chemical

coinposition of the fibers. 227 <%/ 25 These animal studies have indicated o striking
effect of size of fit-2r an this tvpe of carcinogenesis. One can conclude from such

srud:cs that fibere thinner than three and longer than 20 micrometers orc more carci- -

nogenic than fibars of greater dicmeter, irresiective of length, or those shorter than

20 micrrmaters, irrespective « f diameter. " “Vhether these findings are applicable
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> the cffects of ingested asbestos has not been demonstrated by animal experimentation,
but they do suggest that if ingestion of asdestos plays a role in the development of
peritoneal mesothclicmu, it might be  xpected that the size of the fibers capable of
penetrating the gut wall and reaching. the mesothelial cells would be of importance.

To summarize, if ingested as!-esios plays a role in the development of meso-
thelioma of the peritoneum, it can be expected to be dose related, and, en o con-
servative basis, probably related 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 rz2lensed from asbe stos-cement pipe during proper use ? If it is,
what are the amounts and sizz2s of the fibers ond what are the patterns of
build-up and persistence ?

: Answers to these questions are dependent on methods for collecting samples,
identifying the speciflic veriety of asbostos in the gipe as distinct from other kinds
of co-existing fibers, ond measuring tl:e asbestos fiber size and amount without
altering the original state of the fiber-. Thi: task, even or ¢ research basis, is
extremely difficult and has been accompiished only in some respects to date (sce
Appendix B). There are no data delineating temperal 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. Fiber: identified as asbestos are found in the pri-
mary water source (lake, river or well) of most systems thus far examined. €€
Appendix D-1,3. This is not surprising in view cf the ubiquity of asbestos of one
or another variety in the soil of the United Siates *hrough 'vhich source waters flow,
or in which they lie, ond the consequent opportun’ty for leaching of fibers from the
soil into thase waters. Appengix C shows the distribution of askastos on or close to
the surface throughout the United Stotzs, There is also ihe opportunity for some
of the asbestos Fibers fread inta the gi=z-ghera by »ind erosion, by earth disturbance,
and by escape o fibzrs from the use o commercial articles containing asbestos to be
washed by surface-wcter drainage int:: the primary sources. Thus, one cen anticipate
that appreciable amounts of ashestos f'ber exist in the water as it enters the distribution
system.

]
i
i
i
it
;
13
E
]

Y

It is nccessary to determine !he amount of ashestos in potable water and the
increment added by the distribution system. It is also 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. Linited studies of vater circulcted through a :
closed loop of ahestos-cement pipe, not buried in the soil, reveal that asbestos
fibers can be transferred from the pipe will to the water. See Appendix D-2.
The mechanisms governing this release and its persistence have not been established.
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Three osbestos-cement pipe systems in use for a substantial period of time have
" sampled for their asbestos fiber content. The data on asbestos content of the
.rer from the system reporizd by Sargent were obtained by examining the samples
ith o light microscope only.<” Subs2quent examination of these samples using the
_lectron microscope, which sermits rucognition of chrysoh!e csbestos, revecles thct
N Iargc proportion of thz fibe -] *'lg...: v reported os being asbestos were in fest

. 2C This experienca exemz . les rne difficulties inherent in measuring the cibzsics

. ontent of water.

The other two ash2stos-_2~e-* zipe systems were anc yzcd by ¢ technics
t5ce Appendix B cn- DY parmitting -.3sian mlcrosco;ie rc\.o“'t on cnd quantif tag-
rion of chrysotile ashestos. ln on2 of theie the sourcz and pipe s stem ley In sarpan-
nne soil. Preliminary datz place the crontity of asbestos in tzp weter in this syctem

. 119 microgram pe- liras. The 1z.cz - water contained O, el micrsooe s ozen

ot
',',:o increment emounied te 2.I74 0 iy zmoper liter.
In the second system thz we!! c2z asbestcs-cement pipe lay in oil conmparctively

frece from serpentine rack., The tzz .ztzr contaired 2.07 :lcrogrom cer !"ter and the

“n s’y

cource weter 0.0C81, The fnurarisc oo Lited o CLII40 mizrsgrem per Uter,

Appendix B indicates
ve cspects Ir2 ex~
3

the mojor difficulties ses2d by - “3:'_ : gy us _c. ".’:3 o
Z of the achestos

pressed for chrysstilz waly. Thmprzils ‘.._hy comg:ises
used in asbestos-cement pip2. The confidence limits with present techninuas at these

minute amounts mcy be cs much s sne order of magnitude. Sinee rhe originzl size
H !

of the fibers is a'izxred =y the "rus- sot tachnique ™ we hzue =3 iincwladge of the
amount of fiber in the viztor as it iz irgasted by humens cecording to |enorh ~d

