— E——" —— Jru—— ik ¢

TN Ao R RSN R e

93

Ach AMERICAN INDUSTRIAL HEALTH COUNCIL
1075 CENTRAL PARK AYENUE o SCARSDALE, NEW YORK 10583 e (914} 725-1492

November 1978

At the suggestion of the Steering Committee of
the American Industrial Health Council, the following documents

are enclosed for your information:

l) Reply to the "Estimates of the Fraction of Cancer
in the United States Attributable to Occupational
Factors™ (October 23, 1978)

2) V"Estimates of the Fraction of Cancer in the United
States Related to Occupational Factors" prepared
by the National Cancer Institute, National Institute
of Environmental Health Sciences, National Institute
for ?ccupational Safety and Health (September 15,
1978

3) Draft Summary of "Estimates of the Fraction of Cancer
Incidence in the United States Attributable to
Occupational Factors®™ prepared by the National Cancer
Institute and National Institute of Environmental
Health Sciénces (September 11, 1978).
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Introduction

The American Industrial Health Council (AIRC) has

‘reviewed the recently released gavo:nmont'pupc: *Estimates of

the Fraction of Cancer in the Dnited States Related to Occu-
pational Factors® which was filed in the OSHA post hearing
record- on September 15, 1978 (referred to hereafter as "Esti-
mates Paper”). This document predicts a massive increase in
estizated cancer incidence and mortality due to occupatian;l

exposures., While recognizing that occupationally-relutcd-cnn--

- cers 4o occur and that this incidence must be reduced, AIEC be- '

lieves scientific evidence does not support the contention that
the magnitude of the problem even approaches the projections made
in the Egtimates Faper. '

The following analysis by the AIHC presents documented
exanples to demonstrate the guesticnable logic used in the Esti-
mates Paper. 1In this Reply, AIEC discusses the methodology used
in the Estimates Paper and examines specific contentions of the
Egtimates Paper for asbestos, arsenic, chromium and polynuclear
arcmatic hydrocarbons plus the basic epidemioclogy concepts used
in the Paper. A complete detailed discussion of the Estimates
Paper is presented in Appendices to this Reply. To make this
analysis, it was necessary to try to reconstruct the statisti- .
cal manipulations performed through review bf the Paper's source
veferences. This analysis tevealed selective use of data, which

was often outdated and of questionable scientific validity.
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In prcparing'thc Estimates Paper, asbastos has been
ehbsen as the keystone for its argument. Asbestos is an attrac-
tive exanple for a document such as thisy it is univorsali; accept-
ed as a carcinogen; many studies exist; excess mortality has been
documented; ‘and there is a high level of public and political
avareness of its health hazards. Many ¢f these same characteris-
tics make it an unusual carcinogen. The document does not mention,
for instance, that na other industrial carcinogen is suspected ...
of so many deaths, nor that such other carcinogens are unlikely
to exist currently without ocur knowledge. Data available from
botﬁ the Surveillance Epidemiology and End Results Program (SEER)
of the National Cancer Institute and the Third National Cancer Sur-
.vey. (TNCS) belie the projections  of an asbestos epidemic contained
in the Estimates Paper. 1If the Paper is correct, our country
should at present be experiencing a marked increase of mesothelioma
(the marker disease fovr ashestos), and it is not. As described
mere fully in the attached Appendix A, using the methodology set

out in the Estimates Paper 1;-01!, one would project a present-day

some very conservative assumptions) and possibly as high as 10,000
or more. In fact, SEER data indicate that the national annual in-
cidence is less than 1,000,

In pradicting enormous future mortality from asbestoa,
the Estimates Paper (a) overestimates the number of people in the
previously heavily exposed WW II cohort still alive since mortal-

mesothelioma incidence of at least £,000~5,000 annually (using i
ity has baen occurring for many years due to many eaustis (b) dis- l
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vegards the fact that asbestos exposure has been declining by -
both number of workers and by degree of exposure in recent years;
and {c) ignores any changes in szoking habits, expecially ;iong

asbestos workers, that should have important effects on reducing

- asbestos mortality. Although specific calculations for the asbes-

© tos case study are presented in Appendix A, some of the faulty

logic followed in this example has been noted here since the Esti-
mates Paper advocates extending these principles to other carcino-
Sensg, -

- Significant errors in estimation of cancers attribut;

able to occupational causes were made for many of the other

‘hazards ccnsidéfed. In the case of avsenic, populations at

risk were exaggerated by ignorimg significant changes in indus~

-trial applications. The Estimates Faper falled to mention the

fact that certain major industries no longer use arsenic in
their processes. This matter had been addressed only recently
by OSHA in its inorganic arsenic rulemaking. OSHA's own con-
clusion on this issue does not support the Estimates Paper's
inflated number cf workers at risk from exposure toO arsenic.
The Estimates Paper indicates that 1.5 million workers
are currently exposed to some form of chromium compounds, with
the clear implication that all of these workers are at signifi-
cant visk. The reference cited in the Paper refers to workers
whose exposure may be only infcrrc& or potential rather than
actual. Furthermore, among the 1.5 million exposed workers,

NIOSE indicates a sizeable number o0f these persons are exposed

-3 -
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to chromium compounds not considered to be carcincgenic. Here

again, the Estimates Paper appears to be less than scientifically .
objective,

- To estimate the lung cancers attributable to Polynu=’

clca:.krumnﬁic Hydrocarbons (FPNA) exposure, the Estimates Paper

applies the relative risk of various cohorts of coke oven and

gas workers to a wide variety of workers potentially exposed

to PNA's in other industries. The exposures in 6ther indus-

tries, howvever, are very different from the exposures of coke

oven and gas workers, Extrapolation between industries there-

fore is inappropriate and misleading.

It is AIAC's position that whenever a confirmed or highe

ly probable cause of cancer is found in the workplace, there is

geod and sufficient reascn to take prompt and stringent protec—

tive action. The sclentific evaluation of the risks involved,

however, must be thorough and sound. When estimates such as

those in the Estimates Paper are made on the basis of unsound

!

methods, erroneous data and an unscientific analysis, AIEC feels

it is necessary to try to put the record straight. That is the

purpcose of this Reply.
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) - CRITICAL REVIEW OF METHODS USED IN ESTIMATES PAPER : H
—_— TO PREDICT CANCER MORTALITY DUE TO OCCUPATION _ =~~~ .
The Estimates Paper purports to predict the number
of deaths from cancer likily to occur in the future, due to .
past and present industrial exposure to carcinogens. The pre-
diction is based on the following formulation:.
Annual Excess Deaths Due To Occupation =
Age-Standardised
{(Risk Ratio - 1) x Cause-Specific x Exposed
Incidence Rate Population
Obviously, any errors in determining risk ratios, representa-
tive.rates, or of population at risk will result in a multipli-
cation of those errors.’
In fact, serious errors have been made in determining
all three multipliers, and these earrors have .yielded exaggerated

estimates of excess mortality due to occupational exposures.
Specifically, the estimates have the following major problens:

« Risk ratios inapplicable to recent workplace
conditions wvere used,

. Inflated estimates were made of the exposed
population. 1572 estimates of numbers of po—
tentially exposed workers were taken as ihe
number of workers currently and actually
exposed,

« The concept of attributable risk was confused
with associated risk, ignoring the risk of

such cancers in unexposed workers and ignoring
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other risk factors.

e Age-standardized rates based on spacific ’ . I-

age—-sex distributions were applied to large _

cohorts whose age and sex distribution is IR : l'j

entirely unknown. e l-:

e Incidence rates were used as eguivalent - . .

to mortality without adjustment for sur- ""}

vival or conmpeting causes of death. I -i-—.'

H

Use of Inapplicable Risk Ratios N . )

In the appandix of this Reply, we have examined in ‘_'

nore detail the problems with specific estimates relating to

risks from particular substances. In the Estimates Paper, risk

!
-

ratios generally ars taken from studies of workers exposed in

|

the 1920's ~ 1930's. Workplace conditiona for known carcinogens,

and for a great many other chemicals also, have, however, improved

.considerably since then. Applying a risk factor associated with

- L 3 —— i
- ] .
P -

‘_—..»

heavy exposure to workers no longer subject to heavy exposure

nust grogsly overestimate the risk to the worker. In his asbes-

tos studies, Selikoff acknowledges that it is probably reascnable
1

~

to conclude that "cancer risk varies directly with exposure.”

-

Exposures have been much lower in recent years yet no adjustment

is made for this.

t

1/ Selikoff, I. J. and Hammond, E. C. "Multiple Risk

Factors in Environmental Cancer®, Persons at High Risk
of Cancer, at 4567-483, 197S.

