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Asbestos 1s a gener\c term referr1ng to a fam\ly of naturally-occurr1ng 

hydrated s111cates hav\ng a f\brous crystall\ne structure. Only s1x f\brous 

s\l\cates are def1ned as asbestos f\bers and are class1f1ed under two basic 

m\neral types: serpent1ne (chrysot\le) and amph\bole (act1nol1te, Cunn\ng-

ton1te-gruner\te or amos\te, anthophy111te, crocldol\te and tremol\te). 

A s be s t o s f 1 be r s a r e w 1 d e 1 y u s e d f or t he \ r non c omb u s t 1 b 1 e , non c on du c t1 n g a n d 

chem1cally-res1stant propert1es. However, s1nce chrysot11e, amos1te, antho-

phyllHe and crocldolHe are of pr\mary co1T111erc1al 1mportance, most data 

ex\st for these fiber types. Comparathe solubllHy as defined by ac\d 

resistance \s chrysotlle < < amos1te < act1nol\te < croc1dol1te < anthophyl-

11te < tremollte. 

Tox1coklnet1c studies have shown that f1bers can penetrate the GI mucosa 

and thus accumulate In t1ssues. However, the data Indicate that only a 

small percentage of the fibers \ngested are actually Involved 1n penetration 

and accumulat1on. Little Is known about the metabolism of Ingested f\bers. 

The physical and chemical properties of chrysot\le and crocldolHe fibers 

have been shown to be altered when exposed to s\mulated gastr\c Juice. It 

has been demonstrated that \ngested fibers are e11m1nated through the ur\ne 

and feces. 

Noncarc\nogenlc tox\c effects following acute, subch~onlc and chron1c 

oral exposures to asbestos fibers are m1nlmal w1th no speclf\c target organ 

def1ned. In animals, the total extent of effects seen were changes In the 

mucosal l\nlng cells of the \leum along w1th changes In the colon, rectum 
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and small 1ntest1ne. In humans, no specHlc effects have been def1ned; 

however, f1bers have been detected 1n body flu1ds. l!! v1tro test systems 

have demonstrated cytotox1c propert1es of asbestos f1bers. 

Asbestos 1s cons1dered to be a human carc1nogen, EPA we1ght-of-ev1dence 

Group A. The qua11tat1ve ev1dence for human carc1nogen1c1ty and the dose-

response data base for r1sk analys1s 1s qu1te strong for the 1nhalat\on 

exposure route. For exposure by 1ngestat\on, the qual1tat\ve data base 1s 

also strong based on observH1ons from 1nhalat1on ep1dem1ology stud\es and 

some suggested observat1ons from 1ngest1on ep1dem1ology stud1es. Some 

pos1Uve responses 1n the rat conf\rm that asbestos has the potent\al for 

human carc1nogen1c1ty by the oral route. However, the suHab\lHy and 

re11ab11Hy of the data to est\mate the carc1nogen1c r1sk from exposure to 

asbestos by. 1ngest1on 1s much weaker than the data base for exposure by 

1nhalat1on. An NTP b1oassay prov1des a dose-response data base for 1nges-

t1on as do occupat1ona1 stud1es that detected an 1ncreased 1nc1dence of GI 

cancer among those persons exposed to a1rborne asbestos 1n the workplace. 

Wh1le each of these data bases are l1mHed by uncerta1nt1es, the NTP study 

1s seen to be a more reasonable cho1ce for use 1n the assessment of r1sk. 

Asbestos has not been demonstrated to be mutagen1c or teratogen1c 1n 

an1mals follow1ng oral exposures. No such stud1es 1n humans were located 1n 

the ava11able 11terature. 

In an attempt to def1ne a mechan1sm of asbestos tox1c1ty fo11ow1ng oral 

1ngest1on, 1t has been demonstrated that f1bers 1nterfere w\th DNA metabo-
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1'sm 1n rat tissues of the GI tract and other organs. Impa1red act1ve 

t r a n s po r t of g 1 u c o s e a c r o s s memb r an e s a n d c y t o to x 1 c e f f e c t s ha v e a 1 s o been 

demonstrated. Follow1ng an evaluation of .!.!! vHro tests, H has been con-

cluded that the role of asbestos f1bers 1n the carc1nogenes1s process 1n the 

resp1ratory tract 1s one of tumor promot1on or cocarc1nogenes1s versus that 

of 1nH1at1on. Th1s 1s supported by the l.!! vHro tests conducted on PAHs 

and asbestos f1bers. 

It has been suggested that asbestos f1bers and PAHs may act as cocar-

c1nogens 1n the causat1on of lung cancer. Th1s 1s based on the observat1ons 

made on the effects of asbestos on B[a]P transport and metabol1sm. Asbestos 

med1ates a rap1d transport of B[a]P across cellular membranes and appears to 

alter B[a]P metabol1sm and activHy of aryl hydrocarbon hydroxylase 1n a 

number of cell types. The relevance of these factors to the 1ngest 1on of 

asbestos has not been establ1shed. 

Tox1colog1cal data are 1nsuff1c1ent to der1ve 1-day and 10-day HAs for a 

ch1ld. It 1s also cons1dered prudent not to der1ve longer-term HAs or a 

OWEL s1nce the endpo1nt tox1c1ty from 1nhaled asbestos exposure 1s 

carc1nogen1c1ty and the latent per1od for cancer man1festat1on from 

occupat1onal exposure 1s 1n the magn1tude of ~20 years. 

Three an\mal stud1es demonstrated that asbestos f1bers can be assoc1ated 

wHh GI tumorgen1cHy (both ben1gn and ma1'gnant). Chrysotile and amosHe 

seem to produce a response 1n rats although the respons1b111ty 1s not 

clear. For 

est1mate of 

7 .1x10• f /l. 

00740 

a 11get1me 1nd1v1dual r1sk. of 10-•, the max1mum 11k.el1hood 

concentrat1on 1s 1 .3xl0 7 f/l w1th a 95% lower 11m1t of 
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II. PHYSICAL ANO CHEMICAL PROPERTIES 

Asbestos is a generic term referring to a family of naturally-occurring 

hydrated silicates having a fibrous, crystalline structure widely used for 

their noncombustible, nonconducting and chemically resistant properties. 

There are many other minerals that when conrninuted, produce fibers; however, 

most of these other minerals do not possess the above-mentioned properties 

(Pooley, 1981). A fiber has an aspect rat\o (rat1o of length to diameter) 

of 3: 1. Compact aerosols with a ratio less than this are usually referred 

to as particles or dust. 

therefore separates into 

action. 

Asbestos cleaves along the longitudinal axis and 

smaller fibrils when subjected to mechanical 

The asbestos minerals are divided 1nto two classes based on their 

chemical and physical properties: the serpent\nes and the amphiboles (Table 

II-1 ). Only six fibrous s111cates are defined as asbestos fibers classified 

as: chrysot1le (serpentine), and croc1do11te, amos1te (also known as Cun-

n1ngtonite-grunerite), anthophyl11te, actinolite and tremolite (amphibole). 

The two basic mineral types, serpentine and amphibole, consist of 

hydratea silicates in a complex crystal system. The general chemical 

composition of the individual types of asbestos are provided in Table 11-2. 

It should be noted, however, that the values obtained from actual chemical 

analysis of samples may dHfer slightly from these typical formulae. The 

individual fibers are discussed in the following sections. Chrysot1le is 

the most abundant form of asbestos. Chrysot11e, amos1te, anthophy111te and 

croc1dol1te are the conrnercially important fibers (IARC, 197&). Add1t1onal 
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Major types 

Bas1c compos1t1on 

General phys1cal 
nature of f1ber 

General texture of 
f1ber 

Propert1es 

TABLE II-1 

Class1f1cat1on of Asbestos M1nerals* 

Ser pent1 ne 

chrysot1le 

hydrated magnes1um 
s111cate 

p11able, curly 

s1lky, soft 

alk.a11 res1stant 

CLASS 

Amph1bole 

act1no11te, amos1te, antho-
phyll1te, croc1do11te, tre-
mo 11te 

var1ous s111cates of 1ron, 
sod1um, magnes1um and 
calc1um 

rodl1ke, stra1ght 

harsh, st1ff 

ac1d res1stant 

*Source: Adapted from Pooley, 1981 

I n g e n e r a l , t he r e s 1 s ta n c e t o a c 1 d s o 1 u t 1 on 1 s c hr y s o t 1 l e « a mo s 1t e < 
act1no11te < croc1do11te < anthophyll\te < tremol1te (NAS, 1977). 

00750 II-2 01/30/85 
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lABL[ 11-2 

~ Chem\cal Structure of the Asbestos F\bersa 
C) 

,__ 
,__ 
I 
w 

0 
~ 

' w 
C) 

' co 
V, 

-------------------

Type X S\ le Cat \onsb 

Serpent\ne - chrysot1le NA 

Amph\bole - act1no11te Mg,fe2• 

amos1te F e2 t ,Mg 

- anthophyll \le Mg, F e2• 

- croc1dol1te F e2 t, Fe 3 •. Mg 

- tremol\te Mg, F e2• 

asource: Adapted from Pooley, 1981 

bx s\te cat\ons l\nk S\4011 cha1ns 1nto pa\rs 

cy s\te cat\ons link the pa\rs of chains 

NA= Not appl\cable 

Y S\te Cat1onsc General Chem\cal For111.1la 

NA Mg3S\205(0H)4 

Ca Ca2(fe2•,Mg)5S\9022(0H)2 

F e2• ,Mg (fe2•,Mg)7S\9022(0H)2 

Mg, F e2• (Mg,fe2•)7S\9022(0H)2 

Na Na2(Mg,fe3•,fe2•)S\9022(0H) 

Ca Ca2(Mg,fe2•)5S19027(0H)2 

NOTE: Where cations are wr\lten 1n parentheses w\thout subscr1pts, a variable compos\tlon 1s 1ndlcated 
w\th the most predom\nant spec\es f\rst. 



phys1ca1 and chem1ca1 propert1es on these four f1ber types are· prov1ded 1n 

Table 1-1-3. An extenshe rev1ew of the propert1es of d1fferent types of 

asbestos 1s av1lable 1n Drury et al. (1977). 

Serpent1ne Asbestos F1bers 

Propert1es of Chrysot1le Asbestos. The crystal11ne structure of the 

serpent1ne form of asbestos d1ffers from that of the amph1bole var1eties. 

Chrysot11e cons\sts of a cont1nuous sheet of s111con-oxygen tetrahedra 

connected 1n sandw1ch fash1on to a brucHe (magnes1um hydrox1de) layer 1n 

wh1ch two of every three hydroxyl groups are replaced by ap1ca1 oxygens of 

the s111ca tetrahedra. The result1ng tw1n-layered sheet (f1gure II-1) 1s 

stra1ned because of a m1smatch between the d1fferent d1mens1ons of the 

brucHe and s111ca sheets. Th1s stra1n 1s re11eved by cur11ng of the 

tw1n-1ayered sheet wHh the s111ca layer 1nnermost (Spe11 and Le1neweber, 

1%9). Chrysot11e f1br11s thus cons1st of scrolls or cyl1ndr1cal forms 

having several convo1ut1ons. Typ1cally, 1nd1v1dua1 f1br11s are long, flex-

ible and curved, and they tend to form bundles that are often curv111near 

with splayed ends. V1sible chrysot1le f1bers cons1st of large aggregates of 

such bundles weakly associated through hydrogen bond1ng or phys1cal means 

(extraf1br11 so11d matter). In transm1ss1on electron m1crographs, most 

chrysot1le f1br1ls appear to have a central cap1llary surrounded by an 

electron-dense wall. The d1mens1ons of chrysot11e f1bers depend on the 

extent to wh1ch the sample has been "opened• or d1ssoc1ated 1nto 1nd1v1dual 

f1br11s. In mass1ve form, chrysot11e f'bers occur 1n lengths varying from 

1 - 2 O 111T1, w H h o cc a s 1 on a 1 s a mp 1 es a s 1 on g as 1 0 0 l1ITI • A f t er m 1111 n g , t he 

lengths of typical co11111erc1al grade f'br11s. vary from 1-2 11111 and f1br11 

d1ameters range fro~ 10-80 nm, w1th mean values of var1ous grades generally 

fall1ng 1n the range of 30-38 nm (Atk1nson et al., 1971). Although these 
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a, 
a, 

Property 

·H1neral-
assoc1at 1on 

Color 

Hardness 
(MOHS scale) 

Spec H 1c Grav Hy 

lens11e strength 
(kg/cm2 ) 

Young's modulus 
(kg/cm2 ) 

length 

rus1b111ty 

-------

l ADI f 11 -3 

General Phys1cal and Chem1ca1 Propert1es 
of Chrysot1le, Amos1le, Anlhophy111te and Croc1do11te• 

Chrysot11e 

\n altered per1dot1te 
adjacent to serpen-
t1ne and 11mestone 
near contact w1th 
bas1c \gneous rocks 

wh\te, grey, green, 
yellow\sh 

2.5-4.0 

2.55 

31. 000 

1.65x10• 

short to long 

fus\ble at 1110°c 

Amos1te 

\n crystall\ne 
sch\sts, etc. 
branded \ron-
stones 

ash grey, green-
\sh or brown 

5.5-6.0 

3.43 

25,000 

1.65x10• 

long 

fus1ble at 1575°C 
loses water at 
moderate temper-
atures 

Anthophyl11te 

\n crystall\ne 
sch\sts and 
gne\sses 

grey\sh, wh1te 
brown-grey or 
green 

5.5-6.0 

2.85-3.1 

<S,000 

short 

fus\ble at 1650°( 

Croc 1do l lte 

\ron-r1ch s\11c1ous 
arg1111te \n 
quartzose sch\sts 
branded \ronstones 

Lavender, blue, 
green\sh 

4 

3.37 

35,000 

1 . g x 1 o• 

short to long 

fus1ble at 1335°c 
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Properly Chrysot1le 

Cleavage 010 perfect 

[xt 1nct 1on parallel 

Birefringence moderate first-
order 

Refractive l.493-1.553 
Index (7a) 

Refractive 1.517-1.557 
Index (7y) 

Electric charge f-

Hax1mum solubll- 56.00 
1 t y 1 n HC l: % 
loss 1n we1ght 

Haxlmum solub11- 1.03 
Hy In NaOlt: % 
loss 1n we1ght 

*Source: Adapted from IARC, 1976 

1 ABL f I I -3 ( cont. ) 

Amos1te Anthophyll1te Croc 1do l He 

210 per feet 210 perfect 210 per feet 

para lle 1 par a lle 1 para 1 le l 

strong second- moderate low weak (masked) 
order second-order 

1.657-1.688 1.578-1.652 1.685-1.698 

1.657-1.717 1.591-1.676 1.689-1. 703 

12.00 2. 13 3. 14 

6.82 1.77 1. 20 
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FIGURE II-1 

Fundamental Sheet of Chrysot11e 

Source: Spe11 and Le1neweber, 1969 
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f1bers are small, they have great tens11e strength; typ1cal values range 

from 30,600-44,800 kg/cm 2 for samples 0.3-3.0 cm long. Consequently, 

chrysot11e fibers are frequently used as a re1nforc1ng agent 1n cement, 

paper and plastic products. Because of the1r small d1ameters and porous 

surfaces, these f1bers also have extremely large surface areas (from -15-88 

ma/g, depend1ng on sample type and pretreatment). Th1s character1st1c 1s 

1mportant for f1ltrat1on and re1nforcement app1'cat1ons as well as for uses 

1nvolv1ng aqueous d1spers1ons 1n the presence of surface act1ve agents such 

as sod1um laurate and dodecylbenzenesulfonate. 

Impur1t1es of Chrysot11e Asbestos. The emp1r1cal formula for chryso-

Although th1s formula may vary 

sl1ghtly from sample to sample, 1t 1s nonetheless closely approached by the 

major1ty of corrmerc1ally m1lled or processed chrysot1le f1bers. A number of 

naturally occurr1ng 1mpur1t1es have been 1dent1f1ed 1n corrmerc1al chrysot1le 

samples. The most corrmon m1neral 1mp'ur1t1es are bruc1te, chlor1te, talc, 

var1ous carbonates, magnet1te and quartz; pr1nc1pal metall1c 1mpur1t1es 

1nclude 1ron, chrom1um, n1ckel and manganese. Although v1rg1n chrysot1le, 

1n contrast to the amph1boles, 1s not assoc1ated w1th pr1mary 011 or organ1c 

1mpur1t1es, contam1nants of th1s nature have been frequently observed 1n 

processed f1bers. These 1mpur1t1es are bel1eved to have resulted through 

exposure of the f1bers to contam1nants dur1ng process1ng, manufacturing or 

through storage. 

React1ons and Decompos1t1on. S1nce the outer surface of a chrysot1le 

f1ber 1s essent1ally composed of magnes1um hydrox1de (bruc1te), chrysot1le 

1s h1ghly suscept1ble to ac1d attack. Exposure to m1neral ac1ds results 1n 

the l1berat1on of magnes1um 1ons and the format1on of a s111cous res1due. 
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Chrysotlle flbers are almost completely destroyed wlthln 1 hour when placed 

1 n l N H C l a t 9 5 ° C . Amp h 1 b o l e f 1 be r s a r e c on s 1 d er ab l y mo r e r e s 1 s t a n t t o 

m1neral ac1ds than are chrysot1le f1bers (Undell, 1972). In contrast to 

the h1gh vulnerab111ty of chrysot 1 le asbestos to ac1ds, however, chrysot 1 le 

ls more res\stant to attack by sod1um hydrox1de than any of the amph1bole 

f1bers. 

Although asbestos has been w1dely used as a f1reproof mater1al, all 

var1et1es of f1bers have been shown to undergo thermal decompos1t1on 

co111T1encing 1n the 150-200°C range. Thermal decompos1t1on occurs through 

dehydroxylatlon and dehydrat1on mechan1sms. Under dynamlc heat1ng 

cond1t1ons, dehydroxylat1on occurs at -&50°C, and format1on of foster1te and 

s111ca 1s apparent at -810°C (Spe11 and Le1neweber, 19&9). The 1nsulat1ng 

propert1es o.f asbestos are a result of 1ts f 1brous structure and the poor 

thermal conduct1v1ty of the 1nd1v1dual f1bers. 

Amph1bole Asbestos F1bers 

Wh1le chrysot\le asbestos 1s cons1dered to be a d1st1nct m1neral, the 

f1ve amphlboles are var1et1es of other m1nerals (Zolta1 and Stout, 197&). 

Each of the amph1boles 1s d1st1nct from the others, d1ffer1ng 1n both chem1-

cal and physical propert1es. As a co111nonal1ty, however, they all contaln 

s111con and all form f1bers when crushed (U.S. EPA, 1980}. 

The bas1c crystal structure of the amph1bole m1nerals 1s less cornpl1cat-

ed than that of the serpent1ne chrysot1le. The bas1c amph1bole structure 1s 

that of a double s111ca cha1n. As 1s the case w1th the chrysot1le sheets, 

the s111ca tetrahedra all po1nt ln a co111non d1rect1on. However, 1n the 

amph1boles the cha1ns are pa1red 1n •baclc-to-bac1cu fash1on, separated by a 
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layer of cat\ons to complement the negat1ve charges of the s111ca cha,ns 

(F1gure 11-2). Magnes1um, 1ron, calc1um and sod1um have been reported as 

pr1nc1pa1 cat1ons 1n amph1bole structure. 

All amph1bole asbest1form f1bers have the same bas1c crystal structure, 

double cha1ns of 11nked tetrahedra that have the unH composH1on 

Mass1ve forms of amph1bole asbest1-

form f1bers cons1st of numerous pa1red cha1ns stacked 1n an ordered array. 

The var1ous amph1bole asbest1form f1bers d1ffer essent1a11y only 1n the 

nature of the cat\ons occupy1ng the 1ntraskeletal cat\on sHes. However, 

the amph1bole structure allows great flex1b111ty 1n cat1on replacement, and 

var1ous amph1bole asbest1form f1bers exh1b1t a w1de range of chem1cal compo-

s1t1ons and phys1cal propert1es. Only rarely does the composH1on of a 

f1eld sample. co1nc1de wHh the ass1gned theoret1cal or 1deal1zed form·u1a. 

However, theoret1cal compos1t1ons are used for 1dent1fy1ng the var1ous 

f1bers as a matter of conven1ence. 

Wh11e the crystal structure of amph1boles 1s less complex than that of 

chrysot1le, the chem1cal composH1on of the asbest1form amph1boles 1s more 

complex. Table 11~4 prov1des an 1nd1cat1on of the compos1t1on and var1ab11-

1ty of the f1ve amph1bole asbestos types. 

Propert1es and conman contam1nants of spec1f1c asbest1form amph1boles 

are presented 1n the follow1ng d1scuss1on. 

Propert1es of Croc1do11te Asbestos. Croc1do1He, second only to chry-

sot1le 1n corrmerc1al 1mportance among the var1ous asbest1form m1nerals, 1s 

3+ 2+ 
represented by the general chem1cal formula Na 2(Mg,Fe ,Fe )S1 8o22 (0H). 
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FIGURE II-2 

Amph1bole Structure 

Source: Spe11 and Le1neweber. 1969 
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TABLE 11-4 

Chem1ca1 Compos1t1on of Asbest1form Amph1boles* 

Asbest1form Amph1bole (range") 

Croc1do11te Amos1te Anthophy111te AcUno1 He Tremo l He 

srn2 49-53 49-53 5&-58 51 -5& 55-&0 

MgO 0-3 1-7 28-34 15-20 21-2& 

FeO 13-20 34-44 3-12 5-15 0-4 

Fe203 17-20 0-3 0-0.5 

Al203 0-0.2 0.5-1.5 1. 5-3 0-2.5 

cao 0.3-2.7 10-12 11-13 

K20 0-0.4 0-0.4 0-0.5 0-0.& 

Na20 4.0-8.5 trace 0.5-1.5 0-1. 5 

H20 2.5-4.5 2.5-4.5 1.0-&.0 1.5-2.5 0.5-2.5 

*Source: Spe11 and Le1neweber, 1969 
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Typical croc1dol1te f1ber bundles eas1ly d1sperse 1nto long, de11cate, 

blue-green f1br1ls that are ell1pt1cal or nearly c1rcular 1n cross sect1on. 

Crocidolite f1br1ls are shorter and th1nner than other amph1bole asbest1form 

f1bers, but not as short as those of chrysotile. However, the d1mens1on and 

coarseness of croc1do1He var1es by geograph1c locat1ons (Wagner et al., 

1%0). The modal d1ameter and length of the Un1on Internac1onal Contre le 

Cancer (UICC) standard reference samples of croc1do11te, ultrason1cally 

d1spersed 1n water, are 0.13 ~m and 0.6 ~m. respect1vely (Langer, et 

al., 1974). Croc1do1He f1bers are the strongest of the amph1boles, wHh a 

tensile strength of -30,000 kg/cm 2 for a •typ1caP sample. The surface 

area of each of the f1ve var1et1es of amph1bole asbestos f1bers is 

substanUally less than that of chrysot11e. CrocidolHe f1bers generally 

have surface areas in the 5-15 m2 /g range, depend1ng on the nature of 

pretreatment of the sample. In d1st1lled water at pH 7.4., the surface 

c ha r g e ( z e ta po t en t1 a l ) o f a mph 1 b o 1 e f 1 b r 1 l s 1 s neg a t1 v e a n d s ma 11 er 1 n 

magn1tude than the pos1t1ve charge on chrysot1le f1br1ls. The complementary 

nature of these two asbestos types 1s ut111zed advantageously 1n the 

asbestos cement 1ndustry by blend1ng croc1do11te and chrysot1le f1brlls to 

ach1eve opt1mal sed1mentat1on and f1ltrat1on rates. In compar1son w1th 

other amph1boles or chrysot1le, croc1dol1te has relat1vely poor res1stance 

to heat, but Hs f1bers are used e:r:tens1vely 1n appl1cat1on·s requ1r1ng good 

res1stance to ac1ds or sea water. Croc1dol1te fibers have fa1r to good 

f l e :r: 1 b 1 1 Hy , f a 1 r s p 1 n n a b 11 1t y , a n d a t e :r: t u r e r an g 1 n g f r om s o f t t o ha r s h . 

Unlike chrysot1le, croc1do11te 1s usually assoc1ated w1th organ1c 

1mpur1t1es, 1nclud1ng low levels of carc1nogen1c, PAHs such as BaP. 

Propert1es of Amos1te Asbestos. Amos1te ts a f1brous, monocl\n1c form 

of the amph1bole gruner1te, wh1ch ranks next to croc1do11te 1n conmerc1al 
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2+ . 
importance. The general chem\cal formula for arnos\te 1s (Fe ,Mg) 7s1

8
022 tOH) 2; 

the Fe.2+ to Mg rat1o var\es but typ\cally \s 5:2. Amos1te f1br11s are 

generally larger than those of croc1do11te but smaller than part1cles of 

anthophyll1te f1bers. Most amos\te f1br11s have stra1ght edges and charac-

ter1st1c r1ght-angle f1ber ax1s term1nat1ons. The modal d1ameter and length 

of UICC standard reference amos1te ultrason1cally d1spersed 1n water are 

0.14 1,1m and l.4 1,1m, respect1vely, (Langer et al., 1974). Amos1te f1br11 

bundles have roughly half the tens11e strength attr1buted to croc1do11te 

f1bers and are less res1stant to chem1ca1 attack than any of the other 

amph1bole asbest1form f1bers except act1no1\te. Unl1ke croc1dol\te, 

however, amos1te has good heat res\stance, and -84" of the reported U.S. 

consumpt\on of th\s f1ber 1s used for thermal 1nsulat1on. L1ke other 

amph1bole asbest1form f1bers, v1rg1n arnos\te character1st1cally conta1ns 

small quant,t1es of extractable organ\c matter, 1nclud1ng traces of the 

carc1nogen B[a)P. 

Propert1es of Anthophyll1te Asbestos. Anthophy111te \s a relat\vely 

rare, f1brous, orthorhomb1c, magnes1um-1ron amph1bole that \s currently 

produced 1n corrmerc\al quant1t\es only 1n the Paakkola area of F1nland. Its 

2+ general chemical formula \s (flllg,Fe )7s1 8022 (0H) 2, where the Mg to 

2+ Fe rat1o \s var\able, but large, w1th Mg be\ng the predom\nant spec1es. 

Typ1cally, anthophyll\te f\br\ls are more mass\ve than other corrmon forms of 

asbestos. The modal d1ameter and length of the UICC standard reference 

mater1al ultrason1cally d1spersed \n water are 0.18 ·1,,1m and 5.1 1,1m, 

respect1vely (Langer et al., 1974). The tensile strength of anthophyl11te 

f1bers 1s \nfer\or to that of all the other forms of asbestos except 

tremol1te, and \ts harsh texture, short length and br1ttle nature 11m\t Hs 
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use 1n spun f1ber. However, anthophyll1te f1bers have good reshtance to 

heat and are moderately attract1ve as a f1lter med1um. 

Propert1es of Act1no11te and Tremo11te Asbestos. The rema1n1ng types 

of conman as best Harm f1bers 1nclude tremol1te, the monocl1n1c 

calc1um-magnes1um amph1bole, and 1ts predom1nantly 1ron-subst1tuted 

der1vat1ve, act1nol1te. Tremol1te has the general chem1cal formula 

2+ 
Ca2(Mg,Fe )5S1a022(0H)2· The formula for act1nol1te 1 s s1m1lar 

except that part of the ·magnes1um 1s preferent1ally replaced by 1ron(ll) 

2+ cat1ons: ca 2 (Fe ,Mg) 5S1 8o22 (0H) 2 . The modal d1ameter and 

length of the UICC standard reference sample of tremol 1te ultrason1cally 

d1spersed 1n water are 0.17 µm and 5.1 µm, respect1vely. Tremol1te 

forms f1br1ls more mass1ve than those of e1ther croc1do11te or amos1te, but 

comparable w1th those of anthophyl11te. In electron m1crographs these 

f1br1ls exh1b1t character1st1c 1rregular1t1es 1n edges and ends. Although 

tremol1te f1brils are the lowest 1n tens1le strength of all the conman types 

of asbestos, they exh1b1t good res1stance to chem1cal attack. by both ac1ds 

and alkalis. The tens11e strength of act1no11te 1s -4 t1mes greater than 

that of tremo11te, but 1t 1s the most vulnerable of all the amph1bole 

asbest1form f1bers to attack by ac1ds and alkal1s. Currently, ne1ther 

act1no11te nor tremol1te 1s produced conmerc1ally, and 11ttle 1nformat1on 

exists concern1ng the1r m1n1ng act1v1t1es, uses, or phys1cal and chem1cal 

propert1es; however, Canad1an chrysot1le conta1ns small amounts of tremol1te 

(Cra1ghead and Mossman, 1982). Tremo11te 1s also found as ·a contam1nant 1n 

certa1n talc deposHs that have been used 1n some talcum powders (Sel1koff 

et al., 1973). Unt11 recently there was no attempt to remove tremol1te from 

lalc dur1ng m1111ng. 
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Sunwnar x 
Only s1x f1brous s111cates are classH1ed as asbestos "bers based on 

spec1f1c phys1cal propert1es 1nclud1ng heat res1stance and the ab111ty to be 

liioven (Pooley, 1981). These f1bers are classed under two bas1c m1neral 

types: serpentine (chrysot11e f1ber) and amph1bole (act1no11te, amosHe, 

anthophyllHe, tremolHe and act1nol1te f1bers). Only chrysot1le, croc1do-

1He, amosHe and anthophyllHe are of co111nerc1al 1mportance; thus, most 

data ex1st for these f1bers. Chem1cal compos1t1on of the 1nd1v1dual f1bers 

l!i1ll vary wHh po1nt of or1g1n; however, the serpentine chrysot1le 1s most 

d1st1nct from the f1ve amph1bole asbestos f1bers. Chrysot1le 1s a hydrated 

magnes1um s111cate whereas the amph1boles are s111cates of 1ron, sod1um, 

magnes\um and calc1um. Comparat1ve solub111ty as def1ned by res1stance to 

ac1d solut1on 1s chrysot1le « amosHe < act\nol1te < croc1dol1te < antho-

phyll1te < tremol1te. 
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III. TOXICOKINETICS 

Absorpt1on and 01str1but1on 

Ingestion of Asbestos. Exposure to asbestos by 1ngest1on may occur 

through dr1nk1ng water, recreat1onal water, foods and beverages contam1nated 

w1th asbest1form f1bers, or through the swallow1ng of f1bers cleared from 

the resp1ratory passages by mucoc1111ary act1v1ty. It has also been postu-

lated that 1nhaled asbestos may m1grate across the lung parenchyma to other 

organs. Thus, asbestos m1ght ult1mately reach the GI tract eHher d1rectly 

by 1ngest1on or 1nd1rectly from the lungs through the vascular or lymphat1c 

systems. The rev1ew of tox1cok1net1cs 1n th1s chapter w111 focus only on 

d1rect 1ngest1on or GI 1nst1llat1on and w111 not 1nclude postulated 1nd1rect 

transport from the lungs. 

