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ASLESTOS FIDRES IN DRINKING WATER VITil RPECTAL REFERENCE TO ASBESTOS-CEMENT
DIPE USAGE

0.T.Commins, BSc.,MSc.,PhD.,CChem.,FRSEC., lndepeudent Consultant
and Specialist in Water and Air contamination {'Pippinst, Altwood
Close, Maidenhead, Berkshire, SLO AP, England}.

ABSTRACT

The paper describes the potential sources ot asbestos in drlnkinu water, the
sampling and analysis of asbestos in drinking water and the levels found. The
use of ushestos-cement piyes is discussad in relation to the usually small
amounts of fibre they release; some of the advantages of ashestos-ceonent pipen
over other types of piping materials are highlighted.

An analysis of the results of extensive animal experimentation and 2
of hunan epidemiological studies has allowed some firuw conclusions to be
reachad regarding the health implications of ingesied asbestos in dejuling
waler.  The animal ingestion studies are vholly uegative, and ne rire ovidence
of adverse health cffects appewrs to exist as a result of the evaluabion of
studies of human populations exposed Lo ashestos in drinking water. (i “he case
of thn higher levels in drinking water, eg.. that srising from natural
“contlonination.or from effluent discharges to water sources, it can Le concluded
that «ny health effects would appear to be sensibly scro or at ithe mosi, vaery
small indeed. Additionally, for the lower levels in water, eg., those due to
the use of asbestos-cement pipes, the health risk of ingested asbestos wounld
scem to be sensibly zero or at the most exceedingly low; ~2lthough there may be
no greater health risk for extremely aggreszive water, the levels of asbestos
fibres in drinking water could be increased in some cases.

A considerable amount of money and effort has been sprent in evaluating
whether ingested asbestos in drinking water is a problem. For all praciical
purposes, the controversy regarding the subject would seem to have ended and

ong could conclude that the issue now appeavs to be a non-problemn.
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1., INTRODUCTION

For many thousands of years asbestos fibres will have been present in some
waters used for drinking purposes because a relatively comnon source of the
fibres is naturally occurring asbestos mineral deposits, some of which come in
contact with water supplies(1). However, only in the last two decades or so
has it becoime possible to detect and to identify satisfactorily asbestos in
vater, and in the ecarly 1970's asbestoes fihres were found in the source of
water supply for the City of Duluth, Minnesota, USA(2); this source(Lake
Superior) was found to be contaminated by a mining discharge which contained
asbestos,and concern arose. The measurement unit used to express the levels in
water was millions of fibres per litre of water. The use of this particular
measurement unit (one which is simply for the convenience of the analyst
making the measurement), alarmed people, although we now know that even a
million chrysotile fibres per litre is only typically 0°005 pg per litre(3),

a level which is much lower than the concentration ouP normally considers as

a trace substance concentration in drinking water. In addition, there has
been concern regucding occupational exposure to asbestos via inhalation and
the effects on the human lung, and it was natural to consider vhether ingested
ashestos was also a problem. In the 1970's there was a good deal of over-
reaction to envirommental issues generally, including the finding of asbestos
in drinking water.

Most asbestos fibres in drinking waicc are extremely small. For the
commonest type of fibre, chrysotile asbestos, they are typically 0-03 to O-1um
in diameter and 0-5 to 2um long.{1). Lhe mass of a single fibril of chrysotile
asbestos can be of the order o£610 ~17 1o but typically for fibrils oxr bLundles
of fibrils, the mass range 107 Lo 10‘ g., will apply.(1).

The demand for asbestns products has increased dramatically this century
and over 3000 uses have been identifind(lk). The following couutries are
particularly noted for their production of asbestos: Russia, Canada,

South Africa, Zimbabwe, China, Italy, Brazil, USA and Australia(5). Because of
ithe widesproad use of asbestos and products containing it, ineviatably some
cuntamination of the enviromment has arisen; the problem of environmental
contamination was groater in the past hecause of lhe exisience of fewver
coutrol measures being used then.