.
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The Estimates Paper's treatment of arsenié is a good - . . .

illostration of this point. The risk ratios used to assess the.
risk Of exposure to arsenic by the Estimates rap;r is 4.7r This
risk ratio, derived from the Lee and Fraumeni atudy;l - MAS topnd
by the authors in only one cohort of pefsons who worked duting’
the early process days. In a second cohort in the sane stuldy,
exposures of at least 15 years duration, but later in time,
vielded a risk ratio of 3.7; 10-14 year exposures gave a risk.
ratioc of 2.3. All of these risk ratios, however, are based on
conditions considerably worse than those that have ox{stad for
the past 1S5 years. The auvthors acknowledge a "gradient in pro-
portion to the degree of sxposure.” EHowever, the Estimates Paper
utilizes the highest figure ever resported, whereas even the lower
reported visk ratios are undoubtedly too high to apply to workers
exposed within the last 15 years.

The risk ratico ©f S used in the chromium estimate is

iimilnrly inappropriate because the studies conducted were largely
based on data from the 1930's and 1940's from old chromate-producing
plants. In a recent report (1978) of chrome pigment workers by
Dlvies,zno excess risk‘wal seen among persons with "low exposures™
in two factories (exposure dates 1932-1954 and 1948-1%67). WNor

vas excess risk found over all exposure strata in a cohort of

workers employed during 1955-1967.

i/ Reference 21-The Estimates Paper.,

2/ Davies, J. M. ‘Lunq-tance: Mortality of Workers Making
Chrome Pigments®, The Lancet, at 384, 1578.

-7 -
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The risk ratic of 6.2 used in the nickel category is l_
also exaggerated. A 13977 study by noll.é/ a rnas;cs:mont_et . lm
the study referenced in the Estimates Paper, states that the
six-fold excess found was confined to persons. exposed before
1930 and that no significant excess of lung or nasal cancer : lj
vas seen among persons first exposed during the period 1930-

1944, after process changes had been implemented. : :

—_— Use of Inappropriate Estimates of the Exposed Population ' - lﬁ

The exposed population figures used in the Estimates

Paper (with the exception of asbestos and arsenic) are based on

the National Qeccupational Hazard Survey (NOHS) document publish-

ed in 1977. This survey diad not measure levels of exposure and,

et

in fact, included actual, potential, or inferred exposures as

vell as part=time exposures. In the case of chromium, for ex-

.
’

ample, only 16% of the 1.5 million workers considered as poten=-

tially exposed by NOES were full-time workers. (Definition of

I

" full-time was at least 4 hours per day.) In addition, not all
¢f the 1.5 million workers in the chromium oxides industry
were potentially exposed to hexavalent chromium compounds,

the only chromium compounds which have been found to be car-

-‘-'-

cinogenic.

]

t

- The same problem occurs with the nickel estimates.

1/ Doll, R., Mathews, J. D., Morgan, L. G., “"Cancers of the
Lung and Nasal Sinuses in Nickel Workers: A Reassess~
ment of the Period of Risk", Brit. J. of Industr. Med.
1977 34:102-105,
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The risks refer to persons engaged in nickel refining (and as
stated earlier, they pertain to a time when exposures were
much heavier]), The estimated number of workers ;urrtnt1y=ix-
posed as reported in the zstimaﬁel Paper, however, includes
many jobs in addition to those involving nickel refining.

With respect to asbestos, the numbers are apparently
a combination of an estinmate of 4.5 million WW II shipyard
workers by Dr. Selikoff and an estimate of 3,.5-6,.5 million ex-
posed workers based on some unidentified factor of work force
turnover applied to NOES data. All attempts to ascertain doecu-
mentation for the figures contained in the Estimates Paper have
proven fruitless.

With respect to arsenic, the exposed population figure
of 1.5 million is based on 1964 data cited in the 1975 NIOSE Crie-

teria Document. OSHA's own Inflationary Impact Statement on In-

‘"organic Arsenic rejected that ocutdated number. OSHA concluded

that of an exposed population of 660,000 a "large number® work

in areas where exposures are “"very low or non-existent.*

Faulty Use of Incidence Rates to Eatimate Mortality

Table 2 of the Estimates Paper is used to predict
future cancer mortality. 1In using incidence rates instead
of mortality rates, an incorrect assunption is made: namely,
that all persons who are diagnosed with cancer subsequently die
with cancer as the underl}inq cause, This clearly is not the

case. Many cancer patients die eventually of othar causes.

"AP0000886 1
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In contrast to the incidence rates given in Table 2, . .
1970 mortality rates for males over age 20 for necplasms are 'l
given below. . l

Age-Adjusted § Excess
Incidence, 1969%-70 Mortality Incidence
per 100,000 Rate, Males, 1970 Over -1

. R, Males, 20 vears+ */ 20 years+ %%/ Mortality B .

Lung 116 88 . 32 -
Esophagus 9.4 . . § l
Stomach 26.2 16 64 -
Colon/rectum 8s az. - 130
Respiratory Tract 131 94 -
Leukenia 17.9 12 49 .

2/ source: Third National Cancer Survey. l-—

®*/ Source: Vital Statistics of the United States 1970-Vol II- --
Mortality, at 1=197, 6=17.

It can be seen that incidence rates are considerably
higher than mortality rates. ﬁgile cancer incidence itself is
tragic, using the higher incidence rates as though equivalent
to mortality rates is inappropriate and greatly compounds error.

In addition, the Estimates PFPaper ignores important tem-
poral changes in mortality rates. ?6: example, stomach cancer
death rates have been steadily decreasing, lung cancer deaths

have been steadily increasing. Such changes, along with other

cades ahead,
The use ¢f mortality rates or the use of incidence
vates with adjustment for survival and competing causes of mortal-

ity would have been a more accurate way to estimate deaths. Fur-

|

I

|

i

I

factors, make it impossible to project a decade, or several de- i
I

1

i

- 10 = '
I
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-ther, age and sex distribution of exposed cohorts were never consi-

-dared in the Estimates Paper, thersby rendering invalid the use of

age-standardized rates to predict mortality in the totally un-

specified cohort.

Attributable Risk Confused With Associated Risk . . . .- .

] -rrosunablf. a key question is "what fraction of.-deaths
could be prevented by reduction of industrial.exposure?”. To . . :
follow the logic of the Estimates Paper, Worker 1, in @ group of
10 men, who previously worked in asbaztos application and uranium
ninikg and smoked, would have his death attributed to each of
several factors. Suppose each of the other nine men in the group
had known work histories as outlined in the table below. A1l aiea

of. lung czancer,

Worker Smoker Asbestos Uranium
1 * + +
2 L 4
3 L 3 +*
4 + +
S
6 + -+
7
8 2 4
S +*

10

Deaths attributable ¢o smoking
Deaths attributable to asbestos
Deaths attributable to uranium

Total deaths 14

kmn
¢

1f we accept the Estimates Paper logic, we would then conclude

that snoking accounted for 60% of deaths, asbestos for S0%, and

-]l -
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uranium for 30%. We now have "attributed" 140% of deaths and

have not yet taken into account genetic susceptibility, diet,

Or exposure tO any other carcinogens. ~
Thus, under the methodology ©f the Estimates Paper, i'
a8 double or triple accounting for each death will occur because i“
a person is tallied as dying more than once if he is potentially ]
exposed, for instancs, to both asbestos and uranium. The error ][?
of double or triple accounting is magnified by use of NOHS -data- .
because a high proportion of workers listed as exposed are only i_!
part-time or only inferentially or potentially exposed. In fact, iﬁ
the HOHS estimated 4.38 billion potential exposures among 38.2 -
million workers. This gives an average of 11% potential exposures iﬂ
per worker (including a sizeable number of clerical and other :;
office workers). Clearly, one cannot assume each death is attri- 'E;
butable to each of 115 different exposures. The survey data con- ‘}
tained in the NOHS report were not meant to be used in the manner -
presented in the Estimates Paper. lf%
Summary ﬂ;
AIHC analysis demonstrates that the Estimates Paper, ;“
in the haste to complete and release the document, hni ignored m,
basie principles of sound epidemioclogical and biostatistical i
.
practice. The Estimates Paper through such practices has come
to unscientific and highly speculative conclusions. By selecting ﬂ

high risk ratios applicable to a small group of highly exposed

workers, by inflating estimates of workers actually expcsed, by

- 12 = -
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confusing incidence with mortality, by neglecting age and sex
distribution of worker cohorts and by confusing attributable
risk with statistical association, the Estimates Paper arrives
at a speculative conclusion concerning the probabilities of an
imninent cancer epidenic due to occupational causes. This con-
clusion cannot be supported by national cancer statistics of

the National Cancer Institute itself.

