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FOREWORD 

Section 304 (a)(l) of the Clean Water Act of 1977 (P.L. 95-217), 
requires the Administrator of the Environmental Protection Agency to 
publish criteria for water quality accurately reflecting the latest 
scientific knowledge on the kind and extent of all identifiable effects 
on hea 1th and we 1 fare which may be expected from the presence of 
pollutants in any body of water, including ground water. Proposed water 
quality criteria for the 65 toxic pollutants listed under section 307 
(a)( l) of the Clean Water Act were deve 1 oped and a notice of their 
availability was published for public corrment on March 15, 1979 (44 FR 
15926), July 25, 1979 (44 FR 43660), and October l, 1979 (44 FR 56628). 
This document is a revision of those proposed criteria based upon a 
consideration of conments received from other Federal Agencies, State 
agencies, special interest groups, and individual scientists. The 
criteria contained in this document replace any previously published EPA 
criteria for the 65 pollutants. This criterion document is also 
published in satisifaction of paragraph 11 of the Settlement Agreement 
in Natural Resources Defense Council{ et. al. vs. Train, 8 ERC 2120 
(D.o.c. 1976), modified, 12 ERG 1833 o.o.c. 1979). 

The tenn "water quality criteria" is used in two sections of the 
Clean Water Act, section 304 (a)(l) and section 303 (c)(2). The tenn has 
a different program impact in each section. In section 304, the term 
represents a non-regulatory, scientific assessment of ecological ef
fects. The criteria presented in this publication are such scientific 
assessments. Such water quality criteria associated with specific 
stream uses when adopted as State water quality standards under section 
303 become enforceable maximum acceptable levels of a pollutant in 
ambient waters. The water quality criteria adopted in the State water 
quality standards could have the same numerical limits as the criteria 
developed under section 304. However, in many situations States may want 
to adjust water quality criteria developed under section 304 to reflect 
local environmental conditions and human exposure patterns before 
incorporation into water quality standards. It is not until their 
adoption as part of the State water quality standards that the criteria 
become regulatory. 

Guidelines to assist the States in the modification of criteria 
presented in this document, in the development of water quality 
standards, and in other water-related programs of this Agency, are being 
developed by EPA. 

STEVEN SCHATZOW 
Deputy Assistant Administrator 
Office of Water Regulations and Standards 
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CRITERIA 

CRITERIA DOCUMENT 

~SBESTOS 

Aquatic Life 

No freshwate,. o,.ganisms have been tested with any asbestifonn mine,.al 

and no statement can be made concerning acute 0" ch,.onic toxicity 

No saltwate,. o,.ganisms have been tested with any asbestifol'"ffl mine,.al and 

no statl!fflent can be made conce,.ning acute o,. ch,.onic toxic1ty. 

M\lftln Health 

Fo'" the maximum p,-otect ion of human hea 1th froa the Pvtent ia 1 

ca,.c1nogenic effects of exposu,.e to asbestos th,.ough 1ngest1on of wate,. and 

contawiinated aquatic O"gan1sms, the ambient wate,. conc1ntr1t1on snould be 

zel"'O. The estimated levels which would ,.esult in incrt1,~ 11ftt1me cance,. 

r1sks of 10-S, 10~. and 10-7 a,.e 300,000 fibe,.,11, 30,000 &ibe,.s/1, 

and 3,000 fibe,.s/1, respectively. Estimates fo,- con,...,t1on of aquatic 

o,.ganisms only, excluding the consl,Mllption of water cannot t)e .,c,e. 
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! ~TR OOLJC TI ON 

Asbestos is a broad term appliea t8 numerous fiorous 11ineral silicates 

composed of silicon, oxygen, hydrogen, and metal cations such as sodium, 

magnesium, calcium, or iron. There are two major groups of asbestos, ser

pentine (ct.,,.ysotile) and amph1bo1e. C,,,rysotile is the major type of asbes

tos used in the manufacture of asbestos products. These products include 

asbestos cement pipe, flooring products, paper products (e.g., padding), 

friction materials (e.g., brake linings and clutch facings), roofing pro

ducts, and coating and patching compounds. In 1975, the total consumption 

of asbestos in the U.S. was 550,900 metric tons. 

()f the 243,527 mt!tri c tons of asbestos discharged to the envi ronrnent, 

98.3 percent was discharged to land, 1.5 percent to air, and 0.2 percent to 

""ater. Solid ""aste disposal by consumers was the single largest contribu

tion to total discharges. Although no process water is used in dry mining 

of asbestos ore, there is the potential for runoff from asbestos waste-tail

ings, wetmining, and iron ore mining. Mining operations can also contribute 

substantially to asbestos concentrations in water via air and solid waste 

contamination. !n addition to mining and industrial discharges of asbestos, 

asbestos fibers, which are believed to be the result of rock outcroppings, 

are found in rivers and stre1111s. 

The ch1Mic1l c~sttion of different asbestos fibers varies widely and 

typical fol"fflUlU are presented in Table 1 (U.S. EPA, 1976). It should be 

noted that the values obtained from actual chemical analysis of the various 

fibers also may differ slightly from the typical formulas. Although chryso

ttle 1s considered to be a distinct mineral, the five a'""hibole minerals are 

each varieties of other minerals (Zoltai and Stout, 1976). These minerals 

differ from each other both chemically and physically with the exception that 
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TABLE 1 

Typical Forw1Ulas for Asbestos Fibers 

1 • Serpentines Chrysoti le Mg3Si205(0H)4 

2. Amphiboles Amos1te (Mg,Fe)7Si9022(0H)2 

Croc1do11te Na2(Mg,Fe)5Si9022(0H)2 

Anthophy111te (Mg,Fe)7Si9022(0H)2 

Tremolite Ca2Mg5Si90z2(0H)2 

Act1 no 11 te Ca2(Mg,Fel5Sia022(0H)2 



they a 11 cont a i n s i l i con and a 1 1 form i: ~ : er s "'re n er 'J s he d . Sc o d cu a 1 i t y 

asbestos will form fibers ..iit.h '1igner rat·os of lengt . ., to ..-iath than ~corer 

Qrades . 

... he basic crystal form of the amphibole 'Tlirierals is 1ess complicated 

than for chrysotile. The basic structure consists of a double silica chain 

1Si 4011 ) that is paired back-to~ack with a layer of hydrated cations 

between the chains (Speil and Leineweber, 1969). 

Some typical physical properties of three different mineral forms are 

presented in Table 2 (Gaze, 1965). 

Asbestos minerals, despite a relatively high fusion temperature, are 

completely decomoosed at temperatures of 1,ooo·c. Both the dehydroxylation 

temperature and decomposition temperature increase with increased MgO con -

tent among the various amphibole species (Speil and Leineweber, 1969). 

The solubility product constants for various cnrysotile fibers range 

from 1.0 x 10-ll to 3 x 10-12. Most materials nave a negative surface 

charge in aQueous systems. However, since chrysotile has a positive (+) 

charge, it will attract, or be attracted to, most.dispersed materials. The 

highly reactive surface of asbestos causes many surface reactions which are 

intermediate between simple absorption and a true chemical reaction. The 

absorption of various mate,.ials on the su,.face of chrysotile supports the 

premise that the polar su,-face of chrysotile has a greater affinity for 

polar molecules (e.g., H20,NH3) than for nonpolar molecules (Speil and 

Leineweber, 1969). 

Of all the asbestos minerals, chrysotile 1s the most susceptible to 

acid attack. It is almost completely destroyed within 1 hour in 1 N HCl at 

g5•c. Amphibole fibers are much more resistant to mineral acids (Lindell, 

1972). 
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TABLE 2 

Typical Physical Properties of Chrysotile (White Asbestos). 
Crocidolite (Blue Asbestos). and Amosite* 

Units Chrysot11e Crocidol1te Amosite 
(white asbestos) (blue asbestos) 

App.-ox 1 mite 
dia11eter of micron 0.01 0.08 0.1 
sm1 l lest fibers 

Specific 2.55 3.37 3.45 
gr1vity 

Average 
1b/1nct,2 105 5 x 1oS 1. 75 x 105 tensile 3.5 x 

st-rength 

Modulus of lb/inct,2 23.5 x 1o6 27 .o x 1o6 23.5 x 1o6 
elut1city 

*Source: Gue, 1965 



The resistance of the asbestos fibers to attack by reagents ot~er t~an 

acid is excellent up to temperatures of approximately l00°C with rapio 

1eterioration observed at hig~er temperatures. Chrysoti le is completely 

decomposed in concentrated KOH at 2oo·c. In gener~l. organic acids nave 3 

tendency to react slowly with chrysotile (Spei1 and Leineo,,,eber, 1969). 
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Aouatic Life Toxicology 

EFFECTS 

~o appropriate data on the effects of asbestos on aauatic organisms are 

avail~ble at this time. Therefore, no freshwater or saltwater criterion can 

be derived for asbestos. However, microscopic inorganic particles, analyzed 

by transmission electron microscopy, have been detected in fish tissues 

(Batterman and Cook, 1980). Tissue samples obtained from a river with known 

chr~otile asbestos contamination and lake trout, brook trout, and channel 

catfish exposed to Lake Supe,-for •ater contaminated with amphibole fibers 

have been found to contaf n mi nera 1 ff bers i dent i ca 1 to those in the water. 

Muscle tissue concentrations are about one-twelfth of the average water con

centrations (by volume) but live,. and lcidney fiber concentrations are 500 

times greater than muscle tissue concentrations. 

Sufflftary 

The only available data for asbestos and freshwater organisms results 

from field studies in which chrysotfle and amphibole fibers have been found 

in tissues of fish collected from freshwater with known concentrations of 

these mine,.al ffbe,.s. 

No data are available fo,- saltwater organisms. 

CRITERIA 

Mo freshwater organisms have been tested with any asbestifonn mineral, 

and no statement can be made concerning acute or chronic toxicity. 

No saltwat,,. organisms have been tested with any asbestiform mineral, 

and no statement can be made concerning acute or chronic toxicity. 
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~S8ESTOS 

~arm,alian ~oxicology and Human Healt., Ufects 

!~TRODUCT!ON 

Estimating a ,.;sk factor for ingestion of asbestos o,.esents s1gn1f1cant 

difficulties. Although gastrointestinal cancer has been linked to :iccuoa

tional exposures in several groups of workers, no definitive data e.cst on 

the effects of direct ingestion of asbestos, either in animals or "umans. 

F'urthe.-, only limited information exists on air' exposu.-e levels for those 

human studies sh~ing excess risk of gastrointestinal cancer and per•:oneal 

mesothelioma. Nevertheless, the most valuable data on ,.isk a,.e those from 

human inhalation exposu.-es, and these will form the p.-ima,.y basis for a ~ro

Jected c,.ite,.ion. 

This document is not an exhaustive ,.eview of all asbestos liter1tur, nor 

are all i~o,.tant pape,.s mentioned herein. Howeve,., the pape,.s selecttd are 

deemed ,.elevant fo,. estimating dose-response relationships. 

EXPOSURE 

Analytical Techniaues 

Fo,. ti,e pu,.poses of this document asbestos is defined to be ,,,,.,sot, :e, 

Cl'"OCidolite, fib.-ous cu11111ingtonite-grw,e.-ite including amosfU, f1t>rous 

tremo11te, fibrous actino11te, and fib,.ous anthophyllfte. The fir:>roslty of 

the above ~inerals is ascertained on a mic,.oscopic level with fib•'" d•f1"~ 

to be particles with an aspect ,.atio of 3 to 1 or greate.-. This d•f1"1t•on 

will apply to fibers of all sizes. Because of ti,e impossibility of .. ,1,t 1 n9 

fibers 1n any water syst1111 to bulk mineral depcsits from whence tl'l•y ,,.., 

the mine,.al nature of fibers will generally be determined, when nec1u1ry, 

by elect"on beam fnst.-umentation (morphology, selected a.-ea electron d1f. 

f"action, and electron microp.-obt analysis). 
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Tl1e analytical tec,.,ni"lues for tne measurement of asbestos 11iriera1s ,,, 

air or water samoles collected in occuoational or general environmentai :ir

cumstances are time-consumi,.,g, and tne results are of~en "11gtily variabie. 

~o single metnod is suitable for all monitoring circumstances. Tectin,tJues 

appropriate for monitoring workc 1 ace exposures are unre 1 i ab 1 e wnen used to 

evaluate tne mucti lower environmental concentrations of asbestos, sucn as 

those found in water, largely because of the presence of ouantities of other 

inorqanic and organic material. Electron microscopic rnetnods used for envi

ronmental monitoring are difficult to perform and costly. Reproducible re

sults can be obtained in experienced laboratories if standardiz~d technioues 

are utilized, careful ouality control 1s maintained, and otriodic interla

boratory comoarison of results 1s made. With careful 1n1l,111s of water, 

interlaboratory precision can achieve relative standard dtv11t1ons of 30 to 

65 cercent (Anderson and Long, 1980; Chopra, 1978), but •1t"'OYt standardiza

tion intralaboratory variability can be as great as a factor of ten, and in

terlaboratory variability can exceed two orders of rnagnitudt (Brown, et al. 

1976). 

Environmental--Water: Considerable effort has taken o11e1 in recent 

years to standardize technioues for the auantitation of •1neral fibers in 

water. All work to date has utilized electron microscooy. Tlle oresence of 

nuaerous diatOII spicules and other nonasbestos fibers 1n .. ter .. d the great 

difficulty of uniauely identifying mineral species or claun r:,y optical 

~1croscooy would appear to preclude the use of optical •1c~cooy for even 

t.-.. ouantitat1o,, of laMJe asbestos fibers in water. Witfl tltctron micro

scoi,y, however, relatively few exp1ri111ent1l problttM ,....1,., lfld l"fl)roduci

blt results can bt obtained by exper1enctd laboratorin. ~ disadvantage 

of this method is the cost and t1111e of analyi1s and the 11•1ttd availability 

of laboratories for the analysis of samples. 
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The U.S. EPA has proposed an interim 11ethod fJr t"ie analysis Jf as.:Jestos 

in water :Anderson and t.ong, 1980 1 • ~ .. -::,ma :->te,. samole, 50 to 500 i,l is 

~iltered through 0.1 micron polycarbonate :~uclepore) f;'.ter. ~ portion of 

the filter is placed on an electron microscope grid and dissolved oy the 

Jaffe wick method and scanned by transmission electron microscopy at 10,000 

to 20,000 magnification. Prior to dissolution, the flat polycarbonate fil

ters are coated 11,d th carbon 11thi ch serves to enmesh the co 11 ected material 

and to reduce losses during dissolution of the filter material by chloro

for,n. Twenty grid squares or 100 fibers are counted. The identification of 

fiber type is by morphology for chrysotile and by selected area electron 

diffraction for a,nphiboles. No attempt is made to determine the amphibole 

mineral species. If necessary, this can be done using energy~ispersive 

X_,.ay analysis of each fiber. All individual fibers (length greater than 

three times width), irrespective of length are counted in the grid squares 

scanned. The fibe,.-, in large clumps, though, are not counted individually. 

For surveillance of large numbers of water systems, the procedures serve to 

identify those with significant quantities of asb'estos present. For water 

systems wtth high concentrations of suspended solids, the collected material 

and filter can be ashed in an activated oxygen furnace, the remaining mate

rial resuspended, ultrasonified, and ref1ltered. 

T'he sensitivity of procedure this is such as to be able to detect about 

250,000 fibers/liter (f/1) or less 1n most drinking water systems llfithout 

the need for the as~ing and resuspension step. Most rnunic1pa1 water systems 

contain less than 1 ag/1 of suspended solids, and thus 200 111 of •ater can 

be filtered through a 10 et1
2 filter for analy,h. T'he counting of 20 grid 

sc,uares as prescY"ibed above, scans 1.3 x 10-3 cm2 of filter. In this 

aY"ea typical backgY"ound counts are less than two fibers. Thus, e1gbt fibers 
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coun~e1 ·,o1ould establish a detectable level in a given water samcle. lolitri 

200 iil of water samoled, ~riis cor.-esoonds to 250,000 f/1. rn wate.- systems 

having less suspended solids the lowe.- limit of detection is proportionaJ;y 

lower. I.Ji th systems containing more suspended material, similar detection 

limits can be achieved following the ashing procedure. 

A previously used techniaue of condensation ... ashing of cellulose acetate 

Millipo,.e filte,. pieces on ca,.bon<oated grids using acetone can ,.esult in 

significant losses unless extreme care is taken. Carbon coating of the Mil -

11 pore fi 1 te,. is i neffect 1 ve in enmesn1 ng the f 1 bers because many of them 

are traooed deep 11dth1n the interstices of the 111111mrane filter. Condensa

tion of acetone on the grid can resuit ;n the fo,,...t1on of poois of soivent 

on the fii ter whi en wasn away ti bers. Losses as great as 80 percent nave 

been reported using this teehniou@ (Chat11@1d, et a1. l97S; Be~n and File, 

1976; Cho~ra, 1978). 

Eighteen ana1.ttica1 1aborator1es par-t1c1pattd 1n an ANr1can Society for 

Testing ar,d Materials (ASTM) Task Group study of the r=easur=nent cf amphi-

bole and ch~ysot1le f1be~s 1n wate~. Table 1 11sts the data on the 1nter1a= 

boratory prKision that has been obtained by thh group in the analysis of 

both chry,ot11e and a1119h1bo1e fibers. The Task Group concluded: 

The tr1nsmi~sion electron ~1croscope 1s the best b1s1c instru
ment for the analysis, p1rt1cuhrly wnen 1t 1s tQU1pped with se
lected 1,..1 electron diffraction 1nd enerQy-d1spersivt spectroscooy 
C,Olb111t1ts. The Nin fiber concentr1tf0tts by different groups 
aaree within I facto,. of two. The 1nt1rlaboratory rei,roduc1b1lity 
at 50 pet"Ctnt c1n be expected in ,.,ht1Ytly clean w1t1r s~les 
unless the concentration 1s low. tn saplts with high concentra
ti OftS of 1 "terl1r1 ng so 11 ds, the prec1 s 1 on w111 not be H good. 
When apc,11ed on a broad sc1l1 there are variable and s1gn1f1cant 
losses associated with the c:ondensat1on•ashfng of SIIIPlts contain
ing amphibolt. The losses are low and l~ss v1riab~1_when conden~~
tion ... ashfng fs used to prep,,., S1111Ples cont11n1ng cftrysot11e 
(Chop,.a, 1978). 



Sample 
Tyi,e 

Chrysot11e 
Chrysot1 le 
Chrysot i1 e 
Chr ysot 11 e 
Chrysot 11 e 
Chrysot1 le 
Mii,hibole 
~1bole 
Mtphibole 

TABLE 1 

Interlaboratory Precision Cttained in the Analys1s of Water 
Samples for Chrysotile and Ampnibole Minerals• 

Mean Fiber Relative ~..,er of Concentration Standard 
Laboratories {106 fibers of Deviation 
Reporting all sizes/1) of Analysis (,) 

10 877 35 
9 119 43 

11 59 41 
9 31 65 
9 28 32 
3 25 35 

11 139 so 
4 95 52 

14 36 66 

*Source: Anderson and Long, 1980 (SH a 1 so Chopra~ 1978) 
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Envfronmental --Afr: As with wate,., the analysis of ambient air- samples 

by ootical techniaues int,.oduces significant difficulties. Fi,-st, the Quan

tity of asbestos in ambient ai,. is only a small fraction of the total ae,.o

sol. This ae,.osol conta1ns la,.ge Quantities of o,.ganic and mineral mate,.ial 

of ..,a,.ious origins, including many fibers other than asbestos. Therefore, 

enumeration of fibers collected in ambient air may have little ,.elevance to 

the asbestos materia 1 present. In one instance, a comparison of 25 amoi ent 

air samc,les collected in buildings, sc,ne of which were contaminated with 

asbestos, showed no correspondence between concentrations of fibers 1 onger 

than 5 um, as detel"fflined using optical microscopic techniQues, and the total 

mass of asbestos present, quantitated by electron microscopic methods (Nich

olson, et al. 1975). Here, using the National Institute for Occupational 

Safety and Health (NIOSH) technique, no fiber concentrations measured ex

ceeded 0. 03 f /ml. and contributions to the measu"'1!d filter concentration 

from other than asbestos fibers were felt to be significant. A review (Dug

gan and Culley, 1978) of the results of the analysis of six side4>y-side am

bient air samples by nine laboratories also highlighted the difficulty of 

using optical microscopy at low asbestos concent,.ations. They found that 

intralaboratory variability could exceed a factor of 10 and the ,.esults be

tween laboratories could differ by a facto,. of 100. The possibility exists 

that optical techniQues using petrographic, polarized light •icroscopes or 

dispersion staining techniaues could produce better results. This has not 

been investigated, however. 

A variety of techniques, each of which utilizes electl"'On 11icl"'Oscopy, 

have been developed for the analysis of asbestos in the lllbient air. At the 

present time, there 1s less agreement on an 1dH1 method for ai,. analysis 

than fo,. water analysis. Two general electron microscopic techniques a,.e 



utilized fo,. the analysis. :ne 'nvc·,es t"e col 1 ect1on o" as:est:s :n :e,·

ulose acetate i"lillioo,.e) or oo:yca,.conate fi 1 ters i'~uc'epore· 5amucr3, e': 

al. :978) ard its subseouert ~ransfer to e~ectron '"1iCrosc::oe 3r':::IS. =:::r 

samples collected on cellulose acetate filters, the fi:':er and :o;·ecte:J 

:riater-ial are ashed, the ash suspended in water, and the suspension fi ~tered 

th,.ough a polycarbonate filte,., Such filters are then p,.ocessed using ~ech

ni aues similar to those used for water and pre"i ous 1 y discussed ( see ·..ia ter 

section). Although not well studied, the use of flat-surfaced oolyca,.

bonate filte,.s in field situations may lead to losses of pa,.ticles prior to 

sample preoaration for analysis. 

Direct transfer techniaues haYe other limitations. Ambient aerosols are 

made up of agg 1 omerates of particles with asbestos fibers attached to a 

variety of other material. Chrysotile asbestos, for examole, with a oosi

ti"e su,.face charge, readily adheres to any of the large number of nega

tiYely charged particles, such as clays, in the ambient air. \llithout dis

persal, these agglomerations can ,.esult in the asbestos being obscured when 

viewed by an electron microscope. Further, agglomeration can occu,. on tl'!e 

filter dur1ng the long collection times reouired to quantitate low concen

trations. In many cases, these agglomerates, which usually are of respir

able size, contribute the most to the mass of the sample. Also, they may 

occur so infreouently that a statistically reliable measure of their quan

tity is difficult to obtain. To obviate these difficulties, techniaues have 

been developed in which collected material and filter are ashed in a low

tempe,.atu,.e, activated oxygen fu,.nace. The resu 1 ting residue is dispersed 

!:ly physical means, either through the application of ultrasonic energy or 

grinding, and is enmeshed in a nitrocellulose or collodian film for mounting 

on electron microscope grids or is ,.efiltered through a polycarbonate fil-
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te,.. 3uc.., ",··.,b -out" methods a 1 so i nvo 1 ve 1 osses and, as witli waslii ng tech -

,,ioues, P"''?IJ:.J''"e skilled development of the P"Ocess. A significant disadvan

tage o· ':"'S :JP"'ocedure is that the initial physical state of the asbestos is 

aite,.e~ orior to enumeration. Therefore, infonnation on the fiber size dis

tribution is not available. Only mass concentrations can be determined. 

