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Table< Mdvalht 20 vaars after first employment, by caise, m relation 1o duranon of senue

Cwse oof death” {uration of Rrovs service (v
! 1- 5 S-<20 220 Complete ohort
1) SMK o SMR 4 SMR (! SUR Y SR
Al causes Jdh 1299 189 1N 130 JRIXR 2w CREN % [FT I
Malignant acoplasms a0 1449 S¢ 1287 v 140 61 el 202 126 ¢
Resprraiory 23 (R 19 [ECR] 9 1226 21 1314 i} 138
IDgestive 17 1329 16 12583 3 o6 2 tinw s9 144
thher iy 1204 28 1649 1S T 21 1072 0 [ARR)
Heart discase [T) 1241 v [T 14 w7 100 931 AR 102 %
Resparatory tuberculoss 1] [}] 1] - 4 M IR 4 1389
Other respiratory 13 196 1 X 126 2 ) LA L] 922 X
Pacumocomosis (m [RI] th (] (2
¢ crebrovascular In 1376 14 10K 3 1S 142:7 20 w2 67 1Y n
Acadents 1 1211 s 692 s 17 7 LX) M ] N0
Other known 7 1238 24 Vikd 29 147 4 LN 79 1258 -7

*As in table 1. except that 1C D codes 16064 are here grouped under “respiratory” mabignant neoplasms and the ““other respirsiory

category includes only bronchitis. pneumonia. and preumoconiosis (1CD 490-502, S233)

Table 5 gives MRs by total accumulated dust exposure.
lack of any clear or systemic a:posure-effect pattern is present. ~
The QR for respiratory cancer for men in the 2 highest dust group_'s
cambined (125.8) was higher than for the 2 intermediate dust grougs

The same

-,
- £

combined (103.3) but still substantially below that for the lowests. *

exposure category (167.4). A similar pattern of relative risk was
obtained from the Mantel-Haenszel analysis (Table 6), which showed
an increasing risk only if the minimal exposure group is ignored.

Table 5 Male deaths 20 vears after first employment, by cause, in relatton (o dust exposure (mpef vy

Accumuiated dust exposure (mpcf y)

<0 10~-<20 20-<40 40-<80 280
] SMR 0 SMR 0 SMR 0 S\IR 4 SR

All causes S46 1134 NY 923 71 -6 62 1102 s [ATXI]
Malignant neoplasms 134 1281 22 109-6 19 1201 19 1$}9 8 179

Respiratory §s 1674 6 104-7 s 1084 6 162 8 I €3.22

Digestive A} 1026 Y 1381 L] 1834 K 120-2 3 120

(nther 45 1140 7 LUR 6 1010 LS 176-6 4 PS04
Hueert disease 60) 101y 14 BB 13 760 IR ed 13 vy
Respiratory tubercutoss 2 1236 D) — 0 — \] — 2 11129
Other respuatory 2 1251 S 135 6 N 744 2 1090 3 2308

Pneumaconions (9 (h (th n (o
Cerebrovascular 4 1229 L} w7 7 1184 ) 1171 4 1384
Acadents i 1010 A Kb S 0 — 2 K63 1 94-2
Other known scsdag XA 1095 1S 109 1s 126 8 i 122 M 434

=3
===
= ———

The more detailed analysis for respiratory cancer in Table 8 shows
that the same pattern is shared by men in the lowest accumilated
dust category regardless of duration of employment.

Table 8  Male deaths from respiratory cancer 20 vears
afier first employment tn relanon to duraaon of senvice and
dust exposure

Duranon of Dust exposure (mpcf v}

service (yi ——— b
<10 10-<40 >40
0 SMR 0 SMR 0 SMR

-1 24 180:0 0 - 0 -

1-<$ 171663 Y %32 0 —
8 141500 g 7 1254
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Table® Madmntve nsks of respiratory cancer by dust exposure from (1) Mantel-Haenszel analysis and (2) SMRs

mpcfy Chi-square
<l0 10-<20 20-<40 40-<80 280 Difference Lineanty
Mantel- Hacnszel
Observed s4 4 5 6 1
Expected 511 R-7 46 41 {-s
Relauve nsk 1 0-40 0-91 1-40 113 350 G-00
From SMRs.
Relative nsk 1 0-59 0-64 0-9r o3

The other respiratory group of diseases that included pneumoconiosis
also showed little indication of an exposure response. Six of the
12 whose deaths were from pneumoconiosis (ICD 523) had worked in the
plant for less than a year and only 3 of the other 12 had a total
dust exposures index of 10 mppcf-yrs. or more. Table 7 shows
details from death certificates given ICD code 523. In no case was
asbestosis mentioned but anthracosilicosis or silicosis were giva:_-‘i-
as the cause of death in all but 2 cases. It was further noted that
all 12 had either been born or had died in the coal mining area of ¥
Permsylvania. Lt

Table 7 Deaths attributed to pneumoconiosis (1ICD 523)

Case No  Employment Blmll Death Cerufied cause
place
Age at Duration Tinal dust Age  Place
start (v) (mpcfv) v}
1 36 2 months 01 Sandy Run, Pa 64 Freeland. Pa Anthracosilicos:s
2 26 6 months 02 Taylor, Pa 57 Taylos, Pa Silicoms and emphysems
k) 3s 2 months (1 ]} Wilkes-Barre, Pa 87 Wilkes-Barre, Pa Anthracusibcous
4 29 S months 02 Wilmington, De SH Wilkes-Barre, Pa 3* anthracosthicons
b) 3K 10 months 07 Pennsylvania 68 Wilkes-Barre, Pa Anthracoslicons
6 22 3 months (3] Wyoming, Pa s3 Wyonung. Pa Anthracosihousts
7 s0 lylom 20 Mexico 19 Windber, Pa Coal workers
pReuUmMOCONMOsIS
8 47 3 years R Scranton, Pa 75 Scranton, Pa Anthracosshoous
9 35 3 years 17-4 Nanticoke, Pa S8 Nanticoke. Pa Silicoms
10 51 20 years %3 Scranton, Pa 7 Bndgeport, Ct Pulmonary sihconis
11 40 16 years 218 Nantcoke, Pa 68 Bndgeport. Ct Pnecumocomosis
12 3 30 years LR ) Nenticoke, Pa 62 Bndgepornt, Ct Pneumocomosts

CONCLUSION
: s concluded that if it is accepted that the high mortality
1 causes (including respiratory cancer) in men employed for

less than 1 year was probably due to some form of selectiom, then
the results suggest that the adverse health effects of employment in
this chrysotile friction products plant were small.

t~1t:arkers73 in an asbestos textile factory, which were exposed to dust
levels higher than current standards permit, were divided into 5

cohorts on the basis of duration and period of work in scheduled
areas (Table 1).
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The mumber of deaths in each group attributed to lung cancer
(includes mesothelioma), other cancers, respiratory diseases and
other causes are compared in Table 2 with the mmber expected, which
is calculated from national death rates by 5-year age-groups.

Tobie 2 Number of draths cbserved and expected, by exposere cohort ond conse

Came of domit Cobert Obavrowd doasint Kxpoered doavhe Aarie Probubiiy of chesrwd
w'm amubey ov mevy
Lung enncer and i 130 109 104 <080
plorsl messshaliows 3 e 33 oon :‘[.
(162, 16) aad 229) 3 (X’ ] 356 14 (&1l
" %@ 1 19 oo -
s 1 *n » *0ss '
Crber concers ] [} 414 19 (o d ]
(148:259) ] ) o .7 o 4
] ' ool - [ ooid =T
4 " "N [ o] 9%
3 ¢ 14 [ 2] *m
Rmpirsiory dieases i 14 b L ] 34 <08
(4e-919) 3 7 +12 14 [ 2114
3 L] 93 [ ] 26
4 2 "nas (B} o1
s 4 10 22 *He
Ovhar conmn ] n e (B4 03}
1 3 nm (B o,
3 » »n (R ] 047
4 [ 1568 [ o4 [ 224
3 n 1 *e *™
AN cames 1 [ nn 1) <o
2 4 »9 13 [0 1]
) » 3 *e)
[} [P 4} 12 14 [ 2. od
s » bia 1 *>%
assurding s e sighth rovinen of the Awevnardane! Clossifiaston of Blssuswy (Werld Heahh Ovganisnticn, 1967).

Limg cancer mortality in the area of the factory was lower than the
national average among men (MR = 87) and similar for women (MR =
10%) g 1959-63.

Wesliges first exposed before 1933 (cohorts 1 and 2) suffered a
maEY excess of lung cancer and respiratory disease, particularly
those-with 10 or more years' exposure prior to 1933. There is also
some excess mortality from lung cancer and mesothelioma (36
observed, 19.3 expected; p 0.001) and respiratory disease (35
observed, 25 expected; p = 0.03) in those who entered after 1933
(cohorts 3, 4 and 5 combined), although the excess is very much less
than in the first 2 cohorts. There were 16 deaths attributable to
gastrointestinal cancers compared with 15.70 expected. No excess
for any of these rubics approached statistical significance in any
cohort, and no peritoneal mesothelioma was reported. In order to
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distMPiish between exposures of 1933 and after 1950, observed and
expected deaths for those first exposed between 1933 and 1950, and
those first exposed later were determined (Table 3). There is clear
evidence of some excess of lung cancer and respiratory deaths among
those first exposed between 1933 and 1950, although very much less
than in cohorts 1 and 2. There have been few deaths among those
first exposed after 1950, but there still appears to be an excess of
deaths from lung cancer 15 or more years after first exposure (5
observed, 1.86 expected; p = 0.04)).

Tobis } Number of doaths sbserved and expecied, by duse of first exposure

Cohu Conme Olavread dvanin} Expocerd dogtte ] Poatubily o chuvend
w by & e

ond vomen o Lung camenr »om we 19 o
:‘—mmm Oher canaere » ne [ 4 [ o
CER ) Aaplesery » nn [ ) oo
Other casnm L 7% [¥] o)
Men ond vomen Sret Lung eanew <« »» 19 [ d.
capassd 1991 or hnaew Ovhar aammers 3 e [ ] o
CER ] Aapbwtery 3 i [ o] oM
Olhw was L) 17 (o [

“b.ﬁ*n“hn“*hh*d~.—~.~ -~
Indiuts one ense 8 which ¢ plensl emethelions ves ¢ conerutery emms of dusth. <

et .,..,,,a

This is shown in Table 4, in which deaths from lung cancer mcludiaé
pleural mesotheliomas in these groups are distributed according to
the time since first exposure; the relative risk increases
progressively with time since first exposure in both groups.

Cohary Paving siare fru Obusreod gomstyt Kapveond dossie [ =) Protabiy of chuwend
omvving srdwiied chowenliospurend anbde o s
C 17 ]
Mm and voms.. s i I - 14 [ ]
enpunnd 19))- 1999 1510 «m ] ) om
YY) 20 end over 3 e " o
Tomt »m we [L 4
==m_-m= e ) o ¢ o
e 2 eat oo :}’ m}“' 7 add o.}""
Tons (Y J r®» (2] [ ]

$Osnths Sum ptowwl musthelions avv insiuded in B clnerved cumber fir tung waew aad oo Pe spwrelly s parenthem.

The 6 workers first exposed after 1950 who died of lung cancer were
all-smokers; five worked in areas where dust levels were high in
one may have had previous exposure from another job. No

liomas have occurred in this group although in view of the

ency period none would be expected yet. Asbestosis was
found in 3 of the 6 cases. The numbers are too small for the
magnitude of the excess of lung cancer in those first employed after
1950 to be estimated with any precision. Dust levels associated
with various processes are shown in Table 5.
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Toble 3 Dwer brwels srcompan ying dfforent warlly provosers, 1992-1974

Svpren. ¢ Prorvas Yooty mvun dam vt
(‘lﬁﬁhﬁw *“—(‘.pm.
1992 1090 %/ 1908 19%¢
Fiorning Mising " -_ - - -
Bag sitey Bt e ] ry 3 )
Moshanien! bagging - 120 4 ] ]
Carding Pins aarac » b 4 [ [ 3
Modiun s sie 0 ] [ )
[« X ] 1He 2.4 ’ [ D
Rlssrias! siiver sards L4 b _J ] 1 2
Sowmmag Pine wpinning 3. 1He ] ) ]
Roving frames e 190 $ [} 3
Isserwadioes rames 190 109 $ . 4
Weaving Beaming 19 22 [ ‘ <1
Pira winding 1% 10 ] 3 <!
Cloth weaving 1» "o ) 2 <l
Listing wasving 159 He b [ <!
Piasting Paking 19 » 4 4 3
CONCLUSTIONS : -
- £
Results for Groups 1 ang,2 were similar to that of Doll (1955)101_ ST
and Knox, et al. (1968) " “, in that there was a 10-fold increase inhj

"

risk of lung cancer in Group 1 and a three-fold increase for Group-
2.

There was approximately a 2-fold increase in lung cancer for Group 3
and no increase for cancer of other sites. A 2-fold increase in
lung cancer was seen in Group 4 and a 3-fold increase in Group 5.

No increase in gastrointestinal cancer was observed for all groups

combined.

7. Ina studyal‘ of asbestos textile factory workers, excess lung cancer
mortality has been reported. Observed and expected deaths due to
lIung cancer, other cancers, respiratory disease and other causes are
shown in Table 1, together with death rates for asbestosis and
mesothelioma. In men first exposed before 1951 (cohort 1), thier:e1
were 22 deaths due to lung cancer compared with 13.85 expected (P
0.05) 20 or more years after first exposure; while in later

” (cohort 2) there were 8 compared with 1.62 expected (P

If it were assumed that all men not known to have died or

were alive on the follow-up date, 31 December 1978, these

/expected ratios would become 22/14.12 (cohort 1; P 0.05)

and 8/1.75 (cohort 2; P 0.001), respectively.

micant Tevels are one-sided.
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Mortality experience of 679 male asbestos textile workers

Toe vinl  toeee Mi-yidre Luth] « gt o Megry? Other cangers Ashestosss Sthe r

Pt e ure mesotnel romg rescrrgtor,
Rl ' [ARYAEINY
o € 3 e A ' N ro N
3 13
Lary 1. (SN ' [ I Yo 1 a2 " 1 \ f
b 15 ot 3 N 3o > 1w 1 3 T %1
" 41 20- 1760 3 ] 97 ! A [ 5 In 1 1 - 9 F I
25 1496 10 353 13 b 5 a 13 3 - BY SR,
30- 37 i 314 2 ! 5 E I NI 1 s 4 -
35- 207 1 220 2 i9 4 233 39 3 RN R
Total =093 £ 1363 7 24 507 100 - 26 237 .
1981 o 19. 1123 ! 13 0 )3 J V 62 9 19 1 v - i
Tater i nre 3 17 23 3 16 J %3 2 21 - -
n . 20 S5 7 T3 9 10 N lﬁd AR 2} 52 -
ik ! BERTEEE AN 3 1 [N : i -
Tl Y 12 445 . 5 530 0 3 b

The excess mortality 20 or more years after first exposure due to -i_
nommalignant respiratory disease in men first employed before 195T
(28 observed, 18.63 expected; P 0.01) was largely accounted for bj_
deaths spec1f1cally attributed to asbestosis. The observed - v
incidence of mesothelioma rose steadily from 0.0006 per ammum at =~
20-25 years after first employment to 0.004 per ammum beyond 35
years among pre-1951 employees. The absence of deaths due to
asbestosis or mesothelioma in later employees may be due to their
relatively short period of follow-up rather than to a substantial
reduction in risk. Applying the incidence rates for asbestosis and
mesothelioma observed in cohort 1 in successive five-year periods to
the corresponding man-years of observation of cohort 2, only 1.9
deaths due to asbestosis and 0.4 due to mesothelioma would so far
havebeen expected, and it has been reported that 10 men in cohort 2
ﬂs been certified as having asbestosis (Berry et al.,
1979)""°. There is no evidence of excess mortality due to any other
cause of death: 14 deaths (12.60 expected) were attributed to
gastrointestinal cancers (ICD nos. 151-154) in the two cohorts,
including 6 (5.38 expected) 25 or more years after first exposure;
and no peritoneal mesotheliomas have occurred.

Expiliare data are shown in Table 2.
==

T’aﬁe 2. Previous and revised estimates of mean dust levels in fibres, I
(weighted by the number of men at each level) in selected years

1936 1941 1946 1951 1956 1961 1966 1971 1972
Previous estimates 13.3 14.5 13.2 10.8 5.3 5.2 5.4 3.4
corresponding to early
fibre counts (Peto et
al., 1977)

.Revised estimates No measurements prior 32.4 23.9 12.2 12.7 3.7
corresponding to modern  to 1951

counting of static

samplest

" These estimates are based on prelimnary data on 126 men first employed between 1951 and 1955,
and should be regarded as provisional.
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TRé"B¥hors stated that the average dust levels were in the region
of 30 f/ml in 1951 and remained high until about 1974. It was
further stated that levels prior to 1951 were probably not much
higher than this:

The cumlative exposures of the eight men first exposed in 1951 and
who later died of lung cancer 20 or more years after first exposure
are compared with those of unaffected controls (Table 3). The
analysis is based on cumlative exposure up to the end of 1971, and
the control group consisted of 42 men born between 1901 and 1914 who
entered the factory between 1951 and 1955. The eight lung cancer
cases all entered the factory before 1956 and died in 1972 or later;
all but one, who was born in 1925, were within the age range of the
controls, and all were cigarette smokers. There is no evidence that
their exposures were anomalously heavy, although this may merely
reflect the inevitable inaccuracy of individual exposure estimates.

Table 3. Estimated exposures of men first exposed between 1951 and i N
1955 . B
g 4

Cumulative exposure (fibres/mli-years) to December 1971°
0- 100- 150- 200- 300- 400+ Total

Men dying from lung 1 1 0 4 1 1 8

cancer over 20 years

after first exposure

Other men born 2 4 4 14 9 9 32

1901-1914

The observed relative risk for lung cancer 20 or more years after
first exposure in post-1950 employees was 4.9 (8 observed, 1.62
expected; 957 confidence limits, 2.1-9.7). This is significantly
higher (P = 0.01) than that observed in men entering between 1933
and 1950 (22 observed, 13.85 expected); but, as the majority of
pre<1951 employees in this study were still employed in 1951, it
ly that this apparently marked increase in risk is largely
e. The eventual relative risk for lung cancer among men
= imated cumlative exposures of about 200-300 fibres/ml-years
(the order of magnitude of the average exposures of men first
employed in 1951 or later (Table 3)) is therefore probably between 2
and 3. This is in reﬁg'xably close agreement with an earlier
analysis (Peto, 1978)""°, which was based on the assumption that the
relative risk would be about 2 in men who had suffered cumulative
exposures of about 200 fibres/ml-years and indicated that lifelong
?fpog\me to 2 fibres/ml might eventually cause lung cancer in about
of men.
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The risk of lung cancer 20 years after exposure in post-1950 workers
was 4.9 (8 obs. vs. 1.6 exp.), which is significantly higher than in
workers initially exposed in 1933-1950 (20 obs. vs. 13.8 exp.). A
relative risk of 2 to 3 for 1 cancer among men with cumilative
exposures of 200-300 (fibers/cm™)(yrs.) was estimated. No clear-cut
gradient in risk of lung cancer was associated with increased
exposure, suggesting that exposure estimates may be imprecise.

Chrysotile textile workers (South Ca::o]:.'.n.a)85 were studied to
investigate the risk of exposure to this asbestos-type mineral.

The mortality and exposure data were analyzed in two ways. The 104
first followed the orthodox man-years life table approach of Hill
and others, whereby standardized mortality ratios (SMRs) are derived
from comparison of observed mumbers of deaths with mumbers expected,
from mortality rates in a standard population. In this case age-; F
sex-, race (colour)-, and year-specific rates for South Carolina. I
were used. The second approach, essentially internal and Y
case-contr%sin type, followed the Mantel-Haenszel (or log rank) =~
procedure, yielding relative risks from entirely intracohort
comparisons. In calculating SMRs a ''lag time' of 10 years before
death (or end of 1977) was imposed in determining exposure, and only
deaths 20 years or more from first employment were included. In the
Mantel-Haenszel analysis the same exclusions were applied, controls
being selected from all other members of the cohort of the same sex
and colour (black or white) who met the following criteria: (1)
alive at death of case, (2) same year of birth, if in or after
1900, or within five years if before 1900, (3) within five years of
date of first employment, before or after 1938. The statistical
significance of differences between observed and expected mumbers in
tgis analysis and for departures from linfagity were calculated as
X° values by the method of Peto and Pike. Lines were fitted to
exposure-response results by Liddell using the method of Hanley and
Liddell (to be published).

mf dust concentration in millions of particles per cubic

_ ) and duration of exposure in years were established for
eadrvorker. Tables 2 and 3 give exposure estimates.

Table 2 Esnmated average prevailing dust concenirations (mpcf) in main departments. 1930-70

1930 1940 1950 1960 1970
08

Preparation 35 * 20 . 1
Caordmg 31 * * 1
Sewnrung 35
Winding

Temting

Weaving . .