- 13 -
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. Paper Against the Available Data

APPENDIX A

Comments On Estimates Paper . e T
With Regard To Asbestos ——a

Smmagg

.-An analysis of the Estimates Paper regarding the.inci-
-dence.of lung cancer related to exposure to asbestos.shows that: Te. -
the projected increase is of an order of magnitude greater than
€an be supported by the data. Using da?a from. the National Can-
cer Institute's SEER Program {Surveillance, Epideniclogy and End
Results) for the incidence of mesothelioma {a marker tumor for
asbestos related lung cancer) approximately 950 cases occur an-
ually in the U.S. The Estirmates Paper would predict as a minimum
$,000-9,000 deaths annually from mesothelioma in the Vorld War II
shipyard workers alone. This estimate is far afield from current
experience and data, underscoring the logical and methodological
flaws in the Estimates Paper. Both the risk factors utilized and

the population assumed to be at risk are greatly exaggerated.

Testing The Logic of the Estimates

[ o e

To illustrate the unscientific approach used to obtain
the projections in the Estinates Papgr, the tr-atm.nﬁ of asbestos,
tpc *"well-studied exanple”, is worthy of some attentien.

Mescthelioma, a rare tumor in the general population,
is commmonly found in heavily-exposed asbestos groups. Thus, it

is known as a marker or identifier tumor for cchorts at increased

AP00008867



, . /
t4sk because of heavy exposure to asbestos., i

Pollowing tpo Logic of the Estimates Paper

» 'As a check against the accuracy of the predictions in

thr'titimnteiliipor, it may be useful to estimate how many marker .

mesotheliomas would have been predicted for the U.S. in 1976,

usiing the tdasoning and figures in the Estimates Papﬁ: which
states: rL. .-

."It has been estimated that between 8 and 11
million workers have been exposed to asbeastos
in the U.S, since the beginning of World War

: Il. . o . Probably a million have already died,
while the remainder -— between 5.5 and 7.5
nillion workers =~ were formerly employed in
environments with significant asbestos exposure,
including the survivors among the 4.5 million
who worked in shipyvards during the 1940's., o©Of
these and othsr asbeitos workers, approximately

4 million are believed to have had heavy ex-~

posure to ashestos.™ (Estimates Paper at §-9.)

Paper, let us consiéeé the 4.5 million WW II ghipyard workers and
suppose thc.prébablc milli;n who ha#e already died came entirely
frpm that group, leaving an estimated 3.5 million Wiw II shipyard
workers alive in 1978. This is a very conservative allocation of
the "probable million dend,“sine; of the 7-10 million exposed
sihce the beginning of ww'zz and still ‘ilvc in 1978 (8 to 11

million, minus one million diad, according to the Estimates Paper)

1 See, e.9., Blot at al, "Lung Cancer After Enployment in

'Jf, the sﬁfp ards Dd?fng World war II,” The New England Journal
of Medicine, September 21, 1978, at €20-623. gsover and
Fraumeni, co—auvthors of the article, are also contributors
to the Estimates Paper.

A=2
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-: we -have allocated all deaths to the group with- the earliest - . . . -
exposure, thus making it more difficult to f£ind current ... s
"asbestos~-deaths®,

.- Eow many of the 4 millicon who are "believed to have

. had heavy exposure to asbestos” should be allocated to the 3,5 21 =

million.surviving WW II shipyard workers? Since the document:
estimated 7 to 10 million surviving workers have.been exposed

‘to asbestos since the beginning of W I, it follows-that 4/10 - --- .-

to &4/7 of surviving workers have had "heavy exposure.” Since
nu=§ of the “heavy exposure” tock place during WW IX, & conserva-
tive allocation (conservative again in the gense of.making it
more difficult to £ind current "asbestos-deaths®) would assign
heavy exposure to only 4/10 to &{/7 of the already conservative
3.% million., Thus, we have the following table:

Table A-l

Conservative Allecation of Surviving Ww.IZ B -
Shipyard Workers to Heavily Exposed Category . . _

Burviving WW II Shipyard Workers

" Range for

Total Exposed Total ‘ Less
and Alive Heavily- Heavily~- Eeavily-
1578 Exposed Exposed Exposed Total
7,000,000 4,000,000 2,000,000 1,500,000 3,500,000
10,000,000 4,000,000 1,400,000 2,100,000 3,500,000

Therefors, a conservatively low estimate of heavily-
exposed surviving WW II shipyard workers would be between 1.4 and
2.0 million. Virtually all of these WW II workers would havs been
in their mid-fifties or older by 1976.

A=-3
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According to figures published by the U.S, Bureau of
— - the Census (Statistical Abstract of the United States: 1949). . l;

‘. approximately one in three workers in the civilian labor force

2 :during WW II was female. To allow for the fact.that age-specific . l:

mortality rates are higher for males than females,. the female pro-. lq

- portion in the surviving W& II shipyard work force will he in- -

© creased from an initial one-third to 40%. Using the figures. = _ .. ‘ﬁ
*ti.i..! published by the National Center for Health Statistics ("Vital . _.-_. N
-Statistics Report” Advance Report, Pinal Mortality Statistics, lj
197{, DEEW Publication No. (PHS) 78-1120, Vol, 26, No, 12,. . _[q
Supplement {(2), March 30, 1978) we see the following age and sex l
specific death rates: : l‘
.Table A-2 ¥ 8

. i

White Age-Sex-Specific Death Rates, 1976 - i:
- 1976 Death Rates per 1000 Population ___L

—— Age Group Males Females lj
55-64 19.2 9.2 -~

65+ ‘ 67.1 45.8 I!

in 1976, in the 55 and over age groups, slightly over . l;

23% of the males were 65 and over, while over 56% of the females -

were 65 and over. Therefore, we allocate 50% of the surviving .l £

1/ If one were to assume, contrary to this assumption, that

- fever wonen and more men were exposed, one would expect,
because of the differences between the sexes in life ex-
pectancy and smoking patterns, a shorter-lived cohort
with a greater number of deaths in 1976.

A-4
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I!-~-= "~.WW-1I males to'cach of the two age groups in Table A-2,:and 45% L oae
‘[l T:.7-.and S5% to the 55~64 and 65+ female age groups, respectively. .The - .
‘I following calculations can now be made: - >

! - 2able A-3 i
L xS s st g e -
ij.. SR —- ’ Alive at dbeginning of 1576 Deaths in 1976 .-
‘! 'g;:@“ g 55-64 65+ . ss-si.;'-; . . 'ss+. Total.

- Males 1,050,000 1,050,000 20,160 70,455 90,615

' Female 630,000 770,000 5,985- 35,266 41,251

) Total 1,680,000 1,820,000 26,14% 105,721 131,866

For exanmple, if 60% of the surviving WW II shipyard work-
ers are nmales, and 50% of those are 65+, we get
3,500,000 x .6 x .5 = 1,050,000

 — — oy
Lol b e

in the €5+ age group at the beginning of 1976. (Recall that to

P
L s

" be conservative we have not allowed any deaths. in 1577.) Apply-

ing the age~sex specific death rate of 67.1 per thousand from

=\

Table A-2, we get

-y
[ ]

C

1,050 x 67.1 = 70,455 deaths.

How many mesothelioma deaths should there have been, if -

P~

the conjectures in the Estimates Paper apply? According to the

. T

references cited in the Estimates Paper (e.9., (15) and Newhouse .

r

and Berry in Appendix A) the latency period is long enough for

the "7-10 percent”™ of deaths to be due to pleural or peritoneal

-
1

mesotheliomas., Recall from Table A-1 the conservative allocation

-

of past heavy asbestos exposure to the surviving WW II shipyard

.~

A=5

'
-

e
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cohort.' If 2,000,000 were heavily expcsed (derived from the BN li
assumption of 7,800,000 surviving in 1978), it follows that of . ,'I’
the 131,866 deaths, 4/7 Qill have been from the heavily-exposed T . ‘:
co. group (since 4/7 of the surviving 3,500,000, or. 2,000,000 were.: - - . §
- heavily exposed). Thus at least 7% of the ({4/7).3 131,866 = Y
78,352) ' deaths among the heavily-exposed group (.07 x 75,352 = ' '-
$,275) will have been due to mesothelicma., ' The aoeuﬁont assumed l*

thats F
e g cipcse she qmainsg e <o

of that to the heavily exposed workers."” -
Appl}ing the 1/4 excess risk, we get - ';3
(3/7) x 131,866 x (.07) x (1/4) = 9689 mesothelioma deaths 'f
among the less heavily exposed group. Therefore, there should have -

been at least 6,264 mesothelioma deaths in 1976 from the WW II ship- 'lj

yard cohort. Analogous calculations can be made:

Table A-4 _!;3
. 1576 Mesothelioma Deaths Ameng WW II Shipyard Workers ’__;:____l;}
If Total Exposed Percentage* Mesothelioma Deaths -
——— v —ow. and Alive is: Among All Deaths o . B..
— I 0% '_’
7,000,000 6,264 8,949 l7
10,000,000 8,077 7,253 -
® 1/4 for the lcss‘heavily exposed subcohort, .";
- . - Using the figures in the Sstimnt;s Paper, thus far we have -
— = gconservatively allocated the survivors to the l
cohart of WW I shipyard workers, -
; - conservatively allocated the heavy exposures to I !
the WW II shipyard cohort, -
l
| d l
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———
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— = dealt only with the WW II shipyard cohort,” --:- . : &
ll - - considered white age-sex adjusted death - . - LT l E
s . - rates with no adjustment for increased risk, '
[. . "-and we- arrived at a lowver bound of 5,000 to §,000-1976 mesothelioma - -

}» : 1°: z.deaths. . If in fact the mortality sxperience of the cohorts cited:- . -

‘:-] .~ 3in the Estimates Paper is applicable to the surviving WW II-ship--

ﬂ *:: +  ;yard.workers, the death rates should be increased by at least 40%,

v - increasing the lower bound to between 7,000 and:6,400, - . .

The Available Data

—— — i

L T The following table containg mesotheliora incidence fronm
(l the SEER progranm, obtained from NCI:
¢ Table A=6 .
!l Incidence of Mesothelioma for all
i Sexes and Races, all sites */ e st
l . Years R
2 SEER Areas Total 1972 1974 --197% 19786
f‘ Connecticut 52 . 9 i3 16 14
L2 New Orleans 12 T e 1 7 4
Atlanta 2 - . . W 2
fl Detroit 63 10 22 14 17
{1 Iowa 43 10 15 11 7
Hawaii 6 1 1 4 Q
- New Mexico 21 L] ] 7 4 -
}l San Prancisco 95 26 22 20 27
- Seattle 41 e 11 15 15
l Utah 17 2 4 6 S
2+ Total ' 352 63 94 100 95 "
1 ® Unspecified mesothelioma lesions were not classified with malignan- i
' cies in the Third National Cancer Survey and during the early part
* of the SEER program. Beginning with the use of the 1976 SEER Code
. Manual {sometime in 1976 or 1977) unspecified lesions were coded '
:I with malignancies. ¢
i ** Not in the SEER program in that year.
V- A-’
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The SEER population represent about 10% of the U.S.
population. Disregarding the fact that the SEER population
should have an unusually large number of cases (if the projec-
tions of the Estimates Paper are true) since five of the areas
have a significant ship building industry, these data would in-
dicate a national incidence of about 950 cases of mesothelioma
for 1976. Therefore, 1f there should be at least 7,000 to 8,400
deaths from the WW II cohort alone, the Estimates Paper lower
bound for the estimate is at least an order of magnitude too

1/
high.

Cenclusions

Thus far we have donlf‘oﬁly with a conservative lower
bound for mesothelioma using only the estimated survivors fronm
the WW II shipyvard cohert, If the large numbers of "heavily-ex~
posed” non-shipyard workers are cénlidered. a substantial number

should have been exposed during and immediately following WW IIX

1/ Any sugqestion that incomplete diagnostic ascertainment

would account for at least an order of magnitude is un-
supportable. The article referred to earlier in this
document, co-authored by two of the ¢ontributors to the
Estimates Paper, rejected this conclusiaon by noting that:
"the failure to see greater numbers of this rara tumor
among coastal residents raises the possibility of ship-
yard hazards in addition to asbestos.” To the contrary,
there are data that suggest that asbestos awareness leads
t¢ an over-vreporting of mesothelioma. See McDonald and
McDonald, Preventive Medicine, Vol, &, at 426=446 (1977)
(reporting on a mescthelioma survey of pathologists in
Canada, the authors found that only 17% of the reported
cases in Quebec were accepted by the Mesothelioma Panel
of the Canadian Tumor Reference Centre, compared with 60%
for the rest of Canada.)

A-8
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if one accepts the logic set out in the Estimates Paper. Since
the probable dead have already been taken into account, all of
the non-shipyard workers would have been at risk in 1976 yield-
ing a lower bound for incidence easily exceeding 10,000.

These cstinat;s are obvionsiy unsupportable speculation.
S8tandard life table considerations reveal that far in exee;s of
1,000,000 deaths would have occurred by 1978 in any civilian
worker cchort of 4.5 million from WW II. If the WW 11 shipyard
workers had experianced the increased risk of the heavily-exposed
cohorts cited in the document, the WW II shipyard eohort would
be almoat extinct by 1978. 1If that were the case, the projections
of the next 30-35 years are obviously incorrect.

Looking at the reasconing in the Estimates Paper from
another point of view, if the WW II shipyard workers had been
at the high risks attributed to them in the document, the marker

tumer, mescothelioma, should have shown up in the Third National
Cancer Survey in epidemic proportions. 8ince it hasn't shown
up, there is only one conclusion; the Estimates Paper has ignored
the spectrum of exposures to asbestos, which, when considered with
established dose-response, readily shows that the speculations are
at least an order of magnitude éoc high. _
Additionally, there are several important recent studies
not discussed in the Estimates Papar. While mortality data on ship~
yard workers are limited, two recent NIOSH technical reports on the
mortality experience of the AFL-~CIO United Brotherhood of Carpen-
ters and Joiners of America 1969-1970 (HEW, NIOSE publication 74-

A-9
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152) both Teported:
“Ship carpenters lcocals have an SMR pattern
for total mortality and cancer like the con- -
struction worker locals. No remarkable in-
crease in any cancer type is seen.”
{The reports did note a slight increase in malignant neoplasms
of the pleura - ICD 163.0, an excess of 7.2 deaths over expected,
out of 32,707 total deaths., 1t was attributed to past asbestos

exposures by the authors.)
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APPENDIX B

Conments on Estimates

Paper With Respect to NOHS Data |

Summary
.Qhe NOHE survey was inappropriately used by the Esti-
mates Paper authors as a measure of the actual number of workers
currently exposed to specific hazards. This survey in fact was
only an estimate of the number of workers potentially exposed.
Indeed, the authors of the NOHS report specifically "precluded

determining relative risk to a given potential hazard.®
Introduction

The National Occupational Hazard Survey was a two
year study by the National Institute of Occupational Safecy and
Health intended "to describe the health and safety conditions
in the American work environment and, more specifically, to
deternine the sxtent of worker exposgrg to chemical and phygical

agents.” Y4

Purpose, Limitations and Uses
In édescribing the study, the Natiocnal Institute of
Occupational Safety and Health states that the Natiocnal Occupa-
tional Hazards Survey was “"designed to obtain an instantansous
profile for use as a national health hazard information base

{and] was to answer such questions es: What occupational groups

1/ Preface, by Marcus M. Key, M.D., Director, National Institute
of Occupational Safety and Health, NOES, Volume I, Survey
Manual, May 1974.
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are exposed to what types of potential health hazards in the '
United States? in what types of industries can these hazards

be found? what types ©of controls are used to prevent hn:mfui
expospre? and to what hazards are the most people exposed?”

NIOSE indicated that "the National Occupational Hazard Survey [was]
aimed at recording specific worker exposures to specific potantial
health hazards rather than at evaluating severity,...[that it]
addressed marely whether a substance was besing used,...{and that)
this objective apprcach precluded determining relative risk to

a given potential hazard.” 2/

A statistically selected sampling of the U.S. business

-establishment (outside of the Qgriculturil\arca) was developed

3/
by the Bureau of Labor Statistics. Fifty-two hundred differ-

ent business facilities, both large and small, were selected.
Engineers whe had taken a nina-week training course in funda-~
mantal indugtrial hygiene and in field data gatherinc were
sslectad as a field sta!!.i This is in contrast with the
National Surveillance Network established by NIOSH which used
states' industrial hygienists as evcluators.ifrhe survey was

begun in February, 1972 and scheduled to be completed by June

Ibid.

Inid., page 2-3 of introduction.
Ibid., page 2-3 of introduction.
Ibid, page 3 of introduction.

TR K

Ibid, page 1-2 of introductien.