(~icholson, 1971a; ~icholson and Pundsack, 1973). 

To date, there lias been less interlaboratory agreement in the analysis 

of air Hmples than for water SafflJ>le anal111s. rn one interlaboratory com

parison of samples collected near a road surfaced with serpentinite rock and 

analyzec.J ~or tlie mass of chrysotile asbestos, 1ntrahboratory differences 

exceeded two orders of magnitude, and interlaboratory differences for labor

atories using different analysis techniques exceeded four orders of magni

tude. ~iber counts were similarly variable (U.S. EPA, 1977). On the other 

~and, relatively good agreement (average relative standard deviation of 25 

percent) was achieved by three laboratories 1n the analysis for amphiboles 

of 12 samoles collected in Silver Bay, Minnesota (U.S. EPA, 1976). 

Ana 1 ys is of amph i boles in a 1r around Lake Superior by the U.S. EPA and 

the State of Minnesota has been ~one using I cellulose ester filter for col

lection. The filter is shipped to the laboratory where it 1s ashed 1n a low 

temcerature oxygen-act hated furnace. The ,..s1due 1s ,.esuspended and fi l -

tered through a polycarbonate filter. Good, recovery and low losses ar~ 

claillled by the investigators (Cook, 1978). 

Occupational: In occupational circuastances, the current method of 

auant1tating asbestos air concentrations 1s to enuaerate all fibers longer 

than 5 um collected on a specified area of filter, ut11fz1ng phase,ontrast 

light microscopy at 400X magnification [National Institute for Occupational 

Safety ;i: ~ea1tn (NIOSH), 1972). Such instrumentation does not allow 

identif -'.: 'o, of tne fibers according to mineral type no,. is it even 
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sufficient to establish if they ar-e or-ganic or- miner-al in or-igin. In 

gener-al, when the principle fiber- in an aerosol is known to be asbestos, 

tnis or-esents no pr-oblem. However-, in some occupational cir-cumstances, 3S 

with the use of insulation mater-ials, fibers of var-ious or-igins ar-e pr-esent 

in the sam@ material, and this can r-esult in over-estimates of the actual 

asbestos concentr-ations. 

The adoption of a 5 iim cutoff for the length of fibers enum@rated was 

imposed by the limitations of light microscopy. It has long been known that 

f1bers longer than 5 iim and visible by phase contrast microscopy r-epr-esent 

only a sma l1 fraction of the total number of asbestos f1 bers in the a i,. 

(Lynch, et al. 1970). This would present no problem were fiber size cJistr-i -

but1ons similar in different circumstances. However, such is not the case. 

It has been shown, using electron microscopy, that when chrysotile asbestos 

concentrations in different exposure circumstances are enumerated, the fr-ac

tion greater than 5 iim may vary by 10-fold (from 0.4 percent of the t,tal 

number of fibers present to approximately 5.0 percent). When amphibole 

varieties of asbestos are also considered, the fraction counted can vary 

more than 100 ..fold ( Nicholson, et al. 1972). Thus, we do not have an accu -

rate yardstick for the quant1tat1on of asbestos air concentration in the 

workplace. This does not present serious problems when monitoring for stan

dard cQ111Pli1nce but co,nplicates CQIIParisons of health effects between vari

ous industrial processes such as mining, manufacturing, and end-9roduct use. 

rt also come,licates extrapolations of dose~esponse ,.elationships determined 

in occupational cil"'CU11Stances to lower concentrations of asbestos m@asured 

in the general environment by other techniques. Nevertheless, when assess

ing exposure in a defined asb1stos aerosol, the precision of optical methods 
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can be good. NIOSH (1976) has estimated that a coefficient of variation of 

about 20 percent can be achieved in the assessment of asbestos concentra -

tions greater than 0.1 f/ml. 

Although fiber counts have been utilized for the assessment of occupa

tional asbestos exposure since 1966, in prior years other methods, usually 

involving total particle counts (fibrous and nonfibrous). were utilized. 

Some attempts have been made to relate these earlier counts to present day 

fiber concentrations (Lynch and Ayer, 1966). However, these have been found 

to depend strongly on the particular asbestos use process, and no universal 

conversion factor is available that would relate total particle concentra

tions in a given circumstance with asbestos fiber counts. It is unfortunate 

that earlier data have limited relevance, since the disease experience that 

•e are seeing today is the result of expasures that took place 20, 30, or 

rnore years previously when work conditions may have been considerably dif

ferent from those currently existing. Thus, dose-response relationships are 

tenuous and can only be approximate, based upon current data. 

Interccmparison of Techniques: All data, scant as they are, that relate 

asbestos disease to expasure are derived from studies of workers expased in 

occupational environments. In these studies, concentrations of fibers long

er than 5 MIii were detel"fflintd using optical ~icroscopy or were estimated from 

optical microscopic nieasurements of total p~ticulate 191tter. On the other 

hand, all cur'"9nt low-level environM1ntal assess...nts utilize electron 

m1croscop1c techniques which are not COfflParable to those used in the wo" -

place since optical techniques do not provide data on the number of fibers 

less than 5 MIii in len9th. To extrapalate dose-response data obtained in 

studies of workin9 groups to env1ronaental exposures, it is necessary to 

establish the relationship between optical fiber counts and mass or total 

fiber number determined by electron microscopy. 
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Recent studies nave attempted to relate optical fiber counts . f·:ers > ~ 

11m) and TEM counts (all C-1...:ountable fibers). An interlaboratory :o~oarison 

of ootical ve,.sus E~ counts of ch,.ysoti le fibe,.s s.;ggested an aver3ge ": · :1 -

tionship between optical counts and TEM counts of 1:1000 ('/jiner :1r: :::s

sette, 1979). The samples studied included ai,. samples from six ~,arts one 

asbestos...:ement, one brake lining, two treating mills, and two :e\t1 ·e 

plants). Lower ratios are expected for amphibole fibers. An ana1 1 s·s :y 

the U.S. EPA (Personal comnunication, J. Millette) ,.elating optical •\:,er 

counts of fibers longer than 5 um to total fiber counts by t,.ansm1ss1on 

eiectron microscopy gave a ratio of 400 for six sampies of asbestos ,e,; ,,g 
insuiation materiai (which, however, may contain fibers other than asoestcs 

a ratio as 1ow as 15 for EM count to optical counts. 

Some data axist that ralate optical fiber counts ( longer than 5 

the total mass of asbestos as determined by electron microscopic tec~~,:ue~ 

or by other weight det!l"fflinations of collected airborne asbest::is ,,:,e,.~. 

These are listed in Table 2 and provide C1"1Jde ~~timah~ of a convt'"\1on 

factor relating fiber concentrations (f/ml) to airborne asbestos ~,,s 

(ug/m3). The propcsed standards for asbestos in Great Brita,,, ~Y ~~, 

British Occupational Hygiene Society (BOHS) stated that a Mrespirablt· ~,ss 

of 0.12 lftCJ ubestos/113 was equhalent to 2 f/ml (BOHS, 1968). It •n ,,ot 

stated how this relationship was determined. However, if it were f,.oa ~•q

nesi1.n deta"'llinatfons fn an aerosol, the weight determination would : ••tly 

be hf gh because of the presence of other nonfi brous, rugnes i um ...:onu,,,, ,,q 

cClffll)Ounds f n the aero so 1. Such was the case f n the work of Lyne", t t , l . 

(1970), and their values for the conversion factor are undoubtedly ovt,.tst1 -

mates. The data of Rohl, et al. (1976) are likely to be underest,mHts 
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TA8l £ 2 

Meuured RelAttonshlps Between Optical Fiher Counts and Mass of Airborne Chrysollle 

Ftbera 
Counts 
(f /al) 

Hass 
Concentration 

( 119/-3) 

Conversion Factors 

S111pling Sttu•tlon 

Textile hctory 
BOHS (1968) 
(weight vs. fiber count) 

Air chAlll>er aonttortng 
Davis, et •l. (1978) 

Monitoring brake rep•ir work 
Rohl, et Al. (1976) 
(£.K . .. ss vs. fiber count) 

Ted tie atll 

frtcll• ,re.ch 111,. 

Pipe 11ft. 
lY"d', et 11. (1970) 

2 

1,950 

0.1 to 4. 7 
(7 sap les) 

120 

10,000 

0.1 to 6.6 

60 

5 

0.7 to 24b 
aean. 6 

150C 

70C 

45c 

IAll fiber counts used phase-contrast aicroscopy and enuaer1ted fibers longer than 5 ..-. 
bconversion factor .. Y be low due to losses in E.M. processing. 

}Q)f /mg 

16 

200 

170 

6.7 

13.9 

22.5 

cconverston factor aay be high because of overesttaate of asbestos aass on the basis of total magnesium. 
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because of oossible losses ;n ttie dete,.....,;,..a~·:n ..,.: -:i~; : .. -- - . - .... -

scooy. No data exist on tre croce~ures usea :o :e~er-·~e : ""r"' '/ -

-he r3nge of 5 to 150 for the conversion factor relatir; ~355 ::"centr3-

tion to ootica1 fiber concentration is great, and any 1ver:39e d--~ :e,...·,ea 

from it has a large uncertainty. However, for the ouroose cf ~x:~:::c:Hi"g 

to low mass concentrations from fiber count, the geomet,...·: -e~~. 30 

ug/m3/f/ml, of the above range of conversion factors wi11 :Je .sed. ·he 

accuracy of this value is felt to be no more than a factor of 5 :rnd ~:,is 

uncertainty severely limits any extrapolation in which it is j~ed. :n the 

case of amosite, the data of Davis, et al. (1978) suggest ~,.,at :3 ::r·.·e.-sion 

factor of 18 is appropriate. However, since this data yielded ·:~er :·ryso

t11e values than all other chrysotile estimates. it may a'.;.: :e -" .. •-,r 

amosite. 

Ingestion from Water 

Asbestos is ccmnonly found in domestic water supplies. Sar;)ples :rem 365 

cit1es l'lave been collected and analyzed by electron microscopy :y :.,~ ;.s. 

EPA. Of these, 45 percent had detectable levels of asbestos, jsudl'.y Jf the 

chr~ot1le var-iety (Millette, 1979). Table 3 lists the distribution of t.tie 

concentrations of these sa~les. 

Earlier, asbestos had been reported in a var-iety of Canadian water sup

plies (Cunn1ngh111 and Pontefract, 1971). These waters were found to contain 

from 2.0 to 172.7 x 106 f1bers/l. (In this subsection fibers will :lerote 

all EM-<ountable f1be.-s, ir-respective of length). Two U.S. river systems 

were also reported to contain cl'lrysot11e at average levels of from 0.3 to 

l. 5 u9 /1 ( N1 cl'lo lson and Pundsack, 1973) . Other- reports include that of .< ay 

(1973) who found from 0.1 to 4 x 106 f/l in various Canadian drinking 

water sources. 
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TABLE 3 

Distribution of Reported Asbestos Concentrations in 
Drinking Water from 365 Cities in 43 States, 
Puerto ~ico, and the District of Columbiaa 

Asbestos Concentration Nunt>er of Percentage 
(lo6 fibers/1) Cities of Samples 

Below detectable limitsb 110 

Not statistically significant 90 

Less tli an 1 90 

1-10 34 

Greater than 10 41 -
Total 365 

aMillette, 1979 
bFor these 1n1l15es average detectable limits were 5 x 105 fibers/1. 
However, significant ~ariations occurred in soae instances due to the 
presence of nonasbestos fibers. 
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24.6 
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Juring 1973, large amounts of 3SOestos-1ike iibers of amphibole ~inera'.s 

,.ere found in the ·,o1aters of ~ake Suoerior, the source of drinking lidter fer 

Duluth, "linnesota, and other cities (Cook, et a1. l974, 1976; Nicholson, 

1974), "iber concentrations during normal lake conditions ranged from 20 x 

106 to 75 x 11J6 f/1 and from about 5 to 30 ug/1 in tenns of rnass 

(~ictiolson, 1974). During storm conditions amphibole fiber concentrations 

as high as 600 X 106 f /l were observed (Cook, et al. 1976). Fi 1 t,. at ion 

plants now used in Duluth maintain fiber concentrations below 0.1 X 106 

f/1 (Millette, 1979). 

Certain U.S. water systems currently have high levels of asbestos as a 

result of serpentine or amphibole deposits in their watersheds. These 

include Everett, Washington, with concentrations of chrysotile above 107 

f /1; Seattle, with from 1 to 10 x 106 
f /1; and San F,-anci sco, with cn,.yso -

tile concentrations about 107 f/l in some systems (,'-,illette, 1979; Cooper, 

et a 1 • 1978). 

Under certain conditions, asbestos,ement (A/C) pipe may also contribute 

asbestos to municipal water supplies. Asbestos fiber concentrations in A/C 

pipe distribution systeH were found to be as high as 38 x 106 cnrysoti le 

and 4 x 106 amphibole f1bers/l in one Florida city; 17 x 106 in another 

Flor"ida town; and 47 x 106 f/1 in a Kentucky A/C pipe system. Water at 

the end of a 1ittle~sad A/C pipe line in Massachusetts contained as much as 

480 x 106 chrysotfle f/1 (Millette, 1976). Many of the A/C pipe systems 

in Connecticut have been sampled and analyzed (Craun, et al. 1977). The 

majo,.ity of s.-ples taken after transit through A/C pipe showed concentra

tions under 1 x 106 f/1, and only one sample was over 10 x 106 f/1. 

While there are an est1Rllted 200,000 miles of A/C ~ipe now tn use in the 

United States, 1t 1s apparent that not all A/C pipe sheds fitier1. lf the 
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wa!e~ ;s nonaggressive the oipe does not erode and contribute fibers to the 

water (1,.4al1enbeck, et al. 1978) . 

. .:. study (Buelow, et al. 1980) of 10 A/C pipe systems showed that fibers 

we,.e added to the water by the A/C pipes of the 5 systems with aggressive 

... ater (Aggressiveness Index <10.0) and little effect was seen in the non

aggressive systems. !n two systems the pipe was eroded to a depth of O. 3 

cm, in one case in a period of only 5 years. In this system fiber counts as 

nigh as 550 x 106 f/l were measured in the distribution network versus 

800,000 at the well source. In a third system high concentrations at a dead 

end same le were attributed to debris from tapping and dri 11 i ng of pipes in 

the network. 

Samol1ng of representative water utilities throughout the United States 

nas indicated that over half of the samples had w1ter which was 1110derately 

aggressive and 16.5 percent had very aggressiv• w1ter (Table 4) (Millette, 

et al. 1979b). Water supplies in both the Yery aggressiYe and moderately 

aggressiYe categories are potentially cap1ble of eroding asbestos-cenent 

pipe (i.e., 68.5 percent of U.S. water sy,t11111) although the very aggressive 

waters could be expected to result in the contribution of lllJCh higher fiber 

concentrations. 

Most d1t1 on ubastos 1n w1ter are expresud in t•nu of fib•r concen -

trat~ons, tn&aerating fibers of all sizes using approprhte electron micro

sc~ tec:hniaues. SOiie estimates exist {Mfllette, 1979) relating chrysoti le 

fiber concentrations to ffllSS conc1ntr1tions. Bec1use the nllllber-to~ass 

r-elationship is highly dependent on 1v1r191 fiber length 1nd diameter, 

knowledge of the sourc• of th• fib•rs 1n th• w1t1r 1s i11pOrt1nt in determin

ing a conversion factor. SOIIII average conversion factors ire listed in 

Table 5. 
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TABLE 4 

Representat1ve Average Water Utility Aggressiveness Indicesa 

Highly aggressiveb 

Moderately aggressivec 

Nonaggress tved 

!Millette, et al. 1979b 

bHigt,ly aggressi~e: pH+ 1091.o(AH)<lO.O 
CMQderately aggressive: pH+ log (AH). 10.0 - 12.0 
dNonaggress1ve: pH+ log (AH)>12.0 
where A• total alkalinity tn mg/1, CaC03 

H. calc1UII hardness as mg/1, CaC03 
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TABLE 5 

Relationship of Total Fiber Counts by Electron Microscopy and 
Mass of Chrysotile Asbestos 1n Water* 

Fiber Source 

~atural erosion of serpentine rock 
(snorter f1br11s) 

A/C pipe (longer fibers) 

Contr1but1ons from comnercial dump 
site runoff and untreated discharge 
(more fiber bundles) 

*Source: Millette, 1979 
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Simila,. infol"'TT1ation on the relationshio of fibe,. count and mass . .,as ::,een 

oublished by Kay (1973), whose data suggest that 106 fibers corresoonds to 

from 2 x 10-4 to 2 x 10-3 ug in water systems. Data on asbestos 

(oncentrations from erosion of fibers from A/C cooling tower panels indicate 

that the mass of 106 fibe,.s is from 0.01 to 0.2 ug (Lewis, 1977). 

Based on the afo,-ementioned data, it is concluded that the majority 

!aoo,.oximately 95 percent) of water consumers in the United States are ex

posed to asbestos fiber concentrations of less than 106 f/1. In a few 

areas people are exposed to concentrations between l and 10 million f/1 with 

intermittent exposures ove,. 100 million f/1. There is at least one a,.ea 

where continuous exposure is over 100 million f/1. Persons using asbestos

Cem@nt pipe in areas where the water is nonaggressive or is treated to pre

vent corrosion are generally not additionally exposed. In areas of aggres

sive water, however, the consumer may be exPosed to added asbestos fiber 

concentrations of from fewer than 1 million to over 100 million fibers per 

liter, depending on factors such as length of pipe, flow rate, and mineral 

content of the water. 

The mass concentrations of chrysoti 1 e asbestos in the water of cities 

with less than 106 f/1 are likely to be less than 0.01 1,19/1, corresponding 

to a daily intake of less than 0.02 1,19. However, in areas Jtith significant 

contamination, whether frOIII natural sources, man's activities, or e,.osion 

from A/C pipes, the intake of asbestos from water sources can exceed 2 

ug/day. 

Ingestion f'l"'Ofll Food 

There are scant data on the contribution of food products to population 

asbestos exposure. Cunningham and Pontefract (1971) showed that various 

beers and w1nes could contain auantitfes of asbestos fibers similar to those 
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four,d in wate,. systems (106 to 107 f/1). The source of this contamina

tion could be from natural water sources or from the erosion of asbestos 

fibers from filters used to purify the product. Asbestos filters are cur

rently used for the puP"ification of beverages and a variety of other food 

products, but little data exist on possible fibe,. contamination from such 

sou,.ces. Cont1111ination of drinking wate,. by fib,.ous glass and other synthe

tic fibeP"s used in caP"tP"idge filteP"s has been measuP"ed at concentrations 1n 

excess of 109 f /1 (Cook, et a 1. 1978). 

Exposure fl"'CIII °""9S 

ET"Os ion of ChP'}'10t 11 e front asbestos f11 te,.s, used to puP"i f y pa,.ente,.a 1 

dP'\lgs, has bNn documented (Nicholson, et al. 1972). Contamination levels 

up to 1 ~g/dose we,.e noted in app,.oxi~tely one-third of d,.ugs tested, indi

cating that f11te,. el"'Osion can be significant. Because of these findings, 

the use of asbestos filteP"s fo,. dP"ug puP"ification, without subsequent clean

up, has been pl"'Ohibittd by the Food and Drug Administ,.ation (41 FR 15933). 

!nhalat1on 

Gene,.al Population Exposu,.es: Asbestos of the ch,.ysotile vaP"iety has 

been found to be a ubiquitous contlfl'linant of ambient uP"ban air, A study of 

187 aua,.t,,.ly caaposite s119Ples collected in 48 U.S. cities fP"om 1969 to 

1970 showed ch,.}'1otile asbestos to be present in vi,.tually all met,.opolitan 

,reas ( N1 cho lson, 19711; Ni cho 1 son and Pundsack, 1973). hb 1 e 6 11sts the 

d1str1bution of values obt1ined in that study. Each rep,.esents an average 

of ,,... five to seven 24 -l°IOUP' ump 1 es and thus ave,.ages ove,. poss 1 b 1 e peak 

concentrations which could occu,. pe,.iodically OP' ,.andcnly. A second set of 

llllbitnt a1P' an1lyses is also shown fo,. COIIIPIP'1son (U.S. EPA, 1974). These 

studies utilized diffeP'lnt analytical techniques but the ,.,sults agree well. 

!n both studies, 98.S pe,.cent of the 24-l'lou,. sanq>les had chr)'1oti le asbestos 
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Asbestos 
Concentration 

(ng/Ml} 
1 ess than 

1.0 
2.0 
5.0 

10.0 
20.0 
50.0 

100.0 

TABLE 6 

Distribution of 24-Hour Chrysotile Asbestos 
Concentrations in the Ambient Air of U.S. Cities* 

Electron Microscopic Analysis 

Mount S1na1 Battelle 
Schoo 1 of Medicine Memor i a 1 I n s t 1 t u t t 

Nuni>er Percentage Nuntler Percer,t.tge 
of of of of 

samples samples samples SUIC)lfS 

61 32.6 27 21.) 
119 63.6 60 4 7. 2 
164 87. 7 102 90. l 
176 94.2 124 J7 .6 
184 98.5 125 J8. S 
185 99.0 127 l 00. 0 
187 100.0 127 100.0 

*Source: Nicholson, 1974; U.S. EPA, 1974 
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concentrations of 1 ess t"ian 20 ng/m 3 . Of the three samples greater ~har 

20 ng/'T,3 ana,yzed 'Jy the "!aunt Sinai School of Medicine, one was in a c1t_, 

having a major shioyard and another in a city that had four brake manufac

turing facilities. Thus, these samples may include a contribution from a 

specific source in addition to that of the general ambient air. 

Simi 1ar data with the same range of mass concentrations have recent1y 

been reported from France, providing evidence of the presence of chrysotile 

in the ambient air of Paris (Sebastien, et al. 1976). 

In a study of the ambient air of New York City, 1n which samples were 

taken during daytime working hours, values higher than those mentioned above 

were obtained (Nicholson, et al. 1971). These were 6- to S~our samples 

collected between 8:00 A.M. and 5:00 P.M., and they ref1Kt what could be 

inter'fflittently higher concentrations from construction act1v1t1es or automo

bile usage during those hours compared to ni9htt1111e periods Fo,.. example. 

Table 7 records the chrysotile content of 22 SM11)1H c:olltcted in the s 

boroughs of New Vork. It should be noted that the s..-olH analyzed in a11 

of the studies discussed above were taken during a per1oct _,..., fireproofing 

highrise buildings by sp,.aying asbestos-containing ia,Ur1ah •H permitted. 

The practice was especially comnon in New YOP'k City. ~11t no Slft'.'Pling sta

tion was known to be located adjacent to an active constP"UcttOf' site, unusu

ally high levels could nevertheless have resulted froa the proc.oure. 