A v1tal quest1on 1n the determ1nat1on of the s1gn1.f1cance of 1ngest1on 

to potent1al pathogen1c1ty 1s whether asbestos actually m1grates across the 

1ntest1nal mucosa and enters the blood or lymphat1c c1rculat1on -- a cond1-

t1on that would permit both the embedd1ng of f1bers 1n the 1ntest1nal wall 

and transport to other organs and t 1 ssues of the body. Such movement of 

f1bers is a 11kely precursor of carc1nogenes1s follow1ng the 1ngest1on of 

asbestos (Cook, 1983). The quest1on of GI m1grat1on, follow1ng 1ngest1on or 

1nst1llat1on 1n the GI tract, has been stud1ed by a number of 1ndependent 

researchers. Cook (1983) rev1ewed the 11terature and cr1t1cally evaluated 

each study to assess the s1gn1f1cance of the1r f1nd1ngs. B1olog1cal, analy-

t1cal, m1neralog1cal and k1net1c factors were cons1dered. 

It 1s obv\ous from Table III-1 that the preponderance of ev1dence seems 

to be \n favor of transm1grat1on of asbestos through the GI wall. In add\-

t1on, a number of \nvest1gators have addressed th1s 1ssue by d1splay\ng 
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-- -- ---· 

Rat 10 chryso- fiber she fl wk blood (71 bulk, LIA, HM no no/con- Cunnlngha• 
t lie on I y , 11, d I et Clllenlu• (•I acid, fllt, taalnated et a 1., 1911 

10 control no fibers lung (•I LTA, drop ( leu 
kidney (•I th.n 19Jl) 
liver ( I 
brain I• I 

Rat 5 aaoslte UICC, 0.1 1111 I hr In eplthe Ila I SEM SlM qua I Hat Ive no/yes Storeygard and 
2 control saline ho lated surface pene- preparation Brown, 1911 

JeJunua tratlon l•I 
segiwnt 

Huraan 281 asbestos no characterl- lung l•l bulk, L TA Oft lnc011plete yn/no Auerbach 
bodies iatlon et al., 1911 ..... ..... 

B a111phl - to• fiber s/1 variable ur lne I• I bulk, fl It, TUI -10 fibers/ yn/yH Cook and Olson, ..... • H11111n 
I bole In water by subJect LlA, fill, Ill 1919 (..1 

B contro 1 <ID• fibers/I c-coat, wick 
1n water 

Baboon I chryso- ca. J11ou 9-day kidney l•I bulk, LIA, TEM -BO fibers/ no/yes Patel-Mand Ilk 
neonate t lie fibers In al lk period liver (-1 fill, LlA 1111 et a I., 1919 

control no fibers spleen (-1 fl It, drop 

Baboon I chryso- UICC, 110 kg 4 days ur lne (•I bulk, fl It, TEM 5110" no/yes Ha I lenbeck and 
ti le pregavage gavage LIA, fllt, fibers/Ill Patel-Mand Ilk, 

LTA, drop 1919 

Hu.an 53d a11phl- 10• fibers/I varlable by liver (•I bulk, KOH, 1111 JO fibers/ yes/yes Carter and 
bole In water subJec t lung (•I centr HTA, 1111 lay lor, 1980 

chryso- none In waler JeJunua (•I drop 
t Ile 

Rat 5 chryso- UICC, -10 11 single ly111ph fluld (•I bulk, HM lncOllp lete no/yes Sebas t len 
t lie fibers gavage digestion, et a I., 1980 

0 5 croc I - UICC, -1010 single ly11ph tluld (•I f Ill, 
• do II le f I ber s gavage c-coat, wick 

' 15 chryso- NllHS 10 11 to diet lymph fluid (•I 0 
V, t lie 1018 fibers < 1-12 days 
' 8 chryso- NllHS 10 10 to diet lymph fluid C•I a, 
a, t lie 1011 f lbers <1-12 days 

l control no fibers lyraph fluld (•I 
----
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no/no lolton et c1l .• 
H82 

£Prepc1r.stlon •lhod steps: thin - reaoval of a lhln tlHue \ectlon for e1c1alnc1tlon; bulk - proceulng cl luge vol- of lhsue to holate and con£entrc1te 
the Inorganic partl£1es; HIA. high teaperature c1shlny; LIA - lov teaperc1ture c1shlny; IOH, bleach, Soluene - rhealcals for digestion of tls\ue to reaove 
org,mlc .. tr h; ac Id • use of dllut e ac Id to di Ho Ive the nons II Irate por llon of the ash; centr - centr lfugallon lo ho late par II des f roa suspens Ion, 
fllt • aetlbrane flltratlon to reaove pctrtlcles froa suspension usuc1Jly prior to HN grid preparation; c-co,t, wick - preparation of c1 HN grid by 
dissolving c1 piece of carbon-coated llt'lllbrane fllt..r by solvent wlrlllng action to leave the particles l'llbedded In the carbon fll• suspended on the grid; 
drop. preparation of JIN grid by evaporc1tlon of c1 saall drop of a part le le suspension on a carbon-coated JIN grid_ 

dsc11111Jles were pooled as an e1posure group (32 subjects e1posed to c11111Jhlbole fibers In drlnlllng water) and a control group (no a1111Jhlbole fibers In drlnlllng 
waler). 

e1Ullber of fibers In urine e1ceeded nllllber In blanll for each urine sa1111Jle. 

fAiaphlbole concentrations In repllcate preparations of tissues were found to flt a do\e-response relatlonshlp with concentrations greatest In llldney and 
very low In muscle tissue. 

IJSa. fibers were found In tissues (no c111111arlson to blank saaples) but concluded lo be lnslynlflcc1nt on the bct\ls of a lc1ck of preferentlc1I retention In 
any \peclflc tissue, partlcularly the •\enterlc lyaphc1llc tissue\. Jhe c1uthors also lndlcc1ted dlfflculty In Identifying fine fibers 1<0.1 .-i dlc1-trr) 
111lh the SIN. 

Tl N ~ Tr ansahs 1011 l lee Iron Microscopy 

SIN Scc1nnlng llectron Microscopy 

ON • Optlcc1l Microscopy 



ev,dence of penetrat\on by 1ngested part1cles other than asbestos (m1nera1 

or synthet1c f1bers), thus demonstrat1ng the poss1b11Hy of such movement 

and subsequent t1ssue accumulat1on. 

Lefevre et al. (1978) observed that m1ce, after dr1nk1ng water suspen-

s1ons of 2 1,am d1ameter latex spheres for 2 months, had the latex part1cles 

accumulated \n macrophages 1n 1ntest1nal Peyer's patches. Latex part1cles 

of 0.22 },Im were reported by Sanders and Ashworth (1%0) to m1grate from 

the stomachs of rats to 1yniphat1cs of the mucosa, as well as to the 11ver 

and k1dney t1ssues. Much larger part1cles of s111ca, \n the form of opal 

phyto11ths from plants, have been observed 1n d1gested mesenter1c lymph node 

and k1dney t1ssue from sheep that eat cereal chaff and gra1ns (Nottle, 1977). 

Volkhe1mer (1972) observed that part\cles of m1crometer proport1ons are 

regularly 1ncorporated 1n the GI tract by persorpt1on. Dur1ng persorpt1on, 

corpuscular part\cles are passed between ep1thel1al cells \nto the subep1-

the11al layer where they are transported by portal c1rculat1on or chyle. 

Volkheimer (1974) later 1nvest1gated the process of persorpt1on 1n rats, 

rabb1ts, ch1ckens, gu\nea p1gs, dogs and p1gs. An1mals were adm1n1stered 

suspensions of part1cu1ates by 1ntragastr1c or rectal tube to determ\ne the 

mechan1sms of persorpt\on. These part\culates \ncluded starch granules, 

cellulose part\cles, powdered rabb1t ha\r, charcoal, pollen, spores, poly-

v1ny1 globules and s111cates. An1mals were sacr1f1ced at var1ous t1mes (not 

spec1f\ed) after part1culate adm1n1strat1on. Upon h\stolog1ca1 exam\natlon 

of the small 1ntest1ne, part1cles were found between ep\thel\al cells, 1n 

the subep1the11al layer of the mucosa and 1n the lumen of the lymph vessels. 

Two hours after dogs were g1ven the part1culate suspens\on, persorbed 

part1cles were found \n body flu\ds (spec1f1c type not reported), chyle 
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(from the thorac1c duct), blood, bile and ur1nary bladder. The majorHy of 

the part1cles that were persorbed ranged between 15 and 75 1,1m 1n d1ameter. 

A s11'cate of 150 1,1m was reportedly found 1n the lymph of one an1mal. 

Volkhe1mer (1974) d1d not spec1fy, however, the number of an1mals per 

spec1es used 1n the study, the prec1se t1me of sacr1f1ce follow1ng exposure, 

whether or not control an1mals were used, or how the part1culates were 

1dent1f1ed 1n the h1stolog1cal samples. The concentrat1on and volume of the 

part1culate suspens1on were also not reported by the author. Oesp1te these 

shortcom1ngs, the study does prov1de some 1nformat1on as to the mechan1sm of 

persorpt1on and the d1str1but1on of persorbed part1cles. 

Schre1ber (1974) reported that dyed cellulose f1bers, adm1n1stered 

orally 1n the form of spec1ally sta1ned plant food, were found 1n both the 

blood and ur1ne of human subjects. The cellulose f1bers were present \n the 

urine for several weeks after 1ngest1on. 

These data on nonasbest1form m1nerals support the we1ght of ev1dence 1n 

Table III-1 that a number of part1cle/f1ber types show ev1dence of GI 

m1grat1on 1n laboratory an1mal spec1es and humans. Cook (1983) noted that 

based on the stud1es su111Tlc3r1zed 1n Table 111-1 H would be d1ff1cult to 

conclude that asbestos f1bers do not cross the GI barr1er. The we1ght of 

ev1dence 1s, by far, \n favor of the occurrence of th1s event. However, as 

Cook (1983) po1nts out, H h perhaps more 1mportant to cons1der the 

fract1on of ingested fibers that may be 1nvolved 1n GI m1grat1on rather than 

the probab11Hy of the m1grat1on actually occurr1ng. Unfortunately, lHtle 

1nformat1on 1s ava1lable to est1mate the percentage of f1bers involved 1n 

actual m1grat1on. Sebast1en et al. (1980) est1mated that a max1mum of 

10-• to 10-, t1mes the number of UICC chrysot11e A f1bers (mean 

00700 111-7 04/05/88 



2&.7x1Q10 f) or UICC croc1dol1te fibers (mean 13.7x1010 f) 1ntroduced to 

the sfomach appeared in the lymph fluid of rats. Analyz1ng human ur1ne, 

Cook. and Olson (1979) detected -10- 3 of the concentrat1on present 1n the 

subject's drinking water (Lake Superior amos1te: mean L = 1.42 .,m; mean D 

= 0.20 .,m, #fNR) that had been consumed ~20 years before the study. 

Unfortunately, these data are lim1ted 1n that ne1ther the lymph fluid nor 

the urine can account for all fibers that may move across the GI mucosa. 

However, the data do indicate that a small percentage of fibers ingested are 

actually involved in penetratlon and consequently in tissue accumulation and 

increased cancer r1sk (Cook, 1983). 

InJect1on of Asbestos. The appl1cab111ty of 1nJect1on experiments to 

human risk. assessment has been v1ewed wHh sk.ept1c1sm. Such inJect1ons do 

simulate one potent1al human exposure cond1tion (i.e., small amounts found 

in drugs in countries that permH the filter1ng of drugs through asbestos 

pads durlng productlon processes). However, the pr1mary value is that 

1nject1on of asbestos permits more controlled cond1tions than are poss1ble 

in ingestion or 1nhalat1on exper1ments. Thus, these studies should not be 

d1sregarded solely on the bas1s of route of exposure. 

Cunningham and Pontefract (1973) detected f1bers in beverages (beer, 

wine and soft dr1nk.s) and were 1nterested 1n determin1ng 1f such f1bers con-

sumed orally can pass through the 1ntestinal wall and enter the blood-

stream. A stock. solut1on was made to contain Quebec chrysot1le (Johns 

Manv1lle 7RF02) f1bers the same length as those found 1n beverages (L = 

0.5-2 .,m; diameter NR) and determ1ned to conta1n 9.4xlO• f1bers/l. An 

aliquot (assumed to be 350 mt) was then admin1stered intragastr1cally to 

rats (number, spec1es and sex not known). Asbestos fibers were found to 
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accumulate 1n the omen tum surround1ng the small 1ntest1ne, bra1n and lungs. 

Ac c or d 1 n g to t he a u t ho r s , c o u n t s c o u 1 ·d no t be made on t he 1 \v er a n d le 1 d n e y 

sect1ons. 

Roe et al. (1967) 1njected 20 female CBA m1ce subcutaneously 1n two 

sites. Each 1nject1on conta1ned 10 mg f1ber suspended 1n 0.4 mt sal1ne. 

Each an1mal rece1ved three 1nject1ons 1nto each flank. The flank was chosen 

as a s1te well d1stant from the thorax. Three f1ber types (all South 

Afr1can) croc1dol1te (50% 0.5-2 µm 1n length, d1ameter NR, lfNR), 

amosHe (56" 0.5-2 µm 1n length, d1ameter NR, #fNR) and chrysot11e (ONR, 

#fNR) (Harr1ngton, 1965) were tested. Croc1dol1te and amos1te were 

solvent extracted to remove carc1nogen1c natural and contam1nat1ng o'1s. 

A 11 three 1 nj ec ted f 1 ber types were found 1 n the submesothe 11a 1 t 1 s sues of 

the thorax and abdomen. In add1t1on, extens\ve 1nflanmatory changes and 

some sarcomas developed at the 1nject1on sHes. Transport of f1bers to 

submesothel1al t1ssues culm1nated 1n mesothe11oma. 

Chrysot1le (type NR, DNR, #fNR) 1nJected 1ntraper1toneally 1nto rats was 

found to migrate 1nto the per1bronch1al and per1vascular t1ssues of the lung 

and was observed 1n alveolar ep1the11al cells (Karacharova et al., 19&9). 

In another study us1ng 1.p. 1nject1on as the mode of exposure, UICC standard 

amosHe (mean L = 3 µm, mean d1ameter NR, #fNR), anthophyll1te (DNR, #fNR) 

or croc1do1He (mean L = 3 µm, mean d1ameter NR, #fNR) was adm1n1stered to 

female W1star rats as a reg1men of 20 mg/week for 5 weeic·s (Fr1edr1chs et 

al., 1971). The an1mals were sacrH1ced 4 months after the 1n1t1al 1njec-

t1on and subjected to h1stolog1cal exam1nat1on. F1bers of vary1ng lengths 

were observed 1n abdom1nal granulomas, the shorter f1bers be1ng generally 

1ntracellular and the longer f1bers extracellular. Transport of f1bers from 
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the site of 1nject1on was found to be somewhat dependent upon f1ber length; 

shorte~ f1bers are noted to be more read1ly transported than longer ones. 

Kanaz.awa et al. (1970) 1nvest1gated the m1grat1on of UICC croc1do11te 

f1bers (model L c 1.2 ~m. d1ameter NR, #fNR) 1n m1ce follow1ng s.c. 

1nject1on. Improved sta1n1ng, m1cro1nc1nerat1on and electron m1croscopy 

techn1ques led to a cont,rmat1on of lymphat1c transport but demonstrated 

that the amount transported was less than formerly be11eved. F1bers accumu-

lated 1n lympho1d t1ssues (pr1mar11y ax111ary lymph nodes) but were also 

concentrated 1n 1ngu1nal, med1ast1nal and lumbar nodes. Some f1bers were 

found 1n the spleen and 1n nonlympho1d organs such as the 11ver, k1dneys and 

brain, suggest\ng that f\bers had also entered the bloodstream. Most 

asbestos f\bers probably travel 1ns1de macrophages, although some larger 

f\bers may be free \n the lymph or blood (Kanazawa et al., 1970). Select1ve 

transport of f1bers to the submesothel1al t1ssue, as suggested 1n Roe et al. 

(1967), was not supported by th1s study. 

The transport of Quebec (Johns Manville 7RF02) chrysot1le fibers (L = 

0.2-2.0 ~m. d1ameter NR) from the maternal blood· across the placenta to 

the fetus was reported by Cunningham and Pontefract (1974). Dosages of 1-3 

mg (1 mg/ml of water) were 1njected 1nto the femoral ve1n of female W1star 

rats at 2-day 1ntervals from days 10-14 of gestat1on. Total dose varied 

from 4-12 mg (4-12xlos f) of asbestos. The fetuses were removed ·by 

Caesarean sect1on the day before parturHion in a manner that prevented 

cross-contam1nation from the mother; the 11vers and lungs were then analyzed 

by electron m1croscopy. The presence of asbestos f1bers 1n the fetus was 

h1ghly var1able. The livers and lungs analyzed were selected at random and 

thus, could have come from d1 fferent fetuses 1n the same uterus. In the 
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first experiment, the highest number of fibers found in fetal l\ver and 

lungs £ame from a dam administered four 3 mg injections (total dose= 12 mg 

or 12xl0' f). Numbers of fibers found in 11ver and lungs were 27.0JxlO• 

fig and 139.97xlO• fig, respectively. In a second experiment, wHh addi-

tional controls, the highest number of f1bers found in fetal liver and lungs 

came from a dam admin1stered five 2 mg injections (total dose = 10 mg or 

10xl0 5 f). Numbers of fibers found in the l 1ver and lungs were 

100. 12xl0 6 f/g and 2.90xlO• fig, respectively. 

Interspecies Variability of Response to Asbestos. Zaidi (1974) empha-

sized the need for investigators to use suitable animal models to correlate 

results wHh effects in humans. He cHed major differences between the 

stomachs of rats and humans as an example and suggested that the dog or the 

guinea pig 'would be a more suitable model. Zaidi (1974) d1scussed the 

poss1ble role of the mucous barr1er 1n preventing absorption of asbestos 1n 

the GI tract, and noted that h1gh levels of mucous product1on, either as a 

species-spec1f1c phenomenon or as a result of 1ndiv1dual d1fferences 1n 

feeding, could influence the results 1n stud1es of uptake. It was suggested 

that destruct1on of the mucous barr1er (e.g., by the use of drugs) m1ght 

allow greater absorption of asbestos from the GI tract, lead1ng to a greater 

neoplastic response. 

B1oaccumu1at\on/Retent1on 

Patel-Mand11k and Millette (1983a,b) des1gned a study· to determ1ne 1f 

penetrat1on, migration and retention occur in an1mals chron1cally exposed to 

1ngested asbestos. Sprague-Dawley rats, prev1ously exposed to chrysotne 

asbestos f1bers 1n utero, were given 50 mg/kg -1ntermed1ate range (IR) 

Environmental Health Sciences Sample No. l09C chrysotile asbestos (&5% f >10 
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~m ,n length, d1ameter NR, lfNR) by gavage 2 t,mes/week. Th1s was done 

unt11 ·natural death or sacr1f1ce. The authors d1d not 1nvest1gate whether 

death was related to asbestos exposure (e.g., death from tumor format1on). 

The rats were then d1v1ded 1nto groups by age at death: 0-200, 200-400, 

400-600 and 600-800 days. Random samples ( 5/group) were taken and kidneys 

were analyzed for asbestos f1bers. Four (1/age group) control rats (pre-

v1ously exposed l!l utero) were chosen to represent asbestos levels 1n 

control tissues. F1bers were shown to pass across the GI wall. In add1-

t1on, a r1se 1n f1ber levels was detected 1n t1ssues from group l to group 

3. However, levels dropped 1n group 4. The authors state that th1s drop 

could be due to t1me-related b1olog1cal causes of low f1ber recovery such as 

degradat1on of f1bers beyond TEM 1dent1ty and el1m1nat1on of f1bers 1n feces 

and ur1ne. Thus, accumulat1on was demonstrated. 

lilletabol1sm 

L1ttle 1nformat1on 1s ava1lable on the metabol1sm of 1ngested asbestos. 

As noted 1n the Sect1on on Absorpt1on and D1str1but1on, f1ber penetrat1on 

1nto and m1grat1on across the gut wall occurs. Seshan (1983) demonstrated 

that phys1cal and chem1cal propert1es of UICC (DNR), NIEHS 1ntermed1ate 

(DNR) or Globe, AZ f1ne (DNR) chrysot1le change substant1ally w1th <l-hour 

exposure to s1mulated gastr1c Ju1ce (pH=l.2). Jhe Zeta potent1al was 

changed from pos1t1ve to negat1ve; Mg++ 1ons were leached from the f1bers; 

and the refractive 1ndex of the f1ber decreased mak1ng the f1ber more d1ff1-

cult to detect w1th a 11ght m1croscope. When chrysot11e (type not spec1-

f1ed) was treated wHh lN HCl, long range structural order was lost w1th a 

c on c om 1t a n t r e d u c t 1 on 1 n X - r a y d 1f f r a c t 1 on s 1 g n a 1 . F or a 11 th r e e t y p e s o f 

chrysot1le treated w1th lN HCl, the percent of f1bers 1dentH1able by elec-

tron diffract 1on was decreased after 30 m1nutes. Surface propert 1es were 
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altered w1th N2 adsorpUon be1ng doubled for NIEHS 1ntermed1ate chrysotne 

treate·d for 2 hours but not for Globe, AZ f1ne chrysot1le. Dye adsorpt1on 

greatly 1ncreased for Globe, AZ f1ne chrysot1le. No changes 1n X-ray 

d1ffract1on s1gnal were seen w1th croc1dol1te (type NR, DNR) exposed to lN 

HCl. No 1nformat1on was reported on any change 1n the length and d1ameter 

of any of the treated f1bers. 

Lukens (1978a,b) performed ,11111unochem,cal stud1es a,med at development 

of a method for determ,nat,on of asbestos 1n env,ronmental samples. H,s 

results ,nd1cated that, unlike normal control globulins, exper1mental 

globul 1ns obtained from rabb1ts 1njected w1th bov1ne serum album1n-coated 

asbestos (Duke Standards ChrysoUle, DNR) were found to bind w1th this same 

type of asbestos. 

El1m1nat,on 

As discussed in the Section on Absorption and Distribution, recent 

studies have resulted in contradictory conclusions regarding recovery of 

ingested asbestos fibers in urine of exposed test animals. Hallenbeck and 

Patel-Mandl,k (1979) indicated that UICC Canadian chrysot1le fibers (DNR, 

3xl013 f) orally adm,nistered to baboons may be recovered in the urine. 

Cook and Olson (1979) conducted a study in wh1ch human ur1ne sediment, 

examlned by transmission electron m1croscopy, conta1ned amphibole f1bers 

that the authors contend were clearly associated w1th the type of dr1nking 

water ingested by the subjects. Urine samples were obtained from residents 

of Duluth, MN drinking unfiltered water from Lake Superior (amos1te: mean 

L = 1.42 µm; mean D ; 0.20 µm; 5-800xl0' f/L). The subjects reported 

no occupational exposure to asbestos. Ingestion of filtered water by two of 
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these subjects resulted 1n a s1gnH1cant reduct1on of amph1bole f1bers ,n 

urine. Cook and Olson (1979) report that the1r data prov1de the f1rst 

direct evidence for the passage of m1neral f1bers through the human GI 

mucosa. 

Boatman et al. (1983) analyzed human ur1ne samples for asbestos f1bers. 

Seven res1dents of Everett, Wash1ngton where tap water conta1ned -200xlO• 

flt (chrysot11e) donated early morn1ng ur1ne samples over a 21-month 

per 1 od. The donors res 1 ded in the area <3 years ( n=3) or >20 years ( n=4) 

and reported no occupat1onal exposure to asbestos. Four control donors 

res1ded 1n an area where the fiber content of the tap water was 100 times 

less than that of the test co111T1un1ty. The fiber content of the ur1ne of the 

<3-year res1dents was s1gn1f1cantly lower (p<0.05) from the f1ber content of 

the ur1ne of the >20-year residents. This may be attributed to a h1gh fiber 

content 1n the ur1ne of one >20-year resident. The test group as a whole 

d1d not d1ffer s1gn1f1cantly from the controls w1th regard to ur1ne f1ber 

content. The authors recogn1ze some problems assoc1ated w1th the study 

(e.g., f1ber contam1nat1on of control water samples and, d1fflcult1es 

assoc1ated w1th the est1mat1on of f1bers 1n ur1ne by use of present tech-

niques). Yet, the numbers of f1bers 1n the ur1nes would have to 1ncrease at 

least 10-fold 1n order to obta1n a conv1nc1ng difference. Such a d1fference 

would probably not be accounted for by the problems of measurement. Thus, 

the authors state that even though the data are 1n.conclus1ve, they suggest 

no relat1onsh1p between h\gh concentrations of f\bers \n dr\nk1ng water and 

the numbers estimated for vo\ded urine. 
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Sunnary 

An ·1mportant factor to cons1der when d1scuss1ng the health r1sks assoc1-

ated w1lh exposure to asbestos 1n dr1nk1ng water 1s whether the f1bers can 

penetrate the GI muco~a and thus res1de 1n t1ssue. The we1ght of ev1dence 

\s 1n favor of the occurrence of th\s event. However, the percentage of 

f1bers shown to actually penetrate 1s small cons1der1ng the total amounts 

1ngested. Nevertheless, 1f penetrat1on occurs only to a 11m1led extent, 

t1ssue accumulat1on may be a factor 1n 1ncreased cancer r1sk from the 

1ngest1on of asbestos f1bers. 

L1ttle 1s known about the metabol1sm of 1ngested f1bers and there 1s no 

ava1lable 1nformat1on on the b1oaccumulat1on/retent1on of 1ngested asbestos 

f1bers. S1mulated gastr1c ju1ce has been demonstrated to alter the phys1cal 

and chem1cal propert\es of chrysot1le f1bers and to a lesser extent, cro-

c1dol1te f1bers. One study on humans prov1des ev1dence that asbestos f1bers 

pass through the GI mucosa and appear 1n the ur\ne; another study on humans 

1s 1nconclus1ve but suggests no relat1onsh1p between the 1ngest1on of f1bers 

from dr\nklng water and the el1m1nat1on of f1bers 1n ur1ne. 
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IV. HU"AN EXPOSURE 

Th1 s chapter w1 ll be submH ted by the Sc 1 enc~ and Technology Branch, 

Cr1ter1a and Standards 01v1s1on, Off1ce of Or1nk1ng Water. 
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IV. SOURCES OF HUMAN EXPOSURE - ASBESTOS 

Humans may be exposed to asbestos in drinking water, 

food, and air. Detailed information concerning the occurrence 

of and exposure to asbestos in the environment is presented 

in a draft document entitled "Estimated ~ational Occurrence 

and Exposure to Asbestos in Public Drinking Water Supplies" 

(SAIC 1986). This section summarizes the pertinent information 

presented in that document in order to assess the relative 

source contribution from drinking water, food, and air. 

Exposure Estimation 

This analysis is limited to drinking water, food, and 

air, because these media are considered to be general sources 

common to all individuals, Some individuals may be exposed 

to asbestos from sources other than the three considered 

here. Even in limiting the analysis to·these three sources, 

it must be recognized that individual exposure will vary 

widely based on many personal choices and several factors 

over which there is little control. Where one lives, works 

and travels, what one eats, and physiological characteristics 

related to age, sex, and health status can all profoundly 

affect daily exposure and intake. Individuals living in the 

same neighborhood or even in the same household can experience 

vastly different exposure patterns. 
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A, DRINKING WATER 

The contamination of drinking water by asbestos fiber 

occurs from the natural source of mineral erosion and from 

several anthropogenic sources. The natural surface of water 

erosion of asbestos minerals occurs predominantly in the 

states of California, Kentucky, Washington, Minnesota, 

~assachusetts and Georqia, The degree of such contamination 

is enhanced during the period of high runoff and river flow 

(Logsdon 1979). Geographically, there· are several areas in 

the u.s. th~t are known or suspected to contain mineral 

deposits having high asbestos content, and such deposits 

occur predominantly in California, Alaska, Minnesota, Georgia, 

North Carolina and Ver~ont (SRI 1978). 

'!'he principal anthropogenic sources of asbestos in 

drinking water area: (l) A/C (asbestos cement) pipes employed 

in the distribution of drinking water, (2) mineral mining 

processes, (3) industrial discharges from facilities storing 

or processing asbestos, and (4) others, which includes the 

erosion of asbestos waste piles, the erosion of A/C tile 

roofings, and A/C pipe tappings. 

For the development of standards on asbestos, emphasis 

is made to determine the occurrence of long fibers, >10 u, 

and high concentrations, >7.1 ~FL. 



IV-3 

ASBESTOS FIBER CONCENTRATION >S MFL IN FINISHED WATER 

AND DISTRIBUTION DRINKING WATER. 

The maximum (M) and average (A) asbestos fiber concen-

tration for each city and the probable source of contamination 

if known are listed in Table l based on the studies of 

Millette et al (1979). The asbestos contamination of 

ground water in the San Luis Obispo (Calif.) area appears 

to be due to the asbestos contamination of the surface water 

reservoir which recharges it (Hayward 1984). A measured 

asbestos fiber concentration of 3,100 mgL in the reservoir 

is probably primarily due to the erosion of natural mineral 

outcroppings (Hayward 1984). 

Asbestos fiber concentrations exceeding 5 mfL in Lakeland 

(Florida), Pensacola (Florida), Kentucky Dam Village (Kentucky), 

Paint (Pennsylvania), and Bishopville (South Carolina) appear 

to be related to asbestos pipe deterioration (Millette et al. 

1979). Millette et al (1979) indicate that A/C pipe tapping 

is probably responsible for the reported asbestos fiber concen-

tration of 10.2 MFL in a sample of Farmington distribution 

water since asbestos·fiber concentrations in subsequent 

samples were well below l MFL. The high asbestos fiber 

concentrations in the distribution waters of Pensacola have 

been primarily attributed to A/C pipe deterioration (Millette 

et al. 1979~ Buelow et al. 1980). However, only four of the 



State 

CA 

CT 

FL 

FL 

KY 

NM 

PA 

SC 

Table 1. ASBESTOS FIBER CONCENTRATIONS REPORTED TO EXCEED 5 mfL IN FINISHED 
DISTRIBUTION WATER OF GROUND WATER OR UNSPECIFIED ORIGIN 

I Location 

San Luis Obispo 

Paraington 

Lakeland 

Pensacola (coabined) 

Pensacola (Chantilly) 

Type source 
of of 

water water 

p G 

D 

D 

D 

D 

u 

G 

G 

G 

Pensacola (miscellaneous) D G 

Kentucky Da• Village 

Algodones 

Paint 

Bishopville 

D ., U 

F 

D 

D 

.. 
G 

u 

G 

No. of 
samples 

7 

3 

11 

36 

9 

21 

1 

1 

5 

4 

Average 
miles of 
A/C pipe 

-· o. 0 

1. 00 

u 

1. 03 
(ll) 

2.20 
(5) 

u 

u 

o.o 
1. 00 

( 1) 

u 

Year 

82 

78 

75-79_ 

75-79 

75-77 

78 

76 

76,78 

78 

Total 
concen-
tration 

(mfL) 

170M 
93. 3A 

10.2M 

Probable 
11ajor cause 

Mineral erosion 

A/C pipe tapping 

17.0M A/C pipe deteri-
4.09A oration by H2s 

JJ.OM A/C pipe deteri-
l.94A oration or A/C 

pipe tapping 

33.0M A/C pipe deteri-
4.52A oration or A/C 

pipe tapping 

11.7M A/C pipe deteri-
l.36A oration or A/C 

pipe tapping 

48.5 A/C pipe 
deterioration 

710 Unknown 

19.0M A/C pipe 
8.01A deterioration 

547M 
262A 

A/C pipe 
d•terioration 

F = finished water; D = distribution water; G =groundwater; U • unspecified; M • aaxi11u11; 
A= average. 

t-1 
< 
I 
~ 
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exceeding 2 MFL and only two of those four had concentrations 

exceeding 5 MFL. Therefore, since reports of high asbestos 

fiber concentrations in the distribution w~ters of Pensacola 

are somewhat isolated, additional factors such as A/C pipe 

tapping May be involved. 