.
’
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of 1974. The authors of the report, in discussing the anti-

cipated use of NOHS, indicate many of the limitations of the
study and urge that reviewars "must not ovarlook its limitations.
The survey's broad scope and narrow time span have precluded
universal upplicati?n ©f its results to the problem of occupa-
tional health. Though it comprises virtually all industry
and employment in the U.§., the survey will not provide pre-
cise answers to svery hazard query, ner will it stand as a
definitive study. It will, howsver, reveal general occupa-~
tional environment statistics which should be instrurental

in developing research priorities in the supporting standards
development. Moreover, it will serve as the foundation for
new occupational studies of greater detail .and precision.””

They continue, stating that, “"within ten years, NOHS as an

indeapandent study, will be cobsolete. Industry will have accass
to higher technology; its occupational health characteristics

3
will be correspondingly different.™

Exposure Characteristics

*The surveyors for the NOHS were given instructions
to include as exposure any exposure to a carcinogen or expos-

ure to a non-carcinogen whose concentration in a mixture is

i/ NOES, Volume IIX, December, 1977, page l.
2/ NOES, Volume I, May, 1574, page S, introduction.
3/ Ibid, page &, introduction.
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1/
greater than one percent.”  Exposures would include dusts,
2

fumes, gases, vapors, solids, liquids or mists.—/ Such expo~
Sures maY either be detectable to the human senses or non-
detectable.” Duration of exposure was only considersd as four
or more hours of process use per day or not.‘ Exposures were
considered as existing if they were actual, potential or in-
!o:rcd.s Exposures were to be considered those that would be
existing in the absence of any personal protective .quipnout.sl
The NOES report well recognizes that its determination is on an
exposure-nonexposure model and pays ne attention tb dose level

for exposure.

Sampling Procedures

A further recognized scurce of errcr bias in the es-
timation process is well recognized within the sampling stzuc-
ture as replication was not undertaken at either stage of sampl-
ing.7 The first atage sampled Standard Metropolitan Areas
(SMSAs) by aize. The second stage also stratified by Standard

.74
Industrial Classification (SIC) and by size of worker pepulation.

NOES, Volume III, December 1977, page B.
NCOHS, Volume I, May 1974, pages 18-13.

*

Ibid.

Ibid, page 19-20.

NOES, Volume III, December 1977, page 4.
NOHES, Volume I, May 1974, page 19.

NOHS, Volume III, December 1577, page 3.
Ibiad.

~t (& W N I
= L\ I L\ L\ (LN L\
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The second stage sampling was in terms of facllities with at
least eight anployees sxcluding those in agriculture, non-
patroleun mining, railroad transportation, government agencies
and private households. The authors indicate that unbiased
veriance estimates weare not available as the sampling was not
replicated at either stage of sampling. Further, because
the second stage units were not selected independently within
the first stage units, the authors suspect their estimator may
understate the actual sampling variance. After the data was
collected, extrapolations £o the total U.S. workforce were made
through the sampling structure.

Study Findings

74
In total), nearly 4.38 billioen exposures to 198 speci-

£fic chamical or physical hazards were identified for 3B.2 million
employes.E/ This would indicate an average of 115 potential ex-
posures per worksr, or that each worker, on the average, was
potentially exposed to two-thirds of all the specific chemical
and physical hazards evaluated. No indication was given of the
relative magnitude of risks to workers from these various hazards.
However, because of the different rules for defining exposure to

carcinogens and to non-carcinogens, the selection of hazards

NORS, Velume III, December 1577, page 3.
Ibid.

Ibiad.
NOHS, Veolume III, Decembeyr 1977, Table 50, pages 444-448.

E RS

NOHES., Volume III, December 1977, Table 1, page 42.
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exXposure oversampled relatively those exposures that were con-
sidered a potential exposurs at any concentration -~ theif pre-
sence was indicated -~ but for non-carcinogens, their presence

wvas indifated only if their concentration was greater than one
percent.

Conclusion

The NOHS report is an initial attempt to seni-gquanti-
tatively describe the prevalance of various potsntial exposuraes
ig the workplace. From the beginning, its authors recognized
its limitations and warned against its misuse. Problems in
exposure definition and validation and in sampling bias hurt
‘its utility. 'It’'is a recognized imprecise attempt 'at describ-
ing the potential chemical and physical hazard expcesures in the
werk envircnemnt in the USA in the early 1970's. That work
environment has already markedly changed as a result of tech-
nological advancements and regulatory demands. The authors had
originally predicted their study would be obsolate in ten ysars;
their expectations are already realized only four years after
publicatien.

The Estimates Paper apparently elected to ignore the

warnings ©f tha NOES Report authors against the potential for

misuse of the data.

1/ NOHS. Volume III, December 1977, page 8.
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APPENDIX C

Arsenic Calculations Contained
in_the Estimates Paper -

—

The Estimates Paper (Table 2) contains the following
information on arsenic effects (respiratory tract cancers)s:

Risk Ratio Age = Adjusted Est. No. Expected
Incidence of Workers Excess
100,000 Males 20 Currently Cancers
Years Exposed -
3 -3 131 1,500,000 3,900-14,000

What these data purport to mean is that occupational ex-
posure to “inorganic arsenic® can cause cancer of the respiratory
tract (trachea, bronchl and lungs) st a rate three to eight times
that found in non-occupa:iona11§ exposed persons; that the age-
adjusced incidence of such cancers is 131 per 100,000 white males
over the age of twenty; that cne and one half nillion persons are
currently exposed to inorganic arsenicals in the workplace, and
that between 3,900 and 14,000 excess cancers from such arsenic
exposures may be expected annually.

These data and projections are flawed for a number of
reasons:

(1) The risk estimates are based on studies of past
populations with extremely high exposures to inorganic arsenic,
some as high as 11,000 microgrlms/ms. Not only do such sxposures
not now occur, but they are expressly prohibited ﬁy a recently
pronulgated OSEA standard which limits exposure to 10 micro~
qram:/m? 43 Fed. Reg. 19583 (May 5, 1978).

C-1
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(2) Available data suggest that cancer risks asso-
ciated with exposure to inorganic arsenic corrilpand with the
duration and intensity of exposure. In the absence of high
sxposures such visks are minimal.

(3) The 1,500,000 population which is assumed ¢o be
at risk is grossly exaggerated and based on old 1964 data cited
in the 1975 NIOSH criteria document on inorganic arsenic. OSHA's
1376 Inflationary Impact Statement for the Inorganic Arsenic Stan-
dard {page A-42), estimated that there are no more than 7,000
enmployees currently exposed to inorganic srsenic at levels in
excess of ¢ nic:cgrams/ms. Indeed, the 1978 arsenic standarzd
calls for controls at 10 microqrams/ms. The nunber of deaths
expected annually by the Estimates Paper authors would be egui-
valent to the total number of workers exposed.

Further, although more than 40 attempts have been
made, arsenic when administered alone, has never been shown
to produce cancer of any type in test aninals, The only evi-
dence of an arsenic lung cancer theory comes frem epldemioclogy
studies: ". . . the relationship between lung cancer and arsenic
alone can technically be considered only highly suggestiyo since
other contaminants usually sulphur dioxide have also been pre-~
sent + « «+® (EPA, "An Assessment of the Health Effects of

WA NS IR WEE  Wew WENe Gy G MENE RS WES WIS O Wl Dee WD Y v see

Arsenic®, External Review Draft, 1978 (emphasis added).) Ani-~
mal studies have shown that both arsenic trioxide and sulphur

dioxide are primary irritants to the lung but not carcinogenic

c-2
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/ 2/
in animals. 1Ishinishi, et al. 1971% Laskin, et al. 1970.
Therefore, any estimates of lung cancer based on arsenic ex-

Posure alone are only speculative.

Epidemioclogic Studies .

Three reasonably good epidemiclogic studies have been
conducted on inorganic arsenic. Each supports the conclusion
that any cancer risk associated with exposure to inorganic arse-
nic is a2 function of thé duration and intensity of exposure.
Only very high exposures have been associated with excess can-
cers. The three studies are discussed below.

l. Allied Chemical Corporation's Baltimore
Pesticide Plant

A study, "Cancer and CUccupational Exposure to Arsenic,

a Mortality and Morbidity Study of Pesticide Workers,"™ by Mabuchi,
K., Lilienfeld, A., and Snell, L.M., from the Department of Epi-

denilegy at Johns Hopkins University, was completed in the first
week of September, 1578 and is now "in press”. The study analyzes
the total and selected causes of death in 240 former employees
who died between 1946 and 1977. '

The plant produced inorganic arsenic compounds from

at least 1919 until 1976, except that copper acetoarsenite

- 1/ 1shinishi, et al. *preliminary Experimental Study of Arsenic

Poisoning in Rat Lung,” at 191-196 in Environmental Health
Prospectus, Vol. 19 (1977).

