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A bstract

Asbestos-’-cement pipe and  asbestos filters were only two of m any historical 

u se s  of the  m ineral th a t were originally adopted by public health  au thorities in 

the  20th cen tu ry  for the ir then-perceived public health  benefits, including 

w orkplace safety. The quotation  in the  title, for exam ple, is from industria l 

hygienists Philip D rinker and  Theodore H atch ’s 1954 Industrial Dusts, in which 

the  au th o rs  recom m ended crocidolite asbestos filters for workplace air, 

including for d u s t m asks. A sbestos-cem ent pipe w as approved in 1934 by the 

U.S. Public Service and  the  Am erican W ater W orks Association, and  by OSHA 

in  1971. It rem ains an  approved assem bly in 35 sta tes and  nearly  all large 

U.S. cities, a lthough  In ternational Association of Plum bing and  M echanical 

Officials s ta n d ard s  adopted in  1975 prohibit cu tting  or grinding a-c pipe with 
power tools.
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“As Near Perfect as We are Likely to  G et:” 20th Century 

Public H ealth E ndorsem ents of Asbestos in F ilters and Pipe

Why d iscuss asbestos filters and  asbestos-cem ent pipe in the  sam e 

presen ta tion?  B ecause they have related u ses  historically in public and 

occupational hea lth  types of service, and  because the  consensus engineering 

s tan d ard s  for som e historically approved assem blies of each included 

crocidolite asbestos. Both were included in the  decision of the  U.S. War 

D epartm ent (later Defense) decision to designate chrysotile a  critical m aterial 

for w artim e em ergency purposes, and  crocidolite a  strategic m aterial, the 

h ighest category for pu rposes of w artim e priority controls and  postw ar defense 

stockpiling .1

W hat follows is the  historical detail and  docum entation  behind  the 

PowerPoint, w hich includes only a  brief h istorical overview of both  types of 

asbestos-con ta in ing  assem bly. In th is  longer version, I go into more detail on 

how each cam e to be approved by public and  occupational health  authorities.
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Asbestos F ilters in  th e  19th C entury

A sbestos, an  expensive and  rare  m aterial in  the  early 19th century , was 

prized by sc ien tists in  Europe, B ritain  and  the  United S tates as a  filtration 

m aterial because it is chem ically and  electrically inert, and  forms a  fine m esh 

of fibers for separa tion  of particles or m icroorganism s from fluids and  gases.

Spontaneous Generation and the Germ Theory

In the  19th century , cities all over the  world suffered significant an n u a l 

m ortality from w ater-vectored d iseases, especially cholera an d  typho id .2 

Children and  th e  elderly h ad  the  h ighest d ea th  ra tes from these  ailm ents; the 

poor suffered disproportionately because  they  were the  populations m ost likely 

to be living next to fecal-polluted bodies of w ater. There were two com peting 

dom inan t theories of disease etiology betw een late 18th an d  late 19th century, 

m iasm atism  an d  contagion.

M iasm atists, including, for exam ple, Florence Nightengale, believed th a t 

d iseases were m ore prevalent in a reas in w hich m iasm as, vapors rising from 

the ground, were unhealthy.3  Contagionists believed th a t persons could be 

infected by con tact w ith d iseased  persons, con tam inated  goods, and  fecal-
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polluted w ater .4 Jo h n  Snow’s (1813-1858) experim ents in 1854 w ith the Broad 

S treet pum p in London len t increased  credibility to the contagionist theory, as 

did the  experiences of cities like C incinnati, w here cholera sickened riverbank 

com m unities in  droves, b u t m ainly spared  those on high ground like M ount 

Healthy, Ohio, w hich got its nam e during  the  cholera pandem ic of 1849-50.5 It 

was the end of the  century , however, before the  m edical and  public health

com m unity on bo th  sides of the Atlantic arrived a t consensus on the  theory of 

contagion .6 •

H ippocrates (460 BC-370 BC), who wrote of “Airs, W aters and  P laces,” 

suggested th a t som e locations were health ier th a n  others. Since th is theory 

was com patible bo th  w ith contagionism  and  m iasm atism , physicians could not 

agree on how to in te rp re t the  epidemiological d a ta  from 18th and  19th century  

epidem ics and  pandem ics. In part, however, the  theory of m iasm atism  rested 

on ano ther theory, th a t of spon taneous generation, w hich held th a t disease 

agents could be generated spontaneously  in w ater and  air. Many physicians 

and  scien tists, a lthough  they  were aw are th a t sm all “an im acu les” could be 

observed in  w ater u sing  a m icroscope (invented by Anton van Leeuwenhoek, 

1632-1723), could no t believe th a t su ch  sm all entities could cause  diseases 

th a t decim ated u rb a n  popu la tions .7

Louis P asteu r w as able to show, in  an  1859-62 series of w hat would now 

seem  to be sim ple experim ents, b u t w hich were groundbreaking  in his day, 

th a t filtered w ater an d  air, if kept sealed, did not produce the  “an im acu les”

Maines for ACI June 2016 g
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visible in  unfiltered w ater. He argued persuasively th a t am ong these  

“an im acu les” were the  harm ful “germ s” of disease. Filtering th rough  asbestos 

removed the  m icroorganism s and  purified the  w ater, elim inating the  w ater­

borne disease agents. P asteu r h ad  chosen  asbestos paper as the  filter m edium  

in his dem onstra tions to o ther sc ientists, as he had  found th rough  

experim entation th a t the  m ineral in filter form removed more organic m aterial 

from w ater th a n  any o ther filtration m edium . In 1852, the cholera vibrio was 

identified by the  Italian  Filippo Pacini (1812-83) as one of these  “germ s,” 

a lthough  it was not un til well after Pacini’s death  th a t his work w as recognized, 

after publication  of Robert Koch’s (1843-1910) work on cholera in 1884.8 The 

typhoid bacterium  w as identified in the  sam e decade.

Figure 1: Pasteur’s apparatus for d iscon tin u in g  th e  theory o f  

sp ontan eou s generation , 1862.
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In the  United S tates, two m arker events b rough t abou t paradigm atic 

change in  m edical and  san ita ry  engineering policy for prevention and  control of 

w aterborne d isease .9 The first w as the em ploym ent of a  contagionist strategy 

by the  City of New York in the  cholera epidemic of 1866 (known to 

epidem iologists as the  Fifth Pandem ic). The second w as the  d isastrous typhoid 

epidemic of 1885 in Plym outh, Pennsylvania, in w hich m ore th a n  1100 persons 

of a  population of abou t 8 ,000 becam e ill an d  114 d ied .10

W hen the  U.S. Public H ealth Service (US PHS) and  the  Am erican W ater 

W orks Association (AWWA) joined forces to com bat w ater-vectored disease in 

the  United S tates in the  early 20 th century , asbestos filters, both  in the 

laboratory  and  in  the  field, formed p a rt of the  a rsena l of san ita tion  and disease 

prevention. Since P a s te u r’s discoveries in 1859, experim ents in producing 

san ita ry  w ater filters had  been u n d e r way in  G erm any and  elsew here .11 By the 

1920s, US PHS an d  AWWA were working w ith the  U.S. B ureau  of S tandards 

(U.S. D epartm ent of Commerce) to develop s tan d ard s  for all aspects of w ater 

supply  an d  san ita tion , including filtration m ethods, pipe, plum bing, reservoirs, 

an d  sewage trea tm en t and  disposal. M any of these  s tan d ard s  specified

asbestos in  one form or an o th e r .12
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The Gooch Crucible and Chemical Filtration