SIZE DISTRIBUTION OF ASBESTOS FIBERS IN DRINKING WATER 

The size distribution of asbestos fibers in drinking 

water appears to depend to some extent on the source of the 

fibers (Craun et al. 1977: Tarter 1979: Buelow et al. 1980: 

Millette et al. 1980). Those studies indicate that substan-

tially higher percentages of asbestos fibers from A/C pipe 

have lengths greater than 5 u and aspect (length/width) ratios 

greater than 100 u than do asbestos fibers originating from 

the erosion of ~atural mineral outcroppings. 

Table 2 shows the size distribution of asbestos fibers 

from different sources in drinking water samples. It can be 

seen from Table 2 that approximately 16% and 21% of asbestos 

fibers in samples of drinking water which had passed through 

A/C pipe in Florida and South Carolina, respectively, had 

lenaths greater than 5 u. By comparison, O and 2.5% of 

asbestos fibers from mineral erosion in samples of a Washington 

reservoir and a California raw water had lengths greater than 

5 u. Similar results were reported by Craun et al, (1977) 

who compared the size distribution of asbestos fibers in 
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of natural mineral outcroppings. An attempt is made to comp-

are cumulative fiber length data on water quality before and 

after transport through the asbestos cement pipe. For 

any given fiber length, the cumulative plot gives the estimated 

fraction of fibers with smaller lengths. As shown in Figure 1, 

this analysis indicates that after the transport in the A/C 

pipe, there is a decrease in the percentage of fibers with 

lengths less than any given length between 0,1 and 10 and a 

correspondin~ increase in the fiber size distribution. 

Tarter (1979) also studied the effect of water treatment 

on the size distribution of asbestos fibers in drinking water. 

Figure 2 is a comparison of the cumulative plots of fiber length 

data for water before (T) and after (X) passinq through the 

San Andreas water treatment plant. The treatment at the San 

Andreas water treatment plant includes coagulation, filtration 

flocculation, caustic soda, fluoridation, and chlorination. 

However, even though the treatment plant is fairly effective 

in reducing asbestos fiber concentrations, it surprisingly 

aces not appear to have any sianificant effect on the size 

distribution of the fibers as can be seen from Figure 2, 

As previously discussed, the proportion of asbestos 

fibers with lengths greater than 5 u appears to be much higher 

for fibers originating from A/C pipe than for fibers origi-

nating from the erosion of natural mineral outcroppings. 

Data from Stewart et al. (1976) indicates that the proportion 
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Figure 1, CUMULATIVE PLOTS OF POOLED FIBER LENGTH DATA 
BEFORE (T) AND 'AFTER (X) TRANSPORT THROUGH 
'A/C PIPE 
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Figure 2, CUMULATIVE PLOTS OF FIBER LENGTH DATA 
BEFORE (T) AND AFTER (X) WATER TREATMENT 
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of asbestos fibers with lenqths greater than 5 u is also much 

higher for asbestos fibers in manufacturing effluents than -

for fibers from mineral erosion. The occurrence document lists 

the concentration of asbestos fibers in effluents from 

various asbestos product manufacturers and the percentage (in 

parentheses) of the fibers with lengths greater than 5 u. 

It is also indicated that generally greater than 10% 

and occasionally greater than 40% of the asbestos fibers in 

manufacturing effluents exceed 5 u in fibre length. There is no 

evidence of any widespread contamination of drinking water 

by manufacturing effluents. However, the data reported by 

Stewart et al. (1976) indicates that any such contamination 

could potentially introduce high proportions of asbestos 

fibers with lengths greater than 5 u into drinking water. 

The distribution of asbestos fiber aspect ratios in 

drinking water appears to also be dependent upon the source 

of the fibers, and somewhat parallels the size distribution. 

Table 3 shows the aspect ratio distribution of asbestos 

fibers from different sources in drinking water. It can be 

seen from Table 3 that approximately 19% and 20% of asbestos 

fibers in samples of drinkinq water which had passed through 

A/C pipes in Florida and South Carolina, respectively, had 

aspect ratios greater than 100 - <500. In comparison, 0% and 

4% of asbestos fibers from mineral erosion in samples of a 

Washinaton reservoir and a California raw water had aspect 

ratios greater than or equal to 100 . 
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Table 3. DISTRIBUTION OF FIBER ASPECT RATIOS IN 
VARIOUS WATER SUPPLIES 

% distribution of fiber aspect ratios 
Number 

of 
fibers 3-<5 5-<10 

Reservoir water 
(WA) 

Raw water (CA) 

Asbestos cement 
pipe system (FL) 

Asbestos ce·ment 
pipe system (SC) 

Cistern (VI) 

210 

240 

503 

215 

342 

Source: ~illette et al. 1980 

l 

2 

l 

6 

l 

POPULATION EXPOSURE ESTIMATION 

7.4 

6 

3 

3.5 

16 

100-
10-<100 <500 >500 

91.6 

89 

76 

67 

77 

0 

4 

19 

20 

5 

0 

0 

l 

3.5 

l 

National population exposure estimates of asbestos fiber 

concentrations exceeding 7.1 MFL, and also having fiber 

lengths longer than 10 microns, are listed in Table 4. 

There are very limited data available for characterizing 

human intake of asbestos from drinking water provided by 

public water supplies. Upon combining all of the available data 

from more then 400 cities having drinking water concentration 

of asbestos fibers of all lengths with the limited available 

fiber length distribution data to estimate the numbers of 

people nationwide who are exposed to concentrations of asbestos 



Table 4. CHARACTERISTICS OF U.S. DRINKING WATER SUPPLY SYSTEMS CORRESPONDING TO 
SPECIFIC EXPOSURE TO ASBESTOS FIBER LENGTH >10 u, CONCENTRATION >7.1 mFL 
AND AT RISK >10 OF CONTINUOUS EXPOSURE, 2 L/d. 

Number Nu11ber 
systems people 
having receiving 

Number of I systems exposure exposure 
u.s. people with risk 10-6 risk 10-6 

systems served A/C pipe fiber >7.1 mFL >7.1 mFL 
system type total (millions) used >10 u >10 u >10 u 

Ground Wat.er 18,126 1 - 21 Yes 111 562 7 X 104 

19,573 49 - 73 No 0.51 0 0 

Surface Water J,257 7 - 21 Yes 111 21 6.7 X 104 
(CA&WA) 

l X 104 exclu 6,903 97 - 120 No 111 26 

Surface Water 1,143 4 - 12 Yes 21 0 0 .. 
(CA&WA) 
only 273 6 - 14 No 0.51 0 0 

Prepared by 
M. Shamaiengar 
W.A. Coniglio 

H 
< 
I ...... 

0 
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fibers (exceeding .10 u in lenqth) >71, >7.1, >0.71, >0.071, 

and >0.0071 million fibers per liter (mfL) corresponding to-

estimated carcinogenic risks of >10-S, >10-6, >10-7, <10-8, 

and >·10-8, respectively. The estimated number of people 

exposed to the concentration of asbestos fibers corresponding 

to a lifetime carcinogenic risk of 10-6 ranges between 730,000 

and 1,200,000. Of these, between 220,000 and 650,000 are 

using ground water and between 510,000 and 580,000 are using 

surface water. 

B. DIET 

Limited quantitative information is available on the 

contribution of food products to the total asbestos exposure 

of the u.s. population. Asbestos contamination of foods may 

occur directly due to the release of asbestos fibers into t~e 

food from filters used to purify the product (USEPA 1980), or 

indirectly from the erosion of asbestiform minerals used in 

the building materials of the food industry (Huff 1978, as 

cited in Rowe 1983). 

Rowe (1983) indicated that dietary materials,that have 

been reported to contain or likely to contain asbestos,occur 

among foods,such as,vegetable oil, lard, mayonnaise, ketchup, 

and meats (Merliss 1971; Wolff and Oehume 1974; Albright et al. 

1979, all cited in Rowe 1983); and beverages such as beers, 

sherries, ports, vermouth, and soft drinks (Riles and Emerson 
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1968: Cunningham and Pontefract 1973: Wehman and Plantholt 

1974, all cited in Rowe 1983). Table 5 summarizes the leve'"ls 

of asbestos in the beverages mentioned above. It is not 

known whether the source of the asbestos in beverages could 

be the drinking water from which the drinks were made or the 

filtration process used by the food industry. 

~o information was available from the Food and Drug 

Administration (FDA) on the occurrence of asbestos in food. 

Table S. CONCENTRATION OF ASBESTOS IN BEVERAGES 

No. of Concentration, 
substance observations million fibers/La 

Beer 4 1.1 - 6.6 

Sherry 3 2 2,6 

Port l 2. l 

Vermouth 2 1.8 - 11. 7 

Soft drinks 4 1. 7 - 12.2 

a Analyzed by electron microscopy. 

Source: USEPA 1982, as cited in Rowe 1983 

Rowe (1983) estimated that the daily intake of asbestos 

from a 12-ounce can of beer was 2,4 x 106 EM fibers: the 

daily intake from 3 ounces of talc-coated rice ranged from 

7.8 x 109 to 3.1 x 1011 fibers. 
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C. AIR 

Limited information was obtained on the presence of 

asbestos in ambient air. Information on the typical size of 

airborne asbestos fibers is not well documented. Nicholson 

(1978, as cited in Powe 1983) reported that asbestos fibers 

in ambient air tend to be very small~ some fibers are up to 

1 um in length while most fibers are approximately 0.1 um in 

length and have a diameter between 0.02 and 0,05 um. More 

recently, however, Nicholson has stated that, based on 

monitoring p,ractices in Germany, asbestos fibers from 

environmental exposures are more equivalent to those from 

occupational exposures (Rowe 1983). 

The U.S. Environmental Protection Agency (EPA) reported 

a study of asbestos concentration in 187 quarterly composite 

samples from 48 U.S. cities collected from 1969-1970. The 

study showed that chrysotile asbestos was present in essentially 

all of the cities sampled (Nicholson 1971~ Nicholson and 

Pundsack 1973, as cited in USEPA 1980). In the study, 98.5% 

of the samples contained concentrations of asbestos below 

20 ng/m3, and 100% of the samples contained levels below 

100 ng/n3. Nicholson (1971, as cited in NRC 1984) reported a 

median value for this study of 1,6 ng/m3, Of three samples 

that contained concentrations of asbestos greater than 20 ng/m3, 

one was from a city that had a major shipyard and another was 

from a city that had four brake ~anufacturers. Therefore, the 
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samples could include a contribution from these specific 

sources in addition to the concentration in the ambient air 

(USEPA 1980), 

USEPA (1974, as cited in NRC 1984) reported a median 

concentration of 2,3 ng/m3 for 127 samples from various U.S. 

cities. In that study, 98.5% of the samples contained levels 

of asbestos below 20 ng/m3, while 100% of the samples contained 

levels below 50 ng/m3 (USEPA 1974, as cited in USEPA 1980). 

In a study of ambient air in New York City, Nicholson 

et al, (1971, as cited in USEPA 1980) collected samples in 

the five boroughs of New York (Manhattan, Brooklyn, Bronx, 

Queens, Staten Island). Samples were taken during daytime 

working hours and, due to construction and automobile 

activities, concentrations may have been higher compared to 

nighttime periods. Of the 22 samples taken in the five 

boroughs, a range of 2 to 65 ng/m3 was reported, with an 

overall average of 17.4 ng/m3, Nicholson et al. (1971, as 

cited in NRC 1984) reported a median concentration of 13.7 

ng/m3 for this study. 

Nicholson et al, (1971, as cited in USEPA 1980) also 

connucted a study in lower Manhattan near sites where spraying 

of asbestos-containing fireproofing material was taking place. 

The study was to determine if such activity contributed to 

elevated asbestos levels. The results proved that the spraying 
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did increase the air concentrations of asbestos as chrysotile 

fibers in 22 samples ranged from 3.5 to 375 ng/m3, with an-

overall average concentration of 40.9 ng/m3. Nicholson et al. 

(1971, as cited in NRC 1984) reported a median concentration 

of 22.5 ng/m3 for this study. 

· Nicholson et al, (1975, as cited in USEPA 1980) reported 

variations in the average concentration of chrysotile asbestos 

fibers near 19 buildings at "outside air" sites (primarily 

office buildings) in 5 cities from Oto 48 ng/m3. The number 
. 

of samples, as well as the number of sites and their location, 

were not reported. 

Suta and Levine (1979), as cited in NRC 1984) estimated 

that the rural U.S. population (approximately 60 million 

people) was exposed to concentrations of asbestos from 0.01 

to 0,1 ng/m3. In contrast, they estimated that the urban 

U.S. population (approximately 170 million people) were 

exposed to concentrations of asbestos greater than 1 ng/m3, 

Thompson (1978,_ as cited in NRC 1984) examined 20 samples 

obtained downwind from an emission source (location unknown) and 

found average asbestos fiber concentrations ranging from 0.03 

to 8,200 ng/m3. Thompson also investigated various industrial 

cities in the u.s., and found ranges of concentrations for the 

samples analyzed of 0,6 to 95.0 ng/m3 in 1969-1970 (number of 

samples not given) and 0.4 to 27.7 ng/m3 in 1971-1972. 
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several airborne asbestos concentrations near industrial 

sites were reported in Rowe (1983). The ambient air concen-

trations near the Union Carbide mill and waste pile in King 

City, California and near the Johns-Manville mill and water 

dump in Coalinga, California were 1.03 million fibers/m3 and 

and 593 million fibers/m3, respectively (USEPA 1982, cited in 

Rowe 1983). 

Asbestos fibers are released to air during all stages of 

the life cycle of asbestos products. Asbestos products 

include building materials, such as roofing materials and 

insulation, break liner, insulation, and asbestos cement 

products. Asbestos fibers are persistent in the environment 

and can easily be transplanted great distances from their 

point of release. Atmospheric sampling programs conducted in 

remote rural areas of the United States and Germany have 

found asbestos fiber levels between 0.01 and 0.12 ng/m3 (USEPA 

1986). In areas of higher human population density, measured 

asbestos concentrations in the air are typically much greater. 

Surveys of urban areas report levels in the range of l to 

5 ng/m3 (USEPA 1987). One survey of New York city reported 

levels ranging from 265 ng/m3. EPA has been concerned over 

the possible contribution of asbestos from tap water to indoor 

air. However, a recent survey of homes found only a small 

elevation of indoor air levels over ambient levels in homes 

with asbestos contaminated water (New York State Dept. of 

Health 1986). 
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Y. HEALTH EFFECTS IN ANIMALS 

The fate of asbestos in animals, as well as the specif1c physiolog1cal, 

b1ochemical, metabolic or morpholog1c effects caused by Hs presence are 

dependent on the organism involved, the route of admin1strat1on, the length 

C'Aposure, the qualHy of exposure, synergistic or antagonistic 1nter-

actions w1th other substances and the phys1cal characterist1cs of the form 

of asbestos involved. In th1s chapter, the var1ous types of health effects 

assoc1ated w1th oral exposure to asbest1form m1nerals will be d1scussed. 

Several recent studies have 1nvest1gated the health effects of 1ngested 

a s be s t o s f 1 be r s 1 n an 1 ma l s . W 1t h t he ex c e p t1 on o f one s t u d y , a 11 wo r k f r om 

1977 to the present 1nvolves the detection of chron1c health effects. The 

lack of acute effects stud1es appears not be be an om1ss1on but rath·er a 

consequence of the nature of health effects from exposure to asbestos by 

1 nges ti on ( 1 . e., oncogenes is). 

General Tox1city 

Effects Associated with Acute Exposure. Effects resulting from the 

acute exposure of an1mals to asbestos are sunmar1zed in Table Y-1. 

Ingest1on Stud1es -- Jacobs et al. (1978a) fed 3-month-old male MRC 

hooded rats 0.5 mg or 50 mg (#fNR) of UICC Rhodes1an chrysot1le (DNR) daily 

for l week and subsequently exam1ned the GI tract t1ssue by 11ght and 

electron microscopy. No effects were noted in esophagus, stomach or cecum 

tissue, but structural changes 1n the ileum, particularly of the vi111, were 

seen. Clumps of nuclei and muc1nous mater1al were present in the colon 

00780 V-1 07 /27 /87 



-' • .... ... .. C
 

... 

... 0 

- ... .. .. ... C
 

- 0 .. -... -.. 0 

-• .. .. c:: 
J 00780 

.. ... c:: " .. " .. .. • .. -t ---.c:: --• I c:: 0 

-• .. :::i 
a .. .. &

 • ... c:: 
'D

 
0 

c::-
-... 
0 

c:: 
... s ~ 
., __ 
i:i. ... a 
.... ....... .. .. C

.1:1 

... 0 
.. 
• 

" .. -; l 
0

.
 

·-.. .. .,, .... ! 
... _ 
..... 
-.. ... .,, .. 1

:1
.-

.,, .. .. -

• .. • .. • -• .. • 
·~

 

J~
 

-1
 

c:: 
c:: 

--o :::i-
'D

 .. 0 
.. 

... 
- ... .. - .. 'D

 

,1111 
.. i .. • 'D .... r C
 .... ..-o•

 
• 

.... -·- =--• !ii -- .. .. .. ,,_ o
-

.c::-
•
o

 
.. .., .. .., .. -.c:: 

= ... 

c:: 0 

-- .. .. C
II 

c:: 

E
 

-• • 

.. = 
.... ... - .. .. . 
" - ... .. .. • 'D .., 

.. • .... c,, 

= .... ' -.. 8
~

 
=-.. -- 0 .. .. .. .c:: ... ~= ,a ,.._ ii .!I 

• • 
.. - I .. 

... .. 
... 

-
c:: 

c
-
"

a
-

o --
.., ,.._ 

c:: .... >
.:I 

:I ..... -
.. 

!-iC
 t~

 
z
l:.-,::,-

.. ... • -.. " -E ... .. t -- .... .. g, 
.c::• 
-.c:: 1:1. 
-
o

 
0 

.. 
... 

.. - ... a 
-

c:: 
-
o

 
.. .... 0 
l-:: 
-.. JI, .. .. .. •• 

• 
_,.. 
... ... c:: 

• 
• ..... 
... . ... .. :::i 
0 

.c:: 

"' ... • .... c,, 
a 

= = 'D
 

.. ... -: .i: 
.... • 

• 
:::i 

.. 
• 

~
.! 

'D
 

c:: .. 

'D
 -

" 
c:: 

.c:: .. 
... 

1:1. 
:I 

.. 
.... ..... 

ol ::~o, 
II~ _ 
.!l.!I 

.!I 

.. .. C
II 
• .c:: 11:1,, 
0 .. ... a V-2 

= .. -,,. .. ... i . 
i-:; 
c,, 

·- 1111 
.. 

.. .. .. - ... :::i 
c:: 0 

i .. 'D
 

i~ -
" JI, 

.... -.. -.. ..... -o • 0 
.. 

-.. o> - .... ... ... - 0 .. . ... .. .. :::i 

.= "' ... Ill: 

I 
c:: ... -

i 
-• 
.. -1 . 
i~ 
C

II 
.. -1111 .. --

. 
-· .. " -- w.c::-c::-
-
-

0 
c:: 

.. 
.. .... 
11.a 
" 

... 
11:1,, .

.
 

.... -'D
 -

0 
I 

W
 

.,_ .. 
'D

 
.... 

0 
0 

C:: 

·-" 
-

0 
.. 

.. .. " 
c:: .... 

C
 

w
 

A
. 

.. .. :::i 
0 

.c:: 

'D
 
.. 

.. 

·--
c::-

-
.. .. -
._, 

0 
0 

.. .. 
.., .. .. 
.., .. .. 
-.c:: 

.c:: 
= ...... 

ii ~I 
.!I 

.!I 

C
 

C
 

• 
• .. 

'D
 
.. 

0 
.. 

o
-

-.. .. ... 
I 

-

0 
c::.c:: 
it 
=- .. 

" 
'D

 
... 

0 
'D

 
.... c,, 
-
-

c:: 
.. . 

c:: 
0 .c:: 

C
 

w
 ._, 

07/27/87 



0 
0 _, 

lABlf V-1 Ccont.) 

~ Sperl es/ s .. Route of 
f •posure 

lype of 
A,bestos and Dose Duration 

< 
I 

(.,) 

0 .,,. 
...... 
0 
-...J 

' a, 
a, 

le\t Sy\t-

Chronic f•posure 

Rat " Ingest Ion 

f lber Dl•n, Ion, 

UICC Rhodesian 
chrysotlle/dayCDNRI 

O.S or SO a1J 
ClfNR) 

a1ype of asbestos and dla.nslons Cdla.nslons dependent on aethod of preparation): 
Nodal Lenglh C.-.) Nodal Wldlh C.-.1 

Crocldollte, UICC CSouth African) 0.6 0.13 

Aaoslte, UICC CSoulh African) 

lreaollte CNontana) UICC 

1.4 

S. I 

0.14 

0.11 

Anthrophylllte, UICC Cflnnlsh) S.1 0.18 
froa Langer et al., 1914 Cultrasonlcally dispersed In water) 

Chrysotlle, IIIHS 
Short Range CSR), 
(Calif., Union Carbide) 

Chrysot I le IIIHS 
lnteraedlate Range CIR), 
CQuebec, Johns ,..nwllle-
Plaslobest-10) 

froa NIP, 198S 

Chr ysol I le C Quebec I 
froa Atkinson et al., 1911 
Cafler allllngl 

0.66 O.OS9 

0.81 0.089 

Range of Nean C.-.) Range of Nean 1..-1 
1000-1000 0.030-0.038 

bsaaples contained serpentine and aaphlbole alnerals 

DIR~ dimensions not report~d 

NA~ not appllcable 

IN - Nol reported 

14 months 

Health lffects 

Greatest changes In the aucosal lining 
cells of the Ile .... Practically no 
effects detected In the esophagus, 
stoaach or caec ... , but aore discrete 
changes seen In the colon, rert, .. and 
s .. 11 Intestine. 

Reference 

Jacobs et 
al., 1918.1 



and rectum, though no morpholog1ca1 cellular changes were observed. The 

authors concluded that the observed changes were cons1stent w1th a 

m1nera1-1nduced cytotox1c1ty. In a subsequent report, Jacobs et al (1978b) 

found a s1gnH1cant 1ncrease 1n [ 1 H]-thym1d1ne 1ncorporat1on 1nto DNA 1n 

the small 1ntest1na1 mucosa, colon, rectum, spleen and stomach of rats 

fo11ow1ng 1ngest1on of 50 mg/da •*'HR) of UICC Rhodes1an chrysot1le (DNR) 

for l week and for 5-15 months. These results suggest that asbestos 

1nterferes w1th DNA metabo11sm 1n rat t1ssue. F1nally, Jacobs and R1chards 

(1980) demonstrated that asbestos may 1nterfere w1th the act1ve transport of 

glucose across the small 1ntest1ne wall of a rat follow1ng 10 weeks of 

1ngest1ng 50 mg (#fNR) chrysot11e/day (DNR). The mean level of rad1olabeled 

glucose was s1gn1f1cantly lower 1n the chrysot11e fed rats than 1n the 

controls. 

A s1ngle oral dose of UICC Rhodes1an chrysot11e A (DNR, #fNR) to rats 

(3-8/dose) produced a subsequent 1ncrease 1n [ 1 H]-thym1d1ne 1n the stomach 

( 5 and 25 mg chrysot 11e/kg). duodenum ·( 25 and 50 mg chrysot 1 le/kg) and 

jejunum (5, 25, 50 and 100 mg chrysot11e/kg) after 3 days (Amacher et al., 

1975). The authors suggested that cellular pro11ferat1on and DNA synthes1s 

may, therefore, be st1mulated by chrysot11e 1ngest1on. In a study of 

asbestos carc1nogen1c1ty, Donham et al. (1980) noted a s1gn1f1cant reduct1on 

1n cyc11c-AMP levels 1n the colons of asbestos-fed an1mals [m111ed UICC 

Canad1an chrysot11e B (DNR, #fNR)] compared w1th controls (see Other 

Effects, Carc1nogen1c1ty Sect1on). 

In V1vo and In V1tro Stud1es -- The effects of chrysot11e asbestos 

UICC Canad1an chrysot11e B (DNR) on mononuclear cells .l.!!. v1tro were stud1ed 

by Kagam1mor1 et al. (1980). Human blood lymphocytes were cultured wHh 
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400 ~g chrysot11e/t (#fNR) and observed after 24, 48 and 72 hours of 

1ncu-bat 1on. Chrysot 1 le asbestos was found not to be cytotox1c to these 

cells. In an ant1body-dependent cell-med1ated cytotox1cHy exper1ment. the 

same 1nvest1gators demonstrated that ant1body-coated Chang cells and 

effector cells cultured wHh chrysot1le (3 and 5 ~g/mt) showed a 

s1gn1f 1cant decrease 1n the release of · ... r as compared wHh controls. 

The 1nh1b1t1on of the ant1body-dependent cell-med1ated cytotox1c1ty by 

chrysot11e asbestos appeared to be due to the prevent1on of contact between 

ant1body-coated target cells and effector cells. 

Re1ss et al. (1980b) assessed the tox1c1ty of s1x asbestos-conta1n1ng 

part1culate samples of dr1nk1ng water from locat1ons throughout the UnHed 

States. Human embryon1c 1ntest1ne ep1thel1al cells (l-407) were used for 

the cytotox\cHy assay. The assay was quant1f1ed by measur1ng the 1nh1b1-

t1on of the 1-407 cell colony format1on follow1ng exposure to 0.001-5 g/t 

of each part1culate sample. San Franc1sco dr1nk1ng water samples conta1n1ng 

7.2" chrysot1le (DNR) 1nh1b1ted colony format1on by 96% at a dose of 1 git 

(#fNR). A Seattle dr1nk1ng water concentrat1on of 2.5 git (#fNR) was 

found to 1nh1b1t 73% of colony format1on. Th1s sample was known to conta1n 

2" chrysot11e (DNR, #fNR). The dr1nk1ng water sample from Duluth, wh1ch 

conta1ned amph1bole crystals (DNR). was found to be the least tox1c of the 

dr1nk1ng water samples w1th 88% cell colony 1nh1b1t1on occurr1ng at a 

concentration of 5 git (#fNR). Concentrat1ons below those ment1oned 

1nh1b1ted <50% of the cell colon1es. The authors concluded that asbestos 

exerted 1ts cytotox1c1ty through a spec1f1c phys1ochem1cal mechan1sm. They 

d1d not prov1de deta1ls of the spec1f1c nature of th1s mechan1sm. 
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Effects Associated wHh Chron1c Exposure. There are few noncarc1no-

gen1c effects associated w1th the chron1c 1ngest1on of asbestos. Jacobs et 

al. (1978a) reported feed1ng 3-month-old male MRC hooded rats 0.5 or 50 mg 

(lfNR) UICC Rhodesian chrysot11e (DNR) da1ly for 14 months. Rats fed 50 

mg/day for 14 months had the greatest changes 1n the mucosal 11n1ng cells of 

the 11eum; otherwise, the results were s1m11ar t Lnose of the acute 

exposure stud1es (i.e., marked t1ssue changes 1n the 11eum, clumps of nucle1 

and muc1nous mater1al present 1n the colon and rectum though no 

morpholog1cal changes, and pract1cally no effects 1n the esophagus, stomach 

and caecum). 

Deta11ed pathology exam1nat1ons were conducted 1n the stud1es of the 

effects of 1ngest1ng Penge, Transvaal, Rep. South Africa amos1te and 

chrysot1le 1.n hamsters and amosHe 1n F344 rats by the Nat1onal Tox1cology 

Program (NTP, 1982a,b,c). No adverse effects on body we1ght or surv1val 

were reported. No nonmal1gnant effects were noted at a greater frequency 

than 1n control an1mals 1n any study. The deta1ls of these stud1es are 

d1scussed 1n the sect1on on Carc1nogen1c1ty. 

Target Organ Toxic1ty 

No spec1f1c organ has been 1dent1f1ed as a target organ follow1ng the 

1ngest1on of asbestos f1bers. Changes were detected 1n the colon, rectum 

and small 1ntest1ne and, to a greater extent, 1n the mucosal 11n1ng cells of 

the 1leum follow1ng longer exposure durat1ons. Cytotox1c effects have been 

demonstrated through 1n. v1tro test1ng procedures. 
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Other Effects 

Carc1nogen1c1ty. 

Oral Adm1n1strat1on -- r:ond1e (1983) reviewed the an1mal stud1es on 

1ngested asbestos other than the large-scale feed1ng stud1es conducted by 

the NTP of the NaUonal Institute of Environmental Health Sc1enres (NIEHS). 

Table V-2, adapted from Condie (1983) sunwnarizes the result~ ur 12 oral 

studies. 

Smith et al. (1965) reported results of feed1ng 45 hamsters 1% (#fNR) 

chrysotile (DNR) or amos1te (DNR) in their diet. One neoplasm wHh no 

detectable asbestos was observed in the mesentary of the colon. However, 

the finding of fibers in tumor tissue would be unlikely and, as these tumors 

are rare in hamsters, th1s result cannot be totally d1sm1ssed. Webster 

(1974) repo~ted that baboons (number not reported) exposed to •heavy• 

concentraUons (dose not reported, #fNR) of asbestos (type not reported, 

DNR) in food and drinking water for ~5 years did not develop any peritoneal 

or GI tumors. The 5-year observation Ume in this spec1es 1s too short for 

any meaningful conclusions to be drawn from th1s exper1ment. 