2/ Laskin, et al. 1570 "Inhalation Carcinogenesis,” AEC Symposiunm

Series No. 18 (1970), edited by Eanna, M.G., Jr., P. Nettle=-
sheim, and J.R. Gilbert,

C-3

'AP00008885



.

(Paris Green) was last packaged in 1946. The peak of produé—
tion of arsenicals occurred arcund 1950.

Arsenic trioxide powder was the starting material for
producing various arsenical compounds, most of which were ulti-
mately used as insecticides. The arsenic trioxide was shipped
into the Plant by rail, unloadad, and storad in varicus locations
in the lot surrounding the Arsenic Acid Plant, where the trioxide
was reacted with nitric acid. The resulting liquid acid was
stored in tanks for production of other arsenicals, or packaged
for sales.

Adjacent to the Arsenic Acid Plant, a main three-story
structure, the "Insecticide Building”, was located, and it was
there that various arsenical insacticides were manufactured. Lead
arsenate was made by mixing lead-oxide suspended in water with
the arsenic acid in & tank on the top floor. The precipitated
lead arsenate ran down teo drum Adryers on the bottom floor. The
dried product was screened and then conveyed back to the third
floor for milling, packing and bagging. Production processes
for other arsenicals were similar.

Baefore 1952, hygienie control at the Arsenic Acid Plant
was allegedly poor and workers in that location often hcvclopcd

skin lesions (keratoses) and other gymptoms of arsenisnm, such as

»
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perforated nasal septa. In 1952, tha Arsenic Acid Plant was re-
constructed and improved personal hygiene practices including
dally showvers and clothing changes were introduced. Also, in

the 1950's a series of measures were taken to improve hygienic

C-4
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conditions in the Insecticide Building.

Mabuchi and colleagues estimate that the atmospheric
concentration of arsenic in the Insecticide Building was at least
1,000 uterog:ans/ns during the 1950's, and that in the Arsenic
Acid Plant prior to 1952 the highest concentratiens of arsenic
were at least 5,000 uicrogrlms/hs.

Allied Chemical had files available for all hourly
workers hired in 1946 or later and for all salaried employees
hired in 1935 or later. For some of those hired prior to 1946
and }955. respectively, records were incomplete. ©Of the 3,141}
persons employed between 1546 and 1974, 2,189 had been employed
for less than four months and, since it was not posliblg to trace
many of them, 441 (a 20% random sample) were folliowed up. HOw~
ever, of the ‘952 who were emploved four months or longer, all were

included in the follow-up study. Thus, the team of 441l who worked
less than 4 months, and the 952 who worked more, made a total of

1,393 subjects who were subjected to follow-up, 1,050 were males
and 343 females.

Por each person, the degree of expasure to arsenicals
was graded as "high", "medium” or "low". Those who worked in the
arsenic acld area and were near the “Insecticide Building” were
assumed to have had "high" exposure; maintenance and shipping
workers were assumed to have had “"medium”™ exposure and office
workers were assumed to have had “low®" exposure. Some "unspeci~-
fied production workers® were placed in a "possibly high" ex-

posure category. (In summary, ©of the 1392 records studied, 718
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were judged to have had 'higﬁ' arsenical exposure, 289 "mediunm”
exposure, 234 “"low" exposure, and 151 “"possibly hi;h' exposire:
(one person for whom records were missing was excluded}).

As for the ex-employees themselves, a surprisingly high
number of those known still to be alive were able to be contacted.
As noted, 240 of the 1393 were known toc be deceaased on the basis
Of death certificates which were available to the authors. Of
the 901 who were alive in 1977, 745 responded to a gquestionnaire
or gave an interviewy nearly 83%. Only 252 of the 1393 (18%) were
lost to follow-up, and of these 35 were believed to be deceased
but without obtainable death certificates. All of the 38 persons
who had worked for more than 25 years and more than 58% of the
-142 who had been employed for 5-24 years were traceable. . Even
among the 20% of those who had worked for less than four months,

76% were traceabls.
The statistically significant findings include an ex-

cess of deaths from lung, escphageal and lymphatiec cancers above

the expected numbers in Baltimore City. However, the number of
cases of escphageal cancer in these categories were fctually
only 2 (0.1 expected) and of lymphatic cancer also but 2 (0.2
expected). For respiratory tract cancer the figures are clear;y

more striking.

L4
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There were 13 cases of respiratory tract cancer {6.2
expected) among the 718 employees judged to have had “high” ex-
posure, another eight (5.1 expected) among 266 with "mediun” ex-

posure and 2 (0.3 expected) in a group with "possibly high® ex-
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posure. The excess is statistically significant at the 5% level
only for the "high" exposure group. The figure for expscted num=
bers were taken from the experience of Baltimore City. -

Analyzed as a function of date of initial employment,
there were 10 respiratory tract cancers (2.5 expected) in the
group employed prior to 1546, and 13 (8.8 expected) in the group
hired during the eight yvears between 1946 and 1954, Only in the
case of those hired before 1946 is the "excess above expected"
significant at the 5% level.

. Analyzed as a function of length of employment, there
were 3 cancers (1.6 expected) in the 5-24 years group but 9 (1.3
expected) in the 25-plus years group. This last, an observed/
expected ratioc of €.78, is a statistically significant excess at
the 5% level.

It seems reasonable to draw the conclusion from these
data that there is an asscciation between exposure %o trivalent
inorganic arsenic dust and respiratory tract cancer, and that
the association seems to have been dependent both upon duration
of exposure and especially, given the history of the plant, upon
the intensity of exposure. Eowever, the study does not demonstrate
any association between low level exposure to inorganic arsenic
and respiratory tract cancer. _

2. Asarco, Inc, Tacoma Washington Smelter

A second major report associating exposure te airborne
arsenic trioxide to lung cancer is that of Pinto, Enterline, P.E.,

Henderson, V., and Varner, K.0. (Environmental Health Perspectives,
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19:127-130, 1977), who reported on the causes of death among 527
men retired from work at a copper smelter at age 65 after an aver-
age duration of employment of 29 years (range 7-54 years). The
527 man cohort comprised those alive as pensioners on January 1,
1949, plus all who became pensioners in the 24 years until Janvary 1,
1973. All deaths were tabulated through December 31, 1973. Death
certificates were obtained on all who died.

By using the complete 3job histories available for 525
of the men and by performing a urinary arsenic determination in
1973 for each of the 1,000 persons distributed among 33 departments
in éh. smelter, the authors were able rather ingeniously to con-
struct retrospectively the exposure index that each man had ex-
. perienced during his working yeatrs. This was done by taking the

average urine-arsenic value for each of the 33 departments (as

observed in 1973) and by making the assumption that while the
magnitudes of exposure in all departments had changed over time,
the relative exposure between and among departments had been
approximately constant through the vears, Thus, multiplicatien
of the average urine~arsenic value for any department by the
number of vears that a man had worked in that department resulted
in an individual exposure index which had ne units, but which
served as a representative number for comparison purposass.
Another unique contribution of the Pinto article is a
graph of results of a study made in 1973 of 24 workers who wore
personal monitors continucusly for two f£ull days prior te their

regular work week, each day during the work week and for three

4




days following it. (Care was taken to avoid sating fish or other
arsenic-rich foods.) Daily urine samples were also collected '
from each of the men during the test period. The resulting data
show a straight line correlation batween airborne argcnic con=-
centration expressed as nicrogtams/m3 and urine arsenic concen~
tration expressed as amicrograms/liter. By good fortune, there
vere available to the authors some scattered air analyses made
during the late 1930's and early 1940's showing that the air-
borne arsenic level 1n‘that period was 5 to 10 times higher than
in 1?73. Thus, it is possible from the published data to approxi-
mate the concentraticon of airborne arsenic to which workers had
been expesed during the years around 1940 which was about the

time when 50% of the cohort's work experience tock place (actual
exposures 13%10-1973; middle £ifty percent of work experience
1928-1947}.