Bpdialoog i -

digmeter. ,fl
Multiple “igh-zlume som27l-5 ¢'s5 erezizs enmz ETT 2 Hes, ers gred Jote Eg

viith respect to the aifzct of lengt: o pipe traversad, velocity of flow, 24d tz=soral H
effects do not exist. Nevartheles:, trzs2 studies f-FFc'c' c prei':’.in:ry eifnate of f
the hlfc|y exposure by war of in g:s.‘?o:z .rv top water for zomser’.en wit Iz zxpoiure E:"'
by ingestion °x3~=- anzed by occus *ienz! groups. '.7.::\, iz azt pravide infciTetion 3
on tha amouat of “oer: of various sizas. One should clsz ncte *hat If It ceuld be E
established that the moke-up of the pipe, the aggressiveness of the weter, cnd factors i

such as velocity of flew ond age of pipe were essenticlly tha scme in 2 /2 systems
excmined, then other exnlenction: fir -2 difference in cizestos contz=t o the water
must be found. Serpentine soil conteins zsbestos fibers. Poriicles of suzh :o!l inter- oo &
ing the pipe during construction, aspecizlly those lodging in the crevices of i ints, i
could slowly and over c long per’ 2 of tine contamincte the wztar, A* prizert there
cre not ode juate date for a descrintion of the quentitative or ~u::'|‘~‘|"° ")"‘ 3‘ ,
- csbestos=cement pip2 as a contributer to asbestos fiber found in poteble water & distribu=

tion system:. However, the avai'ckle data do indicate whet cdditionai si:Zies need

Fo-tese g5 0z
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tc be made and also afford a first ansro- irmntion of the magnitude of the possible
kealth hazard.

D. If the evidence indicatas that i.jested acbestos is harmful, whet irferences
can Be drawn from the circumstc :ce: of such exposure fnc: . : SFpricosle
or meaningful with respect fo th: exposure H.at might be expericnced due
to the domestic use cf asbestos-~2ment pipe ?

With respcct to an excess of gasirc-intestinal cancer, such evidence cs there
is does not sigges: that the veriety of «-a=1tos ploys a roie end thur the kinds of
askestos used in arbast is-cement pipe : ‘gi i ke ifplicated. There is .2 svidenze
in mon or animals about H:e influanza =7 2 size of fibers ingestad == ke develop-
ment of gastro-intestinal carzirogenesi-. .terze, until edditicnal inforr stior is '
available,it must be orsumed that th~ s -« of fikars exisiing in potihin vetor could
play a role.

Evidence dasived fror gz2 -z " v o zesis: Tadiactae g diveci Coeu iglaticn-
L . . = - ‘e s> ' - on g
ship between envirenmental oxt.v o o iz llXc oo sxoess genTi- Tt oozancer.
- . - H o Q'
The amcunt ingested can be expeztz2 ! 1rocthy relared to the wwircnmints.

disa
expcsure. The amount of asbestos in wauter delivered threugh asbestes=cu
ond other pipe systcms is expressed in terms of micragrams per liter, Uting
.ind of date, onz can compare the qun 't7'y of csbestes likely iz beirgnete
‘water to those irgested hy the c=cupation:lly-exposed pepulutions eunsriens
an excess of gastro-intestinal cance-, 'hus placing ihese two catogories of p~pula-
tions in perspective.

As shown in Appendix A, o=2 « zr coleulcte the c-pproxirncte'cmounfs of
asbestos ingested by the occupationail -« xposed peaulatinns of the *wo group: where
an excess cf gastro-intestinal cancer cid exposure datc have been reperted. In ihe
MzcDonald group this rangad from 2.1 :5 "68.0 grams, and in the Enterline group from
42 to 336 grams during the working 1:° ti~-e of the men studizd. For compcrison,
besed upon a water consumptio of fv+ ! 205 per dey, one zan calculate that the
total amount ingested in 30 yeurs Sro~ **z water systa:n with the highest cencentration
of fibers would be 0.07 gram (Se= /¢ :ndix D-3.Memzkis, not csbestcs—cemzni pipe,
filtered). The higher of the twx cs’2. 3 -c2m2nt pipe systems studied (Ste Appendix
D,Malvern) would provide a tote! ¢? £.75 grom ingested in 40 yecrs. That the amount
of asbestos ingested from ashestzs-z2- 2-* pige system; over a 60-ycar priicd would
approach the least of the occupatione’ ¢«acsures is unlikely. 'oreover, th: dose
response observed in the occuratianul’v-2xposed populations suggnsts that ot the lower

levels of exposure there was slight ar = veps no risk of excess astro=iniasiinal
- v . ots
cancer. - “hsss zemagrs to oe coven s sronebility

1,4,5. Alsosee £npendiv T -

(1]

SNE, el ooy |

that the ingestion of asbestos frem - ~"zher of the two potcble a:bestos-ceme v pipe R
systems would reach the risk leve! fzr zuitro-intastine! cancer of the occupaticrally- 'i
exposed groups. . ’ g
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" With respcct to mesotheliome. ¢! the peritoneum, the occupational and pora-
occupational exposure is by both ial-alatien and ingestion. Neither route provides
direct exsosure of the target cells. The fibers reaching the plaura or peritoneum
do so by indirect rovies, It is poss:ble, tharefore, that peritoneal mesothelioma is
not caused by ingestion of fibers and thus not a matter for our consideration.- Both
chrysotilc and crocidolite are associated with an excess of peritoneal mesothelioma
in occupationally-2xposed 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 hazardous 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 apt to be provided by potable water. Since animol 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 al! or
most of the fibers releused by osbesis-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 mscthelioma risk would be small. As stated
at the outset, asbestos -cement pipe systems have serviced large population:s for
40 or more years in Europe and the United States. INo cpparent increase in
peritoneal mesotheliomes among the piblic has occurred during this period despite
the fact that this tumor has been the focus of great interest among pothologxsl‘s
for the past ten years.