Wagner et al. (1~77) fed groups of 32 Wistar SPF rats 100 mg/day Italian 

talc or UICC Canadian chrysot11e in malted m11k powder for 5 days/week for 

100 days over a &-month period. Controls (N=16) were fed malted milk. Mean 

lengths of survhal from the start of feed1ng were 614 days, 619 days and 

641 days for those given talc, crysot1le and malted m11k, respectively. One 

gastr1c leiomyosarcoma was observed in an animal fed talc and one was 

observed 1n an animal fed crysot1le. None of these tumors occurred in the 

controls. 
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TABlf V-'l 

SU11111ary of Asbestos Ingestion Carcinogenicity Studies• 

0 
0 
-.J 
CD 
0 

No. Anlaah haors 
Spec les lype of Asbestos Dose/ I 1posure Sludy Reference 

,nd f lber Dimensions• Velllcle 11• Ouul Ion lnlllal/(1a•lned No. Local Ion lypec 

Ha•ster chrysollle tDNR) lS In diet llflR) IR NA 45/NR l Neoplas• In aesentary S.lllt. el ,1., 
a•slle (ONA) of the colon 1'6S 

Baboons NA (ONA) IA, •1teavy concen- ~5 yean <5 years NR 0 NA Webster, 1914 
trat Ions• C,fNA) In 
diet ,nd drinking 
water 

Rat croc Idol lie 0.15S In diet JB weeks 18 weeks 40/l'l 0 NA Bonser ,nd 
ad llb Clayson, l')f, 1 

control 0 0 86 ifeeks 65/lS I Liver -S 

Rat chryso\ lie (ONA) 5S In diet tlfNR) 'll •nlhs 'll •nlhs 10/10 0 IA Gross et al., 
•d llb 11114 

< control 0 0 'll aonths SIS 0 NA 
I 

CD Rat chryso\lle (ONR) 10 lal)/wek In butler 1• weeks l. 5 ye,rs 31/31 2 Bre,sl -C Gross et ,1., 
(lflR) 11114 

crocldoll\e (ONR) 5 lalJ/wek In butler le.wells 1.S ye,rs 33/33 0 IA 
C,tNR) 

crocldoll\e (ONA) 10 ag/wek In butler 16 weeks l.S ye,rs 34/34 1 Node-L 
tlflR) 

control 0 0 l. 5 years 24/14 5 3 Bre,st-C, 
lhlgh-S, Node-L 

Rat crocldollte (DIR) 10 ag/wek (lfNA) 18 weh l. 5 years ,1,u 0 NA Gross et ,1., 
In butler 1914 

( 2 iources) 
control 0 0 1.5 years 24/14 0 NA 

Rat 53S chrysollle (ONA) 20 ag/day (fNR) llfe 441 daysd S0/42 12 Lung-C, 4 Kldney-C. Glbel et ,1., 
In flller aaterl,1 (50 ag/kg bw/day diet) 3 Node-L, 4 Llver-C 1916 
t,lc 20 lalJ/day llh 649 daysd S0/45 3 Llver-C 

(50 ag/kg bw/day diet) 
102 daysd control 0 0 50/49 2 I Iver -C 

0 • ' 0 _, 
...... 
CD 
CD 
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0 
0 
-.I 
a, 
0 

< 
I .... 
0 

0 • ...... 
0 
-.J ...... 
a, 
a, 

Sp•cl•\ 

Ral 

Rat 

Rat 

lyp• of A\b•\IO\ Do\•/ I xpo\ur• 
•nd f lb•r Dl .. nslons• V•hlcl• 11 .. 

chry\ol I l• I. IOI In dl•l (lfNR) 37 aonlhs 
UICC Canadl•n (DNR) •d llb 
c• llu lo\• fiber lffll In dl•t 37 aonlh\ 

ad llb 
control 0 0 

a,oxy-.than•• 1.4 111)/kg wt'Pk S.C. 10 WPh 
•1oxy-.th•n• plus 1.4 119/kg w•k s.c. 10 Wl'Ph 
aao\lt•, UICC (DNR) 10 IIIJ, 3/IIPek (lfNA) 

IG 
azoxy-.than• plus 1.4 111)/kg IIPPk S.C. 10 w•h 
chrysotll• I, UICC 10 111J 3/WPek (lfNR) 
(DNA) IG 

aaoslte, UICC (DNA) 10 111J 3/WPPk (lfNR) 10 IIPPh 
JG 

chrysotll• I, UJCC 10 111J 3/WP•k (lfNR) 10 w•h 
(DNA) llfNR) IG 

salln• 1.0 al 3/w•k IG 10 .... h 
(gavag•) 

unlrHled 0 0 

azox,-.lhan• 1.4 119/kg w•k \.c. 10 w•h 

azox,-.than• 1.4 IIIJ/kg Wf'Pk \.C. 10 Wf'Ph 
plu\ •ao\lle, UICC 10 111J 3/w•k (lfNA) 
1DNA) IG 

satin• plus 1/w•k h .r.) 10 we•h 
aaoslte UJCC, (DNA) 10 111J 3/wek llfNR) 

JG 

lABLI V-7 (conl.) 

Sludy No. Anlaah ----- Tiaon R•f•r•nc• 
Dur al Ion 

lnltlal/lxaaln•d No. I oullon lypeC 
-----
37 aonlh\ 740/189 4 3 Colon-C, Abdoalnal Donha el •l., 

lle\olhP I loaa 1'80 
37 aonths 1411191 1 Colon-( 

37 aonths 111/11!1 3 Colon-C 

34 w•h 11/11 11 !I ll•ua-C, 1 Colon C Nard et •l .• 
34 w•ks 11/18 10 l ll•ua-C, 1 Colon-C 1980 

34 WPh 71/11 10 4 ll•ua-C, 6 Colon-C 

34 lfPPk\ 11/11 0 NA 

34 weeks 11/11 0 NA 

34 w•h 11/11 0 NA 

14 w•h 11/11 0 NA 

9!1 we•h !,0/48 39 17 ll•ua-C, ward •t al., 
1l Colon-C 1980 

9!, WPh !,0/48 44 l!I I l•ua-C, 
14J Colon-C 

9!1 weeks !,0/49 11 I l•ua-C 
Ill Colon-C 
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0 
0 _, 
CD 
0 

< 
I _, 

"' 

0 .. ...... 
0 _, 
...... 
CD 
CD 

lABl f V-'l (conl. I 

Specie, lype of A,besto, 
•nd fiber Dlaen,lon,• 

Do,e/ 
Vehlc le 

l 1po,ure 
llae 

Sludy 
Dural Ion 

No. Anlaah 

lnlllal/(1aalned No. 

R•I .. rgarlne control 0 0 1 lfe 

control 0 0 1 lfe 

Rat chr y10ll le • JR 11 In diet beginning neonatal 
aedl•n L. 0.8'1 ..- 11111110• fig) with daa, through 
median D - 0.089 ..- through llfellae 

llfel lae 

•source: Adapted froa Condie, 1983 wllh addition, 

bJype of a,be,tos and dlaen,lons (dlaen,lon, dependent on method of preparation): 
llod•l length 1..-1 

Crocldollle, UICC (South African) 0.6 

Aao,lte, UICC (South Afrlc•n) 

lreaollle (lllonl•n•) UICC 

1.4 

s. 1 

Anlhrophylllle, UICC (f lnnhh) S.1 
froa L•nger el •1., 1914 (ultra,onlc•lly dlsper,ed In waler) 

Chry,ollle, IIIHS 
Short Range (SRI, 
CCallf., Union Carbide) 

Chry,ollle IIIHS 
lnleraedl•le Range (IRI, 
CQuebec, John\ flanvllle-
Pla,tobesl-101 

froa llP, 198S 

0.66 

0.8'1 

'14/'14 

'll/'13 

'lSO/'lSO 

4 

'l 

9 

lllodal Width(..-) 
0.13 

0.14 

0.11 

0.18 

O.OS9 

0.089 

l&aar, Reference 

Loullon typeC 

Adrenal-[, lolton et •l .• 
Bladder-[, 1981 
Per I lone•-S 
f al -S , L P1Phoaa 

Benign epithelial NTP. 198S 
neopla,a, (adenoaalou, 
polyps) of the large 
lnte,tlne 

Chrysollle CQuebec) 
Range of llean C..-1 
1000-'lOOO 

Range of llean C..-1 
0.030-0.038 

froa Atkinson el al., 1911 
Cafler allllng) 

cc. carclnoa1; S • ,arcoaa; L 

dfle.an ,urvlval liar 

IP1Phoaa 

eA,oxy ... lhane and saline given subcutaneously, aaoslle, chry,ollle and ,allne adalnlslered by oral gavaqe 

faf1. Million a11phlbole fibers/Iller 

DNA - Dl•nslon, nol reported; ltNA - nUlllher of flbl'rs nol reportl'd; IG 
subcut.tneou, 

lnlraqastrlc; NA Nol .tppllrable; NA not reported; ,.c .• 

-



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

ments us1ng rats fed chrysot1le and croc1dol1te 1n butter 1n concentrat1ons 

of 5-10 mg/day for 21 months. The data were the unpubl1shed results of 

var1ous exper1ments conducted over the prev1ous 10 years by three d1fferent 

1 ~borator1es. No ev1dence of cancer or any other type of les1on was found 

from feed1ng ·htgh" asbestos by gavage 1n butter or margar1ne for ~21 

months. No ev1dence of asbestos penetrat1on 1n the GI mucosa was fo·und. 

The exper1ments were flawed because of small numbers 1n each group, l1mHed 

adm1n1stered doses and, most 1mportantly, systemat1c h1stolog1cal 

exam1nat1on was done on only 53 of over 200 an1mals. Further 1nformat1on on 

exper1menta1 procedures was not prov1ded. 

In groups of 25 male and female 10-week old Whtar rats fed 20 mg 

chrysot1le asbestos/day (50 mg/kg bw/day) throughout the1r 11fet1me, 12/42 

ma11gnant tumors developed 1n the an1mals (4 k1dney carc1nomas, 1 lung 

carc1noma, 3 ret1cular cell sarcomas, 4 11ver-cell carc1nomas) wh1ch had an 

average surv1val t1me of 441 days (G1bel et al., 1976). One lung adenoma, 2 

cholang1omas, 2 pap111omas of the forestomach and 2 manrnary f1broademonas 

were also observed. Th1s result was stat1st1cally s1gn1f1cant (p<0.01) 

compared w1th two mal\gnant tumors 1n the control group. In the 

asbestos-exposed an1mals, four of the ma11gnanc1es were k1dney carc1nomas, 

four were 1\ver carcinomas, three we.re lymphomas and one was a lung 

carc1noma. Wh11e the f11ter\ng mater1a1 was stated to conta1n 52.6% 

chrysot11e, asbestos, sulphated cellulose and a condensat1on res1n, the 

absence of spec1f1c deta11s on the other mater1als present 1s a ser1ous 

def\c1ency. Among 50 an1mals fed 20 mg/day talc (50 mg/kg/day) for 11fe 

w1th an average surv1val time of &49 -days, 3/45 dev~loped 1\ver carc1nomas 

and 4/45 manrnary f1broadenomas were seen, a result that d1d not dHfer from 
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the control group, wn,ch had 2/49 1,ver carc,nomas and 5/49 mcHTJTh:'lry 

f1broadenomas and an average surv\val t1me of 202 days. 

Cunningham et al. ( 1977) conducted two 1 HeUme feed1ng stud1es o:i a 

11m1ted "11, .. ,'ler of male W1star rats. One percent Johns Manv11le No. 7Rf02 

chrysoU ·1~ asbestos (lfNR, DNR) w1th 5" corn 011 was added to a rat chow 

d1et and fed to groups of 10 and 40 rats 1n two separate exper1ments. In 

the f1rst study, &/7 surv1v1ng .. an1mals were found w1th tumors, whereas one 

malignancy was observed 1n e1ght controls. No GI cancers were observed but 

· two mal\gnanc1es 1n the asbestos-fed animals were k1dney nephroblastom.as. 

In the second study, rna11gnancles were observed 1n 11/40 asbestos-fed 

an1mals and 11/40 control animals. Two of the ma11gnanc1es 1n the 

asbestos-fed group were in the GI tract; one of the mal1gnanc1es in the 

control group was a nephroblastoma, wh1ch lessens the s1gn1f1cance of these 

tumors in the asbestos group. The authors concluded that small amounts of 

asbestos can penetrate the lining of th~ GI tract but no conclusions could 

be drawn as to the carcinogenic potential of 1ngested asbestos. 

Sm1th et al. (1980) studied sh groups of &O two-month-old hamsters 

exposed .to 0.5, 5 or 50 mg/t (lfNR) of UICC amos1te (DNR) and Reserve 

Min1ng Co. tacon1te ta1lings (DNR) in drink1ng water. f11tered water from 

Lake Super1or was given to 120 control animals. In the low and 1ntermed1ate 

amos1te exposure groups, 4 mal1gnanc1es [l lung carcinoma, 2 stomach 

squamous ce)l carcinomas (noninvas1ve), l per1toneal mesothelioma) were 

found. However, no mal1gnanc1es were 1dentH1ed 1n the h1ghest exposure 

group and the authors d1d not attr1bute the observed mal1gnanc1es to the 

asbestos exposure because of the absence of a cons1stent dose-response 

grad1ent. 
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Donham et al. (1980) 1nH1ated a 1Het1me study of male and female F344 

rats fed 10% (#fNR) milled UICC Canadian chrysot11e B (DNR) 1n the1r d1et. 

S1m11ar numbers of colon cancers were observed 1n the exposed group (4/189), 

a group fed 10% cellulose f1bers (2/197) and an undosed control group 

(3/115). The dH~e""'"ces 1n the number of colon tumors were not 

s1gnH1cant. Actuar1al analys1s 1nd1cated that the asbestos-fed rats were 

at a greater r1sk for develop1ng 1es1ons (17.9%) than the cellulose-fed rats 

(13.&%) and control an1mals (8.2"). These d1fferences are not stat1st\cally 

s1gn1f1cant when compar1ng the asbestos-fed group w\th the other two 

groups. Although the development of colon tumors was not stat1st1ca11y 

d\fferent at the p<0.05 level, the authors concluded that the 1ngested 

asbestos may have had some role 1n colon carc1nogenesis as ev1denced by 

electron m\crographs show1ng penetrat1on by asbestos f1bers 1n the 11ning of 

the GI tract, lowered cAMP levels and an 1ncreased cumulat1ve r1sk 1n 

asbestos-fed an1mals to develop colon les1ons. 

Ward et al. (1980) also 1nvest1gated the cancer-promot1ng potent1al of 

1ngested asbestos. UICC amos1te (DNR) was adm1n1stered to 21 rats 

1ntragast1cly 3 t\mes per week for 10 weeks at a dose of 10 mg (#fNR). No 

mal1gnant tumors were reported after 34 weeks of observat1on. When UICC 

amosHe was aga1n adm1n1stered wHh sal\ne at the same dose for the same 

t1me per1od but the 50 an1mals were observed for 95 weeks, 17 tumors (16 

carc1nomas of the colon, l carcinoma of the 1leum) were reported 1n 49 

an1mals exam1ned. No concurrent controls were observed but the 1nc1dence 

greatly exceeded that of 1% reported 1n h1stor1cal controls (0/21 tumors by 

sal 1ne and 0/21 untreated). Groups of rats were also exposed to azoxy-

methane subcutaneously plus UICC amos1te (DNR) or chrysot11e B (DNR) by 

1ntragastr1c adm\n\strat\on. S1ngle agent and untreated controls were also 
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studied. Th1s study 1s 11m1ted by the short adm1nistrat\on period of the 

asbestos. If the asbestos acts as a promoter, 1t would have been des1rable 

to have cont1nued administration to assure - the presence of 

potential s1tes of cancer over the lifet1me of the animals. 

however, the amos1te w1th i: week study duration clearly 

fibers at 

Notably, 

showed a 

s1gn1f1cant increase whereas shorter duration study groups i.e., 34 weeks 

for amosite and chrysot1le showed no response. 

A study by Hilding et al. (1981) was designed to invest1gate the 

potent1al carc1nogen1c effect of taconHe ta11ings, Johns "anville 

Paper-bestos No. 5 chrysotile and UICC amos1te, UICC amosite only, and 

diatomaceous earth 1n drinking water and in cottage cheese. Groups of 22-30 

rats were supplied water w1th these various materials throughout the1r 

11fet1me. A variety of malignancies were found in each exposure group, 

although none were attributable to asbestos exposure. However, a pleural 

mesothelioma was ident1f1ed 1n a group exposed to amos1te plus chrysot11e 

and a peritoneal mesothel1oma was identified 1n the d1atomaceous earth 

exposed group. A study by Bolton et al. (1982) exam1ned the carc1nogenic 

effects of asbestos on groups of 22-24 rats fed 250 mg/week (#fNR) of UICC 

amosHe (DNR), UICC crocidolHe (DNR) or UICC chrysot1le (DNR) in margar1ne 

for ~25 months. No excess malignancies were found in the exposed group 

compared w1th the margarine or undosed control groups. 

Four stud1es on the chronic effects of dietary exposure to f 1bers have 

been published by the NTP (1982a,b,c, 1985) and presented by McConnell et 

al. (1983a,b). Two of these studies 1nvestigated the effects of dietary 

exposure to amosite and chrysotile asbestos 1n Syrian golden hamsters (NTP, 
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1982a,b; McConnell, 1983a). Groups of -240 male and female hamsters were 

fed 1% asbestos by weight (#fNR) in pellets of either amos1te (med1an length 

4.37 µ111; aed1an d1ameter 0.72 "'1!; 34bbxlO• fig) or 1 of 2 samples of 

chrysot11e asbestos [one short range (SR) (med1an length O.bb µ111; med1an 

d1ameter 0.059 µm; bOSlxlO• fig) and ~he other 1ntermediate range (IR) 

1n length (med1an length 0.82 µm; m1 .,1an d1ameter 0.0089 "'11; 129lxl01 

f/g)] 1n test d1ets. Male and female groups of -175 an1mals were fed IR 

chrysot11e and oral doses of 4 mg/kg 1,2-d1methylhydraz1ne d1hydroch1or1de 

(DMH) every other week for 10 weeks. For each exposure group four male and 

four female control groups of -125 anh1als each were stud1ed. Male and 

female control groups of -125 an1mals each were exposed to DMH alone. The 

only group to show a s1gn1f1cant (p<0.05) increase 1n overall primary tumors 

was the chrysot1le group. Th1s 1ncrease was due pr1mar1ly to adrenal cortex 

tumors. Male hamsters rece1v1ng SR chrysot1le or the comb1ned DMH/IR 

chrysot1le exposure also showed an overall pr1mary tumor 1ncrease re1at1ve 

ta pooled controls. However, when surv1val d1fferences were taken 1nto 

account, the excesses were not stat1st1cal1y s1gn1f1cant. S1gn1f1cant 

1ncreases 1n cort1cal adenomas were seen 1n male and female IR 

chrysot11e-exposed groups when compared w1th pooled controls, but not when 

compared w1th temporal controls. None of the treated groups showed an 

1ncreased r1sk of mal1gnancy 1n the GI tract. The absence of GI tumors was 

be11eved to weaken any assoc1at1on of adrenal tumors w1th chrysot11e 

exposure. 

w1th or 

None of the male or female an1mals that were adm1n1stered DMH, 

w1thout chrysot1le asbestos, showed s1gn1f1cant 1ncreases 1n 

1ntest1na1 cancer. Thus, under the cond1t1ons of the b1oassay, amos1te 

asbestos SR or IR chrysot11e asbestos were not shown to be carc1nogen1c when 

1ngested by male and female Syr1an golden hamsters. The carc1nogen1c 
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stud1es of the comb1ned exposure to IR chrysot 1 le asbestos and OHH are 

cons1d~red inadequate because of no 1ncrease 1n 1ntest1nal neoplas1a 1n the 

DMH group. 

Experiments similar to the hamster studies have been conducted by 

McConnell et al. (1983b) and NTP (1982c) to determ'.,c:: the chronic effects of 

ingestion of Penge, Transvaal, Republ1c of South Afr1ca amos1te asbestos and 

Governeur, NY nonf1brous tremolHe 1n F344 rats. One percent tremolHe or 

amosHe asbestos (med1an length 4.37 i,m; med1an d1ameter 0.72 i,m; 

34&&xlO• fig) by weight (#fNR) was incorporated 1nto the animals diet and 

f e d t o gr o up s ( n = l O O - 2 5 0 ) o f ma l e a n d f ema l e r a t s f or the i r 11f e t1 me ( t h i s 

includes prenatal exposure as a result of dams being fed asbestos during 

gestation). Male and female animals, in groups of 175 each, were exposed to 

amosHe and '5-15 mg/kg OHH. Pos1tive controls of 125 male and 125 female 

animals were exposed to OHH alone. Male and female groups of 100 rats were 

g1ven 470 mg/kg bw chrysotile by gavage before wean1ng (21 days postpartum) 

and subsequently fed the amos1te diet. A signif1cantly increased incidence 

of C-cell carcinoma of the thyro1d was found 1n amos1te-treated male rats. 

Nons1gn1f1cant 1ncreases were seen 1n female rats and both the male and 

female groups that underwent preweaning gavage. No excess neoplasms of the 

GI tract were found 1n any treated group, nor were any excess carcinomas 

found at any s1te in the tremol1te-exposed rats. A very h1gh incidence of 

GI neoplasia was exper1enced by the OHH and the OHH-amosite groups. 

However, the overall incidences of cancer at different sites were similar 1n 

the OHH and OMH-amos1te groups, but some spec1f1c d1fferences occurred. For 

example, 11% of the OHH-amos1te group developed cancer of the duodenum 

versus 2% of the controls. On the other hand, 9" of the OMH controls 

developed neoplasms of the jejunum versus 1" in the OMH-amos1te group. 
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Overall, the data suggest that amos1te asbestos has ne1ther a cocarc1nogen\c 

nor protect1Ye effect on the carc1nogen1c potent1al of DMH. However, the 

very h1gh 1nc1dence of can~er 1n the DMH-exposed groups precluded a 

def1n1t1ve statement on the role of asbestos as a cocarc1nogen or promoter. 

Under the cond1t1ons of the l1fet1me b1oassay, ne1ther tremoi~·~ nor amos1te 

asbestos was found to be carc1nogen1c when 1ngested at the 1~vel of 1% d1et 

1n male and female F344 rats. 

In a more recent study, groups of 88-250 male and female F344 rats were 

exposed to 1% chrysot1le asbestos f1bers [Un1on Carb1de Corp., COF-25 SR 

(med1an length O.&& 'IAm; med1an d1ameter 0.059; &081x10-• fig) and Johns 

Manv1lle Co., Plastobest-20 IR (med1an length 0.82 µ!Tl; med1an d1ameter 

0.089, 129lxl01 f/g)] 1n the1r d1et as part of a 11fet1me carc1nogen1cHy 

study (NTP, 1985). Exposure began wHh the dams of the test an1mals. A 

subgroup of 100 male and female chrysot1le exposed rats rece1ved 0.47 mg/g 

of the IR f\bers \n dr1nk1ng water by gavage dur1ng lactat1on. At 9 weeks 

of age, another subgroup of 125-175 control and asbestos-exposed rats were 

g\ven DMH (7.5 mg/kg for males. 15 mg/kg for females) by gavage every other 

week for 10 weeks (5 doses). No s1gns of maternal or fetal tox1cHy were 

observed 1n the asbestos exposure group. Males and females exposed over 

the\r 11fet\me also showed no overt s1gns of tox1cHy. Ben1gn epHhel1a1 

neoplasms (adenomatous polyps), however, were found 1n the large 1ntest\ne 

of some male rats (9/250, P=0.08) fed the IR asbestos. The 1nc1dence of 

these neoplasms was h1ghly s1gn1f1cant (p=0.003) when compared wHh the 

1nc1dence of epHhel1al neoplasms (ben1gn and malignant) 1n male controls 

(3/524). Therefore, NTP (1985) cla1med there was •some• ev1dence of 

carc1nogen1c1ty 1n male rats exposed to IR chrysot1le f1bers. No ev1dence 
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for carc1nogen1cHy was found 1n male and female rats exposed to the SR 

fibers. The coadm1n1strat1on of DMH and IR asbestos ·d1d not 1nd1cate that 

IR chrysot11e asbestos had eHher a tcmor-enhanc1ng or protective effecP 

(see Chapter VIII). 

In sunmary, three an1mal stud1es (G1bel et al., 1976; Ward et al .• 1980; 

NTP, 1985) demonstrated that asbestos f1bers can be assoc1ated w1th GI 

tumor1gen1c1ty (ben1gn and mal1gnant). Chrysot1le and amos1te seem to 

produce a response 1n rats although the respons1b111ty 1s not clear. Taken 

as a whole, the oral studies data base cover1ng different types of f1bers. 

rats and hamsters, about 15 d1fferent authors w1th many more spec1f1c 

1nd1vidual b1oassays do not present a consistent p1cture of 

carc1nogen1cHy. Many studies, however, involved very few animals and an 

occas1onal suggestive tumor, such as mesothelioma. that could not be 

unequ1vocably associated w1th the asbestos exposure. Conversely, positive 

stud1es, such as that of G1bel et al. (1976), were marred because of the 

absence of 1nformat 1on on poss1ble exposures to other carc1nogen1c 

materials. The NTP (1982a,b,c) studies on the ingestion of amos1te and 

chrysot1le asbestos -by hamsters and amos1te asbestos by F344 rats at the 1" 

level d1d not 1ndicate any carc1nogen1c effect of ingested asbestos. In the 

NTP (1985) male rats 1ngest1ng IR chrysot11e f1bers at 1% 1n the diet had a 

significant 1ncrease in ben1gn ep1thel1al neoplasms in the large 1ntest1ne. 

The overall animal evidence 1s adequate to re1nforce the concern for the 

carcinogenic potential of asbestos by ingestion exposure, as would be 

inferred from the qu1te strong human data base on 1nhalat1on exposure. The 

add1t1onal strong associat1on of GI cancers w1th 1nhalation exposure and the 

various hypotheses of how the ingestion exposure occurs further add to the 

qua1Hat1ve ev1dence that under certa1n cond1t1ons 1ngest1on may pose some 
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human rhk, albeH. f\ber character1st1cs and exposure reg1me may play a 

role. The strength or weakness of the dose-reponse 1nformat1on for 

1ngest1on exposure v1a the dr1nk.1ng water Vt!h1clE: 1s a separate quest\on. 

Th1s 1s \nterpreted as 11m1ted ev1dence that \ngested chrysot11e asbestos 

f\bers may be carc1nogen1c. Further research h needed to clarHy th\s 

1ssue. 

lntraper\toneal Adm1n1strat1on -- Intraper1toneal 1nject1ons of 20 mg 

(#fNR) croc1dol1te (DNR) or chrysot1le (DNR) produced three per1toneal 

mesothe11omas 1n 13 CD rats. No tumors were produced by 20 mg (lfNR) of 

amos1te (DNR) 1n a group of 11 rats (Malton1 and Annosc1a, 1974). The same 

1nvest1gators also 1njected 25 mg (lfNR) croc1do1He 1nto 50 male and 50 

female 17-we~k-old Sprague-Dawley rats and observed 31 mesothel1al tumors 1n 

males and 34 1n females. 

In an extens1ve ser1es of exper1ments, Pott and Fr1edr1chs (1972) and 

Pott et al. (1976) produced per1toneal mesothel1omas 1n m1ce and rats 

injected w1th var1ous conrnerc1al var1et1es of asbestos and other f1brous 

material. These results are shown 1n Table V-3. W1th use of ball-milled 1n 

comparison to nat1ve f1bers, the rate of tumor product\on was reduced from 

55% to 32% and the t1me from onset of exposure to f1rst tumor was lengthened 

from 323 days to 400 days following adm1n1strat1on of four doses of 25 mg 

(#fNR) UICC Rhodes1an chrysot11e A (DNR). In the case of the ball-milled 

f1ber, 99% were reported to be <3 µm 1n length, 93%. <l µm and 60% 

<0.3 µm. The data suggest that large-d1ameter f1bers (>3 µ111) are more 

carcinogenic than finer f1bers. The reduced carc1nogen1c1ty of shorter, 

ball-milled fibers may also be a by-product of the abras1ve procedure used 

00780 V-21 04/07/88 



TABlf V-J 

lUIIOr\ In AbdOIIPn and/or lhora• after lntraperlloneal lnJecllon of Gla\\ 
0 I lbers, Crocldollte or Corund1111 In Rat\• 
0 _, 
a, 
0 ----------

I ffecl he No. No_ Of tidy\ Average Survival Tlae Rah with Tiaor T1!!d Ou\tb- for• lose of Dluecled Before first of Rais with liaors lUIIOr\ ... , Rah lUIIOr ldays· afler lnJecllon) IX) 1 1 3 • s 6 

Glau fibers f 1 1J 471 10] 11.4 11 J 1 
.. 104 

Glau fibers f 10 11 no 611 S3.1 36 4 1 3 -
.. 104 

Gian f lbers f 1•1S 11 194 3(11 11.4 41 6 2 
M 104 

Crocldollle, UICC f 2 llfNR) JCJ 4S1 1(11 38.S 11 3 1 
IDNR) 

Corund1111 g 112S 31 S4S 1CJCJ 8.1 1 1 1 2 
< UICC Rhodes Ian f 1 llfNR) 31 I 431 6S1 16. 2 4 1 
IV chrysotlle A (DNR) IV 

UICC Rhodesian f 6. 2S C,fNR) JS 343 SOI 11. 1 14 J 
chry\ollle A IDNR) 

UICC Rhodesian f 1S C,fNI) 31 116 419 80.6 21 1 
chry,ollle A IONI) 

UICC Rhodes Ian f 412S C,fNI) 33 323 361 S4.S 16 2 
chry\ollle A IDNI) 

UICC Rhode,lan f J11S (lfNI) JJ 449 449 J.O - l 
chry\ollle A IONR) \.(. 

UICC Rhodesian A f 412S (lfNR) Jl 400 SOCJ 31.4 CJ 3 
IDNR) 

Pa lygor \C Ile f J11S 34 2S1 348 lfl.S 24 2 

Glau fibers f 1 34 flCJ2 flCJ2 2.CJ 
C) S • S 10(1 -...... C) Glau fibers f 10 ]fl J'.O SlO 11. 1 2 1 ..... S • S 10(1 ...... 
a, 
a, Glass fibers f hlS 31 191 J1S 11. CJ 20 3 

S • S IOfi 
-----
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to create these f1bers. Langer et al. (1978) demonstrated a dose-response 

relat1onsh1p between length of m1111ng Ume and the reductton 1n 

crystall1n1ly of the f1ber. Th1s was accompan1ed by changes 1n surface 

chem1stry and decreased b1olog1ca1 acth1ty. An1ma1 stud1es us1ng short 

f1bers created by less v1gorous methods have shown greater b1olog1cal 

response than studtes us1ng f1bers created by ball m1111ng. Furthermore, 

the extrapolat1on of data developed on s1ze-dependent effects, from 

1ntrapleural or 1.p. adm1n1strat1on to 1nhalat1on (where movement of the 

f1bers 1n a1rways and subsequently through body t1ssues 1s strongly 

s1ze-dependent) presents s1gn1f1~ant d1ff1cult1es. F1nally, s1nce the 

number of smaller f1bers 1n an exposure c1rcumstance may be 100 t1mes 

greater than those >5 !Am tn length, the reductton of the1r carc1nogen1cHy 

must be demonstrated at a level 100 t1mes less before thetr contrtbutton can 

be neglected. 

Intrapleural Adm1n1strat1on -- Intrapleural tnJecttons of 25 mg (#fNR) 

chrysottle (DNR) or amos1te (DNR) tnto hamsters produced tumors dtagnosed as 

pleural mesotheltomas (Smtth et al., 1965). When three groups of 50 hamster 

were treated wt th the same dose level, 8-10 such tumors were reported tn 

each group (Smtth et al., 1972). 

Smtth (1973) also gave r1ght pleural 1nJecttons of 25 mg (lfNR) of 

conmerc1al talcs ·(Whtttahen, Clark and Dantels, Inc.) conta1n1ng tremoltte 

asbestos (DNR) suspended 1n 0.5 mt sa11ne to 50 hamsters. Antmals were 

followed for thetr 11fet1me and no tumors attr1butable to the treatment were 

found. 
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"utagen1c1ty. In a prel1m1nary study, chromosomal aberrat1ons were 

seen -1n Ch1nese hamster cells cultured 1n a med1um conta1n1ng 0.01 mg/ml 

(lfNR) of e1ther SFA chrysot11e (DNR) or UICC croc1do11te (S1ncock and 

Seabr1ght, 1975). No chromosomal aberrat1ons were seen 1n culture w1th 

coarse glass f1bers or w1th control med1a. A more extens1ve ser1es of 

exper1 .... :,,LS by S1ncock (1977), us1ng several chrysot11e (DNR) and 

croc1do11te (DNR) samples, showed that both pos1t1ve transformat1on of 

morphology and pos1t1ve genet1c responses result from the pass1ve 1nclus1on 

of asbestos 1n culture med1a of CHO-Kl Ch1nese hamster cells. Very f1ne 

f1brous glass produced the same abnormal1t1es seen 1n untreated cultured 

cells. The pr1nc1pal results are shown 1n Table V-4. 