The results of the analysis by Pinto and his collsagues
show a3 definite relationship between arsenic exposure index and
death from respiratory cancer. The total number of such cancers
in the cohorts was 32 versus an expected 10,5, an SMR (Standard
Mortality Ratios) of 304.8, significant at the five percent
level. The following table from the article corrclat;s exposure
indices with SMR. If the indices are plotted against SMR on
arithmetic paper, the relationship is roughly linear. See
attached graph infra, at C-24,

-
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TABLE I o
OBSERVED AND EXPECTED RESPIRATORY CANCER DEATHS AND
SMR BY ARSENIC EXPOSURE INDEX

Exposure Index

Respiratory Cancer Deaths
(mean index) No. of Men secve Expecte SMR

2000 (1514) s 1 0.9 11l.1
2000-2999 (2513) 109 4 2.1 190.5
3000-5999 (4317) 205 11l 3.9 282.0+
60008999 (7473) 109 7 2.3 304.3+
9000-11999 (10,135) s 4 0.7 571.4+

12,000 (14,712) 29 S 0.6 833.3+

+ means p £0,08

The authors presented thalr data in another fashion in
the table below (see attached graph at C-25).
TABLE Il

OBSERVED AND EXPECTED RESPIRATORY CANCER DEATHS AND
STANDARDIZED MORTALITY RATIOS BY INTENSITY AND DURATION OF EXPOSURE

Intensity of Exposure
rg/liter urine DURATION OF EXPOSURE

(ms WEAN ome SEPW W Gea ey e e e —

& 25 year > 25 year

Obs. Exp. SMR Obs. Exp. SMR

50 - 199 2 2.1 9%.2 10 3.6 277,84+
200 - 349 4 1.5 266.7 8 2.2 363.6+

- + means p£0.0S

The information in Table IX is especially useful in that

it shows that while both intensity of exposure and duration of ex-

C=10
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posure to inorganic arsenic are determinants of respiratory can-
cexr, intensity holdiné constant for duration is » better pfcdic-
tor than duration holding constant for intensity. This tends to
eonfirm, with considerably more detail, what could be inferred
from the Allied Chemical gtudy cited above.

Furthermore, the information in Table II is very impor-
tant in that it provides an excellent basis for calculating the
airborne intensity exposure to inorganic arsenic that 1s necessary
tO0 generate respi;atory cancér. Each range of values for urine
arsgnic shown in the table corresponds to an airborne level range
and the latter may be found from the plot of the urine arsenic
against airborne arsenic which the authors constructed from their
above-mentioned 1973 study of 2§ volunteer workers,

Urine arsenic concentrations less than 200 micrograms/
1§ter correspond to airborne leveals of less than £ifty micrograns/
m .« However, it is to be recalled that measurements of airborne
arsenic made during the late 1930's and early 1940's were five
to ten times higher than those in 1973. Therefore, around 1940,
approximately the time when the middle fifty percent of the 527-
man cohort had its work experience, mininum airborne arsenic ex-
posures ranged frem 100 to 500 nic:ogrnms/ms. It is Elea: from
Table Il that persons with this past degree of exposure did not
develop respiratory cancer if they worked for less than 25 years.
One can, therefore, arrive at the conclusion that no individual
in the ecohort of retirees who developed cancgr had worked in an

exposure range of less than 100 micrograms/m and very many may

c-11
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3
have worked at exposures at 2000 micrograms/m or more.

3. Anaconda Copper's Smelter in Montana

In justifying its zecent rulemaking setting a permissible
exposure 11§1t of 10 nie:aqrans/ns. OSHA relied heavily on a 1969
8tudg_by Lee and Fraumeni {J. Natl. Cancer Inst. 42:1045-82, 1969)
reporting on the mortality experience of 9,047 white male arse~
nic trioxide-exposed smelter workers at the Anaconda, Montana Smelter
who had been employed there for at least one year prior to 19587,

The study reported that from January 1, 1938 to December
31, 1963, 1,877 deaths were recorded. Of these, 147 were deaths
£roﬁ respiratory cancer, a rate 3.3 times the expected rate in
Montana. This excess rate was said to be statistically signifi-
cant at th@.on;,porecnt 104;1. ’

The &ohort which Lee and Fraumeni studied was divided i{in-

to groups defined by length Of service as well as by intensity of
exposure. Exposure intensities were designated “"heavy®, “"mediunm”
and “light®*. The authors stated that "while measurements in work
areas may hava varied over time, it seems reascnable to assume
that thase three broadly-defined categories denoting relative
exposure reamain fixed.®" In fact, the mean arsenic exposures fron

1943-15959 wege given by the authors as !gllews: Beavy:lll.ooo

”

eyl wWed Ee end SUNN Ry oW g TOWY WISV Wo G DES ooy TEEM  BNEN A weeE e

miefog:aus/m Yo Medium (S80 nicrograms/m ) and Light (290 micro-

3
grams/m }. °Thus, the 1969 Lse and Fraumeni study fully supports
the analysis made by Pinto et el. (1377} and the conclusions which

were derived from it as described above.

C-12
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4. Summary
To summarize, discussion of three key epidemioclogie

studies of workers exposed to inorganic arsenic have shown that

any excess of respiratory cancer was associated with massive pre-
vious exposure, usually to trivalent arsenic trioxide dust, with
levels surely in excess of 250 nic:oqrans/ns, but ranging as high
as 11,000 nterograna/nz. Collected evidence has repeatedly fail-
ed to link low intensity exposure to inorganic arsenic dust with

excess cancer of the respiratory tract.

Present Day Occupational Exposure To Inorganic Arsenic

While the Estimates Paper states that 1,500,000 employ-
ees are exposed to arsenic, osa§ has concluded in its inerganic
arsenic rulemaking that the population at risk is only 660,000.
OSHA recognized that the much larger figure.(1,500,000), which
it explicitly rejected, is out of date and includes many indus-
tries which have discontinued arsenic use or which involve ex-
Posure to only organic arsenic compounds., OSHA exempted organic
arsenic compounds from its rulemaking because of an absence of
evidence suggesting such compounds have carcinogenic properties.
OSEA concluded: '

"4, Employment and Exposyre Figures

gnploynent in all industries directly or
indirectly involved in the commercial cycle of
arsenic is about 660,000 employees. About 70
to 75 percent of these are production workers
and, therefore, potentially exposed teo inorganie

arsenic. Hovever, a large number of emplovees
included in these ?Igures WOrk 1ih ATeas where ex-

posures to Inorgan C_Arsenicals are very low Or

c-13
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non-existent. Relatively few emplovees are
aIrect.. X Osea £O0 1lnorganic azsen:.gl 8e
Estimates o% the number of directly expased
enployees working in the affected industries

at any one time currently ranges from 1500-~1700,
for exposure levels of 0.1 mg As/n3 and above,
to almost 7000 for exposure levels of 0.004

ng As/m3 and above. Most of the exposed workers
are in the copper smelters {(especially ASARCO~-
Tacoma) and wood presarving industries, where
exposure levels are also the highest.®" Infla-
té:n:gy Impact Statement at II-8 (emphasis
added).

-
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1. Pesticide Plants

The major source of inorganic arsenical insecticides in
the United States during the twentieth century was the Baltimore
Race Street Plant operated by Allied Chemical Corporation from
1917 until mid-1976, when it was closed. It has since been vazed.
As was noted earlier in discussing the Mabuchi study, all of the
exXcesSS resplratory tract cancer was found in perscns hired prior
to 1946 and in those who had been egployed for more than 25 years.
While it is conceivable that a few scattered cases might becone
evident in the course of the next fifteen years (assuming a "latent
pericd™ of approximately forty years), the population from whieh
theae cases would have to come is already wall past middle~-age and
numbers only at the very most 300. It may, therefore, be flatly
'stated that no large contribution 4s going to be made by Allied

Chemical's former plant to any future pool of lung cancer in the

14

United States.

There appear to be only two operating arsenical plants
in the United States. These plants, which employ even fewer

than the ex-Allied plant, are owned by large and responsible

C-14
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corpoerations with sophisticated industrial hygiene departments.
One has 17 employees engeged in making arseniec acid from arsenic
trioxide; the other has 6 employees who deal with this material
which is used to produce organic arsenicals. 1t may be reason-
ably assumed that worker exposures havo’been minimized over the
last decade, at least. Pronmulgation of the recent stringent
Standard by OSEA which sets a parmissible exposure limit of 10
microgtams/m? will, of course, pbtain. Bearing in mind that
Allied’s ex=plant in the last forty vears appeirs to have gener-
ated an axcess of'cnly 9.3 respiratory tract cancer cases compared
wttﬁ Baltimore expected rates (or 14.5 excess cases if compariscn
is made with United Btates rates), it is clear that workers in
arsenical pesticide plants cuirently operating are also unlikely
to produce a large number of excess cancers in the decades ahead.

2. Smelters

At this time, the major industrial exposures to inorgan-
ic arsenic dust is experienced by smelter workers. The reason for
this is that practically all ores, especially copper containing
ores, are contaninated with trace amounts of arsenic ranging from
0.001 to 5.0 percent, occasionally more. In the Process of heat-
ing crude ores to the melting point, arsenic trioxid.,sublimesl
nmormentarily into vapor which nearly instantaneously returns to a
solid particulate when it meets with air.