ZOPOLENTTAL SOUKCES OF ASHESTOS IN DRPIMNIIING WATER

Asbestos fibres mre often found in water; the €ibres can be introduced into
source waters by the dissolution of natwral asbesios containing minerals, from
industrial effluents and atmospheric fallout(3,6,7). Sedimentation,
resuspension; migration and chemical rcactions n;fect the movemant,abundance
and fate of ashestos in water; some of these mechanisms will affect the
asbestos fibres in distribution systems cenveying potable water. The use of
ashestos-cement water pipes will in soie cases also contributeto the level
of asbestos in distributed water(1),

&
2.1 Natural and Efflucnil sources of ashestos in drinking water.

A major source of ashestos in drinking water supplies in some countries is
natural contamination arising through witer making contact witih asbestos
mineral deposits{G). Although it is difficult to assess how widespread
netural asbestos contamination is, awl-stos deposits are fairly common in a
nuwber of parts of Lha world and ene might anticipate that such natural
contamination is fail)ly widespread. Concentrations as high as 2000 million

(2)
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fibres per litre have been recorded(8), and levels of several hunitreds of millions of
fibres per litre are not unusual; the more widespread natural contamination
level is probably relatively low however. Effluent discharges to water bodies
used for potable supply can also be the cause of a significant level in
drinking water(3,7). Concentrations of up to several hundreds of millions of
fibres per litre of drinking water ‘have been reported where effluents have
contaminated water sources(3); nowadays the control of such cffluents is
generally carefully maintained and levels of more than 10 million fibres per
1itre would be unusual. In addition asbestos fibres leaching from asbestos
waste dumps adjacent to water sources may cause some contamination(1).

2.2 Airborne sources, asbestos-cement tanks, ashestos-ccment roofs,ectc.

Airborne sources of asbestos arising from the weathering etc., of asbhestos
products may contaminate surface water supplies. However, because in general
the levels of asbestos in air are low(9-13), and since the volume of water
which could be possibly contaminated is normally vast, the extent of the
contamination is almost certainly generally very lovw indeed.

Asbestos-~cement storage tanks are clearly potential sources of contamination;
relatively high levels of asbestos may occur vhere water is allowed to make
contact with the cement surface and the water is not drawn off regularly, as
might occur in some situations.

Asbestos-cement roofing tiles can apparently be a particularly significant
source of asbestos fibres vhere roof run-off vater i$ collected for potable
purposes. Levels of over 500 Million fibres per litre of water have been
recorded in some situations{(1k).

2.3 Asbestos-ccment pipes

Although some literaturc reports have suggested(15,16,17) that significant
levels of asbestos can arise when these pipes are used, the general concensus
of opinion is that the degrece of fibre contamination to the water is relaiively,
low(1,12,15,16), cxcept perhaps in seme circumstances whera the water is
particularly aggressive(13,14); this is discussed in secticn 5.

3. SAMPLING AND ANALYSIS OF ASBESTOS IN WATER
3.1 Sampling

The difficulties of sampling are often underestimated. Glass or polyethylene
collection bottles (one litre capacity)can be uscd(74). Before use they must bLe
ultrasonically clecaned; washing carefully with double-distilled water is
important too(20,22,23). Where possible, cach sample should be collected in
duplicale because of the fact thal sometimes very discrepant resulis are
obtained. Discrepancies can be caused by chance inclusions of a fibre bundie
in one sample and not others, or by chance contamination occurring in onw
bottle; wuven an invisible tiny bundle of fibres can produce a resull of
several milljon fibres per litre(1). Samples should be tollected at normal
flow rates to provide a representative result; samples collected al hydrants
may be totally unreprescntative of the water quality in a distribution system(1).
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3.2 Sample preparation prior to analysis . e

Once collected, samples should be stored in the darik; they should be
analysed within a week or so of collection. Immediately prior to analysis the
samples should be ultrasonically agitated(20). The next stage consists of
using a variety of possible technijues to allow electron microscope specimens
to be prepared from the sample of water; low temperature ashing or ozone
treatment may be necessary(20). These procedures and those which are involved
in the electron microscopical analysis are highly specialized. Considerable
experience is needed to get good results and one analysis may take many hours
to complete; the cost can be several hundred US dollars per analysis.