Chamberla1n and Tarmy (1977) tested UICC Canad1an chrysot1le, UICC 

amos1te, UICC anthophyll1te and superf1ne Canad1an SFA chrysot11e on several 

stra1ns of Escher1ch1a co11 and Salmonella hph1mur1um bacter1al systems 1n 

wh1ch mutagen1c1ty to exogenous mater1als appears to correlate well w1th 

an1mal carc1nogen1c test data. 1. co11 tester stra1ns 1ncluded the 

follow1ng: Bir, WP2, WP2 uvrA and WP2 uvrA polA. Test1ng of asbestos for 

mutagen1c1ty 1n ~- typh1mur1um was 11m1ted to 1nvest1gat1on of tester 

stra1ns TA1535 and TA1538. No more recent stud1es were ava1lable prov1d1ng 

data on test1ng of asbestos 1n the more sens1t1ve stra1ns TA98 and TAlOO. 

Doses ranged from 1-5000 ~g/l of asbestos for 72 hours. Several 

pos1t1ve and negathe controls were used 1n all exper1ments. No mutagen1c 

act1v1ty was assoc1ated w1th asbestos over the w1de range ~f concentrat1ons 

for e1ther test system. The authors po1nted out that prokaryot1c cells 

(bacter1a) do not phagocyt1ze the f1bers as do eukaryot1c cells, such as 

macrophages. 
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Chrysot1le, croc1do11te and amos1te asbestos appeared to have no 

1ndependent nwtagen1c capab11Hy 1n test\ng of Syrian hamster embryo cells 

(Newman et al.. 1980), but after 20 hours of interaction between chrysot11e 

asbestos and the cultured cells. alterat\ons were observed 1n glycol 1p1ds 

and glycoprote1ns located ,;, :he cell membrane surface. Since these changes 

were observed after prolon-Jed exposure of the cells to asbestos, the data 

support the concept that a metabol1c rather than a mask1ng effect 1s 

involved. The authors theorize that the membrane changes 1ncurred by 

asbestos serve to allow other mutagens to pass 1nto the cell so as to act on 

the nuclear structure; however, this theory has not been exper1mentally 

pursued. 

Teratoge~1c1ty/Reproduct1ve Effects. Schneider and Maurer (1977) gave 

pregnant CD-1 m1ce (10-12/dose) 4, 40 or 400 mg Johns Manville No. 7RF02 

chrysotne asbestos/kg bw (1.43, 14.3 or 143 mg asbestos/mt) 1n their 

drinking water during days 1-15 of gestation. Water consumpt\on did not 

vary between the different dosage groups. There was also no difference 1n 

embryo survival between the treatment groups and the controls, wh1ch 

received only tap water. There were no signs of maternal tox1c1ty. 

In a second study, Schneider and Maurer (1977) cultured 4-day-old mouse 

blastocysts in 1, 10 or 100 µg Johns Manville No. 7RF02 chrysotile 

asbestos for 4 hours. The blastocysts were then transferred to day 3 or day 

4 pseudo-pregnant m1ce. There were no s1gn1ficant differences 1n the rate 

of implantation between the Johns Manv111e No. 7RF021 chrysot1le asbestos 

exposed blastocysts and the controls. There was, however, a difference 1n 

fetal v1ab11ity. A s1gnif1cant dose dependent relat1onsh1p was reported 1n 
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the number of dead and resorbed fetuses 1n the day 3 (p=0.05) and day 4 

(p.Q.06) pseudo-pregnant mlce. It should be noted that the authors' level 

of s1g.,1f1cance was estab11shed as p<0.10. No dose-response relat\onsh1ps 

were observed 1n the post1mplantat1on mortalHy 1n day 4 m\ce. The day 3 

111\ce were stated to show a dose-dc:"r"'rfent 1ncrease 1n fetal morta11ty 

(p<0.05). Other signs of fetotox1c1ty (decreased fetal we1ght, stunted 

fetuses and malformations) were not s1gn1f1cantly d1fferent between the 

controls and a_sbestos exposure groups. Electron m1crographs 1nd1cated that 

the zona pelluc1da protected the trophoblast cells of the blastocyst from 

asbestos fibers. 

The ev1dence supplied by Cunningham and Pontefract (1974} of transpla-

cental transfer of Johns Manville Co. No. 7RF02 chrysot1le (length O.S-2.0 

~m; diameter NR) asbestos (9.4xlO• f/mt) supports the poss1b111ty of 

the occurrence of teratogen1c or reproductive effects following asbestos 

exposure (see Chapter Ill the Absorpt1on and 01str1but1on:Inject1on of 

Asbestos Sect1on). 

Su11111a r y 

Genera_l tox1c1ty follow1ng the 1ngest1on of asbestos 1s minimal w1th no 

specif1c target organ defined. Asbestos 1s considered to be a human 

carcinogen, U.S. EPA we1ght-of-ev1dence category A. The qualHaUve 

evidence for human carcinogenicity and the dose-response data base for r1sk 

analysts 1s q~He strong for the 1nhalat1on exposure route.· For exposure by 

1ngest1on. the qual\tat1ve data base 1s also strong based on observations 

from inhalaUon ep1dem1ology stud\es and some suggested observat1ons from 

1ngest1on ep1dem1ology studies. Some pos1t1ve responses 1n the rat confirm 

that asbestos has the potent1al for human carc1nogen1c1ty by the oral 
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route. However, the su\lab\l\ty and rel\ab\llty of the data to estlmate the 

carc\nogen\c r\sk from exposure to asbestos by 1ngest1on 1s much weaker than 

the data ba~e for exposure by 1nhalat1on. In add\t\on, many of the studles 

suffered from ser\ous 11m1tat1ons. From the stud1es rev1ewed, 11m1ted 1n 

both number and scope, asbestos has not beer ., •monstrated to be e1ther 

mutagen1c or teratogen1c. Data on the health effects of asbestos 1n an1mals 

are prov1ded and sunrnar1zed 1n Tables V-1 and V-2. 
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YI. HEALTH EFFECTS IN HUMANS 

Human health effects assoc1ated w1 th the 1ngest 1on of asbe.itos have 

centered around carc1nogen1c1ty. No known chron1c nonma11gnant effects have 

been assoc1ated wHh the 1ngest1on of asbestos or other fibers 1n water. 

Effects 1n humans assoc1ated w1th acute exposures have been restr1cte_d to 

the 1dent1f1cat1on of asbestos f1bers 1n the ur1nes of 1nd1v1duals 1ngest1ng 

the substances 1n water or other mater1als (Cook and Olson, 1979). The 

f1nd1ng of f1bers 1n body flu1ds has not been assoc1ated wHh any health 

effects. Auerbach et al. (1977) reported that the 1ngest1on of Duluth water 

contam1nated w1th amos1te (DNR; 14-600xlO• flt) d1d not result in a 

great 1ncrease 1n the number of asbestos bodies present 1n lung t 1ssue as 

v1ewed under a 11ght m1croscope. Carter and Taylor (1980) exam1ned ,;ver, 

Jejunum and lung t1ssue samples of persons w1th long-term (~15 years) h1gh-

level oral exposure to amos1te asbestos (average f1ber she = 1.Sx0.2 1,1m; 

2xl0 7 , flt) 1n Duluth, MN. Th1s f1ber type was found 1n s1gn1f1cant 

numbers (60") 1n the study group. The d1fferences 1n concentrat1on between 

t1ssues stud1ed was not stat1st1cally s1gn1f1cant. Greatest amounts were 

found 1n the lung foJlowed by the 11ver and Jejunum. 

An understand1ng of the effects of 1nhaled asbestos f1bers 1s 1mportant 

1n d1scuss1ng the effects of 1ngest1ng asbestos f1ber. Th1s former exposure 

results not only 1n lung cancers but 1n cancers at extrathorac1c s1tes as 

well. Inhaled asbestos fibers are thought to penetrate the- lung parenchyma 

and c1rculate 1n the lymph to other organs 1n the body. The cons1stency of 

an 1ncreased cancer r1sk from 1nhaled f1bers at extrathorac1c s1tes, and 1ts 

magn 1 tude, e1 ther 1 n abso 1 ute ( observed-expected deaths) or re lat 1 ve 

(observed/expected deaths) terms, 1s less for cancer at other s1tes than for 
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lung cancer. Nevertheless, many occupational stud\es document s\gn\f\cant 

cancer r1sks at var1ous GI s1tes. Cancer of the k1dney has also been found 

to be s1gn1f1cantly elevated \n two large stud1es (Sel1koff et al., 1979; 

Punton1 et al., 1979). Among female workers exposed to croc1dol1te, 

chrysot\le or amos\te asbestos or a comb\nat\on, ovar1an cancer has been 

found 1n excess (Newhouse et al., 1972). Wh1le no other spec1f1c s1tes have 

been shown to be elevated at the 0.05 level of s1gn\f1cance, the category of 

all cancers other than lung, GI tract or mesothel\al \s s\gn\f\cantly ele-

vated (Sel\koff et al., 1979). 

Table VI-1 l\sts all stud\es 1n wh\ch >10 GI cancers were expected or 

observed and \n wh\ch the overall lung cancer r\sk was elevated at the 0.05 

level of s\gn\f\cance. Th\s cho\ce el1m\nated many small studies from 

cons\derat\on, wh\ch have stat1st\cally uncerta\n data, as well as several 

large stud\es that demonstrated a low r\sk of lung cancer, e\ther because of 

exposure or follow-up c\rcumstances. Because the excess r\sk of GI cancer 

\s less than that of the lung, s\gn\f\cantly elevated r\sks are unl\kely to 

be seen \n stud\es that demonstrate 1\ttle lung cancer r1sk. Negative data 

\n such stud\es do not carry great s\gn\f\cance. Data \n Table VI-1 show 

that all but one of the 1\sted stud\es has an excess GI cancer r\sk, albe\t 

\n three stud\es the r1sk 1s small. However, 10 of the 23 stud\es demon-

strate the r1sk at a 0.05 level of s1gn\f\cance. F\gure VI-1 d\splays the 

relat\onsh1p between the relathe r1sk of lung cancer and relat\ve r\sk of 

GI cancer 1n the 12 stud\es w\th excess GI cancer r\sk. A cons\stent 

relat\onsh\p ex\sts between a greater GI cancer r1sk and an 1ncreased lung 

cancer r\sk. The GI tract obv\ously 1s exposed to f1bers because the 

majorHy of 1nhaled f\bers are brought up from the resp1ratory tract and 
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The rat,o of observed to expected mortality from lung cancer versus the 
ratio of observed to expected mortality from gastrointestinal cancer. 

Source: U.S. EPA, 1986a 
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swallowed (Morgan et al., 1975). Addit1onally, some f1bers may become 

entrapped w1th1n the gut wall (Storeygard and Brown, 1977). Never- theless, 

tt.e ma~n1tude of the excess fibers at GI sites is much less than that for 

the lung. In recent stud1es, the GI excess is -10-30% of the lung excess. 

The number of studies demonstrat)ng a statistically s1gn1ficant excess 

r1slc of GI cancer in asbestos-exposed groups and the correlation of the 

relative r1sk of GI with the relative risk of lung cancer are highly sugges-

tive of a causal relationship between asbestos exposure and GI cancer. 

However, alternative interpretations of the above data are possible. Doll 

and Peto (1985) have suggested that many of the excess cancers attributed to 

GI sites may be misdiagnosed lung cancers or mesothel1omas. They also c1te 

the absence of confirmatory an1mal data show\ng a risk of cancer at extra-

pulmonary sites as weighing against a causal relationship. However, 1t 1s 

difficult to accept that all excess GI cancers are the result of misdiagno-

sis. Wh1le cancers of some of the GI sites, part1cularly the pancreas and 

the stomach to some extent, are oft~n m1sdiagnosed mesotheliomas, cancer of 

the colon and rectum are usually correctly certified and the excesses at 

these s1tes across studies are unlikely to be the result of misdiagnosis. 

The U.S. EPAs Carcinogen Assessment. Group has reviewed studies w1th 

excess GI cancers and have concluded that the association between GI cancer 

excess and asbestos exposure is strong. 

Table Vl-1 also lists the observed and expected mortality for ~ancers 

other than mesothe 11 oma and the GI or res pi ra tor y tract. The elevation 1 s 

not as cons1stent as that for GI cancer. Only three studies have elevated 

risks that are significant at the 0.05 level, and deficits are observed 1n 
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four. The analys\s \s further compl\cated by the poss\b\l\ty that m1sclas-

s1f1cat1on of lung cancer or mesothel\oma may have occurred for some cases. 

For example, brain or lher cancers could be metastat1c lung cancers 1n 

wh1ch the pr1mary cancer was not properly 1dent1f1ed. In the study of 

1nsulators, Se1'koff et al. (1979) found that 2~,n pancreat1c cancers were 

m1sclass\f1ed; most of the m1sclass1f1ed were peritoneal mesothel1omas. As 

wHh GI cancer, the excess at other sites 1s much less than the excess for 

lung cancer and generally less than that for GI cancer. 

Unl1ke the situat\on of the 1nhalat\on of asbestos f1bers, no mesothe-

11oma case reports or case control stud1es document the role of 1ngested 

asbestos \n dr1nk1ng water 1n the et1ology of the d1sease. Th1s may be the 

result of an.overall lower r1sk of d\sease from sources of 1ngested asbestos 

compared wHh those from 1nhal 1ng a1r around factor1es or 1n the homes of 

workers. Potent1al cases of mesothel\oma caused by 1ngest1on would eas1ly 

be lost \n a background of cases wHh no attr1but\on. In humans, the only 

poss\b11Hy of 1dent1fy1ng a carc1nogen1c effect from 1ngest1on with water 

1s to do large scale ep1dem1ologic stud1es. Several stud\es have been pub-

lished that investigate the poss1b111ty of ·carc1nogen1c health effects 

caused by 1ngested asbestos 1n sh areas of the UnHed States and one 1n 

Canada. These areas are Duluth, MN; Connect1cut; San Franc1sco Bay; Utah; 

Puget Sound; Escamb1a County, FL and Quebec, Canada. 

Ep1dem1olog1cal Stud1es 

The \nHial concern over the presence of asbestos fibers 1n dr1nking 

wate; suppl\es began in 1973 after m1111ons of mineral f1bers/l were 

reported 1n Lake Superior, the source of municipal water for Duluth, MN and 

f1ve small conmun1t1es on the lake shore. It was d1scovered that the source 
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was the depos1t1on of m1ne ta111ngs (amosHe) 1nto the lake s1nce 1955. 

Connect1cut offered the poss1b111ty of us1ng data collected on asbestos-

cement (AC) p1pe (chry,ot11~) and 11nk1ng 1t w1th rel\able cancer 1nc1dence 

data from the 35+-year-old tumor reg1stry. In the San Franc1sco Bay area, 

the sources of several dr1nk1ng water suppl\es were aqu\fF-·c: or reservo\rs 

that had contact wHh rock conta1n1ng chrysot11e. In u.,eral Utah conmu-

n1t1es AC p1pe (chrysot11e) was used for per1ods exceed\ng 20 years. In 

add1t1on, Utah 1s also a member of the Surve1llance Ep1dem1ology and End 

Results (SEER) Program of the National Cancer Inst1tute (NCI) w\th a 

complete state-w\de tumor reg\stry. In the Puget Sound area of Wash\ngton 

State, three of the largest metropo11tan areas have been serv\ced by water 

suppl\es conta1n1ng chrysot\le f1bers s1nce the early 1900s. In Escamb1a 

County, FL, asbestos f1bers were detected 1n dr1nk1ng water apparently 

caused by the deter1orat1on of AC d1str1but1on ma1ns that have been used for 

30-40 years. F\nally, 1n Quebec, Canada, env1ronmental surveys revealed 

h1gh concentrat1ons of f1bers 1n dr1nk1ng water caused by extens1ve asbestos 

m1n1ng (chrysot\le). The stud1es undertaken 1n these areas w\11 be br1efly 

descr1bed 1n th1s chapter. The results are sunmar1zed 1n Tables VI-2 

and VI-3. 

Two stud\es were 1n1t1ally undertaken to 1nvest1gate the poss1ble 

effects of amos\te asbestos (DNR; 1-30xlO• flt) 1n the mun1c1pal water 

of Duluth, MN. Mason et al. (1974) reviewed the age-adjusted cancer death 

rates for Duluth \n four per1ods of t1me and compared them w1th those of the 

State of M\nnesota and Hennep1n County (M1nneapo11s). R1sk rat\os (Duluth/ 

compar1son group) were elevated for many GI s1tes, part1cularly males. 

However, h\gher r1sk rat\os for many sHes ex1sted before the water supply 

was contam1nated. The only cancer that showed a cons1stently 1ncreas1ng 
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TABLE Vl-3 

SU11111rr of Studies of Nongaslrolnlesllnal Cancer Risk In Relation lo Ingested Asbestos br Cancer Sllea,b 
0 
0 _, 
..0 
0 

Nongastrolnlesllnal Duluth Connect lcut Quebec Ba1 Area 1 CA Utah Puget Sound 1 WA Escallll11 Co •• Jl 
Cancer Sile 

2 3 4 s 6 1 8 9 10 11 12 13 14 

luccal cavltr and ns ns ns ns ns (00) (00) ns ns ns ns ns (00) "' pharynx 

Bronchus, trachea, (•O) ns (00) ns (00) ( •O) (+0) (•O) (00) ns ns ns (00) (00) 
lung-. 

Pleura ns ns ns ns ns ns ns (0•) (0+) ns ns ns ns ns 

Prostate (a1les onlr) ns ns ns ns ns 0 0 0 • ns ns ns • 0 

lldners ns ns ns ns (00) (00) (00) (0•) (00) ns (•0) (00) (00) (00) 

lllddH ns ns ns ns (00) (00) (00) (00) (00) ns ns ns (00) (00) 

Brain/CNS (00) ns ns ns ns (00) (00) (00) (00) ns ns ns (•-) ns 
< - (00) (00) ( .. , I Thyroid ns ns ns ns ns ns ns ns ns ns ns _, _, 

leukemia, aleukeala (00) ns ns ns ns (00) (00) (00) (00) ns (•0) ns (•-) ns 

•source: Adapted frOII lllarsh, 1983 

b(flale, feaale). Association ~Ith Ingested asbestos: • positive; 0 none; - negative; ns • not studied 

1. lllason et al., 1914 8. Kanarek et al., 1980 

2. Lev, et al., 1916 9. Conforti et al., 1981 

3. Sigurdson et al., 1911 10. Tir ter, 1981 

4. Harrington et al., 1918 11. Sadler el al., 1981 

5. flelgs et al., 1980 12. Severson, 1919 

0 6. Wigle, 1911 13. Pollssar et al., 1982 
tD ....... 

1. Toft et al., 1981 14. Nllletle et al., 1983 _, 
• ...... 
a, _, 



r1sk w1th calendar per1ods 1n both males and females was cancer of the 

rectum. A study by Levy et al. (1976) compared GI cancer 1nc1dence 1n 

Duluth w1th comparable data collected 1n M1nneapol1s and St. Paul for the 

years 1969-1971. Cancer of the stomach 1n males was s1gn1f1cantly greater 

1n Duluth than St. Paul, but not 1n M1nneapol1s. Colon/rectal cancer was 

lower 1n Duluth than e1ther M1nneapol \s or St. Paul. The only other cancer 

s1te elevated was that of the pancreas for males and females comb1ned. 

S1gurdson et al. (1981) cont1nued the follow-up of Duluth res1dents and 

compared Duluth rates for 1972-1974 w1th those of 1969-1971. Mortal1ty 

rates 1n Duluth were substant1ally greater than those of M1nneapol1s for 

cancer of the stomach, small 1ntest1ne and rectum 1n males and females, and 

cancer of t~e pancreas 1n females, for the years 1969-1971. However, as 

found 1n the earl1er study by Levy et al. (1976), the correspond1ng 1nc1-

dence rates for both c1t1es were qu1te s1m1lar. Lung cancer rates s1gn1f1-

cantly 1ncreased 1n females and decreased 1n males 1n Duluth between 

1969-1971 and 1972-1974. These changes are 11kely to be related to 

c1garette smok1ng hab1ts, rather than the 1ngest1on of the asbestos f1bers. 

In the f1nal study of th1s ser1es (S1gurdson, 1983) Duluth rates from 

1974-1976 were compared w1th those of 1969-1971. A decrease 1n cancer of 

the prostate and an 1ncrease 1n cancer of the pleura were found 1n males; 

1ncreases 1n uter1ne cancer, mult1ple myeloma and cancer of the lung were 

found 1n females. 

Two stud\es have been conducted of relat\vely small populat\ons 1n 

Quebec that were exposed to exceed\ngly h\gh concentrat\ons of chrysot 1 le 

(DNR; l.l-1300xlO• flt) 1n dr1nk1ng water. Unfortunately, the results 

are 1n part confounded by occupat1onal and res1dent1al exposures to a1rborne 
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asbestos because of m1n1ng act1v1t1es 1n the area. The study by W1gle 

(1977) compared the morta11ty rates for various causes 1n 1nd1v1duals 

1ngest1ng ~10• flt of chrysot1le asbestos 1n water compared w1th those 

dr1nk1ng what was thought to be much lower concentratfons of asbestos. 

Excess cancers of the stomach and lung 1n males and of the pancreas 1n 

females were observed 1n the two mun1c1palH1es w1th extremely h1gh expo-

sures. However, the male mortal1ty may have been from occupat1onal exposure 

to asbestos. Toft et al. (1981) compared the age-adjusted mortal1ty rates 

for the conmunH 1es of Sherbrooke and Thetford M1nes w1th 52 compar1son 

local1t1es bel1eved to have cons1derably lower asbestos exposures. Stomach 

and lung cancers were elevated 1n men at Thetford M1nes, presumably from 

occupat1onal exposures; no elevated r1sks were found at Sherbrooke, a 

mun1c1pal1ty, w1th h1gh f1ber concentrations 1n water. The populat1on 1s 

relat1vely small and the compar1son analys1s 1s of very low power. 

A ser1es of studies have been conducted of the cancer 1nc1dence 1n the 

San Franc1sco Bay area, part of wh1ch is served by water systems containing 

concentrations of chrysot11e asbestos ~3& m1llion f1bers/l. The f1rst 

published report of th1s research (Kanarek el al., 1980) compared cancer 

1nc1dence 1n low (l&,000-32,000 f/l), medium (330,000-4,100,000 f/l) and 

high 5,400,000-36,000,000 flt) fiber groups of census tracts. Correlation 

coefficients sign1f1cant at the p<0.01 level were found between chrysot1le 

asbestos water concentrat1ons and white male lung cancer, white female gall~ 

bladder and pancreatic ·cancer, and per1toneal cancer 1n both sexes. Weaker 

correlat1ons (0.0l<p~0.05) were found between asbestos levels and female 

esophagus, pleura and kidney cancer, as well as stomach cancer in both 

sexes. A later follow-up (Conforti et al., 1981) extended the observa-

t1ons through 1974 and found a correlation between chrysotile asbestos 
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content and vhHe male cancers of the d1gest\ve tract, esophagus, stomach 

and pancreas. Wh1te female cancers of the esophagus, stomach, d1gest1ve-

related organs and pancreas vere also elevated. The assoc1at\ons appearLd · 

to be 1ndependent of 1ncome, education, asbestos occupation, marital status 

and populat\on mob111ty. The variables tested, however, were group census 

data on soc1oeconom1c status and for occupation, the variable was number of 

construct\on, electrical and textile workers, as these trades were 

considered to have a possible occupational exposure to asbestos. A later 

analysis of Contort\ (1983) cons\dered populat\on dens1ty as an \ndependent 

var1able and found that cons1derat1on of th1s var1able led to sl\ghtly more 

s1gn\f1cance for the asbestos regress1on coeff1c1ents that 1nd1cated a 

pos1t1ve assoc\at\on between \ngested chrysot\le asbestos and some cancer 

s\tes. HoweNer, 1t was the conclus\on of the author that populat\on dens1ty 

had l\ttle effect on the observat\on of an assoc1at\on between 1ngested 

asbestos and cancer (Confort1, 1983). 

One interest1ng analys1s of the correlat\on between d1gest1ve system 

cancer and asbestos concentrat1ons 1s that of Tarter et al. (1983). They 

found that w\th\n San Franc\sco, 1n the h\gh asbestos exposure areas, there 

may be two subpopulat\ons, each hav\ng a d\fferent r1sk or d1fferent r\sks 

of GI cancer. The or\g\n of th1s b\modal response 1s unclear. 

A study by Pol1ssar et al. (1982) found no assoc1at1on between h\gh con-

centrat\ons of chrysot1le asbestos (~200 m1111on flt) 1n dr1nk1ng water of 

Puget Sound, Wash\ngton and cancer at var\ous d\gest\ve s\tes. However, 

only 78,000 \nd\v1duals were served by a water system w1th such levels. In 

the1r 1n1t\al study, cancer 1nc1dence and mortal1ty data for 1nd1v\duals 

dr\nk1ng water w1th h\gh asbestos content were compared w1th populat\ons 
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hav1ng much lower exposures (-7xlO• f/1.) 1n other areas. Odds raUos 

for tumors of the small 1ntest1ne were conshtently elevated 1n both sexes, 

as were those for neoplasms of the thyro1d, eye, testes and prostate 1n 

males. Inasmuch as ~32 d1fferent odds rat1os were calculated, the poss1b1-

11ty that these s1gn\f1cant elevat1ons occurred by chance 1s h1gh. The 

authors d1d not attr1bute any of the 1ncreases to the asbestos in cofffllunity 

water supplies. Subsequently, a case-control study was conducted by 

Pol1ssar et al. (1983, 1984). Through the western Wash1ngton populat1on-

based tumor registry, 382 cases were 1dent1f1ed as hav1ng cancer of the 

buccal cav1ty, pharynx, resp1ratory system, digest1ve system, bladder or 

k1dney. The control group cons1sted of 462 1nd1v1duals. Interv1ews were 

conducted with all ind1v1duals and val1dated by secondary sources along w1th 

other methods. Est1mates of exposure were made based upon informat1on 

obta1ned through the 1nterv1ews. The authors conclude that there was no 

conv1nc1ng ev1dence for cancer r1sk from 1ngested asbestos. The exposure 

between the cases and controls were found to be s1m11ar. Of 84 dependent 

est1mates of r1sk by sex, cancer s1te and exposure, 63 were found to produce 

a protect1ve effect and 21 were found to 1ncrease r1sk. The only s1tes 

where results m1ght be cons1dered s11ghtly suggest1ve are male pharynx and 

male stomach. However, th1s result 1s cons1dered to be spur1ous based on 

the number of tests made and because the female r1sks at the same two s1tes 

1nd1cate a protect1ve effect. 

M11lette et al. (1983) stud1ed cancer morta11ty for the populat1ons 1n 

40 census tracts of Escamb1a County, FL that had been receiving dr1nk1ng 

water through AC p1pes [chrysot1le (DNR) and amphibole (DNR)] for ~40 years 

(1-lOxlO• flt). Cancer morta11ty data from these 40 census tracts were 

compared w1th data from other tracts where AC p1pe was not 1n use. No 
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stat1st1cal assoc1at1on was observed between cancer deaths and the use of AC 

p1pe. · Th1s 1s cons1stent w1th the f1nd1ng of Harr1ngton et al. (1978) who 

stud1ed the use of AC p1pe (chrysot1le; ~0.7xlO• flt) 1n pub11c potable 

water supp11es and GI cancer 1nc1dence in Connect1cut for the per1od 

1935- 1 Q73. "eigs et al. ( 1980) also stud1ed AC p1pe and cancer 1nc1dence in 

Conn;ct1cut but for the period 1955-1974. The only associat1on noted was a 

pos1t1ve assoc1at1on between male pancreat1c cancer and ingested asbestos. 

Both Connecticut stud1es invest1gated age-adjusted, sex-spec1f1c inc1dence 

data for stomach, colon and rectal cancers. 

Three add1t1onal stud1es included 1n th1s chapter are rev1ewed by "arsh 

(1983). Tarter (1981) offered support1ve ev1dence to the observat1ons by 

Kanarek et al. (1980) and Confort1 et al. (1981) for the San Franc1sco Bay 

area. Tarter (1981) observed an 1ncrease 1n all GI cancer s1tes comb1ned 

for both males and females. Sadler et al. (1981) investigated associations 

between cancer 1nc1dence and the use of AC p1pe (chrysotile; DNR; #fNR) 1n 

Utah. The only posH1ve assoc1at1ons found were for female gallbladder 

cancer and male k1dney cancer and leukem1alaleukem1a. F1nally, Severson 

(1979) 1nvest1gated cancer mortal1ty 1n the Puget Sound area. No pos1t1ve 

assoc 1at1 ons were found between cancer and mor ta 1 Hy and asbestos exposure 

(chrysot11e: DNR; 7.3-206.5xl0 6 flt) 1n dr1nk1ng water. 

In a deta1led rev1ew of 13 of these stud1es (Mason et al., 1974; Levy at 

al., 1976; S1gurdson et al., 1981; Harr1ngton et al., 197.8; Me1gs et al., 

1980; W1gle, 1977; Toft et al., 1981; Kanarek et al., 1980; Confort1 et al., 

1981; Tarter, 1981; Sadler et al., 1981; Severson, 1979; Pol\ssar et al., 

1982) "arsh (1983) 1ncludes a lengthy d1scuss1on of their 11m1tat1ons. A 

sect1on of h1s excellent d1scuss1on 1s 1ncluded here. 
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The large var1ab11\ty \n f\nd\ngs ev1dent among the studies \s 

ma_tched by a cons\derable d1screpancy \n results for males and 

females w1th1n the 13 stud\es. Several factors m\ght expla1n, at 

least 1n part, the 1nternal and external 1ncons1stenc1es 1n 

results ••• the d\screpant results may be due to d\fferences 1n char-

acter1st1cs nf asbestos exposure 1n the var\ous study populat1ons. 

These d1ff ·· ..• ~es are sunmarhed 1n Table Vl-4. The relat1vely low 

number of pos1t1ve assoc1at1ons found 1n Utah and Connect1cut could 

be due to the low concentrat1ons of asbestos 1n the dr1nk1ng water 
or to the relat\vely short durat\on of co11111un1ty exposure 1n sev-

eral study subareas. The. v1rtual absence of pos1t1ve f1nd1ngs 1n 
the (S1gurdson et al., 1981) Duluth study could also be due to 

relat\vely short durat\on of exposures as well as the amph1bole 

f1ber, wh1ch \s fundamentally d1fferent from the chrysot1le f1bers 

found \n the rema1n1ng study areas. By ut1lh1ng the d1fferences 

1n exposure character1st1cs, the three study areas assoc1ated w1th 

long durat1on of exposures (>40 years) to chrysot1le asbestos can 

be rough1y ranked accord\ng to the concentrat1on of f1bers 1n the1r 

water systems. However, the result1ng rank1ng, Bay Area (lowest), 

Puget Sound (1ntermed1ate), and Quebec (h1ghest), does not appear 

to be related to the pattern of assoc1at1ons shown 1n Tables VI-2 

and VI-3. 