Finishing and inspectson R R T 0-8 * 0-

~we

o
—— 00

—
w
ol

* Apparent ymprovement usually associated with techmical change
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Table 3. Age gt siart. duration of employment, and dust exposure {men oniy)

Length of gross service (vears)

<{ i, <5 5. <20 »20 Total
No 9350 5;; 4§l s 42; 2 24;2'77
at start (years 25-6 -9 6 . -
8:::::?:: (yurl)(ye ' 1k 1] 2:43 10-50 31.86 87
Net service (years) 037 1-81 758 2951 759
Average dust concentration (mpcf) 211 | R6 1-67 123 1-80

*Excluding five whose employment histones were incomplete

Mortality of the males of known age shown by age and cause is

presented in Table 1.

‘Table | Male deaths by uge and certified cause

Casse of death (1CD code) Age @t death Tonal
45 $5-64 »68

All causes 178 02 177 RS?

Malignant neoplasms: -
Lung (162-164) | 47 8 () -
QOesophagus and h (150-151) 0 1 2 1§ =
Colon and rectum (152-154) 2 3 4 9 -
Other abdomunal (155-159) 0 10 2 12 —
Larynx (i61) 1] 2 1 k] "
Other (14048, 160, 165-205) [ 23 12 4 ¢

Heart discase (400—443) k1] 189 0 297 N

Respiratory tuberculoms ()1 -AXR) L] 4 2 4

Other respiratory (470-522; §2%-517) 10 27 %] 48

Pneumoconsosis (523—4) 2 12 7 M

Cerebrovascular (330-334) s 30 21 L6

Acadents (800~999) Y 42 3 12

Other known causes 24 BY 19 132

Causes not known 15 1 N 3N

Table 4 sumarizes the mortality
life table analysis.

experience based on the modified
Overall, the SMR (all causes) is 277 above

expectation and perhaps twice that in men employed 5 years or more.

Table 3 Male deaths 20 vears afier frst emplovment. by cause, in relation to duranion of service

Cause of death®

=

All careagE—
Mahgnan,geoptasms.
Resgmamr{ -
Abdomina
Other
Hean discase
Respiratory tuberculosis
Other resparatory
Pneumoconiosis
Cerebrovascular
Accidents
Other known
Not known

Lengtit of gross service (yoarsf

1 <S5 S, <20 220 Complete cohort
0 SMR 0 SMR 0 SMR 4 SMR
1y 1227 120 1561 178 1de? $70 1274
10 1639 1S Wd | 26 M7} 59 (99 S
S 14hd 7 2300 3 1514 6 1817
7 124w 9 1usy 7,462 35 1278
34 K76 45 1417 70 1208 218 1137
1 W78 1 079 1 tus 4 2228
LI LY 2 7N 27 857 ¢ 3§ 2073
(h — O — (20) — (20) -~
14 1930 6 10713 9 762 38 1072
8 K97 5 75K 9 K50 0 970
% 1758 23 171717 21 923 102 1324
3 7 0 1}

*Asin tahle 1 except that JCID cides 160-164 are here grouped under “respiratory” mahignant ncoplasms and the “other respiraton
category ncludes only broachitis, pneumonid. and pacumocontosts (ICD 490-502, 5234)
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Ad is (a) a 77 excess of deaths even in men employed less
than one year, unexplained by any asbestos related cause of death,
and (b) a 327 overall excess in deaths of ''other known causes,' the
SMRs are probably somewhat inflated, mortality in South Carolina
having presumably provided an imperfect basis for camparison. Much
of the excess, however, is clearly attributable to respiratory
cancer, pneumoconiosis, and gastrointestinal cancers. Table 5 shows
the cohort mortality, related to dust exposure. There is a steady
gradient from 115.5 to 264.4 for mortality (all causes) and a much
steeper slope for respiratory cancer and also for selected other
respiratory diseases (which include pneumoconiosis). No clear trend
is apparent in the other diagnostic categories.

Table S Male deaths 20 years after first employment, by cause, in relanon to dust exposure (mpcf.v) accumudated to 10
years before death

Cause of death® Dust exposure (mpcf v)
<l0 10 <20 20 <40 40 <80 280 "l
0 SMR 0 SMR 0 SMR 0 SMR 0 SMR o
All causes ’ 376 1155 55 1255 63 1569 43 1708 33 26484 ,L
Malignant neoplasms- B

Resperat 3t 1431 s IR27 8 3042 7 419-5 & 103R9 *

Al mlm 14 1149 4 22316 4 2470 4 3836 U -

Other 28 1400 3 1092 1 449 0 — 3 3838
Heart disease 143 1035 28 1436 29 1666 10 88 6 8 149-9
Resprratory tuberculosis 3 2644 0 — 0 — 1 634.4 0 —

Other respiratory: 8 659 2 119s 6 4217 13 (4078 6 12960

Pneumuconions (0) — 0y - 3 — 9 — ® —
Cerebrovascular 29 183 2 $0-0 4 1244 2 934 1 9o-§
Accdents w2 2 sS4t s 1829 | 49-4 | 120-0
Other known ) 79 1404 9 1169 4 630 S 1S s 2633
Not known 10 0 2 0 [}

Table 6 shows the results of the posteriori Mantel-Haenszel analysis
for certain diagnostic groups only. The mumber of deaths included
in this analysis falls short of those used in tables 4 and 5--for
example, 490 compared with 570 from all causes; in the remainder no
matching control could be found. There is clear confirmation of a
statistically significant linear trend in lung cancer,
pneunoconiosis, and deaths (all causes) but no convincing
aggociation for the abdaminal cancers.

~ death ascribed to mesothelioma was found--a man born in
158 died in 1967. He was first employed at the plant in 1925,
worked as a mule spimner from 1933 to 1955 and as an oven helper
until he left in 1965. The tumour was stated to be peritoneal but
there was no necropsy.
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Table 6 TROLeposure i male deaths from selecied causes and controls (Muntel-Huaenszel analvas’)

Diest expenure tmpct v accumuldsated up o 10 vears Chie square
hetore death of case
Linearity

<0 o1y 2o- iy JU-7v 280 Diflerence Linearin
Pacumocon 7(I(l) S2%)
' “I‘)‘:’.:‘(x;:“““’“‘ 1 (1 ] [ 4 17 s [T
t xpected Ll 22 L a1 17
Roelative risk — - - - —
F q Y16l d)
l ul';f.:l.::“' e e 28 3 L3 7 (] 2408 MIER)
U apected W S 4 s 37 22
Relative risnk i (hox 208 EIR [(RALT]
Ahdominal cancet (1CD 180 9) v
Deuths 13 4 2 4 Y] 406 28
b xpected [ 29 28 2 1
Relative sk | 1 hd [ERIY] 763 —
All causes
l):'dlh: 13 45 A3 17 s 14 42 1063
I xpected RELAY 62 EEIN 24 150
Relative eink ! {os I-43 154 217

i

This study shows that the relationship of lung cancer mortality to :
accumlated dust exposure is virtually linear. =

The pattern of mortality in this cohort of chrysotile textile
workers is similar to that reported for Quebec chrysoti” miners and
millers, particularly those employed at Thetford Mines. Overall,
the SRs for the factory workers are somewhat higher than for the
miners (perhaps due in part to questions of comparability with the
reference populations). There is the same scarcity of deaths
attributed to mesothelioma and, in both cohorts, the relationship of
lung cancer tmrtality to accumilated dust exposure is virtually
linear. It is only when actual levels of exposure are examined that
the astonishing difference between the experience of these two
chrysotile-exposed cohorts is seen. This is illustrated in Fig. 1
where, to facilitate ccnpanson, tg’ MRs in both cohorts are based
on exposure accumulated to age In fact, the slope of the
exposure-response line for lung cancer in the textile workers ls 50
timés more steep than that observed in miners and miléfr
almost exactly the findings of Dement et al.™ in their
¢ cohort from the same plant; the agreement is very close (see
=%). The data shown in this graph are based on mortality for
men only, 15 years or more from first employment and therefore
differ somewhat from the figures in Table 5.
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CONCLUSION:

Various reasons were discussed to determine whether the difference:
observed were due to errors in exposure estimates, etc. Assuming =
errors, the difference remains at least 10 fold.

8 .
sl &

L

Another cohort86 of chrysotile asbestos factory (textile) workers in
a Permsylvania plant was studied, which included those employed
during 1938-1959 for at least one month. Crocidolite and amosite
were used at this plant also. Exposure data are shown in Tables 2

and 3.

Table 2 Esamated uverage prevatling dust concentranons (MPCF) in matn depariments 1930-70

1930 (L2 11 1980 19&0) IR
Texule
Preparation S0 - 146 . 35 . 20 . 13
Carding 120 93 . 32 roe 16
nning 70 * 2s M [ 1S
Twisting L M1 * ] M UL v
Winding XY s 15 . -8
(loth weaving 70 bR I . (1]
Tlre weaving 73 ‘3 . 14 . [
Felted tape 20 * 10 (s
Rope 40 . . 12 . T
Fncuon:
Waven AT - ] 1s Lo 07
ExtrudE@-brakcs 20 15 1o -8
D ey 100 &0 4.0 38
C - 20 15 ts - I8
Brake fimawng 20 1s 10 07
Sanding and fimshing 20 1S 10 07
Fiushung and shipping 05 02 0?2
Packings, gaskets 13 ] -6 (U
Mantenance, eic 0s 0s 02 02

*Astensks shown a‘run:l textile processes indicate approximate date of improvements usually associated with technical change Figurces tor
fnction and other Jepartments are estimates for each decade

Table 3 Age ar start, duranon of emplovment, and dust exposure (male oni\ )

Length of gross service

</ 1. <5 5, <20 20 Toual
No 1248 906 855 1013 4922°
Average age at stant (years) 28-80 29-30 3077 27.22 28.92
Gross service (years) 0-40 2 11-01 30-63 10-71
Net serwice (yeans) 038 1-87 ° 8-06 27-51 9-i8
Average dust concentration (mpcf) 260 2-40) 273 1 S8 2-32

*Excluding two whose employmcnt histones were mmcomplete.
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Ey was analyzed as in #8 above, using Pemmsylvania death
rates for reference. Mortality data by age and certified cause are
presented in Table 1.

Fabic | Male deuths bv age und cern fied causc

Cause of death (I1CD code) Age a1 death Tosal
<45 45-04 269
Al causes 191 667 $34 1392

Malgnant neoplasms.

Lung® (162-164) k) 49 18 k]
Ocsophagus and stomach (150-151) i 7 h 14
Colon and rectum (152-154) M A 12 as
Other abdomunal® (155-159) 3 16 N 24
Larynx (161) (] [}] v 0
Other® (140148, 160, 165-205) 16 $7 40 113
Hean disease (400-443) 43 285 248 573
Respiratory tuberculous (001 -008)° ) 4 2 1
Other respuratory (470-522. $25-527) 6 17 28 48
Pnewmoconioss (523-524) 2 43 24 74
Cerebrovascular (3V0-314) 3 33 44 80
Acndents (B0U-999) 74 44 20 138
Other kno\:n causes® 23 73 R(; _‘.l;:
ause not known U
Cause 1 13 1 iy

*In 13 cases in these categones. mesothelioma was given as the cause of death, 1n one death sscnibed 1o asbestous, mesotheioma s also
mentioned, C s e

«t?;'

The MR for all causes of death was 109.0. Those employed for less
than 1 year had a &R of 87.2, and those who had worked 20 or more
years, 127.2. (Table 4)

Table 3 Male deuathy 20 veurs after first emplovment, by cause, in relation 1o length of service

Cawse of death® Lengih of gross sersice vears
<! 1. <5 S <20 >0 Complcte cohort
‘ 0 SMR 0 SMR 0  SMR 0  SMR 0  SMR

All causes I 872 154 106-2 187 104-5 LR 1272 9§ 109-0
Malignant neoplasms

Respiratory 9 696 3 329 14 1288 27 15K $3 1080

Abdomingl L.} 729 1 1337 1 1049 24 131 §4 127

Other 19 1324 16 1520 1S HIRS 1883 K14t
Heart discaw 7 97 77 126 ¢ 0 1002 153 1187 3RS 1085
Respratons tubercutoss 0 - ! 1334 [ 2 672 3 17
Other respiratory 4 S42 2 Nt 11 16l 0 S0 3424 67 2150

Pnecumavonions [ (n — (te)y — (46) — (S9) —
Ccrebrovasculat 7 549 10 106 s 10 777 20 87-6 47 81-2
Accidents 13 117s 1S 1811 L 872 9 6u-1 45 1035
Other kasyg, 30 752 15 24 37 1000 62 1031 144 87.2
Nt ?ﬂ_ 4 4 3 3 15

* ATl | except thut 1CD codes 1164 are here grouped under “respiratory” mahignnt neoplasms and the “other respiratory ©
categmmymcTudes only bronchius, pacumonia, and preumoconioss (KCD 490-502, §23-3) ’

Malignant neoplasms, heart disease, and "other respiratory' disease
were mainly responsible for the higher MR in these long term
workers. The other respiratory category included bronchitis and
poeuonia (ICD 470-502) and pneumoconiosis (ICD 523-4) and was
chosen for study because expected figures for pneumoconiosis alone
were not available. Table 5 shows SMRs by cause and by accumilated
dust exposure. The MR for all causes rose steadily from 93.1 for
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an exposure at under 10 mpcf.y to 215.2 in the highest
category ( 80 mpcf.y). Respiratory, abdominal, and other malignant
diseases and the non-malignant other respiratory group all
contributed to this rising trend. On 14 death certificates a
diagnosis of mesothelioma was specified: 10 were pleural tumours
and four peritoneal. These deaths occwrred in the period 1960-75.
One (in 1960) was 16 years after first employment; the remaining 13
occurred 25-53 years after first employment. Two of the deaths from
mesothelioma had been given the ICD code 199 (malignant neoplasms of
other and unspecified sites); another 30 deaths 15 or more years
after first employment were given the code 199. Seventeen of these
30 deaths occurred before 1965, the year after which most of the
deaths from mesothelioma occurred. The diagnosis given in many of
these cases was consistent with an unrecognized peritoneal
mesothelioma.

Table S Male deaths 20 vears afier first employment, by cause, in relation to dust exposure (mpcf.xv) accumulated 1090
years before death :

Cause of death® Dust exposure (mpef v) - !.'
(See wable 4) 4
<10 10 < 20 20 < 40 40 < 80 280 - F
7] SMR ] SMR 0 SMR 0 SMR 0 SMR
All causes 470 LR L 821 130 125-6 108 1749 104 2182
Malignant neoplasms
Respiratory R 21 669 5 836 10 1560 6 1600 11 s161
Abdomunal 26 90-2 8 130:5 S M7 8 2188 72372
Other 47 1304 s o8 S 11 1486 71647 12 3728
Heant disease 221 1027 41 892 6 1306 4 1308 29 1088
Respiratory tuberculuss | 343 0 — -_ —_— 1 1697 i 163-6
Other respiratory 13 436 5 122:0 10 2630 14 6233 30 1689
Pneumocomosis (4) — (48] —_ vy — (9) — 36) —
Cerebrovascular 27 783 1 133 10 133§ & 1872 i 293
Accidents . 33 1201 k] R 1 t8-6 6 1939 2 L JEY]
Other known 74 733 17 LU 23 1097 21 172:2 9 97-8
Not known 12 1 0 1} 2

The Mantel-Haenszel (log rank) an::tlys:i.s105 (table 6) bore out the
exposure-response relationships observed in Table 5. There is a
mall shortfall (5% overall) between the mumbers of cases used in
%lysis and in the man-years analyses presented in Tables 4
a8 The deficiency is explained by failure to find matching
8 for every selected case.
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Table 6 Qn;fxpc;sure tn mule deaths from selected causes and controls (Mantel-Haenszel analysis®)

Dust exposure (mpcf.y) accumidated up Ch: square

10 10 vears before death of case Dufference Lineanty
<10 10<20 20<40 40 <80 »80
Paewmoconioss (1ICD $23)
Deaths 3 4 10 i 28 3956 3917
Eapected t4-6 81 10-9 81 143
Relative nsk ] 404 1372 1493 3790
Lung cancer (ICD t62-4)
Desths 20 4 10 6 11 $-77 498
ETned Lt 244 52 80 56 77
Relative nsk ] 083 1-54 290 6382
Abdeminal cancer (ICD 150-9):
Deaths 26 8 s 8 7 3.2 1-09
Empected 288 68 7-0 53 61
tive nsk : 1 1-15 0-60 2:45 2:88
All causes .
Deaths 451 81 121 100 99 34-66 26-12
Ex ed 4766 104-5 1186 80-4 72:0
Relative nsk 1 0-82 1-20 16 212

The present cohort in the Permsylvania plant was constituted in | :
exactly the same way as that in thSSSouth Carolina chrysotile :
textile plant described elsewhere.

Loy ke wod
il

The Permsylvania cohort was exposed to a somewhat higher average
dust concentration: 2.32 mpcf compared with 1.80 mpcf in South
Carolina. The mortality pattern in Permsylvania resembled that in
South Carolina in showing a rising SMR with increasing dust exposure
for all causes of death, for respiratory cancer, and for
prneumoconiosis. For respiratory cancer, however, the SMR for the
lowest exposure group (less than 10 mpcf.y) was 115.5 in South
Carolina but only 69.9 in Pemmsylvania. By contrast with South
Carolina, where the SMRs tended to be above 100 for causes ungglated
to asbestos, and for all causes in very short.term employees, - the
opposite was true in Permsylvania. It seems likely that in both
cohorts lack of comparability with the relevant state populations
may be the explanation. Having regard for this possibility, the use
of relative risks is perhaps more appropriate than MRs for
comparing the respiratory cancer mortality of the two cohorts.

shows that the relative risks of death from all causes,

tory cancer, and pneumoconiosis in the two plants were
exaraqrdinarily similar. In both cohorts the relationships of
respiratory cancer to exposure were essentially linear (figure) with
slopes that were nearly identical (South Carolina, RR = 1 + 0.059
mpcf.y; Permsylvania, RR = 1 + 0.051 mpcf.y).
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Table 1__ Relanve risks based on SMRs by cumulanve exposure in two plants
= o
= - mpcfy
<10 10 <20 20 < 40 40 < 80 240
All causes: .
Sowth Casolina plant 10 1-09 136 1-48 229
Pennsylvania plant 1-0 088 1.3 1-88 23
Respwratory cancer
“aoﬁm plant 1-0 1-28 2:13 293 721
pla (1-32) (:-‘2\:} 2(23-50) (-z'gg) l:;g)
Pemsyivania plant 10 . g .
. (1-26) (1-58) (2:94) (3-03) (787)
Broachutis, preumoma. and
0COMIONS.
Carolins plant 1-0 1-81 640 21-36 19-67
Pennsylvania plant 1-0 279 603 14-29 38.74

Figures in 1tahcs are relauve nsks cakulated from SMRs at zero exposure denved {rom fitted line.

Similar proportions of all deaths in the two cohorts were from
malignant disease (177 in South Carolina and 187 in Pemmsylvania),

but the types

of mal

cy differed. In South Carolina respiratory

cancer accounted for 477, abdominal 257, and other types 287 whereas
in the Permsylvania plant the corresponding propo

reversed, 271, 292, and 447. Moreover, in South Carolina no
systemic relationship with exposure was seen for abdaminal or o
types of malignant disease whereas in Permsylvania there was
evidence of such a relationship.

® Soutr
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» Pernsyhvaria

T 1
‘oL e
moct y

Relats ¢ risk of respirators cancer and accumulated dust
exposure in two maindy gesttbe plants (Lines figed by DK
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risk of mesothelioma in the Pernsylvania plant (14
cases in 1392 male deaths (1) compared with one case in 867 (0.1%)
in South Carolina) raises the question of whether the abdominal and
more particularly other types of cancer included undiagnosed cases
of mesothelioma. There is some support for this idea in the
substantial number coded to ICD 199 (malignant disease of other and
unspecified sites) and the fact that 17 of these deaths occurred
before 1964 when malignant mesotheliome started to became more
generally recognized. Once again there is evidence in this study of
the special risk of mesothelioma associated with exposure to even
quite small proportions of amphibole, in this case predominantly
amosite.

OONCLUSTION

The very similar exposure-response relationships for respiratory
cancer and asbestosis observed in this and the South Carolina plant
support the previous conclusion that the risks of these diseases

chrysotile production (mining and milling) and in textile *
marufacture are quite different. In the third plant studied, a "}
friction materials plant in Cormecticut, there Vs littleor no =t
excess risk of respiratory cancer or asbestosis. This ¥@s also
true in a friction materials plant in the United Kingdom.

Possible reasons for the striking epidemiological ferences--fibre

size disr:rggut}sgs in particular--have been discussed

elsewhere.

10. Mortality was st:udied70 asbestos-cement workers who had been
hired prior to 1960 and who had been employed for a minimm of 9
years.