To d•ter'Wl1ne if construction activities could i"dM-d 1M I significant 

source of ch,.ysotile fiber in the llllbient air, 6- to 8-"0ur da,tiae sampling 

was conducted in lower Manhattan in 1969 near sites~ ... t•t1t111ve spraying 

of asbestos-containing fh·eproofing 1Nterial WIS tlk1"9 pltct. Table 8 

shows the results of this sampling and de,nonstr1tes thit 1ora7 ft~eproof1ng 
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Sami,lfng 
Locations 

Manhattan 
Brook 1 yn 
Bronx 
Queens 
Staten Island 

TABLE 7 

Chrysotile Content of Ani>ient Air in 
New York City by Borough 

(6- to 8-Hour Daytime Samples)* 

Asbestos air 1 eve 1 in 
10-9 g/m3 (ng/m3) 

ijua>er of 
Same, 1 es Range Average 

7 8-65 30 
3 6-39 19 
4 2-25 12 
4 3-18 9 
4 5-14 8 

•Source: Nicholson, et a i.._ 1971 
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TABLE 8 

Chrysotile Air Levels Near Spray Fireproofing Sites in New York Cfty 
(6- to 8-Hour Daytime Sa-,ples)• 

Asbestos air ievel 
10-9 g/rtl (ng/ml) 

Sampling Nuni>er of 
Locations ( distance from site) Sarnpl es Range Average 

1/8 - 1/4 mile 11 9 - 375 60 

1/4 - 1/2 mile 6 8 - 54 25 

1/2 - 1 mile 5 3.5 - 36 18 

n,e above concentrations reflect both downwind and upwind s~ling locations. 

'*Source: Nicholson, et al. 1971 
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did contribute significantly to 3Sbestos a;r :;oi>jt'::r. :., so~e ,,..,starces, 

chrysotile asbestos levels 3pproxi11ate1y :cc :i~es :"e :once,.,trH1ons tyo1 -

cally found in ambient air were ooservec. 

Asbestos contamination rias also been documented oy ana1ysis cf samples 

collected within buildings. In a study of 116 samples :ollected in or near 

19 buildings (primarily office) in 5 U.S. cities, average chrysotile i!ir 

concentrations ranged from 2.5 ngtm 3 to 200 ng/11 3, with individual :nea

surements from I) to 800 ngtm 3 (Nicholson, et al. 1975). For the outside 

air, the variation for the average concentration at a given site extended 

fro,n O to 48 ng/m3. Buildings in which a loose asbestos fireproofing 

material was applied to the structural steel surfaces had evidence of sig

nificant asbestos contamination. Also, schools in which similar material 

had been applied have been found to be seriously contaminated. Optical 

fiber counts exceeding 2 f/ml in a library and other areas of student use 

were observed during activities which disturbed loose asbestos (Sawyer, 

1977; Nicholson, et al. 1978). Ambient air chrysotile concentrativns in 

schools, in absence of any disturbance of the asbestos ranged up to 2,000 

ng/m3 (Nicholson, et al. 1978; Sebastien, et al. 1976). Finally, analysis 

of the air of asbestos workers homes indicate that chrysoti le concentra

tions as high as 5,000 ng;m3 can be encountered (Nicholson, et al. 1978). 

Figure 1 sun111rizes the ranges of chrysotile concentrations in the vari -

ety of environmental and occupational circumstances discussed above. The 

concentration ranges are only approximate and in most cases are limited be

cause of the 11111ted nUlltler of samples taken in given circumstances. Exten

sion to higher and lower concentrations would be expected with the avail

ability of more data. 
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A1though the fate of tne asbestos in inspired air is only aooro.ximately 

kno1o1n, it appea,.s that eventually more than half the asbestos inhaled will 

~e swa1101wed rsee Effects section). Assuming that an individual ~reathes 10 

mJ in 24 hours, most ambient air levels of chrysotile (1 to 10 ng/m3) 

result in exposures to the gastrointestinal tract of from O.Ol to 0.05 

ug/day of asbestos, although, in some circumstances, inhalation could pro

duce gastrointes.t1n~l exposures exceeding 0.1 ug/day. These exposures are 

to be compared with those from water ingestion wl'lich lead to daily intakes 

of less than 0.02 u9 (see Ingestion from Water section). Though the data of 

Tables 3 and 6 are not related to the same population bases, it would appear 

that inhalation can give rise to exposures at least eQual to that of direct 

ingestion for most of the population of the United States. 

Only after 1966 has occupational monitoring attempted to quantify asbes

tos exposures by fiber counting techniciues. Since then, considerable data 

have accumulated on occupational exposure of workers to asbestos. A large 

compilation of such data is included in the 1972 Asbestos Criteria Document 

(NIOSH, 1972). Levels during the period front 1966 through 1971 were gener

ally under !Of (f>S1111)/11l, although concentrations excuding 100 f/ml were 

oburved, pa,.ticularly fn two plants pf"Oduc1ng amosite insulation materials 

and in uncontrolled tut111 11111s. Data on earlier exposures are lacking 

although some est1 .. tes hive been m1de of fnsul,t1on-workers' exposure 

(Nicholson, 1975) and factory env1rorwents (BOHS, 1968; Newhouse and Berry, 

1979). Although average exposures of 10 to 40 f/1 are likely to have pre

vaf led, peak or localized exposures 1n excess of 100 f /1 would have been 

encountered often by seal 1nd1v1du11s. 

For pc.,~oses of est1111t1ng dose-response relationships, those data tl'lat 

are available for given work env1,.orwents w111 be discussed in conjunction 

with the measured health effects. 
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PHARMACOKINETICS 

Absorot~on and Jistribution 

Ingestion: A i<ey auestion in the evaluation of cancer risk associatea 

wi~~ the ingestion of asbestos in water is whether microscopic fibers under 

normai t1limentary canal conditions can migrate through the gastrointestinal 

mucosJ. Such movement of fibers could enable their residence in bowel wall 

or, following hematogenous or lymphatic transport, the peritoneum and other 

organ tissues. This has been well answered by the work of Carter and Taylor 

(1980) who demonstrated the presence of afflt)hibole fibers, characteristic of 

those in Duluth, Minn. drinking water, in tissue samples of liver, jejunum, 

and lung of deceased Duluth residents. Among 96 tissue specimens of 32 

~uluth residents arnphibole fibers were found in 60, with concentrations 

ranging from 3 x 105 to 16 x 105 fibers of all sizes/gram of tissue. 

Amph;bole fibers were found in only 2 of 61 tissue specimens of 21 control 

subjects deceased in Houston, Texas and St. Paul, Minn. As air sampling 

gave no evidence of amphibole air contamination in Duluth, the authors 

attribute the highly significant evidence {p <0.001) of tissue contamination 

to transmucosal uptake of fibers ingested by drinking aaphibole cont .. inated 

Duluth water. 

SOffle studies of tissues of animals that had ingested fibers repo,.t no 

evidence of f1be,. t,-anspo,-t th,.ough the gastrointestinal lining {Gross, et 

al. 1974). These ,.esu1ts, however, have been called into question on the 

basis of the insensitivity of the assay technique used (Cooper and CooPer, 

1978). Evidence fo,. such rnovewent is ,.eported in other studies (Cunningham 

and Pontefract, 1973). Cunningh1111, et al. (1977) observed chrysot11e fibers 

in the blood and tissues of rats which previously were fed a diet of one 

percent ch,.ysotfle asbestos for sh weets. Westlake, et al. {1965) identi -
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fied chrysotile fibers in the colon mucosa of rats fed chrysotile dsbestos. 

Scanning electron micrograpns have r-evealed large dmosite dSbestos ;;t::ers 

penetr,Hing epithelial cells of rat jejunal mucosa tissue (Storeygard 3nd 

Bro,,,,n, 1977). Kidney cortex tissue of neonate baboon fed chrysoti1e For 

nine days was found to contain a statistically significant (p. 0.005) ex

cess of chrysotile fibers compared to (idney cortex tissue from an unexposed 

neonate baboon (Patel Mandlik and Hallenbeck, 1978). Cunningham and Ponte

fract (1974) observed passage of chrysotile fibers from the blood across the 

placenta to the fetus. 

Ingestion of small particles other than asbestos Mas also resu1ted in 

the subseouent observation of particle accumulation in tissues of animals. 

Mice that drank water suspensions of 2 um diameter latex spheres for two 

months were found to have the latex particles accumulated in macrophages in 

intestinal Peyer's patches (LeFevre, et al. 1978). latex particles of 0.22 

""' we,.e reported to migrate from rat stomachs to lifflphatics of the mucosa 

and also to liver and kidney tissues (Sanders and AsMworth, 1960). Much 

larger particles of sflfca, opal phytoliths frOffl plants, are observed in 

digested mesenteric l.)111Ph node and kidney tissue from sheep ~Mich eat cereal 

chaff and grains (Nottle, 1977). 

Ev1denct for tht hUllln intestinal uptake (•persorption•) of particles as 

large as 75 1&11 is provided by the observation of starch granules in blood 

only minutes after ingestion (Volkhe1111r, 1974). Sleep, smoking, and caf

feine are reported to increase the number of starch particles in the blood. 

Dyed cellulose p1rtfclH are also identified 1n human blood and urine fol -

lowing ingestion of specially stained plant food (Schreiber 1974}. The cel

lulost f1b..-s are found in urin1 several wuks after ingestion. Langer 

(1974) found asbestos f i be"s in extrapu lmonar y organ t 1 s sues of asbestos 
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workers, alttiough 1 eo-er tnari in lung and pleura tissue, and more fibers ir 

kidney than in liver, paricreas, adrenal, or spleen tissue. 

Human urine sediment examined by transmission e1ectron microscopy may 

contain amphibole fibers which originate from ingestion of drinking water 

contaminated with these lftine,.al fibe,.s (Cook and Olson, 1979). Ingestion of 

filte,.ed wate,. '"esults in eventual disappea,.ance of amphibole fibers from 

urine. These observations pro vi de dir"ect ev1 dence for the passage of min -

eral fibers through the ht.nnan gastrointestinal mucosa under nonnal alimen

tary canal conditions. Measured concentrations of amphibole fibers elimi 

nated in urine represent approximately l x 10-3 of the numbe,. of fibers 

; n9ested with drink i n9 wate,.. To the extent that some fibers are perma -

nently r@tained by the body or eliminated by other routes after passage 

across the gastrointestinal wall, the urine concentrations are an underesti 

mate of ingested fiber absorption. 

Inhalation: Inhalation of asbestos dust is acc~anied by ingestion of 

many fibers cleared from the respiratory tract by rnucoci 11 ary action. The 

occurrence of peritoneal mesothelioma, excess gastrointestinal tract can

cers, and possibly cance,.s at other non,..spi,.atory tract sites could result 

from mig,.ation of fibers through the gastrointestinal mucosa. Additionally, 

fibers lftay ,.each organs in the peritoneal cavity by transd1aphragmatic 

migration or lywiphatic-hematogenous transport.. However,. thh would likely 

be a ve,.y small cont,.1bution compared to t,.ansmucosal migration following 

ingestion. The amount of inhaled asbestos wh1ch is eventually ingested is 

imporl:ant for an assessment of cancer risk based on the excess gastrointes

tinal cancer observed for occupational exposures (see Effects section}. 

Whether inspired asbestos fibers will be deposited in the lung depends 

st'"onqly ucon their diameter. Timbrell (1965) has shown that a fiber, inde-

C-30 



oendent of its length, behaves aerodynamica'.:y lb::e a partic 1 e riav1r-g a ~~a

~eter three times as great. 3rain and Jo1oerg r:974) nave ceveloped a ~cce· 

l'or aerosol deposition in the respiratory tract i!CCOroing tJ aeroCyriarii:: 

oarameters. "'.'hey indicate <;hat about 50 oercent of oarticles ~it"'I a '"1ass 

-nedian diameter of less than 0.1 1,1m 11ti11 be deposited on nonci1iated :Ju·mo

nary surfaces. This fraction falls slowly to 25 percent at 1 1,1m and ~o zero 

at above 10 um. Deposition on nasal and pharyngeal surfaces becomes 1,.,,ocr -

tant at 1 um and rises rapidly to be the dominant deposition site for part, -

cles 10 um in diameter or greater. Thus, few fibers with a diameter as 

large as 2 um are likely to penetrate into the alveolear spaces, alt,.,ough 

finer fibers, even as long as 200 1,1m, may do so. 

Once inhaled, a large fraction of the inhaled dust is ,.apidly c'.eared 

from the respiratory tract by mucociliary action although some fibers ., 1 1 

remain in the lung and be found there decades after exposure (Pooley,1973; 

Langer, 197 4). Because of the ub 1 qui taus exposure of ind iv; duals to ut>es -

tos, chrysotile fibers can be found in the lungs of most urban ~lltrs 

(Langer, et al. 1971; Gross, et al. 1973). Additionally, large,. fiotrs 

trapped in the lungs may become coated and form asbestos bodies. ri,,s• c1n 

be read1 ly observed by optical mic,.oscopy in tissue sections and in lun9 

smears (Thomson, et al. 1963; Langer, et al. 1973). The number of fit>t"S or 

asbestos bodies found 1n given circUfflStances depends strongly upo,t t~t 

nature of the previous expcsure of the 1nd1v1dua1. 

Tne clearance of asbestos fro,n the respiratory tract of rats ,,u Oftfl 

studied directly in a series of experiments (Morgan, et al. 1975; Ew•ns, tt 

al. 1973). Samples were made radioactive by neutron irradiation, wtticll fft· 

abled the mass of asbestos in various tissues to be determined. In 1 ,1~1,s 

of 30 ~1 nute expcsures with different varieties of asbestos, the deoos 1t 1 °" 
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and clearance in the respiratory tract were followed. At the conclusi:~ Jf 

the inhalation, the distribution in various organ systems was detennined. 

1ne results are shown in Table 9. As can be seen, rapid clearance from the 

upper .-espi.-atory tract occurs with up to two-thirds of the fibers being 

swallowed and found in the gastrointestinal tract. Long term respiratory 

tract clearance o,. d,.ainage via the l)fflphatics leads to additional dissemi -

nation. 

Othe,. data on the deposition and ,.etentton of inhaled asbestos have been 

repo,.ted by Wagne,., et a 1. ( 1974). Figure 2 shows the dust content of rat 

lungs following exposu,.es to different asbestos va,.fetfts. •s can be seen, 

the ch,.ysotile content of the lung does not build up u significantly as 

that of the a~hiboles for similar exposure ch'cumsuncts. This is likely 

the result of some dissolution of ch,.ysotile by body fluids. 

Excretion 

Most inhaled or directly ingested asbestos pa,.t1c1ts _..1ch pass through 

the gastrointestinal tract are excreted in feces (Cunn1"9f' .. , tt al. 1976). 

As mentioned previously, some fibers are absorbed by tl'le i;ntrointestinal 

tract and are eventually 1li1111nated through the urinary tr1et {Cook and 

Olsor., 1979). 

EFFECTS 

Acute, Subacute1 and Chronic Toxicity 

Acute effects are of little consequence in the 1nhaht10fl uposure of 

individuals to high concentrations of asbestos dust. SGIII taaporary breath

ing d11'1'1culty has been ,.eparttd by workers 1n various c1rc181tances, but 

such discOlllfort has not 11mittd 1111Plo)'lllnt in the industry. 

Short-term effects have been dtscr1btd in a recent study by H1,.liss, et 

al. (1978) who found airflow abnonna11t1es in 17 of 23 indh1duah examined 
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TABLE 9 

Distribution of Fiber at the Termination of Exposure 
(i of Total Depc,s1ted)a,b 

Fiber Nasal 
Passagesb 

Esophagus GI Tract 

Chry,otile A 9 + 3 2 + 1 51 + 9 

Chry,ot 11 e B 8 + 2 2 + 1 54 + 5 

Amosite 6 + 1 2 + 1 57 + 4 

Crocidolite 8 + 3 2 + 1 51 + 9 - -
Anthophyllite 7 + 2 2 + 1 61 + 8 

Fl uoramph ibo le 3 + 2 1 + 1 67 + S 

aMorgan, et al. 1975 
bfllean and SO 

c-ll 

Lower 
Respiratory 

Tract 

38 + 8 

36 + 4 

35 + 5 

39 + S 

30 + 8 

29 + 4 
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15 

,o 

5 
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0 
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FIGURE 2 

24 
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Mean Weight of Oust in Lungs of Rats in Relation to Dose and Time 

Source: Wagner, et al. 1974 
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1.5 and e.o months follo'tlling a relatively interse five~ontn ex::iosure :o 

asbestos. Of tlie 17, 12 wer-e nonsmoker-s or current light or- ex-light s;,,ok

e,.s (less than lO~ack year-s). The obstr-uctive abnormalities were usJa:'y 

present in measurements both of one minute forced expiratory volume and of 

closing volume detenninations. 

Although human data on initial changes are unavailable, Holt, et al. 

/1964) described early (14~ay) local inflamatory lesions found in the ter

minal bronchioles of rats following inhalation of asbestos fibers. 7hese 

consisted of rnultinucleated giant cells, lymphocytes and fibroblasts. Pro

gressive fibrosis followed within a few weeks of the first exposure to dust. 

(These early alterations in animals may be related to the early human find

ings above). Davis, et al. (1978) described similar early lesions in rats 

consisting of a proliferation of macrophages and cell debris in the terminal 

bronchioles and alveolae. 

Jacobs, et al. (1978) fed rats 0.5 mg or 50 mg of chrysotile daily for l 

week or 14 months and subseQuently examined gastrointestinal tract tissue by 

light and electron microscopy, No effects were noted in esophagus, stomach, 

or cecum tissue but struceural changes in the ileum were seen, particularly 

of the villi. Cons1derablt cellular debris was present by light microscopy 

in the ileYII, colon, and rectU11 tissue. The electron m1cl"Oscopic data con

f1f'ffled that of light ~1croscopy and indicated the observed changes were con

sistent with a •1n9f'al-1nd~ced cytotoxicity. 

A single oral adll1n1stration of from 5 to 100 mg/kg of chrysoti le to 

rats has produced a subsecruent increase in th)'fflidine in the stomach, duo

denUIII, and jejunUII (Alft1cher 1 et al. 1975). This suggests that an inwnediate 

response of cellular proliferation and DNA synthesis may be stimulated by 

chr~otile ingestion. 
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The long-term disease entity, asbestosis, resulting from the inhalation 

of asbestos fibers is a chronic, progressive pneumoconiosis. It is charac

terized by fibrosis of the lung parenchyma, usually radiologically evident 

after 10 years from first exposure, although changes can occur earlier fol -

1 O'f'li ng rore severe exposures. Shortness of breath is the primary symptom; 

cough is less conmen; and signs such as rales, finger clubbing, and, in 

late,. stages of the disease, weight loss appear in a proportion of cases. 

The disease was first reported 7 decades ago (Murray, 1907) and has occurred 

f,-eouently among workers occupationally expased to the fiber in ensuing 

yea,.s. Characte,.istic X-ray changes are small, irregular opacities, usually 

in the 10,,,er and midd1e 1ung fields, ofte~ acc~anied by evidence of pleu

ral fib,.osis o,. thickening, and/or pleural calcification. Both the visceral 

and, rnore comnonly, parietal pleura may be involved. The mechanism of 

action and translocation of asbestos fibers to the parietal pleura is uncer

tain; both direct migration (Kiviluoto, 1960) or transport via lymphatics 

(Taskinen, et al. 1973) have been suggested. 

Currently, 50 to 80 pe"cent of indi'4iduah in occupational groups with 

exposures beginning more than 20 years Hr'litr' h1v1 bten found to have ab

normal X-rays. These include asbestos insulation workers (Selikoff, et al. 

196~), mine"s and millers (Mount Sin1i, 1976) and asbestos factory tllll)loy-.s 

(Lew1nsohn, 1972). In many c1rc1M11StancH the dis11se progressts following 

cessation of exposure; 1n a group e111ployed in an 1sbestos f1ctory for vari

ous i,e.,.1 ods of t; ffll bet•een 1 ~ l and l 954, X -r1y changes ..,.,., obstr-,ed ~ars 

following exposure 1n 1nd1viduals hav1ng exposures as short u one week 

(Personal comnun1cation, I.J. Se11koff). 

Restdctive pulmonary dysfunction h aho seen •1th asbestos exposures 

and may be accompanied by diffusional defects or airway obstruct1on (Bader, 
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et al. 1961). In the early stages of asbestosis, there is limited corre13-

tion bebeen physiol09ic pa,.ameters, such as lung function tests. '...atel'", 

x~ay changes and the lung function deficits are ~ore highly correlated, ~~t 

still incompletely so. 

The above chronic effects are conrnon among occupational groups dil'"ectly 

exposed to asbestos fibers. They also, however, extend to those employed in 

other trades working near the application or removal of asbestos. A,mong 

workers other than insulators employed at a shipya,.d fo,. longer than 15 

years, 48 percent were found to have abnol'"fflal X-rays (Selikoff, et al. 

1979b). Similar data were obtained in a study of maintenance personnel in a 

chemical plant (Li11s and Se11lcoff, 1979). Even family contacts (wives, 

child.,.en, etc.) of workers can be affected. Anderson, et al. (1976) have 

shown that 36 percent of 626 family contacts of workers employed some ti rrie 

between 1941 and 1954 at an asbestos insulation manufacturing faci 1 ity had 

X..ray abnoP'fflalitfes years later characteristic of asbestos exposure. 

In addition to disease and disablement during life, asbestosis has ac

counted for a large proportion of deaths among workers. The first reports 

of the disease (Aurfbau1t, 1906; Murray, 1907) described complete eradica

tion of working groups. Much tmi,rovement tn dust controi has taken place in 

the industry since the turn of the century, but even recentiy those exposed 

in extremely dusty tnv1ro,.....nts, suen as text11e mi11s, may nave as much ~s 

40 Percent of t,-.-1 r da.ths attri bu tab 1 e to th1 s cause ( Nicholson, 1976). 

GrOUi'S with less•r ex;osu,..cs for 20 or mere years, such as in mining a'id 

m111ing (~Jnt S1n11, 1975) o.- insulation work (Se11koff, et a1. 1979a) may 

have from 5 percent to 20 percent of their deaths from pneumoconiosis. All 

varieties of asbestos appur tQua11y capable of producing asbestosis, in 

both man ( Irw1g, ,t al. 1979) and animals (Wagner, et al. 1970. In groups 
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exposed at lowe'" concent .. 3tions SJC'1 as t"e •a,.,ilies of #a,.~e .. s, ~"''='"'= ·s 

less incaoacitation, and deat., •.-om asbestosis has not ~een .-eoorted. 

Ext,..a-oul'Tlonary chron;c effects .-eoo.-ted include "asbestos corns·· •..- 0~ 

the oenetration of ast-estos fit.,ers into the skin and t.,e; .. incorporation;., 

del"'T'lal layers, and instances of Caolan's S.Y"drome (rheumatoid pneumoconio

sis). No chronic, nonmalignant gastrointestinal effects are .-eported. 

Teratogenicity 

No data exist on the presence or absence of teratogenic effects from tne 

inhalation or ingestion of asbestos, although transplacental transfer of 

asbestos has been reported (Pontefract and Cunningham, 1973; Cunningham and 

Pontefract, 1974) 

~uta9en i city 

In a preliminary study chromosomal aberrations were seen in Cninese ham

ster cells cultured in a medium containing 0.01 mg/ml of either cnrysoti1e 

or crocidol ite (Sincock and Seabright, 1975). No chrOlftOsomal aberrations 

were seen in culture with coarse glass fibers or with control lftl!dia. A more 

extensive series of exoeriments by Sincock (lq77), using several chrysotile 

and crocidolite samples, showed that both positive transfol"fflltion of 

rnorohology and positive genetic responses result from tht ousive inclusion 

of ast,estos in culture media of CHO~l Chinese ha~ter celh. Very fine 

f1ti,aous glass produced the same abnol"fflalities, t-ut c'°ltflltcaliy leached 

asbettos fibers produced fewer abnormalities than those untreated. The 

principal results are show,, in Table 10. 