Conclusions

- No firm evidence shows that th2 groper use of asbasfos-ccment pipe poses
a hazard to health by reasen of ingestion of asbestos fibers. Calculations comparing
the probable ingestion expcsure in cccupational groups to that likely to occur as @
result of ingestion of potable weter ‘rem csbestos-cement pipe systems suggests that
the probability of risk to health from the usz of ruch systams is small = approaching
zero. A group of scientists ot the Lvon Conference on Biological Effects of Asbestos,
who lookad at the %ossible hazard pased by csbestos 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 proposed areas of reseorch dir2cted toward achievirg that goal. Most will
require several years time and the commitment of substanticl money and manpower.
Some require techniques not currently developed.
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APLENDIX A

The approximate amount of fiber ingested by reascn of inhalation in
occupational settings can be estimaled retrospectively if the intensity and duro-
tion of airborne exposure is kncwn, The nccupational group reported by McDonald
et ol had on cirberne exposure :ganning the range of 10 to 800 million particles
per cubic foot (mppcf) years.4' Assuming a duration of exposure of 40 yeors
for a person acquiring a total of ton mppcf vears, his exposure would have been
to an environment containing 0.2 ! mppcf eoch day. McDonald estimates that in
the general exposures of his sti'dy pepulation one mppcf of airborne dust was
equivalent to two asbestos Fibgvs per cubic centimeter (cc) large enough to be
seen by the light microscope.”! Thus, the exposure at ten mppcf years wos 0.5
fiber per cc for A0 years. It is reasonable to estimate that during work in the
occupations of his study group, the respiratory volume, averog=d during a seven-
hour period of work per day, ‘ould ke o! the rate of 16 liters per minute. Doing
this seven hcurs a day, five dys a vreek, 50 weeks a year for 40 years would pro-
duce o total inhaled volume f 6.72 x 1010 c2. If each two cc containad one
fiber, this would amount to 3.3¢ x 101° fibers being inhaled in 40 yeors. In
occupational circumstences the fibers thet are counted by the light microscope
can be estimated to averoge 1 x Z0 inicrorietzrs. Based on the weight of this
size of fiber, it is estimated that 1.35 grcms of asbestos fiber vould be inhcled
as the equivalent of an exposurc ¢ ten mopcf years. Further, estimating that 80%.
of this size of fikor is deposil :d ond subsequantly cleared from the respiratory
system to be swullowed, o teia! of *.1 grams might be ingested at this level
‘of expasure.

Lynzh has shovsn thet in monufacturing operations there are 25 to 100 times
as many thin fibers requiring the electror micrescope for recognition as there are
of those lorge enough to be rzen by the Tight microscope.29 Gibbs reports similor
circumstances for the type of exposure reported by McDonald et al. Using the
lower valus of 25, and assutairg a fiber >f C5 x 5.0 micrometers, g lung deposi-
tion of 50% of this size fibe:, and clzaranc with subsequent swallowing of 9C%,
calculations show that the i+ gesti=n by this scavcctional greup ot the ten mppef
lavel was on additianal 1.0 grar of asbstes fiber. Thus, a total of 2.1 grams of
asbestos would be ingested -t this level of exgosure.

Since the greup unc'ar study by Mel'onald et gl =overed 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 tizes, and 1 to 80 grams for the size of
fiber measuring 0.5 x 5.0 micrometers.
. Based on Lynch's s*udies, the group examined by Enterline can be expected
to heve had a fibar to particle ratio of between two ard six fibers per cc for each
one 'mppcf. Choosing four fibers per ce fer the conversion ratio, ond using the
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" same calculations as above for McDon=1d's study group, the numbers are simply :
- doubled in order to arrive at the i:gestion exposure for the Enterline group. The

range of exposure for this group wes 109 to 800 mppcf years.. Therefore, the

ingesticn expo-ura 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
micromcters which would be seen enly by using an electron microscope.

A precise estimate of the ingestion exposure is not possible in these
retrospactive studies. The estimats arrived ot are meant only to provide a
frame of reference for comparison of the occupalional exposure to that which
might occur in the general public by reason of ingesticn from potable watar
supplies. -
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AFPENDIX 8

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

1. The cconcentration of of'\esrns fiber in water s generally very low, i.e.
in the parts-per-billion renge.

2. There is no convenient chxmical method which can be considered because
the elements present in a!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 fiker iz, in rost 1astances, below the limits of resolution

of the optical microse=pe

Faced with these limiiations, the cnalyst nwsr resort to electron microscopic
techniques for the id:ntificatizn ar2 cuanlification ¢f the asbestos fiber in water,

analysis of osbesies Ftb~r will -‘e-:enc to a or:cf eiztes 1t on the nofure of th" informa-
tion desired. Bcsically there are th-ee mcor steps Involved: -

1. Removal f the selids ‘rem the we'er by filtration on a membrane filter.

2. Transfer cf the capturad solids to a suxtoalﬂ mount for examination with
the electror microsccoe . : :

3. Exomingticn of the scmrle. incly'ing counting and measuring the asbestos
fibers which ara four 1,

The mcior’ty o7 infor action <hic'.hes been obtzined on tinz asbestos-fiber
content of viaters was gat=2-:d by ¢ mettod designed to determine the mass (or

-t o

weight) of chiyssitle presani. Tris method vros dev#lco-‘-*d to ascertain the levels
of chrysotile fibers ir source waters, cnd alzs to obtcin information on the possible
addition of fiber by esbestos -cemant pire. In somzwhat niore detail, this method
involvas a considerable deg' 2e of mechenicnl work on the sample prior to examina=-
tion by the electron microszape.

