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"Asbestos in Drinking Water and Cancer Incidence'" - University of
California ~ EPA Study

This flare-up of the asbestos and health issue began when the EPA
made a grant to Dr, Robert Cooper of the School of Public Health
at the University of California. The purpose of this grant was to
finance a study of the San Francisco Bay Area water supply to test
the hypothesis that there is a positive association between the
presence of chrysotile asbestos in drinking water supplies and
cancer incidence in the human populations served by those water
supplies. The San Francisco Bay Area was selected because it is
known that there are varying degrees of asbestos content in the
water supplies.

The study was conducted by Marty Stevens Kanarek and was the sub-
ject for his thesis for a doctorate degree from the University of
California. In his thesis, Kanarek reported that statistically
significant results were found for cancer of the peritoneum for
both sexes, lung cancer for males and gall bladder and pancreatic
cancers for females.
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Although Dr. Cooper had not issued his report, the thesis none-
theless was forwarded to EPA and at the direction of the EPA an
abstract of the thesis was sent to utilities involved in the
study. Shortly thereafter front page headlines in the San
Francisco and Oakland newspapers proclaimed that the drinking

of Bay Area potable water supply had been linked to cancer.
Naturally, this tended to create a mini panic with lots of press
and T.V. coverage paid to the news. However, public interest
soon died down. The reason was in part due to the ratiomal ap-
proach by the California State Public Health officials. The
California Public Health Department issued a position that the
University of California doctoral thesis contained no new or
original evidence of a medical nature about cancer and asbestos.
Nor did it establish any causatal link between asbestos in the
Bay Area drinking water and the incidence of cancer. It simply
requested that water utilities should develop plans to reduce
the asbestos content in their water supplies and to adjust water
quality if necessary so that there would be no pickup of asbestos
from A/C pipe.

The EPA has issued several position papers on this study. The

most significant part of their position papers is the statement
that the results of this new study in California are not definite
enough to justify extensive modifications in water supply treatment
and distribution, but it would be prudent to operate water systems
to minimize fiber counts. This would include optimal operation of
filtration to remove fibers from raw water when present and actions
to stabilize distributed water so that it does not erode the A/C
pipe and then add fiber to drinking waters.

The industry's position on the Kanarek study is that although the

data do support a statistical association, they are clearly inadequate
even for speculation in establishing a cause and effect relationship.
Determining causality involves a number of indispensable factors, none
of which is considered in this study. For example, the multifactorial
etiology of cancer is well known, particularly in relation to cancer

of the lung, yet this factor is not adequately discussed in the Kanarek
thesis. With respect to cancer of the gall bladder and pancreas, there
is a complete absence of data indicating an increased risk to those
cancers among those highly exposed occupationally in the past to
asbestos, so any potential association in the general population would
have to be examined more critically than is dome in this study. In

the case of cancer of the peritoneum, peritoneal involvement is a most
common occurrence even though the primary site of the cancer may be
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another organ of the abdomen; therefore, it is critical that cancers
of the peritoneum be studied to determine whether they are primary
or secondary tumors, Again, the Kanarek thesis does not take this
factor into account.

In summary, cancer causation is a highly complex process and the
superficial biological observations of the Kanarek study do not
support asbestos in drinking water as being causally related to
the cancer incidence noted in the report.
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LYAS RELEASIH

Lepartzent of Heoltlh Serviceuy

714 P Strect, Swucromento, Ch. 95614 .
NUMBER: 52-73 DATE: 22 Septecber 1978

FOR KELTDASE: IMUDIATE COITinlCT: Pete Veisser
. ) . (916) bL5-1967

'{hc UC doctore). thesis cbstract (entitled: Asbestos in Drinking Vater cng
Cuncer Iu:idencc) contains no nev or oriplinal evidence of a medicel nsture chout
cencer or ssbecstes, nor does it esteblinh urny ceusel link ﬁetuecn esbestos in
Bey Arce dripking weler end the incidence of cencer.,

3

It cows cugeaci on opperent stetistlon) correloticon betveen water eujplice

high in noturclly cccuring csbestes end hizher-then-expected canrer of ree bod:
sites, including the stozach.

The department agrees with the student's concluuion (recited on pages 155
end 155 of the cozplete thesis) thet:

“The results of this stedy can only Le Judged s euggestive of necded
further rescorch into the quesiion ol Lthe curcinogenic effects of esbestos
fibers ino ¢rinking water.

"The study design wes the indirect approach; census trocts were cezpored.
Indirect epideoiologlcsl studies such ny this one can only upecify assceciotions,

ond cennot pippoint caousstion.’

“As the student also noted in his conclusion the ssople was ldomited wnd
potentially important verisbles such a5 cipurette groking, alcchol consusption
vod other dictory factors were not included iﬁ his rescarch.

Accordingly, it would be unscientific to conclude from the reletively noirow
scope of rescorch of this study that Boy Arco wotcer users need Lo chenge Jn coy
woy their habituel end customery use and conzumplion ol woter.

However, lhe rescarch poth explorcd heye merits further study.

(2ove)
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Thz depurtucrt nlens to consult with the viter utilities involved in
the study end stends ready to perform further rescurch snd consultation vith
locul bealth officers, the university, the Federel Environmentel Protcction Agency,

and -other egenclcen und individucls with en interest in safeguording Califcrnie

Y .
water supplies.

I Y
Vie suggest tint perecns interest™in the wuater ospects of this siudy coztect

the Sernitery Ingincering Section cf the State Dcps:tmcnt of liealth Services &t
(h15) 837600, Persocs interested i the crncer epidcmiblo;lccl enrecin sf the
study, vhich 12 now bedng reviewed by the Environtentel Protection Agerncey, cmoy
contect Dr. Dorzld Jfustin, Chicf of the Depurtment't Renource for Cencey

Epidecioleocy through the sawe telephore nucber in FBerkeley.

oQo

ASSICGRENRT EDITOR'S NOTE: The Depertoznt MHealth Services meeting with weter
utility representatives is Echcdulcd for Tuesdny
at 10 am ol the Depeorticent of Health Services offjces
at 2151 Berkeley Woy in Berkelcy. The meceting is

scheduled for Room 123.
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Water Qualicy Decterioration in che Distribucion System
Introduc:zion

Everyone in the watcer industry prebably is aware that lead plquing
was used in ancient Rome and has -ead or heafd speculacions concerning
the possible relationship between the use of lead pipe and the downfall
of Rome. Because of the high toxicity of lead, uﬁher materials like
coppar and galvanized iron have largely replaced lead as distribution
piping material during cthe last one hundred years. However, many older
systems, like Boston, Massachusetts and Bennington, Vermont still contain
lead service lines that were installed many years ago.