Chamberlain and Tal"ffly (1977) tested UICC asbestos samoles of chrysotile, 

amosite, anthophyllite, and samoles of suoerfine chrysot1le on several 

strains off_. £2.Ll_ and 1· typhimur1um t,acterial systt!ffl1 in wt,ich mutageni

city to exogenous materials appears to correlate well with an1'"a1 carcino-
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Effects of Olffer .. a IrHLNtlh oa Oirca»1_, of CHO-«I - Oll•H Htmaer Cel h• 

SfA ._,, .. Cu1dl111 UICC Ult( UICC &l•ss 
O.r11._ Ow110- Cllrrso- Cr-cK14o- MU..- Aaoslle 110 (011lrol 
tlle tlle I l 11• I, I Ile ,..,1111. 

Polw,lohh ZI 2) 21 26 2 14 J 4 
Cells wlU. fr1~t1 IJ 14 ll 10 10 16 0 0 
Otller ...... 1 tlfl JJ ' I !i 29 9 I) 0 0 
P'1rce11t ....,..., •1r,-ty,n 62 )4 )t 5' 26 41 j .... ,,_ -...SIM (MidlM ta11MI .. UICC. UICC 

air,s ... 0w11 ... Olf"JH- (hrrs ... Croc lllo- Crocl•- Gl•H Control ..... llle • t tie II t I 11 11 I Ile I Ile 110 
LeadlH leidlff NI I led 

Polr,lolfl u 6 211 10 26 6 6 4 
Cells wltll fr•t:::•• I) 0 9 0 14 9 0 0 
OlMt" ..... I llH 10 0 l6 • 21 J 0 0 
Percet1l lllaerall cells )4 • 42 14 S1 .. b 4 

-----
•11111 tale 1.-rl1e1 Ute ,rt11Ctp.al rn111t1 ,.,..,_, 111 Sl11eod (1111). les11lts wr-e ollt,t.ed usl111 41--.r upoiuwe; 100 cells llfl!re \10,tc<.1 

froa Hdl c11lttre. CAteples ef ,...uc ...._ wwe IIOl aullWIIIJ ••cluslwe. 
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genie tes! data. Several positive and negative controls we,.e ~sed in a1'. 

exoed'T'lents. ~o mutagenicity was obse,.ved in any of the bacte,.ial st,.ains. 

~ne autno,.s ooint out tliat prokaryotic cells (bacteria) do not pl"tagocytize 

the fibe,.s as do eukaryotic cells, such as macrophages. 

Ca,.cinogenicity - Animal Data 

Ingestion: Limited data exist on the carcinogenicity of asbestos admin

istered by ingestion. With the exception of an abstract which reported 

negative data f,-om 12 animals, published in 1967 (Bonser and Clayson, 1967), 

no reports were extant on the effects of ingested asbestos until the finding 

of large amounts of cufflftingtonite-9runerite fibers in Lake Superior and the 

drinking wate" of Duluth, M1nn. focused attention on the problem. As an 

outgrowth of the Reserve Mining Contpany trial in which the federal govern

mflnt souglit abatement of the Lake Superior pollution, two como11ations from 

four laboratories were made of studies which showed negative results on the 

ingestion of asbestos. 

Smith !1973) reported results of feeding 45 hamsters 1 percent chryso

tile or amosite in their diet. A neoplasm of the rnesentry of the colon was 

found, which was discounted because no fibers were identified in the tumor; 

no details were given concerning how the fibers were sought. The actual 

dosagt of asbestos was not given, nor we.-. other relevant experimental 

details provid~. Kow1!ver, the finding of fibers in tllllOr tissue would be 

unlikely and, as these tumors are rare in h1115ters, this result cannot be 

disM1ssed out of hand. 

Gross, et al. (1974) reported the results of a series of feeding experi -

rnents with chrysot11e and crocidolite. The data were the unpublished re

sults o various experiments conducted over the ~revious 10 years by three 
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laboratories. All available data on u,ese exoe!"'1mer:ts 3r-e 1;sted 1., -,:HJ:e 

11. The data are flawed for several reasons. ;he riumbers iri edch expe,.i -

mental group •ere small, the doses administered limited, and significant 

infonnation on experimental procedures lacking. Also, systematic histo1ogi -

cal examination, which was of most significance, •as done on only 53 of 

over 200 animals. 

Wagner-, et al. ( 1977a) fed groups of 32 r-ats 100 mi 11 i grams per cay of 

chr-~ot11e or talc in malted millt: for 100 days over a 6-"'0nth per-1od of 

time. A small deer-ease in survival time was observed in the two study 

groups: 614 and 618 days versus 641 for the controls. Two gastric 1eiomyo

sar-c0fllas wer-e observed, one in each exposure group. Interpretation of ~he 

.-esults of this experiment, too, is difficult because of the small numoer of 

animals in exper-imental gr-oups. 

As an outgr-owth of concern for the use of asbestos filters in the our, -

ffcation of wine products and the possible effects of erosion of Hbtstos 

fiber-s from those filter-s into the final pr-oduct, ~ study was undertaken ,n 

which asbestos f11tei-ed material was fed to rats (Gibel, et al. 1976). 

Tt1elve malignant tumors developed in experimental animals, including four 

lt:idney tU1110r-s. No tU110r-s of this site wtr-e found in control groups. T"is 

obser-vation of ren1l cancer- takes on significance in light of the finding of 

an elevated risk of ·kidney cancer- among asbestos insulation worttrs 

(Se11koff, et al. 19791) and a high excretion of asbestos fiber in tMt ur1nt 

of h1.C111ns dr-1nkfng f1btl"-Cont•1nat1d water- (Cook and Olson, 1979). 

However-, this repor-t pr-ov1dts only 11~1ted experimental detail, and !,,t 

filter- M1ttri1l was composed of sulfated cellulose and a condensation resin 

in add1t1on to 52.6 per-cent ch,.ysoti le asbestos. The pr-esence of ot,,,,. 

substances confounds the study in relation to asbestos carcinogenfcity. 
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Cunni,igham, et al. (1977) conducted t ... o 1imited <=eed;.,g st:.;d·es of "'a;e 

Ji star rats. One percent chrysotile asbestos ,..it!i Fi1e oer:ent :orn oi; ~as 

added :o rat c!iow diet and ~ed to groups of 10 ard j:::, rns ·., t .. o seoar:~e 

experiments. In the first study, six of seven surviving animals ~ere .:oLrC 

with tumors whereas only one malignancy was observed in e1gnt controls '.see 

Table 11). No gastrointestinal tumors were seen, but two of the treated 

group tumors were kidney nepl'lroblastomas. In the second 1 arger st:;dy, 11 

tumors each were observed in treated and control groups of 40 animals. ·,..o 

of the malignancies in the asbestos-fed group were of the gastrointestinal 

tract and one of the control gl"'Oup was a nephroblastoma, lessening the sig

nificance of the finding of this tumor in the other treated group. With the 

limited numDer of animals in this study, the evidence for carcinogenicity of 

asbestos (by feeding) is inconclusive. 

Currently, a very large feeding experiment is being conducted ~nder tne 

auspices of the National rnstitute of Environmental Health Sciences 

(NIEHS). Resu1ts, however, are not anticipated until late 1980. ,"1eanwnile, 

a 11 previously reported experiments on ingested asbestos, whether cos it i ve 

or negative, have significant limitations. To extrapolate such data to man 

for use as a criteria for a standard would not be appropriate. 

Inhalation: Although lung cancer was suggested as being causally re-

lated to hiANn asbestos exPosurt in case reparts in 1935 {Lynch and Smith, 

1935; Gloyne, 1935), strongly 1nd1c1ted to be so in 1947 (Mer~ether, 1947), 

and uneouivoc1lly associated in a cohort study by Doll (1955), no positive 

animal data of consequence we,., fo,.thcoming until 1967 when Gross, et al. 

(1967) showed that lung cane,,. could be produced by asbestos inhalation 

exposure. An ea,.ly expel"'iNnt of Nordmann and Sorge (1941) descr1bed two 

lung tl.fflOr"S 1n 10 of 100 Mice surviving 240 days following exposure to high 
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concentrations of chrysotile. This work, however, was called into auesticr 

by Smith, et al. (1965) on tl'le basis of the 'listology of the 'Tlalignancies. 

Lynch, et al. (1957) exposed AC/F, hybrid mice to corrmercia1 chrysotile anc 

observed a higher incidence of pulmonary adenomas in exposed animals, 45.7 

percent (58/127). compared to controls, 36.0 pe,.cent (80/222). No malignant 

tumors we,.e reported, and the 1ncrease of adenomas was not significant at 

the 0.05 level. 

The first uneau1vocal data snow1ng a relationship between asbestos inha

,ation ar,d malignancy ._as that of Gross, et al. (1967) who obse,.ved carc1no

mas in rats exposed to a mean concent,.ation of 86 mg/m3 ctirysotile for 30 

hours/week from the age of six weeks. Of 72 rats surviving for 16 months or 

:onger, 19 developed adenocarcinomas, 4 developed squamous ce11 carcinomas, 

and l, a mesothe1ioma. No malignant tumors were found in 39 control ani

mals. A search was made for pr1maries at oth,. sites which could have 

metastasized. None were found. These and other data are su11111ari zed 1 n 

"'able ~2. 

~eeves, et al. (1971) found 2 squamous ce11 carcinomas in 31 rats sacri -

ficed after 2 years following expcsure to about 4S mgtm3 of crocidolite. 

No malignant tumors were repo .. ted 1n rabbits, guinea pigs, namsters, or in 

animals expostd to simila" concentrations of chrysotile or a1110site. No 

dttails of tne patnological exam1nations were g1ven. 

In a late" study {Reeves, et al. 1974), malignant t1..110rs developed in 5 

to 14 pe"cent of the rats su .. v1ving 1S months. Lung cancer and 1111sotnelioma 

were produced by exposures to arnos1te and chrysotile and lung cane, .. by cro

c1dol1te inhalation. Again, significant experinental details we"e lacking; 

information on surv1val times and t1mes of sacrifice would nave been useful. 

Available details of the exposures and results are given in Table 13. While 
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the relative carcinogenicity of the fiber types was similar, it 111as rio:es 

that the fibrogenic potential of chrysotile, which had been substant,ai·_. 

,.educed in length and possibly altered (Langer, et al. 1978) by mi11ing, ,olds 

~uch less than that of the ampniboles. These results were also disc~ssed -~ 

a later paper by Reeves (1976). 

In an extensive series of experiments, Wagner, et al. ( 1974) exposed 

groups of Wistar SPF rats to the five UICC asbestos samples at concentra

tions from 10 to 15 mg/m3 for times ranging from 1 day to 24 months. For 

all exposure times there were 50 adenocarcinomas, 40 sauamous-cell carcino

mas, and 11 me so the 11 omas produced. None ap~ared prior to 300 days from 

first exposure. Considerable experimental detail 1s provided in the paper. 

The sionificant data are presented in Tables 14 and 15. These tumors follow 

a reasonably good linear relationship for expcsure times of three months or 

greater. The incidence in the 1 ~ay exposure group, h~ever, is consider -

ably greater than expected. It was noted that exposure had a limited effect 

on length of 11fe. Average survival times varied from 669 to 857 days for 

exposed animals versus 754 to 803 days for controls. The development of 

asbestosis was also documented. The incidence of lung cancer was found to 

be greater in animals surviving 600 days. There were 17 lung t1.1110rs, 6 in 

animals with no evidence of asbestosis and 11 in rats with mtnimal or slight 

asbestosis. Cancers at extrapulmonary sites were also listed. Seven malig

nancies of ovary and 8 of male genitourinary organs were observed in groups 

of a~roxi1111tely 350 rats. None were observed in groups of 60 male and fe

male controls. Incidence of malignancy at other sites was little different 

fl"'Offl that of controls. If controls are included from other experiments in 

which ovarian and genitourinary tumors were present, the c0fflparat1ve inci -
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TABLE 14 

Nu!Ti)er of Rats with Lung Tumors or Mesotheliomas After Exposure 
to Various Forms of Asbestos Through Inhalation* 

Form of Asbestos No. of Adenocarcinomas Squamous-ce 11 Me so the 11 oma 
An i1111 ls Carcinomas 

Amosite 146 5 6 1 

Anthophyl 1 fte 145 8 8 z 

Croc i do 1 ite 141 7 9 4 

Chrysot i le 
(Canadian) 137 11 6 4 

Chrysoti le 
(Rhodesian) 144 19 11 0 

None 126 0 0 0 

*Source: Wagner, et al. 1974 
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TABLE 15 

Nuni>ers of Rats ~ith Lung Tumors or Mesotheliomas After ~arious 
~engths of Exposure to Various Forms of Asbestos Through Inhalationa 

Le,,gth of No. of No. w1 th Lung No. with Pleural I of An;mals 
Exl)Osure An iffll ls C1rcin0111S Mesothe 11 ON s w 1th Tunr>rs 

None 126 0 0 0.0 

1 day 219 3b 2c 2.3 

3 months 180 8 1 5.0 

6 months 90 7 0 7.8 

12 months 129 35 6 31.8 

24 months 95 37 2 41.0 

awagner. et al. 1974 
b2 exposed to chr11ot i le and l to crocido11te 

c1 exposed to amosite and one to croc1do11te 
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dence in tne exposu,.e groups nere 1 acl< s sign i fi ca nee. "io data ,.;e.-e pro -

vided, however, on the variation of ':umor i1'1Cijence at extr-aoul.-,ona.-y si~es 

with asbestos dosage. 

Wagner, et al. (1977a) also compa,.ed effects of inhalation of a super

f1ne ch,.ysotile to a pu,.e, nonfib,-ous talc. One adenocarcinama was found in 

24 rats expcsed to 10.8 mg/m3 of ch,.ysoti le fo,- 37 .5 nou,.s/week for 12 

months. 

F'inally, fn a study simila,. to Wagner's, Davis, et al. (1978) exposed 

rats to 2.0 or 10.0 mg/m3 of chrysotile, crocidolite, and amosite (equiva

lent to frOffl 430 to 1950 f/1111). Adena- and squamous cell ca,.cinomas were 

observed in chrysotile exposures, but not with crocidolite or amosite /see 

Table 16). One pleural mesotheliama was obse,.ved with crocidolite exposu,.e, 

and extrapu lmonary neoplasms inc 1 uded a peritoneal mesothe l i ama. A re 1 a -

tively large number of peritoneal connective tissue malignancies we,.e also 

observed, including a leiomyofib,.oma on the wall of the small intestine. 

The significance of these tumors is speculative, however, 

As discussed in the Pharmacokinetics section, inhalation exposures 

result in concomitant gastrointestinal exposu,.es from the asbestos that is 

swallowed after clearance from the bronchial tree. While all inhalation 

experiments f ocustd on tho,.ac i c tl..fflOr"S, those of Wagner, et a 1 . ( 2 9 7 4) , 

Davis, et al. (1978) and, tea 11m1ted extent, G,.oss, et al. (1967) also 

included a sear-ch for ttJ10rs at extratho,.acic sites. A limited numoer of 

these were found, but no association can be made with asbestos exposure. 

l),e aspect of the fnh1l1tfon experiments that is notewo~thy is the sig

nificant number of pul1110na,.y neoplasms that can be p,.oduced in the ,.at by 

inhalation as cOfflpared to other species (Reeves, et al. 1971, 1974), Tnis 

points to the va,.iab111ty of species response to asbestos and the need for 
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TABLE 16 

Experimental Inhalation Carcinogenesis 1n Rats* 

Exposure 
Numer of 

Mass F~ber An1111als Ma 1 i gr,ant Tumors 
(mg/m3) ( f>Su/111 ) Ex111ined 

Chr~oti le 10 1.950 40 6 adenocarc1nomas 
2 squamous-cell carcinomas 

Chr~ot11e 2 390 42 1 squ1110us-cell carcinOllla 
1 peritoneal mesothelioma 

MIOS1te 10 550 43 none 

Crocidolite 10 860 40 none 

Crocidolite 5 430 43 1 pleural mesothe 11 oma 

Control 20 none 

*Source: Davis, et al. 1978 
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dn appropriate model :iefor-e extraooldt1ons to 11ar1 can be 11aae .w·:,., con•; -

1ence. ~"e absence of significant gastrointestinal ~alignancy fr-:~ ~s~est:s 

exoosu,.e in animals, in contrast to tliat found in numans, 11ay be :"e r-esu 1: 

of the use of ;nappropr-iate animal models. 

Intr-apleur-al Administration: :vidence that intrapleur-a1 administration 

of asbestos would result in mesothelioma was forthcoming in 1970 when Donna 

/1970) produced mesotheliomas in Spr-ague-Oa~lley rats treated with a single 

dose of 57 mg of chr-ysotile, amosite, or cr-ocidolite. Reeves, et al. (1971) 

or-oduced mesothelial tumors in rats (1 of 3 with cr-ocidolite and 2 of 12 

with chr-ysotile) by intr-apleur-al injection of 10 mg of asbestos. Two of 13 

rabbits injected with 16 mg of cr-ocidolite developed mesotheliomas. 

Stanton and Wrench (1972), in a series of experiments, demonstrated that 

major corrrnercial varieties of asbestos, as well as various other fibers, 

produced mesotheliomas in as many as 75 percent of animals into which mate

,.;a1 had been surgically implanted. Extension of these experiments were re

ported in 1973 (Stanton, 1973). These results are surm,ar-ized in Table 17. 

'The authors concluded that the carcinogenicity of asbestos and other fibers 

is strongly related to their physical size, those fibers of a diameter- less 

than 3 um being carcinogenic and those of a larger diameter not carcino

genic. Further, samples treated by grinding in a ball mill to produce 

shorter length fibers were less likely to produce tumors. While the authors 

attributed the r-educed carcinogenicity to a shorter fiber length, the aues

tion has been raised as to the effect of the destruction of cr-ystallinity 

and oe.,.haps other changes 1n the fibers occasioned by the extensive ball 

milling (Langer, et al. 1978). 

Another comi>rehensive set of experiments was conducted by Wagner (Wag

ne'", et al. 1973, 1977b). He, too, has produced mesothelioma from intra-
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TABLE 17 

Dose-response Data Concerning the Effects of rntrapleural 
Implantation of Asbestos and Other Fibers in Rats* 

Dose No. of Rats Total no. , of Rats 
(mg) 

_ ......... 
of rats with w 1 ton 

Mesothe 11 omas Tumors 

UICC-SRAS l 2 25 8 
Croc1do11te 2 5 23 22 

10 11 27 41 
20 12 25 48 
40 14 23 61 

Hand-cobbed 1 4 30 13 
Virgin 20 10 24 42 
Croc 1 do 11 te 40 18 27 67 

Spec:111 South African 40 15 20 75 
crocido 11te 

?artia11y pulver1ztd .. " ti .,~ ., " 'tV 0 ,~ .J' 
crocfdo T fte 

UICC-SRAS 40 15 25 60 ....... , ... 
ar,-.,;a I 1.C 

U!CC=SRAS 40 15 26 58 
chry,ot1 le 

Co1rst 40 1 24 4 
f'ihrnuc ttla~c 
. ·-· --- -:,·---

Gl us wool 40 1 25 4 

Fine W fibrous ghss 
3ua d11Nter 

26 unco1ted 40 3 12 
coated 40 5 28 18 

*Source: Stanton and Wrench, 1972 
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pleural administration of asbestos to CD f'l'istar ,.3t5 

strong ,jose-r@sponse '"elationsni::,. ...ables :2 ~nd :g 

:,ylll!v and Shabad (1973) arid Shabad, et al. :1974\ r 0 ~,r~: •;!S · 

in 18 of 48 and in 31 of 67 l"ats injected with th'"ee doses of ·' · 1 

s1an chrysotile. Other experiments by Smith and Hubert (1971 1 
~,., 

'Tlesotheliomas in hamsters injected with 10 to 25 mg of cnrysoti '". ,, 

amosfte or anthophyllite, and 1 to 10 mg of crocidolite. 

Various suggestions have been made that natural oils and wax~; ···•in· -

nat1ng asbestos fibers might be related to their carcinogenicity ' .... ~ ... ' ................. " 
.., . - ' 

19~2; HaT"1ngton and Roe, 1965; Comnins and Gibb,;, 1969). This, how""'""· .. ~s 

not borne out 1n t,.,e experiments described abovP "'Y -i~'J,,11!'", et al. (:,;· -,.. 

·Stanton and Wrench (1972). 

rntratrachea 1 rnJecti on: Intratrachea 1 injection has been ,1sed to ; · , , 

~he combined effect of administration of chrysotile with benzo(a)pyren~ 

rats or namsters (see Synergism and/or Antagonism). rn "its given ~~·~e 

'!oses of 2 mg chrysot11e (Shabad, et al. 1974) or hamsters given 12 'Tl9 ., 

chrysotile (Smith, et al. 1970) no lung tumors were observed. However, ~ e 

c~admin1StT"at1on of benzo(a)pyrene did '"esult in lunq tumors. 

rntraper1tonea1 Ad1'111n1st'"ation: Int'"aperitoneal injections of 20 mg of 

crocido11tt or ChT"ysot11t P'"Oduced three peritoneal mesotheliomas in 13 

Charles River CO rats. Twenty mg of amos1te produced no tumors in a group 

of 11 (M1lton1 1nd Annosc11, 1974). They also injected 25 mg of croc1do11t1 

into 51) malt and 50 f11111lt 17•tek-old Sprague-Oawley rats and observed 31 

mesothe111l tU1110rs 1n males and 34 1n fewales. 

In an extensive se'"fes of experiments, Pott and Friedrichs (1972) and 

Pott, et al. (1976) produced oeritoneal mesotheliomas in mice an.drats 1n-
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iABLE 18 

Percentage or Kits Oeveioping Mesotheiiomas After 
Intrapleural Adm1n1strat1on of Various Materials! 

Materi ai 

SFA chrysotile (superfine 
Canadian s1111ple) 

UICC croc1dol1te 

UJCC amos1te 

UICC anthophyllite 

urcc chrysotile (Canadian) 

UICC chr~otile (Rhodesian} 

Fine glass fiber (code 100), 
median diameter, 0.12 ~· 

Ceramic fiber, diameter, 
0.5-1 )AffP 

G l ass polfder 

Coarse glass fiber (code 110), 
-.d11n d11a1t1r, 1.8 !!fl 

IW•gntr, tt Ii. l9iib 
bW1gner, et 11. 1973 

c-se 

Pii"Cint of' RitS 
with Mesothe11~s 

66 

61 

36 

34 

30 

19 

12 

10 

3 

0 



Material 

SFA chrysot1le 

Croc 1 do 1 ite 

TABLE 19 

Oose-Aesponse Data Following Intrapleural 
Adm1n1stration of Asbestos to Rats• 

Dose No. of Rats with Tota 1 no. 
(mg) Mesothe 11 oma of Rats 

o.s 1 12 
1 3 11 
2 5 12 
4 4 12 
8 8 12 

o.s 1 11 
1 0 12 
2 3 12 
4 2 13 
8 s 11 

•Source: Wagner, et al. 1973 
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, ot Rats 
with rumo,. s 

8 
27 
42 
33 
62 

9 
0 

25 
15 
45 



.. ..: - ~. t' .... variet·es of asbestos and ot~er fibrous mate-

~ 'm,m in Tatlle 20. Using experiments witn 

:-,e malignant response was altered by ball

m01·;-; f1be·o t0 t. ~J1,r~. 'l'ME rate of tumor production was reduced from 

55 oei'"re,,t to -L 1 r,P.,.,."' ,~ and th~ time from onset of exposure to f1 rst tumor 

was lengthened t··orn 323 to 400 days following administration of four doses 

c,f 25 m~ of U I CC: ~r,odes ~ ari ch,·ysot 11 e. In the case of the bal 1 -ffli 1 led 

"ibe"', SI:" pe,.cer,~ .... ,,,.e .. ~ ,:·•erl t..., be smaller than 3 .... , 93 percent less 

than 1 um, ~n~ 60 pf:-rent le~s than 0.3 um. 