- After the suspended solids are colle<ted on the membrane filter, the entire
sample is ashed (a* 400° 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 ok-nitrecclulose. Tliis latter step reduces the size of the

ticles of residue which might hid . =x t2mely smoll esbestos fibars. The final
-esult is an even dizpersion of the i .gar’c residue in a film which is suitable
‘or tranifer to a standard electron-mizroscopn grid. '

The sample 's excmined under the slectron microscope, and photographs
taken of representative areas. Unde: the:e zonditicns it is possible to recognize
chrysotile fibers by their ¢''aracteris "¢ hellow-tihe structure. Quantifization is
accomplished by measuring the lengtis enc diametar of each fiber, calculating
the totc! mass, ond finally relating t'is =ass to the criginal amount of water
sompled. -

[

This technicue, wkich meny investigators cgree is the bes: cvailatle for
the purpcse, hos several shoricomin:; . Firet, becouse of the extremely small
fraction cf the sample which con "e xurined under the electron microscope, ond
because of the small criounts of asb: :tes present, hz azcurcey ond precision of the
analysis is very poor. Undur the i.ew” cnditions dup'icaie determinations on the
same sanple cannot ba repraducad b - catter than a factor of three. Although
there are insufficient data wrailch! "o estimate (e accuracy, most agree that
the true value is ct lecst withinafa - - <ften o th: mec.i-ed value. From these
values, it is obvidus that the report=! a'ves cor or'y e used as an inde». of the
rzlative emount =f fiber prasent, on <> grzat significar ze should be pldced on
small differen~2s, .

A second limitciion of this a sthe is the destruction of the origine! form of
the fibers by the rub-out nracnadu-2. There is in~recting  -essure from medicol
ond biological resec-chers to have i:fermation o the excct size and shope of the
fibers as they mcy be inge:ted. It i< ncassary, therefare, that methods be devised
to obtain this information. '

Finally, the meihod s speci’’e %o chryse tile ond corrot be used for the
- determinction of armciikele fitars, “his point is imeoriant since many verieties
of asbestiform minerals zoan mzr ~ L Tts, ond -:zideliiz is o comion ingredient
of asbestos-cement »ice,

There are sevarel casiible ve -jstiors of the < bove technigue which might :
‘be used *s obtain inToraction cbout *he origingl siz- ond shape of the fibers, and -
the verious types cf fioar araemat, ' fi*s the transmission <'ectron micrescope, it
is possitie to idertify = winercl var® 2t 2y micans of selected areq elrctrzn diffrac-
tion. This mathod s alsc {hmitzd ir thot it cannot ke usad relickly to distinguish
between the different *yo-3 =€ ¢-oh™c'es, f.e., crocideli.e, amosite, unthophyllite,
etc. Thus, grz can only e cortain th:t en amphib--le minerol is present.

In ord' r to obtain more infe neticn about th2 veriety of amphibole fiber, it
is necessary tc use an clectron-prob : cppreazh to determine the chemical composition
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of each fiber in question. This type of analysis can be accomplished in a scanning-
electron micrcscope wiih the propzr accessories, or in the more sophisticated
transmission-€lectron microscope now available, e.g. EMMA IV, These techni-
ques require more time per somplc 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 explcre new sample preparation teckniques. Obviously,
the technique cannot involve any excessive amount of physical work in the sample.
The most promising approach appaars. to be the direct-transfer method. In this
method the solids are collected cn a merbranc filter. Using a special extraction
apparatus, it is then possible to dissolve the filter and deposit the residue on «
carbon-coaled electron-microsccre grid. The sample con then be exomined by
either transmission or scanning elrctron 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 poinied out 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 ‘vork is
requirzd to establish their validity ond opplicability fo this problem. '
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APPENDIX C

KEY TO MAP, PAGE 35 -

Cresshatched or shaded areas a-e counties where amphibole
asbestos fibers have been reported,

Solid bleck areas are counties where chrysotile and/or
serpentine rock have been rep.arted. If both amphiboles
and serpentine are found in a county, it is solid black.

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

The dashed line s"ows lowest lim't of glacial activity.
Rocks not native to the area can be found north of this
line.
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. . " AMPENDIK D-1

JOHNS-MANMLLE RESEARCH ‘ - Report No. E404-79
'AND ENGINEERING CENTER |

INTRCRUCTION

This project was conducted to investigate the removal of chrysotile fiber from the
inner walls of asbestos cement pipe by potablz water in municipal water systems.

Two municipcl syztems were selected: Malvern,Pennsylvania and Glendale, Arizona.
Both systems utilize well waler sources. The Malvern well is drilled in a serpentine
rock belt tknown to contain chrysotil: fiber intermixed v:ith the rock), while the
Glendale system is outside any serpentine-becring orea. :

EXPEUMENTAL

Pertinent features of the two municip=l systems and water preperties are given in
Table 3 of Appendix 1. Sampling v s conducted ot the wel! site and at a loca-
tion down-line, referred to as the domestic site. The objective was to obtain
weekly samples at both sites in both =ystems; how2ver, manpower and equipment
problems caused occasional sampling interruptions. Sampling was initiated at
Glendale during September 1959 and :entinued through December 1970, Sampling
at the Malvern well site was initiate< in June 1969, but the dormestic filtration
site was not placed in operation unti! December 1969 so that comparative well and
domestic site dnta at Malvern vzas ne’ cvailable as early as Glendale. The sampling
sites were not changed throughout the pragram, with the exception of the Malvern
well site where a new well wes drilled o the original site in October 1970.