Table 1 gives the mortality rates for each of the three exposure
groups of production workers, for the interval 20-33 years from
first exposure.

Table 1 Mortaitty rutes tn the mersal 20-33 vears from first exposure and esumated dust exposure of three groups
of workengeth umber of deaths i purentheses)

(N Exposare group

———, ~ B bt
- Group A Growp i CGrroup Ontario men’

Rutes (por 1000 mari-vears)*

AMeaothe o L9 19 () Y (o) —
lt!lulcrrr‘.ll“crr"‘ 1Y 6(S) 201 (D) Y (5 1o
Costromtestinal cancet [X{U] hEINER] 60 (3) -6
Al mahignandios 1737 1S9 3 R(I6) 47
M. sothehoma crude rates 280 46 (1) 1o (&) —
b stinated expasure range (t-v mi) R-69 h‘:—l-l 122-420

f stmated mean cxposure (1-y mib) 44 9w N0

Standai d deviation 194 1SR s7

*Standardised to age distribution of group C
tBascd on Ontane vial statstios 1970-3
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exposure levels (in f-y/ml) were: Group A-44; Group B-92;
and Group C-180.

The mortality observed among the employees was compared with the
mortality predicted fram Ontario population rates (Table 2). To
increase the man-years of observation in each cell, the second
group, listed as P + M in the table combines the experience of the
prgguctlm and maintenance employees, all of whom were exposed to
asbestos.

Table2 Moruwlity among the factory workers compared with the population of Ontario

Cause Group Years since first exposure
15-19 20-24 25-33 Towl: 20-33
Obs Exp OIE Obs Exp O'E Obs Exp OIE Obs Exp OIE
All causes P 8 89 | 16 118 14 M e 29 s e 21
P+ M 1 119 | 22 15 14 151 26 ) 300
C 7 $0 14 7 59 12 7 74 1 14 133
All mahgnancics P 2 19 1 9 24 32 W 29 69 2% 57 a
ICD. 140-209 P+ M 2 25 1 i1 37 30 23 37 62 W e
C 3 111 27 3 14 21 i 18 1 4 32_ ¢
Lung cancer P 1 06 1 [} 10 60 11 10 1o 1 20 '!fS
ICD 162 P+M ] 08 1 7 12 58 12 13 92 19 28 s
C 0 03 ¢ 0 0s 0 1 06 1 1 | S
Mesothehoma P 1 - - 2 - - 4 - - [3 - -
ICD 163,158,228
Gastromtestinal cancer P 0 05 O 1 07 1 2 07 29 3 s 21
ICD. 150-154 P+ M 0 07 0 1 09 1 3 09 33 4 14 22
C 1 03 1 1 03 1 0 04 0 1 07 1
Non-malignant P 1 04 1 ! 07 1 3 08 38 4 15 27
ratory disease P+M 1 06 | 3 09 33 4 10 40 7 19 37
leg 460-519 (o) 0 03 0 0 04 0 1 05 1 1 09 1
Ischaeraic P 4 319 | 2 47 04 S 46 1 7 93 08
heart discase P+ M 7 49 14 3 62 05 6 60 1 9 122 v
ICD 410414 C k] 21 1 1 24 04 2 29 1 3 53 06

P = Productivn workers M = Maumtenance worsers € = Unexposed workers

There were 10 deaths from malignant mesothelioma (5 pleural, 5
peritoneal) among the 58 deaths occurring in the production
worlB¥S--a proportional mortality of 177 (table 3). In additiom,

@t the maintenance workers died of a pleural mesothelioma. All
o e men had been exposed to both chrysotile and crocidolite in
the pipe plant. The mean age at death of these 10 men was 51 years
and none was over 60 (table 4).
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Table3 Morwlity rates from mesothelioma and lung cancer among the production workers (based on best evidence)
Time since first exposure Age
(years)
3544 5-54 3564 65-73 7S or more
Mesotheiioma No of cases 2 b 3 0 0
15-33 Man-years 13 863 694 244 21S
Rate (per 1000 man-years) 43 58 43 0 0
20-33 No of cues 1 S 3 0 0
Man-years 124 493 485 213 ns
Rate (per 1000 man-years) 80 10-1 62 0 0
Lung cancer No of cases 0 0 13 6 !
l£33 Man-years 413 865 694 244 218
Rate (per 1000 man-years) 0 18-7 2.6 465
20-33 No of cases 0 11 6 1
Man-years 493 485 213 U8
Rate (per 1000 man-years) 0 27 282 46-5
Ontano rates (based on 0-5 17 35 38
wital staustics 1970-4)
(per 100U man-years)

The mortality rates for mesothelioma among the production workers
are displayed in table 3 as a function of age. Table 5 gives the ‘l'
crude incidence rates for mesothelioma among all the

asbestos-exposed employees, 33 related to

first exposure. Peto et al.

the time interval since . ¢
e suggested that the incidence ofr

mesothelioma follows a power funct:.on relationship with time. The=
data are consistent with this suggestion, with an exponent value of

between three and four.

There were 20 deaths from lung cancer among the 58 deaths in the

production workers--a

proportional mortality of 347%.

Pathological

information about 17 of these 20 cases indicates four were
adenocarcinaomas, eight were squamous, four were small cell
undifferentiated, and one was a large cell undifferentiated tumor.
As a group, these men were first exposed to asbestos in this plant
at an older age, and they died later in life than the men dying of

mesothelioma (table 4).

Table 4 Some characteristics of the cases of mesothelioma
and lung cancer (Classified according io best evidence)

Meun Range Star:furd
devection
e
Mew«hch;m; o= 1) . - 1
Age at first By 32 K
Age at o o 12-57 53
Latency (yeasip™ ~ 28 17-30 3
Lung cancersi(n = My

Age at NSt expusure v -82 64
Age at death 64 SS-78 s
Latency (years)® 25 17-29 36

*1 stency s the nterval from tirst exposure to death

CONCLUSION

Table 5 Incidence rates of mesothelioma among the
production and muintenance workers exposed to asbestos

Time since first exposure {vears)
15-19 20-2¢ 25-29 30-34

No of cases 1 4 5 1
Man- of nsk ns 1061 555 104
lnc:dencem y“‘.‘nte 08 37 90 9-6
(per 1000 man-years)

Workers at this asbestos-cement factory exposed to historical dust
conditions have experienced increased mortality rates from
respiratory and malignant diseases. The lung cancer mortality rates
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did not increase steadily with increasing estimates of cumilative
exposure; in fact, the men in Group C experienced the lowest cancer
rates of all. This may have been due to the small mmbers involved,
to differences in smoking habits, etc. Rates of death from
mesothelioma were related to the magnitude of the cumilative

exposure.

The cumlative exposure among production workers was estimated (to
within a factor or 3 to 5) to have been about 100 f-y/ml, and the
MR for the period after 20 years was 850. The authors concluded
that the lung cancer rates, at a cumlative exposure of 100-f-y/ml,
may be raised several-fold.

Table 1 presents observed deaths and standardized gortality ratios
(?MRs) for selected causes of death for the cohort™ of production
and maintenance-service workers (1075 men) for the intervals 1941-69
and 1970-3, which correspond to the original follow-up and the  :
update periods, and for the total follow-up period 1941-73. For
period 1941-73, this cohort had an overall mortality rate 20.47 - %
higher than that of all United States white males. This excess is:?
due almost entirely to cancer and diseases of the respiratory =
system. For cancer, the greatest excess is in cancer of the
respiratory system but with some excess also in cancer of the
digestive system and all other cancers. For respiratory disease,
the excess is due entirely to pneumoconiosis and pulmonary fibrosis,
19 cases of which were due to asbestosis (ISC 523.2). The pattemn
of deaths was similar during both of the follow-up periods, although
overall mortality and cancer rates were somewhat during
1970-3. The increase in overall mortality for 1970-3 was primarily
due to a large increase in death rates for stroke. Whether this
increase is in any way related to occupational exposures is unknown.

Tasit |

OmERYVED DEaTiy AND SMRS 10k StEECTED Causis OF Death By PERIOD Ot Fotiowm-
1e, 1075 Min RETIRING TROM A UNITED STATES ASBESTUs CoMpany 194] -67 anD

FOLIOMED THROLGH 1973
o -
—— 1941-73 1941-69 1970-)
t_-;...- Observed Observed Observed
) : Cause of Death Deaths SMR  Deaths SMR  Deaths SMR
Al causes 781 1204 616 1s8 168 141 6
Cancer (140 209) 173 1590 138 154.5 k1] 179§
Drgestive (750-159) 5$ 1378 46 136.1 9 1478
Respiratory (162 163) 63 270 4 49 2707 14 2692
All other cancers L1) 1206 43 1150 12 146.3
Stroke (330- 334) 74 9% 4 48 76.7 26 1831
- Heart discase (400 44)) 2 106 5 269 108.4 $2 917
Respuratory discase (470- 527) 68 1730 54 178.2 14 1556
Pncumoconiusis and
puimonary fibrosis
(52) 2% l‘l) - f: —_ (; -
Asbestosis (523 2) 1 - -— -
All other ca‘uses (1R 9 96 9.6 17 825
Death certificates not located n - 1 - 2 —
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EstiMates of exposure were based on midget impinger counts expressed

in million particles per cubic foot (mppcf). Five classifications
were used. These were:

no exposure (0), less than 5 mppef (2.5), 5-10 mppcf (7.5), 10-30
mppef (20.0), 30-50 mppcf (40.0), 50 or more mppef (62.5).

To compute cumilative dust exposure for each man, the dust level at
each job and time period was multiplied by years at that job and
sumned across all jobs during his working lifetime. This total
cumlative exposure can be thought of as mppcf-years.

Tame 2
Oumeaved Deatws and SMRs ror Resmratory Cancer oy ToraL
Dust Exrosuse anp Perioo oF Fotiow-ur, 1075 Man
RETIRING 1941 67 aAnD FOLLOWED THROUGH 1973

Total Dust Mean

Esposvre Number  Exposure 1941-73 1941-69 1970-73 3
(mppcf-years) of Men (mppcf-years) Deaths SMR Deaths SMR Deaths SMR R

Under 125 o 62 19 1979 1S 2000 4 190.5 ES ae

125-249 224 182 9 1800 8 2000 | 160.0 ir

250 499 265 382 19 3276 13 3098 & 1750 ="

300- 749 108 606 9 4500 8 4706 | 3313

750 + «“ 976 T M S 743 2 10000

Table 2 shows the relationship between total dose expressed as
mppcf-years and mortality from respiratory cancer. For each dose
interval, actual means are shown. These data, plotted on
arithemetic paper, are also shown in Figure 1.*

b 4

N
P relationship shown 1s not simply the result of time and the

consequent fulfilling of latent period requirements. As notedlm a
previous paper, the dose rate makes an important contribution.

There were 5 mesothelioma deaths observed in this cohort, of which 3
occurred during 1970-1973.
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Fioure 1 Total asbestos dust expusure and respiratory cancer mortality.

In an earlier report, it was speculated that the mathematical form
of the dose-response relationship was the cumlative normal. The
theoretical basis for this conj ectuygowas the response curve in
bioassay experiments. Scmgiderman has fitted a different curve
to these data, while Peto believes it is best described by a
simple linear relationship. It does appear that amitting the
Canadian data and adding 4 more years of follow-up change the
relationship and make a linear relationship more likely. By use of
the five data points from Table 1, this relationship can be
.e_:%:ged by the equation: predicted MR - 100.0 + 0.658
(camiiative exposure).

orrelation between cumilative exposure and respiratory cancer
MR is 0.982. This prediction line is superimposed in Figure 1.

CONCLUSION
Respiratory cancer risk increased as the quantitative exposure level

increased. The MR for the lowest level was 2.0; for the highest
level, 7.8.



continued well past the termination of exposure.

The study population of retirees are ''survivors,' and mortality
experience may not reflect actual risks associated with asbestos
exposure. Most likely, risks were underestimated.

12. Mortality of asbestos factory workers exposed to crocidolite,
chrysotile, and/or amosite in the prodnBEion of textiles or
insulation materials has been reported. The levels of exposure
were reported as follows:

(1) before 1945 the dust levels in certain jobs were said to
average 20 fibers/ml or higher;

(2) jobs classified as ''low-moderate' were probably 5-10 f/ml;

(3) in non-production jobs and some departments the levels were
below 5 f/ml;

f}:#’#,ﬁ',‘,)

(4) after 1955, many areas were probably above 2 f/ml.
Laggers were considered separately.

The male cohort consisted of 4600 men and 922 women. There have
been 775 deaths among the male workers. An analysis of the 545
deaths that occurred among workers, excluding laggers, who had been
followed for 10 years or longer is presented in Table 1.
Asbestos-related disease is rarely if ever manifest in those dying
within 10 years of first exposure. In the Tables, the deaths from
mesothelial tumors are given in parentheses but are included in the
total mumber of observed deaths in any particular diagnostic

category.
TamF 1
o= MORTALITY EXPERIENCES O¢ MALE FACTORY WORKERS
i‘iﬁ-‘ - Exposure Category
Low 1o Moderate Severe
<2 Years >2 Years <2 Years 2 Yeans
(384) {(554) om >(5l1l
Cause of Death Obscrved  Expested  Observed  Expected  Obmerved Expected Otesrved  Expacand
AN camses 118(4) 1180 39 (N 9513 16
2°%(18) 122.2
Ca.nnd“ld plewra (ICD 162, 163) 17(3) 11.01 16%(1) 9.0 31%6) 128 I:::;:l T:i
g:mla_aw(lCD 150-158) 10 90 9 (4) 73 208(6) 9s 19%(8) 8.2
cancens _ 6 14 8 (1) 8 163(3) 79 16%4 !
Chronic respiratory dissase 9 178 _ 16 147 2 () 116 2;3‘ ' I::
*p <0.001 T

tp <0.05
$» <0.0!.
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There were 46 deaths from mesothelial tumors, 19 pleural and 27
peritoneal. All have been validated by histologic examination.
Nearly all of the pleural tumors were identified among the
intrathoracic tumwrs (carcinoma of the lung and pleura, ICD 162,
163). The peritoneal tumors were included with gastrointestinal
tunors if certified as a peritoneal mesothelioma (ICD 158) or if
confused with carcinoma of the bowel or pancreas. They were
included with "'other cancers' if certified as carcinomatosis (ICD
199) or as sarcoma or other tumors. Two deaths from mesothelial
tunors were identified among causes of death not shown in the
Tables. There were, apart from pleural mesothelioma, 103 deaths
from carcinoma of the lung, which remains the most cormon tumor of
asbestos workers.

Statistically significant excess mortality from chronic respiratory
disease is seen only among those with long and severe exposure.
Asbestosis was given as the cause of death in 13 instances but as -y
the underlying cause of death in 34 of the deaths from lung cancer :
and in 27 of the deaths from either pleural or peritoneal e
mesothelioma. In four instances, coronary thrombosis was the actuai
cause of death. In the majority of the above cases, exposure had -
been long and severe.

Table 2 shows the mortality experiences of the laggers. The
majority of these men were first employed after 1955. It is the
custom, however, for laggers to work on contract for various
employers, and some may have had previous exposure, so the authors
are not entirely sure of their durations of exposure. Only
approximately 2% of the entire group has been followed for 30 years
or longer, but to date their experience is not dissimilar from that
of other severely exposed male workers.

Taste 2
LAGGERS AND MaTes (1368 MALFS)
Observed Expected
All causes 83°(10 §72
C e —— Cancers of lung and pleura (ICD 162.163) 25°(4) 5.6
Gastrointestinal cancer (ICD 150-158) 8 (9 43
- Other cancers 8 41
3':- Chronc resperatory disease 12 74

*p < 0.001.

Mortality experience was also examined according to the length of
follow-up, and an analysis of the standardized mortality ratios
(SMRs) for cancers of the lung and pleura is presented in Table 3.
In general, the QR increases with increased length of follow-up and
with increasing exposure, but for those with long exposure, the SMRs
are higher in the group with follow-ups between 20 and 30 years.
Only 207 of these workers have been followed up for 30 years or
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longer, and cwrrently about half of the deaths from mesothelial
tugies occurred between 20 and 30 years after their first

- Tast )
PR
CAncErs OF THE LUNG anD PLEvRa iv Mates (SMRs)

Low to Moderate

Length of Exposure Severe Exposure
Follow-up (years) «2Yeans -2 Years <2 Years >2Yeans
10-20 104 12 288 46)
20- 30 159 261 218 679
0. 278 184 268 446

employment. However, as has been demonstrated pr:ev:i.ously,111 the
muber of deaths from mesothelial tumors will contimue to rise for
same time.

In Table 4, a finer subdivision of job categories and of periods of
employment in the factory are presented. It is noteworthy that in
categories 1 and 2, ground workers, canteen workers, and production
workers with very little and short exposures to dust, the MR was
176, and there were three deaths from mesothelial tumors. Up to
1955, the estimated level of asbestos in the air was 2-5 fibers/ml;-!_

T Y
Tasie 4 t3
CANCERS OF LUNG AND PLELRA (SMRS) L

Exposure Duration of Exposure
Category >2 Years 2 $Years S or More Years
Low to moderate
12 176 0 216
3 126 ISt 152
Severe
4 247 227 714
b 238 236 567

However, looking at the death rates for mesothelial tumors graded by
exposure category (Table 5), it is found that the rates reveal a
very definite relationship to length and severity of exposure.

Tam g $
- - - MisOTHELIOMA Drath RaTEs
- Exposure Catcgory Rate per
and Duration 100.000
(years) Pleura Peritoneum S years S years
Males
Low to moderate .
<2 i} 1 12.03! 3}
22 3 4 7.500 93
Severe .
<2 6 10 15.428 104
- »2 7 12 7.827 243
Laggers
<2 3 2 7.893 63
»2 1 4 2.690 186
Females :
Low t0 moderate | 0 2,066 43
Severe
<2 8 s 9.538 136
>2 4 ) 4,388 360
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0£0 women were employed in the traditionally female jobs of
carding, sp , and doubling; 100 were employed in mattress
making. Crocidolite was used heavily in textile departments,
exposure was generally estimated to be very high, and women were
also employed in other production departments, as well as in
offices, canteens, and other low-exposure departments. The same
pattern of analyses has been adopted, and Table 6 shows the observed
versus the expected mortality in the general population, for groups
with 10 years or more of followup.

TasLe 6

MORTALITY EXPERIENCES OF FEMALE FACTORY WORKERS

Exposure Caiegory

Severe
Low to Moderate <2 Years >2 Years
98) (396) (199)
Cause of Death Observed Expecied Observed Expected Observed Expectod

All causes 34°()) 220 88%(13) (1Y 8N 34
Cancers of lung and pleura (ICD 162.163) % 0.5 1583(7) 1.9 218(4) ’ 08
Gastromtestinal cancer (ICD 150-158) ) 1.9 14%(4) 5.7 9t (2) - 26
Orher cancers 4 32 16 (2) 19 163(1) T 53
Chronic resparatory disease 3 23 6 68 10¢ 32
*p < 0.05

fp < 0.01.

$p < 0.001

In the low-moderate exposure group, there was one death from a
mesothelial-pleural tumor. In all, there were 13
pleural-mesothelial tumors identified and eight peritoneal tumors,
approximately the same proportion of all deaths (107) as among the
males. Among the severely exposed women with lon% exposures, there
was a greater excess of lung cancer than among males with similar
exposure. Also, apart from peritoneal mesotheliomas, there was an
excess of deaths from gastrointestinal tumors and other cancers.
Cancers of the ovary, uterus, and breast were analyzed separately.
In the group of severely exposed women with long periods of
employment, statistically significant excesses of cancer of the
breast (obs., 6; exp., 2.1; p 0.05) and ovary (obs., 3; exp.,
0.74; p 0.05) were noted. Not too much reliance can be placed on
a IMigle set of figures from one comparatively small cohort of
wapil; and other factors related to marital status and parity that
may operate in industrially employed women may be of importance. As
in the males, the mesothelioma death rate (Table 5) relates clearly
to the degree and length of exposure.

CONCLUSION

In the male cohort, MR of 5.4 for lung cancer was observed in the
severely exposed workers ( 20 f/cc) with 2 years of exposure
(54/10.4) and 2.4 for those in the low to moderately exposed group
(5-10 fibers/cc) (31/12.8). Risk increased with duration of
follow-up and severity of exposure. Nineteen pleural and 27
peritoneal mesotheliomas were observed.
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In M€ female cohort, the R of 6.0 (3/0.5) for lung cancer was
observed in low to moderately exposed group; 7.9 (15/1.9) and 26.3
(21/0.8) in the severely exposed groups with 2 years and 2 years
of employment, respectively. An apparent excess of breast (6/2.1)
and ovarian (3/0.7) cancer was observed in the severely exposed
égb'oup. Thirteen pleural and 7 peritoneal mesotheliomas were

served.