A st:-n,1: :cnc,us•or, ··~.1, · ca,: be a,awn from the above elper1menta1 data 

~ that 1a.-;,, ..... 1 .mer2 ,, .. "' ,g,o:ate· than 3 wm) art s1gr,1f1cantly less 

:arcinogenic ~"1a": finer t1.:.~···~. The origin of the r-educ1d carcinogenicity 

oi" sno,.ter, ~c '--r11'e':l +"ibe~s :'. less clear as the rtlat1v1 contributions 

of snorte,. fit,~· ·,-=,,c;tn ,Pd t"P sir.,1iiica,1~ alteration of th1 crystal struc

t1.,-e: by 1np1.,t -~ r"··s!:~1 ene:·gy a,." .-.ot. as yet, def1ne<I. F'urther, the 

extraooiation cf~-:=, ::.,·.!!G;H~c o:, ~1 H:-dc,.iE:·1ent effects, f"'OII 1ntrapleura1 

o,.. ;.,t,..aperitone:.• aor,1,r,1'Jtratic,, tL ,,, .. c..otion (wflert aov...,,t of the 

fibers i"' ,•irways o•,'1 <Lrc,eQuent 1 y th .. - ~, t:iody tissues 1s stP'Ongly s1ze

dependent) presents sigr,Hicant c:11u·iculc·e:c. F'inally, s1nc1 tN nUllber of 

smaller fibers 1n an exposurt! ci,.:urn~ .. ;i.,r-.- may be 100 t1•s g"'9ater than 

those longer than Sum, tht rtdi,ct'o~ OT their carc1noten1c1ty must be 

dewonstrated at a level 100 t1me:o :es-; before the1r COfttr'1but1on can be 

neglected. 

ca~c1nogen1city - Human Data 

The modern history of asbutos disease dates froa the tun, of the cen

tu~y, "~en two repo,.ts we,.e published docUffltnt1ng uncontl"'Olltd conditions 1n 

asbestos textile factories. ~,e, the testimony of H. '40nt19u1 "'r~ay (1907) 



IAlll lO ,_, , .. ~ •nd/or lllor•a After l11tr.,..-llonul l11jectlo,i of Glos flben, Crocldollle, o, (oru11<Jt• In ll•h• 

-----·---------·· 
(fft<llwe Awer•ge hh liao, I y11el 

Fo.Ja Lt tf::r of 11o of pp\ Surv'"f' 'I• •lltl -----· 
nu,t se IIKlN lelore rst of • s ., U1 l~r\ 

••h ·- •-s ld•rs (percent) l J 4 ., b 
•fler l11Jectl1111) 

. ·--··--·---· -·----- --

Gins fillers 
M HM , 1 1) 411 103 21.4 11 J 

Gius f l~r, 
M HM f lO 11 2IO 6Jl '>l.2 36 4 

61n, flt..rs 
M 104 1 • 2§ 11 194 JU /l.4 41 6 l 

(rncldollle 2 )t 4S2 161 J8.'> 12 J I 

Cor_._ • 1 • 2S )1 S4S 199 8.1 l I 

111cc •..,.s,.,. , 2 11 431 6SI 16.l 4 l 
ctirrsotllr 

11 I tf .h,wlH I Ml , ,., .. lS )4) !IOI 11.1 14 
cllrrsnt I le 

111 ff •11octe\ I •n 2S JI 11• 419 80.6 21 l 
cllrr\Ollle 

IIIU •11o1te~ 1.,. 4 • , .. }) )2) 161 '>4.'> lb l 
chrnot I le 

111cr ...,., ,.,. ) . l'i j) 449 44') ).0 
cllrnollll! ,.c. LL 

IIICC ahQde\l•n 4 a X l1 400 '>09 Jl.4 9 J 
•I I led 

P•l.-,ir\cltr f ) . ?', )4 l'>l 14H '"·., l4 l 
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at a neartng concerning compensation, described severe pulmonary fibrosis 

found at autoosy in 1900 in the last survivor of a group of 10 wor~ers first 

emoloyed 14 years previously in a carding room. The second was the descrip

tion by Auribault (1906) at deaths during the early years of operation of an 

asbestos weaving mnl established at Conde-sur-Noireau, France, in 1890. 

9uring this period 50 men died, including 16 of 17 recruited from a cotton 

textile mill previously owned by the factory director. 

With time~ however, the spectrum of diseases associated with asbestos 

exposure continued to expand. In 1935 two clinical reports were published 

on lung cancer in asbestos wortcers who had died with evidence of pulmonary 

fibrosis (Lynch and Smith, 1935; Gloyne, 1935). While such reports were not 

sufficient to causally relate asbestos exposure to the lung cancer, the pos

sibility was raised. In 1947 it was confirmed by substantial data which 

showed that 13 percent of a group of individuals who died with asbestosis in 

Great Britain also had broN:hogenic carcinoma (Merewether, 1947). Mesothe

lioma, a rare tumor of the lining of the abdomen or chest, was first de

scribed in an asbestos worker in 1953 (Weiss, 1953) subsequently found to be 

fre<Juently associated with potential asbestos exposure (Wagner, et al. 

1960), and unequivocally related to such exposure in 1965 (Newhouse and 

Thomson, 1965). Gastrointestin1l cancer also was found to be in excess 

among asbestos insulation worters in the United States (Selikoff, et al. 

1964). 

Currently, all 1111jor COllllle~cial asbestos varieties, chrysotile, amos1te, 

and croc1do11te, h1v1 b .. n found to produce a significant incidence of 

asbestos-related disease a.>ng worters occupationally exposed in mining and 

milling, in manufacturing, and 1n the use of materials containing the fiber. 

The predominant route of exposure has been inhalation, alt~oug~ some asbes-
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tos may be swallowed directly or after being brought up from the respiratory 

tract. Not only Mas asbestO!i disease been found among individuals exposed 

to ttie ,iber diriactly as a ,.esult of excessive worlc exposures in decades 

oast, but asbestos-associated cancer has also been identified, albeit less 

fre<Juerit,y, among those with inhalation exposures of lesser intensity, in

cluding those who had worked near the application or removal of asbestos 

mate,.ial, those with history c1f ,.esiding in the vicinity of asbestos plants, 

and those who had lived in the household of an asbestos worker. 

Water Ingestion: Five studies have considered the relation of asbestos 

ingested in drinking water to gastrointestinal cancer. As an 01..tgrowth of 

the contamination of Lake Superior by fibrous material in the tailings of an 

;,.on ore processing plant, t~e mortality of the population of Duluth was 

compared with that of Minnesota and Hennapin County (Minneapolis) for auin

auenia to 1969 (Mason, et al. 1974). The relative death rates for digestive 

cancer, lung crncer, and all neoplasm were elevated from 16 to 49 percent. 

However, with the exception of colon/rectal cancer, which was highly e·le

vated, no trends with time ,:,r consistency between male and female were 

clearly discernable. Because of this, Mason, et al. (1974) concluded that 

additional followup wu necessary to detel"ffline if a hazard exists. Levy, et 

al. (1976) conducttd. a similar study with eQu1valent results. How1ver, the 

short follow~p fl"'OII tht earliest possible exposure (1956) woold make it 

unliktly that any positive re·sult would be found. Furthermore, while the 

Res1rvt plant began production in 1956, current discharg1 levels did not 

begin until 1967 when a 1111jor plant expansion took plac1. 

A study by Harrington, et al. (1978) reviewed 11111gnancy in the Connec

ticut Tumor Registry from 1935 to 1973 to see if I correlation existed be

t.een the use of asbestos ceme~t (A/C) pipe for public water supply and the 

C~4 



incidence of gastrointestinal cancer. No association was found between the 

age-adjusted, sex-specific incidence data for stomach, colon, and ,.ectal 

cancer and the use of A/C pipe. While some water supplies reported A/C pipe 

that was 45 years old in 1975, the majority (66 percent) of the population 

studied receivec water through A/C pipes that were only 25 years old. While 

the majority (56 percent) of A/C pipe systems in Connecticut have water 

which is considered aggressive under the A~ Standard for A/C transmission 

and pressure pipe, fiber counts done on over 100 A/C pipe systems in Con

necticut sho-ed 98 percent to be under 106 f/1 (J. M111ette, personal com

mun1cat1on). 

A repo,.t published for the University of California analyzed the 1969-

1971 cancer incidence from 721 census tracts of the five Bay Area Counties 

along with the ch,.ysotile asbestos fibe,. concentrations in the drinking 

water (Cooper, et al. 1978). For the census tracts the chrysoti le asbestos 

fiber counts ranged from below detectable 1 imits to 36 x 106 ffbers per 

11 ter, 

The University of California investigators grouped the census tracts on 

a gradient of low-to~igh asbestos counts and found significant 

dose.,.espcnse gradients for the incidence of several cancers. Statistically 

significant positive trends were noted for white aa1e lung and stomach 

cancer and white f'111111t gall bladder, esophageal, aftd peritoneal cancer. 

The census tracts were cross~lassH1ed using both asbestos count and tract 

socioeconoaic status indicators of medium family income and mediUIII school 

years completed. The pcsitive dose.response effect between cancer incidence 

of certain sites and asbestos counts appeared to be independent of the 

effect of socio-economic status. The fact that the significant results are 

not ,.estricted to one body site is not surprising considering the knowledge 
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that asbestos fibers are probably transported throughout the body. ;o,. ex

amQle, one study using rats has found that ingested fibers are deposited in 

the lung. (Cunningham, et al. 1977). An extension of this study !Cooper, 

et al. 1979) using six yea,-s of data showed a statistically significant as

sociation betw,en asbestos levels in the San Francisco Bay area drinking 

wate,. and cance,.s of tht d1gest1ve tract. 

A study by W1 gl e (1977) coaipu·ed the cance,. mor"ta 11 ty in two areas of 

Canada with probable h1gh ·conctr,trations of asbestos in dr"inking wate,. with 

an a.-ea P'"1!SUfflably having low concentrations. Or,ly one published asbestos 

concent,.ation is provided. Five values ,,.e listed fl'"OII a personal comnuni -

cation with no details given 011 tht s~ling and analytical methods uti -

11 zed. No data a'"1! p,-ovi ded to i;ubstant iate the assumed exposures of a 11 of 

the •probably low exposu,.e• group and five of the seven •possible high expo

su,.e• municipalities. The mo,-ta11ty experienc1 was compared with that ex

pected froa Quebec rates, althou91h for SOiie sites it is known that the ,.u,.al 

count 1 es have 1 ewer cancer rates than Ouebec, the rates of 111h 1 ch are domi -

nated by the urban center, Mont,·111. For ex amp l 1, the 1 ung cancer rate of 

the !"Ural counties nta,. the asbestos mines is only two-thirds that of Quebec 

(McDonald, et al. 1971). Elevat,td ratts for" canc1r of the stOffllch, colon, 

and r-e<:tUII we,.e Sffn 1110ng ·high txposure• malts (46 observed -,s. 38.4 ex

pected), •possibl1 high exposure" f1111les (103 vs. 91.J) and •probably low 

exposu,..• ,..,1,1 (311 vs. 270.J). The rat1s fo~ tht oth1r two male and one 

feul1 groups wer1 about 5 pe,.ce-nt less than ex~ted. In add1 tion to the 

absenst of sac, 11 ng d1t1 on uposu,.., th1 511111 nllllbe,. of d11ths observed 

s1,.iously limits the study. For· tx111Ple 1 this docU1111nt est1utes that a 

10-S risk of d11th fr-oa asbestc)s ingestion •11 occur frOII exposu,.es to 

400,000 f/1. If thtr"t were no population m1g,-1tion into o,. frOII the highly 
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exposed areas and everyone deceased in those municipalities were exposed for 

a lifetime to the concentrations indicated, the above cr-iteria level would 

oredict about ten excess deaths among the approximately 1,000 that occurred 

over the observation time of this study. 

Insulation Application and Removal: A large study by Selikoff, et al. 

( 1979a) best demonstrates the full spectrum of disease from asbestos expo -

sure. They studied the mortality experience of 17,800 asbestos insulation 

workers from January 1, 1967 through December 31, 1976. These workers were 

exposed primarily to chrysoti le prior to 1940, and to a mixture of chryso

ti le and amosite subseQuently. No croc1dolite is known to have been used in 

U.S. insulation material (Selikoff, et al. 1970). In this group, 2,271 

deaths nave occurred, and their analysis provides important insights into 

the nature of asbestos disease. Table 21 lists the expected and observed 

deaths by cause, and includes data on tumors less freQuently found. Lung 

tumors are corrmon and account for about 20 percent of the deaths; 8 percent 

are from mesothelioma of the pleura or peritoneum. Additionally, th~gh, 

cancer of the gastrointestinal tract is significantly elevated; so, too, are 

cancer of the larynx, pharynx, and buccal cavity, and renal tU110rs. Other 

tumors are also increased, but not to a statistically significant d~ .. for 

an individual site. C0111p1ring the deaths frar11 cancer and asbestosis tn this 

group with those expected in the general population, more than 40 ~cent of 

the deaths a1110ng insulators can be attributed to their occupational exi,osure 

to asbestos fiber. 

Table 21 lists the observed deaths as categorized on d•ath ctrtific1t1s 

and as dete"'"i ned after a review of a 11 autopsy and medi ca 1 records (SE). 

The use of deaths characterized by the best available medical evidence for 

risk analysis is appropriate when one considers diseases that are virtually 
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';ABLE 21 

Deaths Amona 17,800 Asbestos Insulation ~o,.~e,.s 
in ihe Jnited States and Canada 

Jan u a ,. _v 1 , l 96 7 - Jan u a ,. y 1 , 19 77 a , ~ 

Numbe,. of Men: 17,800 
Man-Yea,.s of Obse,.vation: 166,853 

Observed 
lmderlying Cause of Death Expected (BE) (DC) 

Total deaths, all causes 1,558.9 2,271 2,271 

Total cancer, all sites 319.7 995 922 
Cancer of lung 105.6 486 429 
Pleural mesothelioma C 63 25 
Peritoneal mesothelioma C 112 24 
Mesothelioma, n.o.s. C 0 55 
Cancer of esophagus 7.1 18 18 
Cancer of stomach 14.2 22 18 
Cancer of co 1 on -rectum 3B .1 59 se 
Cancer of larynx 4.7 11 9 
Cancer of pharynx, buccal 10.1 21 16 
Cancer of ~idney 8.1 19 18 

Deaths of less comnon 
malignant neoplasms 

Pancreas 17.5 23 49 
Liver, biliary passages 7.2 5 19 
Bladder 9.1 9 
Testes 1. 9 2 1 
Prostate 20.4 30 28 
Leuk1111i a 13.l 15 15 
L ymphoina 20.l 19 16 
Skin 6.6 12 8 
Brain 10.4 14 l 7 
A.11 other cancer 25.5 55 92 

Noninfectious pulmonary 
d1 MISH tot a 1 59.0 212 188 

Asbfftos1s C 168 7~ 

A 11 other causes 1,2ao.2 1,064 1,161 

aselikoff, et al. 19791 

Oatio o / e 
:BE) /DC) 

:.37 '. , ., 
• • .JI 

3. : : 2.88 
4. 61) 4. ,'J6 

2.53 2.53 
l.54 1.26 
1.55 1.52 
2.34 1.91 
2. 08 1. 59 
2.36 2.23 

l. 32 2.81 
IJ. 70 2.65 
J.99 o. 77 

~ . V l. 37 
1.15 1.1 S 
,'J. 95 0.80 
1.82 1. 22 
1. 35 l. 63 
Z .16 3.61 

3.59 3.19 

0.83 rJ. 91 

bExr,ected deaths are based upon 1thite ~,le age specific mort111ty d1t1 of 
the U.S. National Center fo,. Health Statistics for 1967-1975 aMd ext.-apola 
tion to 1978. 

c~ates are not available, but these ~ave been ,-are causes of deat~ i~ the 
general population. 

BE: Best evidence. Numbe,. of dt!aths cateaorized afte,. ,.evif'ff of ~est 
available info,,,,ation (autoc,sy. surgical, clinical) 

DC: Number of deaths as ,.eco.-decl f.-om death certificate infor-mat,on only. 
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absent in the general population (asbestosis and mesothelioma). Since meso

thelioma is not a corTmOn cause of death in other than asbestos-exoosed indi -

victuals, its misdiagnosis on the death certificates of general population 

has little significance. However, as it is a major cause of death of asbes

tos~xposed •orlcers, its proper diagnosis is necessar-y in o.-der to evaluate 

the extent of occupational disease. Moreover, were it not to be properly 

characterized one would conclude that cancers of the liver and pancreas were 

elevated from asbestos exposure. Thus, one would have to consider excesses 

at these sites ( as misdiagnosed on death certificates) rather than mesothe -

lioma in evaluating abdominal cancers. Otherwise, the use of best evidence 

rather than death certificate infol"fflation is a minor facto.- in the evalua

tion of gastrointestinal cancer. For example, among cancers of the esopi,1-

gus, stomach, colon, and rectum in 2,271 consecutive deaths in insulation 

•orlc ers, 112 were listed at these sites on death certificates. Best ev 1 -

dence indicated that 118 occurred. This difference would have little effect 

upon the calculation of gastrointestinal cancer. ()i the other hand, pel"i -

toneal mesothelioma per se was specified in only 24 deaths where best evi -

dence indicated 112 occurred from this disease. The difference was largely 

made up from overdiagnosed cancer of the pancreas (25 cases), cancer of the 

liver (14 cases), and fl"CII 55 .. soth1110111as unspecified as to site. 

The large nulllt>er of deaths allows an analysis to bt •ade of the onset of 

effects as related to ti ... f.-oa first exposure. Figure 3 depicts the tictss 

asbestos~elated lung cancers and 1111sotheli0111as according to time froa onset 

of exposure. It 1s seen that an illll)Ortant rht in bP"Onchogenic carc1nCIIM 

occurs on 1 y after 25 years and niesothe 11 OIIII and asbestosis after 30 years. 

This long-lapsed period is seen in individuals exposed continuously to rela

tively high concentrations of asbestos. At lower exposures, longer periods 
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from exoosure onset to !umor deve 1oc~ert ~ould ~e excec:eo ano, tnus, stud

ies that do not provide adeauate 'o1101o1-uo can be 11isleading. 

Among other' grouos of insulation wol"'~ers, high rates of cancel"', particu

lal"'ly bronchogenic carcinoma and pleural or peritoneal mesothelioma, have 

been !"'epo,.ted by Selikoff (1975). !n this study 532 New vo,.k and New Je,.sey 

i nsu 1 at ion wol"'kers, 20 0" mo,.e yea,.s from ooset of exposu,.e were observed 

from Janua,.y 1, 1943 through December 31, 1974. Of these, fewer than 300 

individuals were included in the larger study of 17,800 insulation worters. 

With a much longer observation per"iod, even mo,.e severe effects we,.e seen. 

Simila,.ly, a study by Elmes and Simpson (1971, 1977) in the :Jnited Kingdom 

port,.ays a rno,.e seve,.e mo,.tality experience, particula,.ly fo,. lung cance,. 

ove,. a period of time, 1940-1975. 

Some data on exposu,.e of U.S. insulation wo,.kers exist. These have been 

,.ev'fewed by ~1cholson (1975) a11d are sunrna,.ized in Tab7e 22. Estimates of 

past average exposures were made on the basis of current measurements by 

four laboratories of fiber concentrations during work activities thought to 

be typica1 of those of past years and infol"fflation on p,.oduct composition and 

usage. Time~eighted average concentrations of 10 to 15 f > 5 I'm/ml and 15 

to 2/J f > 5 11m/m1 were suggested for conmercial const,-uction and marine 

worlr, ,.espect1ve1y. It was noted that, while these average concentrations 

were not extraordinary, peak concentrations could often be ve,.y high and 

excf!ed 100 f/•1. At Lyon, 1n 1972 1 Cooper and Miedenta (1973) reported. 

"peak concentrations may be high fo.,. brief periods, •hile time-weighted 

ave.,.ages are often deceptively low." To the extent possible these high 

exposures were taken into account and the time-weighted average exposure was 

1argely due to peak exposu,.es. This averaging and the extrapolation to ear

lier yea.,.s int,.oduce uncerta1nties in the estimate. However, the above 
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TABLE 22 

Sufflnary of Average Asbestos Air Concentrations during Insulation ~or~ 

Research Group 

Average 
Fiber Concentration f/ml 

L1 gt,t and Heavy 
Construction Marine Work 

Average concentrations of fibers longer than 5 um evaluated by 
menbrane filter techniques and phase-contrast microscopy 

Nicholson (1971b) 
Balzer and Cooper (1968) 
Cooper and Balzer (1968) 
Ferris, et al. (1971) 
Harries (19711,b) 

6.3 
2.7 

Average concentratfo,l'ls of al 1 visible fibers counted 
with a konimeter and bright-field microscopy 

"'6rpt,y, et a 1 • (1971) 
Fleischer, et al. (1946) 

6.6 
2.9 
8.9 

8.0 
30-40 

Estiutes of ~st exposure based on current lftlft>rane-fi lter dat.a 

N1 cho lson (1976) 10-15 
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:·..,E:-e ~-:ec average exoosJres are fe;t to be accJrate witr,in a "actor o" 

~ .. ,::. - ·, , s suc;gestec :iy the good agreement among the exoosure estimates 

anc ..,ea5~·e-ents o" four differe~t laboratories and by the good agreement of 

~nsulator =cse-resoonse data with that of other groups. 

Factory :.~;;loyment: An early study of wor~ers from an asbestos products 

factory (~anc·Jsco and Coulter, 1963) showed a significant excess in total 

1T1ortalit:1, .. ;:~ important contributions to excess death rates from asbesto

sis, cance'" cf •i,e lung, bronchus, and trachea, and neoplasms of the diges

tive oro~ns d"C' r,eritoneum. In this latter group of deaths, an important 

factor ""c~ :t>· ~. ,tal mesothelioma. ~hile in excess, increases in cancer of 

the es.:-:-.,::~·J, ,t"'"'~ch, colon, and rectum did not have statistical s1gnifi -

3 consistent increase in the mortality rate with increas

ing lengt., r::· ,,-r:oyment in the asbestos industry for all causes of death 

ana e~Qe,::;a11y "er ~alignant neoplasms and asbestosis. 

Additicn~l stuc:'eS of factory employees (Enterline, et al. 1972; Hender

sor, and Enterline, 1979) focused upon a group of retirees from several 

o'.ants ~& a m~jor asoestos products manufacturing company. It shows a simi -

lar oattern of mortality. Table 23 lists standard mortality rates (SMRs) by 

cause i r two t, me periods. The usual asbestos cancers and asbestosis are 

seen as significant causes of death. Here, too, a correlation was found be

tween tot a 1 dust exposure and excess morta 11 ty for both malignant and non -

malignant disease. Table 24 lists the data for lung cancer and shows a lin

ear relationship with exposure. 