W hen Yale chem istry  professor F rank  A ustin  Gooch (1852-1929) invented 

the  sin tered  crucible and  te s t m ethod th a t still bears his nam e, asbestos was 

already, as we have seen, a  well-known m ateria l for chem ical, biological and  

m edical filtration. Dozens of te s t m ethods developed by the U.S. B ureau  of 

S tandards and  o ther laboratories employed the  Gooch crucible, w hich cam e to 

be routinely  specified in m ethods of te s t .13 In Professor’s Gooch’s m em orial 

article in the  N ational Academy of Sciences’ Biographical Memoirs, h is fellow 

chem ist Ralph Van Name characterizes the  invention of the  Gooch crucible as 

follows:

The -great value of th is  device lay in the  fact th a t the filtering 

m edium  w as a  m at of asbeslos fiber, in troduced in  suspension  in 

w ater and  com pacted by suction. Not only does th is  supply  an  

efficient filtering surface u n a ttack ed  by m ost acids and  readily 

adap tab le  to the  needs of p recip itates of different degrees of fineness, 

b u t p recip itates w hich could not be heated  in con tact w ith paper fiber 

w ithout undergoing decom position could be collected, ignited, and  

weighed, in the  filtering crucible itself, th u s  greatly simplifying the 

procedure. Criticised a t first by som e who attem pted  to u se  it with 

asbestos of inferior quality, b u t vindicated by the  overwhelming
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testim ony of o thers, th is  device soon becam e, and  still is, one of the 

indispensab le  tools of the  analytical chem ist.14

U.S. Public H ealth Service san ita ry  engineers Jacob  Bloomfield (1897-1977) 

and  Jo sep h  M arius DallaValle (1906-1958), for exam ple, co-authored  a  1935 

U.S. Public H ealth Service B ulletin now frequently cited in asbestos litigation, 

The Determination and  Control o f  Industrial D usts. The au th o rs , however, 

report the  u se  of the  m ineral them selves as a  filtration agent in gravimetric 

analysis u sing  a  Gooch crucible, on p.43 of the  B ulletin .15

The in te rnational m ovem ent for standard iza tion  of te s ts  and  m easurem ents 

had  begun in  the  19th century , an d  had  by 1916 resu lted  in the U.S. in the 

form ation of the  Am erican S tandards Association, now the Am erican National 

S tandards Institu te . ANSI’s w ebsite describes the  organization’s h istory  as 

follows:

In 1916, the  Am erican In stitu te  of Electrical Engineers (now 

IEEE) invited the  Am erican Society of M echanical Engineers (ASME), 

the  Am erican Society of Civil Engineers (ASCE), the  American 

In stitu te  of Mining and  M etallurgical Engineers (AIME) and  the 

Am erican Society for Testing M aterials (now ASTM International) to 

jo in  in  estab lish ing  an  im partial na tional body to coordinate 

s tan d ard s  developm ent, approve national consensus s tan d ard s, and 

h a lt u se r  confusion on acceptability. These five organizations, who 

were them selves core m em bers of the  United Engineering Society
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(UES), subsequen tly  invited the  U.S. D epartm ents of War, Navy and 

Commerce to jo in  them  as founders.

As consensus s ta n d ard s  are developed in industria l dem ocracies, tes t 

m ethods m u st be developed for them  to determ ine w hether any given assem bly 

or p roduct complies w ith the  standard . The ANSI (American National 

S tandards Institute) Due Process s tan d ard , first, prom ulgated in 1919 and 

continuously  revised since, requires th a t every ANSI-accredited s tan d ard  be 

testab le  by an  approved s tan d ard  test. A sbestos played a  m ajor role in m any of 

these  tes t m ethods, because it w as chem ically, electrically and  therm ally 

in e rt .16 Some types, especially crocidolite, h ad  unequalled  properties for 

filtration .17

Figure 2: The G ooch Crucible o f  1884 , s till in  use in  laboratories
today
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Asbestos F ilters 1900-1945

Between the  tim e of F rank  Gooch and  the  end of World W ar II, m any new 

u se s  for asbestos filters in  chem istry, physics, m edicine, food science, and  

industria l filtration of liquids and  gases were discovered in  the  Americas and  

E urope .18 A sbestos filters were u sed  to remove im purities from textile 

dyestuffs, and  from the linseed oil u sed  in wood finishing, as well as crude 

petroleum  being p repared  for sto rage .19 B last fu rnaces gases were cleaned 

w ith asbestos filters, as  were boiler w ater con tam inated  w ith oil, and  the 

in term ediate  p roducts of sugar refining .20

Most relevant to th is  d iscussion  of the  evolution of the  Kent Micronite™ 

filter w as the  developm ent of gas m asks, w ith their requirem ent for highly 

sophisticated  selective filtration of gases .21 For exam ple, the  gas m ask  filters 

u sed  in  firefighting were required to allow oxygen (O2) to en ter the  lungs, bu t 

prevent the  passage of carbon m onoxide (CO). T hat th is w as a  scientific 

challenge m ay be judged  by the  fact th a t ne ither h u m an  lungs nor our red 

blood corpuscles can  m ake th is d istinction  betw een the  two gases. 22

After decades of m ilitary and  civilian research  and  testing, crocidolite 

asbestos w as chosen  by the  U.S. Army Chem ical W arfare Service as the  filter of 

choice for the  Am erican arm ed forces in  World W ar II.23 Among the  scientists
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who contribu ted  to the  project was Nobel prizew inning chem ist Irving Langm uir 

and  H arvard san ita ry  engineer and  industria l hygienist Melvin W. F irs t.24 As 

supplies of the  m ineral from South  Africa were u n certa in  due to enem y 

action  and  to diversion of B ritish  shipping into m ilitary tran spo rt, m uch  of the 

crocidolite u sed  for th is purpose  in the  U.S. w as im ported from Bolivia.25 All 

asbestos w as controlled during  the  w ar as a  critical m aterial, b u t certain  types 

of crocidolite h ad  the  higher s ta tu s  of “Strategic” before 1945. Of th is, U.S. . 

B ureau  of Mines geologist Oliver Bowles wrote in 1959:

Long blue fibers are  exceptionally well adap ted  for gas filters.

Bolivian blue is preferred for th is use. This is the  only type of blue 

fiber th a t w as regarded as strategic during  World W ar II and  the  early 

postw ar period .26

Later in  the  sam e report, Bowles notes th a t

High-grade trem olite and  anthophyllite  varieties of am phibole 

asbestos are  m ore re s is tan t to chem ical action th a n  chrysotile.

Suitable fibers of these  varieties are w ashed, thoroughly fiberized, 

and  acid-treated  to remove soluable im purities. The p repared  fibers 

are  u sed  in  Gooch crucibles or for o ther filtering processes employing 

strong  acids or a lkalis .27

All asbestos w as controlled during  the  w ar as a  critical m aterial; and  

stockpiled afterw ards by the  D epartm ent of Defense well into the  1980s.28 Of 

U.S. efforts to find su b s titu te s  for asbestos during  World W ar II, Ann and
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Myron Sutto ii wrote in Science Digest in 1958 th a t “The trouble is th a t nothing 

else is like asbestos, and  it th u s  h as  specialized u se s  for w hich no su b stitu tes  

are  available. It is a  tough m ineral to dup licate ..”29

Figure 3: Harvard professor o f public health , M elvin W. F irst (1 9 1 5 ­

2011), who served as an advisor to  th e  U.S. Army C hem ical Warfare 

Service and other U.S. m ilitary and nuclear agen cies concerned  w ith

filtration  and air quality .30

Dr. First, by th en  a t the  H arvard Air Cleaning Laboratory in the  university ’s 

School of Public H ealth, reported  to the  1968 Atomic Energy Com m ission Air 

C leaning Conference that:

It w as found th a t g reatest efficiency could be achieved w ith either 

African or Bolivian blue crocidolite w hich can  be reduced to very 

fine fibers of exceptional length  by m echanical beating. ...