The sampling equipment and proceduies -re described in Appendix 1. Sample
analysis for fiber content, including :shing, rukbout and counting, is described

in Report ido. E404-37 and <04-67. Analysis we: conducted af the J-M Research
& Engineering Center. )

Analytical results for the Mol nrn ar'l Glen-ale municipal water systems are
presented in Tables 1 2+ 2 of Apportiv 11, Tabla 3 of Aupendix I, in tabulating
the water propertics at the well and «utlinirg the pipe systems, provides o basis for
interpreting the fiber level data. T ese fiker level dcta were analyzed statistically
and the results are outlined beiow.

There is u greater than 99 cer cent piokability that the initial fiber level (ct the

well site) is hicher at Malvern than ¢t Glendale. Teble 3 of Appendix 1l zhows the

average of all well site semples for Flalvern (0.17 pq-gal) and for Glendcle

(0.023 ug’gal). As stated in the Intreluction, the Malvern well is drilled in an

area of serpentine rock, which contcins chrysotile filier, while the Glendale well

is not in such en area. It is, therefre, not unexpected that well water from Malvern :
contains more fliber, B .
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Statistical cnalysis of the data yieids a 70 per cent probability that there was on in-
crease *n fiber level between the well site and the domestic site at both Malvern and
Glendcle. In addition, it was shcwn ttat at both Malvern and Glenda'e (within
each system) there is no significan® cor-¢lation between the initial fibzr level and

the amaount of increase. it thus op:iecrs that the water is picking up fiber from the
pipe wells, but the amount of pick--up is not significantly influencad by the existing
fiber level in the waier. Also, this lack of correlation berween initial fiber level and

amount of increase indicates thet *he fiber quantification precedure can define changes
in fiber level ina fected by the initial level,

Table 3 of Agpendix Il shows thet (e cverage fiber level increase at Malvarn is 0,28
ug/gc!, while at Glendaie *he czrags increose is 0.015 ,g/gs!. S*atictical analy-
sis yields a 90 per c2nt probebiiity tha* Malvern hod a greater fiber leve! increcse
between the vsell site and the domu:stic ¢ite than did Glendcle. Amaeng the factors
" that could influence removal of fiber from pipe by water are the water | “nperties,
the length of evposut. time of the »ipe to the water, the [low rate of th> water
through the pipe and the pipe surfcce area exposed per unit volume of water.

Table 3 of Appendix !l shows that *here is not o large difference in pipe crea ex-
posed per gallon of water betwaen the Malvern (0.80 sq ft/gal; nd Glendcle
(0.96 sq ft/gcl) pipa systems. The flow rate through cbout 90 per cent of tha
length of the Glerdale system wes 54 ft/min., similar to the 48 ft/min. through
tha Malvern system. The first 10 ; er cent of the Glendale system had o flow rate
of 138 ft/min., so that the cvera!! potential for erosion of the pipe was somewhat
greater in the Glendale system. The length of exposure time of the pipe o the
water could be an influencing fectar, Sut hds not been systematically evaluated.
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Sampling M wnic’sa

Apocratus Cascriziicn

e g8
/.
u.

The filter asserbly consists of a top and bottom section. The bottom section (en
four legs) contains c coarse stzinlees =ts -

f"" Pal e s
wer 200 . <

support disc. Taz tfecr
and is fittac witn ¢ 32! blesd

VNS .

rings. Boih iop aad bottom sectiors ¢ =
in. pipe.

Apparatus —osk-up

1. . To ihe oz section, canrast ¢ 4

to which a p.c:sh sipe cr mef2
ed to a cut=off valve tcpped [nt

zenter~doitled end tuppad

b d
2. nizziy, en

' mesh crd sintered stcinless steel fiiter-

2 12 plece by stéinfass stz2! wing-ruts

.s Yy '—A'a ~ecodrrate Te ca ’Q,. cetrl 4o
- \-v--lc-da} 8 $§2Q. 2L Wit -
L
¥

Q"‘J o= [S AN

o IR

-
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a.
(0]

zy be ciz ...ped.
> the system.

e'bow,
the clastis sige *

v

2. To the bottcm secticn, 23--23t 1:-ort nizzle, cn eizew, o~d znciher ninple
to connect the water mzrar. Th: cutflow s run off into o cenvenient drain.
Note - Ail fix{ings shcu!d be zrzz ¢ st1lnizss s*: 3., iibdon dope s Uses 25 =ioz
!
dope cou'd foul the flirars.)
Collecting Sample
1. Remove the ico sa2ciien of - coiembly,
2. On tha sinterad Fi'ter—s =, <y {e) e Wactman 541 filter pope which has

usze
been cut to size, %) c 0.2 « m nzre size Mil

Y12ore Filter sheet, cnd (c) another

Viagimen 54 “Hve- cozzr. T3 Fear shests zra2 ali 252 mrs gicineter.
3. Wat the %lirar papars f-om tht comter cutweres, and smooth out the rizples. -
4. Replace the top and :zin on e wing nuls F'"ger tigh:.
5. Open the water va-*-e s'cw'v w'+~ the bleed velve ooan. Waen e test
chamber is filied, slose *-e ye:d velve
-
6. Run cpproximately 230 =407 go'lers threugh the filter, “or urtil the cutflow

slows {0 a trickle.
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7. Shut off the water. Not= the injtial and final meter readings, and record 7 '
' volume, data, location, and any other pertinent data or observations. ! 3
8. Open the assembly and ramove the tcp Whatman 541 filter paper plus the i ;
Millipore filter sheet. leave the bottom Whatman filter paper in place 1§