These authors ( Enter 11 ne and Henderson, 1973) suggested earlier that 

crocidolite may have a higher carcinogenic potential (for lung) than amosite 

or chrysot,·,e. Tlie later analysis (Henderson and Enterline, 1979) shows 

that inci·nCu!ls ;n the textile departments of the company (chrysotile only) 
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'T'~BLE 23 

0bse,.ved Dut_t,s and '.;MRs fo,. Selected Causes of Death by 
Pe,.iod of Follow-uo fo,. 1,075 Males Reti,.ing from a 

U.S. Asbestos Comoany f,.om 1941-67 and Fol lowed through 1973a 

1941-1973 1941 -1969 1970-1973 -----
Cause- of Death 

A.11 causes 

Cancer (140-205 )b 

01gestive (i50-i59j 

Respiratory (162-163) 

A11 otn.~ cance~s 

Strcke ( 330=334) 

Hea,.t di st Ht ( 400 MJ) 

RHDi ... tory diSHSI 
.. (470-!27) 

Pnetlffl0Con1os1s and 
pulmonary f1bt"Os1s 

(523~2~) 

Asbestosis i5z3.2) 

Aii other CIUSIS 

Oe;th c1rt1f1c;tas 
not loc1tld 

Obu,·ved 
Deat:hs 

781 

173 

55 

63 

55 

74 

321 

68 

31 

19 

113 

32 

IHeft~r1°" and Enter11n•. 1979 
bo1 SIISI code 

SJIIR Obse"'ved 
Deaths 

120.4 616 

159.0 138 

lji.8 46 

270.4 49 

120.5 43 

96.4 48 

106. 5 269 

173.0 54 

25 

16 

96 

11 

SMR Observed 
Deaths 

115 .a 165 

154.5 35 

136.i 9 

270.7 14 

115 .0 12 

76.7 26 

108.4 52 

178.2 14 

..... , 
':l~.o 

6 

3 

17 

21 

SMR 

141.6 

179.5 

147.5 

269.2 

146.3 

183.l 

97.7 

155.6 

82.5 



TAILE 24 

Lung C1nclt"' Mort111ty Ritts According to Dust Exposure• 

Cu111111at1ve Dust Exposure 
( mppcfb - years) 

<125 
125 - U9 
250 - 499 
500 - 749 

750 

197.9 
180.0 
327.6 
450.0 
777.8 

IHendet'son and Enterline, 1979 
bM1111on particles per cuo1c foot 
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haye a lo\lle,. lung cancer- S~i:l than t,ose in the :ii::,e ceoa.--:~erit :".-,s::· -

and cr-ocidolite) 'or- eaual dust exoosures. ~owever, .,o c:"c·;s·:ns ::~·c - · 

jra\lin 'roman analysis of the 11ort31ity '"Hes of 3i. '"::!'r~:..~·s exccsed, ·r 

not exoosed, to crocido1ite. Since the follow-Jo :J t_:,i,s :c:,1..ldti-: . ., :::e:3" 

only after- the coMr-t member-~; r-eacned age 65, s.;rv, var ef•ects may !)e of 

importance. For- example, those indiYiduals who smoke cigarettes Jr:d are 

thus at higher risk for lung cancer ~ay be preferentially exc:uded by virtue 

of death before age 65 because of smoking-associated disease such as ~yocar-

dial infarction. Further, th,e lim1ted number of mesotheliomas '.S of 781 

deaths) found 1n the latest fol1owup of this group could ,e due to the high 

incidence of mesott'lelioma at age 50 to 65, 30 to 45 years from onset of 

first efflploy,nent (see Figure 3). Mortality data .-ere co,.,.elHed with esti

mates of previous dust concent100 ations 1n terms of millions :' oar-ticles per

cubic meter of air (mppcf). No information was pr-oyid't!d :r1 ;ossible fioer

concentr-ations. 

~ study of the largest factory of the company studied ,y ~nterline, et 

al. (197?), but not limited to retirees, shows a considerao1y different 11or

tality pdttern (Nic.,olson, 1976; ~1c1iohon, et a 1 . 198Gb'. ~,· 58S -·

nance and production employees on January 1, 1959, wno ... ~.- ··--::: ..:-- -.

at least 20 years earlier were• followed through 1976. In this group, ,74 

der"'5 occurred, whereas 188.19 were expected. Fou,.teen ;:,leural and 12 

pe.-HonHl mesotnel10111u accounted for near1y 10 percent of the deaths, "!!Ost 

occu~1n9 before age 65. A strong correlation with estimated dust exposure 

wu Hen 1n deaths''"°"' ~sto~i1s, but not with the asbestos~e1ated ma1ig

nancfes. G,str-ofnttst1nal cancf!r was especially high in the lowest of four 

dust catego.-1es (11 observed ve,·sus 3.15 expected) and on1y elevated slight

ly 1n the h1gher exposure categories. In the nigt,est dust category, the 
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textile mil', :Jr.c:?r was not dramatically increased, but 40 oercent of the 

deaths were from asbestosis. Individuals in this department tendea to die 

of nonmalignant disease before reaching the age of greatest risk for cancer. 

A study by Wei11, et al. (1979) of two asbestos cement product facili

ties has also been published. Here, the mortality experience of 5,645 em

ployees was followed for at least 20 years. It shows excess mortality for 

lung cancer in the highest exposed groups but deficits of death from all 

causes (as great as 40 percent) in all cat~ories. Of the group 3,854 (68 

percent) were employed for less than 2 years. Thus, exposures were limited 

for the ma Jori ty of the cohort members. Further, as most of the fo 1 lowup 

involved observations prior to 25 years from first exposure (18,117 person

years at risk <25 years from initial exposures versus 5,910 person-years >25 

years), th~re was limit~ risk from asbestos disease in the group. Of most 

cons@<Juence, however, 25 percent of the cohort was untraced and all untraced 

were considered alive. This could explain the large mortality deficits in 

all categories other than lung cancer and invalidates the study for any use 

in establishing dose-response relationship. 

A final significant U.S. factory study is that of Seidman, et al. (1979) 

which extends an earlier study (S.l1koff, et al. 1972) and docU111ents the 

@xperience of workers expased only to aaos1te asbestos in the ~roduction of 

insulation materials, pr1.,r11y for use aboard naval vessels. Overall 1110r

tal1ty shows patterns s1111 lar to other heavily exposed groups. with S94 

deaths observed versus 368.62 expected. Lung cancer was more than fhe 

times the n!Jfflber expected, and 16 deaths frOffl mesothelioma occur.-.d. Of 

particular i~ortance in this study is the finding that individuals eaplo.)'ff 

for periods less than 6 months h1d significant excess of lung cancer (Table 

25). Gastro1ntestinal cancer was also elevated for those with expcsures of 
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Length of 

TABLE 25 

Expected and ())served Deaths front Lung Cancer and Cancer of 
the Esophagus, Stcflllch, Colon, and Rectum in Worker5 

Expoud to Alnosite Asbestos 
(Followed 5 to 35 Years after Employment from 1941 to 1945)• 

Lung Cancer GI Cancer 
Emoloyment Exe>ected c.bserved Expected C't 5erved 

1 mo 1.6 4 l.4 2 
1 mo 2.5 6 2.4 2 
2 mo 2.4 8 2.6 3 

3-5 mo 4,2 9 4.2 8 
6-11 mo 3.2 12 3.2 1 

l yr 2.6 15 2.5 5 
2+ yr5 6.0 39 6., 7 -

Total 22.5 93 22.7 28 

*Source: Se1dnlan, et al. 1979 
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less tl'ian 6 months (15 observed versus 10.6 expected), but t/'le diffe,-ence 

did not have statistical significance. Fu,-ther, tl'ie,.e was not an increasing 

,.isk with time of emoloyment as in t"!e case with lung cancer. 

Some data exist tl'iat would indicate the air concentrations of asbestos 

to whicl'i workers in a factory, which operated in Paterson, New Jersey, from 

1941 tl'irough 1954, were exposed. Following cessation of operations there, 

two similar plants were opened elsewhere, using the satne eQuipment and 

manufacturing the same product with the same materials. As in the Paterson 

factory, dust control was inadeouate in the newer plants. 

operation througl, 1971 in one case and 1975 in the second, 

These continued 

Oul"fng 1967, 

1970, and 1971 asbestos fiber concentrations in the plants were measured by 

the National Institute for Occupational Safety and Health (NIOSH, 1972), 1nd 

the results are presented in Table 26. The overall arithmetic average 91lpo

sure was 34.9 f/ml with a range from about 20 to 80. Using 40 f/~l, as an 

estimate of tl,e fiber count in the Paterson factory, one calculates tl'ie 

average dose received by tl,ose employed for less than 6 months to be no aore 

than 120 f/ml~onths, the same dose as would be received by a worker•

ployed 20 years at an exposure of 0.5 f/ml. Of significance, also, is th1t 

the mesothe l i oma risk is 1 ess than that of i nsu 1 ators ( 3 percent .,ersus 7 

percent). Since times from onset of exposure to amosite are C0111P1r1bl1 for 

each group, the presence of amos1te in insulation ruterials cannot tllpllfn 

the l,igh rate of .. sothelfom, among insulators. 

In Great 8'-1tain, a well -studied factory population (Doll, 1955; Kno", 

et al. 1968) provides useful information because of the avafllbflfty of 

envi ronmenta 1 1 nformat 1 on. The morta 1f ty experience of this group hH bNn 

recently updated (Peto, et al. 1977). Workers exposed prior to 1933 (befol"'e 

dust concentrations were significantly reduced) had a marked excess of lung 
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Asbestos Fiber Concentrations in ~wo Amosite insulation 
Product;on Facilitiesa,b 

ASBESiOS INSULAiION PLANTY 

1967 1970 1971 
No. of No. of No. of 

Ot)eration Mean Sa,ns:, 1 es Mean Samples "1ean Samples 

Mh1ng 107.0 3 27.7 2 46.3 7 

Fonn1ng 98.9 12 24.1 13 25.2 32 

Ffn1sh1ng 32.2 4 16.8 2 15.0 17 

Inspection 
and Paa 1ng 13.3 2 13.0 8 11.0 19 

M1sce 11 aneous 21.0 14 2.7 5 

ASBES1'0S INSULATION PLAHT X 

1967 1970 1971 
No. of No. of ~. of 

Operation Mean S~les Mean Samp 1 es '411n Sarnp 1 es 

Mixing 153 .o 5 36.2 3 74.4 11 

Fonnfng 33.3 18 25.7 3 50.6 39 

Curing 2.5 1 31.0 1 1.i. 4 5 

Ff n1sh1ng "·' 3 34.8 4 39.S 26 

Inspection 
Ind Paci1ng 15.7 7 17.9 3 22.8 15 

M1sca11aneous 13.8 2 U.6 24 

a,nOSH, 1972 
bAll s~l11 expressed as , > 5 i,11/111. 
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cancer (25 observed versus d,63 expected). Other Cdncers were elevated, but 

not so greatly. Of significance, ho1otever, individua1s emcloyed dfter 1933, 

and even ~fter Janudry, 1951, were found to ~ave dn excess risk of lung can

ce... These data were analyzed by Peto ( 1978) in reldtion to measured and 

estimated fiber concentrations. Exposures averaged about 10 f/ml after 1933 

and were virtually exclusively chrysotile. Using a linear dose-response 

relationship for lung cancer and pleural mesothelioma, he estimated that a 2 

f/ml exposure for 50 years would cause approximately 10 percent of male 

asbestos workers to d'fe from asbestos-related disease. It should be noted 

that data available for analysis were very limited and the estimate was 

based on extremely small numbers (14 deaths from lung cancer, 4 from meso

thel ioma, and 17 from nonmalignant respiratory disease). Furthermore, few 

individuals in the cohort were more than 35 years from onset of exposure and 

at a period of ni~hest risk frOffl asbestos disease. 

Another factory population has been extensively studied (Newhouse, 1969; 

Newhouse, et al. 1972; Newhouse and Berry, 1976, 1979). Exposures 11tere to 

chrysotile, crocidol1te, and amosite. Table 27 lists the mortality experi

ence of both men and IIIIOfflen according to estimates of fiber exposure (no 

details are provided as to the method of estimation) (Newhouse and Berry 

1979). Lung cancer, gastrointestinal cancer, and rnesothel ioma are signifi

cantly elevated in the long-tel"ffl (>2 years) or severe exposure groups. It 

has been estimated (Newhouse and Berry, 1976) that as "l.lCh as 11 percent of 

this entire g.-ouo w111 dit of pleural or peritoneal mesothelioma. Among fe

male workers. canc1r of the breast and cancer of the ovary were significant

ly higher (p • 0.05). 

Mining and Milling: Tht"ff studies exist showing mortality patterns in 

the mining and milling of pure chrysotfle asbestos. A series of studies 
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TABLE 27 

lt>rtaltty Experience of Male and Feaale Factory Workers• 

No. of 
Exposed Males 884 554 937 512 

Low to lt>derate (5-10 f/al) Severe (20+ f /al) 

Cause of <2 _yrs >2 yrs <2 yrs >2 yrs 
Death 0 E 0 E 0 E 0 E 

AP !tuses 118(•) 118.0 89(7) 95.3 162d(16) 122.2 176d(l9) 102.5 

Cancer of lunz and 
pleura (ICO 1 2 17(3) 11.01 16(1) 9.0 Jld(6) 12.8 56d(7) 10.4 

-163)e 

61 cancer 10 9.0 9(4) 7.3 20C(6) 9.5 l 9C(8) 8.2 
( ICO 15~158) 

Other cancers 6 7.4 8(1) 5.8 }6C(J) 7.9 l6C( 4) 6.3 

Chr. resp. 
disease 19 17.5 16 14.7 20(1) 17.6 28 15.9 
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TABl.E 27 (continued) 

Mort1ltty Experience of Male and Feaale Factory Workersa 

No. of 
396 Exposed Feaales 98 199 

C1use of Low to Noder1te Severe (20+ f/al) 
De1th (5-10 f /al) <2 yrs >2 yrs 

0 E 0 E 0 [ 

All c1uses J4b(l) 22.0 88C(lJ) 65.6 78d(7) 30.4 

C1ncer of lung 1nd 
]b(l) 1sd(7) 2ld(4) pleur1 0.5 1.9 0.8 

(ICD 162-163) 

GI uncer 
(ICD 150-158) l 1.9 14C(4) 5.7 9C(2) 2.6 

Other c1ncers 4 3.2 16(2) 11.9 )6d(l) 5.3 

Chr. resp. 
disease 3 2.3 6 6.8 lOC 3.2 

•~se ind Berry. \979 
bp <0.~ 
cp <0.01 
dp <0.001 
eot sHse codes 
lkleers tn parentheses ire •sothe l 10111s 
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(McDonald and Liddell, 1979; i.1coona1d, et a1. 1971, l9BO) Jf :c,939 .,a'e 

Canadian mine and 'Tli11 emoloyees show excess -nor-tality, :,a,.ticulariy Jf :re 

,-e5pi,.atory system. Table 22 1ists t>ie mo,.ta1ity fo,- ~hose iridivic:ua1s ;., 

the cohor-t that achieved 20 ci,. 'TlOr'e yea,.s ;r-om fi,.st emoloyment. Standa,.d 

1110rtality ,.atios were calculated from the exoected number- of deaths in the 

pl'"'Qv1nce of Ouebec. The ,.isk of death from lung cancer- incr-eases linearly 

with dust inda.x with no evide1,ce of a threshold (,.elati11e r-islc • l • 0.0014 

(~f -years) J. The morta 1 it)' for esophogea 1 and stomach cancers shows a 

strong relationship with dust index, but that of colonrectal cancer does 

not. Pleural mesothtlioma was a cause of 11 deaths to 1975. The use of 

Oltebec mortality statistics may underestimate the actual ,.isk as the 

earliest r-eport by McDonald (M<:Donald, et al. 1971) stated that 1ung cancer 

mortality 1n the five counties near the asbestos mines was only ho-thirds 

of tile province as a whole, the r-ates of which 111ould be dominated by the 

urban center- Montreal. The e·'fect of urban~ural difference on the ,.ates 

of c&ncer at ot,,er sites is not known. Additionally, it is :iot stated in 

th• publication how the 10 percent of the cohort that was untraced was 

treated. A11 data on exposure are given in terms of millions of particles 

p.,- cubfc foot (n,ppcf). While earlfer worlc described the difficulties of 

converting p1rt1clt counts to f/1 (Gibbs and LaChance, 1974), it 1s now sug

gested th1t • conversion factor between 1 and 5 f/m per ~ppcf may be appro

priate (~Donald, tt al. 1980). 

A Sov11t study of the health effects of chrysot11e mining and milling is 

that of Kogan, 1t 11. (1972) • Over a 11 excess rnorta 11 ty of cancer of the 

,...p1r1to~y or digestive tract w1s seen, particularly 1n the groups aged 50 

1111'"1 o~ o 1 der ( lftd presUIAb l y JC1 or more y11r1 froa f 1rs t exposure) • Among 

thHt, stOINch cane tr IIOl"tl 11 ty 1 n ma 1 e 111 ntY"S 1 s 1 ncreastd 2. 5 t 1 mes and 
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that of female wor~ers by 3.6 times. The corresponding increases •:r :e~a·e 

dnd male mill wor~ers are 4.3 arid 19.9 times expected . .).d:.:lj:;cna 1
• 1 , -~:es

tinal cancer is elevated among ~he so• year grouc 4.3 times ~or ~a'.e ~,~ers, 

6.9 times for female miners and 14.3 for women mill employees. '~nf:irt:.rnate

ly, data on the number of deaths are not provided. ~o cases of ~esot~e'.;Jma 

are reported. 

Anthophyllite mining has also been found to produce a high risK of t:ror

chogenic carcinoma (Meunnan, et al. 1974). In a study of '11iners exoosed to 

fibers of cu""'ingtonite-9runerite ore series (in which amosite is for.,,ec), 

Gillam, et al. (1975) reported excess malignant respiratory disease 'i') 

observed versus 2.7 expected) at an average air :oncentration of 0.25 ml. 

No cohort mortality studies exist for the mining or milling of crocido-

1 ite or amosi te. 

In the above studies of chrysotile mining and milling, ~esothelicma ~as 

present to much less a degree t~an in the follo~ing ':hree instances: a •ac

tory using chrysotile exclusive·ly, (4 percent of 20• year employees) ;?eto, 

1978); the 1,- 1 ~~t U.S. chrysot11e using facility ~O :erce~t'. ., .. _, - "· 

et al. 1979) _.,. 1r.sulation worlc using chrysotile and amosite (7 percent) 

(Se1ilcof1', ~t al. 1979a). It appears that as :.-,e ::·J':''. 3re maniculated 

through milling, processing, ilnd use, their carcinogenic potential 

c~ases. Whether this 1s related to a reduction in fiber size or other fac

tors 1s yet to be definitively established, particularly in vie-. of animal 

data which indicates a reduction in carcinogenic potential 'allowing t:a11-

m1111ng (see Animal Inhalation section). 

Because of 1ts relevance to ingestion, a sumnary of the available data 

on gastrointestinal cancer and p,eritoneal rnesothelioma is given in Table 29. 
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Indirect IJc: 1 
... c,a~ional Asbestos Exposure: rn 1968 it was oointed out by 

Harries /1968) that shipyard workers other than insulators were at risk from 

asbestos disease. Among Devenport Dock:ya,.d employees, five cases of meso

thelioma were found among men who had not been "asbestos workers" but had 

fo11owed other trades in the yard. These men presumably had been inadver

tently exposed to asbestos merely by working in the same shipyard areas 

where asbestos had been used. Continuing to follow this group, Harries 

later documented 55 cases of mesothelioma in this shipyard alone, only 2 of 

which occurred in asbestos workers (Harries, 1976), and 1 of which occurred 

1n a man who had previously sprayed asbestos. A study of the d1str1but1on 

of all verified cases of mesothel1oma found in Scotland between the years of 

1950 and 1967 is also revealing. Of 89 cases available for study, 55 were 

in shipyard employees, dockers, or naval personnel. Of the 55, again only 1 

was an asbestos insulation worker (McEwen, et al. 1977), 

A study by EdQe (1976) of men who had worked in a shipyard in Barrow, 

England, attempted to estabi1sh a risk of iow-ievei asbestos expcsure on a 

population basis. He seiected 235 shipyard workers with pieurai pilQues but 

from 1970 through 1973. Seventy d1ed, 17 of mesothelfom• and 13 f:-c;; lung 

cancer, Z.6 times g,.eater than expected. However, the relevance of these 

data have been called fnto Question by the possibility of bin 1n the 

se1ect1on of the 235 casts (Edge 1979). 

The prev1ously Nnt1oned rad1o1og1cal evidence (sei Indirect Occ:uo•

t1onal Asbestos Expcsure section) that asbestos concentrations 1n general 

shipyard work (Se11koff, et al. 19791) or maintenance act1v1ties in I c:htll1-

cal factory (L111s and Sel1koff, 1979) are sufficient to product fibrosis 

Points to the existence of a widespread carcinogenic problM frOII 1nd1rtct 

asbestos exposures. 
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:nvi,.onmental Asbestos Di5ease: '..lagne,., et al. /1960) ... ev1ewed 47 :3ses 

of mesothel ioma found in the ~o,.thwest Caoe ::>rovirce, South ::._frica i.., :~e 

orevious 5 years. 0f this number, roughly nalf the cases .. ere in ~eoo:e ~"s 

had worked \ttitn asbestos. 'li,.tually all the rest we,.e in i'1dividua1s .. ro 

nad, decades before, simply lived or worked in an a,.ea of asbestos mining 

(one living along a roadway in whicn asbestos fibers we,.e shipped). This 

germinal observation demonstrated that asbestos exposure of 1imited inten

sity, often inte'""'ittent, could cause mesothelioma. The hazard was further 

pointed out by the findings ot Newnouse and ThOfflSon (1965), who sho--ed that 

mesothelioma could occur among people whose potential asbestos exposure con

sisted of their naving resided near an asbestos factory or in households of 

asbestos workers. Twenty of 76, cases from the files of the London Hospital 

(1917 to 1964) 1otere the result of such exposure; 31 were occupational in 

origin, and asbestos exposure w~s not identified for 25. 

Both pleural and peritoneal mesothe11omas have been found to occur from 

environmental asbestos exposure. For example, in the neigt,bornood and fam

ily cases documented by Lieben and Pistawia (1967), two of three family con

tacts and two of eight neighbor·hood mesotheliomas were periton11l. In gen

era 1, a greater percentage of einv1ronmenta 1 mesothe 1 i ornu coapa red to occu -

pat1onal are pleural fn or1gir1. This, however, may be the "tsult of a 

greater p,.opens1ty fo,. p1,.1tort11l mesothtliONs to be misdiagnosed. In 

occup1tion1l c1rcuastances, 40 pe,.cent of ple11ral mesothelfa11u •ere cor

r-ectly cl1ss1f1ed on death certificates versus only 21 percent of peritoneal 

1111sothe11c:1111s (S.11koff, et al. l9791). 

Synerg1sa and/o,. Antagon1s• 

Asbestos expasure and c1gal"1!tte s1110iing have !Men found to ,ct syner -

g1st1ca11y to produce dl"lfflatic 11,cruses in lung cancer over u,at fro,n expo-
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SJr-e t::i either- agent alone. !n a or-osoective study by Harmonc, et dl. 