In the  early days of World W ar II, the  B ritish  sen t to the
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U.S. Army Chem ical Corps Laboratories a t Edgewood, M aryland, a  

piece of th is paper th a t had  been removed from a cap tu red  G erm an 

gas m ask  can ister. This w as ju s t  w hat the  Chemical Corps had  

been seeking for u se  as a  gas m ask  sm oke filter and  they, together 

w ith the  Naval R esearch Laboratory, proceeded to duplicate 

it and  have it m anufactu red  in large quan tities on conventional 

paper-m aking  m achinery by the  Hollingsworth and  Vose Company. 

The first successfu l paper for the  U.S. Navy, containing Bolivian 

crocidolite, w as called H-60. The U.S. Army paper, containing 

African crocidolite, w as designated  H-64 an d  la ter was called 

Type 6 by the  Army Chemical C orps .31

Figure 4: Nobel laureate ch em ist Irving Langmuir (1881-1957)

I m y  1 Afnin.iu'- — k^, >2a'h ‘'- w u s 1 
H fiio f iv  I ./.-at 1C c>: i -  w '}  ! ’}.>;N«h<-i I ’ t./c V»im v i 1‘/ \ ' l
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Figure 5: U.S. m ilitary gas m ask c l9 4 3 .  The cylindrical com ponent in  

th e  foreground conta ined  th e  asb estos filter.
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Asbestos F ilters in th e  Postwar U.S.

In the  decision environm ent of the  early 1950s, crocidolite asbestos was 

highly regarded as a  filtration m aterial for fluids and  gases by a  broad array  of 

sc ien tists and  safety professionals .32 The Atomic Energy Com mission, for 

exam ple, in  its 1952 H andbook on Air Cleaning: Particulate Removal, prepared  

by Sheldon K. Friedlander, Leslie Silverm an, Philip D rinker and  Melvin W. First 

u n d e r the  ausp ices of the  H arvard School of Public H ealth’s D epartm ent of 

Industria l Hygiene, described its nuclear-facilities a ir filters for rem oval of 

“poisonous and  radio-active d u s ts ” (p.28) as follows:

Cellulose-Asbestos Paper. At p resen t, the  AEC m akes great u se  of CC-6 

paper w hich w as originally developed by the  Chemical Corps [of the  U.S. 

Army] for u se  in  gas m asks. It consists of fine asbestos fibers mixed w ith 

coarser cellulose fibers to give m echanical s treng th  an d  act as a  support for 

the  asbestos. The asbestos m esh  does m ost of the  filtering. Efficiency is 

initially high and  increases w ith use . ... Cellulose asbestos paper is 

expensive an d  no t available in large q u an titie s .33

This assem bly  w as published  as a  m ilitary s tan d ard  in  1954 and  revised in ' 

1955.34 In a  1958 article in the  American Industrial H ygiene Association  

Journal, Allan W est of the  U.S. Army Chem ical W arfare Laboratories described 

the  developm ent of the  Army’s gas m ask, including its asbestos filters (see
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illustra tion  below).35 The m ilitary specification for th is type of asbestos filter 

w as still in effect in 1969.36

Figure 6: The U.S. Army gas m ask filter un it o f  1958 , w ith  p leated  
asb estos paper filter m anufactured by H ollingsworth & Vose

Industrial Hygiene Journal 14d

Fjcurk 4. E4R5 gaa mask aerosol filter

In 1955, B ritish  industria l hygienist G. H. Vokes identified the 

crocido lite /esparto  g rass filter th en  in u se  in gas m asks and  radioactive- 

particle protection as an  “abso lu te  filter,” the  m ost effective available a t the 

tim e .37 The following year H. E. Seifert and  E. G. Callison described the  u se  of 

th is type of filter m  bacteriological hoods, u sed  in the  p roduction  of vaccines, to 

pro tect w orkers from the  pathogens from w hich both  live- and  killed-virus 

vaccines were (and are) m ade .38 Henry F. Allen M.D., a  bacteriologist a t
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H arvard Medical School, wrote in a  1959 issue  of JAMA of the efficiency and  

effectiveness of pleated “g lass-asbestos paper” in removing bacteria  from 

hosp ital a ir .39

In a  U.S. Public H ealth Service publication in 1962, H erbert M. Decker of 

the  U.S. Army Chem ical Corps described the  developm ent of crocidolite and  

esparto -g rass filters during  World W ar II for “gas m asks and  building filtration 

system s.” He too characterized th is filter assem bly as an  “absolu te  filter,” 

defined as “those th a t have an  efficiency greater th a n  99.99 per cen t for 

removing bacterial particles having a  d iam eter of one to five m icrons .”40

The Chemical Laboratory of the  Am erican Medical Association tested  the 

effectiveness of the  filters of bo th  the  first Kents .m anufactured in 1952 and  a 

la ter (1953) m odification w ith a  more loosely-packed asbestos filter th a t 

improved draw , finding in the ir Ju ly  1953 report th a t

The filter of B rand B -1 [the Kent Micronite™] is the  m ost effective 

in  removing nicotine and  ta rs  from the m ainstream  smoke. However, 

the  sam ple of la ter m anufactu re , b ran d  B-2, is m uch  less effective as 

the  filter is m ore loosely packed, apparen tly  in an  effort to improve 

the  sm oking qualities .41

The Laboratory found th a t, while bo th  Kent filters were considerably more 

effective th a n  any of the  com petitor filter assem blies, B -l removed 60 per cent 

of the  nicotine an d  55 per cen t of the  tar, b u t B-2 removed only 41 and  44 per 

cen t respectively. Their tab les of resu lts  are reproduced below.



“As Near P erfect as We are Likely to  G et”

Maines for ACI June 2016

Table 1: R esu lts o f  AMA C hem ical Laboratory, “Study o f C igarettes, 
Cigarette Sm oke, and F ilters,” published in  JAMA, 4  Ju ly  1954.

T able 1 .—Moisture, Nicotine Content, and Physical Characteristics o f Four Brands o j Cigarettes

CollîMÛ 2 2 3 4 5 6 s
Average

Average Average Total Average Ciremn-
Date Sample 

Obtained

Weight of Weight of Length of Length of
Type of Filter

Cigarette,
Gw.

Filter-Tip,
Gm.

Cigarette,
Mm

Filter-Tip,
Mm.

Cigarette,
Mm.

Tobacco,
%

Brand A-l P a p e r .......... ................ ........... May, 1984 1.005 o.ié 76,9 11.0 *20.0 8.60 
9.75Brand A-2 Fiber ......................................... December, 1952 1.123 0.183

Brand B-l Asbestos laminated with paper April, 1952 1.053 0.150 09.5 10.3 20,7 8.51
Brand B-2 Asbestos laminated with paper October, 1952 1.011 0.159 69,5 10.9 2tU 3.84
Brand C-i Cotton ................... .................. May, 1952 1.047 0.168 03.0 to.o 25 3 9.27
Brand C-2 Cotton ..................................... August, 1952 1033 o m 09.0 Hi.O 25.3 10.77
Brand D No fil te r ....... .............. February,1953 u m 70.0 265 • 10.71

9
Nicotine io 

Tobacco 
(Moisture- 

Fiee Basis),%
1Ô3

1.94
2,54
2.44
2.02

Table 2,—Analysis o f Smoke from Four Brands of Cigarettes

Column 1 2  3 4

Weight of
, Nicotine Pound in

Weight of Average Mainstream Smoke 
Tobacco Volume of per Cigarette, Mg,
Actually Mainstream ,— -  ^
Smoked Smoke per With

(Dry Weight), Cigarette, Filter-Tip With
Gm. Ml, Removed Filter-Tip

BiaadA-1........................ 0.629 S40 2*â 2«0
Brand A-2........................ O.OSO 351 2 *2 2 43
Brand B-l........................ 0 63» 328 2.52 1,00
Brand B-2........................ 0.391 350 .  2 4!) 1.47
Brand 0-1........................ 0.681 461 3.91 3.38
Brand C-2........................ 0A55 « 5  4.00 2.93
Brand D ........................ 0.633 35« .... 2.74*

5 0 7 8 9 10
Nicotine In

Tobacco Actually
Smoked Which is Weight of Tars Found

Reduc­ Transferred to In Mainstream Smoke Reduc­
tion of Mainstream Smoke, % per Cigarette, Mg. tion o!