3.5 Elcctronmicroscopical aunalysis

The details of the analysis have been dascribed eiaewhere(i,B,zo).
Transmission electron microscopical analysis rather tharn scanning electron
microscopical analysis is required; in addition ecither clectron diffraction
analysis and/or X-ray energy dispersive analysis is essential.

3.0: Statistical evaluation of tie results

Standardized procedures arc now available for iunterpreting the results;
proper statistical evaluation is an essential reyquirement for analysis.
The analytical results are not precise as in normal chemical analysisj
typically the 95% confidenec limits for a sample result containing one nillion
fibres per litre water may be as widé as O<k to 2.2 million fibres per litre(1).

L. CONCENTRATIONS OF ASHESTOS FIGRES IN WATER.

A number of the earlier studies involved the use of rather unreliable
sampling methods and poor sample preparation techniques, as well as inadequate
identification and quantification for aspestos Cibres. The results reported
here have be=n selected on the basis of reliuable data; any analyses by optical
microscopy and by scanning electron microscopy have been rejected.

Although some publications have roporicd concentrations expressed i mass
terms, iec., pg or ng per litre, most resulis are provided as a number
concentration, ie., as milliouns of fibres per litre of water. The results
given here are given as millions of fibres per litre but it is important to
recognize that the mass concentratious are generally very low. For cxample:
typically, one nillion fibras per litre chrysotile is only 0+C05 pg per litre,
and typically ore million fihres per litrc amphibole ashestos is 0-2 pg per
litre(3). The conversion factor depends on the precise fibre dimensions and
the density of the mineral fibre.

Outside USA and Canada very few analytical resulls are available. In the
UsA(3) a survey of over 1500 samples, representing 365 cities gave results
as follows: 24-6% of samples contained less than one million fibres per litrej
9:3%,0ne to 10wmillion fibres per litre,and 11-2% greater than 10 midlicn fibres
per litre. In Canada(359 samples), 75% ol supplics contained less than one
million fibres per litre, 20% onc to 10 million fibres per lilrc and 5%
greater than 10 million fibres per litre(20). A few samples from Sweden,
Netherlands, UK, Germany ond Switzerland suggest results around one million
fibres per litre(1).

For various studices carried outl in USA and Canada, it has been possible to

(&)
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connlude that natural asbestos contamination can produce levels as high as
over 2000 million fibres per litre and effluent discharges over 600 million
fibres per litre(1). Contamination from the use of asbestos-cement pipes is
rarely significant and in many studies it is consistently lower than that
produced by natural or effluent discharge sources of asbestos(1). In some
cases levels of asbestos from the use of asbestos-cement pipes has been
suggested to be above 100 million fibres per litre(3); careful examination of
the results however shows no proven evidence for the pipes causing this level
of contamination(1). More typically, the contamination of water supplies by
asbestos—ccement pipes is at the most a few million fibres per litre and this
is usually where the water has been classified as highly aggressive(1).

5. ASDESTOS CEMENT PIPES AND THEIR USE FOR CONVEYiNGfPOTABLE \IATER.

5.1 Asbestos-cement pipe usage.

The type of asbestos pipe used in different parts of the world may vary
somewhat. Although most contain nowadays about 15% of asbestos, some utilize
only chrysotile asbestos but others alse incorporate some amosite and/or
crocidolite(1l). Some pipes contain added silica mixed with the cement base
material(1). In some countries, autoclaved pipes are used and in certain
parts of the world, lined or coated pipes{eg. bitumen) are popular. Asbestos-
cement pipes startedito be manufactured and used around 1916. Italy seemed to
be the first country to make and use them(i2,18). It has been estimated that
some 2% million kilometres of pipe have heen installed (ie., approximately
sixty times round the world). Estimates of usage, vhere data is available
(expressed as thousands of kilometres of pipe laid) are: USA(536), Japan(336},
UK(257), Italy(125), Indonesia(99), India(97), Australia(90), South Africa(86),
Nigeria(70), Germany(S&), Greoece{lh), Avgentina(41l), Netherlands(36),
Malaysia(27), Chile(17), New Zealand(1i6), austria (15), Belgium(ik)
Switzerland(12), Denmark(10), Sweden(6), ‘uwait(6). (1).