The experience of i tion workers in the U.S. has been reported
by Selikoff, et al. With regard to exposure data, reconstruction
of work situations and extrapolation to the past suggests that these
workers would have been exposed to dust levels of 4-12 fibers/ml (as
time weighted averages). While there might have been periods of
little or no exposure, there could also have been times of peak
exposures much higher than the calculated averages.

Tame 2
Exprc TED AND O8SPavED DeATHE AMONG 62) ASBESTOS INSULATION WORKERS ﬁ'
Neéw Yors -New Jrasev, 20 or MORF YraRs Artea Owset of Woak T
JANUARY |, 194)-Decraser 31, 1962 T
(8345 Man-years of Obssrvation)
Underiying Caves of Desth Espected® Observed
Total deathe-sil cavess 195 4 283
Total cancer -ail sites 321 95
Cancer of lung 60 42
Plours! mesothelioms * 3
Peritonea! messthelioms L4 ¢
Cancer of sophegus, stomach, colon-rectum 97 29
Cancer of isrynx, pharyns, buccal cavity 17 2
Cancer of kidney 0.7 0
All other cancer 140 18
Noninfectious puimonary dissases. total 40 14

Asbestosis A 12

Nations! Center for Health Statistics. 1949-1962. Rates for specific causes of death for
1943 1948 were exirapolated from rates for 1949-1955.
*Rates are not available. but these have been rare causes of death in the general population.

T4bI8™2 shows the mortality rates for workers with 20 + years of
?gre followed to 1962. The authors point out that while deaths
related to asbestos exposure seen in insulation workers may
sometimes occur in less than 20 years fram first exposure (lung
cancer, asbestosis, and occasionally, mesothelioma), these are not
common and, therefore, data on experience beyond the 20-year point
was thought to more clearly define the influence of exposure.
Observation of survivors was extended to 1976 (Table 3). The same
overall pattern of causes of death contimued, although distribution
of deaths by cause changed somewhat, reflecting a mumber of
epidemiological influences. Thus, pleural and peritoneal
mesothelioma, which tend to occur somewhat later than bronchogenic
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cafc¥oma, became proportionately more common. Thus change also
reflects the smaller proportions of older men who ever smoked
cigarettes, and also a ''survivor effect."” Since the smokers in the
original group had increased mortality risk (especially from lung
cancer and cardiovascular disease) there would likely have been
comparatively fewer of these and still fewer who continued smoking
at least the same amount, among the cohort survivors, as the years
went by. Except as influenced by other factors associated with
advancing lapsed time since onset of exposure, this would make for
fewer deaths of lung cancer, with more men at risk of dying of other
asbestos-associated disease.

TAME )}
EXPECTED AND OSERVED DEATHS AMONG 632 NEw YORK-NEW JERSEY
ASSESTOS INSULATION WORKERS JANUARY |, 1943-Decemper 31, 1976
(13,925 Man-yesrs of Observation)

Underlying Cavee of Death Expected® Observed i‘t
Total desths, 3ll cavees 3289 478 .
Total cancer. all sites 570 210 =
Cancer of lusg 133 9 -
Pleural mesothelioma + 1"
Peritonss! mesothetioms t 27
Cancer of esophagus 14 1
Cancer of stomach S.4 19
Cancer of colon-rectym 83 3
Casncer of laryns, pharynz, buccal cavity 28 6
Cancer of kidney 13 2
Al other cancer 24.5 28
Noninfectious puimonary diseases, total 93 45
Asbestosis * 41
All other causes 262.6 223

P e
*Expocted desths sre based upon white male sge-specific U.S. death rates of the US
Nations! Cemer for Health Sististics. 1949-1976. Rates for specific cause of death for
19431948 were extrapolated from rates for 1949-1953.
TRates are not avaslabie, but these have been rare causes of death in the general population.

Lung cancer remained the most important cause of excess deaths, with
?3 observed, 13.3 expected. Gastrointestinal cancer was also
increased as seen in the original report (43 observed, 15.1
expected). Seventy-six percent of the original cohort enrolled in
1943 had died by 1976.

==
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Variations in distribution of deaths by cause over time are shown in
Table 4.
Tame 4

ExreCTrD AND OSSERVED DeATus AMONG $32 New YORK-NEw Jeasiy AsaesTos InsLianon Wossses
January |, 1943-Decenser 31, 1976

Less than 20 Yeans 20-34 Yeans 33 or Mam Yeann
Number of Men Atlaining Category 328 ] o«
Man-years of Obssrvation 10 62} b )
Usderiying Cavae of Death Expecied® Obssrved Expecead® Olnarved Expocnd Obssrvad
Tetal danths, all cavees L X} ] 0.4 1 b1 X1 %
Tetal cancer, all e 1.1 2 3.5 53 424 158
Cancer of lung 0.2 ] 30 2 10 ¢
Ploursl mesctheliome A 0 + 4 . 7
Perionsal mesothaloma t 0 + 3 L »
Cancer of escphages 0.02 0 0.4 o 10 1
Cancer of stomach 0.1 0 1.5 6 b § | 13
Caacer of colen-rectum 0.2 0 19 7 2 e
Cancer of larynz, pharyma.
buocal cavmy 0.03 2 os 2 19 =32
Cancer of kideey 0.0} 0 0.4 (] e -2
All other cancer 0.3 ] 5 s 1 & -2
Naniafections puimosary disessss, -
total 0.1 0 1.6 4 16 'Y)
Asbesioan t 0 \ 3 + ]
AN other cauass ___ 18 ? 65.) « 1995 154

*Expucted deaths arc basod upon winie maie age-spacific U.S. death rates of the U.S. Navonal Cemter for HeaRd Stavstics, 1949-19% Rasms fer
specific causes of death for 1943 - 1948 were extrapolated from rates for 1949-195S.
fRates are not avarlabie, bul these have been rare cavses of death in the geseral population.

The experience of workers exposed after 1943 (reflecting postwar
“oleaner" conditions) has also been reported. In the 15,520
man-years of observation during the less than 20-year period (Table
6), there was no unusual mortality experience. Altogether there
were fewer deaths than expected, and there was no increase in cancer
deaths.

TABLE 6
ExPeCcTED AnD OBsERVED DEaTHS AMONG 833 NEW YORK-NEW JERSEY ASSESTOS
InsuLATION WORKERS FirsT EMPLOYED JanLARY |, 1943-Decemser 31, 1962,
AND OsserveD FROM FinsT EMPLOYMENT-DECEMBER 31, 1976
(Duration from Onset of Employment)

e —
- Less than 20 Years 20-34 Yean
T Number of Men Altsintng Category 833 523
Man-yeurs of Obeervation 15.520 3281
Undertying Cause of Death Expected® Observed Expected® Observed
Tetal denthn. sl comes 398 23 248 )
Tetal cancer, all sites 51 s $0 15
Cancer of luag 1.1 2 18 H
Piaural amothslioms + 0 A\ 2
Peritonsal mescthelioms t 0 t H
- Cancer of mophagus. scomach,
colon-rectem 0.7 | 0s 2
Cancer of laryns. pharyns, buccal canity 0.2 ! 03 1
Caaser of Kidaey 0.1 0 0.1 1
AN other cancer 3o | 20 0
Nomafecuows puimonary disesses, total 0.8 0 06 7
Asbesioss + 0 t 6
AN gther cavems 4.2 ] ] 19.2 17

- 7
*Expocied desths are based upon white maie sge-specific U.S. death rates of the US.
National Center for Health Statmins. 1949-1976. Rates for specific causes of death for
1943 1948 were extrapolated from raies for 19491955,
Rates are ot available, but thess have been rare causes of death in the general popuiatien.
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In"the 3281 man-years of observation 20-34 years from onset of
exposure, there were 3 times as many cancer deaths as expected,

primarily due to lung cancer.
CONCLUSION

No dose-response inference is possible because of the lack of
exposure data.

Observations on 17,800 asbestos insulation workers inﬁghe U.S. and
Canada followed from 1967 to 1976 is discussed below. During the
decade of observation 2271 deaths occurred (Table 12), whereas only
1658.9 deaths were expected. The excess deaths were primarily the
result of an increased murber of instances of cancer at several

sites.

Tasit 12

Dearis AMONG 17,800 AsorSTOR Inst i ATION WORKERN IN THF UnITED STATES "!-
AND Canapa JANLARY |, 1967 Decivser 31, 1976 -
NUMBER O M | 7,800 -

MAan-YEARS Ot OmstRVATION [66.89)
- ]

Otnerved Rawoo/e
Underlying Cause of Death Expecied® (BE) (DC) (BE) (DC)
Tots! desths. all camses 16589 2M 27N .37 137
Total cancer. all sites 97 995 922 3 288
Cancer of lung 108.6 486 429 4.60 400
Pleurai mescthehoma + 63 25 - -
Perioneal mesothelioms t 112 b1 ) - -
Meastheisoms. n.o.s. + 0 b1 - -
Cancer of mophagus 71 1] 8 2.9) 2.83
Cancer of stomach 142 22 8 1.54 1.26
Cancer of colon-rectum 38 59 s8 1.88 152
Cancer of larynx 47 B 9 2.34 191
Cancer of pharyax, buccal 10.1 b3 16 208 1 59
Cancer of kudney s 19 18 2.36 2.2
All ather cancer 1318 184 252 1.40 1.9
Nomnafections puimonary
disgases. woLal 90 212 188 389 39
Asbestose + 168 1 - -
All other cames 12002 1064 1161 083 091

*Expacied deaths are based spon wiite male age-specific US death rates of the US.
- .— Nauoma) Center for Heakd Ststutics. 1967-1976.
a2t are not svasable. but theas have Soen rare causes of death 1n the general population
© (BE): Best evidence. Number of deaths categonized after review of best available information

(swtopey. sergacal, climcal).
(DC). Number of desths as recorded from death certificate i ormation only.

Apart from lung cancer, mesothelioma, gastrointestinal cancer,
cancer of the larynx, pharynx and oral cavity and cancer of the
kidney, there was still an excess of cancer of other sites, with 184

observed, 131.8 expected (Table 13).
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Tasr (13

DeATHE AMONG 17,800 ASSRsSTOS INSLLATION WORKERS In THE UNITED STaTes
AND CaAnADA JanuaARY 1. 1967-Decemaer 31, 1976
Numeer oF Men 17,000
MAN-YEARS OF OBSERVATION 166,853

Obeerved Rstwwo/e
Usderlying Cause of Death Expecied® (BE) (DC) (BE) (DC)
Total destin. sif camses 1658.9 2n 2N 1.3 13?7
Cancer, sl sites 3197 995 922 ERT] 288
Desths of less common
malignant neoplasms
Pancress 175 b3) » 1.32 281
Liver, biliary passages 72 ] 14 0.70 2.68
Olodder 9 9 7 0.9 on
Tonm 19 2 | - -
Prostate 204 30 b4 | 1.47 13
Lenkomss 131 }) 15 1.18 118
L ymphoms 20.1 19 16 0.9s 080
Skia 6.6 12 L § 1.82 1.22
Bram 10.4 14 17 1.3§ 1.63
e
*Expacied desths src based upon white male sge-specific U.S. desth rates of the US. . 3

Nations! Cemter for Health Statistics. 1967-1976.

(BE): Bemt svidence. Number of desths categorized after review of best available information
(antopey. surgical, climical).

(DC): Number of desths as recorded from death certificate information only.

From a purely statistical point of view, in view of the increased
incidence of cancer of several sites among asbestos insulation
workers, it was expected that a proportion of these men would suffer
multiple cancers simultaneously, even beyond the tendency of s'ﬁh
findings to be made among individuals with cancer, in general.
Again, this would not be reflected in tabulations of causes of death
by single underlying cause, as is the usual practice. Analysis
demonstrated one hundred malignant neoplasms present but not causing
death (Table 14). Sometimes these additional neoplasms were

Tasie 14

MOoRTALITY EXPraioncs AMONG 17,800 ANSENTON INGULATION WORKERS IN THE UniTED
S1ar8 aAnD Canapa 1967 1976 OmuEavaTiONs IN 2271 ConsicLTivE Deats

- =

- Maunm Nespissms Prosent, but not Causing Desth®

Number

Luag U

Plours! mesothelioms 2

Porrionsel mescthelioms )

Esophagus 0

Stomech '

Colon 19
Ovopharyas )

Laryas s

- Kidney 3
Other 42¢
1008

*Toenty-ons of ihese neopissms were mentioned on the desth ceruficate (but were not
s underiying caves of desth).

tincleding leukemia . lymphoma 3, biadder S, prostate 1. thyrowd, etc.
$in 92 ndividuals; otal includes multiple cancers in eight cases.
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mentioned on the death certificate but as an "other significant
condition,'" not in the section on the underlying cause of death.
Forty were present among the 1064 cases where death was due to
causes other than cancer or asbestosis (Table 15). Among the 168
deaths of asbestosis, cancer was also present in 7, 6§ of these
being bronchogenic carcinoma. Analysis of the circumstances leading
to death, however, indicated that the underlying cause was
asbestotic pulmonary insufficiency, and that the lung cancers were
present but with no decisive influence at the time of death.
Nineteen other cancers were present among the 486 deaths of lung
cancer and 10 other cancers accompanied the 175 deaths of
mesothelioma. There were 9 'incidental" neoplasms among the 99
deaths of gastrointestinal cancer. Although experiences are so far
limited, it may not be wholly unexpected that there were
proportionately more incidental neoplasms accompanying deaths of
colon-rectum cancer, compared to those of lung cancer (8.57 vs.
3.97). One may speculate that this could be due to the longer <

TasLe 18
MORTALITY EXPERIENCE AMONG 17,800 ASBESTOS INSULATION WORKERS IN THE UNITED
STATES AND CANADA 1967-1976: OSSERVATIONS IN 2271 CONSECUTIVE DEaTHS
NUMBER OF INCIDENTAL MALIGNANT NEOPLASMS (NOT CALSING DEATH) IN RELATION
10 UNDERLYING CAUSE OF DEATH AS ESTABLISHED sy Best Evioence (BE)

Incidentsi Malignant

Number of Neoplasms
Desths of No. of Total
Underlying Cause of Death Underlying Cause Deaths Cancens
Cancer 2l utes 995 45 S0
Cancer of lung 486 17 19
Plowral mesothelioms 63 4 4
Peritones! mesotheiioms 12 s 6
Cancer of esophagus 18 1 1
Cancer of stomech 22 3 )
Cancwr of colen-rectam 59 S L]
Cancer of laryss 1 0 0
Cancer of pharyns, buccal cavity 2 2 3
Cancer of kideey 9 0 0
- All ather cancers 184 8 9
Nomnfectious puimonary
disenses, tots) 212 10 10®
Asbestoss 168 7 7°
All other causes 1064 » 40
Total 2271 92 100

—
——

*Six of these were lung cancer.
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clinical course of many patients with colon-rectum cancer, compared
to lung cancer, with greater opportunity, simply in terms of time,
to develop additional disease.

Multiple cancers were present, overall, in 2.17 of deaths among
these asbestos insulation workers (48 of 2271). It is perhaps to be
expected that this was more likely to be the case among those for
whom cancer was the primary cause of death (4.57), while only 3 of
the 1276 other deaths had this finding.

It is now well appreciated that most asbestos associated disease is
first seen after considerable periods from onset of exposure in both
occupational and envirommental circumstances. This is true both for
the presence and ext t13f parenchymal fibrosis and pleural fibrgﬁis
and/or calcification,”’™~ and for asbestos-associated neoplasms.

Some limited excess disease was observed in less than 20 years fromg
onset of exposure (Table 16). Among 12,683 men with such
experience, covering 89,462 man-years of observation, the muber of
cancer deaths was about doubled, with 42.6 deaths expected and 83
observed. There were no excess deaths of gastrointestinal cancer
and only 5 deaths of mesothelioma, with these in the 15-19 years
from onset category. Age, year and sex specific mortality data of
the U.S. National Cancer for Health Statistics indicated that 11.9
deaths of lung cancer were to be expected. Thirty-six occurred.
There were 8 deaths from asbestosis.

TAME 16

DEATHS AMONG 17,800 ASBESTOS INSULATION WORKERS IN THE UNITED STATES AND CANADA JANUARY |, 1967-Dacesessa 31, 197%.
ANALYSIS BY DURATION FROM ONSET OF EMPLOYMENT

Before 20 Years from Owest 20 or Mere Years fram Onamt
Total Men 12,683 12051
Man-years of Observation 89.462 n»i
Obssrved Ratioo/¢ Obaarved Ratis o/c

Underiying Cause of Desth Expected® (BE) (DC) (BE) (DC) Expscasd® (BE) (DC) (BE) (DC)

Total deaths, all causes 2829 328 328 LIS 1.1 13760 1946 1948 Lel [ ]]
Cancer, alf s 426  §] n 1.95 1.81 2. M2 84S » 188
Cascer of lung LR k) 32 303 269 .7 450 wm 45N 424

F_nl mesctbelioma t 2 2 —_ — t 1] pi) -_— -

Peritoneal mesothelioma + k] 0 —_ - t 109 b} - -

Masothehoma. #.0.5. \J 0 ) - - t 0 4 -— -
Cancer of esophagus 06 ! 1 — — 6.5 " 17 2e4 264
Cancer of stomach LS | 0 - —_ 12.7 21 18 1.6$ 1Q
Cancer of colon-rectum 4.0 4 4 —_ — 30 5s 4 1.62 (K _J
Cancer of laryax 0.4 2 2 — - 43 ] T 2 143
Cuardu_hryu. buccal 13 3 2 - — L ¥ | 8 14 265 (K _J
Cancer of kidwey 1 3 ) - — 70 e 15 2 214
A'Iuhqm 217 28 30 1.29 1.38 110.1 156 w2 1.Q 28
Noniafectious pulmonary discases, total 5.2 8 " 1.54 212 LX R ] b ) m N =n

Asbastosss 4  § 2 - —_ A 1 » — -
Al other causes 235.1 24 b3 ) 1.00 10! 1043.1 £ 3 ] 2 oM [t ]

—_——
*Expected deaths are based upon whitc male age-specific U.S. death rates of the U.S. Nationa! Center for Heakh Statmtacs, 19671976,
tRates are not available. but these have been rare causes of death in the general population.

(BE): Best evidence. Number of deaths categonzed after review of best available nformation (avtopsy, surgical. clinical).
(DC): Number of deaths as recorded from death certificate informaton oaly.
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On the other hand, extensive disease was seen among the 12,051 men
who had reached 20 or more years fram onset during the decade of
study. Here, 1376.0 deaths were anticipated; 1946 occurred. There
were 160 deaths of asbestosis and 912 of cancer. It was at this
time that bronchogenic carcinoma made its heaviest contribution,
with 93.7 such deaths expected and 450 observed. One hmdred and
seventy deaths of mesothelioma were then seen and the increase in
gastrointestinal cancer found. Table 17 depicts these data in some
detail, in five-year periods from onset of employment. Lung cancer
data are given as both expected and observed mmbers of death. This
practice cammot be followed for mesothelioma, where expected deaths
carmot be computed for the general population. Instead, both the
nuber of deaths of pleural and peritoneal mesothelioma, as well as
the muber of deaths of these causes per thousand persons years at
risk are provided. The latter does not take into account variations
in achieved age, but this may have less influence than achieved
duration from onset of employment. It will be seen that very majog{_
increases in mumbers of deaths of lung cancer are first seen at ~
15-24 years from onset of work, with continued further increases.
The extraordinary increase in deaths of mesothelioma, both of the
pleura and the peritoneum, is not observed until somewhat later,
reaching 2.78 deaths per thousand person-years at risk for pleural
mesothelioma at 35-39 years from onset of work, and 5.47 deaths of
peritoneal mesothelioma per thousand person-years at 45 + years from
onset.

Tame 17
DeATHS AMONG 17,800 ASBESTOS INSULATION WORLERS In UNITED STATES AND CAnADA, JAnLARY 1, 1967-Decevmsn 31, 190

Person-years Persen- Porese-

Durston from  Number of Observed Rato o/e Number yoars _Nembwr o

Ownset (Years) of Mea  Observation  Exp® (BE) (DC) (BE) (DC) (BE) (DC) (BE) (BE) (DC) (BE)
- 10 . 8.1% 26393 0.7 0 0 - - o o L] o ] [ ]
10-14 9.08) 29.003 27 7 s 288 182 0 0o 1] ] ] [ ]
15-19 954 34088 8 29 7 J® 310 2 2 0.06 3 ) oo
20-24 3887 JL2e8 170 9 $? Ja 33 [} 4 0.19 3 2 ([ ¥
25-29 6.59% 20,657 210 108 9% S00 458 13 S 063 114 3 [ L]
30- 34 3547 11,508 18.4 "2 103 608 5959 9 ) om b1 6 198
35-39 2020 5.40) s 3] ST 568 4% 13 4 n (1] ) 382
044 1.108 3.160 [ B} 40 13 49 3iIs2 4 3 L7 e 3 58
LIRS 1.448 5,308 178 69 s3 38 1% 14 4 264 29 S s&7

—
*Eapected deaths are based upon white maie age-specific U.S. death rates of the U.S. Nauonal Center for Heakth Statmtacs. 1967197 Smakmg
hatts not taken mto account.
(BE)' Best evidence. Number of deaths categonzed afier review of best available information (awtopsy. sargical, climical).
(DC): Numbsr of deaths as recorded from death certificate informaton anly.
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In ‘snother reflection of the clinical concerns among these workers,
Table 18 indicates that approximately one-third of all deaths were
due to lung cancer at 30-34 years from onset, while mesothelioma
accounted for 137 of all deaths at 35-39 years.