Nicotine in r .. ---- -A. _ --------- f----- _ ..JN__■— . Tars in
Mainstream With With Mainstream

Smoke, Filter-Tip With Filter-Tip With Smoke,
% Removed Filter-Tip Removed Filter-Tip %
9 24 21 1.».9 15.2 5

U 22 19 16 8 13.9 17
60 21 8 15,0 6.8 56
41 22 13 36,7 94 44
n 23 *20 18 5 15.6 16
27 25 18 19.6 15.1 23

21* 17.8*

Placet! In this column lo r comparison with full-length cigarettes.
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A sbestos-Cem ent W ater, Sewer and Vent Pipe in U.S. 

Plumbing and H eating Codes

A sbestos cem ent pipe for carriage of potable w ater and  w aterborne sewage 

w as first considered for u se  in the  United S ta tes in 1923, w hen the  United 

S tates Public H ealth Service (US PHS) reported on the u se  of Eternit™  for w ater 

pipe in  Italy .42 The U.S. search  for reliable pipe m aterials received fresh 

im petus in  1933 from a  serious ou tbreak  of amoebic dysentery in Chicago, with 

98 deaths, caused  by the  corrosion an d  leakage of cast iron sewage pipe into 

the  potable w ater d istribution  system  in two downtown hotels (see Figure 1 1 ) . 43 

Unlike cast-iron  and  steel pipe, asbestos-cem ent resisted  the  “th ree  dem ons of 

electrolysis, tubercu la tion  and  corrosion” (see figures below .)44 T hat corrosion 

and  leakage of cas t iron and  lead w ater pipes are  still public health  issues is 

evident from the  cu rren t Flint, Michigan w ater crisis. -

In Flint, the  lead seals u sed  historically in  cast iron w ater m ains have been 

steadily  corroding since 2014, contributing  to the  very high lead levels leaching 

from corroding lead and  copper d istribu tion  p ipes .45 The AWWA predicts th a t 

Flint MI, Ja ck so n  MS, and  Ithaca  NY are only early exam ples of w hat has been 

called an  epidem ic of corrosion”*of w ater in frastruc tu re , w hich will require a 

national investm ent in pipe replacem ent of abou t $1.7 trillion by 2050 .46 The •
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figures below depict m ajor types of ferrous-m etal, copper, and  lead pipe 

corrosion.

All m odern industria l dem ocracies worldwide regulate w ater, sewer and  fire 

suppression  pipe assem blies, perm itting the  installa tion  of only those th a t have 

been tested  and  approved by the  au thority  having jurisd iction . In m ost of 

these  nations, including the  U.S.’, consensus engineering s tan d ard s  for 

construction  were an d  are adopted and  enforced by a  variety of governm ent 

agencies a t all th ree  levels of governm ent: national, sta te , and  local.47 Lower 

ju risd ic tions, su ch  as counties an d  m unicipalities, m ay im pose more restrictive 

local s tan d a rd s  th a n  those of higher o n es .48 New York City, for example, h as  

m ore restrictive construction  and  public health  s ta n d ard s  th a n  less u rbanized  

a reas of New York S tate  because  it is densely populated, w ith m illions of lives, 

m any of them  in high-rise s tru c tu re s , a t risk  from fire, carbon monoxide 

poisoning, and  infectious d isease .49

A sbestos w as specified in  a  broad  range of assem blies in the  first three- 

q u a rte rs  of the 20 th century , approved in accordance w ith Am erican National 

S tan d ard s In stitu te  (ANSI) due process requ irem ents for s tan d ard s 

developm ent, including b u t not lim ited to friction p roducts, pipe, fiber 

reinforcem ent of p lastics, protective clothing, electrical and  therm al 

insu lations, welding and  cu tting  gear, filters, conduit, roofing, millboard, 

gaskets, packing and  se a ls .50 All were tested  an d  approved by Federally- 

accredited standards-developm ent organizations, including the  U.S. B ureau  of
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S tan d ard s (now NIST), the  National Fire Protection Association, the  American 

Society for Testing and  Materials* and  the  Am erican Society of M echanical 

Engineers. Assemblies in  w hich asbestos w as required by building laws before 

1990 include cathodic w rap for underg round  steel gas pipe, ho t-air register 

in su la ting  paper, and  electrical insu lation  for conductors in sw itchboards .51 

Com pliance w ith these  s tan d ard s  w as also required for obtaining the  in su rance  

necessary  for m ortgage financing .52

A sbestos-cem ent pipe was in dem and in industria l na tions in the  20th 

cen tu ry  after 1934 because  it w as a  tested  and  approved assem bly, supported  

by approvals from a  wide range of governm ent agencies, independent 

engineering associations and  non-governm ental organizations worldwide, 

including those concerned w ith public health  (see Figure 10’ below). O ther . 

m ateria ls, including fiber glass, did no t p ass  s tan d ard  engineering tes ts  for 

fiber-reinforced cem ent pipe un til engineers an d  sc ien tists had  spen t m any 

decades seeking to overcome the chem ical and  regulatory barriers to developing 

asbestos-free pipe assem blies .53 M echanical engineers Reno King and  Sabin 

Crocker, w riting of a sbestos-cem ent pipe in the  5th edition (1967) of the  Piping 

Handbook, described its “A pplications” as follows:

A sbestos-cem ent pipe is essentially  im m une to corrosion in the 

ord inary  sense. It is not sub ject to electrolysis or to a ttack  in so- 

called ‘ho t” soils. It does no t tubercu la te . This pipe will not cause



Maines for ACI June 2016 27

“As Near Perfect as We are Likely to  G et”

discolored w ater. It is highly res is tan t to chem ical a ttack , 

particu larly  th a t encountered  in sulfate soils .54 •

The U.S. E nvironm ental Protection Agency’s Office of W ater wrote of pipe 

s ta n d ard s  and  approved assem blies in 2000 that:

Pipe m anufactu rers follow requirem ents se t by the  American 

Society of Testing M aterials (ASTM) or Am erican W ater Works 

Association (AWWA) for specific pipe m aterials. Specification 

s tan d a rd s  cover the  m anufactu re  of pipes and  specify param eters ‘

su ch  as in ternal diam eter, loadings (classes), and  wall th ickness 

(schedule). The m ethods of pipe construction  vary greatly w ith the 

pipe m ateria ls .55

W hen King and  Crocker evaluated asbestos-cem ent pipe in 1967, it was 

considerably m ore expensive to p u rch ase  an d  install th a n  cast iron in 

equivalent assem blies. The m aterials and  insta lled-in -trench  cost of A-C sewer 

pipe in 1964, for exam ple, w as abou t 15% higher th a n  th a t of cast iron, and  

the  price differential w as abou t the  sam e for w ater p ipe .56 Due to its resistance 

to corrosion, however, asbestos-cem ent pipe h as  proved m uch  less subject to 

breakage over tim e in the  ground, according to a  study  by U tah State 

University B uried S tru c tu res  Laboratory (see
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Figure 7, below).57 The Am erican W ater W orks Association reported in 2012 

th a t  replacerpent costs for all th ree  types of iron pipe in  u se  in  the  U.S. will be 

h igher th a n  for any  o ther type of*pipe assem bly .58

Figure 7: C ost data for sew er con stru ction , from United S ta tes. Public 

H ealth Service. D ivision  o f  Water Supply and P ollution Control. S ew er  

C on stru ction  C ost In dex , C on stru ction  C ost T ren ds M unicipal Sew ers.