5.2 Asbestos-cement pipe and fibres relenssd to water

There has been considerable confusion regarding the guantity of fibres
Lbeing relecased to water and recently & review of the situation has been
published(1). lfost studies have indicated either zero or a rather low level of
fibre release(i,12). Some anvimnalous results have arisen because {a) the
disaggregation of fibre bundles of natural asbestos can occur in distribution
systems which lecads to an increase in fibre nwuber conceniration, (b) samples
for analysis werc collected at water hydrants, or after vater disturbance
(caused Ly system flushing), leading to highly unrepresentative and atypical
deposits being sampled,{c) highly aggressive water passing through asbestos-
ccment pipes for a short period of time ; quite atypical of the general water
quality, (d) asbestos-cement pipes being installed and used contrary to the
manufacturers standard recommendations, (e} inadequate statistical design or
?naly§is in the investigation of fibre release under field testing conditions

1,12).

It should be noted that even where the water conveyed through asbestos-
cement pipes is highly aggressive, the release of fibres in some cases may be
very low because of natural protection by manganese or iron in water supplies
or natural organic substances in some sitvations(1,12,19). Although some idea
of the quantity of fibres relensed can be predicted from a knowledge of certain
water quality parameters such as alkaliniiy,pl, hardness, there is at present
no wholly satisfactory mcans of prediction for a wide range of circumstances

(5)
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and conditions(1). The Langelier Index and the Aggressiveness Index have been L
useful in a number of situations(12). Where the water is highly aggressive it

is recommended that advice be sought from the manufacturers regarding the use

of asbestos-cement pipes(21); proper considerations can avoid operational .
difficulties at a later point in time(21). Onc might anticipate that there will

be better control of the quality of distributed water in the future which will
minimize not only fibre release from asbestos-cement but also general corrosion
problems in distribution systems, including also the plumbing in buildings, etc.

5.3 Advantages of asbestos-cewment pipes in rclation to some other piping
materials

Apart firom the relatively low cost and ease of manufacture in different
parts of the world, asbestos-cement pipes have some other advantages. They can
be laid without too much difficulty, and with care any exposure to the workers
laying the pipes can be controlled to very low and acceptable levels.

Asbestos-cement does not corrode in the wvay iron pipiug can. It is essential
to coat iron pipes with bitumen or other similar type of material to prevent
serious corrosion. Some asbestos-—cemznt pipes are coated but this practice
only applies to a few areas or situations in some countries; autoclaved pipas
have proved to be very satisfactory in many countries and can be used where
waters are aggressive. The practice of coating of any type of pipe is
currently being investigated by a US. National Academy of Sciences Commitez(12);
arong the reasons for reviewing such coatings are the possible health
implications of certain organic materials dissolving into water supplies(i2).

One particular feature of asbestos-cement’ is that the products used to
manufacture it are natural materials. Thesce materials often come in contact -
with various water supplies in nature and the vater contains some of these
natural dissolved materials. Asbestos fibres are similarly of natwral origing
this important characteristic of asbestos-cement piping does not apply to other
piping material such as pvc ov polyethylene, etc. In health terms it is often
the organic substances which are of groatest concern in water supplies and
asbestos pipes do not provide organic conkbamination. -

Finally, asbestos-cement piping is really the only malterial vhich happens to
have been the subject of cxtensive health testing. This is because both
toxicological(animal experimesniation) and epidemiology(human studies) have
been carried out in relation to ingested asbestos in drinking water, and any
health effects would scem to be sensibly zarolsee section 6). No other materials
have been so tested and given essentially a clean bill of health.