Altogether, lung cancer was responsible for 217 of all deaths
observed in this cohort and mesothelioma for 8%.

Tamr 18
Dearws AMOnG 17,000 ASBESTUS InSLIATION WORKERS IN THE UNITRD STATES AND
CanaDa, Januagy |, 1967 Decrupen 31, 1976
ANALYSIS BY DURATION FROM OngtT 08 EMPLOYMENT

Percsm of All Deaths
Mesotheliome
Lung
v&':.:':" Tosl Cancer Plovral Peritones| Total
Employment Desths (BE) (DC) (BE) (DC) (BE) (DC) (BE) (DO) -
<10 i o o0 o o o o [ 0 =+
10-14 88 82 $9 o0 0 0 0 0 0
15-19 189 183 143 4 11 16 O 27 e
20-24 30 184 178 19 13 09 06 28 2.8
25-29 388 211 247 34 1) 49 08 83 $.2
30-34 40 329 303 27 09 68 18 %4 &8
35-39 293 287 128 SS9 16 1S 20 )4 19
044 03 197 183 20 15 719 1S 99 s
TP 442 156 120 32 09 66 1 971 4
Total 2 24 189 28 (] 49 1.1 17 4

(BE). Best evidence Number of death caisgonized sfier review of best available information

(asiopey. sergcal, chmeal).
{DC)" Number of deaths as recorded from death certificate information only.

OONCLUSION

The study results indicate a high increase in risk of lung cancer
associated with asbestos exposure, but the lack of exposure data
makes it difficult to show a dose-response relationship.

Asbestos cement building materials plant workers have been st:t.uiied87
‘to determine the risk of respiratory malignancy in relation to
duration, degree, and fiber type of exposure to asbestos. Subjects
were classified into 5 total dust categories for which mean length
of follow-up and mean age at initial exposure are comparable.
(Table 1)

TASLE 1

COMORT 8Y FOLLOW-UP WITHIN
EXPOSURE CATEGQORIES

Totat Dust

within 20 Yr of Maen Masn Age ¢
Intie Exposure Fetiow-Up Initigt Gapensre
tmppctyr’) Neo {yr.) (1]
<10 3.637 20.7 e
11-80 1.309 27.3 nae
$1-100 3 3. ne
101-200 e 27.3 2.7
> 200 878 2.7 »0

* Mitiion perticios per cubic feet-yr.
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 the standard man-yr approach, expected numbers of deaths for
each exposure category were calculated on the basis of
race-age-cause-specific rates for both the U.S. and Louisiarma male
populations for 1950, 1960, and 1970.

Cause-specific standard mortality ratios, MR (100 x observed
mmber of deaths/expected number), were obtained for various causes
for each of the 5 exposure categories (Table 2). MR for all causes
combined remain generally low, but increase slightly with degree of
exposure: 60, 64, 75, 80, and 94. MR for respiratory system
neoplasms remain low for the 3 lowest exposure groups, but exceed
100 in the 2 highest categories: 77, 70, 26, 290, and 226. The
very low SR in the middle dust category is probably a chance
occurrence; with only 3.8 respiratory neoplasm deaths expected, the
;f:robabilit:y (assuming a Poisson distribution) of observing one or
ewer is 0.11.

TASLE 2 3
STANDARD MORTALITY RATIOS BY CAUSE WITHIN EXPOSURE CATEGORIES

Tota! Dust Within 30 V7 of initigl Bxpesure Mpge?yr’)

<10 1-80 81-100 101-200 > 200
ne=203IN (n= 1,309 (n = 38N n = 344) e’
Caues of Deamn oet smal 0/ SMA O/ smA 0/ MR o/8 [
AN couem 200/4337 €0 141/210.9 64 V7S 78 4823 00 100/110.1 o4
AN malignant
neepisems (140- .
200 84/773 70 21/371 13 /139 84 14/9.8 147 wiee o
Oigestve syssem
(180~ 190) W48 41 W19 84 N3 N 030 - 204 1]
Retprratery eove-
vom (160-163) 19/247 77 witse 7 vie 28 w31 ol  wwe2 et
Owwer (residuel) 28/20.0 00 w138 68 ae @ Y, YRR T Y 7.2 2

Maer cormve-

vansuier Gisseans

(3I90~-848) 120/218.7 60 0/113.0 80 J3/40.' 62 WIS 83 61/87.4 108
All other couass 76/140.7 84 10470 4 1142 74 | ARK ] by W23 e o4

° Ml ians of portcion per cubic foot vr
T Rete of s0esrvas 1 expecsnd deeths.
$8wnesrd mertaiity retie

§# < 0.01 (number of cussrved deethe 10 the NuUMBer enpecsd. sssuming o Peoissen distribution).

In the 3 lowest exposure categories, the SMR for over-all mortality
and respiratory neoplasms are comparable, as demonstrated
graphically (figure 1) by the extensive overlap of their respective
95 per cent confidence intervals (based on a Poisson distribution).
On the contrary, there was no overlap in either of the 2 highest
exposure groups. Assuming no association between trace and cause of
death, the close agreement of the over-all and respiratory
malignancy SMR in the low exposure groups is additional evidence
that, although some underestimation might have occurred because of
those lost to view, there are no excess respiratory neoplasms in
these categories.
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No excess mortality occurred in any exposure group for any cause 32
other than respiratory neoplasms.

The analysis was also performed with the mumber of deaths expected
on the basis of Louisiana death rates. Because lung cancer rates
are higher in louisiana than in most states, the expected mubers of
respiratory neoplasms are greater than with the U.S. rates, thus
resulting in lower SMR. The patterns observed for the 5 exposure
categories were the same as with the U.S. rates; over-all mortality
MR were 56, 64, 71, 73, and 83; respiratory neoplasm SMR were 64,
59, 23, 225, and 187. As with U.S. rates, no excess mortality other
than for respiratory neoplasms were observed.

Two pleural mesotheliomas were diagnosed in the total study
population: one person was employed for 10 months (with known
exposure only to chrysotile), the other for 14 yr (with most of his
employment in the pipe plant, which resulted in exposure to both
chrysotile and crocidolite). Because these men died 18 and 19 yr
after initial employment, respectively, neither fulfilled the cohort
criterion of a minimm of 20 yr of follow-up and therefore are not
included in this analysis. It was considered possible that this
tumor was underdiagnosed in this populationm.

The results of Ne«tmsenz suggest that the latent period for the
development of asbestos-related neoplasms may be less than 20 yr, as
with the 2 mesotheliomas found here. Using Newhouse's methodology,
the effect of latency on the mortality experience of this population
was assessed by performing the analysis by 5-yr periods after
initial employment. In each analysis, persons with follow-up of
less than the prescribed minimm are excluded; an individual
person's exposure is calculated at the start of the particular time
period. Because each period is only 5 yr in length, it was
necessary to condense the original 5 exposure categories into three,
although the expected mubers of deaths remain very small.



Wi L - 64 -

2y
-
"
-

Resifits for the 2 lowest exposure categories (representing the
original 3 lowest groups) indicate no discernible pattern for
respiratory neoplasm SMR as time since initial exposure increases;
those for the highest exposure category exhibit an increasing trend
as long as 30 yr. since initial exposure (Table 3).

TASLE J

RESPIRATORY MALIGNANCY STANDARD MORTALITY RATIOS 8Y B YR
FOLLOW-UP AND TOTAL DUST AT START OF PERIOD

Teotal Dust ot Start of § V¢ Peried (WPpetyr)

Ye pnce < 10 10-100 > 100
initigt Exposure No. o/t SMA ok SMR o | ]
10-18 6328 14 4 e vae '™ /1.9 12
18-20 6.184 ves 1Y va.3 e LY ) 10
20-28 5648 10/12.1 < ”e.e ”» .. 1"
25-30 42387 10,9 (T LY W . ”73.0 2’
30-38 1.220 e 167 Va2 4 (VN 239°
> 38 313 ovo.s ° /1.0 ° 13 .’

1

For getinitens of ssbreviations, e table 3.
°P < 0.08 (numusr of SeaThs SbEIved SeMpered te ber of wd.
sssuming a Polmen digridutien),

To compare the preceding results with ﬁgse which would have been
obtained with a different study design™"~, an alternate method of
analysis was performed for this cohort (men with at least 20 yr of
follow-up) by considering 4 control subjects for each case of lung
cancer. These control subjects were selected at random from among
men in the cohort who were born in the same year as the cancer
patient, were of the same race, had survived at least into the year
following that in which the patient died, and if they subsequently
died, did not die of a malignancy.

The mean total dust exposure (accumilated within 20 yr. after
initial employment) was 164.1 mppcf-yr. for the cancer patients and
77.8 for the control subjects. A 2-way analysis of variance (the
matched sets acting as a blocking factor), with Scheffe's multiple
conparisons, found that there were no differences among the exposure
means of the 4 sequences of control subjects, but that the mean dust
exposure for the patients was significantly greater than that of the
control subjects (P  0.005).

The distributions of the cancer patients and the control subjects by
total exposure to dust are presented in Table 4. The odds ratio, an
estimate of relative risk, was calculated for each category relative
to the lowest degree of exposure.
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TABLE ¢

LUNG CANCER CASES AND MATCHED CONTROLS (4 PR CASE);
TOTAL OUST EXPOSURS AND 0008 RATIOS

Tew Dum
within 99 ¥r of OCuse Rone’
inivig) Enpesure {Rslguive w0
(mmpetyr') Ne. Casse We. Canwete Lowest Cougery)
<10 T ” 1.00
10-00 ? T 116
0-100 ] 1" (Y]
109-308 [ ] 1 2088
> 200 1 2 2.788
Tow ol 108

°* Mition perveiss per aubls feotyr.

T Usuat coienom of ratouive rieh.

35 < 0.08. bumes on o x? (1) glneriaution.
. 1 7he want of 81 rewiretery meligrancy goots in wbie 3 resuitad from rangem alte-
coven of ¢oathe witheut eortifiestsa.

The over-all pattern of the odds ratio is similar to that of the
respiratory malignancy SMR: the risk in the second exposure
category is comparable to that in the lowest, an unexplained dip
occurs in the third category (doubtless the same chance occurrence),
and a significantly greater risk is observed at the 2 highest
exposure categories.

Because information had already been collected on the entire cohort,
the case-control approach, using only a subset of the population,
does not make full use of the data available. Moreover, although
this alternate approach provides estimation of the risk for each
exposure category relative to the lowest category, no assessment of
the risk experienced in the lowest category is possible. Despite
these limitations, the observed pattermn of risk across exposure
categories was similar to that obtained with man-yr., prospective
design, and analysis.

The preceding analysis was based on cumulative dust exposure, which
has 2 components: (1) duration of exposure, and (2) average dust
concentration. To assess the contribution of each, the population
was divided into 9 duration-by-average-concentration categories.
For these groups, the mean values of each variable within a fixed
category were comparable across the categories of the other, and
mean follow-up times were homogeneous (Table 5).
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TASLE &
COMORT BY DURATION AND CONCENTRATION OF EXPOSURE

Ouwration of Empioyment (yr)

Avorege Mecv:.nm

(mape? <2 10 > 10
<8 ne 1,323 n = 204 ne 168
se? .2 32
ast a7 216
200! 27.8 0.3
20 ne 1,801 n =301 n =000
179 1238 129
os a8 21.7
29 2 e
>20 ne= 704 ne 200 (R}, )
48 20.4 2.7
0.7 .q 2.0
271 2.7 207

*Mitlion particios por subis foer.

1 aoen everege Guet wotien (meeet).
$ noen longih of empioyment lyr).

$aoen longt of follow-ue (vr).

The MR for respiratory malignancy for these groups (Table 6)
generally indicate increasing risk with duration of employment,
which is concentration dependent, and increasing risk with average
concentration, which issguration dependent. These results are
consistent with others,” which indicateg that it is not sufficient
to equate total exposure with either duration or average
concentration; each constitutes an important component of risk, and
each exhibits degrees with no apparent excess hazard.

TASLE ¢

STANDARD MOATALITY RATION FOR RESPMATORY MALIGNANCY BY
OURATION OF EMPLOYMENT AND AVERAGE OUST CONCENTRATION

Ouration of Smpioyment {yr)

Awergge Dust Concantratieon
(mppet* <3 2-10 > Al Guretions
<s 1710.0% 3.3 wie r2ry;
70 " . 4]
-2 12/17.9 1728 128.3 /3.1
) ) 2918 10
>20 e £y, X 7.3 17100
17 720 et 9
AN Gust consenmirasions M/3%48 .8 20/0.3
7 ™ 2168

- *MBiion sarticies por suble feot.
tRoue of snservas Grovhe 1 npeswd daoths.
3P < 0.01 (uased on & Poimen glowribution).
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In?kaessing the possible influence of fiber type exposure on risk
of respiratory malignancy, workers with exposure to chrysotile only
(n = 4,201) were compared with 2 groups of workers exposed to
crocidolite: those with steady employment in the pipe plant (n =
1,004) and those with intermittent exposure to crocidolite through
occasional maintenance work in that area (n = 235). Persons with
exposure to amosite (n = 205) were excluded from this analysis. All
follow-up times were similar, and total fiber exposures were

comparable among the fiber type groups within each category of
exposure (Table 7).

TASLE 7
COHORT BY TYPE AND LEVEL OF FIBER EXPOSURE"

Total Figer Enposure within 30 Vv
of Initis Empioyment (mppetwest)

Exposure <20 20-300 > 8

Mo crociaelim exposurs ne 2,903 ne 1,337 (LK ]
sof .0 [T ]
el »2 »s

IPIBrmItEINt eXPOSUre tO crocidolim ne 44 ne 08 =108
wn PIpe plant 8.2 .7 [ X ]
2.4 n3 t V)

Swedy employment 0 9198 Blant with ne 221 n=383 n =400
crocidolise enpore 108 7.0 0.2
a8 6.9 7.2

"Subrects with ® 10 smesite ore enciuveed (n = 208).

Tasiiiions of serticies per cubic tost-menthe
$moen tocsl fiber eupesure (Mmepet-mas).
§ ateen iongth of fatiow-up (vr).

The pattern that emerges from the SMR (Table 8) suggests that the
addition of crocidolite to chrysotile enhances the risk for
respiratory malignancy, particularly for those workers exposed
intermittently in maintenance jobs. The exposure history of this

latter group is characterized by exposure to high concentrations of
dust for short periods of time.

TABLE 8

STANDARD MORTALITY RATIOS FOR RESPIRATORY MALIGNANCY
SY FISER TYPE

Totl Foer Exposure within 20 Vr
of initisl Emetoy ment (MEEef-mes ")

<2 20-200 > 0 Towt
- N@ crocIoHts SXPOIe 12727 .4 1013.0 [ ¥} Ve
se ” 102 ”
1IAEBrMITIONT SXOOSUTe 10 CrocIdolite 2/0.3 o/e.7 (AN} 172.3
'n D100 Disnt 1.000" ° 3s7t J0at
SWedy eMPIoY MeNt 1n D 10e Biant 710 A\7AR ] 720 "
with CrOCIO0HTS eXPONre 100 3 241" 158

°MiHion particies Der Cubic 19Ot Manthe.
tr<oos
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The risk increased more steeply with increased quantitative exposure
than with increased duration of employment. Excess mortality for
lung cancer was observed only for groups with moderate and high
cumilative exposure (MR 2.9 and 2.3).

There was no detectable excess risk of lung cancer in persons
employed for less than 2 years or with low exposure. The risk
appears high for two subgroups exposed to crocidolite, but only in
the high exposure group ( 200 mppcf-yr.). There was no increased
risk observed for gastrointestinal cancer in any subgroup.

There were 2 pleural mesotheliomas observed (one employed less than
1 year and one for 14 years).

There was no increased risk of respiratory cancer for exposures
below 10 mppcf-yrs.

There was a low (75Z) tracing rate.

In a study of female asbestos workers35, o with national
rates there was an excess overall mortality among those who worked
in jobs with low to moderate exposure (Table 2), which was partly
accounted for by deaths from cancer.

Table 2

Mortality of Women with Low to Moderate
Asbestos Exposure

All periods of

employment
Registered cause of death (126 women)

Obs. Exp.
All causes 291 18.1
Cancer of lung and pleura 2 0.3
Other cancer 8 4.4
Respiratory disease excluding cancer 2 2.2
Other disease 17 11.2

1
P 0.0

I.nthegroupwith severe exposure who had worked for less than two
years (Table 3), there was an excess of cancer of the lung and
pleura.
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Table 3
Mortality of Women with Severe Exposure
Duration of employment

Less than More than
Registered cause of death 2 yrs 2 yrs
(557 women) (239 women)
Obs. Exp. Obs. Exp.
All causes 55,  49.9 563 2.5
Cancer of lung and pleura 6 1.0 148 0.5
Other cancer 16 12.4 17 6.1
Respiratory disease excluding 9
cancer 10 7.4 11 3.6
Other disease 23 29.1 14 14.3
2701
3p  0.001

However, the most marked increased mortality was in those with
severe exposure who had worked for more than two years in the
asbestos factory; in this group there were excess deaths from cancer
of the lung and pleura, from other cancers, and from respiratory
diseases. Three deaths registered as cancer of the pleura were
identified as pleural mesotheliol tumors; in all there were 11
mesotheliomas, six of pleural and five of peritomeal origin.

In this study the results were assessed by comparing the mumber of
observed deaths with the muber of expected deathg, The "expected'
deaths were calculated by the '"man-years' method,” multiplying
years of risk by death rates. Excess mortality has been tested by
treating the observed muber of deaths as a Poisson variable with
expectation equal to the man-years expected mmber of deaths.
Mortality as a function of length of time from first exposure is
shown in Table 5.
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Table 5
Mortality by Length of Follow-Up since First Exposure
Years since first exposure

Less than 10 10 to 20 More than 20
Registered cause of death (922 women) (692 women) (655 wamen)

Obs. Exp. Obs. Exp. Obs. Exp.

All causes 25 237 36 29.3 79  39.4
Cancer of lung and pleura 0 0.2 3 0.6 193 1.1
Other cancer 5 4.2 10 7.8 26 10.8
Respiratory disease excluding 1
cancer 9 6.1 5 3.4 9 3.7

Other disease 11 13.2 18 17.5 25 23.8
1

gP 0.05

P 0.001

There were four deaths in all registered as cancer of the ovary; three
of these occurred among women with severe and long exposure and,
compared with the expected mumber of 0.6 in this particular group, this
was a significant finding (p=0.0025). The histological review suggested
that at least two of the other deaths in the group that were registered
as carcinomatosis were due to this cause. The possibility that ovarian
cancer may be caused by exposure to certain hydrous magnesium silicates
such as talc and asbestos has been raised by several resegschers.
Strong evidence of a link was found by Graham and Graham,”™ who injected
mice, hamsters, guinea pigs, and Dutch rabbits with tremolite asbestos.
The mice and hamsters showed no lesions, presumably because of a
protective layer of peritoneum surrounding their ovaries, which is
absent in the guinea pig and rabbit. Both of these latter species
developed an atypical papillary pattern of ovarian epithelial
hyperplasia, which the authors suggested was similar to early ovarian
ithelial tumors in women. Additionally, birefringent bodies were
served in sections of six out of twelve ovarian tumors, and none of
nine normal controls. These bodies were thought to be asbestos (but
were not examined).



% APPENDIX II
Mesothelioma in Pet Dogs Associated with Exposure of Their Owmers to

Asbestos. Glickman, L.T., Domanski, L.M., Maguire, T.G., Dubielzig,
R.R., and Cmrg, A.g Environ. Res., 32, 305-313 (1983)

This paper describes the findings of an epidemiological study of pet
dogs and the incidence of mesothelioma and asbestos exposure.
Eighteen histologically-confirmed canine mesotheliomas were
diagnosed at the Veterinary Hospital of the University of
Permsylvania (VHUP), Philadelphia, from April 1977 to December 1981.
An asbestos-related occupation or hobby of a household member and
use of flea repellents on the dog were significantly associated with
mesotheliomas. In addition, there was a trend indicating an
increased risk of mesotheliomas with an urban residence.

tissue from three dogs with squamous cell carcinoma of the lung had
higher levels of chrysotile asbestos fibers than lung tissue from
control dogs. The VHUP is a major veterinary referral center for
the Northeast and Middle-Atlantic regions of the U.S. Each year
there are approximately 17,000 admissions and visits to the VHUP and
an additional 6000 submissions of biopsy specimens to the Pathology
Department (could not ascertain whether these nmumbers refer to all
animals or to dogs only).