Not only metals, but also organic materials and particulates may be
released from cthe disctribution system when piping materials such as
polyvinyl chloride, asbestos-cement, or co;l tar lined pipes are used.
These compounds also have health significance.

In the case of mectal and asbestos-cement piping the release of
substances from the piping materials 1s the result of corrosion, depending
mostly upon the quality ofiche wvater. Important water quality paramecters
related to corrosion, are pH, alkalinicy, ha;dness, cemperacufe, dissolved
oxygen and dissolved carbon dioxide. In the case of coal-tar-lined or
plastic plpe, the quality of the vater is of minor importance, and the

concern becomes simply a matter of leaching of material from the pipe or

lining by the wacer.
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This report will actempt not only to present same daca to Llluscrace
the nature or extent of the problem encountered with each kind of pipe
but will also discuss cethods for the control and measuremenc of each
parageter. Deterioracion of water quality in metal pipes will be discussed
first, folloved by asbestos-cement pipe, then plastic pipe and finally
ccated pipes.

Calvanized Iron Pipe Loop

A galvanized iron pipe loop study was initiated because of a
continuing quescticn as to whether cadmium (an iopurity) was leaching
froo the zinc coacing of galvanized pipe and thereby getting ianco domestic
water supplies. A pipe loop was fabricated from l/2Z~inch pipe, and
connecced to a system of punps and timers that siﬁula:ed household usage
(see Figure 1). Based on the analysis of the galvanized pipe coating,
concencrations of 0.054 ug/l of cadaoium and 9.1 ug/l of lead were calculated
to be expected 1f the pipe was expased to corrosive water. To check
this conclusion and to simulace the worst possible condition, deionized
water was circulated chrough 160 fr. of pipe at the rate.of 200 gallons
per day, with intermittent flow to simulate household,usaze, and only samples
of the water that had been standing in cthe pipe overnighct were collected for
chemical analysis. After four weeks of operation, analysis of che data
showed that the lead concentration in the water varied from 3.2 to 24,1
ug[z and the cadmium from < 0.04 to 0.2 ug/f. 2Zine, as expected, was
the only oetal found in quantity; namely, 280 to 1400 wg/l. From this
experiment cadmium {mpurities fu galvanilzed pfpe was coacluded not to be a
problem, but that lead aight ba.

Lead {n Distribured Water

Distribution studies conducted several years ago in Sea:tlcl and

2
Soston” {lluscrace the c¢ffect nf corrosive vater on tap-water qualicy.
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FIGURE 1. SCHEMATIC OF GALVINIZED PIPE LOOP.
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Boch 2cscten and Seatcle use impounded surface water and provide
chlorinaction as che only treatment, Seattle also fluoridates. The
hardness and alkalinity of these waters are low, and the pH i{s on the
acid side. In Seattle cthac part of the distribution system served by
the Tolt River was sampled. Samples were collected from 31 points in
the discribucien system, primarily household taps. Two types of samples
ware collected early in the morning for comparison - a standing and a
rurning sample. Standing samples were the first fo run out of the
faucet {n the moraning, representing water with a long residence time in
the household plumbing and service line., Running samples-were collected
afterward, ensuring that che house lines were well flushed and represenced
water from the mains.

This same procedure was followed in Boston, and running and standing
samples were collected at 54 households in the Beacon Hill area. The
difference in mecal pickup betue;n these systems (see Table 1) is most
likely relaced to the type of plumbing material and service lines in
use. In Boston a high percentage of homes sampled had lead servicg
plpes; in Seattle copper and galvanized iron were more commonly used.

No lead pfi{pes were reported {n Seattle and the source of the lead was
assumed to be from the solder used co join the copper piping.l In
lighe of the.galvani:ed loop studies reported above, the source of the
lead more probabily vas the galvamized pipe because all the houses but
one had galvaniied iron pipe plumbing, although a number (about half)

did have copper service lines.

Recently, fn a class action suft brought by a private individual

against EPA, the distributed water of Bennington, Vermont also was shown

to contain high levels of lead (See Table II). In this
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Table I. Boston and Seactle

Wacer Quality Parameters

Paramecer Boscton -Seactle
pH ' 6.7 5.5
Hardness - mg/l 14.0 ’ 6.0
Alkalinity - eg/t ‘ 8 B 2
Chlorides - mg/2 12 2.1
Sulfaces - mg/i ) 10% 2
Lead** - running - mg/l 0.241 0.022

sctanding - mg/2 0.321 0.170

* 0.008 correction for lead determination required
** gaximum values

case, the interior results indicace the first water collected from che
household plumbing in che morning, the service results represent the water
sample collected after allowing the water to run until {t became cool,

and the main results are the water samples collected after allowing the
water to run for an ad#i:ional one or two mimstes.

A lead pipe loop has also been coustructed by the Water Supply Research
Division. Our experimental apparatus- consists of 100 ft of 3/4 inch
diazeter lead pipe, a 150 gallon reservolr and a series of pumps and
timers. The reservoir allows the chemistry of the water entering the
loop to be closely controlled and permits several days operation from a
single bactch of water. In this case, the water from the loop goes to
wvaste racher than returning to the reservoir. The pumps and timers
simulace daily usage with 100 gallons belng selecced as the daily volume.