W ashington, 1964 .

Table IV, Material Goat Data for Category 7 "Pipe in Trench" of a Hypothetical 
$1 Million Sewer Construction Project

Type of material feel of pip» Unit price Material price

Vitrified d a y ___ *___________ ____
Concrete............. ................. _.........
Cast iron ...............................................
Asbeetoe ee Burnt___ __ __ ___ ___

21, 316. 98 
18, 332. 05 
3,085. 96 
3,187, 00

$1. 709 
3. 688 
2. 215 
2. 5122

$36, 431 
67, 609 
6, 835
8, 000

T otals.. _____ ___ .*__ _____ 45, 921. 08 ---------------- 118, 881

Figure 8: Water pipe m ain break rates by pipe m aterial, from  

Folkm an, S teven . W a ter M ain B rea k  R a te s  in  th e  USA a n d  C anada: A
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C om preh en sive  S u rvey . Logan UT: Utah S tate U niversity Buried

Structures Laboratory, 2 0 12 .
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PIPE
MATERIAL

LENGTH
MILES

NUMBER OF 
FAILURES

FAILURE RATE 
#/(100mlV(V«ar1

Cl 33611.0 8204 24.4
Dl 33238 7 1620 4 9

PVC 26840 3 689 2 6
CPP 2355.3 128 5.4
Steel 4300.1 581 1 3 5
AC 13502.8 954 7.1

' O the r 3755 .3 787 21.0
■ TOTAL . : 117603.4 11.0

Figure 9: Aggregate R eplacem ent Value o f  Water P ipes by Pipe Material 
and U tility  S ize (m illions 2 0 1 0  $s), from AWWA report B u ried  No Longer,

2012.

! R egion Cl CICL Dl AC PV S teel PCCP TOTAL
N ortheast Large 48,958 8.995 5,050 2 | 0 8 1,875 335 0 67,522
N ortheast Medium & Small 66,357 61,755 28,777 26,007 16.084 5,533 6,899 ' 211,411
N ortheast Very Small 14,491 15,992 10,661 7,281 7,937 329 482 57,152
Midwest Large 37,413 9,151 3,077 2,504 1,098 784 512 54,539
Midwest Medium & Small 74,65.4 92,106 51,577 37,248 30,506 8,682 11,152 305,925
Midwest Very Small 37,597 28,943 25,464 12,428 19,720 601 828 125,581
S o u th east Large 30,425 28,980 29;569 21,229 14,936 9,337 7,227 141,703
South Medium & Small 54,772 98,608 140,079 103,659 102,804 21,394 17,160 538,475
South  V ery Small 43,183 24,998 49,791 •34,529 47,823 1,461 1,244 203,028
W est Large . 15,448 16,055 28,949 14,774 14,723 7,443 6,215 103,607
W est Mecllum & Small 15,775 50,145 70.355 50,541 48,885 12,276 9,806 257,782
W est Very Small 16,344 11,199 17,910 13,166 17,245 545 453 76,862
Total ■ 455,416 446,927 461,258 325,674 323,637 68,719 61,957 2,143,589
Ci. cast iron; C IC L : cast iron cem ent iined; Dl. ductile iron; A C  asbestos cem ent; Pt/, po lyv iny l 
P C C P : p restressed  concrete cylinder p ip e  -

a

chloride,
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Figure 10: World production o f a sb estos-cem en t pipe through 1935
W
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S tandards developm ent organizations worldwide in the  20th century, 

including AFNOR in France, the  B ritish S tandards In stitu te  in the  UK, and  the 

m em ber organizations of the  Am erican National S tandards In stitu te  in the 

U.S., formed technical com m ittees, w hich included s ta te  au thorities, 

academ ics, sc ien tists from independen t testing  laboratories, public health  

professionals, in su rers , and  m inority rep resen ta tion  (limited to 30% of 

m em bership) from m anufactu ring  industry , to consider and  develop technical 

s tan d ard s  th a t were adopted into national, s ta te  or departm ental, and  local 

law s .59 .

Building and  plum bing codes, and  the  engineering s tan d ard s  incorporated . 

into them , were developed in W estern industria l na tions for the purpose of 

preventing harm  to citizens from defects in, or failures of, the  built 

environm ent.60 Until the  end of the  20 th  century , and  in some cases beyond, 

asbestos w as specified and  approved and  in  code-com pliant assem blies in the 

U.S., Europe and  elsewhere th a t  passed  inspections by the  au thorities having 

ju risd ic tion  (AHJs).61 A sbestos-cem ent pipe, heating  vent and  electrical- 

conduit assem blies underw en t th is  process, in essence a  form of peer review for 

technology, in  the  m id-20th century , after asbestos-cem ent pipe was first 

in troduced  from Europe in 1931, w here asbestos-cem ent was already approved 

for w ater, sewer and  gas pipe, conduit, roof coverings, vents, and  even garbage 

chu tes  (see Figures and  captions below).
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Figure 11: Leakage o f  sew age from ca st iron pipe caused an epidem ic  
o f  am oebic dysen tery  in  Chicago, Illinois, in  1933 , in  w hich 9 8  persons

perished.

V*..*-».« *. *,V■ **-■ *-

O fA fiK A M  ¡6 M 0 W IN «

POINTS or LEAKAGE FROM SEWER  
OVER T H E  COOLED WATER TANK

iN
HOTEL "X*

1953
■m,

epidemic this leakage was 
an important factor.

The m o r e  important rea­
sons are the large number 
of infections among guests 
at hotel X on J  une ¿8 and 
-29, and a relative lack of 
infections among guests at 
hotel Z; also the excessive 
rainfall on the evening ot 
the latter date which con­
tributed to flooding of the 
sewer system of hotel h» 
which probably c a u s e d  
heavy pollution of this 
s p e c i a l  drinking-water
system. t
‘ The points of leakage 

in the branch sewer over 
tliis water tank are shown 
in figure 2*2- They were 
a roll nd n wooden plug in 
a cleanout Y and holes in 
the pipe due to corrosion, 
particularly at threads. 
Because of the insulating 
pipe c o v e r i n g  on this 
sewer, the leaks due to 
corrosion are not consid­
ered to have been as seri­
ous as the one around the 
woodeirplug. .

Apparently at some t tine
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Figure 12: E lectro lytic  corrosion o f  underground s te e l pipe. In the 2 0 th 

century, asb estos-cem en t pipe was o ften  used  in  underground service  

because it  was n ot subject to  any o f  th e  three major typ es o f  corrosion. 

Note caption  in  original regarding rate o f corrosion w ithout cathodic  

protection . From Wright, Joh n  E. P ra c tic a l C orrosion C ontrol M ethods  

f o r  G as U tility  P iping. K ansas C ity, Mo.: Gas Service Co., 1981: 1.