A cancer and noncancer control patient were selected from hospital
records and matched to each mesothelioma case by age and date of
diagnosis (+ 1 year), sex, and breed. Excluded from the noncancer
control group were dogs with any respiratory disease or suspected
malignancy. Dogs with respiratory cancer were excluded from the
cancer control group.

Because controls had been matched on age, sex, and breed, these
characteristics for the cases were first compared to the entire
canine hospital population. The odds ratio (OR), an estimate of the
relative risk of disease ffr each category, was determined using the
Mantel-Haenszel procedure.” Age was controlled in sex comparisons,
and sex was controled in age comparisons. Odds ratios for other
risk factors were determined for matched pairs using the cancer and
non-cancer groups separately.” The control groups were then
combined and odds ratios calculated for matched triplets. Using a
952 confidence interval, the null hypothesis of an odds ratio equal
to one,was tested with computer programs developed by Rothman and
Boice.” Characteristics of the patients with mesothelioma and the
source of asbestos exposure of their owners are listed in

Table I. The distribution of mesothelioma by site was six (33%)
peritoneal, five (287) pleural, five (287) both peritoneal and
pleural, and two (117) pericardial.

The mean age (+ 1 SD) of the mesothelioma dogs was 8.0 + 1.9 years;
17 (947) were male and 15 (83%7) were purebreeds. When compared to
the entire canine hospital population, males had a relative risk for



TABLE )
CHARACTERISTICS OF 18 Canist PaTt NS DIAGNOSED WITH MESOTHE LINMA AT

Age at Site of
diagnosis Year of meso-
Patient Breed Sex fvears) diagnosis  thehoma*
1 Mixed N 12 197K P
2 German Shepherd \ 7 197K 1 4
3 German Shepherd M 9 1978 r
4 Doberman Pinscher M L3 1978 P& I
h] Insh Setter F-5* L] 1979 P
6 Bouvier des M 8 1979 P
Flandres
7. Mixed’ M 10 9™ P&
8 Bouvier des M L} 1979 m
Flandres
9 German Shepherd M ? 1979 P& P
10 Boston Temer M b 1979 P&PI
1] {rsh Setter M < 19RO 4l
12 German Shephctd \f I (EAY) PAPI
k] Bernese Min Dog M 1 =" L}
14 Old Fng Sheepdog M b JuNy Pe
[N German Shepherd M N {9N] P
L German Shon M It 98] ”
Hair Pounter
17 Mived M R 198 ¢ 4]
IR German Shepherd M [} 19K} P

2P - pentoneal. Pt = pleural. Pe = percardial
* Female-+payed
€ Not included in case—control analysic Unable to contact owner for interview



VHUP sr1wit N 1977 anD 19RT anD THEIR EAPOSURE 10O AVHESTOS

Owner occupation ()
hobby (1)

Auto body repair (()
Auto mechamic (H)

Iruck repair 10)) ad-
Jacent to shipyard

None
Plumbing heating
sheet rock spackhng
tH)
None

None

Sheet rockh spachhing
at shiprard ()
None
None

Pipefiting at <hip-
vard (O
None
None

Auio mechamic ()

il burner and furnacce
imvtaltation ()

Auto body and used
parts supply ((h

Type of asheston exposure

Houvehold (ther
neighborhood possible
! vtensive home None
remodehng
( hange of heat- None

INE Svalem

None Accompamed
awnes 1o job
adiacent to
shipyard

None None

Cement factory None

None tlea powder
None None
Demolition and } lea powder
construction site
None None
Home insulation. Flea powder
construchion site
None Flea powder
None None
Demohtion & con- None
struchion sites
Home insulation None
None Flea powder
None Accompamed
' owner to

work




Rosk tacten

Dlomestin and vwiner
oecupational cyposures
Home remodehing o construg hon
Addition of home insulation
Home in vicimity of asbestos.
related industry
Occupation or hobby gsbestos
related
Urban (vs rutab) residence of doy
f-rst resndence
1 ongest remdence
Residence at diagnosis
Maniagement ol dog
Source strav v all other
hime outside =7 v Sy
Supervision  allowed to roam
v contined
Pesticides used on Jdog
flea powder
Flea spras
tlea dip
Flea collar
Any pestivide
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A Squamous cell carcinoma

B Bronchial alveolar carcinoma
C Hronchial-alveolar carcinoma

Controfs

D

E

F

G

H

1

¢ Non-resprratony discase and noncancer
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mesothelioma of 16.6 (CLg 6.4-97.3). When dogs 1 to 4 years of
age were assigned a rela i&e risk of 1.0 the greatest risk was
observed in dogs 5 to 9 years of age (OR = 16.9, 0.25 3.4-84.3).
The risk for purebreed dogs when compared to dogs o &lxed breeding
was 1.7 but this difference was not statistically significant ( .
0.51-5.9). The relative risk for individual purebreeds represent
by more than one dog with mesothelioma was Bouvier des Flandres (OR
= 124.3, 62.6-246.7), Irish Setter (OR = 5.3, CL95z 1.4-9.6),
and German herd (OR = 3.3, CL952 1.3-8.2).

The cancer and noncancer control patients represented a wide variety
of diseases and conditions; not more than two dogs had the same
diagnosis. Owners of 16 of the 18 mesothelioma patients were
contacted and interviewed. The OR for suspected risk factors for
canine mesothelioma are shown in Table 2. The findings were similar
when mesothelioma patients were compared to either the cancer or
noncancer control group. However, for 11 of the 14 risk factors
studied, a stronger association with mesothelioma was noted in the
analysis using the noncancer controls. Exposure of the owner to
asbestos at work or through a hobby was found to be significantly
associated with mesothelioma in the analysis using noncancer

controls, (OR = 8.0, 1.4-45.9); when cancer controls were used
the odds ratio was 2.3, bt was not significant ( 0.6-8.7). The
relative risk for mesothelioma with both control s combined was

3.5 (CLggy 1.1-11.0).

Information on the use of pesticides and insect repellents was
obtained becausg talc may be contaminated with asbestos and other
mineral fibers.  The relative risk for all forms of pesticides was
elevated and was significant when any pesticide use was considered

in comparison to noncancer controls (OR=11.0, 1.5-82.1). The
risk associated with any pesticide use when the trol groups were
combined was also significant (OR= 7.6, 1.2-49.0).

Preliminary microscopic observations of s camnercially available
pet flea powders and sprays revealed large amounts of quartz,
silicates, and silica, and small amounts of antigonite, a fiber
closely related to chrysotile asbestos. While asbestos fibers were
not specifically identified, exposure of humans to other mineral
fibers has been associated with pulmonary disease (e.g., silicosis).
Results of the lung tissue fiber analysis are presented in Table 3.
The three dogs with mesothelioma had the highest levels of
chrysotile fibers. The amphibole consisted of tremolite and
actinolite, except in the case of control dog 1, where it was
comercial amphibole in the form of amosite and crocidolite. The
authors stated that the tremolite and actinolite were probably
eontaminants of the chrysotile.



e REFERENCES
1. " Mantel, N. and Haenszel, W., J. Natl. Cancer Inst., 22, 720
(1959)

2. Miettinen, 0.S., Biometrics, 5, 339 (1969)

3. Rothman, K.J. and Boice, J.D., U.S. Depart. Hlth, Edu. & Welf.,
NIH Publ., 79, 1949, Washington, D.C.

4. Blejer, H.A. and Arlon, R., J. Occup. Med., 15, 92 (1973)

An Animal Model for Inhalation Exposure to Talc; performed by
Wagner, J.C., Berry, G., Hill, R.J., and Skidmore, J.W., In: Dust
and Disease, ed. Lemen, R. and Dement, M.J., Pathotox. Publ. Inc.,
pp. 389-392 (1979)

Methods: Ninety-six male and 96 female (barrier protected caesarian
derived; Wistar strain) 6-8 week old rats were randomly allocated to

one of the following groups:

(a) talc - Italian 00000 grade (927 talc mineral, 37 chlorite and
17 carbonate minerals; quartz was found in the powder at
0.5-1.07 level); no asbestos minerals of either tremolite or
chrysotile varieties were detected;

(b) super fine chrysotile asbestos (SFA chrysotile);
(c) controls - no exposure to either material.

The animals were housed four to a cage except when in inhalation
chambers (in a separate room) when there were 6 to a cage. Rats
were fed on a proprietary brand of autoclaved cubes and water ad
1libitum; home cages were supplied with filtered air. There were
sacrifices ten days after the end of each exposure period and at one
year. The remaining animals were allowed to live until they died or
appeared to be distressed. A full necropsy examination was carried
out on all animals.

The dust clouds were generated for 7% hours a day, 5 days a week.
After 6 months' exposure half of the rats were removed and
transferred to ordinary cages and were replaced by another 24
animals per dust. These rats were in turn removed and replaced
after 3 months' exposure, and all exposure ceased after another 3
months (48 rats were exposed for 3 months, 24 for 6 months, and 24
for 12 months). The dosage was calculated as the product of
eoncentrasion and time. The mean respirable dust concentration was
10.8 mg/m” for each dust and the cumulative doses, i.e., the product
of cgncentration and time, were approximately 4100, 8200, and 16400
mg/m” hrs. for the 3-, 6-, and 12-month exposures.
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Results: Survival data were not presented. The amount of dust in
the lungs was determined for the sacrificed rats. For talec, the
mean amounts of dust in the lungs were 2.8, 4.5, and 12.3 mg per rat
at the end of exposures of 3, 6, and 12 wonths, respectively. In
contrast, the amount of SFA crysotile was close to the detection
limit of the method and was estimated as only 0.6 mg/rat after 12
months' exposure.

An assessment was made of the severity of fibrosis in the lungs of
rats sacrificed at the end of exposure and one year later (see
Table 1 below).

TABLE 1. Inhalation Expenment - Mean Fibrosis at End of Exposure and One Year Later (Numper of
Rats)

Length of exposure
Matenal Time 3Imonths 6 monins 12 months
Rakan taic End of exposure 22 (8 27 (8 34 (8
1 year later 24 8) Ja 46 14)
SFA chrysotile End of exposure 28 (8 30 (6 32 6)
1 year iater 22 (& 32 & 42 (4)
Convols End of exposure 18 (8 19 (6) 13 (6)
1 year later 16 (8) 15 () 19 (3)

The main features are that both Italian talc and SFA chrysotile
produced fibrosis to a similar extent, and that there was same
evidence of progression after exposure was discontirued in the
longer exposed animals.

The mmber of rats with lung tumors are shown in Table 2. One
adenoma ocaurred in the control group, two adenomata were observed
in the rats exposed to talc, and 13 lung tumors, including one
mesothelioma and 3 adenocarcinomata were observed in the SFA

chrysotile group.

TABLE 2. inhalation Expenment - Lung Tumors

Number Number of lung tumors
Material Exposure at Adenomas Adenoma- Adeno- Mesothel-
nsk' tosis carcinomas 1omas
NRakan 3 months 39 o] 0 0 (4]
Taic 6 months 18 0 0 0 0
12 months 24 2 0 0 0
~ SFA 3 months 40 0 0 0 1
Chrysotile 6months . 18 1 2 1 0
12 months 22 3 3 2 0
Controis 7 1 0 0 1]

'Number surviving at least 300 days from start of exposure
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Risk Assessment

Exposure, laboratory, and epidemiological data provided earlier in
this report are used in this chapter to make quantitative and
qualitative (or comparative) assessments of risks from exposure to
asbestiform fibers. To place the discussion in context, the chapter
begins with a brief general discussion of risk assessment and a few
special considerations concerning asbestos and related fibrous materials.

Various difficulties often limit the accuracy and precision with
which risk to human health can be estimated. Nevertheless, when the
data base is good, the risk estimates can be sufficiently informative to
aid policy judgments. Some of the factors that enhance the usefulness
of the data include dose-response information based on several
accurately known exposure levels; knowledge of physiologic and metabolic
factors that affect exposure of body tissues; an understanding of the
mechanism by which the substance results in toxicity; knowledge of the
extent to which experimental systems mimic -the human response; and an
understanding of the properties of a complex and variable substance that
account for its toxicity.

Many of these issues apply in the assessment of risk from
asbestiform fibers, which have varying physical and chemical
properties. Some members of the class, the commonly used naturally
occurring forms of asbestos, have been clearly shown to cause fibrosis
of the lung and pleura as well as cancer of the lung, mesothelium, and
possibly the gastrointestinal tract in humans. Some occupational data
on other fibers are also available, and considerable numbers of
experimental studies have been conducted. It is reasonable from a
biological viewpoint to use data from occupational studies to derive
estimates of risk from nonoccupational exposure. However, differences
in route of exposure, type and characteristics of fiber, exposure
levels, and time patterns must be considered. Moreover, because working
populations are generally healthier than the public at large, the latter
may contain a higher proportion of more susceptible individuals.

THE PROCESS OF RISK ASSESSMENT

The principles guiding the assessment of health risks from
environmental substances were recently reviewed by a committee of the
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National Research Council (1983). These principles are summarized here
to provide a framework for assessing the health risks from exposure to

asbestiform fibers.

The numerous terms used to describe different aspects of risk
assessment include "hazard assessment,"” "hazard identification," "risk
assessment,'" "qualitative risk assessment," 'dose-response assessment,"
"comparative risk assessment," '"quantitative risk assessment,'" and "risk
characterization." The use of these terms has not been standardized.

Three concepts are generally incorporated into the risk assessment
process. First is the identification of the kinds of harmful health
effects, e.g., anemia, birth defects, or cancer, that can result from
sufficient exposure to a substance. Second is the dose-response curve
for a particular effect, i.e., the severity of damage and/or the
percentage of people or animals likely to be at various exposure
levels. Third is the number of people in a particular population, e.g.,
residents of the United States or workers in a particular industry,
likely to be harmed under past, present, or projected levels and
conditions of exposure.

In this report, the committee has used "risk assessment" as a broad
term encompassing all three of these concepts. '"Hazard identification"
refers to the first concept, 'dose-response” curves or relationships are
used in discussions of particular sets of data, and "quantitative risk
assessment" refers to the estimates of risk to humans derived by
mathematical extrapolations from these data. '"Population risk
estimates" describe the expected frequency or incidence of a harmful
effect in a specific group of humans under defined conditions of
exposure.

The amount and complexity of information needed increase as we
progress from hazard identification to dose-response assessment to
population risk estimation, although each step builds on the preceding
one. Hazard identification characterizes the nature of toxic effects
that a substance is capable of causing in laboratory animals or humans.
Dose-response curves based on experimental or epidemiological
observations define the frequency and sometimes the severity of these
toxic effects at several levels of exposure.

The dose-response information is used in quantitative risk
estimation. Through mathematical modeling and application of known
biological principles, attempts are often made to estimate risk for dose
levels, exposure conditions, or species other than those for which
dose-response data have been obtained. For example, quantitative risk
assessments often rely on dose-response data from studies of laboratory
animals exposed to relatively high exposure levels in order to estimate
the risk to humans exposed to lower levels. Assumptions and
uncertainties involved in the application of quantitative risk
assessment to cancer induction have been discussed extensively (Food
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Safety Council, 1980; International Regulatory Liaison Group, 1979;
Office of Technology Assessment, 1981). Population risk estimates bring
together quantitative risk estimates and data on exposure of a specific
group of humans to identify their risk under actual or anticipated
exposure conditions.

The most relevant information for categorizing the hazard or the
dose-response for humans is derived from studies of exposed humans.
Unfortunately, evidence from this source is often unavailable or
inconclusive at times when decisions about acceptable exposure must be
made. Humans are exposed to so many different substances through food,
medicines, air, water, household materials, and occupational
environments that sorting out the causes of harmful effects on health is
often difficult. Perhaps of most importance is the fact that evidence
of human health hazards from substances introduced into our environment
cannot be obtained directly from observations in humans until people
have been harmed.

For these reasons, evidence from laboratory animals or from other
biological test systems is often used as an alternative or as a
supplement to data on humans. A substantial body of evidence has
demonstrated the utility of these experimental systems (Doull et al.,
1980; National Research Council, 1977; Richmond et al., 1981). A
variety of mathematical models have been developed Tor using data at
high doses, usually only available from studies in animals, to estimate
risks for humans at low doses (Armitage, 1982; Cornfield et al., 1978;
Crump et al., 1976; Fishbein, 1980; Food Safety Council, 1980; Krewsk1
and Van Ryzin, 1981; Van Ryzin, 1980). Because there are extensive data
on the effects of asbestos and some other fibers in humans, the
quantitative risk assessments in this chapter are based exclusively on
data from epidemiological studies in humans, whereas the comparative
risk assessments also take into consideration data from laboratory
studies.

Every scientific study or technique has some lower limit to its
sensitivity. A sensitive method in analytical chemistry may be capable
of detecting a few molecules of a particular chemical among a billion
other kinds of molecules but incapable of detecting a few among &
trillion. The sensitivity of an animal test for toxicity is limited by
many factors, such as the number of animals that it is practical to
study, the subtlety of the effect of interest, the occurrence of similar
effects in animals not exposed to the material under test, and
limitations on the amounts of material that can be administered and on
the methods used to administer them.

Other difficulties limit the power of epidemiological studies. For
example, it is often difficult to select appropriate control groups,
estimate exposure, or detect health effects from the exposures of
concern, especially if the exposures are much lower than those that
occur among occupational groups.
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Several kinds of information are useful for estimating risks at low
exposure levels on the basis of observations at higher exposures. These
include the shape of the dose-response curve in the range of exposures
studied, knowledge of the mechanism by which the type of toxic effect
occurs, and information on dose-related changes in the uptake,
distribution, chemical or physical modification, and excretion of the
substance, i.e., pharmacokinetics.

Substances vary markedly both in the quantity required to produce a
toxic effect and in the rapidity with which the incidence of toxic
effects decreases with decreasing dose, i.e., the shape of the
dose-response curve. In an experiment covering a sufficiently wide
range of exposure levels, it is possible to find some levels that are
toxic and some lower levels at which no toxicity is observed. The
highest dose at which no toxicity is seen is often called the
"no-observed-effect level,' or NOEL (Klaassen and Doull, 1980).
However, any experiment will have some limit in its sensitivity to small
effects, and the true no-effect-level, if any, may be below the NOEL in
a particular experiment.

The fundamental assumption underlying the NOEL safety factor
approach is that some minimal level of a toxic substance is required to
cause damage and that the substance is not toxic below that level. The
NOEL type of experiment is used to find that level.

The maximum dose at which no toxicity would occur is called the
"threshold" for that substance. However, several mathematical models
for quantitative estimation of cancer risk assume that there is no
threshold; risk diminishes with decreasing dose, but some risk is =
assumed to remain as long as there is any exposure.

The determination of which of these two assumptions is correct will
probably depend on the nature of the toxic effect. Thus, understanding
the mechanism of toxicity can provide guidance in setting acceptable
exposure levels. For a substance that exerts its toxic effect by
inactivating an enzyme present in abundance in each cell, it is
reasonable to assume that a threshold would exist. Inactivation of a
few molecules of the enzyme is unlikely to damage the cell. On the
other hand, a chemical that is mutagenic or carcinogenic because it
damages some critical site on a DNA molecule that starts the
carcinogenic process can reasonably be assumed not to have a threshold.
The likelihood that a critical site would be damaged would decrease with
decreasing dose, but the possibility that this damage could occur
remains at any exposure above zero.

For many effects, the severity of the toxic effect, as well as the
probability that it will occur, also decreases with dose. For example,
a dose that damages a high proportion of cells in the liver may be
lethal; one that damages a moderate number may cause severe illness but
not death; a small dose that causes damage to a few cells may not lead
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to any clinical symptoms. The error in assuming a threshold if none
truly existed would generally not be expected to lead to serious cases
of disease in this situation.

By contrast, the severity of cancer and of mutations is not related
to the dose of the substance causing them. Low dose exposure to Xx-rays
or cigarette smoke causes fewer cancers than does high dose exposure,
but the resulting cancers are just as lethal. Thus, although there may
be some substances that show a threshold for cancer induction (Hoel et
al., 1983), an error in assuming a threshold when none really exists
would severely harm those persons who got the disease despite a low
exposure.

Accurate documentation of exposure is important for determining the
dose-response curves for toxicity in animals or humans and also for
estimating population risks. Errors in the estimation of exposure will
lead to errors in defining the dose-response curve and in making
quantitative risk estimates for individuals or specific populations.
The amount of a toxic substance or its active metabolite that reaches
the body site that is susceptible to its effect is the exposure that
accounts for toxicity, but such measures are almost never available
(Hoel et al., 1983). Other measurements, such as amounts in the blood,
amounts entering the body, or concentrations in the air or water of a
community, are often useful surrogates, but as noted earlier in this
report, they are also often unavailable.

The sensitivity of the exposed population is another consideration
in the risk estimation process. Some individuals may be more sensitive
than others to specific environmental insults because of nutritional
deficiencies, genetic predisposition, and for children, small body size,
developmental immaturity, and increased metabolic and respiratory rates
(Calabrese, 1978, 1980).