The firsc series of tests were designed to simulate the effect of Boston
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Table I1. Lead™ {a Bennington, Vt. Water Samples

Residence Water from Water from NaCet.frad
Intertior Service Street
plumbing Line Main

A .165 . 440 .096
B .112 .096 .047
C .155 .1890 .110
c 124 . 144 .056
E .165 . 540 .072
F . 165 448 .200
c . 150 .132 450
H . 185 .860 .156
I ©.328 .600 .592 .
J . 165 .460 145

Raw Wacer ~ pH 5.5, alkalinicy 1.0, sodium 0.7, lead < .005
* all values in ng/2.

wager upon new lead pipe and to observe the effect of increasing the ph
(A possible control procedure) of the water upon the lead concentration.
A simulated Boston water was achieved by mixing Cincinnati tap water
wvith deionized water {n a ratio of 1 teo 10, the pH being adjusted wich
sodium hydroxide.

The lead data that are reported (Table III) were obtained by analysis
of ;acer that had resided in the pipe overnight and {s assumed to be the
worat condition. Adjustment of the pH was not expected to significancly
lover the lead values and the data shows that adjustment of che pH did
not (see Table III). At presenr, it is not understood why the pH of

the water in the pipe (see Table II1I) increased. The next cest will be to observe

CTD032419




»

Table IIr. Lead Concentration as a Function of pH

Tesc lumber pH Avg. Lead Langelier [ndex

No. of Days Incended Reservoir Loop Conc., mg/2 Reservoir Pipe
1 8 7.5 7.6 9.61 0.167 -2.11 -0.16
2 9 8.5 7.9 9.24 0.169 -1.89 -0.49
3 6 9.5 9.1 9.60 Q.187 + 0.54 -0.13

Alkaltnity 10.2 to 11.3
Hardness 18.1 to 21.4

the effect of che addicion of sodium bricarbonate to increase the alkalinity
upon the lead levels. The Church and Dwight Co., Inc.3 suggest that
wich such treatmenc the lead levels can be reduced to as low as 0.01§
mg/2. The Virginla Chemical Co. also suggests that che addi:isn of zinc
orcho phospha:eA with the pH controlled to between 7.0 to 7.3 should be
effective, Supposedly the zinc phosphate (which has a lowet solubilicy .
than eicher calcium or zinc carbonate) causes a film to be foraed on the
pipe which protects the pips and prevents corrosion. This possibility will be
investigated latec.

In analysis of che samples for lead, the so-called "flaueless
atomic adsorpci;n spectrophocomecric" or graphite furnace tachnique was
used. With this technique, however, caution does need to be observed because
sulfate5 in the water sample will suppress the signal and produce erroncous
results. One can either add lanthanum to the simple and staadacrds co
overcome thls effect or meosure the concentration of sulfacte in the
water and apply a correcction to the lead results. The Boston lead

values cited above have been corrected in the latter manner by adding a
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factor of 0.008 mg/% to the lead resules to compensate for :he'presence

of 10 mg per liter of sulface.

Asbestos Cement Pipe

The ALWA Scandard C400-77 establishes criteria for determining the
quality of water that can be transported through A/C pipe without any
adverse effects. Tﬁese criceria are:

(a) Use eicher Type I ot Type II pipe where pH + log (AH)2 12

(b) Use Type II where pH + log(aH)z 10

Where:!

Type LI A/C pipe is autoclaved and Type L[ (no loanger manufactured in this
ccuntry) 1is not.

p = index of'acidity or alkalinity of cthe water in standard

pH units

A = the totral alkalinity in mg/i as CaCO3
H = the caleium ha:aness in ng/L as CaC03.

BRecause (according to the abové) pH, alkalinity and calcium hardness
of the vater are the main factors that decermine whether water is
aggressive or corrosive to A/C pipe, a range of water qualiclies from che
aggressive to the non-aggressive were selected for field evaluation.
Six public water supply sysiems that used A/C pipe and whose water aad
combinations of pH, alkalinity, and calcium hardness to producé aggressive
indfces (A.I. from che equation above) ranging from 5.34 to 12,85 were
finally selected for a year long scudy. Wacter samples were collected by
the local water utility or water supply regulator personnel on the
average of at leasc once every two months. The samples were collected

in L qt (946 ml) cubicalnars and shipped to EPA Wacter Supply Research

Laborateory, Cincinnati, Chio for analyses. To determine che possible release
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(‘:i ashasctos fibers from the pipe wvalls, samples of water as it entered

- ‘. A
- . 3 - .. .~ *. s, Y

CLCT0320Pe.  D53Tples LOT 13023135 analysis were preserved walh milurle
chloride, while other samples collected at the same time and place for
pH, alkalinity and calcfum hardnes were non-preserved. Table V lists
the six systems studied, their water quality characteristics and chefr

asbestos fiber counts. As can be seen, consistently quancifiable fiber

counts were found only in the two syscems with very aggressive waters.

Table V. Water Qualicy Parameters

Name of Syscem pH  alkalindicy Calcium Aggressiveness Avg. Chrysotile

mg/L CaCOJ Hardness Index Fiber Count
og/L Ca.CO3 (A.L.)* - Fibers/liter

Pensacola, Fla. 5.2 1.0 1.4 5.34 s.52 x 108

King County

Wacer Disc. No. 58 : ' 6

Seattle, Wash. 7.2 14 14.5 9.51 . 0.66 X 10

Grant Hill Assoc.,

Bloomfield, Coan. 7.5 88 82 11.56 HSS

Clark County

Utilicies,

Norchridge, CH 7.3 220 250 12,54 BDL

Lockhart, Texas 9.4 50 44 12,74 BDL

Cleburne, Texas 9.7 36 39 ©12.85 BDL

*As water entered pipe NSS - not staciscically signifi;ant’