CAÏHC0IC

FIGURE 1 — One ampere of corrosion current flowing for one year will consume 20 lb 
of steel.
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Figure 13: Corrosion o f  m etal water p ipes in  F lint, M ichigan, 2 0 1 5 , 
from Edwards, F lin t W a ter  S tu d y . A sb estos-cem ent pipe is  highly  

resistan t to  ch em ical corrosion.

Figure 14: A ccording to  th e  Colorado G eological Survey, th is  ca st iron  
w ater pipe required rep lacem ent after on ly  8 years in  th e  ground, in  an 

area o f  th e  sta te  w ith  chem ica lly  aggressive w ater and soil.
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Figure 15: Tuberculation o f  th e  interior o f  ductile  iron pipe. A sbestos- 
cem en t pipe is  n o t subject to  th is  type o f  corrosion, although certain  

typ es o f  “so ft” w aters w ill w eaken it  over tim e.

Figure 16: Corrosion o f carbon s te e l water pipe after 2 0  years in
serv ice.
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Figure 17: Corrosion o f  copper w ater pipe. Lead in  jo in ts  in th is  
assem bly  leach es in to  drinking w ater i f  m easures are not taken  to  control

chloride leve ls  in  th e  water. •

Figure 18: Tuberculation and corrosion to  failure o f  lead pipe, from  
h ttp : //w w w .te r z .c h /r e s ta u r /z in n p e s te .h tm .

i * * . 9 * "
fat

http://www.terz.ch/restaur/zinnpeste.htm
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Figure 19: V itrified clay pipe is  approved only for w astew ater (sewage, 

storm w ater, and process w aste system s), as its  bursting stren gth  is  under 

SO psi. It is  rarely used  in  d iam eters under 6 in ch es. Advantages are very  

high resistan ce  to  ch em ica ls, including acids, and long serv ice  life; 

disadvantages include w eak m ortar jo in ts , brittle qualities in  shear  

loading, se ism ic  vulnerability , short len gth s th a t increase in sta lla tion  

co st, and high  purchase price, esp ecia lly  in  th e  larger d iam eters.62 The 

beaded stream s o f  water at bottom  cen ter  are in d ication s th at th is  pipe is 

leak ing at th e  jo in ts . Image from Trelleborg.
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Figure 20: O fficially-approved asb estos-cem en t refuse d isposal ch u tes  
in sta lled  in  apartm ent com plex in  Bondy (Seine), France, in  1964.
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Standards and Approvals for Asbestos-Cement Water Pipe

The approvals process for asbestos-cem ent w ater pipe u n d er the  British 

S tandards system  in  the  UK w as well u n d e r way by 1930, w ith B ritish and 

Am erican san ita ry  engineers sharing  experiences, te s t resu lts , and  

engineering configurations .63 The Am erican W ater W orks Association 

(AWWA) began the  s tan d ard s developm ent process for asbestos-cem ent 

w ater pipe in  1934, although  the  first adopted  s tan d ard  w as not published  

un til close to the  com pletion of a  long-term  testing  program , described 

below .64

D uring World W ar II, cast-iron  pipe w as no t available for expansion or 

repair of existing w ater and  sewer system s, as bo th  iron and  steel were on the 

strategic m ateria ls lis t .65 A sbestos-cem ent pipe w as therefore in dem and, b u t 

as in all o ther w artim e m anufactu ring  in  com batan t na tions, the  m ilitary had  

priority over civilian u ses  of p ipe .66

M eanwhile, a  num ber of real-life experim ents by bo th  civilian and  m ilitary 

au tho rities suggested th a t  asbestos-cem ent pipe and  conduit h ad  a  variety of 

u se s  in  peace and  w ar .67 Sixty-two th o u san d  feet of asbestos-cem ent w ater 

pipe, for exam ple, were installed  in  the  late 1930s in the  cinder-filled (and 

therefore highly alkaline) sa lt m arsh  know n as F lushing Meadow for the  1939 

“World of Tomorrow” W orld’s Fair in New York City. Tests in 1942 by the
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Borough of Q ueens engineer revealed th a t the  pipe rem ained uncorroded •

despite the  h a rsh  underg round  conditions .68

A sbestos M agazine  received reports during  the  w ar th a t “A sbestos-Cem ent 

pipe used  in certa in  bom bed zones h as show n little, if any  breakage from 

concussion .”69 To conserve strategic steel and  iron in  the  w ar years, asbestos- 

cem ent sheet an d  pipe were u sed  in  tem porary  s tru c tu re s  in B ritain, C anada 

and  the  U.S., including in m ilitary train ing  cam p construction .70

The constra in ts  of the  G reat D epression an d  World W ar II prevented the 

form ation of a  formal AWWA technical com m ittee on A-C pipe un til 1949, after 

w hich the  consensus process of developing, approving and  publishing a  

tentative s tan d ard  for asbestos-cem ent w ater pipe moved rapidly to completion 

by May 1953, w ith the  release of AWWA C400-53T.71 Selection and  installation 

s tan d ard s  for asbestos-cem ent w ater pipe, developed in cooperation w ith 

IAPMO, US PHS, FHA, the  U.S. Navy, ASTM and  ANSI, were approved as 

ten tative s ta n d ard s  in  1964 and  as adopted s tan d ard s  in 1965.72 Meanwhile, 

in the  four decades betw een 1930 and  1970, testing, approval and  installation  

of asbestos-cem ent pipe w as progressing in  France, Germ any, Argentina, 

Holland, Brazil, C anada, A ustralia, New Zealand, R ussia, Hungary, and  

Sweden as well as Italy and  the  UK.73 An installa tion  s tan d ard  for asbestos- 

cem ent pipe w as developed by AWWA and  ASTM by 1964, w hich by 1978 had  

been expanded into an  AWWA-sponsored m an u a l of safe w ork practices for
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asbestos-cem ent, which, after 1975, included IAPM0 Installation  S tandard  15 

(see Figure 21 below).74

Testing of underg round  pipe u n d e r h u n d red s of different soil conditions had  

begun  a t the  U.S. National B ureau  of S tandards in 1912.75 A new series of 

tes ts , including te s ts  of asbestos-cem ent pipe, w as in itiated  in 1937 in 

conjunction w ith US PHS, the  Federal H ousing A dm inistration, and  the AWWA, 

which continued  u n til 1957.™ The US PHS specified an d  approved asbestos- 

cem ent pipe in  the  National Plum bing Codes of 1949 and  1962 as well as 

su b seq u en t ed itions .77

The s tan d ard s  for asbestos-cem ent w ater, sewer an d  p ressu re  pipe in 

force in the  U.S. in the  1980s were as follows:

• ASTM C 296 S tandard  Specification for asbestos-cem ent 

p ressu re  pipe.

• ASTM C 428 S tandard  Specifications for asbestos- 

cem ent nonpressu re  sewer pipe.

• ASTM C 500 S tandard  M ethods of testing  asbestos-cem ent pipe.

• ASTM C 508 S tandard  Specification for asbestos-cem ent 

perforated u n d erd ra in  pipe.

• ASTM C 644 S tandard  Specification for asbestos-cem ent 

sm all- d iam eter nonpressu re  sewer pipe.

• AWWA C 401 S tandard  practice for the  selection of asbestos-cem ent
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distribu tion  pipe, 4 in» th rough  16 in. (100 m m  th rough  400 mm), 

for w ater an d  o ther liquids. •

• AWWA C 402 S tandard  for asbestos-cem ent tran sm ission  pipe, 18 

in. th rough  42 in. (450 m m  th rough  1050 mm), for potable w ater 

and  o ther liquids.

• ANSI/AWWA C603 S tandard  for installa tion  of asbestos 

cem ent p ressu re  pipe.

