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INTRODUCTION

The paper, "Chrysotile Asbestos Fibers in Drinking Water from Asbestos-Cement
Pipe" by Kanarek et al liga supplementary analysis of data taken from a larger
two part study 2,3,4,5,6 that examined the presence of asbestos fibers in drinking
water and disease incidence in the San Francisco (California) Bay Area, In the
paper, the authors guestion "the validity of aggressiveness indexes for prediction
of fiber release from ashestos-cement pipes.” Their arguments are based on &
purported "demonstration of substantial increases in asbestos fiber counts in
nonaggressive drinking water® flowing through asbestos-cement (A/C) pipe within

selected distribution systems.

This review will comment on the Aggressiveness Index (Al as a measure of
asbestos release from asbestos-cement pipe, the assumptions and inferences made
by the investigators, experimental design, sampling and data enalysis techniques,

and possible explanations {or the study's observations,
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1. ASSUMPTIONS ABOUT THE AGGRESSIYENESS INDEX
The underlving assumption of the paper Is, in the authors' words, ® ... that there is
a positive correlation between fiber release from the walls of A/C pipe and the
‘sggressiveness' or corrosiveness of water,” It ls further sssumed that this

vorrelation is quantitative, consistent and predictive, *These assumptions are

incorreet, .

Prior to development of the Ageressiveness Index ({Al), manufacturers

recommended that the use of A/C pipe in water with a Langlier Index of -2.0

(A'Ir-lz.o) or less would be inconsistent with maintaining the' _507100 year design
@ lifetime of water systems. In the early 1970'%, engineerirg consultants requested
that American Water Works Assoclation (AWWA) and American Society for
Testing and Materials (ASTM) specifications for A/C pipe further define
conditions of product use in so-called aggressive and non-aggressive waters. It
should be emphasized that the manufacturers' recommendations and AWWA/ASTM
‘gt(lidellnw"'s were developed solely for the purpose of ensuring long-term,
sﬁuctural integrity of A/C pressure pipe. The AI was not conceived to be a
predictor of asbestos fiber relesse. As the U.S, Environmental Protection Agency

(EPA) Drinking Water Research Division has stated on this matter:

. The use of the Al as a predictor of the condition of the interior
surface of the pipe in contact with the drinking water and its
tendency to retain or release asbestos fibers has come about in
spite of the fact that the original Intention of the Index was to
outline water conditions that might eause structural failure o

° the pipe. The difference in application is very significant.
- {emphasis in original)
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There is a substantial hody of seientific evidence supporting the view that there is
neither a quantifiable nor a predictive relationship between any corrosion index

and levels of asbestos released from A/C pipe into drinking water.

In 1980, an EPA researcher testified:

; Further work has shown that the aggressive index is not the
perfect indicator of whether a water will corrode an asbestos-
eement plpe and releass fibers.

The oalculation of the aggressiveness index alone, E not always

b

; sufficient to predict actual behavior of A/C pipe.!

r:

And in 1981, EPA again underlined the [mprecision of the Al, almost flatly

; rejecting the Al-fiber releass hypothesiss
Substantial field and pilot plant data, combined with
comprehensive evaluation of many of the Important ehemionl
complexation and precipitation reactions oceurring in drinking
water, give compelling evidence that the Al has immense

g shortecomings with regard to use us « predictor of fiber release

K - and interior surficial pipe ﬁmdition that enjoin against its use

» . ~under most eircumstances,

z The Agency's most recent published work on the Aggressiveness Index states:

é There are several major avenues by which the Al is open to

114 criticism as an indicator of corrosivity and fiblq{ release, the

K meanner in which has most frequently been used,

The EPA paper goes on to detail the deficlencies of the Al in reliably predieting

4 fiber relesse, concludings
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The Aggressiveness Index as traditionally concelved is not
theoretically sound {rom a chemical standpoint to prediet fiber
release and degradation of the Interior pipe surface in systems
that are undersaturated with respeet to caleite. Fortunately,
it has generally proved to prediet falsely pipe deterioration

more often than 1o predict falsely pipe stability in fleld
situntiony,

¢ * * ]

Qbservations of A/C pipe sections from many loealities
eanclusively demonstrate that natural inhibitory factors, such

as these mentioned, are eomnignly the pipe protection
mechanism, not calcite saturation,

The Al is & technieal guideline governing the selection of the proper type of A/C
pipe for waters of differinz aggressiveness. It is based on empirical observations
. and physieal testing of specimens from A/C pipe systems. Based on published

@ analys&sw, it can be concluded that the Al is comfortably conservative In assuring

long-ierm structural integrity ol the product.