In add\tion to duration and intens1ty, 1t 1s also l\kely that 

other exposure factors, such as the character\st\cs of asbestos 

p1pe used, the concentrat\on of other poss1bly carc\nogen\c con-

tam\nants of water, and certa\n phys\cal propert\es of asbestos 

f\ber (e.g., length), vary among and w\th\n the s\x study areas. 

As a second major factor, the d1fferent study des1gns employed 

\n the var\ous areas, coupled w1th the d1spar1ty 1n their under-

ly\ng_ strengths and weaknesses, most l\kely also contr1buted to the 

observed var\ab111ty 1n results. The most 1mportant methodolog\c 

weaknesses and 11m1tat\ons ascerta1ned from the \nd1v1dua1 rev1ews 

are sunmar\zed 1n Table VI-5. The weaknesses are 11sted 1n approx-

1mate decreas1ng order of 1mportance relat\ve to the1r potent1al 

1mpact on the cred1b111ty and defin1t1veness of the f1nd1ngs. 
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By far the most ser1ous 11m1tat1on of all the stud1es con-
du~ted to date 1s that they are ecolog1cal or, more spec1f1cally, 
geograph1c correlat1on stud1es by des1gn. Th1s drawback alone does 
not per111t a def1n1t1ve conclus1on to be made from any of the 
stud1es of the poss1ble adverse health effects of 1ngested 
asbestos. The major drawback of ecolog1cal analys1s for test1ng 
et1olog1c hypotheses 1s the potent1al substant1al b1as 1n 
effect est1rnat1on. Th1s problem, known as the •ecolog1cal 
fallacy,• results from rnak1ng a causal 1nference about 1nd1v1dual 
phenomena on the b1as of observat1ons of groups. Theoret1cally, 
the b1as result1ng from ecolog1cal analys1s can make an assoc1at1on 
appear stronger or weaker than 1t 1s at an 1nd1v1dual level; 
however, 1n pract1ce, th1s b1as ord1nar11y exaggerates the rnagn1-
tude of a true assoc1at1on, 1f one ex1sts (Langbe1n and l1chtrnan, 
1978; Duncan et al., 19&1; Valkonen, 19&9). Ecolog1c study b1as 
can be m1n1m1zed, for example, through the jud1c1ous app11cat1on of 
ecolog1c regress1on techn1ques. Such techn1ques were employed, at 
least 1n·part, 1n the Connect1cut study of Me1gs et al. (1980), the 
three Bay Area stud\es, and the two Puget Sound stud1es. However, 
the overall var1ab111ty 1n results does not appear to be any less 
among or w\th1n these s1x stud1es compared to the rerna1n1ng seven, 
wh1ch d1d not 1ncorporate more ref1ned ecolog1c analyses. 

Much of the b1as 1nherent 1n ecolog1c analys1s results from 
the 1nab111ty to control for confound1ng factors at the 1nd1v1dual 
level. Table Vl-5 shows that most of the stud1es rev1ewed d1d not 
d1rectly control for confound1ng factors even at the group level. 
Notable except1ons are the Bay Area stud1es of Kanarek et al. 
(1980) and Confort1 et al. (1981) and the two Puget Sound stud1es, 
wh1ch employed relat1vely more soph1st1cated mult1var1ate stat1st1-
cal analyses as an attempt to control for confound1ng at the group 
level. Only one study to date, that of Pol1ssar et ·a1. (1982), 
attempted to collect data on a confound1ng var1able at the 1nd1v1d-
ual level; however, s1nce th1s was done only for cancer cases and 
not controls, 1t was not poss1ble to analyze the data on a more 
sens1t1ve and rel\able case-control bas1s. 

00790 VI-20 04/06/88 



Occupat1on was a particularly 1mportant confound1ng var1able 

1n the stud1es conducted 1n Quebec. the Bay Area. and Connect1cut. 

s1nce a substant1al number of males are employed 1n the var1ous 

asbestos-related 1ndustr1es w\th\n these areas. The confound1ng 

effects of occupation are particularly ev\dent 1n the two Quebec 

stud\es, where pos1t1ve assoc1at1ons for lung and stomach cancer 

were cons1stently conf\ned to males. 

M1sclass\f\cat\on of asbestos exposures \s another ser1ous 

11m1tat1on of all the stud1es conducted to date. Th1s m1sclass1-

f\cat1on results from several factors 1nclud1ng: the bas1c 

ecolog1c des1gn, wh\ch ass1gns spec\f1c exposures to an ent1re 

geograph\c area; tenuous assumpt1ons regard\ng the extent of 

asbestos contam\nat1on from asbestos p1pes; the lack of any 

rel1able h1stor\cal asbestos exposure data; and the \n/out and 

da\ly mob111ty of the study populat1ons. 

It ·\s also 11kely that many of the assoc\at1ons found among 

the 13 stud\es are s\mply chance occurrences ar1s1ng from the large 

number of stat1st1cal compar1sons that were generally made. When-

ever a large number of s\gn1f1cance tests are performed at a 

constant s1gnH1cance level, a certa\n number of tests w\11 be 

s\gn1f1cant by chance alone and the actual s1gn1f\cance levels must 

be h\gher than those reported by the authors. Among the 13 stud1es 

rev1ewed, the number of separate stat1st1cal comparhons reported 

ranged from 33 to 33& w\th an average of 193. Therefore. at a 5% 

level of s1gn1f\cance. the number of pos1t\ve f1nd\ngs expected due 

to chance alone would range from approx\mately 2 to 17 wHh an 

average across the 13 stud\es of about 10. In other stat1st1cal 

terms, the probab11Hy that at least one of the n \ndependent 

comparisons was due to chance alone ranged from 0.81 \n a study 

report1ng about 30 comparisons to virtual certa\nty· 1n studies 

report1ng 100 or more compar1sons. (At the 5% level of s1gn1f1-

cance. the probab111ty of falsely cla1m1ng stat1st1cal s1gn1f1cance 
n 

1n at least one of n 1ndependent compar1sons 1s 1-0.95 .) 
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Marsh (1983) also conducted a probab11Hy analys1s of e1ght 1ndependent 

stud1es. (Mason et al •• 1974; S1gurdson et al., 1981; Me1gs et al., 1980; 

Wigle, 1977; Toft et al.. 1981; Conforti et al., 1981; Sadler et al.. 1981; 

Pol1ssar et al., 1982) attempt1ng to assoc1ate 1ncreased cancer r1sk wHh 

asbestos exposure. He considered whether the observed positive ass~~,ations 

1n males and females for neoplasms at various GI sHes were l1kel1 to have 

been generated by chance, and found that those of the esophagus, stomach, 

pancreas and prostate may have a b\ological bas1s related to ingested 

asbestos. Marsh treated each 1ndependent study equally, even though stud1es 

of Connect1cut were severely l 1mHed by the low asbestos concentrations 1n 

the study area, and the study of Utah was limHed by a very small exposed 

population. Were these stud1es to be excluded from h1s analysis, the 

strength of posit1ve f1ndings would be 1ncreased. 

In a review of lable VI-2 1t can be seen, as was demonstrated analyt1-

c~lly by Marsh (1983), that the poss1b1lity of an elevated risk of cancer of 

the stomach and pancreas must be cons1dered as poss1bly associated wHh 

1ngest1on of asbestos 1n water. The stomach 1s an obv1ous sHe for concern 

as th1s cancer rate has been shown to be elevated 1n several stud1es of 

occupat1onally-exposed workers. Cancer of the pancreas has not been 

d1rectly 1mpl1cated as a sHe of elevated cancer r1sk from exposure to 

asbestos through inhalat1on. However, a large number of per1toneal mesothe-

11omas have been m1sclassif1ed as cancers of the pancreas (Sel1koff et al., 

1979) ar:id, 1n the absence of complete pathological review, an increase in 

pancreatic cancer may be the result of an 1ncrease 1n perHoneal mesothe-

1'oma. The f1nd1ng of an elevated cancer r1sk of the peritoneum in San 

Franc\sco and, perhaps 1n Duluth, also 1s suggest1ve. 
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All of the studies discussed, w1th the exception of Polissar et al. 

(1983, .1984) are 11m1ted because of the1r ecological design. Group data are 

utilized for exposure estimates and for rossible confounding variables. One 

of the most serious of confounding factors is that of possible occupational 

exposure to asbestos. N\cholson et al. (1979) estimated that 20 million 

individuals in the Un1ted States may have had employment in an industry w1th 

possible exposure to asbestos. More than 4 million are known to have had 

previous shipyard employment where asbestos risks are high. Studies by Blot 

et al. (1978) suggested that employment in a shipyard for as short as 2-3 

years increases the risk of lung cancer by 60"· A study by Punton1 et al. 

(1979) demonstrated an elevated risk of lung cancer (0/E=2.24), cancer of 

the stomach (O/E=l.36) and cancer of the colon (OIE=l.81). The San 

Francisco Bay area was one of the most important ship-bu11d1ng regions of 

the United States, and many current res1dents would be expected to have had 

past employment in one of the Bay areas yards. Further, the -SEER Program 

indicates that the mesothelioma mortality experience in the Bay area is one 

of the highest in the Un1ted States (NAS, 1984). The poss1ble confound1ng 

effect of occupational exposures requires that a definitive analysis of can-

cer risk in the Bay area explicitly take 1nto account occupation on an 1ndi-

v1dual bas1s. Th1s would suggest a case control study of cancers of the 

esophagus, stomach, pancreas and perhaps colon and rectum. The study des1gn 

should be prospect\ve and 1ncorporate 1n the protocol the 1nterv1ewing of 

1ndiv1duals at the time of diagnosis, so that occupat1onal, residential and 

other relevant histories can be taken from the indiv1dual i~ quest1on rather 

than from relat1ves. It should also include a pathological review of all 

tissue material available on pancreatic cancers in order to ascertain 

whether misclassification of mesothelioma has occurred. 
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Doll (1985) has reviewed health effects associated wHh exposure to 

asbest.os and noted that per1toneal mesothel1oma may be misd1agnosed as GI 

cancer. Newhouse and Wagner: (1969) obta1ned necro!JSY (autopsy) reports for 

158 asbestos factory workers (84 conta1ned histology) and compared the cause 

of death with that reported on the death cert1f1cate. Us1ng necropsy 

reports reduced the GI cancers by half and 1ncreased the mesothel 1omas 

4-fold. S1nce that t1me, mesothel1oma has come to be a recogn1zed d1ag-

nosis. Sel1koff et al. (1979) reported no change 1n the GI cancer rate when 

underly1ng cause of death by •best evidence• was compared w1th the death 

certificate for 2771 deaths. Doll (1985) concluded that GI cancers are not 

partic- ularly 11kely to be caused by asbestos exposure. 

H1gh-R1sk Subpopulat1ons 

Hypersus'cept1ble 1nd1v1duals have not been defined for 1ngested expo-

sures to m1neral f 1bers. It 1s well known that smokers exposed to asbestos 

dusts from inhalat1on are at a higher r1sk of develop1ng lung cancer than 

are nonsmokers wHh s1m1lar exposures (Hanmond et al., 1979). Th1s 

phenomenon has not been demonstrated to also apply to the 1ngest1on of 

asbestos. S1nce H 1s theor1zed that 1ngested asbestos may result 1n 

increased cancers of the d1gest1ve system, one would expect that persons 

wHh pre-ex1st1ng diseases, a1lments or r1sk factors assoc1ated wHh the 

d1gest1ve system would be more suscept1ble to the carc1nogen1c potent1al of 

1ngested asbestos. However, no such data were found 1n the ava1lable l1ter-

ature. Th1s 1s an area requ1r1ng further research. 

Sunrnary 

Acute exposures to 1ngested asbestos f 1bers 1n humans have resulted 1n 

the detect1on of f1bers 1n body fluids that has not been assoc1ated wHh 
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specH1c health effects. Chron1c exposures have not resulted 1n nonma11g-

nant ~ffects; however, several stud1es have been performed to 1nvest1gate 

the carc1nogen1c potent \al of chron1c exposure to 1ngested asl.esto! on human 

populat1ons. The results of these stud1es are sunmar1zed 1n Tables VI-2 

and VI-3. 

The poss1b111ty of an elevated r1slc of cancer of the stomach and pan-

creas must be cons1dered as suggest1vely assoc1ated w1th 1ngest1on of 

asbestos 1n water and thus, not 1ncons1stent w1th a hypothes1s that 1ngested 

asbestos by the dr1nlc1ng water route m1ght have tumor carc1nogen1c poten-

t \al. The strong ev1dence of GI tract cancer result1ng from 1nhalat1on 

exposure and the assumed swallow1ng of 1nhaled f1bers as the 1ngest1on mode, 

clearly demonstrates that under certa1n cond1t1ons, asbestos has a def1n1te 

potent1al for human carc1nogen1c1ty by 1ngest1on. The quest1on of dose-

response patterns and quant1tat1ve r1slc analys1s 1s a separate and d1st1nct 

top1c. 
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VII. MECHANISMS OF TOXICITY 

Invest\gation of the mechanism of ingested asbestos tox1city has concen-

trated on the effects of asbestos in the gut. Research has been conducted 

.l!!. vivo and 1n v1tro .. Studies discussed in this chapter are listed and 

sunmar· ... u in Table VII-1. A discussion of asbestos toxicity associated 

with fiber size and type is contained 1n the Append1x. 

Toxic Hy 

Jacobs et al. ( 1977) reported changes in the DNA, RNA, prote1n and some 

enzyme activ1t1es 1n the small intestine mucosal 11n1ng cells and gut lumen, 

induced by mainta1n1ng rats on a diet containing UICC Rhodes1an chrysot\le 

asbestos (DNR). Test groups of six rats were fed chrysotile asbestos at 0.5 

mg or 50 mg ·asbestos/day (#fNR) both pretreated w1th cigarette smoke and 1n 

the absence of cigarette smoke for a period of 10 months. Control groups 

(also s1x rats) received e1ther co11111erc1ally available rat pellets or rat 

pellets pretreated w1th c1garette smoke. 

Results of this study reveal that persistent 1ngest1on of asbestos in 

the diet 1nduced some changes 1n the gut mucosal 11ning cells, but greater 

alterations were detectable in the levels of macromolecules 1n the lumen of 

the small intestine. The levels of RNA in the lumen were s1gn1ficantly 

lower and DNA signif\cantly higher in all groups of animals ingesting 

asbestos (1rrespons1ve of cigarette smoke pretreatment} compared w1th 

control animals. These alterations of macromolecules in the lumen were 

judged to be cons1stent w1th a m1neral-induced cytotox1c1ty. Most 1ntra-

cellular enzyme levels were consistently, but not s1gnif1cantly, elevated 1n 
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Species/lest Systea 

lOlllCITY 

R•t , .. 1e, IIRC hooded) 
(6/dose group) lsolall'd 
s .. 11 lntPstlne 

R•t (aale, flRC hooded) 
16/dose group for 
•sbestos e1posed) 

RAl '"RC hooded, se1 NR) 
Isolated s11,1ll Intestine 

Rat (f 3441 
Isolated colon tissue 

Route of 
l1posure/ 

Vehicle 

Ingestion/ 
feed 

Ingestion/ 
feed 

lnges t Ion/ 
feed 

Ingestion/ 
feed 

1A8ll VJI -1 

Studlrs Relevant lo ~chanls•s of Asbestos lo•lclty 

lypl' of Asbestos 
and Ol•ns loM 

UICC Rhodesian 
chr ysot I le C DNR I 

UICC Rhodesian 
chrysollle IDNR) 

Chrysollle (DNR) 

UICC Canadian 
Chrysollle 8 CDNR) 

Dose and Duration 

0.0, O.S and SO ag/ 
day Cl fNRI for 10 
aonlhs 

O and SO ag/day 
(I fNA) for 1 week 
or S-1S aonlhs 

0 and SO 119/day 
II fNR) for 10 weh 

A lOI asbestos Cl fNRI 
In diet (36 anlaals) 
IOI nonnutrltlve 
cellulose In diet 
(fiber control) (30 
anl11,1lsl; a standard 
lab diet (vehicle 
control) 16 •nl .. ls) 
for 24 aonths 

Results 

Changes In the gut 11Ucosal llnlng r••ls 
C0111Pared with conlroh Al both ube ,t closes. 
lhe IIIWn of the saa II lntes t lne hal • ,nt fl -
cantly lncrHsed ••n DNA and slgnlf •nlly-
decreased aean RNA levels. ln1y11e •cllvlty 
was significantly elevated In the luapn, 
8-glucuronldase activity wa, elevated In 
11Ucosal cells. 

Asbestos Interfered with DNA aetabolls• In 
the GI tract. A significant Increase In the 
Incorporation of (•N)-lhyaldlne Into ONA was 
observed In asbestos-exposed an1 .. 1s coapared 
with controls. 

Statistically significant lower levels of 
radlol•beled glucose (•(NJ-sucrose) •nd Its 
radioactive degradaton products In perfused 
Isolated sa1ll Intestine of •sbestos-fed rats 
coapared with controls suggests lhdt the 
cellular energl1ed c•rrler wchanls• that 
tr•nsports this sugar Is lapalred by cyloto1lc 
action of Asbestos on 11Ucosal cells of the 
saall Intestine. 

Cyclic-NIP levels In lsol•led colon tissues 
were significantly lower In asbestos-fed 
anlaals coapared with controls. 

Reference 

J•cobs et a 1 . , 
1911 

J•cobs el a 1., 
1918b 

Jacobs and 
Richards, 1980 

Donhaa et al., 
1980 
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0 a, 
0 
0 

< ..... ..... 
I • 

0 • ...... 
0 
-.J ..... 
a, 
a, 

Sperle\/Test fl.Jterlal 

Rat or rabbit liver 
•lcroSOIW\ 

CBA •Ice (J-lift'et-old, 
bolh seres) 

Route of 
I •posure/ 
Vehicle 

In vitro 

I .p. In 
physlologlul 
ullne 

Type of A\bestos 
and Dl•nslons 

UICC Croclpollte 
(DNA), UICC Canadian 
Chry\otllP B (DNA), 
UICC Aaoslle (DNA), 
UICC Anlhophylllle 
(DNA) 

UICC Crocldollte 
finely ground 

TABIJ VI I -1 ( ronl.) 

Dose and Duration 

I fNA 

S IIIJI ... II fNAI: S 
~g/ ... II fNAI plus 
10• ffU/ ... of 
lloloney aurlne sarcoad 
virus; virus control; 
saline control; all 
slnglP dose 

"lype of asbestos and dlarnslons (dlaenslons dependent on aethod of preparation): 

frOII Langer el al. (1914) (ultrasonically dlspersPd In waler): 

Crocldollte UICC (S. African) 
Aaoslle UICC (S. African) 
lret1allte (llontana) 
Anlhrophylllle UICC (flnnlsh) 

frOII NTP (191S): 

Chrysotlle, IIIHS 
short range CSA), 
(California, Union Carbide) 

Chrysotlle, NIINS 
Intermediate range (IA), 
(Quebec, Johns fl.Jnvllle-
Plastobesl-10) 

llodal Lengt~ 

0.6 
1. 4 
S.1 
s. 1 

Range of llean 1..-1 
0.66 

0.81 

frOII Atkinson (cited In Harington et al., 197S, p. J06) 

Chrysollle (Qupbec) 

Range of llean 1 ... 1 

1000-1000 

lloda 1 Width h•l 
O. IJ 
0.14 
0. 11 
0.18 

Range of llean CN!II 

o.os, 

0.089 

~nge of lie~ .L...-1 

O.OJ0-0.0J8 

DNA~ DIIIIPnslon~ not reported; I fNA = nUlllber of fibers not reported; NA~ not reported 

Results 

Rapid transport of BaP Into the llelll,rane of 
rat liver •lcrosoae\ and l111palred BaP arlabo-
lls• frOII aryl hydrocarbon hydro1ylase 
Inhibition. 

Incidence of anl111ls with !Mllpable tU110rs 
observed within 100 days; 44/61 (11.IXI for 
asbestos • virus SO,t lethal; 0/60 asbestos 
only; 1/S9 virus control; 0/98 saline control. 
The neoplas•s appeared lo be anaplastlc sarcoad 
and lift're aoslly confined lo the serosal surface 
of the abd011lnal cavity. 

ReferencP 

landaswa•I and 
O'lr len, 1919 

lanaiawa 
el al., 1919 



an1mals ma1nta1ned on asbestos dhts. Enzyme act111H1es wHh\n the lumen 

were s1gn1f1cantly h1gher in exposed animals compared w1th controls. 

In a follow-up study, Jacobs et al. (1978b) reported a s1gnH1cant 

1ncrease 1n the 1ncorporat1on of ( 1 H]-thym1d1ne 1nto DNA 1n the small 

1ntest1ne mucosa, colon, rectum, stomach and ~~1een of rats that had 

ingested 50 mg/day (#fNR) UICC Rhodes1an chrysot1le (DNR) chrysot1le 1n both 

the short- (l week) and long-term (5-15 months) exper1ments. Th1s work 

pro111des support1ng ev1dence. that 1ngest1on of chrysot1le asbestos 

1nterferes with DNA metabol1sm 1n rat t1ssues 1n the GI tract and other body 

organs. In more recent work, Jacobs and R1chards (1980) mon1tored the 

d1str1but1on of [•HJ-sucrose and 1ts rad1olabeled degradat1on products 1n 

1solated perfused small 1ntest1ne loops of rats that had previously 1ngested 

50 mg/day (lfNR) chrysot1le (DNR) for 10 weeks. They d1scovered lower 

levels of rad1olabeled glucose in these rats compared w1th controls 

suggest1ng that acthe transport of glucose across the 1ntest1nal membrane 

was 1mpa 1 red. 

Donham et al. (1980) studied the effects of ingested UlCC Canadian 

chrysotile B asbestos (DNR) on the colon of male weanling F344 rats. Based 

on results of preliminary exper1mentat1on, the dosage was establ1shed at 10% 

by weight (lfNR) of a standard laboratory d1et. An1mals rece1ved th1s d1et 

for 24 months. Th1rty-s1x an1mals compr1sed the test group; there were also 

30 control rats fed 10% nonnutr1t1ve cellulose and a group of 6 controls was 

fed normal laboratory chow. The study was terminated at 33 months. The 

mean concentrat1on of cyclic AMP 1n isolated colon t1ssue of asbestos-fed 

an1mals (132 p1comoles/mg DNA) was lower than the mean for e1ther the 
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cellulose control animals (388 p1comoles/mg DNA) or the normal laboratory 

diet control animals (299 p1comoles/mg ONA). Th1s difference was 

statistically s1gn1ficant for the asbestos-fed animals compared w1th the 

normal laboratory diet animals indicating a serious cell regulator defect 

related to asbestos ingestion. 

Cellular Effects 

!n. vitro tests with asbestos-induced cellular responses and the1r 

possible relat1onship to neoplasia in GI and respiratory ep1thelium have 

been reviewed by both Mossman (1983) and Daniel (1983). Asbestos fibers 

interact w1th mucosal cells of both the GI and respiratory tract. Their 

composition and cytotoxicity are modified by acidity and coating with 

natural secretions. The biological act1vity of various types of asbestos 1s 

determined by surface charge, crystall\zation and dimensional character1s-

tics. These factors influence the adsorpt1on of natural secret,ons and serum 

components to fibers which, in turn, ameliorates cytotoxicity. In reviewing 

studies of such 1nteract1ons, Mossman (1983) concluded that asbestos fibers 

appear to be epigenetic carcinogens and that the role of asbestos fibers 1n 

carcinogenicity in respiratory epithelium can be compared with that of 

classical tumor promoters. This is supported by·the fact that various types 

of asbestos do not cause single-strand breakage of ONA in human and hamster 

respiratory epithelial cells. Also, unless combined with PAH, UICC crocido-

11te asbestos (DNR; ffNR) is not carc1nogen1c in hamster tracheal implants 

(Mossman and Craighead, 1978) nor in rat tracheal organ cultures .1..!l v1tro 

(Mossman and Craighead, ·1901). Daniel (1983) concludes that wh1le asbestos 

fibers are clastogenic to cultured rodent cells, there is lHtle other 

evidence for genotox1c1ty of fibers. Thus, as stated by Daniel (1983), 
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although f\bers may act at the stage of tumor 1n1t1at1on (gene to·x1c1ty) by 

means of a clastogen1c event, 1t may be more reasonable to look at other 

mechan1sms such as cocarc1nogenes\s or promot1on for the oncogen1c potent1al 

of these mechan1sms. 

Re1ss et al. (1980a) demonstrated the cytotox1c act1on of asbeslu> on 

var1ous ma11111c111an cell 11nes .i!!. v1tro. UICC arnos1te, UICC croc1do11te and 

UICC Canad1an chrysot 11e B asbestos were assayed for the1r cytotox1c1ty 

using embryonic human 1ntest1ne-der1ved (1-407), adult rat 11ver-der1ved 

(ARL-6) ep1the11al cells and mouse colon-derived ep1thel1al-11ke (MCE-1) 

cells 1n culture. The order of cytotox1c1ty was chrysot1le > amos1te > 

croc1dol1te. All three types of asbestos were more tox1c to human 1-407 

cells than to e1ther type of an1mal cells. Mouse MCE-1 cells were s1m1lar 

to rat ARL-6, cells 1n response to chrysot1le and amos1te but more sens1t1ve 

to croc1dol1te. 

Other recent ev1dence 1s ava11able demonstrat1ng the effects of asbestos 

on cellular membranes. Jaurand et al. (1979) 1nvest1gated the effects of 

exposure of human erythrocytes (red blood cells) to asbestos f1bers. 

Asbestos f1bers [UICC chrysot11e (average length <5 µm} and UICC 

croc1dol1te (average length <4 µm)] and erythrocytes were pre-1ncubated 

separately for 10 m1nutes at 37°C. For time per 1ods up to 60 minutes. 1 

mt (lfNR) of each suspension was m1xed together and 1ncubated at 37°C. At 

the end of the exposure per1od samples were centr1fuged 10 m1nutes at 

1200 x g and opt1cal dens1ty was determ1ned at 540 nm. Results were 

expressed as percent of hemolys1s. Complete hemolys1s was obta1ned by 

add1t1on of 0.2% (v/v) Triton X-100 to the erythrocyte suspens1on. 
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Exam\nat\on of the k\net\cs of hemolys15 1n an 1soton\c med1um wHh 

various concentrat1ons of red blood cells and fibers revealed that max1mal 

hemolysis depended on the relat1ve concentrrt1ons of chrysotile and erythro-

cytes, not on the absolute concentration. A 10-fold increase in the 

absolute concentrations of each (e.g., 0.5 mg/ml chrysotile and 0.5% red 

blood cells up to 5 mg/ml chrysot1le and 5% red blood cells) resulted in 

the same kinet\cs and final level of hemolysis. These results indicate that 

hemolys\s of erythrocytes by chrysotile is a self-inhibiting process. 

M1croscopic stud1es showed that the effect of asbestos on red blood cells is 

not a rupture of the cells but a progressive increase in membrane permeab11-

Hy. The cells lose hemoglob1n, gradually become ghosts, and subsequently 

disappear into the bundles of fibers. In this study Jaurand et al. (1979) 

demonstrated a direct relationship between maximal hemolysis and the rat1o 

of the surface areas of chrysotile and red blood cells in the med1um. They 

assumed that the 1nh1b1t1on of hemolys1s by asbestos fibers 1s attributable 

to bind1ng of red cell membrane components, eHher lipids or protein, or 

both. Th1s assumption was ver1f1ed by preincubating asbestos fibers wHh 

red cell ghosts or 11posomes made eHher of dipalmHoyl phosphatidylcholine 

alone or a m1xture of lip1ds. This preincubation step prevented subsequent 

hemolys1s of red cells. Therefore, H was concluded that the effect of 

chrysot11e on red cells is at least partly, 1f not completely, attributable 

to 11p1d extraction and adsorption onto the f1bers. 

Other studies have demonstrated effects of asbestos on cellular mem-

branes. Newman et al. (1980) reported that various types of asbestos affect 

surface membrane glycolipids and glycoproteins of Syrian hamster embryo 

cell~. possibly increasing membrane permeability and allowing other mutagens 
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\nto the cell (see Chapter VI). The effect was greatest wHh croc1do1He 

(DNR, lfNR) followed by chrysot1le (1ntermed1ate) (DNR. ffNR) and then 

amos1te (DNR, lfNR). 

Synerg1st1c Effects 

The effects of asbestos f1bers on cellular membrane permeab111ty has led 

some 1nvest1gators to explore poss1ble synerg1st1c effects between asbestos 

and other substances. 

Some stud1es have demonstrated effects of several types of asbestos on 

B[a]P transport and metabol1sm. espec1ally transfer of the carc1nogen from 

the surface of part1culate mater1al to rat liver m1crosomes, m1crosomal 

membranes and 11p1d m1celles (Lakow1cz and Bevan, 1980; Kadaswam1 and 

O'Br1en, 1980; Mclemore et al., 1979; Hart et al .• 1980; Brown et al., 1983; 

Mossman and Cra1ghead, 1981). Asbestos med1ates a rap1d transport of B[a]P 

across cellular membranes and th1s enhanced ava1lab111ty may be a s1gn1f1-

cant factor 1n the cocarc1nogenes1s between part1culate matertal and PAHs. 

Asbestos appears to alter B[a]P metabol1sm and act1v1ty of aryl hydrocarbon 

hydroxylase. The relevance of these factors to 1ngested asbestos has not 

been estab11shed. 

Some ev1dence of synerg1st 1c effects of asbes.tos on other agents was 

prov1ded by Kanazawa et al. (1979). They adm1n1stered 5 µg/ml (#fNR) 

UICC croc1dol1te asbestos (DNR) plus 10 5 FFU/ml Moloney mur1ne sarcoma 

vtrus 1n phystologtcal sal1ne 1.p. 1n CBA m1ce and observed for 100 days. 
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Pa1p41b1e inlraper\toneal tumors were observed 1n 72. 1" of m1ce rece1v1ng 

asbestos and v1rus wh1le 1/59 m1ce developed s1m1lar tumors w1th v1rus 

alone; ·no tumors were reported 1n m1ce rece1v1ng asbestos only or 1n sa11ne 

controls. 

Sunnary 

The eluc1dat1on of the mechan1sm of tox1c1ty of 1ngested asbestos 1n 

humans 1s based upon extrapolat1on from an1mal or 1n v1tro research. 

Asbestos has been demonstrated to interfere w1th DNA metabol1sm 1n rat 

t1ssues of the GI tract and other organs. In add1t1on, 1mpa1red act1ve 

transport of glucose across membranes and other cytotox1c effects have been 

assoc1ated w1th asbestos exposure. Spec1f1cally, chrysot1le exposure has 

resulted 1n the hemolys1s of erythrocytes. The effect of chrysot1le on red 

blood cells may be attr1buted to 11p1d extract1on and adsorpt1on onto f1bers. 