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

9. Fold the filter sheets togather into a petri dish for shipment to be
analyzed.
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SOHNS-MANVI[LLE RESEARCH : " Report Ne. E404-79
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ATPENDIX 1I

vable 3. Municipal System Characteristics and Cata Summary

~ —_ - __ Malvern Glendalex ™~
; ' { i
ripe System ‘ i :
Diamater (in.) : 8 i i2 ' 6
Length (Ft) 2800 .. ! 1300 12,009
Area ex;osed to water (sq fit) 5860 : 1 4150 18,700
Werer velume flow ret2 (acl/min.) 125 ; 820 g0
V/ater linear flow rate {ft.min.) 48 138 54
Oipe area exposed (¢ ."!."'gul) _ €.80 0.54 . 1.06
~ Water volume in pige . 0.96**
Water properties (well site) )
Total hardness (mg . CnC O3) 4¢ 94
Cclcium hardness (ma: ZaCO3) 2; 61
Alkalinity (mg/2CcCO3) 1160 . 114
Dissolved solids ( ma/y) 10& 328
pH 7.8 8.0
Average initial fib=r level (. 0-'gal} c.17 e.cz2
(well site)
Average fiber lavel increase (- a/q.l) (.28 6.215
*The First 1300 tt of the Glendcle syst:m utilized 12-"n. diameter pipe, foliov-ed
by 12,000 ft of &-in diamcter pipe.
** Overall system g

.ﬂ‘lu
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_ T=INS-MANVILLE RESEARCH

2 -<ID EMGINEERING CENTER ' Report No. 425-T-1360
INTRODUCTION

f=-.~?ng 1968, a TRANSITE pipe test line vias installed in a building situcted cdjacent
-= +he Reseurch filtration plant. The nurpose of this installation was to determine
~--z amount of asbestos [ibers entering 3 potable water supply after pcssung through

———

== NSITE vater pipe.
PROEDURE

~3inolly, the system v.as constructe:] far 175 GPM to pass throvgh the installation
=~ 2 once~through basis. Triul runs revealed that a once-through system was not
*zxsible due to almost immediate pluaning of filters. Consequently, the system was
= ==verted to a semi~zlosed recirculating system with a small amount of filtered fresh -
~ ==r coniinuously entering the system. und cn eqiral amount of system water dis-
=~=rged to the scwer, in order to prevent dissolved solids buildup. (See Figure 1
= appendix for schematic anc equipment list'. (Refer also to Resecrch Report Mo.
< 13-T-1345). :
- most criticcl portion of the test irvolved two /Aillipore filters, one before the
T ANSITE line and one after the TRAIMSITE line. Tie TRANSITE line was 30 feet of
: =ss 200 RTPP from Waul.egan Plant, The cre-TRANSITE filter vias a 40 plate
. ll:porc containing 40 sheets (293 mm dianieter) of 0.2 micrometer [ilter paper.
I:%ore entering the TRANSITE line, all water passed through this filter. The 0.8
-"'-romerer size was chosen based on chem lab tests she'wing that 0.8 micrometer

iter poper would retuin 100 percent >f the asbestos. (See Reseorch Report Ne.
':J-lnt 1301). After lecving the TRANSITE line, ten percent of the water was

s>mpled by a ten plate Millipore filte: c¢:isd containing 0.8 micrometer filter peper.
“us, all of the ashestos fiber found en ‘lus filter ~an ke considered to have come
- sm the pipe wall. Hardness of the “+a'er was controlled by a water softener and pH
~as controlled by a chemical inje~tich vump using ditute sulfuric acid. Water velume
«. as about 150 GPM and flow rate wa: 6 - 8 FPS. A series consisted of a minimum
o7 ten weekly runs at a chosen pH and' hardness level. At the end of each weel:ly
run, the ten papers from the sampling Millipore were delivered to the chemisiry
lzh for filser analysis. A fresh TRANUGITE line was installed at the start of each
series of runs.

Fiber onalysis was originally intendec to be based on the magnesium contert found
on the sampling Millipe-e. llowever due to the extremely small amaunts of fiker
and because of traces ol magnesium from cement in the pipe ond magnesium in the
water, this approach was abandoned. The results from the first few runs were, there-
fore, considere- invalid and are not :eported. Runs "C" thraough "G" results »ere
_considered to Be as accrrate as possit-le and ore reporfed as valid runs. (See Tables -

.
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o —™NS-MANVILLE RESEARCH
Z INGINEERING CENTER - Report No. 425-T-1360

- "N\, Fiber analysis was performed by the chemistry lab using particle and fiker
- - —-s of magnified electron microscope photographs combined with a radiocactive tra-
s=- ~2chnique. Observation of the data showed thet in all series of runs, the amount
- “izer in the water is extremely small. For instance, calculating the numbers of
= - i>ns needed to produce one gram of filser results in the following:

No. Gallons Required for 1.0 g Fiber

5,950,C00,000
8,130, 00¢, 000
12,800, (*30,000
71,400,000, 000
11,200,000,000

QOMmMaonN Iéo
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Figure |. Schematic Diagram of Te-t Lira Installation

pH Elec.
- O N t Orifice

* 10% of flow
.7 Sample q-‘ 2-in | 4-in
Flow Rate ‘

- : plas. |plas.
R Cuno. . Largg
~ 160 Filier N '

90% of flow

Millipore

Total Tube:
Flow Rate
Display N7

Samplz
) Millicore
=45 Elec E
~ <~ &lec. I
. Pumg
- ull A Dive.
r /\ . Meter i \,'q"ve
: NeT )
Weter | - [ =l (Manual)
Softener M Mix Tank » 39“' ) '___
. (BIF Filter 3"C1 200
no leafs) TRANSITE
RTPP
o4
' 1" Coppiar .
A Py
Inlet ' .
Filters —X"
AN
4" Plastic
' 7
A Fresh
o Water

* Flow Confrol Vflve (Manual) HER 0001246
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Figure 1 (cont'd) - List of Equipment = Test Line Installation

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

Inlet Water Filter - Pali Trinity A"cro Cerp. filter housing No. MCSI002UX16
utilizing two pleated paper Ffilter ~z::ridges No. MCY!00IUX rated for 100 percent
removal of 0.8 microan.2ter.