1 ~979 1 of 17,81JIJ insulation wor-ker-s, smoking histor-\es wer-e solicited f,-om 

a·: i"diviauals dur-ing 1966 prior to obser-vation. Of 12,051 wor-1c:ers who 

oassed the 21J-yedr- point since entering the trdde before or during the 

10-yedr observation period, January 1, 1967 to December 31, 1976, 891 re

ported they had never smoked, 488 had smoked only a pipe and/or cigars, and 

6,841 gave a history of cigarette smoking. No information was available 

from the remaining 3,831. Using data of the American Cance,. Society (ACS) 

on age - and cal enda,. yea,. -specific cancer rates among smokers and nonsmokers 

in a prospective study of more than one million people in the United States, 

it was possible to make smoking-specific comparisons of the mortality exper

ience of insulation workers with nonasbestos exposed individuals in the gen

eral population. Those insulation workers who claimed never to have smoked 

cigarettes were found to have an increased risk of death from lung cancer 

compared with nonsmokers in the general population, although ther1 were 

relatively few deaths, 8 observed versus 1.3 expected. Hoo,,ever, a1110n9 those 

witn a history of cigarette smoking, the risk was also increased and its 

effect was la,.ge, 268 deaths being recorded ve,.sus 4,7 expected. Aaong non

ciga,.ette smoker"s in the general population Table 30 lists the d11u, ,.ates 

and mortality ,.atios of smoking and nonsmoking asbestos wor-ke,.s cc-.:,a,.ed to 

tne ACS control population. Asb1stos exposure appears to multiply the risk 

of death of lung cance,. by fou,. to six times, ir-respective of smoking f'llb

its. When that risk is al,.eady high, as in cigarette smoke,.s, the ,.,suit is 

catastrophic. An earlier study by Sel1koff, et al. (1968) indicated that 

the risk of death fl"om lung cancer in ciga,.ette-smoking asbestos workers was 

92 times that among individuals 11tho 11tere neither exposed to the fib,,. nor 

smoked ciga,.ettes. 
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TABLE 30 

Age-Standa,.dized Lung Cancer Death Ratesa Fo,. Ciga,.ette Smoking and/or 
IJccupational Exposu,.e to Asbestos Oust Compared with No Sffloking and 

No Occupational Exposu,.e to Asbestos DustD 

Exposure 
G,-oup to 

Asbestos 

Cont"'Olc No 
Asbestos wo,.k e,.s Yes 
Cont,.ol No 
Asbestos wortce,.s Yes 

Histo,.y 
Ciga,.ette 

Smoking 

No 
No 
Yes 
Yes 

Death 
Rate 

11. 3 
58.4 

122.6 
601.6 

Mo,.ta 11 ty 
Di ffe,.ence 

(). 0 
•47.1 

•111.3 
•590.3 

Ml)rta 1 it y 
Ratio 

1. 00 
5 .17 

10.85 
53.24 

aRate pe,. 100,000 man-yea,.s standa,.d1zed fo,. age on the distribution of the 
rnan years of al 1 the ·asbestos •orkers. Numbe,. of lung cance,. deaths based 
on death ce,.t1f1cate infol"'fflat1on. 

bHa111110nd, et al. 1979. 
CThe central population is a g,.oup of 73,763 white, male wo,.ke,.s exposed on 
the Job to dust, fUMes, vapo,.s, chemicals, o,. radiation. 
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Cancers of the 1 a r yn x • pharynx and bu cc a 1 c av i t y , and of the es op nag us 

;,., insulation wo,.k:ers are also associated with cigarette smoking (HarT'fl'lond, 

e ~1. :97?'. Among SO deaths due to tumors of these sites, none 1o1ere among 

nonsmoke,.s and 3 were among individuals who smoked only pipes or cigars. 

"!esothelioma of the pleura or peP'itoneum and cancer of the stomach, colon, 

and rectum, however, were unrelated to smoking habits. rt is worth noting 

that in these studies by Selikoff and Hanmond over 200 excess deaths 

occurred from peritoneal mesothelioma and gastrointestinal cancer (excluding 

esophagus) in 2,271 deaths of insulation workers. Were smoking-related lung 

cancer not a factor, abdominal cancer deaths would dominate the mortality 

experience of this group of asbestos workers. 

IJther studies have substantiated the synergistic effect of cigarette 

smoking. Berry, et al. (1972) obtained retrospective smoking histories on a 

group of asbestos workers and analyzed their mortality according to smoking 

habits over a 10-year period of time. rhe results indicated that the com

bined effect of cigarette smoking and asbestos exposure on the development 

of lung cancer is multiplicative rather than additive. 

Although synergistic effects have been documented for bronchogenic car

cinoma, only cigarette smoking has been investigated in the etiology of 

abdominal cancers, rhe possibility exists, of course, that these tl.fflOrs too 

could have a multiple factor etiology and that other contani1nants, ingested 

with asbestos, may potent1ate tumor development, 

Additionally, some nonmalignant asbestos effects are related synergisti

cally to cigarette smoking. Among a group of factory ew,,loyees it was found 

by Weiss (1971) that evidence of fibrosis, as manifest on X-rays, was in

creased among individuals who smoked cigarettes COfflPared to nonsmokers, 

Deaths due to asbestosis appear also to be increased in c:igarette smokers 

compared to nonsmokers (Hanmond, et al. 1979). 
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!n animal exoeri,,ents, exc1osure to :,e,,zo(a)oyrene 1 3D 1 a11d :s::es:2s .,,~, 

act synergistiol~y. :,ylev and Shabad :1973) r-eoorted :.,ai: ;,,tr-at,..~:·"=:· 

inJections ,:;f 5 11g of Chrysot;:e onto ... hie., ... as at-sor'::e1 J.:.1.1 ~; J.: ,~ 

(from a benzene 5usoension) and 2 mg of chrysotile coadmi11is:e..-e1 ,.':11 5 ""g 

9P oroduced ma 1 i gnant tumors · n 29 oercent and S4 oercent of '"ats, r-esoec

t i vel y. Administration of 6 rn9 of chrysol ite or 5 ,,g 9P yielded no t:.Jmors. 

"11ller, et al. (1965) found intratracheal injection of chrysolite ... ith 3P to 

increase tumor yield over that of BP alone while amosite acceared to r,ave 

little such effect. 

No data exist on antagoni~.t1c or prophylatic compounds in ,.elation to 

animal or human disease. .I!?. ::'..!.i!:£ experiments by Schnitzer, et al. ! 1971) 

have shown that hemolysis of red cells can be inhibited !:ly coating the 

fibers with ionic polymers such as carboxymethylcellulose. 

Fiber Size Considerations 

Experimental systems, particularly those used by Stanton and · ... rench 

(1972) and Pott, et al. (1976), indicate a significantly reduced cari.:~,,o

genicity of fibers as the length is reduced or the diameter increased. '.Jn 

the other hand human data sugge,st an imoortant role for srnall fibers. From 

analyses of tissue samoles from 29 mesothel ioma cases, Sebastien, et al. 

( 1979) found that larger fibers, often amc,hiboles, tend to be found in the 

lung parenchynaa. In contrast, in the pleura, the fibers were finer and 

shorter and generally chr}'1otile. The mean length in pleura was 2.3 um and 

that of the lung 4.9 ""'· In 20 pleural samoles of 29 autopsy cases in ..,hich 

1sbe!t01 fibers were found, chrysot11e was identified as the only fiber in 8 

artd only a trace (<l percent) of ~hiboles was found in 2 others. rn con

trast, s1gn1f1ca.nt percentages of ~h1bole fibers (>18 percent) were found 

in 26 of 29 lung parenchy,na sa,np·les from the same cases. 
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In an examination of the mortality of workers ;,, different types of 

asbestos industries, significant differences occur that :riay t,e related to 

fiber size. In amosite and chrysotile mining, few 11esotheliomas are seen, 

whereas, in manufacturing and end product use, large percentages of deaths 

occur from this tumor. For example, chrysotile mining and milling, while 

""elated to a significantly increased risk of death fr.om lung cancer and 

asbestosis /McDonald and Liddell, 1979; Nicholson, et al. 1979), has not 

been associated with an extraordinary mesothelioma risk. Similarly, amosite 

mining and milling does not appear to significantly increase the risk of 

mesothelioma, while crocidolite mining and milling does (Webster, 1970). On 

the other hand, the manufacture of amos i te products is associated with a 

significant ""isk of death from mesothelioma, 3.5 percent of the deaths of 

incividuals 20 or more years from first employment being from this cause 

(Seidman, et a 1 . 1979). Further, i nsu 1 a tors who were exposed to chrysot i 1 e 

and amosite, t)ut never to crocidolite (Selikoff, et al. 1970) nave 9 percent 

of their deaths, 20..plus years from onset of exposure, from mesothelioma 

/Selikoff, et al. 1979a). As neither amosite nor crocidolite can account 

for this extraordinary risk, chrysotile must contribute significantly. This 

is also borne out by observations of the mortality of workers in a 

chrysotile using factory. 4.3 percent of long-term de1ths were frOIII 

mesothelioma in a facility using 5,000~,000 tons of chrysotile, 

approximately 50 tons of amosite, and less than 4 tons of crocidolite 

annu 311 y ( except for 3 years when 375 tons of amos i te were used annua 11 y) 

(Robinson, et al. 1979). 

Much of these differences in risk may be accounted for by the differ -

ences in fiber size distributions in the three work environments rather than 

by fiber type. The greatest percentage of longer and thicker fibers would 

occu"" in the work environment of miners and mi 11 ers. As the asbestos is 
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used in manufactu,.ing p,.ocesses,, it is b,.oken apa,.t as 1t is ir,ccrporatecJ 

finished products. During application or removal of insulation prod~c:s, 

is furt,.,e,. manipulated and the fiber r-educed in length and jiarreter-. :.s 

these smalle,. fibe,.s can ,.eadily be ca,.ried to the periphery of the ',Jng, 

penet,.ate the visceral pleura a,,d lodge in the visce,.al or pa,.ietal pleura, 

they may be of greater importance in the etiology of mesothelioma, even 

though longer fibers, once the 1"'e, a,.e more ca,.cinogenic. In the case of 

c,.ocidolite, fine fiber aerosols are produced even in mining and, thus, al1 

uses of that fiber a,-e associated with mesothel 1oma. 
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~xistino Guidelires ard Standards 

The cu,.,.e,,t ·';ccupatioral Safety and Healt."1 Administration (OSHA) stan

dard fer an 2 .ho1..r time-weighted average (~A) occupational exposure to 

asbestos is 2 fibers longer than 5 microns in length per milliliter of air 

(2 f/ml or 2,'Jl)1J,OOO f/m 3). Peak exposures of up to 10 f/ml are pel'"fflitted 

for no mere than 10 minutes (29 CFR 1910.001). This standard has been in 

effect since JJ1y l, 1976, wnen it replaced an earlier one of Sf/ml (Tw'A). 

In Great Brita;n, too, a value of 2 f/ml is the accepted level, below which 

no controls are recuired (BOHS, 1968); the British standard, in fact, served 

as a guide for the OSHA standard (NIOSH, 1972), 

The British standard was developed specifically to prevent asbestosis 

among worl(i,.,g pooulations; data were felt to be lacking that would allow a 

determination cf a standard for cancer (BOHS, 1968). Unfortunately, aMOng 

occupational groups, cancer is the primary cause of excess death aaong wo.-ic-

ers (see Carcinogenicity section). Three-fourths or more of asbestos -

related deaths a,e from malignancy. Tnis fact has led OSHA to propase a 

lO'twer TWA stan1a,·d of 0.5 f/ml (500,000 f/m3) (29 CFR 1910.001). The 

National Institute for Occupational Safety and Health (NIOSH), 1n their' cri

teria document for the hearings on a new standard, have proposed a v1l~ of 

0.1 f/ml (NIOSH, 1976). In the discussion of the Nl0SH propoul, it wn 

stated that the value was selected on the basis of the sensitivity of an1-

lytical techniaues using optical microscopy and t~at 0.1 f/ml may not neces

sarily protect against cancer. Recognition that no infonnat1on exists t~at 

would define a threshold for asbestos carcinogenesis was also conta1ntd 1n 

the preamble to t ne OSHA proposal • Tne ex 1st i ng standard in Gre,t 9,. it11 n 

nas also been called into auest1on by Peto (1978), who estimates that 1st>ts-
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tos disease may cause the death of 10 percent of ~or~ers excosed 3: 2 • ~1 

for a worlc1ng 1ifetime. A fiber concentration 1imit of 1.J •/m1 r,as ,...eceri:-

1y been published in Great Britain (Advisory Corrmittee on ).st:es~cs, ~979'. 

The existing Federa1 standard for asbestos emissions into ~~e env,,...on

ment prohibits "visib1e emissions" (40 FR 48291). No numerical ·,alue ... as 

specified because of d1ff f cu 1 ty in monitoring ambient air asbestos cone en -

trat1ons in the ambient air or in stack emiss1ons. ( Ti me ..cons um i n g and 

expensive electron microscopy is often required.) Some local gove,..nment 

agencies, nowever, may have nUflterical standards (Ne,,, vorlc, 27 ng/m3 for 

exaap 1 e). 

No standards for asbestos 1 n foods or beverages exist even tt'lough the 

use of filtration of such produci:s through asbestos fi 1ters has oeen a com

mon practice 1n past years. Asbestos filtration, however, 1s ~,...ohibited or 

11m1ted for human drugs (41 FR 16933). 

Current Levels of Exposure 

As detailed in the Exposure section, asbestos is a ubiQui tous contami -

nant of our air and water. Afr concentrations over 24 hours in i,etrocolitan 

areas usua 11 y a.-e 1 ess than 5 r,g/1113 but can range up to 2rJ ng /m3. 1
/ al -

ues up to 51) ng/•3 are found during daytime hours fn 1ocatior,s w1iere con

struction activities and traffic can be contributing sources. A significant 

fraction of the fibers inhaled ~an be brought up from the respiratory tract 

and swallowed. Th1s l11ds to an ingestion exposure from air sourcu of up 

to 1).1 ,9/d1y, although lftOSt of the population exposure 1s froa O.IJl to 0.05 

\jg/day. 

Water concentrations of asb•tstos are usually less than 106 fibtrs of 

all sizes per liter although significantly higher valuts (lo8 f/1} nave 

bNn found in c11"Ct.11tStances wher·e water syst•s have been in contact •ith 
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asbestifonn minerals or \I/here contamination of the \tlater supply exists. 

::;ber mass concentrations corresponding to fiber concentrations are usually 

less ~han 0.'Jl ug/1 but could exceed 1 ug/1. Thus, direct water ingestion 

~sua11y leads to exposures of less than 0.02 ug/day. 

Clearly, point source pollution can cause both air and water concentra-

tions to exceed the above va 1 ues. Such 1 nstances are discussed in the 

Exposure section. 

Soecial Groups at Risk 

Specia 1 groups at risk may 1 nc 1 ude neonates and chi 1 dren; however, no 

data exist on the relative sensitivity to asbestos of infants and children 

undergoing raoid growth, Concern exists because fibers deposited in the 

tissues of the young may have an extremely long residence time during which 

ma1ignal"lt cl'ianges could occur. In addition, risk could be influenced by 

differential absorption rates which have not been fully studied at this time. 

Individuals on kidney dialysis machines may also be at greater risk as 

fluids, potentially contaminated with asbestos fibers can enter the blood 

stream directly or, in selected instances, the peritoneal cavity (peritoneal 

dialysis). 

Although no synergistic effects have been identified fn the etiology of 

asbestos-related gastrointestinal cancer, they cannot be ruled out. Thus, 

people exposed to other carcinogens, initiators, or prtwn0tOP'S could be at 

increased risk. 

An increased ,.isle is also associated with inc,.eased e,:posu,.e to asbestos 

in water in municipalities such as San Francisco o,. Seattle where asbestos 

occurs naturally in wate,., in cities whe,.e there is an interaction between 

aggressive water and asbestos <ement pipe, or in cities whose water may be 

contaminated as a result of asbestos operations. Also, the usJ of asbestos 
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c erie n 4; ::, rod u ct s hr t ~ e : o 1 ~ e: t ; on '.) f ..i ate r , such a s i n : i st errs • n : .., e 

'/irgiri Islands or in ,.co• ,.un--0f•s in :rooical areas, increases ex::iosure. 

3asis and Jerivation o• CriteriJn 

.ls oreviously discussed, r-10 defi'1itive studies, eitrier ar1111al or "'uman, 

exist that would establish risk levels from ingestion o• ascestos fi~ers. 

Those studies published provide both positive and negative data, but all 

have methodological limitations. !n tne case of tne ,,uman studies, these 

include observations on only recently exposed individuals, small study 

groups, low exoosures, population mobility, uncertainty over tl'le effect of 

confounding variables, and inappropriate control popu1at1ons. Animal stud

; es have usu a 11 y been conducted wi tn very small numbers of animals, have 

lacked proper pathology, used limited doses of asbestos, af'ld ;)oorly defined 

the materials ingested. 

On the other hand, human studies of workers exposed to airborne asbestos 

uneouivocally demonstrate an excess risk of gastrointestinal cancer ;,, vi,.

tually all aroups surveyed. A route of exposure to the gastr,intestinal 

tract from 5uch exposures is a·1so clear from the fibers c1eared from the 

lung and bronchial tract and si..bsequently swalla.ed. 'Jsin<J ,nfol"fflation on 

airborne exposures to 111orkers 1 it is possible to estimate an approximate 

exposure level to the gastrointestinal tract from estimates of afrborne 

asbestos concentrations. This, !,a.iever, involves the use of data n1ving, in 

sOMe cases, significant uncertainties and, thus, tne cr;ter1on level on 

asbestos fn w1ter that will produce a specified risk cannot oe esta~ltshed 

w1th h1gt, prec1s1on. 

E.xper1inental uncertainties eJcist as to the air conctntrat1ons in fibers 

longer than 5 um/ml to which workers were exposed 1n past years, the conver

sion of these >5 um fiber concentrations to concentrations of fibers of all 
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sizes in air, J~-: on the size distributions of water and airborne asbestos 

sols. Infonnation is also lacking on the importance of fiber size ;,., the 

production of human cancer. On the one hand, longer fibers are more car -

cinogenic in experimental systems although cruantitative data a,.e limited. 

l)i the other hand, smalle,. fibe,.s appea,. to more readily cross body ba,.riers 

to ,.each sites of imcortance for human ca,.cinogenesis. The relative impo,.

tance of these t~o factors cannot be accurately estimated. 

A substantial body of data exists which shows increased incidence of 

cancer of the esophagus, stomach, colon, and rectum or peritoneal mesothe

lioma ;n humans exposed to asbestos occupationally. For several of these 

groups, data exist on the approximate airborne f;ber concentrations to which 

individuals were exposed (see Effects section). These human data will se,.ve 

as the primary basis for a standard of asbestos in water. Experimental data 

(see Phannacok1netics section) indicate that a major fraction of the asbes

tos depasited in the lungs is subseouently swallowed. In this section, tne 

dose to the gastrointestinal tract of four occupational groups will ~e cal -

culated from knowledge of the air concentrations to which the workers we,.e 

expased and the ass~tion that all the asbestos inhaled subseouently p•sse<l 

through the gastrointestinal tract and provided the exposure that led to the 

observed increase in abdOfllinal cance,.. The assumption that all inl'laltd as

bestos is ingested 1s an overestimate but not a significant one. No account 

has been taken of the material that a wo,.ker may swallow directly, and th1s 

auant1ty could be 1111POrtant. The extent to which these factors are offset

ting cannot be tst11111ted. Unce,-taint1es exist in the extrapolation of an1 -

mal data on clea,.ance to man and in the effect of the aerosol size distribu

tion on the fraction swallowed. These uncertainties, however, are felt to 

be unimportant 1n comc,arison to our inability to estimate the quantity of 
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asbestos that might be directly swallowed. If the amount Jf dSJestJs 

directly ingested is less that'! t"lat which remains in the 1ungs or is ::'ea,.ec 

from the body by other than ingestion, the estimated criteria level .wi1; ::e 

less stringent. If the directly ingested asbestos is of more ;,.,,portance, 

the criteria level will be mor~ stringent. 

Table 31 lists the percentage of death from excess gastrointestinal can

ce,. and peritoneal mesothelioma in four groups of asbestos workers. Calcu

lations of these percentages •ere made using expected numbers of death, 

rather than the observed, because the latter ts often significantly inflated 

by 1nclud1ng other asbestos-rl!hted deaths (asbestosis, lung cancer, and 

pleural mesothelioma). 

Table 32 lists the fiber concent,.ation estimates (s.ee Carcinogenicity 

sect 1 on) and an exposure index for each cohort { years of exposure x fiber 

concentration). This index •ill be used to calculate the number and mass of 

asbestos fibers ingested during a working lifetime. As the observed mortal -

ity 1 s, to a 1 arge extent, after 20 years from f1rst exposure, the inter -

~ixing of time and exposure does not present significant problerns. 

The average length of exposure for the insulation workers in the first 

group was calculated from data on ~loyment time at entry into the cohort 

fn i967. A working lifetime of 40 years was used for the smaiier group of 

New York and Haw jersey i nsu i 1t1,rs, vi rtu1 i 1 y a 11 of whOllt were deceased or 

retired. i"ne esti111te of the person.-eighted exposure index for the amosite 

factory is simpiy tne average er11pioyment time muitipiied by 40 r/mi. Oata 

Newhous; and Be~y group. 

1ndex .~No. at risk x exoosure x time}. 
I..J J(No. at risk) 

180.] 
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TABlf 31 

Percentage of Excess Gastrointestinal Cancers dnd Peritoneal Mesotheliomas 
in four Groups of Asbestos Workers 

-------
f*Jlllber of C.cess Deaths Excess deaths as a 

( from Tab le 29) Expected Percentage of Expected 
Numer of Oeaths in Cohort 

Peritoneal Duths in 
Exposed Group GI Cancer Mesothehoma Cohort GI Per. meso. fota I 

Insulation ,.....kers• 39.9 112 1,658.9 2.4 6. 7 9. I 
(chrysotile and aaoslte) ( ICO 150...154) 

Insulation workersb 
(chrysotlle and aaoslte) 29.4 22 305 .20 9.6 7.2 16.8 ,.,.n 1r11 1ra\ 

\ u .. 11 1 au-•=>• J 

factory e,aployaentc 
(a.oslte) 10.5 8 368.62 2.9 2.2 ~. I 

( !CO lS0-154) 

Factory eaployaentd 
(chrysotlle, crocldollte 
and a.>slte) 15.8 35 556.0 2.8 6.3 9. I 

(ICD 150-158 ex meso) 

Factory Retlreese 14.9 unknown 648.7 2.3 ? 2.] 
(chrysotlle, crocldollte but< 5 
and MOS He I (ICO 150-159) 

Hlners and alllersf 27 .8 0 3,019.3 0.9 0 (). 9 
( chrysot I le I (ICD 150-151) 

aselikoff, et al. 1979• dNe.-llouse and Berry, 1979 
bsellkoff, 1976 eHenderson and Enterline, 1979 
tSeldlnan, et al. 1979 f14c0ona Id, et a I. 1980 
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"'.'ABLE 32 

Exposure Indices for Asbestos Worker ~rouos 

Air Fiber Person-weighted Exposure Index 
Exposed Group Conce,.,trat ion Average Exposure (years x f Im 1) 

(f/ml) Time (yrs.) 