Asbestos may act as a cocarc1nogen w1th B[a]P and Maloney mur1ne sarcoma 

v1rus. Asbestos med1ates transport of B[a]P across cell membranes and may 

alter B[a]P metabol1sm. A greater number of tumors were seen 1n an1mals 

rece1v1ng asbestos + v1rus than seen 1n an1mals rece1v1ng asbestos or v1rus 

alone. Add1t1onal work 1s needed 1n th1s area. 
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VIII. QUANTIFICATION OF TOXICOLOGICAL EFFECTS 

Intro'2uct1on --~ 
The quantification of toxicological effects of a chemical consists of 

separate assessments of noncarc1nogen1c ~nd carcinogenic health effects. 

Chemicals that do not produce carcinoge1 ,c effects are believed to have a 

threshold dose below which no adverse, noncarcinogenic health effects octur, 

while carc1nogens are assumed to act without a threshold. 

In the quantificat\on of noncarcinogen1c effects, a Reference Dose 

(RfD), [formerly termed the Acceptable Daily Intake (ADI)] 1s calculated. 

The RfD 1s an estimate (w1th uncertainty spanning perhaps an order magni-

tude) of a daily exposure to the human population (including sensitive 

subgroups) that 1s 11kely to be without an apprec1able r1sk of deleterious 

health effects during a 11fet1me. The RfD is derived from a no-observed-

adver se-ef f ec t leve 1 ( NOAE L), or lowes t-observed-adverse-ef f ec t level 

(LOAEL). identified from a subchron1c or chron1c study, and d1vided by an 

uncertainty factor(s) Umes a mod1fy1ng factor. The RfD 1s calculated as 

follows: 

RfD = (NOAEL or LOAEL) = ___ mg/kg bw/day 
[Uncertainty Factor(s) x Mod1fy1ng Factor] 

Selection of the uncertainty factor to be employed 1n the calculat1on of 

the RfD h based upon professional judgment, wh1le considering the ent1re 

data base of toxicological effects for the chem1cal. In order to ensure 

that uncertainty factors are selected and applied 1n a consistent manner, 
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the U.S. EPA (1988) employs a mod1f1cat1on to the gu1de11nes proposed by the 

Nat1onal Academy of Sc1ences (NAS, 1977, 1980) as follows: 

Standard Uncertainty ~actors (UFs) 

• Use a 10-fold factor when extrapolat1ng from val1d exper1mental 
results from stud1es us1ng prolonged exposure to average healthy 
humans. Th1s factor 1s 1ntended to accouni. , ,r the variat1on 
1n sens1tivity among the members of the huma~ ;J~ulation. [lOH] 

• Use an addH1onal 10-fold factor when extrapolating from va11d 
results of long-term studies on experimental an1mals when 
results of stud1es of human exposure are not available or are 
1nadequate. Th1s factor is 1ntended to account for the uncer-
ta1nty 1n extrapolat1ng an1mal data to the case of humans. 
[lOA] . 

• Use an add1t1onal 10-fold factor when extrapolat1ng from less 
than chron1c results on experimental an1mals when there 1s no 
useful long-term human data. Th1s factor 1s 1ntended to 
account for the uncerta1nty in extrapolat 1ng from less than 
chron1c NOAELs to chron1c NOAELs. [10S] 

• Use an add1t1onal 10-fold factor when der1v1ng an RfD from a 
LOAEL 1nstead of a NOAEL. Th1s factor 1s intended to account 
for the uncerta1nty 1n extrapolat1ng from LOAELs to NOAELs. 
[ l OL] 

Modify1ng Factor (MF) 

• Use profess1onal judgment to determ1ne another uncerta1nty 
factor (MF) that 1s greater than zero and less than or equal to 
10. The magn1tude of the MF depends upon the professional 
assessment of sc1ent1f1c uncerta1nt1es of the study and data 
base not expl1c1tly treated above, e.g., the completeness of 
the overall data base and the number of species tested. The 
default value for the MF is 1. 

The uncerta1nty factor used for a spec1f1c r1sk assessment is based 

pr1nc1pally upon scientific judgment rather than scientif1c fact and 

accounts for possible intra- and interspec1es d1fferences. Add1t ional 

cons1derat1ons not incorporated 1n the NAS/ODW guidelines for select1on of 

an uncertainty factor include the use of a less than 11fet1me study for 

der1v1ng an RfD, the s1gn1f1cance of the adverse health effects and the 

counterbalancing of beneficial effects. 
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Fram the RfD. a Dr1nk1ng Water Equivalent Level (DWEL) can be calcu-

lated. The DWEL represents a medium specific (i.e., drinking water) 

1 Het\me exposure at wh\ch adverse, none arc i nogeni c hea 1th ef fee ts are not 

anticipated to occur. The DWEL assumes 100% exposure from drinking water. 

The DWEL provides the noncarc\nogenic health effects basis for establishing 

a drinking water standard. For 1ngest1on data, the DWEL \s aerhed as 

follows: 

where: 

OWE L = ......_.( R.;,,.;,f_,D..._) ....ax.;......a.(=Bo=d_.Y.......;;.we;;;;..i"""g"'"'h __ t _i;..;.n;.....;,a,kg.._)....__ • -- mg/t 
Drinking Water Volume int/day 

Body we\ght • assumed to be 70 kg for an adult 
Or\nk\ng water volume= assumed to be 2 t/day for an adult 

In add1t\on to the RfO and the OWEL, Health Adv\sor\es (HAs) for expo-

sures of shorter duration (1-day, 10-day and longer-term) are determ\ned. 

The HA values are used as \nformal guidance to mun\cipal1t\es and other 

organizations when emergency sp\lls or contam\nat\on s\tuat\ons occur. The 

HAs are calculated us\ng an equation s1m1lar to the RfO and DWEL; however, 

the NOAELs or LOAELs are 1dent1f\ed from acute or subchron\c studies. The 

HAs are derived as follows: 

HA (NOAEL or LOAEL) x (bw) 
= • -- mg/t (UF) x (_ l/day) 

Using the above equation, the following drink\ng water HAs are developed 

for noncarcinogen\c effects: 

1. 1-day HA for a 10 kg child \ngest\ng l l water per day. 
2. 10-day HA for a 10 kg ch\ld ingest\ng 1 t water per day. 
3. Longer-term HA for a 10 kg ch\ld \ngest\ng l t water per day. 
4. Longer-term HA for a 70 kg adult \ngesting 2 t water per day. 
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The 1-day HA calculated for a 10 kg ch1ld assumes a s1ngle acute 

exposure to the chem1cal and h generally der1ved from a study of <7 days 

durat 1on. The 10-day HA assumes a l.1m1ted exposure per 1od of 1-2 weeks and 

,s generally der\ved from a study of <30 days durat1on. The longer-term HA 

h derived for both . the 10 kg ch1ld and a 70 kg adult and assumes an 

exposure per1od of -7 years (or 10% of an 1nd1v1dual's 11fet1me). . . .: 

longer-term HA 1s generally der1ved from a study of subchron1c durat1on 

(exposure for 10% of animal's 11fet1me). 

The U.S. EPA categor1zes the carc\nogen1c potent1al of a chem1cal, based 

on the overall we1ght-of-ev1dence, accord1ng to the follow\ng scheme: 

Group A: Human Carc1nogen. Suff1c\ent ev1dence ex1sts from 
ep1dem1ology stud1es to support a causal assoc1at1on between 
exposure to the chem1cal and human cancer. 

Group B: Probable Human Carc\nogen. Suff1c1ent ev1dence of 
carc1nogen1c1ty \n an1mals wHh 11m1ted (Group Bl) or 1nade-
quate (Group 82) ev1dence 1n humans. 

Group C: Poss1ble Human Carc1nogen. L1m1ted ev1dence of 
carc1nogen\c1ty \n an1mals 1n the.absence of human data. 

Group D: Not Class1f\ed as to Human Carc\nogen1cHy. Inade-
quate human and an1mal ev1dence of carc1nogen1c1ty or for wh1ch 
no data are ava1lable. 

Group E: Evidence of Noncarc1nogen1c1ty for Humans. No 
evidence of carc1nogen1c1ty 1n at least two adequate an1mal 
tests 1n d1fferent spec1es or 1n both adequate ep1dem1olog1c 
and an\mal stud1es. 

If tox1colog\cal ev1dence leads to the class1f\cat1on of the contam1nant 

as a known, probable or poss\ble human carc1nogen, mathemat1ca1 models are 

used to calculate the est1mated excess cancer r\sk assoc\ated w1th the 

1ngest1on of the contam1nant 1n dr\nk\ng water. The data used 1n these 
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11Umatu usually came fram 1Het1me exposure stud1es us1ng an1mals. In 

order to pred1ct the r1sk for humans from animal data, an1mal doses must be 

converted to equhalent human doses. Th1s c.,nvers1on 1ncludes correction 

for noncont1nuaus exposure, less than lifetime studies and for differences 

in size. The factor that compensates for the size difference 1s the cube 

raot of the ratio of the animal and human body weights. It 1s assumed that 

the average adult human body weight 1s 70 kg and that the average water 

consumption of an adult human is 2 t of water per day. 

For contaminants w1th a carcinogenic potential, chemical levels are 

correlated w1th a carc1nogentc rtsk estimate by employing a cancer potency 

(un1t rhk) value together w1th the assumption for lifetime exposure from 

tngest1on of water. The cancer untt rtsk ts usually dertved from a linear-

ized multtstage model wtth a 95% upper confidence limtt providing a low dose 

estimate; that ts, the true rtsk to humans, whtle not tdent1fiable, 1s not 

likely to exceed the upper ltm1t estimate and, in fact, may be lower. 

Excess cancer risk estimates may also be calculated ustng other models such 

as the one-h1t, Weibull, log1t and prob1t. There ts 11ttle basts tn the 

current understanding of the btologtcal mechantsms involved tn cancer to 

suggest that any one of these models 1s able to predict rtsk more accurately 

than any other. Because each model ts based upon dtffertng assumptions, the 

estimates derived for each model can dtffer by several orders of magnitude. 

The sc1ent1f1c data base used to calculate and support the setting of 

cancer r1sk rate levels has an inherent uncertainty that ts due to the 

systemattc and random errors in sctenttftc measurement. In most cases, only 

studtes ustng expertmental antmals have been performed. Thus, there ts 

00810 Vlll-5 04/05/88 



uncvrta\nty when the data are extrapolated to. humans. When develop1ng 

cancer r1sk rate levels, several other areas of uncertainty ex1st, such as 

the \ncomplete knowledge concern1ng the health effects of contam1nants 1n 

drinking water, the impact of the exper\mental an1mal's age, sex and 

spec1es, the nature of the target organ system(s) exam1ned and the actual 

rate of exposure of the 1nternal targets 1n exper\mental an\mals or humans. 

Dose-response data usually are ava1lable only for high levels of exposure 

and not for the lower levels of exposure closer to where a standard may be 

set. When there is exposure to more than one contam1nant, add1t1onal 

uncertainty results from a lack of informat1on about poss1ble synerg1st1c or 

antagonist1c effects. 

Noncarcinogenic Effects 

Very few, stud1es were found \n the literature that 1nvest1gated toxic 

effects follow1ng the 1ngest1on of asbestos f1bers. However, the 11m1ted 

data suggest that the general tox1c1ty follow\ng the \ngest\on of asbestos 

1s m\n\mal 1n both an1mals and humans, w\th no spec1f1c target organ 

def\ned. Th1s 1s 1n sharp contrast to the range of noncarc1nogen1c tox\c 

effects seen follow1ng exposure by inhalat\on to asbestos particles; the 

most severe be1ng asbestos1s. The only n~ncarc1nogen1c tox1c effects 

reported \n animals follow\ng 1ngest1on were changes 1n the muscosal 11n1ng 

cells of the ileum along w1th changes in the colon, rectum and small 1ntes-

t1ne of rats g\ven e1ther 0.5 or 50 mg/day (#fNR) UICC Rhodesian chrysot1le 

asbestos (DNR} for 1 week or 14 months (Jacobs et al.,. 1978a). Human 

stud1es are 11m1ted to the detection of f1bers 1n body flu1ds, wh1ch has not 

been associated w1th specific health effects. Other studies were performed 

on 1rr vivo and .1rr v1tro test systems. 
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Oyant1f)cat,on of Noncarc1noqen1c Effects 

It. 1s, therefore, ev1dent that there are 1nsuff1c1ent tox1colog1cal data 

on wh1ch to base a recon1T1endat1on for a 1-day (ch1ld) or 10-day H1 (ch1ld) 

for asbestos. In add1tion, 1t is also considered prudent not to derive 

longer-term HAs or a DWEL, s1nce the endpo1nt toxic1ty from 1nhaled asbestos 

exposure 1s carc1nogenic1ty and the latent per1od for the cancer to appear 

from an occupational exposure of asbestos is in the magnitude of ?20 years. 

Carcinogenic Effects 

Data developed since the early 1970s, from large population studies with 

long follow-up, have added to our knowledge of asbestos d1sease. Lung 

cancer and mesothel1oma are the most importatnt asbestos-related causes of 

death among inhalation exposed indiv1duals. Gastrointest1nal cancers are 

also 1ncreased in most stud1es of occupat1onally (inhalation) exposed 

workers. Cancers at other s1tes (larynx, kidney, ovary) have also been 

shown to be assoc1ated w1th asbestos exposure in some studies, but the 

degree of excess r\sk and the strength of the association are less for these 

and the GI cancers than for lung cancer or mesothelioma. The International 

Agency for Research on Cancer (IARC, 1982) 11sts asbestos as a Group 1 

carcinogen, meaning that exposure to asbestos 1s carcinogenic to humans. 

U.S. EPA's carcinogen guidelines categor1ze asbestos as Group A, human 

carcinogen (U.S. EPA, 198&b). An1mal 1nhalat1on studies conf1rm the human 

epidemiological results. All major asbestos varieties produce lung cancer 

and mesothelioma with only l1m1ted differences in carcinogenic potency. 

Implantation and injection studies show that fiber d\mensionality, not 

chem\stry, 1s the most important factor in fiber-1nduced carcinogen\cHy. 

Long (>4 ~m) and th1n (<1 ~) f1bers are the most carc1nogen1( at 
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a cancer-inducible site. However, the size dependence of the depos\t\on and 

m1grat1on of fibers also affects their carc1nogen1c activity 1n humans. 

The qual1tat1ve inference that asbestos would be a human carcinogen by 

ingestion exposure 1s demonstrated by several types of data. The observa-

tion of GI tract cancer 1n humans occupationally exposed 1s quite strong, 

there be1ng 20/23 studhs wHh an elevated GI cancer incidence, w1th 10 of 

the 23 being significant at the 0.05 level. While there is debate regarding 

the dose mechanism and regime involved and the possibility of some misdiag-

nosis of cancer, 1t is difficult to accept that these issues effectively 

discount the observations such that a strong qualitative assoc1at1on no 

longer exists. Secondly, epidemiologic studies spec1fically focused upon 

ingest \on exposure to asbestos have demonstrated some assoc1at ions between 

cancers of the lung, stomach and pancreas. This conclusion is based on a 

critical review of 14 epidemiologic studies. Unfortunately, there is a 

large variability in the findings of these studies and, as discussed at 

length in Chapter VI, these studies have severe limitations. The discrepant 

results may be due to differing asbestos exposures (f1ber type and morpho-

logy, concentration, duration), confounding factors (occupation, residence, 

personal hab1ts), misclassification and others. L1m1tations -are due to 

differing study designs and their underlying strengths, weaknesses and 

inherent biases, and 1nabi11ty to gather historical exposure information, 

among others. The ingestion animal study data base provides support for the 

qual1tat1ve pos1tion that asbestos, albe1t perhaps certain types, sizes and 

under certain dose regimes, may pose a potential human r1sk. Three b1o-

assays demonstrate that chrysotile and amosite produce ben\gn and/or 

malignant tumors in rats, GI tract tumors being among the most prevelant 

seen. Taken as a whole, the animal data base covering different types and 
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5\295 of f\bers (rats and hamsters pr\mar11y). w1th -15 d1fferent 

researchers and many more spec1f1c 1nd1v1dua1 b1oassays do not present a 

cons\stant p1cture, however, of what the s1tuat1on w1th an1mal tumor\gen1-

c1ty \s. The an\mal ev1dence however, contr1butes to the qua11tat1ve 

concern for a potential human health hazard [one study NTP (1985) hav\ng 

~haracter1st\cs suHable for dose-response analys1s and subsequent cancer 

r1sk analys\s]. 

G1ven that asbestos \s regarded as a U.S. EPA Group A compound regard-

less of exposure pathway (1ngest1on or 1nhalat1on) the quest1on of dose-

response analysis, \n order to est1mate carc1nogen\c potency, 1s a separate 

and d\st1nct cons1derat1on. For 1ngest1on exposure, wh1ch 1s the focus of 

th\s document, the qua1Hat1ve analys1s to estimate poss1ble human cancer 

r\sks \s c1e.ar1y less certa\n that the s1tuat1on w1th r1sk assessment for 

\nha1at\on exposure. 

Ouant1f1cat1on of Carc1nogen1c Effects 

For the proper quant\f1cat1on of carc1nogen1c effects from dr1nk1ng 

water exposure, there should be ava1lable adequate stud1es, e1ther an1mal 

or human, character1zing the dose-response level of asbestos 1ngest1on. In 

ep1dem1o1og1cal studies of the effects of asbestos \n dr\nk\ng water, a 

poss1ble excess 1nc1dence of GI cancers were evaluated as were morb1d1ty or 

mortal1ty rates for some other cancers. The durat1on of exposure ranged 

from <20 years (1n Duluth) to >50 years (1n Quebec); asbestos concentrat\ons 

ranged from less than detectable 11m1ts to 1300xlO• f1bers/t. The 

stud\es d\d not 1nd1cate cons1stent excesses of cancer. In Duluth, no 

consistent type of excess cancer among residents was reported (Levy et al., 

1976; Mason et al., 1974; S1gurdson et al., 1981). In Quebec, cancer 
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mortal\ty was evaluated \n relation to asbestos \n mun1c1pal water suppl1es. 

Some excess cancers observed 1n males were attr\buted to probable occupa-

t\onal exposure (W\gle, 1977; Toft et al., 1981). In Connect\cut, tumor 

reg\stry data \nd1cated that there was no assoc1at\on between asbestos r1sk 

scores and GI tumor incidence (Harrington et al., 1978; Meigs et al., 1980). 

In San _,n .. 1sco, there were inconsistent excesses of some cancers (Conforti 

et al., 1981; Kanarek et al., 1980; Tarter, 1981). In Puget Sound, a pro-

portional incidence analysh, wh1ch compared length of residence, suggested 

an excess for some GI cancers (Polissar et al., 1982). 

All of the above epidemiological stud\es had weaknesses. The most 

ser1ous weakness evolved from the substantial problems in class1fy1ng expo-

sure because populat\on data rather than individual data were used. Errors 

1n class1f1cat1on w\11 tend to weaken any true assoc1at1on that may ex1st 

between asbestos 1n dr1nk1ng water and health. Cons1der1ng the problems in 

determ1ning 1nd1v1dual exposure, these stud\es cannot be used to evaluate 

dose-response. 

However, occupational (1nhalat1on) ep\dem1olog1ca1 studies have shown 

that occupational exposure to asbestos causes a marked increase in the 

incidence rates of lung cancer, pleural and per\toneal mesothel\oma. The 

1nc1dence rate of GI tract cancers in exposed workers is 1ncreased 1n -20 

studies. The consistency of an increased cancer r1sk at extrathoracic sites 

and \ts magnitude, either in absolute (observed-expected deaths) or relat\ve 

(observed/ expected deaths) terms, was less for cancer at other sites than 

for lung cancer. As d1scussed earl\er, 10/23 stud\es demonstrated the r1sk 

at a p<O.OS level of sign1f\cance. A consistent relationship was observed 

between a greater GI cancer r1sk and an 1ncreased lung cancer r1sk 1n 
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those stud1es where the overall lung cancer was elevated at the p<0.05 level 

of s1gn1f1cance. For dose-response purposes, however, the uncerta1nty about 

dose to the GI tract, for 1nstance, lends cons1derable uncerta1nty to the 

der1vat1on of r1sk values. 

The Subco111111 t .. en R1sk Assessment of the Work1ng Group for the DHHS 

Co111111ttee to Coord1nate Env1ronmental and Related Programs rev1ewed the 

11terature on cancer r1sks assoc1ated w1th the 1ngesl1on of asbestos and 

concluded that no d1rect, def1n1t1ve r1sk assessment could be conducted at 

th1s t1me (Lemen, 1986). 

Extrapolal1on from Human Inhalat1on to Human Ingest1on. The U.S. EPA 

(1980) and the NAS (1983) have extrapolated the results of cohort stud1es of 

populat1ons .occupal1onally exposed by 1nhalat1on 1n order to esl1mate· the 

r1sk assoc1ated w1th the 1ngest1on of asbestos 1n dr1nk1ng water. The 

Amb1ent Water Qual1ty Cr1ter1a Document (U.S. EPA, 1980) and the Dr1nk1ng 

Water and Health report (NAS, 1983) cons1der much the same data of occupa-

t 1onal ly exposed workers w1th GI tract cancers, but use a sl1ghtly d1fferent 

method of calculat1ng the •add1t1onal 11fet1me cancer r1sk of l 1n 100,000." 

The est1mated levels that would result 1n 1ncreased 11fet1me cancer r1sks of 

10-s, 10-• and 10- 1 calculated by the U.S. EPA (1980) are 300,000 

f1bers/l, 30,000 f1bers/l and 3000 f1bers/l, respect1vely. Corre-

spond1ng numbers for males calculated by the NAS are 110,000 f1bers/l, 

11,000 f1bers/l and 1100 f1bers/l. The more restr1ct1ve NAS levels 

ar1se ma1nly from two d1fferent assumpt1ons than those used by the U.S. EPA. 

l. The NAS assumed that 30% of the 1nhaled f1bers were subsequent-
ly swallowed, where the U.S. EPA assumed that 100% would be 
eventually cleared and 1ngested. (The assumpt1on of 100% 
probably overest1mates the percent lngested). 
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2. The NAS assumed a convers1on factor of 50 for opt1cal m1cro-
scopy to transm1ss1on electron microscopy, where the U.S. EPA 
assumed a factor of 200. 

The above extrapolat1on of the results of cohort studies of occupat1on-

ally exposed populat1ons to est1mate the r1sk assoc1ated w1th the 1ngestion 

of asbestos are based on the ~Gllow1ng assumpt1ons: 

1. Inhaled f1bers are swallowed and are respons1ble for the 
1ncreased r1sk of GI cancer and peritoneal mesothel1oma 1n 
persons occupat1onally exposed to asbestos. 

2. The number of f1bers 5 ~m or longer detected by opt1cal 
microscopy 1s -l/200th tor -1/SOth) of the amount of f1bers of 
all lengths that can be detected by electron m1croscopy. 

3. The f1ber s1ze d1str1but1on 1s the same 1n occupat1onal a1r and 
dr1nking water samples. 

4. Exposure to waterborne asbestos 1s over a 70-year per1od. 

Overall, the use of the GI tract cancer based r1sk est1mates from the 

1nhalat1on exposure pathway to pred1ct a cancer r1sk for an 1ngest1on 

exposure pathway (spec1f1cally dr1nk1ng water) has cons1derable uncerta1nty 

as to Hs reasonableness. Wh1le the cancer 1nc1dence 1tself (response) 1s 

rel1able 1n the relative sense, the 1ngested dose assumpt1ons from the 

1 n ha l a t 1 on expo s u r e c a n on 1 y be de a 1t w 1t h by a s s ump t 1 on . The r e 1 s a 

further uncerta1nty because 1t 1s not clear how the assumed dose reg1me 

would compare w1th that prov1ded by a d1rect 1ngest1on pathway, such as 

prov1ded by dr1nk1ng water. The r1sk est1mates, thus, are v1ewed as of less 

uncertainty given the availability of an NTP animal study w1th more 

appropriate exposure, i.e. diet. 

In the asbestos contaminated dr\nk1ng water study in the San Franc1sco 

Bay area, lung cancer in males was found to be strongly associated w1th the 

asbestos in the water supply, even after adjustments for select1on b1as 
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(Kanarek et al., 1980). Al this time, however, 1t 1s felt that such data do 

not sup~ort a quant1tat1ve est1mate of r1sk from lung cancer due to 1ngested 

ast'lestos. 

Extrapolat1on from An1mal Ingest\~~ to Human Inqest\on. The an1mal 

stud1es data base seems to prov1de the &Jest data for cancer r1sk est1mat1on 

f r om 1 n g e s t 1 on expo s u r e . The c on f 1 den c e 1 n t he do s e r e s po n s e an a l y s 1 s 1 s 

less than 1deal, however, owing to lack of cons1stency 1n the responses seen 

across many stud1es. Still, the an1mal-based est1mate 1s believed to be 

hypothet1cally more reasonable for dr1nk1ng water purposes than any of the 

other approaches that have been used 1n the·past (eg. EPA, 1980; EPA, 1986a; 

NAS 1983). As such, th1s sect\on w111 pr~sent an est1mate of upper-11mH 

r1sk for asbestos by 1ngest1on. The data base chosen to calculate the 

est1mate 1s from a draft of the NTP (1985) 1ngest\on study of chrysot\le 

short-range (98% <10 µm 1n length) and 1ntermed1ate range (65% >10 µm 1n 

l en g t h w H h 1 4 % > l O O µm ) f 1 be r s ( c o u n t s by TE M ) . The r e s u lt s of t he NT P 

(1985) study showed no ev1dence of carc1nogen1c1ty for the short-range 

f1bers 1n e1ther male or female rats, and no ev1dence of carc1nogen1c1ty for 

the 1ntermed1ate range f1bers 1n the female rats. However, for the male 

rats 1ngest1ng the 1ntermed1ate range f1bers at 1% of the d1et ad 11b (or 

10,000 mg/kg). ben1gn ep1the11al neoplasms (adenomatous polyps) were 

observed 1n the large 1ntest1ne at the 1nc1dence of 9/250 (3.6%). 

·Although not stat1st1cally s1gn1f1cant (p=0.08) compared w1th 
concurrent controls (0/85), the 1nc1dence of these neoplasms was 
h1ghly s1gn1f1cant (p=0.003) when compared w1th the 1nc1dence of 
ep1thel1al neoplasms (ben1gn and malignant comb\ned) of the large 
1ntest1ne 1n the pooled control groups (male) of all the NTP oral 
asbestos 11fet1me stud1es (3/524, 0.6%). (NTP, 1985). 
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Based on these f1nd1ngs. the NTP cla1med there was •some" ev1dence of 

carc1nogen1c1ty 1n male rats exposed to 1ntermed1ate range chrysot1le f1bers. 

In order to est1mate a un1t r1sk. 1n dr1nk1ng water for asbestos, an 

assumpt 1on must f 1rst be made that the asbestos 1n the dry d1et would have 

the same effect as asbestos 1n water. In ore .. 1.0 establ1sh dose 1t 1s 

assumed that a rat consumes 5% of 1ts body weight per day. The average body 

weight of th1s group of male rats at 52 weeks was 0.38 k.g; th1s w111 be 

taken as the we1ght of the average rat. Thus. the da1ly dose 1s 

(0.38 kg x 0.05) (10,000 mg/kg of d1et) = 190 mg (or 500 mg/kg). 

Based on measurements by TEM performed at the Ill1no1s Inst1tute of Technol-

ogy Research, Inst1tute, the fiber counts/g were 0.1291xlo12 (NTP, 1985) 

(or -0.129xl0' f/mg) w1th a med1an f1ber aspect rat1o (length d1v1ded by 

diameter) of 8.435. Chang1ng the da1ly dose to the number of f1bers y1elds 

500 mg/kg X 0.129 X 109 f/mg = &.45 X 101° f/kg. 

In order to determine human equivalent dose, the U.S. EPA procedure has been 

to assume dosage equ1valency on a dose/surface area bas\s. This is roughly 
2/3 equal to equivalency on a dose/(body weight) . Thus, equhalent human 

dosage for a 70 kg human 1s 

(&.45 X 1010 f/kg)/(70/0.380)l/ 3 = 1.13 X 1010 f/kg bW. 

Since a 70 kg human drinks -2 t of water/day_ this dose. in terms of 

dr1nk1ng water, becomes 
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1.13 X 1010 flkg X 70 kgl2 l = 4.0 X 1011 flt. 

Since there is only a control and one dose level. the usual 1inear1zed 

multistage model is reduced to a single dose or one-hit model. The maximum 

likelihood estimate (mle) of potency* is 

( 1 -Pt) 
( 1-Pc) Id= -ln [(l - 0.036)1(1 - 0.006))14.0 x 1011 flt 

with a 95% upper-limit potency 

For a lifetime ind1v1dual risk of 10-•. the maximum like1'hood estimate of 

concentration 1s l.3x10 7 flt with a 95% lower limit of 7.lxl0 6 flt. 

F o r i n d i v i d u a 1 l 1f e t1 me r i s k o f l O - s t o 10 - 7 t he c o r r e s pond i n g e s t1 ma t e s 

are given below. 

Lifetime Individual 
Risk 

Maximum Likelihood Estimate 
of Fiber Concentration 

(flt) 

1.3 X 10 1 

1.3 X 10 7 

l . 3 X l 06 

95% Upper Limit of 
Fiber Concentration 

(flt) 

7.1 X 10 7 

1. l X l 06 

7.1 X 10 5 

*The potency and concentration estimates given in this section (mle and 95% 
confidence limits) are statistical estimates only under the assumption that 
the one-hit model is correct. 
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Tl'le above levels are calculated from the IR chrysotne fiber study. As 

such, the levels are much more restr1ct1ve than they would have been had 

they b·een calculated from the SR chrysot1le f1ber study. The SR study 

showed no effects w1tt. 50 t1mes the number of f1bers as the IR study. If 

the data from the SR study had been 1ncluded w1th the data from the IR study 

using only the number of f1bers, the resulting levels would have bt:>t at 

least 10 t1mes h1gher (i.e., less restrict1ve) than the levels g1ven above. 

The IR study itself contained shorter fibers (although still within the 

defined IR). which in the SR study were shown to be noncarc1nogen1c. If 

these shorter fiber counts had been el1m1nated from the positive IR f1ber 

study, the resulting levels would have been lower than those listed above by 

a factor of -2.5. 

Existing Gu1del1nes and Standards 

The current Occupational Safety and Health Adm1n1stration (OSHA) stan-

dard for an 8-hour TWA occupational exposure to asbestos 1s 0.2 f1bers/cc of 

a1r. Thrs is for f1bers >5 ),Im w1th an aspect rat1o >3:1 as determ1ned by 

the membrane f1lter method at 400-450X magn1ficat1on phase contrast 

111umination (ACGIH, 1986). Th1s standard has been 1n effect s1nce July 21, 

1986, when 1t replaced an earlier one of 2 f/cc (TWA). In Great Br1ta1n, a 

value of l f/ml is now the accepted level for chrysot11e. Th1s standard 

resulted from recorrmendat ions made by the Advisory Conrn1ttee on Asbestos 

(1979}, wh1ch also reco111nended a TWA of 0.5 f/ml for amos1te and 0.1 

f/ml for croc1do11te (U.S. EPA, 1984). The previous standard, in effect 

from 1%9 to 1983, was 2 f/ml (TWA) (BOHS, 1%8}. Th1s earl1er British 

standard, 1n fact, served as a guide for the OSHA standard (NIOSH, 1972}. 