Chemical Pump cn Inlet Water - "hemcon .Pump - Model No. L24 "Rgider"

Diatomite Filter - BIF Model No. 12%5-03 vacuum diatomite filter, 240 square feet,
Flow rete 175 GPM ot Tivn psig. Op:rated with l2afs removed and no digtomite in
system,

Pump - Weirman Madel 2KB (Certrifugc!) capacity 175 GPM at 220 fect TDH, 2-inch .
discnarge, 3-inch suction fianged 70 M 3500 RPM motor 460-3-60.

Cuno Filter - "Micro-Wyn!) cartiidge type filter, type CG 40 S~4 for 175 GPM at .0 micro-
meter Filter density, 95 psig inlet - five psig pressure drop. Cartridges used are 160
each of JM 2E7P c- eqguivcient,

Large Millipore = Millipore 20 so' multi plate filter unit complete in 30 set plate .
" capacity be!l housing. 0.8 micrcmeter filter papers.

Sample Millipore - Millipore five sct multi-plate filter unit complete in five set
copacity bell housing. C.8 micre ncier filter papers.

Sampling Fiowmcter - Schutte 3 "= rtina Figre Ne. 18410 size 6HCF6 type SK W/S.S.

fittings, 17.5 GPM " 55 esie one -i .ch canna ztions.
b2 4 h -

Sampling C-fice & Recarler - Be kmcy model No. 153062, capocity 17.5 GPM with

one pair [-/2 inch VC erifice [ :nges.

EH Meters - B8ezkiman Madel Na. ory,

Water Softener - Seors Roebuck ! wodel o, 625.3474 - capaocity 8.5 GPM.

Total Flow Orifice & Uisplay - F-xboro, serial No. 423484, capacity 300 GPM
(model No. unkrown). ' :

Water Tesﬁgg_- Hach portable enyineers kit - Mondel No. DR 18348.

-45- | \ HER 0001247
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. MUNICIPAL ‘WAILE JSOSTLIAS AMALYSIS T Aependin 023

e Filicted . Per Cent . Filier in Tl Tiorad Calcivm  Torl fron
Qunntity fah Fiber in  Orininal Solids Mardness Herdners  Alkclinity ©
Sumplo {Gols) ™ Ash Viol: e mg/L  mph mgl my/t mg/t
/el Al '

“11 Globe source - S 3.0 0.041 . 0.2 8.} 479 1% 124 214 0.02
12 Globe dist. syrtem 5 40.4 0.0053 0.43 8.0 414 163 18 .28 0.10 ‘
13 Son Diega source H 2,0 0.087 0.27 - - - - - _—
14 Sun Dicgn disl, system 4-1/3 10.0 0.137 15 8.0 753 324 204 14 0.07
15 Long Beorh souwca 5 . 2.9 0.050 2.5 - - - - - -
16 Long Beach dist. system 41,3 10.2 0.098 2,74 8.0 409 104 76 14 0.65
17 Providence source 4 2.7 0.141 0.55 9.4 6 7 25 5+10(15} 0.02
19 Pravidence diit, sy:lem 4 3.6 0.181 1.45 105 856 56 55 I5+15(50) 0.05
? Providence dist. system 4 2.5 0.351 2.°% ‘IOJ 82 45 44 20+15(35) 204
20 Pravidence souce 4 1.0 0.302 0.78 9.8 62 n 5 10+5(15) .2
21 onvic..'ence dist, system 4 0.7 0.574 1.01 9.8 6} 30 25 5+10(1S) 0.03
22 Vichito dist. system 2 z1. €018 1.52 9.0 359 u3 81 13+82195) G.01
23 Viichifo source T4 5.6 0.084 1.13 8.4 355 n 49 24234 2.8
24 Wichita dist. system 1 7.4 0.022 6.C3 8.9 380 105 52 9+80(°7) 2.5 .
25 Memphis dist. system 5 7.6 0.422 6.-2 8.3 59 28 1% <36 0.c8
45 Sagingw sowrce 4 18.0 0.00026 0.222 8.0 138 106 75 82 2.72
47 Saninaw dist. system 4 4.2 0.00045 0.0%48 . 9.0 113 g0 54 &8 .01
48 Winncpeg source 5 1.0 0.024 0.57 7.8 137 97 &9 87 0.03
49 Winncpeg dist. |-ytlem S 6.9 0.034 c..7 G:Q/ 129 98 43 87 .25 - 7

*Fhznolphtholein Alkolinity + Methyl Orence Alkalinity (fote' Alb2'inity in mg/t CoCO3)