With their rapid metabolic rate, children consume proportionately
more food and inhale greater volumes of air than an adult for a given
body weight. Thus, they would also consume or inhale proportionately
more of any contaminants that are present (Babich and Davis, 1981).
Human infants do not have mature hepatic detoxification systems until
they reach 2 to 3 months of age (Pelkonen et al., 1973; Rane and
Ackerman, 1972). Serum immunoglobulin does not attain adult levels
until children are 10 to 12 years old (Calabrese, 1978). Studies in
animals have also demonstrated a greater sensitivity among the young
after exposure to chemicals by a variety of routes (Goldenthal, 1971).
Children's lungs may also be especially sensitive to environmental
pollutants. Tager et al. (1983) have observed measurable differences in
lung function between children of smoking mothers and children whose
mothers did not smoke.
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Population risk estimation is based on all the preceding steps.
First, the exposure of the study population must be known.
Heterogeneity of the population with respect to level of exposure or
sensitivity to the toxic material should also be considered in the
calculations. Exposure, dose-response curves, distribution of
sensitivity factors, and the size of the population are then used to
estimate the number of people likely to suffer toxic effects from the
substance of interest. If the material causes more than one type of
toxic effect, each effect requires separate calculations.

Ideally, calculation of risk is an objective, scientific activity
devoid of policy judgments. The latter are made separately when
deciding the acceptable level of exposure. However, policy decisions
can seldom be divorced completely from the process of risk assessment.
The reason for this lies in the uncertainty of many of the scientific
judgments required. For example, if one experimental species is more
susceptible to the toxicity of a material than another and data on
humans are unavailable, which species should be used for estimating
human risk? Which mathematical model should be applied to the data?
These and many other questions of judgment were discussed in the recent
National Research Council (1983) report.

In the following sections, the committee has used epidemiological
data, mostly from occupational settings, to develop a quantitative model
of the relationship between fiber dose and carcinogenic response for a
generalized "asbestos" exposure resulting in either lung cancer or
mesothelioma. That dose-response relationship is then applied to a
hypothetical, but reasonable, exposure level to show potential
population risk levels in populations of arbitrary size. In the final
section, the committee assesses risks for other types of fibers and, in
some cases, for other diseases by qualitative comparisons with the base
case of a generalized asbestos exposure.

QUANTITATIVE RISK ASSESSMENT

In the previous chapters, the committee extensively reviewed
information on the health effects of asbestos and other asbestiform
fibers. In preparing this section, it also reviewed several risk
asgessments for asbestos in the open literature and in government
documents. On the basis of its evaluation of the quality and coverage
of the information and the assessment techniques, the committee decided
that a quantitative assessment of the risks for mesothelioma and lung
cancer from nonoccupational exposures to asbestos would be meaningful.
It also concluded that the information base was insufficient for useful
quantitative assessments for other fiber types and diseases, but that in
some cases a qualitative, comparative assessment was feasible and
ugseful. These decisions do not mean that the asbestos assessment is
without major uncertainties nor does it mean that the comparative
assegssments-are of poor quality. In both cases, the objective is tc
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present information useful for evaluating the health risks of
asbestiform fibers in nonoccupational settings.

First, an overview of mathematical models for carcinogenic risk
assessment is presented to provide a context for the assessments for
lung cancer and mesothelioma, which are of principal interest. Next,
there is a review of several assessments for asbestos that were based on

such models. Finally, these assessments and the committee's own
analyses are applied to the information presented in earlier chapters to

produce quantitative risk estimates for nonoccupational exposures to
asbestos in ambient air.

Mathematical Model for Carcinogenic Risk Estimate

As explained earlier, it is not necessary to use data on asbestos
exposure from animal experiments to estimate risks for humans, but it is
necessary to extrapolate from the health effects observed at high
occupational levels of exposure to much lower nonoccupational
exposures. Occupational epidemiology makes it possible to describe the
probability of dying from a particular type of cancer as a function of
age at first exposure, level and duration of exposure, and current age.
Mathematical extrapolation models based on the multistage theory of
carcinogenesis make it possible to estimate the probability of dying
from that type of cancer for different ages at first exposure, different
(lower) exposure levels, and different (often longer) duration of
exposure, also as a function of current age. By considering the
cumulative probability throughout a lifetime, the "lifetime risk" of
cancer mortality can be computed.

At any age, an individual faces some probability of reaching an end
point that is related to cancer in the next year, for example, dying of
lung cancer. Suppose that at a given age, a, the probability is given
by p(a,d), where d is the dose of the carcinogen--in this case,
asbestos. When d = 0, p(a,0) is the probability of the end point for
unexposed people. If t is some age of interest, then the cumulative
probability P(t,d) of reaching the end point before that age is given by
the sum of the annual probabilities up to that age:

P(t,d) = the sum of p(a,d) over all ages, a, <t. (1)

Reaching the end point by time t is analogous to the "failure time"
for a generalized system that is no longer effective after time t.
General mathematical analysis can be used to show that the probability
of failure as a function of time can be written as follows:

P(t,d) = 1 - ¢ ~I(t,d), (2)

where I(t,d) represents the cumulative incidence function (or cumulative
hazard function) of occurrence of the observable failure prior to time t.
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Armitage and Doll (1961), Peto et al. (1982), Kalbfleisch and Prentice

(1980), Hartley and Sielken (1977), Hartley et al. (1981), and ‘
Kalbfleisch et al. (1983) have applied this model to carcinogenesis. If

the cumulative incidence I(t,d) is small, then equation (2) may be
simplified to

p(t,d) = I1(t,d), (3)
where = means approximately.

In carcinogenic risk assessment, attention is usually focussed on
the cumulative incidence function I(t,d) rather than on the probability
function P(t,d). The Armitage-Doll (1961) multistage theory of
carcinogenesis suggests that I(t,d) can be written as a product of two
terms--g(d), depending only on dose, and h(t), depending only on time.
That is,

I(t,d) = g(d) h(t). (4)

If there are k dose-dependent stages in the process of carcinogenesis
and the rate of transformation from one stage to the next is assumed to
be a linear function of dose, the function g(d) would be a polynomial of
degree k in the dose. The function h(t) depends only on time. This
model and its generalization and justification have been discussed by
Crump et al. (1976), Hartley et al. (1981), and Kalbfleisch et al.
(1983).

To determine the values of the constants in the polynomial g(d) and
the functional form for h(t), the cumulative incidence function must be
fitted to data~-preferably to data based on observations in human
populations. The multistage model described above has been fitted
successfully to many sets of cancer data, including data on asbestos,
and appears at present to be a generally adequate model for assessing
cancer risk. Fitting equation (4) to data involves estimating the
constants in the model for some suitably determined function h(t). This
model has been applied to both mesothelioma and lung cancer data on
asbestos-exposed workers. The form of h(t) and the values of the
constants from those studies will be discussed in the next section. The
function g(d)--and thus the cumulative excess incidence function
I(t,d)=-=can be approximated as a linear function of dose in the low-dose
range that equals 0 when d = 0. This relationship can be used for
extrapolating from high to low doses and has the following form:

1(t,d) = cdh(t). (5)

This form assumes that there is at least one dose-dependent stage of
cancer development. The argument for a linear (with respect to dose)
approximation for low-dose exposures has been justified on the basis
that the exposure dose d is added to a background level (Hoel, 1980;
Peto, 1978). This assumption may not always be justified in application
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(see Cornfield et al., 1978 and Van Ryzin, 1981), but it should lead to
an appropriate upper bound for the committee's risk assessments for
asbestos. Furthermore, and more importantly, ruling out a linear dose
term for asbestos exposure does not seem justified by the data now
available (Nicholson, 1983; Peto, 1982; Schneiderman et al., 1981).

Thus, the model adopted for risk assessment in the next three sections
of this chapter is based on the cancer mortality incidence calculated by
equation (5).

PUBLISHED RISK ASSESSMENTS

This section reviews some published risk assessments for lung cancer
and mesothelioma. These assessments helped the committee select a
functional form for h(t) for the two diseases and to establish the value

of the constant ¢ in equation (5).

Lung Cancer Risk from Nonoccupational Environmental Exposures

The following summary of risk assessments for lung cancer from
asbestos exposures is based on data on exposure of worker populations.
These data suggest that the function I(t,d) in equation (5) becomes

I(t,d) = c*TpdIp(e), (6)

where Ty is the duration of exposure to asbestos at dose d, Ip(t) is

the cumulative mortality incidence for lung cancer up to age t for those
who have not been exposed to asbestos, and c* is a constant that depends
on the cohort under study, but not on dose or age. As used in

equation (6) and in the remainder of this section, d is the
concentration of fibers in the workplace air, usually measured in
fibers/cm3, Although d is referred to as dose, some authors would

call it dose rate and would refer to the product Tod as (cumulative)
dose. Equation (6), derived by Peto (1982), is consistent with his
earlier studies of chrysotile workers (Peto, 1978). This equation is
also supported by four studies reviewed by Nicholson (1983), who noted
that the relative risk of lung cancer deaths for asbestos workers
compared to a similar populat1on was linearly related to the accumulated
dose years, i.e., fibers/cm3 x years, or (fibers/cm3)yr.

In equation (6), the underlying incidence rate Ip(t) is consider-
ably different for smokers and nonsmokers of each sex. Therefore, the
risks for each of these groups must be assessed separately. Another
consequence of equation (6) is that the relative risk of lung cancer due
to asbestos exposure does not depend on age at first exposure.

Thus, lifelong risk of lung cancer resulting from exposure to
asbestos can be calculated quite simply by using equation (6). As an
example, consider the following calculation given by Peto (1982).
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Consider the effect of 10 years of exposure at 1 fiber/cm3. If we
assume that the relative risk for lung cancer among insulation workers
increased approximately fourfold [Hammond et al. (1979) reported 4.2 for
nonsmokers and 3.9 for smokers] and that this risk is based on a
cumulative dose of 600 fibers/cm3 (20 years at 30 fibers/cm3), then

10 years of exposure to 1 fiber/cm3d will increase the relative risk by
4,0 x 10/600 = 0.067. Since approximately 15% of lifelong smokers die
of lung cancer, this mortality rate will increase to 0.15 x 1.067 x 100,
or 16%. Thus, the difference (1%) is the excess due to asbestos as
predicted by the equation. Since only 0.5% of nonsmokers die of lung
cancer, this would become 0.533% (0.005 x 1.067 x 100) for an added risk
of 0.033% due to asbestos exposure.

Mesothelioma Risk from Nonoccupational Environmental Exposures

The committee reviewed two estimations of mesothelioma risk, one by
Peto and his colleagues (Peto, 1982; Peto et al., 1982) and the other by
Nicholson (1983). These analyses and their consequences are summarized
in this section.

Using the data of Selikoff et al. (1979) on mortality among 17,800
members of the International Association of Heat and Frost Insulators
and Asbestos Workers, Peto et al. (1982) showed that the mortality rate
from mesothelioma in these workers was dependent on the time since first
exposure, but did not depend on the age at first exposure. From this
finding, and the application of the multistage theory of carcinogenesis
through equation (5), the cumulative incidence function becomes:

I(t,d) = cd(t - tg)k, (7)

where t - to represents time since first exposure at age tp. For

any group of workers exposed at the same dose level d, the product cd = b
is a constant depending on the type of asbestos exposure. Equation (7)
suggests that the risk for mesothelioma is primarily dependent on the
time since first exposure (t - ty). This same phenomenon was noted by
Schneiderman et al. (1981) and Nicholson (1983). Fitting equation (7)
with b = cd to the data of Selikoff et al. (1979) for men up to age 80
by the method of maximum likelihood estimation resulted in an estimate
of k = 3.2 with a standard error of + 0.36 and b = 4.37 x 10-8, Using
this calculation, Peto et al. (1982) estimated the lifelong mesothelioma
risk for this worker group to be 15%, 7%, and 3% for age at first
exposures of 20, 30, and 40 years, respectively. These figures have
been adjusted for other competing causes of death.

Using equation (7) with k = 3.2, Peto and colleagues determined that
b x 108 ranges in value from 2.94 to 5.15 for four other sets of data
(see Table 7-1). Using k = 3.5, Peto (1982) computed a lifetime
mesothelioma rate of 1 in 100,000 children exposed from age 12 to age 18
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TABLE 7-1. Mesothelioma Death Rates in Various Studies
and Predictions of Risk@

Study Population
and Reference

Corresponding Lifetime
Risk (%)P by Age at

North American insulation
workers (mixed exposure)
Selikoff et al., 1979

Factory workers (mixed
exposure)
Newhouse and Berry, 1976

Chrysotile textile
factory workers
Peto, 1980b

Australian crocidolite

miners
Hobbs et al., 1980

U.S. amosite factory

workers
Seidman et al., 1979

Relative Risk First Exposure (yrs)
(b x 108) 20 30 40
4.37 15 7 3

4.95

2.94

5.15

4.91

aAdapted from Peto et al. (1982).
first exposure at age tg is proportional to b, obtained by fitting

equation (7) with k = 3.2.

17 8 3

10 5 2

17 8 3

17 8 3

The death rate at time t - tp since

bThe calculation of "lifetime risk,” i.e., the percentage of similarly
exposed men who would die of mesothelioma before age 80, is based on an
actuarial calculation using 1977 U.S. rates for white males for all causes
of death other than mesothelioma inflated by a factor of 1.26, the
observed relative risk among insulation workers (Selikoff et al., 1979).

(i.e., 6 years of school age), assuming the fiber level was 0.003 fiber/cm3
(1/1,000 of the exposure of the insulation workers).

A second risk assessment was done by Nicholson (1983), who criticized the

Peto et al. (1982) analysis for fitting equation (7) to only those men who

died of mesothelioma up to age 80.

estimated k to be 5.0.

By including all insulation workers, he
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QUANTITATIVE RISK ASSESSMENT FOR NONOCCUPATIONAL ENVIRONMENTAL EXPOSURES

As a starting point for assessing the risk from nonoccupational
environmental exposure to asbestiform fibers, the committee adopted equation
(6) as representing the cumulative mortality up to age t, which is
appropriate for lung cancer induced by a continuous exposure of Ty years at
dose level d in fibers/cm3. This model implies that any given total dose
before time t would have the same effect on the relative risk at time t,
regardless of the time at which exposure started or its duration. The model
thus ignores a minimum latency period, which might cause the model to
overestimate effects, but also ignores the difference between exposures at
earlier and later ages, which might cause the model to underestimate effects.

Equation (7) was assumed to be a reasonable representation of the
cumulative mortality from mesothelioma up to age t for continuous exposure to
asbestos at dose level d in fibers/cm3 from age tg until age t. In this
case, latency is implicitly included in the dependence on (t-ty), because
k is greater than 1, but no minimum latency is assumed. These assumptions
are supported by the work of Peto (1982), Peto et al. (1982), Nicholson
(1983), and Schneiderman et al. (198l), who extensively reviewed the basis
for these assumptions by examining the models and their consistency for
several observed worker cohorts exposed to ambient concentrations of asbestos
fibers. These authors have suggested that asbestos acts as a late-stage
carcinogen in producing lung cancer but acts at earlier stages in the
development of mesothelioma. Using these models, the committee developed
lifetime estimates of risk for lung cancer and mesothelioma mortality from
continuous nonoccupational exposures to 0.0004 fibers/cm3 and for 0.002
fibers/cm3.

For lung cancer, the committee assessed the risk for four exposure
subgroups: male smokers, female smokers, male nonsmokers, and female
nonsmokers. For mesothelioma, only one calculation was made, since equation
(7) and the supporting data in the papers cited above suggest that
mesothelioma mortality does not depend on sex or smoking history, but does
depend strongly on age at first exposure.

Lifetime Risk Estimates for Lung Cancer and Mesothelioma

Table 7-2 summarizes lifetime risk estimates for lung cancer and
mesothelioma for nonoccupational environmental exposures to 0.0004
fibers/cm> (a median level) and 0.002 fibers/cm3 (a high level). It is
assumed this exposure is continuous from birth through a lifetaime of 73
years, an approximate average lifetime in the United States. Thus, in
equations (6) and (7), t = 73 years and d = 0.0004 or 0.002. 1In equation
(6), Tg = 73 and in equation (7), tg = 0 to account for continuous
exposure. Because equations (6) and (7) are linear in the dose unit d, one
can immediately obtain from Table 7-2 lifetime risks at other continuous
(from birth) environmental exposures by multiplying by the appropriate dose
factor. For example, lifetime risk estimates at 0.02 fibers/cm3 are 10
times higher than the estimates at 0.002 fibers/cm3.
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TABLE 7-2. Estimated Individual Lifetime Risks from a Continuous
Exposure to Asbestos at 0.0004 Fibers/cm3 (a Median
Dose) or 0.002 Fibers/cm3 (a High Dose)3

Estimated Individual Lifetime Risk x 106

Exposure Median Exposure High Exposure
Disease Group (0.0004 fibers/cm3) (0.002 fibers/cm3
Lung cancer? Male smoker 64 (0 to 290)¢ 320 (0 to 1,500) ;
Lung cancer Female smoker 23 (0 to 110) 120 (0 to 530)
Lung cancer Male nonsmoker 6 (0 to 22) 29 (0 to 130)
Lung cancer Female nonsmoker 3 (0 to 13) 15 (0 to 66)
Mesothelioma All 9 (0 to 350) 46 (0 to 1,700)

4Lifetime assumed to be 73 years; exposure occurs from birth. Lung

cancer risks are calculated with ¢* = 1,02 or an excess risk of 2% per
(fiber/cm3)yr, estimated from nine studies with varied results.
Mesothelioma risks are calculated with ¢ = 2.53 x 10~8 and k = 3.2,
estimated from five studies with varied results. See also explanations
in text.

bsex differences tor lung cancer risk are due to differences in lung cancer
background rates associated with smoking patterns, occupational exposures,
and other factors.

CRange of estimates. The lower limit of 0 is always possible if linear
extrapolation overestimates risk. See also text below.

The estimates in Table 7-2 were based on the following five
considerations:

e Exposure levels. A mix of indoor and outdoor measured exposure
levels was used to select the median value of 0.0004 fibers/cm3 and the
high value of 0.002 fibers/cm3 as the reference levels.

o Use of the linear model. The models used by the committee all
assume low-dose linearity and, as such, produce higher estimates of risk
at low doses than would be obtained with other models. However, because
the occupational data do not rule out low-dose linearity, the committee
believes that these estimates do not unduly overstate the risks.

e Count-mass conversion. The conversion of ambient fiber mass
measurements to an equivalent number of fibers was based on measurements
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of mass and numbers of fibers in the workplace. The committee realized,
nowever, that the number of fibers in ambient air would be much greater
pecause these fibers tend to be smaller than those in the workplace (see
chapter 4). Depending on the toxicity of small fibers, the risks could

be greater or less than those calculated in this chapter. If the presence
of long fibers is necessary for a toxic response, risks would be lower.

# Model dependence. The results of the mesothelioma model depend
very heavily on the value of k. This accounts for the large range of
estimates for mesothelioma. It is assumed that this dependence on k
among workers holds for the entire population throughout a lifetime. If
the dependence is not as strong (i.e., a lower k value), the lower end of
the range would apply. If this aependence is as strong (i.e., a higher k
value), the upper bound may be more appropriate.

e Childhood exposure. The models used for extrapolation for both
lung cancer and mesothelioma are based on the assumption that a unit dose
of exposure (measured as fibers/cm3 > 5 um long) in early life is
equivalent in its intrinsic carcinogenic potential to a unit dose in later
life. If children are more biologically sensitive than the worker group,
the risk per unit dose would be increased. Results from studies of
exposure to other materials indicate that children are often more sensi-
tive than adults to a given dose, even when expressed as dose/body weight.

The risk estimates and ranges shown in Table 7-2 are those the
committee considers most reasonable. Because of the uncertain value of k
and the sensitivity of equation (7) to its value, the range of estimates
is much larger for mesothelioma than for lung cancer. Two conclusions
can be drawn from the estimates in Table 7-2:

e For nonsmokers, the lifetime risk for mesothelioma from non-
occupational environmental exposure to asbestos is higher than for lung

cancer. For smokers, however, the risks of lung cancer are substantially
higher than for mesothelioma, because of the multiplicative interaction

of smoking and asbestos exposures.

e Individual lifetime risk estimates for lung cancer from
nonoccupational environmental exposures to 0.0004 fibers/cm3 are much
lower than the risks observed for smoking.

The basis for the calculations in Table 7-2 is discussed in detail in
the following two subsections.

Calculation of the Lung Cancer Risk Estimates in Table 7-2. Calcu-
lating lifetime risk estimates from equation (6) involves the notion of
relative risk up to time t, designated here as RR. From equation (6),
the RR for lung cancer by age t can be shown as follows:
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1(t,d) (8)
Io(t)

cumulative lung cancer mortality by age t at dose d
baseline cumulative lung cancer mortality by age t

C*(Tod),

where (Tgd) = total dose-years for the exposed group and c* is a
constant that depends on the cohort.