BDL - Below the Detectien Limic

CTD032422



- 19 -

For asbestos analysis, from 100 to 500 m% (depending upon the
amounc of other debris present) of a well mixed sample was filtered witch
suction through a 0.45 um pore diameter millipore fiLlter. The filcer
was removed, dried in an oven at 459C for 2 hours, a J mm circle cut ouc
of the filter and placed upside down on a carbon-cocated (200 mesh)
copper grid. 1lhe grid is then placed on the coldfinger of a side amm
condenser washer that has beenvcharged with acecone. The acetone is then
refluxed for four hours to dissolve away the filter and leave the residue
deposited on the carbon-coated grid. The grid wvas then placed in a
traasmission electroa microscope méunced in a specilal carbon specimen
holder and viewed at 17,000 X. At least 10 grid holes on each of two
grids were vie;ed. Every time a fiber was found, an electron diffraction
pattern was attempted. & fiber was then counted, provided a diffraction
pattern was obtained which was characterisctic of either chrysotile or
- one of the amphiboles. If any doubt exi;ced concerning the identity of
a fiber an energy dispersive xray spectruﬁ was also obtainad. The
microscopist used a tally slieet to note the nuﬁber of tibers found in
each grid hole and to note the size of each. When 20 grid holes had
been counted, an average of the number of fibers found per hole was
calculated, and this usea to calculate the number of fibers per liter of
saomple. This procedure {s the same as thac presented at an earlfer
neeting of cthis association in Dallas a?d is published {n the proceedings
of that meeting.7 It is also, for all practical purposes, identical to
an "Interim Method for Asbestos Analysis" recently adopted by EPA.8

Alchough not indicated in Table V, the pH, alkalinity, and calcium
hardness {increased as the wvacter passed through the pipé. presumably as a
resulct of the water reacting wich the cement in the pipe, and thus

causling the vater to become less aggressive to the pipe.
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This is evident also from 32l (scanning electron micrographs) of an
{nside section of unused a/c pipe (Figure 2A) and a piece of the incerior
surface (Figure 2B) of the pipe from the King County Water District. As caa be
seen in Figure 2B, ?he incerior surface of the pipe is significancly changed.
Altheugh no known ot proven methods for controlling corrosion of
A/C pipe exist, the above observations would indicate that simply adjusciag
the pH upward and adding calcium might solve che problem. This secms, howevc?,
too obvious and some people might object to an increase in the hardness
of their vater. Currently, two other procedures that have proven successful
with cast iron plpe are being tested. The Water Supply Research Division
has a reserach a grant with Greenwacd, Scuth Carolina to try pH adjustment
and coating of the pipe with zinc orthe phosphate4 and also has a research
contract with the Corner Water Company in Shippenville, Pennsylvania for
rehabilicacion of their badly deteriorated asbestos-cement pipe by
cleaning of the pipe and then coating it {n place by using controlled
calcite-cement deposition (McCauley Process).g’lo

Polyvinyl Chloride Pipe Studies

Polyvinyl chloride (PVC) pipe has been in use to varying degrees in
some vater distribution systems ian the United States tfor the pasc 18§
years. Recently, however, concern has beean raised that unpolymerized
vinyl chleoride remaining in the pipe could migrate into the water flowing
through ft. To investigate cthis theory existing mechodologyll for vinyl
chloride was 1mptovedL2 to permit the detection and measurement of vinyi
chloride at very low concentrations in water, and five wacer ;ys:ems
:ha; used PVC pipe wvere studied. In a paper submitted to the Journal of
the American Water Works aAssociation in May 1976 concuentrations becween
0.03 and 1.4 ug of vinyl chloride per liter of wvacer wvere repo:cedl3
{a the distributed wacer, although none was found Ln the source. The

lesser concentration vas found to persist in a system coataining pipe
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that was nine years old and tha higher concentration was {ound din the
newest sysctem (pipe about 1 year old). These levels are well-below
those that have been associated with adverse effects ¢n experimentel
animals, and should decline as lower residual monomer pipe (the only
known means of control) is put into use.

) To achieve greater senasicivity than can be provided by purglng a §
ol s'ample.ll a zodification was developed to enable the contents of a 40
mf{ bottle to be purged onto a silica gel :rap.lz The vinyl chloride {s
then desorbed onto a column conmposed of one third Chrowmosorb 101, and
two-thirds Chromosord 102, rather than all Chromosorb 1Q1 in order to
resolve vinyl chloride and cyanogen chloride, an interierence in some
samples. The gas chromatograph is initially set at 50°C, but is programmed
to rise by 10°C per minute co 1609C. Nicrogen carrier zas flow was 80

uf per min. and desorb (inlet) temperature was 150°C. Detection was
achieved by using the halogen specific microcoulomecric decector, and

the limit of detection was 0.1 ug/L.

Asphalt Coated Pipes

To prevent corrosion.of cast iron or steel pipes-and'co aid in the,
curing of cement lined pipes, the innerside of such pipes may be linmed ™
wich asphalt or coal-tar coacings.‘ Depending upon conditions, cemperature,
:hicknessland age, during the production of these coat;ngs; polynuclear
a;omatic hydrocarbons (PAH's) may be released. The solubllity of most
PAH's in water is velatively low; however, a numbcr of representacives
of the PAHl's are known carclnogens and the World Health Organization has
recormended a limit of 200 ng/L for the total of six representative P.A.H.'s

(a value well below their solubility). Table VI liscts some of the PAH's

that have been found (n ua:er,lb and (ndicates thei{r vrclacive carcinogenlicicy.
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TABLE 1

SOME PAH'S FOUND IN WATER

NAME

STRUCTURE

CARCINQGENICITY

BENZO (a) ANTHRACENE

BENZQ (o) FLUORANTHENE

BENZO (j) FLUORANTHENE

BENZO {a} PYRENE

BENZO {e) PYRENE

CHRYSENE

INOENQ (1,2.3 cd) PYRENE

ANTHRACENE

PENANTHRENE

BENZO {«) FLUORANTHENE

BENZO (ghi) PERYLENE

FLUORANTHENE

PERYLENE

PYRENE

1—-METHYL PHENANTHRENE

2-METHYL PHENANTHRENE

1=METHYL PYRENE

CORONENE

4

EREN

58 81)@& 8?@ B 98%@8%3&) &,

LE

L2

L 2 d

+»++ STRONG
+» MODERATE
« WEAK
- INACTIVE
! UNKNOWN
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( A high pressure liquid chromactographic procedure (KPLC) for cthe

15, l&8, 17

determinaction of PAl's in discribuced water is pcesently under

development. Because the detalls of this procedure will be discussed ac
another session of this meeting, (see paper by Sorrell, K., McFarren,

E.F., and Dressman, R., High Pressure Liquid Chromacography for Measurement
of-Po}ynuclear Aromatic Hydrocarvons in Distribuced Wacters, la the
procgedings of the meecing), they will noc be discussed here.