PP

In summary then, the basic assumption of the Kanarek et al paper i.e. that there, is
a valid correlation between the Al and fiber release, simply Is fncorrect. The Al

was never meant to correlate with fiber relesse from A/C pipe and in fact,

PP TPV U IR

"extensive studies by the U.S. Environmental Protection Agency demonstrate this

rather conclusively,
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oM. EXPERIMENTAL DESIGN AND DATA COLLECTION

Y

The original study design and collection of date, which are the bases for thls

Sk ki Sk

paper; gave little or no consideration to selecting a sample population
(representatiye distribution systems) in such a way that a valid generalization to a

larger population (all distribution systems In the San Franciseo area, for example)

could be made,

The data suggests no purposefu) sampling technique to determine whether the A/

distribution systems were contributing asbestos to water conveyed through them,
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The authors ‘explain this awav by stating the collection of "before" and "after”

g

i

A/C pipe samples " ,. was only one of several factors involved In this overall

assessment of asbestos in drinking water supplies.” The facts are that the study of @
fiber release from A/C pipe was a matter of tertiary Importance to the authors,

'By]ts own admission, the original study had limited relevance to A/C pipet

Samples were taken before and after lengths of asbestos-
eement plpe (See Table 18). Although, in some ceses there
wore apparently substantlal incresses as a result of the water
passing through the giple, the dats appear inconsistent, This
study did not include the amount of gsbestos-cement pipe in
the various distribution systems as a variable in the analysis

because of its questionable significance andﬂ“’ difficulty of
determining its Jocation, age, and dimensions.** (emphasis added).

An EPA funded report on the asbestos sampling plan for the San Francisco Bay

ares study statess:

The contribution (if anv) of asbestos-cement pipe to the level e
of asbestos found in drinking water has yet to be determined,
‘The Cooper studv was not specifically designed to measure the
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risk ‘!gat might be attributed to the usa of asbestos-cement
pipe.

The harshest eriticism of the study's design and data collection/analysis comes

from the Environmental Protection Ageney, which funded the original project:

The only sugrestion of asbestos cement pipe being attacked by
water with an aggressiveness index greater than 12 was in
conjunction with an epidemiological study done in the Bay Area
of California. ‘The data on the pipe were not pathered
specifically for the purpose of studving pipe corrosion but were
%lled from the overail studv data set, Some informalion

about ilhe systems such es previous tapping procedures and
whether the pipe had been deteriorated from some other cause

were not available, None of the pipe had been dug up for
inspection, unfortunately, 1 did not fee] sfter reviawing th
data that I could consider this &8 complete picture of what
happening w1 these systems, A more vomplete study
necescary before | can conclyde pipe cortosion ocours wi;g
water of an augressiveness index of preater than iF,
{emphagis added)

7

With these facts in mind, any statistics generated from this sampling data base

'

and any conclusions drawn from those statisties, must be considered of dubious

%

A"v&%&m
A‘ véloser examinaiion of the 'samplw themselves reveals equally serious
éompromises in sound science, The authors purport to have thirty-nine pairs of
"’before" and "after" water samples corresponding to "before" and "alter" {lowing
tﬁrougﬁ A/C pipe., There are not thirty-nine paired samples, Firstly, consider a
day on which a single "before” sample Is taken from a water treatment plant
discharge and four "after" samples are taken from residentlal taps after flowing
through varying lengths of A/C pipe. This sampling plan Is not generating four

independent "™before/after” pairs. The four 'before™ samples are artificial — they

are not independent of each other, they are the same observation because only e




sample was actually taken. In the paper, nineteen of the thirty-nine pairs of
samples were selected In this manner. Table 1 (page 8) lists the original data,
Indicating which pairs are from Identical "efore” samples, No attempt is made
by the authors to account for this dependence. This is particularly ironie In light
of the authors' statement thal various taps were sampled "to determine the
continulty of values throughout the d’istr!bution area,” So, although the paper
acknowledges the need for & supplementary anslysis to account for this

dependency, it was never undertaken.