For a given study showing an increased relative risk for lung cancer,
¢* = (1 + P/100), 9)

where P is the percentage increase in lung cancer risk per unit dose
[% per (fibers/cm3)yr]. Schneiderman et al. (1981) presented the
values of P for nine different worker cohorts. The results are
summarized in Table 7-3.

Values for P in Table 7-3 range from 0.06 (Study 8) to 9.1 (Study
1). The higher value establishes the upper end of the range given in
Table 7-2. The zero value for the lower end of the range indicates that
the low-dose linear approximation in equation (5) may overstate risk.

The median value for P in the studies shown in Table 7-3 is P = 1.1
(Study 7). This value, rounded upward to 2, was used in obtaining the
estimates for lifetime lung cancer risk in Table 7-2. To calculate these
estimates, it was necessary to know only the baseline absolute risks for
the appropriate subpopulations. The baseline cumulative incidence rates
of lung cancer for the four subgroups in Table 7-2 have been estimated by
Schneiderman et al. (1981) as follows: male smokers = 0.ll; female
smokers = 0.04; male nonsmokers = (0.0l; and female nonsmokers = 0.005.

Thus, using 2X as a value for P, the lifetime risk of lung cancer for
a male smoker is

(0.11)(1 + P/100) = (0.11)(1 + 0.02) = Q.1l122. (10)

The increased lifetime risk attributable to asbestos exposure at

1 fiber/cm3 for 1 year is 0.0022, i.e., 0.1122 - 0.1100. At the
ambient exposure of 0.0004 fibers/cm3 assumed in Table 7-2 and for a
73-year lifetime exposure, the increased lifetime risk of lung cancer is
6.42 x 10'5, i.e., 0.0022 x 0.0004 x 73. Rounding to two significant
figures gives the estimate in Table 7-2 for male smokers. The other
calculations in that table were derived in a similar fashion.

When describing the use of the percentages given in Table 7-3,
Schneiderman et al. (1981) commented that the low percentage increases in
risk in Studies 3, 6, 8, and 9 probably resulted from several factors.

In Study 3, for example, the subjects were retirees older than 65.

T
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Estimated Increase in Lung Cancer Risk per Unit of
Exposure to Asbestosd

TABLE 7-3.
- & )

=5 ¥,
L

Percent Increase

in Lung Cancer Risk

gtudy Occupation of
per (fibers/cm3)yr

Worker Cohort Reference

Asbestos Type

No.

1 Insulation Amosite 9.1 Seidman et al.,
manufacturing 1979

2 Asbestos Crocidolite, 1.3 males Newhouse and
product manu- chrysotile, 8.4 females Berry, 1979
facturing and amosite

3 Asbestos Amosite and 0.3 Henderson and
manufacturing chrysotile; Enterline,

some crocidolite 1979

4 Asbestos Chrysotile; 1.1 Nicholson
product manu- some amosite et al., 1979
facturing and crocidolite

5 Textile Chrysotile 5.3 Dement et al.,
production 1982

6 Textile Chrysotile 0.07 early Peto, 1980
production employeesb

0.8 later
employeesb

7 Insulation Chrysotile 1.7 Selikoff et al.,
manufac- and amosite 1979
turing

8 Mining Chrysotile 0.06 McDonald and
and milling Liddell, 1979

9 Mining Chrysotile 0.15 Nicholson

and milling

dAdapted from Table 4 in Schneiderman et al., 1981.

bEarly employees began work before or EEfT;g 1950.

after 1950.

et al., 1979

Later employees began work
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Schneiderman et al. stated that the investigators may thus have missed
asbestos-related deaths occurring at earlier ages. In Study 6, the
disease rates for workers employed earlier were lower than those
employed later who were followed for shorter periods. The discrepancy
has diminished as more data have accumulated. The subjects in Studies 8
and 9 were mining and milling workers whose exposure patterns were quite
different from environmental ambient air exposures. There is also some
evidence that many lung cancer cases were missed in Studies 8 and 9
because of competing causes of death at earlier ages. Thus,
Schneiderman et al. (1981) concluded that the range from 1.1 (Study 4)
to 9.1 (Study 1) is the most representative of true values. The value
of P = 2 used in the calculations in Table 7-2 falls near the bottom of
this range, but is within a factor of 5 of the top of the range. If we
use P = 5, which is the middle of the range, the lung cancer risk
estimates in Table 7-2 would be multiplied by a factor of 2.5.

Calculation of Mesothelioma Risk Estimates. To calculate the
lifetime risk with equation (7), the numbers c and k must be deter-
mined. Then the lifetime risk L at d = 0.0004 fibers/cm3, assuming
t = 73 and tg = 0 (continuous exposure from birth to age 73), is

L = ¢(0.0004)(73)k, (11)

To apply this equation, c and k must be estimated from epidemiological
studies of occupational exposures to asbestos. Each study must be
stratified by duration of exposure (t-tgy) to estimate these
parameters. Most of the following analysis is similar to that of

Peto et al. (1982).

First, let us consider the choice of k. As noted earlier, when Peto
et al. (1982) fitted equation (7) to the data of Selikoff et al. (1979),
they obtained the equation I(t,d) = b(t - tg)3-2, with b = 4.37 and
k = 3.2 + 0.36 (standard error). In equation (11), therefore, we
initially use k = 3.2. Modifications using different values for k will
give the range of estimates for d = 0.0004 fibers/cm3 in Table 7-2.
For d = 0.002 fibers/cm3, we replace 0.0004 with 0.002 in equation
(11). With k = 3.2, Peto et al. (1982) also fitted four other data sets
to obtain four values of b in the equation I(t,d) = b(t - tg)3-2.
The value of b is specific to each worker cohort and depends on three
numbers: d (the average fiber/cm3 exposure), £ (the average length of
exposure), and t - tg (the average time since first exposure). These
values are given in Table 7-4. In addition, Table 7-4 contains the
estimates of c¢ that are appropriate for equation (7), based on the
corresponding estimate of b given by Peto et al. (1982). When exposure
is not continuous from time of first exposure (tgp) to the age of
observation (t) for these studies, the relationship between b and ¢
changes from ¢ = b/d to

- 4,56 b/d (12)
T -1 - 2/(tt)13-2 °
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TABLE 7-4. Estimated Constants for Equations (11)
and (12) for Five Studies

study b x 108 da fa t - tg 2 c x 108

selikoff et al., 4.37 15 15 24 1.39
1979

Newhouse and 4.95 12.5 6 31.5 3.67
Berry, 1976

Peto, 1980a,b 2.94 16.5 14 22.5 0.85

Hobbs et al., 5.15 NAD NA  NA NA
1980

Seidman et al., 4.91 35 1 35 7.22
1979

TEstimated from data given in Tables 4 and 10 of Schneiderman et al.
(1981), using estimated median values. The product df from colymms
3 and 4 above is the estimated cumulative exposure in (fiber/cm-)yr
of their Table 10.

NA = not available.

The factor 4.56 adjusts from occupational exposures at about 1,920 hours
per year to environmental exposures at 8,760 hours per year. Appendix G
provides the mathematical basis for equation (12). Table 7-4 gives the
values of the constants for each study in which Peto et al. (1982)
estimated b.

To obtain the estimates for mesothelioma at the dose of 0.0004
fibers/cm3 in Table 7-2, equation (11) is used with values for c from
Table 7-4 and k = 3.2. _In Table 7-2 the lifetime risk for mesothelioma
at d = 0.0004 fibers/cm3 1s 9 per million. This is calculated from
equation (11) with ¢ = 2.53 x 10~8, the median of the range of the
¢ values in Table 7-4, and k = 3.2, The highest value of the gange in
Table 7-2 at d = 0.0004 uses equation (11) with ¢ = 7.22 x 1077, the
upper value of ¢ in Table 7-4, and k = 3.8, obtained from 3.2 + 1.65
x 0.36. The selection of 3.8 as the value for k is based on an
approximate upper 95% confidence limit for the estimate of k. The lower
limit is taken as 0, which is always a possible lower limit, especially
if the low-dose linear assumption in equation (5) overestimates the
individual lifetime risk.
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Peto (1982) recommended using a k value of 3.5 for risk assessment
purposes. As an example, he estimated that the risk of mesothelioma for
children exposed for a 6-year period (ages 12 to 18) at 0.003
fibers/cm3 would be one in 100,000. Nicholson reviewed additional
data, including data on older workers up to age 80, and determined that
a k value would be 5. Schneiderman et al. (1981) used k = 3.0. For
this study, the committee used a value of 3.2. Although neither
existing data nor biological theory can provide very much guidance on
the value of k, its value is very important in projecting the lifetime
risks of mesothelioma from asbestos exposures. Table 7-5 shows how
lifetime risk varies from the value of 9 per million for several values
of k. Also shown are risk estimates for other values of c. The reader
can easily calculate the results for other values of exposure.

Other authors have also estimated the risks of mesotheliomas.
Enterline (1983) derived a lifetime risk of 100 per million by using
current reported rates of mesothelioma, an assumption about the relative
contributions of nonoccupational and occupational asbestos exposures,
and other factors. This estimate clearly relates to past exposure to
varying levels of asbestos. Schneiderman et al. (1981) estimated
lifetime risks for mesothelioma to be between 800 and 5,000 per million
for a cumulative exposure of 1 (fiber/cm3)yr. These estimates
correspond to lifetime risks of 23 to 150 per million for 0.0004
fibers/cm3 for 73 years. As mentioned above, these investigators
effectively assumed k = 3, but their equivalent c was higher than that
used for the corresponding estimates in Tables 7-2 and 7-5.

TABLE 7-~5. Sensitivity of Estimates for Lifetime Riske2d
of Mesothelioma to Values of k and ¢

Lifetime Risk Estimates x 106, Using k Values from Various Studies

Peto et Peto et

This Study Schneiderman This Study al., 1982 This Study al., 1982 Nicholson,

(low) et al., 1981 (middle) {middle)  (high) (high) 1983
\
c 2.6 3.0 3.2 3.5 3.8 4.0 5.0
0.85 0.2 1.3 3 11 41 97 7,000
x 10-8
2.53 0.7 4 9 34 120 290 21,000
x 10-8
7.22 2 11 26 96 350 820 60,000
x 10-8

4A11 estimates are derived from equation (11), L = ¢(0.0004)(73)K, where L = lifetime
risk at a continuous exposure to 0.0004 fibers/cm3 for a lifetime of 73 years.

Note: This table demonstrates thet the risk estimates are extremely sensitive to changes in
the value of k.
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The Use of 0.0004 Fibers/cm3 and 0.002 Fibers/cm3 as the Median
and High Nonoccupational Environmental Exposure Levels. The lifetime
risk estimates given in Table 7-2 are based on an assumed continuous
environmental ambient exposure_equivalent to either 0.0004 or 0.002
fibers longer than 5 um per cm3 of air breathed. The committee
believes that 0.0004 fibers/cm3 is a reasonable assumption for a median
population exposure level and that 0.002 fibers/cm3 is a reasonable
high exposure level (considering only exposures from breathing ambient
air continuously). These assumptions are discussed below. The effects
of noncontinuous high exposures are discussed later in this chapter.

Table 7-6 summarizes some environmental asbestos sampling data
provided by Nicholson (1983). To convert from mass measurements
(ng/m3) of airborne exposures to fiber counts (fibers/cm3), the
committee used the conversion factor of 30 ug/m3 for 1 fiber/cm3.

(See Chapter 4 of this report, Schneiderman et al., 1981, and Consumer
Product Safety Commission, 1983 for further explanation.)

The dose-response data used in the committee's risk estimate were
taken from measurements of exposures in the workplace, where the fibers
tend to be longer than those in ambient environments not close to major
sources of asbestos. As discussed in Chapter 4, there would typically be
approximately 2,000 fibers per nanogram in workplace air; in remote
areas, however, there would be approximately 70,000 ambient fibers im a
nanogram. To convert mass in the workplace to ambient air, the committee
used the number of fibers longer than 5 um that would be found in the
workplace when the workplace mass equaled the remote ambient fiber mass.
The dose estimate in numbers of fibers would be approximately 35 times
greater (70,000/2,000) if the actual sizes of fibers in ambient air were
considered. If we assume that all fibers are equally potent, then the
risk estimates would be correspondingly higher. On the other hand, fiber
size apparently affects fiber potency, but the appropriate adjustment
factors for fiber size are not known.

Table 7-6 indicates that median concentrations in outdoor air have
ranged from 0.00002 to 0.00075 fibers/cm3 in several studies (sample
gsets 1 to 8); their median is approximately 0.00007 fibers/cm3. The
observed median inside rooms without asbestos is 0.00054 (sample set 9).
In rooms with asbestos surfaces, the median is 0.0006 fibers/cm3 (range
of medians for sample sets 10 through 14, 0.00006 to 0.00405
fibers/cm3). If these three medians are weighted by assuming persons
spend approximately one-fourth of their time outdoors, five-eighths of
their time indoors in uncontaminated rooms, and one-eighth of their time
in asbestos—contaminated rooms, a reasonable estimate for a median
population exposure is 0.0004 fibers/cm3.

The committee also used 0.002 fibers/cm3 for a high value of
continuous exposure in its calculations for Table 7-2. This value was
obtained by using the median of the 90th percentiles in Table 7-6 for
each exposire subcategory. For outdoor air, the median is 0.0003
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TABLE 7-6. Summary of Environmental Asbestos Exposure Samples®
Messured Concentra- Equivalent Concentra-
tion (ng/m3) tion (fibers/cm3)b
No. of 90th Per- 90th Per-
Sample Sets Samples Median centile Median centile Reference
1. Paris air 161 0.7 3.2 0.00002 0.00011 Sebastien et al.,
1980
2. Paris 19 0.7 5.2 0.00002 0.00017 Sebastien et al.,
(outdoor control) 1980
3. Outdoor control 31 0.9 9.8 0.00003 0.00033 Constant et al.,
samples, for U.S. 1982
schools
4. Air of 48 U.S. 187 1.6 6.8 0.00005 0.00023 Nicholson, 1971
cities
5. Air of U.S. 127 2.3 7.8 0.00008 0.00026 U.S. Environmental
cities Protection
Agency, 1974
6. Air of five U.S. 34 6.7 31.9 0.00022 0.00106 Nicholson et al.,
cities (outdoor 1975, 1976
control sample)
7. New York City air 22 13.7 42.9 0.00046 0.00143 Nicholson et al.,
1971
8. Air 0.5 mile 17 22.5 82.6 0.00075 0.00275 Nicholson et al.,
(0.8 km) from 1971
asbestos spraying
9. Air in U.S. 31 16.3 72.7 0.00054 0.00242 Constant et al.,
schoolrooms with~ 1982
out asbestos
10. Air in Paris 135 1.8 32.2 0.00006 0.00107 Sebastien et al.,
buildings with 1980
asbestos surfaces
11. Air in U.S. 28 7.9 19.1 0.00026 0.00064 Nicholson et al.,
buildings with 1975, 1976
cementitious
asbestos
12. Air in U,S. 54 19.2 96.2 0.00064 0.00321 Nicholeson et al.,
buildings with 1975, 1976
friable asbestos
13. Air in U.S. 56 62.5 550 0.00208  0.01833 Constant et al.,
schoolrooms with 1982
asbestos surfaces
14, Air in U.S. 27 121.5 465 0.00405 0.01550 Nicholson et al.,

schools with
damaged asbestos
surfacing
materials

8Adapted from Nicholson, 1983.

bBased on conversion factor of 30 ug/m3 = 1 fiber/cm3.

1978
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fibers/cm3; for indoor uncontaminated air, it is 0.002 fibers/Cm3;

and for indoor asbestos-contaminated air, it is 0.003 fibers/cm3. The
same distribution of occupancy over time was used to arrive at the 0.002
fibers/cm3 figure for a high exposure level.

Risk Assessments for Special Subpopulations

Table 7-2 shows lifetime risk estimates for people who are exposed
throughout their lives to levels of either 0.0004 or 0.002 fibers/cm3
in ambient air. The predominant risk is from mesothelioma, but lung
cancers also contribute to the risk, especially for male smokers. For
exposure patterns that are different from those assumed, lifetime risks
could be higher or lower. The following are three illustrations of how
lifetime risks could be derived for such special populations.

Children Exposed in Asbestos-Contaminated Schools. The committee
estimated the risk for persons exposed from birth to age 73 years to
environmental levels of 0.002 fibers/cm3 (as assumed in Table 7-2) plus
an additional risk from a l0-year exposure (from ages 6 to 16) in an
asbestos-contaminated schoolroom for 6 hours daily, 200 days per year, to
0.02 fibers/cm3 (550 ng/m3, the 90th percentile in Table 7-6). The
equivalent continuous daily l0-year exposure is approximately 0.003
fibers/cm3, i.e., 0.02 x (200 x 6)/(365 x 24). Using equation (6), the
lifetime risk of lung cancer for a male who eventually becomes a smoker
is 0.003 x 10 x 0.0022, or 66 in a million. This risk represents an
approximately 20% addition to his ambient lifetime risk of 320 in a
million (0.002 x 73 x 0.0022), for a total of about 390 in a million.
For such an individual, the schoolroom exposure adds relatively more to
the risk of mesothelioma, as shown below. Using equations (G4) and (G5)
in Appendix G for the lifetime mesothelioma risk, L, at t = 73 for an
exposure of 2 = 10 years starting at age ty = 6 at the dose level d,
this risk can be calculated from the formula:

L = cd{l-[1 -2 /(t-tg) ]} (t-tg)kK,

with d = 0.003, =10, t ~tg =73 -6 =67, and k = 3.2. This
lifetime mesothelioma risk becomes

L = ¢(0.003) {1-[1-(10/67))3°2}(67)3+2 = 845c.

If c is the median value of Table 7-4 (i.e., c = 2.53 x 1078), the
estimated lifetime mesothelioma risk, L, from the 10-year exposure is
21 x 1076,

This risk is then added to the background risk of 46 x 1076 in
Table 7-2, giving a lifetime mesothelioma risk for this subpopulation of
67 x 10®. If a million people had received such a pattern of
exposures, about 67 might be expected to die of mesothelioma. In this
example, the contribution to total risk from the schoolrooms is less than
that of the lifetime exposure to the lower concentrations of asbestos
estimated for the ambient air. However, if the value for k in Equation
(7) were higher than 3.2, the significance of the schoolroom exposures
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would increase because of the stronger dependence on time since first
exposure. For example, if k = 3.8, the highest value used in Table 7-2,
the lifetime mesothelioma risk would be 910 x 1070, 1If k were less

than 3.2, the corresponding lifetime risk for mesothelioma would be less
than 67 x 107®. These calculations show that childhood exposures to
asbestiform fibers might contribute noticeable lifetime mesothelioma
risks to those so exposed.

A Female Nonsmoker in a Relatively Asbestos-Free Environment. An
example of a person in a low-risk group is a female nonsmoker exposed to
an average level of 0.0001 fibers/cm3. This exposure level would not
be too unlikely for a person exposed primarily to rural indoor and
outdoor air, since 0.00002 fibers/cm3 is the lowest median value for
all the outdoor city readings in Table 7-6. Then, the calculations in
Table 7-2 would lead to a mesothelioma lifetime risk of 2.25 x 106
(9 x 107° divided by 4) plus a lung cancer lifetime risk of
0.73 x 10™®. The lifetime individual risk for such a person would be
3 x 107% for both types of cancer.

A Male Smoker Living in an Area Contaminated with High Levels of
Asbestos Who is Also Exposed to High Indoor Concentrations. As an
example of a high-risk person, consider an urban male smoker exposed to
0.003 fibers/cm” for one-half the time and 0.018 fibers/cm3 for the
other half. This pattern is based on the assumption that the subject
spends one-half of his time in indoor environments with a high asbestos
concentration (see sample sets 13 and 14 of Table 7-6) and one-half
either in highly contaminated outdoor environments (see sample sets 7 and
8 of Table 7-6) or in indoor environments at the high end of the
distribution for rooms that are normally not contaminated with asbestos
(see sample set 9 of Table 7-6). Thus, his continuous average exposure
would be approximately 0.01 fibers/cm3, i.e., 0.5(0.003) + 0.5(0.018).
Therefore, multiplying the second column of Table 7-2 by a factor of
5 (0.01 =5 x 0.002) would give the individual lifetime risks for such a
person as 1.8 x 1077 for the two forms of cancer taken together (230 x
1076 for mesothelioma and 1,600 x 10~% for lung cancer). This
lifetime risk is the additional incurred risk attributable to the
nonoccupational environmental exposure to asbestos and does not include
the risk incurred by the smoking itself. The portion of the additional
rigk attributable to lung cancer is considerably higher than it would be
for a nonsmoker experiencing identical asbestos exposures.

COMPARATIVE RISK ASSESSMENT

Methods

The goal of comparative risk assessments is to determine whether the
fiber exposure in question presents risks--in terms of total number and
severity of effects per year in the United States--that are about the
same, considerably more, or considerably less than those assessed