The next step will be to select varicus cities around the United
States where there are asphalt lined pipes {n place, and attempr to
decernine whether during passage of water through the system any increase
in PAH content occurs. If any PaH's are found, an actempc‘ugll be made
to correlate cthe PAH content of cthe water to the age and length of pipe,
and the type of cba:ing (bituminous or petroleum base), etc.

& ¥o methods for the control or for the prevention of PAH's gecting
into the wacer are known or have been investigated.

Summarz

An attempt has been made to identify the problems that may be

encountered when different kinds of pipe (galvanized, lead, poly vinvli

chloride, asbestos-cement, and asphalt coatad) are used to distribute

waters of various qualicty. The methods of analysis developed to identify

these problems as well as ildeas for controlling or preventing the

deterioration of che wat:r quality during distribution are discussed.
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EXPOSURE TO ASBESTOS FIBERS I WATER DISTRIBUTION SYSTEMS

Gunther F. Craun and James R. Millette
Health Effects Research Laboratory
U. S. Environmental Protection Agency
Cincinnati, Ohio 45268

Richard S. Woodhull and Richard Lauippa

Environmental Health Sciences Division

. Lonnecticut State Department of Health
Hartford, Connecticut 06115

Serious health ha:zards can exist if asbestos fibers
are inhaled. Asbcstos-related lung cancer, mesothelioma,
and fibrotic pulmonary disease have been documented in
occupationally exposed populations (l1-4). Ingesting such
material may also be dangerous, as indicated by increased
rates of gastrointestinal cancer among some asbestos worker
groups (5,6,7). Animal studies in which asbestos fibers
have been injected or implanted (8,9,10) indicate that the
fibers may penectrate the mucosa of the stomach and intes-
tine. Although there is no proof that drinking water
containing asbestos will cause cancer, the long term health
effects of ingesting asbestos fibers are uncertain, .

Several surveys of domestic water supplies have noted
the presence of asbestos fibers in drinking water (il1,12,13).
Contamination of surface water occurs because of industrial
activity or from the erosion and weathering of fiber bearing
rocks. Asbestos fibers cam also be found in wells where the
ground water originates in serpcntine rock. Asbestos-cement
pipe used as water mains may also contribute fibers to the
drinking water if the asbestos is leached from the interior
walls of the pipe. Samples collccted from 64 water systems
in the U.S. prior to distribution through water mains showed
29 of the systems with asbestos fiber comccntrations above
S0,000 fibers per liter. Systcms in San ¥Francisco, Seattle
and Duluth had concentrations over 1 million fibers per
liter (14). The chrysotile fibers found in the surface
water sources used by Scattle and San Francisco were attri-
buted to erosion of asbestos-bcaring rock=in the water shed.
Duluth also uses surface water, Lake Superior, and the
source of amphibole asbestitorm fibers here has Leen related
to industrial contamination. Considerable amounts of asbestos-
cement pipe convey potable water in North America, Europe
and other parts of the world. According to a recent survey
by the Asbestos-Cement Pipe Industry, of U. S. cities with a
population of 1,000 or-morc, 33% (65 million people) specify,
purchase or have in service A/C pipe. Over 200,000 miles of
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A/C p%pc are now in use in the U.S. (15). Chrysotile
comprises 80% or more of thc asbestos used in asbestos-
cement pipe manufactured in the U.S. (16). These facts
have raised 2 questCPoR=with respect to the possible
health hazard that mamebe associated with drinking water
which has flowed through this type of pipe.

In 1974, a committee on asbestos in water chaired
by George M. Wright, M.D. prepared a report for the
American Water Works Association (16) which summarized
the information available on asbestos in water from A/C
pipe and recommended several study arcas where research
was needed to answer the health questions raised by the
use of such pipe. Included in the rescarch suggestions
were:

a. the need for data on fiber quantities and sizes
as found in A/C pipe water systems. ;

b:. the need to conduct epidemiology studies of hu-
man population groups exposed to asbestos-cement distri-
bution systems,

An investigation of the use of asbestos-cement pipe
for public water supplies and the incidence of gastroin-
testinal cancer in Connecticut was initiated in 1974 by
the Health Effects Research Laboratory (HERL) in
response to these needs, A multidisciplinary team of
water supply officials, public health engineers, epide-
miologists, scicentists, and statistians from HERL, The
Connecticut Tumor Registry, and the Ccnter for Disease
Control collaborated in the design, field work, and
analysis of data in this study. This report is primarily
to define the methodology used to determine the extent
of exposure of Connecticut’'s population to A/C pipe and
to serve as a progress report of the initial findings of
the epidcmiologic study which will be described in detail

elsewhere (17), Selected water samples collected in con-
junction with this study werec analyzed by electron mi-
croscopy techniques (18). These provided some data as

to fiber quantitics and sizes as found in a number of
different water distribution systems containing A/C pipe.
The size of asbestos fibers leached from the interior of
asbestos-cement pipe may differ from those found in
source waters.

The State of Connecticut was chosen as the site of
the study because of the reliable cancer incidence data
over a 38 ycar period available through the Connccticut
Tumor Regpistry., Repistration of cascs during life now
excoeds 98% and histological confirmation approaches
100% (19). fPreliminary surveys of the usc of A/C pipe
in Connecticut showed that some A/C pipe had been in use
for a number of ycars but that a major effort would have
to be undertaken to document this usage by town so it
would be compatible with the tumor registry data which
is recorded Ly township.
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The Connecticut Study

' Public water supplies, available in 148 of Connec-
txcut's_l69 towns, provided water to 82% of the state's
popu}atlon in 1975, The total population served by
public water supplies in each town varied from 10% or
less in 36 towns to 95% or more in 30 towns., Because
asbestos-cement pipe is unlikely to be used in indivi-
dual water systems, only public water supplies were
included in this study.