Seccnd, consider a"given sectlon of A/ plpe sampled on different days. Each
repeated sample contributes Information regarding the change In fiber counts
within that seetlon. Only to the extent that the given section of pipe Is better
characterized does each repeated sample contribute information with respect to
chargeterizing the distribution system as a whole. These repeated samples
logically should not be nllo}ved to have as much influence in an analysis of the

total system as a palr of measurements on different sections of pipe within the

system. In the paper, [ifteen of the thirty-nine samples are from sections of pipe
with fepeated mesasures. Again, no attempt was made by the authors to account

for these two different sources of varlation in fiber counts.

It should be mentioned that these "within-section" repcated measurements are

desirable, They supply Information concerning the variability of fiber counts over
time. This information can be used to establish limits on the uncertainty
associated with the expected number of counts for a given sample. Unfortunately,

s seen above, the authors do not use the data to this end.
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PAIRED BEFORE AN AFTER RESULTS .°

\

CHRYSOTILE FIBERS PER LITER FROM COOPER ET AL2

Aoos p § b
TABLE 1
Pair
Number System Before A/C Pipe
1 A < 1.0 x 104 ()
2 A 6.0 x 104
3 A <2.5x 10t
4 A < 2,0 x 104
5 A 2.0 x 109
6 A 1.0 x 109
7 A < 1,0 x 104
8 A < 2.0 x 104
9 A 1,0 x 108
10 A < 2.0 x 104
11 A 4,0 x 10°
12° A 5.0 x 104
130 A 5.0 x 104
14+ A 5.0 x 104
15¢ B < 5.0 x 103
s . B < 5.0 x 103
1w B 1.6 x 105
18+ B < 2.5 x 104
19¢ B < 2.5 x 104
20° B <2.5 x 104
21 B <2.5x 104
22 B 1.8 x 105

After A/C P§

< 2.0x10% 1 (O

< 2.0x10% R1
<1.0x10% Rt
< 2.0x 10% R2
1.5 x 105 R2
3.0 x 109 r2
< 2.0x 104 r3
1.4x 105 R3
2.0x 10% R3
< 2.0x10%
1.0x 10%

5.0 x 10% (B)
3.5x 10°
5.0 x 10°
< 7.0x103
<25x 104

5.4 x 105 R4
1.5 x 105 R4

1.9 x 105 RS
5.4x 104

< 25x 104

3.8x 104 RS
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B Number  System Before A/C Pipe After A/C Pipe
"i% -
'} : 23 B 7.6 x 105 2,0 x 10
P 24¢ B 7.6 x 108 4.0 x 108
25 "R 2.8 x 109 2,0 x 109
26 B 2.5 x 104 2.0 x 10 .
27% c 5.0 x 104 6.2 x 106
20% c sox1t 3.4x107
29 c 5.0 x 104 : 2.5 x 108
300 c 5.0 x 104 < 1,0 x 108
31 - 2,5 x 104 2.0 x 10%
32 - <25x 104 3.0 x 108
33e c 2.0 x 109 8.0 x 108 e
34° C 2,0 x 109 8.4 x 108
15 c . e25x 10t 2.0x 107
3g* c <2,5x104 1.5 x 108
37 c < 2.5 x 104 5.4 x 104
38 - 4.0 x 104 4,0x104
32 - < 2.5x 104 1.6 x 108

LT
N

e
A

The {iber count is below the lowest detectable limit listed,
One 'before' sample for multiple ‘after' samples,
RX Replication of same section of pipe.