• IAPMO IS 15 S tan d ard  for installa tion  of asbestos cem ent pipe,

w hich prohib its the  u se  of power tools in the  field installation. Hand

tools only were approved for cu tting  and  beveling of asbestos-cem ent
»

pipe. This s tan d ard  w as developed an d  adopted by the  In ternational 

Association of Plum bing an d  M echanical Officials in the  early 1970s, 

and  w as incorporated into the  Uniform Plumbing Code in  1975. A 

page from the 1981 edition of IS 15 is included below as Figure 2 1 .78

“H and tools” have been defined in  Federal labor law since 1938 as those 

w ithout a  source of power o ther th a n  th a t of the  h u m an  u s e rs .79 It was 

necessary  to m ake th is  rule early on in Federal occupational safety regulation 

because  w orkers u n d e r 18 years of age were and  are prohibited  from using  

m ost k inds of power tools, including power saw s, cem ent m ixers, m eat slicers

and  tra sh  com pactors .80
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Figure 21: IAPMO In sta lla tion  Standard for A sbestos cem en t pressure 
pipe for w ater serv ice  and yard piping, 1981.

ASBESTOS CEMENT PRESSURE PIPE FOR
WATER SERVICE AND YARD PIPING

end of the pipe only, never to the rubber gasket or groove, 
unless specifically recommended otherwise by the 
manufacturer.

an?-?? The end of the pipe and the coupling or fitting bell shall be 
assembled using a bar and wood block or a pipe puller, 
“Stabbing” or “popping” the pipe into the coupling (pipe is 
suspended and swung into the bell) is not recommended.

802,3 When a field cut is made, cut the pipe square, using hand 
pipe-cutters which use a cutting edge, or hand saws. To pro­
perly enter the rubber gasketed joint, the end of the pipe 
must be machined before insertion, using hand machining 
tools.

1004 Materials .
1004.1 Location. AC piping shall be installed only outside the foun­

dation of any building or structure or parts thereof, it shall 
be buried in the ground for its entire length with cover as 
provided in Sec. 317.1. It shall not be installed within or 
under any building or structure or mobile home or commer­
cial coach or parts thereof. The term “Building or structure 
or parts thereof” shall include structures such as porches 
and steps, roofed porte-cocheres, roofed patios, carports, 
covered walks, covered driveways and similar structures or 
appurtenances.

1008 Installation, Testing and Identification

1008.1 Installation
1008.1,1 Alignment and Deflection. Pipe and fittings shall be aligned 

properly without strain. Pipe may be deflected tn accor­
dance with the manufacturer's recommendations provided 
that it shall not be permanently staked or blocked to mairv 
tain this deflection. If soft soil conditions exist, deflected 
joints may be permanently blocked or staked to maintain 
the deflection. The amount of deflection shall be: f  ° for 
sizes4" (101.6 mm) through 12" (304.8 mm); 4 for 14 (355.6 
mm) and 16" (406.4 mm); 31/* *  for 18" (457.2 mm) through 
24" (609.6 mm) for pipe belled on the job site. For factory- 
belled couplings, one half (Vi) the above deflections by size 
shall be allowed. .

1008.1.2 Working Pressure. Maximum working, pressure shall be as 
follows:

MATERIALS. SIZES AND MAXIMUM WORKING PRESSURES pipg SIZES MAXIMUM PRESSURE
C lass »00 4 * 24* Irvd. (1016-8094 mm me!.) 100 pst (889 kPa)Class 150 4"-2<T Incl. (101,6-609*8 mm Incl.) 150 psM,!3l®Class 200 4”-?4" incl. (101.6-609-6 mm incl) |200 psi (1378 KPa>

1008.1.3 Laterals and Saddles. Installation of laterals, saddles or 
tapped couplings in AC piping shall be as required by their
listings.
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Standards and Approvals for Pressure, Process and Sewer

Pipe

As the  nam e im plies, p ressu re  pipe is in tended  for u se  w ith liquid contents 

th a t are  moved by the  action of one or m ore pum ps, ra th e r th a n  th a t of gravity, 

w hich is the  motive force of the  con ten ts of nonp ressu re  p ipe .81 Process 

(industrial) and  sewer pipe were (and, in som e nations, still are) m anufactu red  

in  bo th  p ressu re  and  nonp ressu re  assem blies. Both assem blies are  m ade in 

Types I an d  II, in  w hich the  la tte r h as  chem ical requ irem ents th a t require a  

different c em en t/asb esto s  form ulation from Type I.82 Type I a /c  pipe m ust 

p a ss  only the  four m ajor tes t a rrays enum erated  in ASTM S tan d ard  C 500, 

Standard M ethods o f Testing A sbestos-C em ent Pipe, for hydrostatic  proof 

(resistance to leakage and  weeping in  service), flexure (resistance to transverse  

bending loads), s tra igh tness (deviation along the  length  of the  pipe), and  

cru sh ing  s treng th  (resistance to collapse u n d e r external loading).83

Type II a /c  pipe m u st also pass  a  te s t for uncom bined calcium  hydroxide, 

w hich m easu res chem ical res is tan ce .84 Over a  period of several decades of 

testing  in  the  20 th century , chrysotile alone in Portland cem ent did not pass 

th is  test; crocidolite, w hich is one of the  m ost chem ically-resistant m aterials 

known, was added  to the  Type II form ula in order to comply w ith the  standard
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of chem ical te s t .85 U.S. B ureau  of Mines m ineralogist Oliver Bowles (1877­

1958), w riting of th is in a  1959 strategic defense survey of the  m ineral, 

asse rted  th a t “Crocidolite (blue asbestos), m ined in  Africa and  A ustralia, is 

regarded as a  necessary  constituen t of asbestos-cem ent p ipe .”86 The chem ical 

aspects of th is  u se  of crocidolite are explained in detail in Professor-Dr.-Ing. 

K urt H iinerberg’s m agisterial s tudy  of asbestos-cem ent pipe, pub lished  in 

G erm an in  1963, 1968 and  1977, in R ussian  in 1968, and  in French in 1971.87

Type II asbestos-cem ent pipe w as u sed  for underg round  service in w hich 

corrosion by pipe con ten ts (including sewage) a n d /o r  by aggressive w aters, 

salinity, or “ho t” (alkaline) soils are significant is su e s .88 It w as also used  

extensively for electrical and  telephone line conduit an d  heating  equipm ent 

vents (see next section).
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Figure 22: Brennan and Nem erow’s asb esto s cem en t pipe testin g  
apparatus, Syracuse U niversity, 1963 .
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Standards and Approvals for Heating Vent Pipe

A sbestos-cem ent vent pipe for heat-producing  equipm ent w as and  is 

approved by the  Uniform Plumbing Code, and  by E uropean  codes un til the  mid- 

to-late 1990s.89 These assem blies are still code-com pliant u n d e r the  cu rren t 

(2012) International Plumbing Code, the  successor to the  Uniform Plumbing 

Code. .

Historically, these  assem blies were also com pliant w ith heating  codes such  

as those of the  Am erican Gas Association, th a t of the  form er National Board of ■ 

Fire U nderw riters (now the  Am erican Insu rance  Association), and  th a t of 

ASHVE/ASHRAE.90 The purpose of the  asbestos in asbestos-cem ent heating 

equipm ent vents w as to prevent therm al cracking of the  cem ent, w hich would 

have allowed leakage of carbon m onoxide, produced by incom plete com bustion 

of fuels, th rough  the  fissures into living sp aces .91 A sbestos fabric or rope seals 

were u sed  as vibration isolation connectors in  heating  d uc t system s for the

9 2sam e reason.
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Figure 23: A sb estos-cem ent w ater heater ven t, from th e  2 0 0 9  Uniform

P lum bing Code: 99 .