A list of public water supplies using asbestos-
cement pipe was compiled after surveying each public
water supply and cross refcrencing the data with infor-
mation available from the Public Utilities Commissieon
and the Water Supplies Section, State Department of
Health., Public water supplies are not developed accord-
ing to town boundaries. Some towns are scrved by sev-
eral different water supplies and a single water supply
may serve areas in several towns. Because the Tumor
Registry colleccts data on a town basis, it was neces-
sary to compile the asbestos-cement pipe data in a
similar manner. Each public water supply using asbes-
tos-cement pipe was then contacted in order to docu-
ment the location of the pipe and collect the follow-
ing data felt to be of epidemiologic importance: (a)
date(s) of installation of the asbestos-cement pipe,
(b) length of asbestos-cement pipe compared to other
types of pipe, and (¢) population served by asbestos-
cement pipe compared to other types of pipe. The data
were then grouped by town,

Asbestos-cement pipe is used totally or partial-
ly by 149 public water supplies in 82 towns. Approxi-
mately 576,800 people in Connecticut received water
which has passed through asbestos-cement pipe. This
compares to a total population of 1,724,000 for the 82
towns in which 1,438,500 pcople are served by public
water supplies. In assessing the exposure to asbestos
fibers from the pipe, several factors were considered,

Factor: Age of Pipe

Somec public water supplies reported asbestos-
cement pipe that was 4S5 yecars old in 1975; some report-
ed newly installed pipe less than 5 years old. The
majority (66%) of the population receciving water
through asbestos-cement pipe used pipe at least 25
years old in 1975. The majority of the towns had
asbestos-ccement pipe that was at lcast 25 years old in
1975: (a) 34% had asbecstos-ccement pipe 30 years old
or greater, (b) 106%; 25-29 ycars old, (c) 16%; 20-24d
years old, (d) 22%; 15-19 ycars old and (¢) 12%; less

than 15 years old. In a few instances asbestos-cement
pipe had been uscd for a period of time but replaced
in reccent vears. Thesc were included as asbestos-cement

pipc systems only for their period of usage.
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Factor: Length of Pipe

App?oximately 900 miles (1450 KM) of asbestos-
cement pipe were found to be in use in Connecticut. The
majority of the towns had at least 3 miles (4.8 KM) of
A/C pipe in their distribution lines: -28% had between
10 (16 KM) and 101 (160 KM) miles of A/C pipe, (b) 46%
had between 1 (1.6 KM) and 10 (16 KM) miles, and (c) the
remaining 26% had less than 1 mile (1.6 KM) A/C pipe.

Factor: Population Served by A/C Pipe

The percentage of the town population that received
water which had flowed through A/C pipe-was determined
after investigating the distributior systems of each of
the 149 water utilities. If the utility had a section
of A/C pipe at the beginning of the distribution line,
the entire population served by that utility was consid-
ered as being served by A/C pipe. In towns served by
more than one utility the populations served by A/C pipe
in each utility were added, Where a utility served two
towns, the distribution system was divided according to
town boundaries.

Factor: Aggressiveﬁess of Transported Water

The quality of the water transported by the pipe is
known to be a critical parameter in the release of
fibers from the pipe. In 1973 Webster (20) presented
pictures of the A/C pipe which had been carrying brine
(water with a high saturation index) for a number of
years. The pictures showed a well markcd deposition of
calcium salts lining the inside of the pipe which would
protcct the pipe from corrosion. He also presented pic-
tures of the A/C pipe that had been subjected to acid
conditions while carrying sewage. These had very rough
inner surfaces which presumably could release fibers
through erosion.

The corrosive effects of certain waters on A/C pige
have been studied closely by the Asbestos Cement Pipe
Industry and a definition of aggressive water derived
from the Langlier Index is given in the AWWA Standards
C400-75 for A/C transmission and pressure pipe (21). The
aggressiveness of water transported through a pipe, with-
in the temperature range of 40-80°F, is determined by
<he formula:

aggressiveness index (A.I.) = pl + log
(A x H)
where: pH = index of acidity or alkalinity of the

water in standard pil units

A total alkalinity in mg/l as CaCD3

H

n

calcium hardness in mg/l as CaCO3
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Higher values of this aggressiveness index are .less cor-
rosive than.lowcr values. haters with an A.I. less than
10 are considered very aggressive while A.I,'s greater
thén 1? are considered essentially non-aggressive. The
criteria established by AWWA Standard C400-75 are:

(a) wuse either Type I (not autoclaved) or Type II
(autoclaved) pipe where A.I. > 12.0 : ' ~ -

(b) wuse Type II where A.I. > 10.0

The correllation between fiber release and water aggres-
siveness has been confirmed by studies recently comple-
ted by the EPA (Municipal Environmental Research Labora-
tory) on asbestos-cement pipe distribution systems in

the field (22). These investigations showed that fibers
were present in water sampled over a year pcriod from

two systems which had source A.I.'s under 10.0, but few,
if any, fibers eould be found in water samples from 3
systems with source A,I. > 12.0. 1In the 1974 AWWA Asbes-
tos in Water Committee Report (16), analyses of two sim-
ilar A/C pipe distribution systems were reported in terms
of asbestos fiber mass/unit volume of water. The data
showed that a greater amount of asbestos (0.28 wug/l) was
found to be coming from the pipe in the Malvern system
which had a source A.L. of 11.2 than from the A/C pipe

in the Glendale system with a source A.I. of 11,8, Glen-
dale A/C pipe was found to have contributed 0.015 ug/l.

Water samples were collected from cach public water
supply in Connecticut with asbestos-cement pipe, analyzed
for the appropriate chemical parameters, and an A.I. was
calculated for each supply. A population wecighted A.I.
was calculated for each town according to the number of
public water supplies with asbestos-cement pipe in the
town, The majority of towns had an aggressivcness index
under 9.8: (a) 56% had A.I.'s under 10.0, (b) 43% had
A.l.'s between 10.0 and 12.0, (¢) 1 town (1%) had an
A.l. above 12.0.