Bl o v
ApSarteloe foyd

i smbag
LGS
Gl w0 AR

2
L

S
‘é’;’ I:«,Q

SSESoIL o e
PR

SRS
23
&

SOx

%ﬁr‘




o e o

el

PR
" po b Lol s g Ll

v,

N STk MK BTN A o

STATISTICAL ANALYSIS

Although the shortcomings of experimental design and data collection are
sufficient to invalidate this research, there slso exists erroneous data analysis.
Assume for discussion purposes that there are Indeed thirty-nine palrs of
"before/after™ samples with the results ms reported: ninetsen incresses, eleven
ties, nine decreases. The authors claim 8 two-sided significance level of 0.059

from a sign test corrected for continuity. This is not obtained by the standard

formutla 17:

x¢ = (a-bs-n?
n
s (/24,5 - 14.5/ - )2
39
= 2»03 M

where each tie {s treated as one-half an increase and one-half a decrease, The
significance level of the above chi-square value is 0,150 — not considered to be a
significant result,

Wy s i

80, not only does the study fail to employ sound scientific principles in data

"collection, it incorrectly ecalculated the significance essociated with the most

Important test statistie.
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CONFOUNDING FACTORS

The paper concludes that in comparison to the 'before™ water in one system
(System ) " ,,. an Increase of 115 times the number of fibers" was observed after
passage through sections of A/C pipe. The authors go on to hypothesize a number

of possible explanations for these apparent increases, including:

breskup of naturally-occurring fiber after fow through A/C pipe

~ size of pipe

~ water flow rate

~ alternate wetting and drying of {pipe) surfaces

~ quality of joint materials used

= oorrosive cleanersin use to fush sections of pipe

- tapoing of pipe

- the possibility that hydrants or "dead ends" could have ‘acted as

nreservoirs® for fibers, producing artificially elevated fiber c;)unts.

The peper then dismisses out of hand, w!t;rout any supporting justification or
substantiating data, the possibility that any of the above factors accounted for the
apparent asbestos releases In System C. There Is no explanation as to whether

these factors might explain smaller apparent increases in Systems A and B,

Conspicuous by ts absence in the list of putentially confounding factors is perhaps
the most importent — variations in levels of naturally-oceurring asbestos in the
source waters. Many of the source waters in the study have fiber concentratjons

in excess of one million fibers per liter (mfl) and some over 20 mfl Other
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and local runoff aml wellfields whose asbestos content was not mesasured.

investigators have pointed out the ubiquitous nature of ashestos in Bay Area

drinking waters:

As cgn be seen from the charts (representstive usbestos values
in Bay Area water systems), none of the major water distriets
servicing the San Francisco Bav Area are free of asbesto
fibers, Individual asbeséos measurements range from 1?8
fibers per liter to 1.8 x 10° fibors per Yter of finished water,

To demonstrate the possibility (If not probability) of signif;_cdnt asbestos
variations in s;uree waters, consider the sources for System C. The Hetch Hetchy
Aqueduet dellvers water directly to the system's customers, The Hetch Hetchy
svstem (0.13 mf1 - 0.24 mf1) is fed by the Calaveras Reservolr (119 mfl) and the

San Antonfo Reservoir (0,468 mf1),

«

Portions of System  are also supplied by three treatment plants (0,03~2,1 mf})

The
well and runoff water recelves no further treatment which would. reduce its
asbestos content. Given the natural asbestos content of the different source
waters, the variability in esbestos content in the treated waters and the distinet
possibility that Intermittent "slugs™ of untreated high asbestos content water may
have heen delivered directly to System C by any number of sources, any asbestos
levels observed In that system clearly are subject to wide variation regardless of
the pipe material. The inability to control for such an importent confounding
factor clearly renders meaningless any conclusions regarding the role of A/C pipe
in contributing asbestos to the drinking weater.