CHRYSOTILE ASBESTOS CNTINT OF RIVER WATER

Ynooumooynosmo M ymo oA wmowmo mom yn

Juniata River

Breetewond, PA. 0.0 0.0 131 2,75 0.¢ 406 9.20 0.6 0.19 2,92 1,8/ 5.1 0.0
Newion-Haomilton 0.0 0.0 0.0 0.0 0.0 2.37 0.0 0.0 2 6.18 5.48 4,16 8.46
Lewistown 2.96 2.8  2.36 3.3 - 1079 0.0 0.0 1.09 8.57 14,95 -~ -
Amilty Hall 6,06 6.0 2.96 0.0 - 2.02 0.0 0.0 2.3 0.0 14,83 e
Connecticut River
Conaun, Vi, 48.05 .93 148 1,25 0.0 &.74 1.83 2,95 0.9 1.58 70 0.3 0.0
Littleton, NLH, 2.61 0.0 2.8v .77 5.08 c.0 13.79 0.83 .25 0.0 1.9 1.4 0.0
Lebanon, N.H. .4 0.0 0.0 3.13 2.84 .82 0.0 1.8 1.70 1.15 .37 1.3 0.0
Greoenlield, Mas, 8.39 .42 3.4 00 0.87 €07 2.98 4.44 1.63 .09 1208 4.5 155
Middletown, Conn, 6.33 1157 4.41 10.10 6.75 w4 0.0 Q.88 0.48 - .02 4,32 8.8
!

Note: All aumben in micrcorams per gotlon,

0 = no liben detected or lewer fibens than comidered reli ble s *

AN values determine.) by electran microncope chiervation, No fibers were vitible in ony of the tamples under optical
microacopic observation ot 450X magnificarlon,
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: |  APPENDIX E

DOSE RESPONST RELATIONSHIP
In persons occupationally exposed to csbertss (McDanald and Enterline) most of
the cancers reported are cf the respirciory system. However, some of the asbes-
tos is ingested, and excesses of digesti:re system cancers are also reported. The
figure compares the rates of digestive system cancers following exposure of two
groups of asbestos workers: McDonald - riners; Enterline - retired industrial
werkers. .

Since McDonald and Entorline measur= ¢ ~ir responses on different scales, an
attempt wes made to eguate thzee szz.:: - ting the bronchus and lung datc. This
led to an "equivalent cverage d2ath reie’ (EADR) of ten being roughly comperable
to a “standard mortality ratic™ (IMR; =1 120, an EADR of 20 = SMR of 400, EADR
of 30 = SMR of 600, etc. os stown 2r bz figure.

.

It also led to a dose response r~lzticnsio =s shown by the line of trizngles. This
dose response relaticnship is not appre-~riz:e for the digesti+2 system. In {act,
there appear to be hwo dese resconse rel” Hionships in these data with rhe cre fer

the miners at a higher risk than the in-us'rial werkars for the scme excesure in mppcf
years.

Becouse of the pcucity of cata, somz Zor= groups for botn the NeDoncld series and
for the Enterline serics were combired  AcDonald originally repc-ted six dose
groups collapsed here into four, Enteriin: first reportcd seven cosz gioups, in
_one publication, he collcased tresa iro “ive. and in this figure thay cre furtrer
collapsad into three. Both the McDor2!< data and the Enterline data shew posi‘ive
dose response relctionships. Tho Erter'i-2 data are possitly consistent with o
threshold somewhere a~ove ten mpczf e s, The McDorald dat= show no 4. "J2rce
of a threshold. ‘ '
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Al PENDIX F

Research suggested for furtler elucidation of the primary question "Does
the use of asbestos-cement pipe ir potable water systems constitute a health
hazard ?" Not arranged in prioriti=s.

1. Develop a standord method for defermmlng asbestos in water according
to needs for item 2,

2. Determine the quantity of usb2stes by categories of size (length and
diameter) as it actually exists during variations thot might be introduced
over time, installation, temping, etc. in potoble water supplies distributed
in asbestos-cement, metal and plastic piga.

3. Determine the increment ¢f osbestos fibars added to the water as it .
traverses a:' cstos-cement, metcl and plastic pipe systems under varying
circumstances of installaticn and operation.

4. Determine the contributior that the asbastos content of soil, in which -
pipe of the three kinds is imbadded, mckes to the asbestos content of
the v-ater traversing the pipe.

5. Determine the effect of wcier flew in an asbestos-cement pipe loop (not
. instclled in soil) under varyirg conditions of velocity and aggressiveness,
and olso with respect to di:tance and temporal influences.

6. Exarmine the e of crocid-lit: contert of water as a "marker" of fiber

migration from the osbesto: -cxment pip wall te water in operaiing
systems, (Pize leop ond o efru),

7.  Conduct ~nima! studies ho!'r by inhalaiion and direct ingestion to examine
the quantitative aspects (total and for various kinds, sizes and shapes of
fiber) of fiker ontry into and its fate in the gastre-intestinal system end
migration from the csystem, Clearance and migration studies.

8. Conduct animal inhalation and feeding studies to explore possible carcino-
geni : effects (gostro-intestinal, peritoneal and others). Perhcps combine
this with u"b. .

9. Conc'uct studjes to ascertain whether or nct fibérs migrating from either |ung
or gusrro-mtcshnol 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 to asbestos-
cement pipe distribution systems in contrast to distribution systems of
other materials in terms of cancer experience -- especially gastro~
intestinal and peritoneal mesothelioma. '

] ] L)

Conduct studies to develop better dose relationships invoiving occupa-

tional exposure to asbestcs and gostro-intestinal and mesothelial cancer
experiences.
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