FIGURE G.l(e) Asbestos Cement type B or Single-Wall 
Metal Vent System Serving a Single DraftHood-Equipped 
Appliance.
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Figure 24: French sp ec ifica tion  for th e  finial tee  o f an asbestos- 

cem en t sm oke v en t (c o n d u it d e  fu m ée), from Charlent, Henri. T ra ité  

P ra tiq u e  d e  P lom berie  e t  d 'in s ta lla tio n  S a n ita ire : C om portan t la  

R é g lem en ta tio n  d e s  In s ta lla tio n s  d'Eau e t  d e  G az d a n s  les  Im m eubles  

d'H abita tion . I l e  éd. m ise  à jour. ed. Paris: Garnier frères, Impr. Tardy- 

Quercy-Auvergne), 1972 . A sbestos-cem ent was th e  only  approved  

m aterial for th is  assem bly  because o f  concerns about carbon m onoxide

leakage.
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The PVC Controversy

Polyvinyl chloride (PVC) for pipe is first a ttes ted  in Am erican engineering 

lite ra tu re  in  1950, w hen Gas Age  published  a n  article abou t a  recently- 

in troduced anticorrosion PVC-film tape for underg round  p ipe .93 The American 

Society for Testing M aterials (ASTM) was, in th a t year, testing  various types of 

plastic pipe for possible u se  in in d u stria l processes involving hydrofluoric acid; 

sim ilar research  w as u n d ertak en  in G erm any an d  reported in 1951.94 Testing 

of PVC for w ater and  sewer pipe w as underw ay in  the  U.S., Europe and 

elsewhere by 1954, and  continued  th rough  the  1960s.95

B ritain  approved PVC for cold w ater pipe in 1962, and  revised the 

s tan d ard  in  1968.96 In-service and  fire toxicity of PVC were explicitly addressed 

in some (but no t all) of these  testing  program s .97 The U.S. B ureau  of S tandards 

(D epartm ent of Commerce) published  a  s tan d ard  for PVC “drain , w aste  and 

vent pipe” in  1965, and  the  Am erican W ater W orks Association issued  a  

s tan d ard  for PVC p ressu re  pipe ten  years la te r .98 Some ju risd ic tions had  

approved the  u se  of PVC in a  few types of process, w ater, and  sewer service by 

the  tim e of publication of the  In ternational Association of Plum bing and 

M echanical Officials’ (IAPMO) 1979 Uniform Plumbing Codelllustrated Training 

M anual.99

The adoption of PVC in the  1980s, however, w as controversial. Donald
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Goodm an et a l  reported  in 1987 on the  opposition to PVC in California th a t 

h ad  resu lted  in  the  lim itation of sta te  approvals:

In California, the  p lum bers un ion  and  o thers alleged th a t plastic 

potable w ater pipe (PVC, CPVC, an d  PB) poses health  risks. They 

have blocked the  expanded u se  of plastic pipe by forcing an  

environm ental im pact report (EIR) to be com pleted. The EIR is now 

in its seventh  year, and  the  California D epartm ent of Housing and  

C om m unity Developm ent (CA DHCD) is acting as the  lead agency.

As p a rt of the  EIR, Stanford R esearch In ternational (SRI) completed 

a  lite ra tu re  survey in  1983 on the  public health  effects of plastic 

pipe on potable w ater. T hat report identified four issues w hich need 

to be addressed  in  the  EIR process: leaching, perm eation, worker 

health  an d  safety (exposure to solvent cem ents), an d  fire safety .100

B ecause the  issue  rem ained unresolved a t the  time of publication of the 

1985 Uniform Plumbing Code, the  publisher, IAPMO, affixed a  notice to the 

inside cover of the  code, show n below .101
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Figure 25: IAPMO’s  n o tice  o f  th e  California Environm ental Im pact 
Report on PVC, in  th e  1985  ed ition  o f th e  Uniform  P lum bing Code.

W-.

\

NOTICE- For several years art environmental im­
pact fteport has oeen in the course 9 * preparation 
inCaiifofoia to determine whether ih© M3>di CP VC, 
PVC, or PB plastic pipe for- transporting potable 
y/tfier posa-s q cancer to pdbtfC. health m  tbeerv 
virpom^nt. At the time of M e printing of the 1985 
Edition of the Uniform Plumbing Code, the Califor­
nia State Plumbing Code does not permit any ex­
pansion in the use of such pip© beyond those ap­
plications permitted in the 1979 Edition of the 
Uniform Plumbing Code.
For information on California restrictions, contact 
the State Housing Law Section of the California 
Housing and Community Development Depart­
ment

International Association ot 
Plumbing and Mechanical Officials
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(A Non-Profit Organization!

As of 1987, the  U nited Association of Jo u rn ey m an  and  Apprentices of the 

Plum bing and  Pipefitting Industry  and  the  In ternational B rotherhood of 

E lectrical W orkers were still actively opposing plum bing an d  electrical code 

approvals of PVC pipe an d  conduit on bo th  environm ental and  occupational 

h ea lth  g ro u n d s .102 Some jurisd ic tions, including Chicago, h ad  im posed ban s on 

PVC pipe in response  to these  cam paigns by organized lab o r .103
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By the m id-1990s, however, PVC w as widely accepted and  adopted for 

w ater and  sewer service by code au thorities worldwide .104 W riting of th is 

tran sition  from the  1950s in  the  Journal o f ASTM International in 2011, 

engineer Bob W alker observed th a t

As a  su b s titu te  for the w ell-established pipe m ainstays of th a t 

e ra—iron, steel reinforced concrete, asbestos cem ent, and  vitrified clay; 

PVC pipe w as initially viewed as having insufficient s treng th  and  

stiffness to be a  viable contender. All these  early views had  to be 

changed. ... the  questions and  doubts su rround ing  PVC pipe’s 

perform ance capabilities were overcome. PVC pipes now account for 

the  m ajority of all new w ater and  san ita ry  sewer in sta lla tions.”

W alker goes on to a sse rt th a t “By 2004, PVC accounted  for 78 % of the 

com bined U.S. and  C anadian  buried  w ater pipe m arket for pipe diam eter 4 in. 

and  larger .”105

The PVC pipe controversy, unsurprising ly , passed  in  1985 into the  h an d s of 

the  National San ita tion  Foundation  (NSF), a  nonprofit testing  and  s tan d ard s 

developm ent organization th a t  h as, since 1944, worked closely w ith Federal 

an d  s ta te  public health  agencies to develop m aterials, equipm ent, and  safe- 

p ractices s ta n d ard s  for food, w ater, and  san ita tion . After th ree  years of .

research  and  testing, the  NSF pub lished  its revised S tandard  61 Drinking Water 

S ystem  Components in 1988, w hich prom ulgated a  list of m axim um  allowable 

con tam inan t leachate  levels from PVC an d  CPVC w ater system  pipe and  its
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solvent cem ents, adhesives and  sealan ts , and  a  ba ttery  of te s ts  required for 

NSF certification, w hich w as required for AHJ approval u n d e r the  Uniform 

Plum bing Code .106 More th a n  90 potential con tam inan ts of drinking w ater are 

curren tly  regulated  u n d e r NSF s tan d ard  61 an d  U.S. E nvironm ental Protection 

Agency regu la tions .107

Perform ance-in-service (as opposed to health) s tan d ard s  for p lastic pipe 

were and  are incorporated  into revisions of NSF/ANSI S tandard  14 Plumbing 

S ystem  C om ponents.108
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