FACTORS COMBINED FOR ASSESSMENT OF EXPOSURE:

While current exposure to asbestos fibers leached
from A/C pipe could best be described by direct measure-
ment of the fibers in the distribution system, this might
not provide an accuratc assessment of exposure to fibers
over the entire time the pipe was used. An assessment of
exposure value or risk factor was dcvecloped from the fac-
tors described in the preccecding paragraphs which were
felt to Le of cpidemiologic importance and iwportant in
the relecase of fibers from the interior of the A/C pape.
To prevent a possible bias in data analysis, the assess-
ment of cxposure (AOE) values werc developed independ-
ently of 'the tumor registry data. None of those calcula-
ting the AOG's had knowledge of cancer incidence by town
within Connecticut and thus were not influenced in the
sclection of paramcters uscd to calculate the cxposure to
asbestos-cemcnt pipe in cach town.
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A list of towns was prepared according to the per-
cent of populatfon served by public water supplisas and
towns were subdivided into those with and those without
asbestgs-cement pipe. The towns were further subdivided
ac;ordxng.to urban and non-urban criteria, an urban town
being defined as having an estimated 1975 population of
>_2500 and > 50% of the town's population served by pub-
lic water supplies. The towns were than ranked according
to the following parameters to show a relative risk of "
exposure to asbestos from asbestosicement pipe.

(1) maximum age of asbestos-cement pipe
(2) population-weighted A.I.
(3) Assessment of Exposure (AOE) as defined by: -

AOE = (L) x (P) x (%5) x A.I. Factor

length of asbestos-cement pipe in miles
population served by asbestos-cement pipe
age of pipe in years

where:

oo

L
P
Z
A

.I. Factor: wuse 1.0 if A.T. = 212.0; 1.3 &if
A1, = 11.1-12.0; 1.6 if A.I. =
10.1-11.0; 2.0 if A.I. = »10.0.
(4) Risk Factor (RF) as defined by RT = AQE/(P)

The AOE and RF were developed to combine epidemiologically
important parameters and factors influcncing the release
of fibers.from pipes. Since risk was felt to be independ-
ent of the population using asbestos-cement pipe, the RF
was calculated omitting this parameter. However, rank
correlations calculated for towns ranked by AQE an¥ RF
showed the town ranks to be similar (Spearman ,88%, o<
.0001; Kendall .713, p<.,0001) and only the AOE was used

in further analysis. Since age of pipe and corrosiveress
of water (A.I.) were felt to be ‘most impartant im asses-
sing total fiber relcase from pipes, these parameters

were to be analyzed separately with Tumor Registry Data,

To determine current exposure to asbhestos in drink-
ing water and confirm the importance of the aggressiveness
index and the other factors used to establish the relative
exposure to asbestos by the towns, a study of asbestos in
source water and tapwater samples from ecach township has
been undertaken usinyg electron microscopy techniques
(13,18). Electron Jiffraction and encrgy dispersive x-ray
analysis arc being used to classify fibers as chrysotile,
amphibole, or nonasbestos, Information on the length,
diameter, and age of A/C pipe between the source and sam-
pling point and thc aggressiveness indexes of the water
at both sites are also being recorded. ey -

To cvaluate if populations not secrved by asbestos-
ccment pipe were exposed to naturally occurring asbestos
in water sources, thirtv-onc samples were collected at
water sources prior to entering the distribution system.
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Sampling §1tes were selectec based on the type of water
source, size of system and geographic location. All
mijOr water supplies were sampled including the Metropol-
itan District Commission, New Haven Water Company, and
Br1dge?ort Hydraulic Company. All samples except three -
were either below detectable limits, which means no chry-
sotile or amphibole asbestos fibers were found, or not
statistically significantly, which .means that less than
five asbestos fibers were found in the portion of the
"sample examined. The three source water samples contain-
ing asbestos were: . )
(1) A drilled rock well serving 100 customers contained
100,000 chrysotile fibers per liter.

(2) A surface water source serving 3,000 customers con-
tained 500,000 chrysotile fibers per liter. Resam-
pling is now in progress.

(3) A gravel well was found to contain 300,060 chryso-
tile fibers per liter but this could not be confirm-
ed upon Tesampling.

RESULTS

Based on these sampling results it was concluded
that the population served by public water systems not
using asbestos-cement pipe were not exposed to signifi-
cant amounts of naturally occurring asbestos in water,

Thus far, 19 water samples have been analy:zed from
the distribution syst®tm after water #ad passed through
various lengths of asbestos-cement pipe. Chrysotile fi-
ber counts ranged from below detectable limits (10,000
fibers/liter) to 700,000 fibers per liter. Some amphi-
boles were dctected; concentrations werc below 50,000
F/t.

Seven of the samples had chrysotile fiber counts
over 100,000 fibers per liter. In general, the fiber
counts werc low when comparcd to counts reported for
water in some other situations. In Duluth wherc the
source of amphibole fibers in the water is considered to
be related to mineral processing operations, fiber
counts as high as 600 million fibers per liter have been
found (23). 7Two hundred million chrysotile ¥ibers per
liter were found in water from a lake in Marin County,
California which rcceives runoff from areas of serpen-
tine rock (24). In sowme non-Conneccticut asbestos-ccment
pipe systems which trausport highly aggressive watcer,
chrysotile fiber counts as high as 32 million fibers
per liter bave been found (22).

L

In the Connccticut samples where chrysotile fibers
were found, their lengths ranged from 0.2 to 60 um with
widths from 0.02 - 0.5 wn, Aspect ratios (length/width)
vanged from 3 to 2000. Figure 1 precscnts a comparison
between the fiber lengths found in the Conn. A/C pipe
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distribution systems and fiters found in-a sample from
a San Francisco Reservoir in California which has a natu-
ral source of chrysotile fiber from surrounding rock
formations. It is apparent that the pipe distribution
samples have a higher percentage of fibers over 1 um in
length than does the sample with a natural source of
fibers. The median value of the San Francisco fiber
length range was 0.7 um while the median value of the
fiber length range from the Conn. A/C pipe distribution
samples was 2.0 um. The data is also compared with anm-
phibole fiber lengths as found in Duluth, Minnesota ‘tap
water 1975 (23).