6. ASBESTOS EXPOSURE AND HEALTH IMPLICATIONS
6.1 General Considerations

It has been known for a long time thal occupationally inhaled asbestos dust
can have a serious effect on the lungs of people exposed to high concentrations
(24-26). 1In some studies an apparent excess of gastro-intestinal cancer has
been reporied in asbestos workers(1); this association has however not heen
definitely proven and the explanation that such cancers might arise as a
result of indirectly ingesting asbestos; via the inhalation route is not
universally acceptable(1). 1In fact if gastro-intestinal tumours were to arisc
in occupational circumstances, they would secm %o be more likely to occur by
systemic migration of asbestos deposited first in the lung(1l); other

(6)
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occuypational carcinogens, smoking or dictary habits, may in any case also
account for gastro-intestinal trmours being found.

Food and certain beverages are a source of ingested asbestos, although litile
quantitative data is available(1). For the general public, ambient air and
dust can also provide a limited source of some ingested asbestos(1).
Occupational situations especially in the past have given rise to nuch higher
exposures of asbestos capable of being ingested.

6.2 Animal experimentation

One of the most important recent findings is that despite numerous animal
feeding studies, the accumulated evidence would indicate that ingested asbestos
is not carcinogenic. The animal experiments(1) included at least a dozen
studies and a total of almosti0,000 animals, in which some were fed very high
doses of asbestos eg., up to 300mg per rat per day. In one study the rats:
were fed 10% asbestos in their diet and yet no carcinogenic effects were
detectable.

The available evidence for a significant proportion of asbestos passing
through the gastro-intestinal mucosa is weak and this has been checked in a i
nuaber of species, including primates; one fibre in 10,000 or even one in
102,000 has been suggested(27).

All the known relevant animal feceding studies were reviewed at the EPA
Workshop on Ingested Asbestos held in Cincinnati in October 1982(28). The
general views expressed at that meeting were that ingested asbestos had been
shown to be essentially non~carcinogenic to animals. )

G.5 Human Epidemioclogical Studies

There have been several long term epidemiological studies carried out in
the USA and Canada; in sowe of these studies, the levels of asbestos in
drinking vater were very high(1). Critical cxamination of the findings has
not revealed any firm evidence for adverse health effects in human populations
drinking water containing asbestos fibres{1). However, it has to be admitted
that because of certain confounding variables, the sensitivity of the methods
uscd was somevhat limited. Any cffect of ingested asbestos from drinking
valer if one exists at all, would appear to be relatively small, otherwise it
should have heen consistently ebzecved in the studies where the levels of
asbestos in the water were high. In a fow studies, some statistically
signlficant associations between certain specific cancer sites out of many
examined have been observed(1); they have not beenconsistently detected in
other studies and would appear to beé chance findings, These views are
consistent with those presented at the US EPA Workshop on ingested asbestos
held in October 1982(28).

6.4 Appraisal of animal and epidemiological studies in rclation to health
implications for humans ingesting asbestos in drinking water.

The dcsesqaf asbastos used ir the negalive animal gxperiments vere soihigh
that vhen equated to human exposure, they represent 200,000 to almost a million
times the quantity present in the most contaminated drinking waters on record(1).
In cue such experiment, where the dosc vas cquivalent to 1% of the animal's
dict, whoen equated to man would correspond to 15°6g'of asbestos per day; this
calculates to a huge safety factor, approaching 109 in comparison with the
typical daily human exposure of not morc than 0'02}19 chrysotile in drinking
water(1). '

(7)
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It has been estimated that possibly one fibre in every 10,000 could enter
and may get through the gastro-intestinal mucosa(27); in the case of human
beings ingesting typical drinking water containing up to 2 million fibres per
litre, the total quauntity capable of migrating to clsewhere in the body would
be only 0°05 pg in a lifetime. )

Taking account of (a) the negative animal ingestion studies, (b) the
apparcnt rare event of a fibre penetrating the gastro-intestinal tract mucosa
and also (¢) the lack of firm evidence for adverse health effects from
epidemiological studies, combine to suggest that the level of a carcinogenic
effect in the mnormal population even where the water being drunk contains many
hundreds of millions of fibres per litre, would seem to be sensibly zero or at
the most very small indéed. For the more typical low level exposure to asbestos
in drinking water, ie., from a low degree of cotamination, including that which
may result from the use of asbestos-cement pipes, cwven wherce the water may be
moderately aggressive, the overall health risk would-seem to be sensibly zero
or at the most, excesdingly low.