U.S. insulators 
Selikoff, et al. (1979a) 15 (Tllble 22) 34 510 

NY/NJ insulators 
Selikoff (1976) 15 (Tllble 22) 40 600 

Amosite factory workers 
Seidman, et al. (1979) 40 (T!ble 26) 1.9 76 

British factory workers 
Newhouse and 

Berry (1979) lJ-30 See Table 33 180 

Factory retirees See n,:)te a 740 
Henderson and 

Enterline (1979) 

Chr~otile miners See n,:3te a 585 
and millers 

an,e cUfflUlat1ve exposure index inf/ml x years was calculat~d by mu 1t i p l y-
ing a person-weighted exposure index in mppcf x years by 3. 
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TABLE 33 

Exposure Estimates for Workers in a Br1t1sh Factor,Y* 

Exposure Group No. at Risk Exposure ( f /ntl) Time of Exrsure 
(years 

Severe <2 years 711 30 20 

>2 years l,333 30 2 

Low to Moderate <2 ye1r1 503 10 20 

>2 .1911"1 933 10 z 

*Source: Newhouse and Berry, 1979 
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The fiber exposures for ttie studies of "'cOonald, et al. : 198C) d!'1C -er

derson and Enterline (1979) were calculated from the estimate of ~c:ora·::, 

et al. (1980) that 1 mppcf is eauivalent to 3 f/ml, '~hi1e no cat3 SJDccr: 

this suggestion, it appears reasonable and was also JSed for tne •actor; 

exposure circumstances. 

The majority of samples analyzed for the EPA to date were characterized 

by a concentration of all elect,.on microscopic visible fibers per liter of 

111ater (see Exposure section). f~urther, tectiniaues for the detel'"fflination of 

fiber concentrations (as oppond to mass concentrations·) have been pub

lished as interim EPA procedures (Anderson and Long, 1980). Thus, a criter

ion for the concentration of fibtrs of all sizes in water corresponding to a 

10-5 risk 111111 be calculated directly from the concentrations of fibei-s 

greater than 5 1,1m measured in ttie occupati ona 1 cil"cumstances that produced 

disease. Unfortunately, the da1:a currently available relating ail" concen -

trations of fibers longer than 5 ~m, counted by optical microscopy, to those 

determined by electron mic,.oscc,py, are extremely limited. These include 

those by Wallingfo,.d (1978), 1:1'5; Millette (personal conmunication), 1:400; 

and Wine,. and -;.,ssett (1979), 1:1,000 and are only for ch,.ysotile asbestos. 

Using the geomet,.1c mean of ZOO for this factor from all available data, a 

total fiber concentration corre:sponding to a 10-5 risk can be calculated 

fr"OCII the data of Tables 31 and :32. The scant data on the re1~1'.1on bebeen 

elect"°" and optical microscopic counts is uncertain. The variability 

between these three measu,.ements is likely the result of losses during the 

p1"eparat1on of specimens for ele~tron mic,.oscopy. Thus, the value by Wal -

lingfol"d appea'"s unduly low and Is in disag,.eement with electron microscopic 

size distributions showing l to 3 pe,.cent of fibers in cn,.ysoti le asbestos 

aerosols to be longer than 5 ~m. With these considerations, the uncertainty 

in the value 200 may be estimated to be a factor of 3. 
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In making the calculation, one tacitly assumes the same fiber size dis

tribution in water as in occuoational air samo1es. Some data show tha~ 

~ater fiber size distributions vary greatly (~i11ette, et al. !979a,:,), and 

occuoational air distributions have been shown to be so variable ttiat the 

fraction of fibers longer than 5 um can range over a factor of 10 depending 

on samQling circumstances (Nicholson, et al. 1972). Althougti sizing of 

airborne and waterborne fibers has not been done using the sam@ metMds, 

ouaTftativeTy, water appears to have fiber distributions with more smaller 

fibers than in occupational air samQles. Experimental studies, previously 

discussed, have shown that once in place, longer fibers are more 

carcinogenic than shorter ones. However, shorter fibers ·~opear to more 

easily cross organ barriers and migrate throughout the body, and may, ttius, 

be of greater importance for some asbestos malignancies, part1cularly meso

tne7foma (Sebastien, et al. 1979). The extent to which the assl.fllC)t1on of 

the same fiber size distribution in water as in air will likely yield a con

servative criteria (from the point of view of health) cannot be estimat~. 

A detailed calculation of the 70-year lifetime risk from the injection 

of 106 fibers of asbestos per day is given in Appendix I. Data of the oc

cuoational risk of both gastrointestinal cancer and peritoneal rnesothtl 10111a 

were used {Table 31). Account was taken of the fact that occupation1l expo

sures took place over a 5-day work week and that the ingestion exposure lftiy 

encompass a 11ftsoan of 70 years. It was assumed that a worker brtat~s at 

the rate of 1 m3/hr during work e.xpcsure for the purpose of calculiting 

total asbestos intake per day. Using a linear dose-response r11at1cw,sh1p 

and a soec1f1ed risk of 10-5, the calculated 70-year daily intake result

ing from these calculations 4re given in Table 34, It fs not co~t to 

simoly average intake levels (rather than rfsks) as a single study sh0w1ng 
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TABLE 34 

The Calculated Risk of Death over a 70-Year Lifetime From 
Gastrointestinal Cancer ar•d Peritoneal Mesothel ioma from 

rngest1on of 106 f/day of Asbestos 

Exposure Group 

Selikoff, et al. (1979a) 

Sel ikoff ( 1976) 

Henderson and Enterline 
(1979) 

"'cOonald, et al. (198()'1 

Average 

Estimated Risk 
106 f/day 

1. 1 X lQ-5 

1. 7 X lQ-5 

3, 1 X lQ-i 

1. 9 x 10-6 

9.5 x 10-7 

1 • 24 x 10-S 

This average corresponds to a daily intake of 
800,000 fibers for a 10-5 lifetime risk. 
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·,e.-y 1 0w .-;5~5 could yield an intaic:e level of un1imited ~agnitJde. ;he i~

clusior of such a level in any averaging orocess would c~early ~ot ~e aooro

or; ate. ~.,e data ~ .. om Seidman, et al. ( 1979) were not used :iecause it was 

exclusive~y t.-:1"' ar.iosite exposures. While exposure over the last 10 or 20 

years of life may not have been of great importance in the gen er at ion of 

asbestos related cancers, those ingested during the first 10 years may oe 

much more imcortant than fibers ingested later, and no consideration was 

taken of this possibility in establishing criteria levels. Further, the 

occuoational exoosures from which the criteria were developed utilized 

exoosures through the lifetime of the populations. Assuming that two liters 

of water a,.e ingested per day, this would correspond to a concentration of 

400,000 fibers of all sizes/lite,. of water. 

It is remarkaole that three long exposure groups had similar exposure 

indices. Thi, would suggest that these estimates are indeed reasonable. 

The exposu,.e index for the study of Newhouse and Berry may be lO'fll, and this 

would produce a highe,. ,.isk estimate. On the other hand, as previously dis

cussed, the mo,.tality data of Henderson and Enterline (1979) and McDonald, 

et al. /1980) may Jnderestimate effects producing lower risk estimates. 

A criterion fo,. a mass concent,.ation of asbestos can also be calculated 

usino the conversion value of 30 ug/m3/f/ml derived from the data of Table 

2 for predominantly ch,.ysot1le exposures. A value of 150 ug/m3/f/ml for 

arnosite appea,.s more approp,.1ate, based on the finding of Davis, et at. 

/1978) that amosite has approximately a three time greater conversion factor 

than chrysotile. A detailed calculation is given in Appendix II and the 

results surmiarized in Table 35. Assuming that 2 liters of water are ingest

ed oer day, a risk of 10·5 would be produced from ingesting 1111ater contain-

ing 0.05 ug/liter. As mentioned in the "ExposureN section, the variability 
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rABLE 35 

T~e Calculated Risk of Deat~ over a 70-Year Lifetime '~om 
Gastrointestinal Cancer and Peritontal ~esot~e1ioma from 

!ngestion of lug/day of Asbestos 

Exposure Group Estimated Rililc 
ug as6esfos 

Se 1 i koff, et a 1. (1979a) 7.) X 10-5 

Selikoff (1976) l. l X ~o-4 

Seidman, et al. (1979) 5.5 X 10-5 

Newhouse and Berry (197q) 2, l X 10-4 

1-ienderson and Enterline ( :. 9 79) 1. 3 X 10-5 

McDonald, et a 1. ( l 980) 6.4 X 10-'i 

Average• 9.6 X 10-5 

*Thfs corresponds to a daily intake of 0.12 ug for a 
10-5 11ftt1me risk. 
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in the data used to conve,.t ootica: ;i~e,. counts to 'T1ass (facto,. Din Appen

jix r:: leads to a large uncertainty 'a ;actor of 5) in the above estimate. 

Corsidering chrysotile and ::Jeoending on the source of the asbestos in 

water (see iable 5), ,J,05 ug/liter cor,-esponds to from 106 to 25 x 106 

fibers of all lengt.iis pe,. day. Such estimates a,.e conside,.ahly highe,. than 

those de,.ived o,.eviously and are most likely a ,.eflection of the differences 

in the sizes of the fibers found in water, as compared to those found in 

air, Because of these uncertainties, high priority should be given to ob

taining accurate size and mass distribution of typical fibers found in dif

ferent circumstances (air and water) which would allow appropriate conver

sions to be made between fiber concentrations in air and water. 

Although positive animal experiments had various experimental limita

tions, risk estimates were calculated from their data using a modified one 

hit model as oreviously discussed in the Methodology document. The data are 

presented in Table 36. Considering the large number of experimental uncer

tainties, these values provide reasonable support for the concent,.ation 

derived from human exposure data. 

This document was concerned with the estimation of that concentration of 

asbestos in water which will produce a lifetime ,.isk of 1 in 100,000 in a 

population exposed continuously. The risk estimate was made using a linear 

extrapolation from existing human data and would appear to constitute a con

servative extrapchtion. However, in the case of asbestos, the "1sk factor 

of 1/lt)t),000 is not conservative. If we were concerned with intermittent or 

localized contamination incidents of some carcinogen that once identHi~, 

could be abated, such a value would have ut111ty. With asbestos, however, 

we are concerned 1o1i th a ubi Qui tous contam1 nant 1 n the enviromnent to wh1 ch 

large populations are continuously exposed for decades. F'ur"ther,. the esti -

mated value has a high degree of uncertainty associated with it, based upon 

the data from which it was derived. 
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rABLE 36 

Risk Estimates fretm Animal Experiments* 

Effect 

4/42 Kidney carcinomas 
0/49 control 

12/42 Malignancies 
2/49 control 

*Source: Gibel, et al. 1976 
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l!nde'" ':he rJn':ef":1: Decl"'ee in ~RDC v. Train, criteria are to state "l"ecom

mended maximum pel"fflissible concentl"ations (including where appl"opr;ate, 

zero) consistent with the protection of aouatic o'"ganisms, human health, and 

recreational activities." Asbestos is suspected of being a human carcino

gen. Because there is no recognized safe concentration for a human carcino

gen, the recomnended concentration of asbestos in water for maximum protec

tion of human h~alth is zero. 

Because attaining a zero concentration level may be infeasible in some 

cases and in order to assist the Agency and states in the possible future 

development of water ouality regulations, the concentrations of asbestos 

corresponding to several incremental lifetime cancer risk levels have bHn 

estimated. A cance,. risk level provides an estimate of the additional inci -

dence of cancer that may be expected in an exposed population. A risk: of 

10-5 for example, indicates a probability of 1 additional case of cancer 

for every 100,000 peoole exposed, a risk of 10~ indicates 1 additional 

case of cancer for every million people exposed, and so forth. 

rn the Federal Register notice of availability of draft ambient water 

auality criteria, EPA stated that it is considering setting criteria at an 

interim target risk: level of 10·5, 10~. or 10·7 as shown in the fol

lowing table. 

Exposure Assumption 

2 liters of dr1nk1ng water 

Consumption of fish and 
she 11 f 1 sh on 1 y 

•f. fibers 

Risk Levels and Corresponding Criteria (1) 

10-7 

3,000 f /1* 
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10~ 

30,000 f /1 

No Criterion 

10-S 

300,000 f /1 



fl) Calculated by 3DD1yi,g a r-elative r-is1< eoidemiologica 1 11ace1 !S 

described in the "4ethodo1ogy Document to the human eoidem1c·c::·c:1· 

data presented i,, .lp:,end1 x r: ! . Si nee the extnoo 1 at; on ,.,cce; • s 

1 i n ea,. a t 1 ow doses , the add i t i on a 1 1 i f et i me ,. i s K i s d i ,. e ct 1 y :::, ,. ci -

oortional to the wate•r concentration. Therefore, water concentra

tions corresponding to other risk levels can be derived by mult; -

plying or dividing or,e of the risk levels and corresponding wate!r 

concentrat i ens sho.n in the tab 1 e by factors such as 10, 100, 

1,000, and so forth. 

Concentration levels 111ere derived assuming a lifetime exposure to var· -

ous amounts of asbestos occurring from the consumption of drinking watE!r 

only. 

Although total exposure information for asbestos is discussed and an 

estimate of the contributions from other sources of exposure can be madt!, 

this data will not be factored into ambient 111ater Quality criteria fol"'IT1ulc1-

t1on until additional analysis can be made. The criteria presented, ':.herE!

fore, assume an incremental ri!,k from ambient 111ater exposure only. 
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Appendix I 

Sample calculation of risk pe,. 106 fibe,.s/day ingested using a linear 

dose-response relationship. 

16.8 X 11)-2 X 1 1 ------X------

X 
1 

200 

D 

6QO(f/ml) yrs 8 x 106 ml/day 

A B 

X 70 years 

E 

X z 
5 

F 

C 

X 

G 

A • Percent age of excess GI cancer and per1 tonea 1 rnesothe 11 -
oma 1n study group. 

B • Exl)Osure index. 

C • Exl)Osure took place for 8 hours and the worke,. was as -
sl.ffled to breathe l m3/hr (lo6 ~1/hr). 

D. Conve,.s1on from optical counts (fibers >5 1,1111) to elect,.on 
microscopic counts (111 fibers). 

E • 70-yeir IXPoSU ... to water 1s ISSUlled. 

F • Exposu,.. w11 concentrated 1n 5 days ,.,ther than 7 da11/ 
week. 

G • Calculation 1s for a 70-y11r risk per lo6 f1be,.s/day. 
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.looend ix 1 • 

Sample calculation of risK oer ug of 3Sbes:os '"ges:ec Js·~~ 3 1~

ear dose-resoonse relationshio. 

16. 8 X lQ-2 X 1 X 

600(f/ml) yrs 
l x .033 f ',r,1 x 70 years ,.: 

8 m3/day ug/m3 5 
A 8 C D E 

A • Percentage of excess GI c:ancer and oeritonea 1 mesotne 1, -
oma in study group. 

8 • Exposure index. 

C • Exposure took place for 9 nours and the worlcer -as as
sumed to breathe l m3/nr. 

D • Conversion of 30 ug/m3 per l f/ml of chrysoti1e (:able 
2). 

E • 70-year exposure to water is assumed. 

F • Exposure was concentrated in 5 days ratner than 7 ~aye;; 
.-eek. 
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Append ix I I I 

Sul'Tfflary and Conclusions Regarding the 
Carcinogenicity of Asbestos* 

Asbestos is a collective mineralogical term ,.eferring to naturally oc

curring minerals which have crystalized in the fonn of masses of long fibers 

which can be easily separated. This term also comnonly refers to certain 

mineral occur ... ences in which fibl"'Ous silicate mineral can be extracted and 

used comnercially for insulation, textiles, brake linings, asbestos cement, 

construction pl"oducts, etc. Chrysotf le, the ffb,.ous fol"ITI of serpentine, 

P""Ovides over 95 percent of the app ... oximately 900,000 tons of asbestos con• 

sumed each year in the United States. The remaining asbestos used consists 

of the fib ... ous amphibole minerals crocidolite, amosfte (fibrous gl'"UneP"1tt), 

and anthophy111te. Fine dusts produced front the mining, m1111ng, unuflc

tul"ing, and use of these asbestos minerals contain discreet rwicroscopfc, 

elongated mineral particles of •fibers• which when inhaled by man.,.. known 

to cause bronchogenic carcina11a and pleural and peritoneal rnesotheliaae. 

Asbestos particles and other inorganic fibers introduced into the pleu

ra, pe,.itonellll, and t,.1ch11 of rodents hne induced 1Nl19nant tiao" 1n 

numerous studies "•ported 1n the lite,.atu,... Li.ttld. and contradictory d1t1 

exist fo,. the carcinogenicity of asbestos adll1nistered to 1nfa1ls by 1n,-s

t1on. 1)11 study 1n wfl1dl asbestos f11t,,. ute,.hl wu fed to rats (11be1, 

et al. 1976) ...,..-ts 12 ,u119n1nt tllllOr'S in 42 exposed antlllls versus only 2 

1f ver -<e 11 Cll"C1 naNS 1 n 49 cont,.o 1 aniu ls. E 1 tetron •1 crosc09e an1l111s 

*This s~"Y has been P"tp1red and 1ppY"Oved by the C11'"Cinogens AsstsSlllnt 
Group of EPA on June 23, 1979. 
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-,..e s-:rorgest evidence ~or ~rie carc1..,ogen 1 cty .J~ "'ges':ed as:::est::is ·s 

provided ':Jy epidemiology of peculations cccuoationa1 1 y e.xoosed to hign c::ir

centrations of airborne asbestos dust. rnhalation exposure to asbestos just 

is accompanied by ingestion e:<posure because high percentage of inha'.ed 

fibers are removed from the re!,piratory tract by mucociliary clearance and 

swallowed. Peritoneal mesothelioma, often in great excess since it is very 

rare 1 y observed in the absence of asbestos exposure, and modest excesses of 

stomach, esophagus, colon-rectum, and kidney cancer have been observed asso

ciated with occupational exposur~. 

The influence of long-term chrysoti le fiber contamination of San Fran -

cisco Bay area water supplies on cancer incidence has recently been studied 

by the University of California under an EPA grant. Significant jose 

response gradients for the incidence of several cancers, including ..inite 

male lung and stomach and white female esophageal and peritoneal cancer, 

i,,,ere noted i ndeoendent of the effect of socioeconomic status. Other water 

supply studies are of limited value due to factors such as very low exposure 

and insufficient time elapsed since initial exposure of the population. 

i))servation in human i.:'"ine of mir,eral fibers previously ingested with drink

ing water has established that ingested asbestol can pass through the human 

gastrointestinal mucosa and migrate to various tissues. 

Asbestos is a kno.n carcino~1en w~n inhaled. The demonstrated ability 

of asbestos to induce malignant tumors in different animal tissues, the 

passage of ingested fibers through the human gastrointestinal mucosa, and 

the extensive human epidemiologi:al evidence for excess peritoneal, gastro-
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intestinal, and other extrapulmonary cancer as a result of asbestos exposure 

suggests that asbestos is likely to be a human carcinogen when ingested. 

Tne water quality criterion for asbestos particles is derived from the 

substantial data which exist for the increased incidence of peritoneal meso

thelioma and gastrointestinal tract cancer in humans exposed occupationally 

to asbestos. This derivation assumes that much or a 11 of this increased 

disease incidence is caused by fibers ingested following clearance from the 

respiratory tract. Several studies, including one of 17,800 insulation 

workers, allow the association of approximate air -borne fiber concentrations 

to which individuals were exposed with observed excess peritoneal and 

gastrointestinal cancer. All of the inhaled asbestos is assumed to be even

tually cleared from the respiratory tract and ingested. 

cer 

The water concentration, calculated to keep the indiv1dua1 lifetime can

risk below 10·5, is 300,000 fibers of all sizes/liter. The corre-

spending mass concentration for chrysot11e asbestos 1 s approximately 0.05 

119 /1 iter. 

Derivation of the Water Quality Criterion for Asbestos 

The criterion for asbestos part 1 c les 1 n water 1 s derived from the sub -

stantial data which exist for the increased incidence of peritoneal mesothe

lioma and gastrointestinal tract cancer in hulNns exposed occupationally to 

asbestos. This derivation assUMs that much or all of this increased dis

ease incidence 1s caused by fibers ingested following clearance frOII the 

respiratory tract. Several studies, including one of 17,800 insulation 

workers, allow the association of approximate airborne fiber concentrations 

to which individuals we.-e exposed with observed excesi peritoneal and 

gastrointestinal cancer. All of the inhaled asbestos 1s assUlllld to be even 

tually cleared from the respiratory tract and ingested. 
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Excess jeaths jue to ~eritoneal mesothelioma and gastrointestinal :dnce~ 

!IC'.J 150-158) eaual aocroxir,ately !2 oercent of the expected '1:.;moer J• 

exoos;;re i ridex of 430 years x ~; bers >5 um/ml is cal cu 1 ated ~or t~ese .. ork . 

ers by multiplying average air fibe,. concentration estimates by 3verc1ge 

years of exposure time. 

Si nee water measurement for asbestos requires electron microscope ana 1 y

si s for fibers (asbestos particles 11tith length to width ratios 13.0) of all 

sizes, the occupational exposJre index must be converted from fibers >5 um 

(ootfcal mfcroscooe) to ffber!, of all sizes (electron microscope). A ratio 

ot 200 electron microscope identifiable ffbers to one optical m•croscope 

identifiable fiber is used for chrysotf1e asbestos in workplace air samples. 

A much smaller ratfo is expect1!d for amphibole fibers. 

Assuming a linear dose response, occupational expo1ure of 5 days/ .. ei!k 

ind 8m3 ai,. inhaled/workday, ,!nd 70 years for ingestion of drinking ·,.ater, 

th~ criterion-·is calculated as follows: 

(430 f>5 llffl/ml - year!;) (5/7) (200 f/f>S wn) (1/70 years) 

A B C D 

(106m1/m3) (Sm3/day) (10·511.2 x 10-1) 

E F G 

600,000 fibers of all sizes/day 

A. E,cposu,.. fndex fn years x ffbers >5 11m/ml frOll'I Selikoff, et al. (1976, 
19791) and Newhouse and Berry (1979) 

B. Occui,1tfon1l exposure for 5 days versus 7 days for water exposure. 

C • Convers f on front opt 1 ca 1 counts ( F >5\1111) to TEM counts ( a 11 fibers) i , 
fibers/ffbe~s 5'.m 

0 • 70-year ~xposure fs ~sumed for drinking water. 

E • Conversion from ml to m3. 



F. Occuoational exposure for 8 hours while breathing lm3;1 hour. 

G •. A. ,.; sk of 10 -S is ca 1 cu 1 ated from data on an ave,.age observed ,.; sk of 

1.2 x 10-l from SelH:off, et al. (1976, 1979a) and Newhouse and Be,.,.y 

( 1979). 

Based on thes~ parameters and an ave,.age ingestion exposu,.e of 2 liters 

of water per day, the water concentration calculated to keep the individual 

lifetime cancer ,.;sic below 10-5 is 300,000 fibers of all sizes/1. The 

cori-esponding mass concentration for chrysot11e asbestos based on occupa 

tional data is approximately 0.05 wg/1. 

,,.,. ,.,.,_ l'IIIftIN orr,c:z, 1~11D-<>1Vu" 
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