The age adjusted sex specific incidence data for
stomach, colon, and rectum cancer for Connecticut town-
ships for the period 1935 to 1973 was used to investigate
whether asbestos cement pipe usage in public water sys-
tems could be associated with gastrointestinal cancer.
Observed versus expected ratios for the occurrence of
each cancer, by sex, time period, and estimated exposure
to asbestos cemcnt pipe were calculated within ecach of
threc categories of population density. In addition,
townships within each of the three categories of popula-
tion density were ranked for age-adjusted rates of each
cancer site, by sex and time period and compared to
townships ranked for exposure to asbestos-ccment pipe.
These correlations revealed no obvious trends or patterns
of association with the use of asbestos-cement pipe (17).

These ncgative findings seem to indicate that the
use of A/C pipe has probably not been responsible for
excess gastrointestinal cancers, but therc are inherent
uncertainities associated with epidemiologic studies of
this type. Prior migration, occupational history, and
personal habits regarding other asbestos exposure and
smoking could not be obtained in this type of study.
Because, the study area was selected to take advantage
of reliable cancer data available in the long standing
State Tumor Registry, another limitation which could not
be avoided was the small population served by A/C pipe.
An additional factor which may be important is the rela-
tively low dose asbestos exposure found after sampling
a limited number of water systems using A/C pipe.

It scems justified, however, to report these ini-
tial, negative findings to allay fears that a large,
obvious epidemic of gustrointestinal cancer attributable
to the usc of A/C pipe has been cverloocked, It is accu-
rate to statc that if asbestos in water has influended
gastrointestinal cancer rates in Connecticut, the cf-
fects are not obvious (17).

Additional studies are now in progress to provide
more substantial data on fibers in Connccticut water
supplics. When the prescnt work is completed, all 82
towns identiticd as using asbestos-cement pipes will
have becen sanpled, Supplies in thirty towns not using
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A/C pipe will also have been sampled. All the major
s5ources 1n ecach town are to be analyzed for natural
as?estos content., Analysis of data from at least 82
pairs of samples, before A/C pipe and from the distri-
bution System after a known length of A/C pipe, will be
compared with aggressiveness index changes of the water
in the system,

It is possible that a re-evaluation of our exposure
assessment will be nececssary if fiber counts do not con-
firm the Assessment of Exposure equation as a reliable
predictor of fiber exposure. Closed loop studies and
field sampling are currently underway to determine if
one of the three parameters used to determine the
aggressiveness index (A.I.) is more important than the
others., Data on corrosion control practices, such as,
the addition of polyphosphates is being collected to
determine their influence on preventing fibers from being
relecased from the pipe. A situation in which iron in the
water can apparently coat the interior of the pipe pre-
venting fiber release is also being investigated. Fur-
ther studies will be conducted investigating the rela-
tionship between incidence of gastrointestinal cancer and
the following: 1) current asbestos counts, 2) town ag-
gressiveness indexes, 3} age of pipe data, 4) revised AOE
calculations, if indicated by the current sampling
program,

An investigation of pleural and peritoncal mesothe-
lioma using data from the Connecticut Tumor Registry is
currently being conducted in conjunction with the Con-
necticut Cancer Epidemiology Program, Yale University
School of Medicine. If sufficient numbers of cases of
peritoneal mesothelioma are found which are not associ-
ated with occupational exposure, a case-control study
will be conducted to determine if these are related to
drinking water that has passed through asbestos-cement
pipe. ' ’

The Health Effects Research Laboratory is currently
sponsoring another epidemiologic study in an area of
California where chrysotile asbestos occurs in the source
water. This study will look at cancer incidence in coun-
ties which maintain tumor registries. Although the fiber
concentrations and sizes may be somewhat different than
those found in the Conneceticut A/C pipe systems, the
California study will provide additional data as to the
health cffects of ingested asbestos, Further information
will also be provided by the results of a large scale
animal feeding study supported by thec Ffood and Drug Ad-
ministration, CPA, and the National Institutc of Environ-
mental tHealth. Results of this study will not be avail-
able for several years.
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SUMMARY

A study of the asbestos-cement pipe distribution
systems 1n Connecticut water supplies was performed as
backgr9und for an epidemiology investigation designed to
determine whether there were differences in cancer ex-
perience between population groups exposed to asbestos-
cement pipe distribution systems and those exposed to
distribution systems of other materials. .

Connecticut townships were ranked according to the
population served by A/C pipe, the age and length of the
pipe, and the aggressiveness of the water transported,
Towns studied contained from less than 1 to over 100
miles of A/C pipe. The majority had A/C pipe that was
at least 25 years old and most had water which would be
considered aggressive based on the chemical parameters
of pH, alkalinity, and calcium hardness,

The preliminary findings of the epidemioclogy study
did not show any excess in cancer incidence for stomach,
colon, or rectum in Connecticut townships during 1935--
1973 that could be related to the use of asbestos-cement
pipe for drinking water.

Since the safety of asbestos in drinking water can-
not be proven or disproven at this time, current public
health recommendations about the use of A/C pipe for
potable water systems should be based primarily on the-
aggressiveness of the water, Closecd pipeloop studies
and field sampling currently in progress are expected
to provide data on which water quality pavameters have
the most affect on the release of fibers from the inte-
rior of A/C pipe.

On the basis of the analytical results from thirty-
one samples collected at the water sources prior to
entering the distribution system, it was concluded that
the population served by public water systems not using
asbestos-ccement pipe were not exposed to significant
amounts of naturally occurring asbestos in water.
Chrysotile fiber counts from 19 samples collected after
water had passcd through various lengths of asbestos-
cement pipe ranged from below detcctable limits (10,000
fibers/liter) to 700,000 fibers per liter. The lengths
of the chrysotile fibers found rangced from 0.2 to 60
nicrometers in length; 0.02 to 0.5 micrometers in width,
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