It has been reported on 17th Macch 1933, in answer to a UK. Parliamentary
Guestion regarding health hazards arising Irom the use of asbestos-cement pipes,
that ‘the ingestion of water with levels of asbestos such as those found in the
UK. present no risk to health' (29). It is worth noting too that the World
lezlth COrganization in its forthcoming Guidslines on Drinking Water Qualicy has
not specified a guideline value for ashastos in drinking water.

7. CONCLUSIONS

Asbestos contaminatjov of vater suppliaes is common; major sources are

naturally occurring asbestos and efflueni discharges. The methods of analysing

ashestos in water 1nvolvps highly specialized procedures. Typical levels of

chrysotile ashestos in waler are in the 1ouge 0°2 to 2 million fibres per litre
of water, although there are several caser where several hundreds of millions
of fibres per litre of water have been dedected as a result of natural ashestos
copnlamination. The fibres dJde uccteﬂ are grnerally very tiny, often 0:G3 to Q-1
pm Glameter ana 2 pm long. Feod and certain beverages are also sources of
ingested asbestos, although little quanti“ative data is available.

Asbestos fibres found in érinkiing water arise mainly as a result of natural
asbestos contamination, erfiusat dischargzs Lo water sources and the use of
asbestos~cement wpipe dl trloutlon systoms. AS a result of extensive animal
experimentation, and a series of human cpidemiological studies carried out in
arcas where asbestos levels in water are elevated, it has been possible to
come to sowe firm conclusions regarding the health implications of ingested
asbestos. Although occupationally inhaled ashestos is associated with various
diseases including cancer, there appears to be no firi cevidence of adverse
health cffects from cpidemiological studics of populations cxposed to asbestos
in drinking water, and animal ingestion studies are wholly negative. 1t can
be concluded that at the higher levels in drinking water, eg., from natural
contamination or from effluent discharyes to waler sources in some arcas, any
hiealth cffecils would appear teo be sensibly wero or at the most very small
indeecd; while for the lower levels in water, cg., those solely due to the usc
of asbestos-cement pipes, the health risk of ingested asbestos would secem to be
sensibly zere or, ab the most, exceedingly low. Although there may be no
arcater health risk tor extramely aggressive walers, ihe levels of asbestos
fibre could be increased.

fan
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¢. Tn effect, asbestos-cement piping has been subjected to rigorous testing in
the various studies, and properly used it seems to be satisfactory in health
terms and the fibres it may release to water. “ew other products have had

such exhaustive testing. Thus normally there seems no reason vhatsoever not to
continue to use asbestos-coment pipes for water distribution systems. Where
waters are classified as being highly aggressive however, it would be prudent
to seek expert advice in order to avoid any possibility of excessive loss of
fibres from the walls,vhich might lead to operational difficulties in the long
term in some situations. Under the appropriate conditions, the use of asbestos-
cement pipes for conveying potable water appears to be a satisfactory practice
for both the Developed and the Developing World.

No further research on the subject is planned by the US. EPA, and the
Vorld Health Organization in its Guidelines for Drinking WVater Quality has not
specified a Guideline value for asbestos in drinking water.

Finally it is worth reflecting on the history of the interest in ingested
asbestos from drinking wvater. A great deal of time and money has been spent
in the last 10 or so years in evaluating the subject, and now it would seem
that the controversy has for all practical purposes ended, and may be the
issue can be regarded as essentially « non-problem. Perhaps research effort
should now ‘be sensibly diverted into various other environmental issues.
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