*

Further, the limited number of water samples also raises serious guestions about
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the paper's observations. An FPA funded report on asbestos sampling in the San
Francisco Bay Area comments on the problems of such limjted sampling, as well

as the previously mentioned likelihood of asbestos level variabllity:

The individual asbestos fiber concentratjons listed in previous
- Sections of this report (Kanarek et al samples) are the values
for a single grab sample of tap water taken from a census
tract, Water sampling sites were chosen on the basis of 1)
being representative of a specific water distribution system
and 2) convenience of sampling. In order to more fully
sharacterize the asbestos content of these water systems, it
. IDBY BE necessary fo sample a small proportion of 8 very intge
ow of water, This would minimize the probloms of Utilzing
frab samples and reduce the number of water samples to be
analyzed, This would also take Into account the intermity ent

and non-uniform oceurrénce of asbestos in water from various
sources.;g {emphasis addedy,

Vinally, in the 1950's and 1880's substantial amounts of asbestos caulking rope
were used with lead caulked valves and fittings, This rope Is in contact with the

water and could convejvably contribute asbestos to water in the distribution

system,




e VI. AGREEMENT WITH OTHER DATA

[nterpretation of data should have coherence i.e. the results of a study are suspect
If they confliet with findings from other studies. In this regard, the paper is in
serious want of corrohoration. Nothing In the extensive body of literature

produced on the subject of potential fiber release from A/C pipe makes findings
comparable to those made in this paper.

The results of an independent study eonducted by one of the Bay Area's largest

water utilities actually contradict the paper's findings and hypothesis,

) TABLE 2

N SYSTEM X
coummson OF ASBESTOS LEVELS IN WATER BEFORE AND
@ . AFTER CONVEYANCE THROUGH A/C PIPE

L . Alkalinity Calcium Chrysotile
3 Sample PH (/L. Caco;)_ Hardness (mg/L CaC04) Al Asbestos (f/L.)
i 1-Treated 9,38 20 8.6 12,21 BDL
’ Water .
3 Tap 9,38 19 8.6 12,20 BDL
;q Weter X .
:1 v om g ’;
4 3-Treated 8,09 103 35,9 1214  BDL
? Water
: Tap 8.08 103 38,7 12,16  BDL
3 Water? ..

1

Conveyed through approximately 1700 linear feet A/C pipe.
2 Conveyed through approximately 2000 linear feet A/C plpe,
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The paper discusses the "unusual” water chemistry of System C and theorizes that
the high pH may be “\'mdul,v and (alsely weighting the Al towards
nonaggressiveness. The authors also note the low calcium content of the water

suggesting this may account for the apparent asbestos increases,

A comparison of System. X (Sample 1) with the mean water quality values for

System C follows:

TABLE 3

COMPARISON OF WATER QUALITY -
SYSTEM C AND SYSTEM X (SAMPLE 1)

Alkalinity Calelum Al
Sample pH  (mg/L. CaCOy)  Hardness (mg/L. CaCOy) Before After ©
System C 4.2 53,2 23.05 11,93 12,54
System X- 9,38 20 8.8 12,21 12.20

(Sample 1)

Table 3 shows that both the slkalinity and the calcium hardness of Sample 1 are
consitierably lower than that of System C — a worst case scenario, ?t you will,
Yet, Sample 1 demonstrates no asbestos pick up and no Increase in Al as the water
traverses tht; A/C pipe system., Although this is a limited comparison, these
ohservations cast serious doubts over the hypothesis that the low calclum content

of the water in System C explains the purported asbestos increases.
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VI, CONCLUSIONS

The paper suffers from numerous weaknesses and errors. Its underlying

1
. assumption is fallacious — there is not, nor was there ever intended to be a i

"
3

positive correlation between the Aggressiveness Index (A and fiber release from 5
‘ A/C pipe, The original study's design, by its own admission, is of limited - a’
relevance to A/C pipe. The sampling procedure was extremely limited and did not %
generate independent "before/after" pairs. The most important test statistic is s g
incorrectly caleulated. Important confounding variables are overlooked or ignored
— others are dismissed out of hand without explanation. Finally, the results have
not been replicated or corroborated by other studies and are Inconsistent with

@ more contemporary knowledge on the subject.
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