The British standard was developed specif':ally to prevent asbestosis among 
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working populations; data were felt to be lacking that would allow for 

determ1nat1on of a standard for cancer (BOHS, 1968). Unfortunately, among 

occupat1onal groups, cancer 1s the pr1mary cause of excess death for workers 

wHh three-fourths or more of asbestos-related deaths caused from mal1g-

nancy. Th\s fact led OSHA to propose a lower TWA standard to take 1nto 

account carcinogenic effects. (federal Reg1ster, 1986). W1th regard to 

health effects, the standard states •osHA 1s aware of no 1nstance 1n ~h1ch 

exposure to a toxic substance has more clearly demonstrated detr1mental 

health effects on humans than has asbestos exposure". 

The ex\sting federal standard for asbestos em\ssions 1nto the env1ron-

ment prohibits e\ther no v1s1ble em1ss1ons or employment of spec1f1ed 

control techn1ques (U.S. EPA, 1975). No numerical value was spec1f1ed 

because of dHf1culty 1n monHor1ng ambient a1r asbestos concentrations 1n 

the ambient a\r or in stack emissions. Some local government agencies, 

however, may have numerical standards (e.g., New York, 27 ng/m 3 ). 

No standards for asbestos in foods or beverages ex1st even though the 

use of filtration of such products through asbestos filters has been a com-

mon practice 1n past years. Asbestos filtration, however, 1s now prohibited 

or limited for human drugs (U.S. FDA, 1976). 

The reconsnended water qual1ty criterion for asbestos calculated to keep 

the ind1v1dual 11fet1me cancer r1sk below 10-s, 1s 300,00.0 ftbers of all 

s1zes/t. The correspond1ng mass concentrat1on for chrysot1le asbestos 1s 

-0.05 ~git (U.S. EPA, 1980). The National. Academy of Sciences (NAS, 

1983) has also calculated the risk associated w1th the 1ngest1on of 110,000 

f1bers/l of asbestos f1bers from dr1nk1ng water based on r1sk from 1nhala-
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t\on exposure data. Th1s cr1ter1on 1s der1ved from the data that ex1sts for 

the 1nc.reased 1nc1dence of per1toneal mesothel1oma and GI tract cancer 1n 

humans exposed occupaUonally to asbestos. Th1s der1vat1on assumes that 

much or all of th1s 1ncreased d1sease 1nc1dence 1s caused by f1bers 1ngested 

follow1ng clearance from the resp1ratory tract. Several stud1es suggest the 

assoc1at1on of prox1mate a1rborne f1ber concentrat1ons to wh1ch 1nd1v1duals 

were exposed w1th observed excess per1toneal and GI cancer. All of the 

inhaled asbestos 1s assumed to be eventually cleared from the resp1ratory 

tract and 1ngested. 

Spec1al Groups at R1sk 

The effects of 1ngested asbestos on human populat1ons have been exam1ned 

based on the response of large exposed groups. To date, there have been no 

stud1es that have attempted to isolate or quant1fy the effects of asbestos 

ingest1on on any spec1f1c subgroup w1th1n an exposed subpopulat1on to demon-

strate 1ncreased suscept1b111ty to adverse effects. 
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APPENDIX 

Assessment of Asbestos Stud1es w1th Respect to F1ber Type and S1ze 

lntroduct1on 

It h well known that asbestos h not one but a fam1ly of fibrous m1n-

era1s, each of wh1ch ha ~,st1nct1ve phys1ca1 and chem1ca1 character1stics. 

Minerals from var1ous parts of the world and geo1og1c format1ons often have 

diss1mi1ar phys1ca1 properties, even though they are c1ass1fied under a 

specif1c m1nera1ogic type. These differences are relevant to the under-

stand1ng of the effects of asbestos on health, s1nce the characterist1cs of 

the f1bers have been fully def1ned 1n only a few experimental stud1es. The 

problem of eva1uat1ng the effects of d1fferent types of asbestos on health 

1s compounded by the co111T1on pract1ce of custom b1end1ng various m1nerals for 

a spec1flc \ndustr1a1 app11cation, and d1fferent ana1yt1cal techn1ques for 

measurements of asbestos (mass vs. f1bers). 

The major pathologic effects of asbestos result from the inhalat 1on of 

f1bers suspended in the a1r. The occurrence of disease 1s influenced by the 

type of m1nera1 and the d1mens1ons of the f1bers that const1tute 1t, as well 

as by the concentrat1on of fibers and the duration of exposure. 

When nonfibrous compact dust part1c1es are 1nha1ed, the ones greater 

than -5 ,,m 1n diameter are generally trapped in the nasal passage before 

reaching the respiratory system (Walton, 1982). However, the inhaled fibers 

align themselves parallel to the a1rways and act as spheres of approximately 

• e q u i v a l en t II d i a me t e r ( Gr o s s , 1 9 8 1 ; T i mb r e 11 e t a l. , 1 9 7 0 ) . The e q u i v a l en t 

or aerodynamic diameter of a particle is def1ned as the d1ameter of a sphere 
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wHh a dens1ty of 1 g/cm3 that has the same fall\ng speed as the par-

t1cle. There 1s no sharp cutoff of part1cle s1zes determ1n1ng the1r depos1-

t1on s1te (Bra1n and Valberg, 1979). 

Inhalat1on of Asbestos by F1ber Type 

In occupational c\rcumstanc£ , the current method of quant1tat1ng 

asbestos a1r concentrat\ons allows only for the enumerat1on of all f\bers >5 

"'m collected on a specH\ed area of f\lter, ut111z\ng phase-contrast l\ght 

m\croscopy (NIOSH, 1972). ~lso, a f\ber of 0.19 µm diameter cannot be 

v\ewed, regardless of length s\nce 0.2 µm \s the lower 11m1t of resolution 

(0.4 "'m 1s more typ\cal) for the most h1ghly sk\lled m1croscop1st. Such 

1nstrumentat1on does not allow for the 1dent1f1cat1on of the f1bers 

accord\ng to m1neral type or s\ze. 

It 1s a well establ\shed fact that 1nhalat1on exposure of asbestos 1s 

associated w\lh \ncreased r1sks of lung tumors (bronchogen\c carc\noma and 

per\pheral adenocarc\noma), pleural and per1toneal mesothel1oma, \nter-

st\t\al pulmonary f1bros\s (asbestos1s), pleural th\cken\ng and possible 

other tumors, \nclud\ng those of the GI tract and k\dney. Invest1gators 

have \nduced lung tumors, mesothel1omas and f\btos\s after adm1n1strat\on of 

a s be s t o s o f a n 1 ma l s . I n s ome of t he s e e x per 1 men t a l s t u d 1 e s 1 n a n \ ma 1 s , t he 

1nvest\gators have prov\ded a descr1pt1on of the s1ze and types of f\bers 

used. For example, Lee et al. (1981) have shown that the 1nhalat1on of 

amos\te (AM), f1ber glass (fG) and potass\um octant\nate (fybex) 1n rats and 

hamsters caused adenoma, carc1noma and mesothel\oma over the 3 months of 

exposure. The reported length of Fybex f\ber was >5 µm (Table A-1). 
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0 
<,.J • -.J 
0 

> 
I 

<,.J 

fiber Type 

A", FG (fine), 
Fybex (>5 µm length), PKT 

Alumina (medium length, 
35-62 µm; diameter 1-5 µm) 
VS. CH (UICC) 

1 ABLE A -1 

Respiratory lract Tumors In Rodents After 
Inhalation of Asbestos and Other Asbestlform •1bers* 

(No. of Tumors/ An Ima 1 Tumor Types 
No. of Animals 

Experiment 1: Rat adenoma, 
A" (3/ lb), guinea pig, carcinoma, 
FG (2/19), hamster mesothelloma 
Fybex (1/21) In rats, 
Fybex (1/12 In hamsters 

E xper lmenl 2: 
Fybex (3/25), 
Fybex (1/lCJ), In rats, 
Fybex (1/1&) In hamsters 

Alumina= 0/&0 rat adenoma, 
CH= 5/38 squamous cell, 

adenocarclnoma 

*Source: Adapted from NAS, 1984 

Reference 

Lee el al .• 
1981 

Piggott 
et al., 1981 

A" = Amoslte; FG = fiberglass; Fybex = potassium octanllnale, PKT = plgmentary potassium titanate, CH 
~ (UICC) = chrysotlle (International Institute Against Cancer) 
' I'\.) 
a, 

' CD 
V, 



Table A-2 shows the occurrence of mesothel1omas appear1ng. 1n rodents 

after \nject1on of asbestHorm f\bers. Th\s 1nject1on techn1que has been 

used most frequently \n reported stud\es because of \ts reproduc1b11Hy 

(NAS, 1984). Stanton et al. ( 1977, 1981) reported that tumor \nc1dence was 

greatest for f\brous glass >8 'l,lm \n length. Wagner et al. (1973) observed 

1n the\r exper1ments that f1bers >10 1,.1m 1n length ~ue more tumorgen1c 

than nonf1brous mater1als. From the data presented 1n Table A-2, 1t may be 

stated that exposure to long (>8 'l,lm) f \bers results 1n the appearance of 

mesothel1omas. Nonf1brous part1cles, 1nclud1ng cleavage fragments, do not 

generally cause tumors. 

F\bros\s, assoc\ated w\th asbestos and asbest1form f\bers, has been 

exper\mentally produced \n .var1ous an\mal stud1es. Table A-3 shows those 

stud\es for .wh1ch f\ber types have been reported by the 1nvest\gators. The 

\mportant features of these exper\ments can be sunmar\zed by stat1ng that 

1nhalat1on and pleural \nject1on stud1es 1mpl\cate the 1ncreased f1brogen1c 

potent1al of longer (>10 1,.1m) f1bers of both asbestos and f1brous glass. 

Fredr1cks (1979) also prov1des some \nterest1ng data concern1ng morpho-

log1cal aspects, namely the s1ze and shape of f\ber content \n human lung 

dusts. The author observed that most of the f 1bers \n the lung of the one 

asbestos worker were shorter than 20 'l,lm \n length and th\nner than 

1 1,.1m. However, the major\ty of f\bers \n the samples of the analyzed 

groups (normal, mesothel\oma cases and asbestosis plus mesothel\oma) were 

shorter than 30 1,1m and th\nner than 2 1,.1m; the longest f1bers were found 

to be 180 1,.1m. 
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0 
c...> .,. 
-.J 
0 

> 
I 
V, 

0 .,. 
' 0 
V, 

' CD 
CD 

Mode of 
Adm1nlslratlon 

lnlrapleural or 
lnlralhoraclc 

TAHU A-2 

Mesolhe110111c1s In Rodents Appear1ng after lnJecl1on of Asbestlform Fibers• 

Dose (No. of Tumors/No of An1mals) or 
(mg) Percent Tumors by Fiber Exposure An Ima 1 

one time CR= 1, CH (15/30), AM (15/30). CR (14/30), rat 
10, 40 mg on milled CR (8/30), FG (1-25 11111 diam-
glass pledget meter, 1/30), FG (0.06-3 pm diam-

meter, 4/60), CR (al 1 mg, 2/40; at 
10 mg, 11/40), pledget alone (0/40) 

40 on glass 17 samples of FG tested; greatest rat 
pledget tumor Incidence observed for FG 

>8 µm length, <1.5 .,m diameter 

40, one time CR, CH, FG, allalnum oxide all rat 
<5 ..... d1a111eler, >SOX tumors 

40, one l1me Most fibers ~0.25..,. diameter, rat 
>8 µm length were lu11e>rlgenlc, but 
Induction also observed for fibers 
<l.5 µm diameter, >4 pm length; 
72 experiments 

0.5. 1, 2, 4, 8 Dose response: Tumors observed with rat 
(SFCH, CR); rest, SFCH, CH, milled CH, AM, AN, CR, 
20, one lime bruclte ceramic f1ber, bar1um sul-

fate, FG, glass powder, aluminum 
oxide. Tumors were Induced with 
nonflbrous 111c1terlals 1 but more were 
seen with fibers >10 µ111 length, 
<5 pm diameter 

20, one lime CH (45i): leached (0-3"); CR (54%); rat 
leached fibers were shorter, thicker 
and there were fewer per un1t weight 

Reference 

Stanton and 
Wrench. 1972 

Stanton et al., 
1977 

Stanton and 
Layard, 1978 

Stanton et al., 
1981 

Wagner et a 1. , 
1973 

Monchaux 
el al., 1981 



0 
w 
~ _, 
0 

> 
I 

O" 

Mode of 
Admlnlstrat Ion 

lntraperltoneal 

DO'!ii' 
(mg) 

1. 10. 25 

25, one time 

0.5. 2. 5, 10 

~ •source: Adapted from NAS. 1984 
....... 
0 

lABLE A-2 (cont.) 

(No. of Tumors/No of Animals) or 
Percent Tumors by Fiber Exposure 

CR: at 1 mg (2/50), at 10 mg (10/50); 
AM: at 10 mg (3/50); CH: at 1 mg 
(0/50), at 10 119 (4/50). at 25 mg 
(9/50); AM: at 1 111g (0/50). at 10 mg 
(4/50); talc at 25 mg (0/50), control 
0/100); milled CH at 25 mg (<0.37 aarn 
length, 0.07 ,,m diameter (0/150); 
fibrous nemallte at 25 nag (0/50); 
silicon dioxide at 10 mg (4/40), FG 
50 pm diameter (0/50) 

Group 1: FG 0.1 a,111 diameter. 82" 
>20 pm length (5/60); 
Group 2: FG 0.3 aa111 diameter, 46X 
>20 pm length (2/60); 
Group 3: FG 1.23 aa111 diameter. 34X 
>20 pm (2/60); none In three 
groups of FG where 2X >10 pm length 

Diversity of alneral fibers ~20 p11 
diameter, <0.25 p11 length; GF Induc-
tion of tumors reduced with hydrogen 
chloride and NaOH treatment 

Animal 

hamster 

hamster 

rat 

Reference 

Sml th and 
Hubert. 1974 

Smith et al .• 
1980 

Pott et a 1.. 
1982 

~ CH =- Chrysotlle; CR =- crocldollte; AM = amoslle; FG =- fibrous glass; GF =- glass fiber; SFCH = superfine 
g; chrysot I le 



0 
w • ..... 
0 

> 
I ..... 

flodl' of 
Ada In h lrat Ion 

Inhalation, 
lnstll1allon 

C Ollb I ned I nha -
lat Ion and 
Instillation 

Ins ti llallon 

fiber Type 

fM 10-SD ..-
length and short 
f lbers 

CH, CR, Al, M, 
lR, bruclte, all 
long C20-SO ..-) 
vs. short C<S ..-) 

fG CO.S 1111 dla•-
eter, S-20 1111 
length) 

Sired CR, CH, fG, 
synthetic fluoro-
aaphlbole 

•source: Adapted froa IAS, 1984 

TARI I A -J 

Dl'vl'lopaenl off lbrosls In Anhaals aflpr Inhalation or 
lntratrachl'al ln\tlllatlon of Ashl'\tos .tnd OthPr Asbl'\tltor• f lbl'r\• 

Concentrat Ion 
C-it••)b 

and Duration 

IR 

IR 
< J years 

100 
24 mnth, 

3-2S 
2-6 tl•s 

I atPncy 
Anhui (aonth\)c 

----
gulnl'a pig ID 

rat, gulnPa 16 Cgulnu 
pig, muse, p lg) 
cat. dog 14 cat 

rat, haaster IA 

gulnl'a pig 24 

Observat Ions 

lo f I bros h 

fibrous rl'actlon: Guinea pig> rab-
bit = cat =rat> muse and dog. long 
CR fibers: fibrosis; long Afl, CR, bru-
clle ~ perlbronchlolltls; long TR~ 
bronchlolar fibrosis; Al~ no fibro-
sis; no fibrosis with short flbPrs. 

Nlld macrophage lnflltratlon without 
fibrosis. 

Nlnlaal pl'rlbronchlolar fibrosis only 
with flbt'rs >10 ..- lpngth. 

bApplled to lnh1latlon exposures. Dose expressed dlffl'rently for othl'r types of l'lposurl'. 

Cfroa beginning of exposurl' 

CH c Chrysotlle; CR a crocldollte; Al c anlhophylllte; M amslle; fG fibrous glass; TR a treaollte; GW = glass wool 
0 
~ NA= lot applicable; IR c not rpporll'd ...... 
C) ..,.. 
....... 
CD 
CD 

Reference 

Schepers and 
Dl' lahant, 19SS 

Vorwald 
et al., 19Sl 

Gron et al., 
19 '°· 1914 

Kuschnr- and 
Wr lght, 1916 



In sunmary, even though the 1nterpretat1on of the exper1mental results 

of many asbestos and asbest1form stud1es regard1ng pathogen1c1ty of var1ous 

f1ber· types 1s compl1cated (because only the mass of asbestos adm1n1stered 

was ment1oned), the data presented 1n the preced1ng sect1on suggest the 

follow1ng: 

1. Resp1ratory tract tumors are observed 1n rats and hamsters 
follow1ng 1nhalat1on exposure to Fybex (potass1um octant1nate) 
>5 µm length (Table A-1) (Lee et al., 1981). 

2. Inhalat1on exposure to long (>10 µm) f1bers results 1n the 
appearance of mesothe11omas, (rats). Nonf1brous part1cles, 
1nclud1ng cleavage fragments, do not generally cause tumors. 

3. Inhalat1on and pleural 1nject1on stud1es 1mp11cate the 
1ncreased f1brogen1c potent1al of longer (>10 µm} f1bers of 
both asbestos and f1brous glass, (rats). 

Inqest1on of Asbestos by F1ber Type 

There are few 1ngest1on stud1es 1n wh1ch m1neral and f1ber character1za-

t1on of asbestos f1bers are reported (Table A-4). The results of b1oassays 

of amosHe (med1an length 4.37 µm, range 0.85-995 µm}, and chrysot11e 

s ho r t - r a n g e ( SR , med 1 a n 1 en g t h O . 6 6 µm , r a n g e O . O 8 8 - 5 1 . 1 ) or 1 n t er med 1 a t e -

range (IR, med1an length 0.82 µm, range 0.104-783) d1d not demonstrate any 

carc1nogen1c1ty 1n hamsters when 1ngested over the 11fet1me per1od 

(McConnell et al., 1983b). In another 1ngest1on study 1n an1mals, McConnell 

et al. (1983a) demonstrated that amos1te asbestos w1th a med1an length of 

4.37 µm (range 0.85-995) was not carc1nogen1c when 1ngested at a level of 

1% 1n the d1et by male and female rats. 

The NTP (1985) has reported the results of a study on the carc1nogen1c 

potent1al of the 1ngest1on of chrysol1te short-range (98% <10 1,,1m) and 

1ntermed1ate-range (65" >10 µm w1th 14% >100 1,,1m) f1bers. The results of 

the study showed no ev1dence of carc1nogen1c1ty for the SR f1be.-s 1n e1ther 

03470 A-8 04/07/88 



Q
 

Q
 

Q
 

.., 
.., 

.., 
C

l 
C

l 
C

l 
.. .. 

.. 
.. 

-
-

... C: 
.. 

-
-

-
.. .. 

• 
• 

• 
-

-
.. 

'; 
-

• 
.. 

.. 
-

-
"' 

-
-

-
C

l 
.. 

.. 
.. 

.. 
C: 

C: 
C: 

-
C: 

C: 
C: 

0 
0 

0 
... 

... 
... 

A
, 

~
 

~
 

~
 -• 

.. 
.. 

.. 
.. 

j 
-

-
.. 

.. 
.. 

0 
• 

• 
-

-
-

C: 
• 

• 
• 

• 
.. 

C
 

.t::. 
.t::. 

.. 
.. 

.. Q
 

C
 

-
I .. 

0 
.. 

c,, 
" 

-
C: 

C: 
-

.. 
• 

C: 
c,, =i 

-
~
 

--'Ill .. 
= 

C: 
0 

" 
.. .. 

-.::,a..ci-
C: 

I -
.. Ill -a 

• 
-

-
... 

• 
It 

-
'1

:1
-

.. ·-=
 

-
I
I
 

= 
= 

= 
... 

1111'1-iJ'I 

-
• 

• 
• 

...... "' 
-

... 
,.,_ 

'1
:1

1
-.t::., 

Cl 
• .. 

,-· 
.. -

-
-

C: 
... 

C: 
Cl 

Q
. C: 

Cl 
.. 

·-
.,_ 

--
.. , 

• 

~ 
.. 

" 
- .. 

c,, 

-
C: 

C: 
• 

~
 -

--
.. 

' ' 
= 

= 
C

 
-

• 
• 

C
 

._
_

 
-

0 

iii .. 
.t::. 

" 
1,1'1 

C
 -

... -• .. 
.. 

-C: 
c,, 

" 
C: 

'1:11 
• 

' 
0 

.. 
• 

• 
• 

.. 
I 

'"' 
• 

• 
. "' 

-
.. 

.., 
' 

' 
.., 

C: 
I -

e
-

"' "' 
"' "' 

c
-

-
·-

,.. -·-·-
,.. -

:; ' 
I 

' .. 
' 

• 
' 

' 
' 

.. 
-

. .. '. 
I
.
 ... 

.. 
a 

1
-

=-
"' .. 

"' .. =-
I 

' 
-=

 
C

IQ
 

e
o

 
-
o

 
.t::.• .. 
-

" 
Q

O
 == == == 

-
- C: C: 

-
.. 

... 
-

• 
.. 

.. ... 
.. -

.. 
' 

' 
.. 

1,1'1 
c,, 

_,.. 
_,.. 

.. 
C: 

. "' 
... 

-
.. 

• 
-

-
-

.. --
"' -

~
 "7 

.. 
Q

 

.;. ' 
' 

' 
.. 

-
C

l .. 
c
•
 

c,, 
-

..,_ 
c
-

c
-

-
0 

0
0

 
O

Q
 

= 
.t::. 
1,1'1 

O
Q

 
0

0
 

- .. -J 
= C: -

-
-

.. It 
-

-
-- .,_ ... _ 0 

'1:11 
a 

.. ... " - .. 
.. 

.. 
.. 

'1:11 
Q

. 
-

-
.. 

-
-

-
.... 

-
.. 

.. 
-

0 
0 

0 
• 

.. 
.. 

-
... 

.. 
.. 

.. 
.. 

.. 
Q

 
.. 

J 
J 

.. 
-

.t::. 
.t::. 

a 
... 

... 
... 

• 

03470 
A-9 

04/05/BB 



male or female rats, and no ev1dence of carc1nogen1c1ty for the IR f1bers 1n 

the female rats. However, for the male rats 1ngest1ng the 1ntermed1ate-

range f1bers at 1% of the d1et, ben1gn ep1the1'al neoplasms (adenomatous 

polyps) were observed 1n the large 1ntest1ne at the 1nc1dence of 9/250. 

Based on these f1nd1ngs, the NTP concluded that there was some ev1dence of 

carc1nogen1c1ty 1n male rats exposed to IR chrysot1le f1bers. 

In sunrnary, the results of b1oassays of amos1te asbestos (med1an length 

of 4.37 1,1m) and chrysot1le asbestos (<10 1,1m 1n length) do not show car-

c1nogen1c potent1al 1n hamsters and rats when fed at 1% 1n the d1et over the 

11fet1me per1od. However, there 1s some ev1dence of carc1nogen1c potent1al 

assoc1ated wHh chrysot1le asbestos f1bers (65% >10 1,1m 1n length), 1n male 

rats over the 11fet1me exposure. 

Ep1dem1olog1c Asbestos Ingest1on Stud1es by f1ber Type 

Marsh ( 1983) rev1ewed and evaluated ep1dem1olog1cal stud1es of 1ngested 

asbestos conducted 1n f 1ve areas of the United States and Canada for the 

def1n1t1veness and appl1cab111ty regard1ng the development of amb1ent water 

qual1ty standards. Several methodolog1c weaknesses and 11m1tat1ons were 

found 1n each study, lead1ng to the determ1nat1on that no 1nd1v1dual study 

or aggregation of stud1es ex1st that would establ1sh r1sk levels from 

1ngested asbestos. The author cons1dered that one of the factors that may 

have attr1buted to cons1derable d1screpanc1es m1ght have been the char-

acter1st1c of asbestos exposures 1n dr1nk1ng water 1n var1_ous study popula-

tions. The type of asbestos and other pert1nent 1nformat1on are prov1ded 1n 

Table A-5. It 1s seen from the table that the chrysot1le asbestos was pres-

ent 1n water suppl1es of 4 of the 5 study populations. 
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Millette et al. (1980) 1n a review of the results of >1500 asbestos 

analyses from water suppl1es suggest that the average length of chrysot1le 

fibers found 1n an asbestos cement distribut1on system was 4 ~m. wh1le the 

average f1ber length of chrysot1le f1bers contr1buted to a water supply by 

natural eroc;ion was l ~m. Some s1ze character'5tics of asbestos f1bers 

found 1n v, ,ou~ water suppl1es are g1ven 1n Table A-6. 

In sunmary, an attempt 1s made to assess the s1ze character1st1cs of 

asbestos/asbest1form fibers and the1r patholog1c effects of various 

exposures. Th1s report has del1neated the var\ous patholog1c effects of 

asbestos/asbest1form f\bers assoc1ated w1th 1nhalat1on, ingest1on exposure 

and pleural 1nject1on. It 1s recogn1zed that these stud1es were not carr\ed 

out under r1g1d exper1mental cond1t1ons, and yet, even w1th these gu1de-

lines, the ~esults of the experiments conclude that an asbestos f1ber >10 

~m plays a sign1f1cant role 1n producing various effects. 

Discussion 

Lee et al. (1981) have shown that the 1nhalat1on of amos1te, fiberglass 

and potassium octant1nate in rats and hamsters caused adenoma, carcinoma and 

mesothelioma. The reported length of potassium octant1nate f1ber was >5 

~m. 

In other stud\es, Stanton et al. (1977, 1981) reported that tumor \nci-

dence in an\mals was greatest for f1brous glass >8 ~m i~ length. S1m1-

larly, Wagner et al. (1973) also observed in the1r experiments that f1bers 

>10 ~m 1n length were more tumorgenic than nonf1brous mater1al \n an1mals 

(rats). 
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TABLE 6 

Sonte Size Characteristics of Asbestos Fibers Found In Various Water Suppllesa 

Type of Nulllber of Average Average Average 
Source F lber Fibers Length Width Aspect ..... , ( ""') (adll) Rat lob 

> 
~ Reservoir with natural erosion (WA) chrysotlle 289 0.8 0.034 25:1 
l,J 

Reservoir with natural erosion (CA) chrysot Ile 644 1.3 0.04 39: 1 

Cistern with asbestos tile roof (VI) chrysotlle 342 2.3 0.04 62: 1 

Distribution sites frOII five asbestos chrysotlle 1440 4.3 0.044 121: 1 
cement pipe system (SC, PA, FL) 

Lake Superior (MN) amphlbole 468 1.5 0.18 11 : 1 

aMlllette et al., 1980 

bLength/wldth 

0 • ..... 
0 ..,, ..... 
CD 
CD 

Max l11um 
Length Found 

(aim) 

3 

10 

25 

80 

14 



Data concern1ng f1ber s1ze 1n hul'Tldn lung dust 1n asbestos exposed 

workers (fredr\clcs, 1979) showed that the maJor\ty of f\bers \n the samples 

of the analyzed groups were \n the range of 10-30 µm 1n length. 

L Het\me asbestos 1ngest\on b1oassays for carc1nogen1c\ty 1n animals by 

McConnell et al. (1983a,b) and :'Ii: (1985) provide some 1nterest1ng 1nforma-

t1on on the asbestos f1ber s1ze and \ts carc1nogen1c1ty 1n an1mals. 

McConnell et al. (1983b) reported no ev\dence of carc1nogen1c1ty of the GI 

tract 1n hamsters following adm1n1strat1on of d\et conta1n1ng l" amos\te 

(med1an length 4.37 µm) or chrysot1le asbestos cons1st1ng of short-range 

(med1an length 0.66 µm) or 1ntermed1ate-range (med1an length 0.82 µm) 

f1bers. The \nvest1gators also reported that 1ngest1on of amos\te cons1st-

1ng of a med\an length of 4.37 µm resulted 1n no GI tract carc\nogen1c\ty 

1n rats. 

NTP (1985) showed that \ntermed1ate-range chrysot11e asbestos cons1st\ng 

of med1an length f\bers of 0.82 µm (65" >10 µm; 14% ~100 µm) was 

assoc1ated w\th causing ben1gn ep\thel\al neoplasms (adenomatous polyps) \n 

the large \ntest1ne of male rats when fed at 1% \n the d1et. The 

short-range chrysot1le asbestos (med\an length 0.66 µm; 98" <10 µm 1n 

length) had no effect on male or female rats. 

Impl1cat1on of the assessment of asbestos f1bers >10 µm \n length 

be1ng responsible for observed carc\nogen\c\ty 1n animals and humans leads 

to: 

1. The explanation why there was no clear evidence of GI tract 
cancer observed \n the populations dr1nlc\ng water conta1n1ng 
asbestos 1n the ep1dem1olog1cal 1ngest1on studies. 
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2. The determ1nat1on of excess 1\fet1me cancer r1sk, 1f any, from 
the 1ngest1on of chrysot11e f1bers >10 ~m in length from 
dr1nk1ng water contam1nated with asbestos. 

T'1e reasons for the lack of 1ncrease 1n the GI tract cancer 1n the popu-

lations dr1nk1ng water containing asbestos (ep1demiological studies) may be 

that the fibers present 1n these water s•j!~;-nes were <10 ~m in length. In 

support of this argument, the Marsh (l.~3) review of 13 ep1dem1olog1cal 

studies provides the asbestos •type" present in these water supplies and 

M1llette et al. (1980) provide the size of asbestos fiber present in some of 

those water supplies of ep1demiolog1cal 1ngest1on stud1es. Marsh (1983) has 

stated that the asbestos Ntyped present in the water suppl1es of 4 out of 5 

areas was chrysot1le asbestos. M1llette et al. (1980) 1n their review of 

results of >1500 asbestos analyses of water supplies of various areas (e.g., 

Cal1forn1a, .wash1ngton, etc.), demonstrate that the average length of chry-

sot1le asbestos in the asbestos cement d1str1but1on system was 4 ~m. wh1le 

the average fiber length of chrysotile asbestos contributed to a water sup-

ply by natural erosion was l },Im. Therefore, these arguments strongly sug-

gest that the lack of increase 1n GI tract cancer 1n the populations drink-

ing water conta1ning asbestos might be due to the majority of chrysot1le 

asbestos be1ng well below 10 },Im in length. 

W1th regard to determining excess lifetime cancer risk from ingestion of 

chrysot1le asbestos >10 l,lffl in length, the evidence of asbestos carc1no-

gen1c1ty of the GI tract is limited. As such, the data base chosen to 

calculate the estimate of risk (GI tract cancer) by ingestion is from an NTP 
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(1985) 1ngest\on study of 1ntermed1ate-range chrysot1le asbestos >10 "m 1n 

length.- Us1ng this study, the estimated levels that would result 1n 

increased lHetime cancer risk (fibers/t) of 10-s, 10-• and 10- 1 

are: 7.lx10 7 , 7.lxlO• and 7.lxl0 5 fibers/t, respectively. 
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