There are at this time sixteen operating smelters in
the United States (43 Fed. Reg. at 15601). The largest smelter
and the one with the potential for the highest exposure is the

C-1%
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one operated by Asarco, Inc, in Tacoma, Washington. This ;: a
"custom” smelting facility which will smelt ores sent to it by
Qothcrs and it is not uncommon for it to deal with ores contain-
ing five parcent or more arsenic as an impurity. The Tacoma
smelter currently employs about 1,000 workers. Assuming, be-
cause the data are not readily avnilabic. that each of the £if-
teen remaining smelters employs a similar number of pecple, it
may ba stated that there are approximately sixteen thousand per-
sons employed in all of the smelters in the United States.

Lee and Fraumeni, whe studied the Anaconda, Montana
smeitor in 1969, alleged that employvees died of lung cancer about
3 times as often as could be expected on the basis of Montana

-state data. The ovarall risk ratic for the Asarco, Inc. smaltar
in Tacoma (Pinto, Enterline et al., 1977j was also about three,
and we know that this is very likely the smelter operation with
the highest exposure potential. If the experience ¢f the Asarce
Smelter is extrapoclated to other smelters in the U.S., the maxi-
mun nunber Of excess lung cancers they will generate within the
next twenty-five years can be estimated., In doing this we will
make the (unlikely) assumption that no industrial hygiene im-
provements have been made in any of these smelters in the past
twenty-£fiva to thirty years. ’

The Pinto, Enterline 1977 study discovered an excess of
22 respiratory tract cancers in 527 retirees of the Tacoma smelter
over & 25-year period ending in 1973. If this experience was rep~

resentative of the other smelters, (undoubtedly an overstatement)

C=16
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a total of 352 excess respiratory cancers occurred in all smelter
retirees in the quarter century between 1949 and 1974. Assuming
that the death rate for current workers continues unabated for
another quarter century (i.e. assuming that the cancer-praventing
sffect of the recently imposed ten micrograms/m standard will
not have an effect for 25 years, and, ignoring evidencs provided
by Pinto, Enterline et al. which strongly suggestlltunt respir-
atory cancer risk falls off after cessation of axposure even
after many years of chronic exposure), we may &t DOSt expect
another 350 deaths from respiratory cancer in the next 25 years
among smelter retirees. S0, on the basis ot‘cxlggerated assump—
tions, one might expect all U.S. smelter workers to generate up
to 14 excess respiratory cancers annually for the next 25 years.
"3. Other Exposures
Aside from plants that manufacture inorganic arsenicals
and plants that smelt ores, there are only 2 few other mazjor groups
who have occupaticonal exposure to inorganic arsenic. This includes
certain glass wo:kers'l and carpenters in Eawaii who work with
copperchromearsenate {(CCA) treated wood. CCA is a pentavalent

arsenic derivative which acts as a wood preservative.

l/ A recent telephone survey of highly placed technical exparts -

in the glass industry disclosed that of eight of the largest
producers of glass in the United States only one still uses
minimal quantities of arsenic trioxide at one of its small
plants, where, at the most, six people are potentially ax-
posed to arsenic trioxide itself. The survey alsc confirmed
that the absence of arsenic from the glass process has been
the case for from 8-20 years.

c-17
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A study entitled *Qancer Mortality Among Cnrpénter.
in Hawaii" suthored by Budy, A.M., and Rashad, M.N. of the Depart-
ment of Genetics and Cancer Center, University of Bawaii, published
in the DEPCA proceedings April, 1976, and submitted into the OSEA
Inorganic Arsenic heiaring record showed that the relative risk
for cancer among Hawaiian carpenters exposed to CCA-trcated
wood is not elevated. The control series comprised carpenters
who worked with non=CCA treated wood but whose axperience was
otherwise the same.

4., Summary

Our estimates of the maximum number of arsenic—-induced

cancers that the nation may expect to discover during the next

‘quarter century are set .out below.

tupy DEERF WG W W NN VT D e weae e
- .

Estimated Estimated
Occupation Egtimated No. of Total No. Excess Cancers
Exposed Employees Excess Cancers Per Year
Smelter Workers* 16,000 350 14
Arsenical Pesticide
Workers 323 4 0.16
Glass Manufacturing 6 probably none 0
Hawaiian Carpenteri 1,000 Q o
TOTALS 17,329 3s9 14.16

*This calculation assumes that all 16 present smelters continue to operate.
As of this date, one smelter has been at least temporarily shut down. The
calculation also assumes that all employees continue to smoke cigarettes
at the same rate as in past decades.

c-18
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Dbiscussion

Returning to the Estimates Paper, the following four state-

rents are made with vespect to arsenic, none of which are borne

" out by the facts:

1. The "Risk Ratio (R)" is *3-8",

2. The age-adjusted incidence [of Respiratory
Cancer] per 100,000 males age 20 or older
(I) is "131".

3. The Estimated No, of Workers Currently
Exposed (N) is *1,500,000".

4. The estimated number of annual cancers

attributable to arsenic [(R-1)NI] is
*3,%00~14,000".

Let us examine each of these in turn.

l. As given, a risk Fatio of "3-8" is misleading. The
source of the information is cited as Fraumeni, J.F, in the chapter
on Occupation In the book Persons at EHigh Risk of Cancer, Acadenic
Press, New York, 1975, pp. 167-184.

The figures are obviously based ultimately upon a study
published nearly ten years ago by Lee and Fraumeni (J. Nat'l Cancer
Inst. 42, 1045-1052, 1969) of mortality data from 8,047 workers
who were exposed during 25 years from 1938~1963 to arsenic trioxide
in the course of their work at an Anaconda Copper smelter in Montana.
As wvas described earlier, industrial hygiens measurements taken at
the smelter during the critical years 1943 to 1957 demonstrated
that workers were exposed 2o concentrations of inorganic arsenic
ranging from 290-11,270 micrograml/mz, nassive doses. The cohert

of workers exposed to the highest concentrations had lung cancer

C-19
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mortality up to 8 times the expected rate, while those exposed
£o the lower range of concentration had 2.1 to 2.5 times as many
lung cancers as would have been expected on the basis of all
Montana data. FPFor al]l of the exposed employees the rate of lung
cancer averaged three times the expected Montana rate. The por-
tions of the smelter where the highest exposures took place were
torn down at least 15 years ago.

The study by Pinto, et al. of retired employees of the
Asarco snelter in Tacoma, Washington, where ores containing up
to § percent contamination with arsenic were commonly worked with
demonstrated a lung cancer rate three times the expected. OSHA
conmented on the data of Pinto when they were first made public
at the Agency's April 1975 rulenaking bearing (43 Fed. Reg. at
19589), stating that it

"« o« ¢« is an excellent study and deserves

considerable credence. The study was based

upon careful follow-~up of a group of long-

term exposed workers. Exposure indices,

based on 1973 values, provided for a maxi-

mum utilization of the data. The consis-

tent dose-response relationship between

1973-based urinary arseniec levels and lung

cancer mortality strengthens the associa-

tion of the disease with worker exposures

to arsenic. Thus, OSHA accepts the overall

findings of excess lung cancer mortality

observed in the study."”

From the above, it is clear that the best number to use

L4

- for maximum "Risk Ratio"™ is 3; representing it as *"3-8" is un=-
warranted and misleading.
2. .The figure 131/100,000 which is given as the age-

-

adjusted incidence of lung cancer is attributed to Bridbord, K.

c-20

AP00008902



,
“Quipm o b ] [ ] [T P

et emwy Sk [ ] [ S [T S ) it meen S

(1978), New Horizons in Occupational Medicine, National Insti-
tute of Occupational Safety and Health, Rockville, Maryland.
This reference is available only in the form of a xeroxed paper
dated May 1, 1978. A telephone c£all to-Dr. Bridbord's office
Tevealed that the paper is an "unfinished draft® and has not
yet been published anywhere. Yat more astonishing is that Dr.
Bridbord's unfinished draft contains absolutely no mention of
any incidence data for any cancers.,

The conly mention of arsenic in 8ridbord's l6-page “un-
finizhed draft® is in some tables appended to it. One of these
tables is merely a verbatim copy of the table in Fraumeni's
bock referred tu above in which the "3=8" risk factor was given.
It is also notable that Bridbord's (i.e. Fraumeni) list of occu-

-pations invelving expesure to arsenic is also ocut of date.

0f perhaps greater significance iz Bridbord's Table 1I,
attributed partly to the NOHS, Vol. III, 1977, and again to the

same table in Fraumanl from which he had copied his own Table I,
as noted. Table 4% of the NOHS report entitled "Estimated Number
©of Persone Exposed Full or Part-Time to Occupational Carcinogens,*
specifically omits any mention of arsenic, though it does list
asbestos, benzene, chromium, iron oxide, nickel, petroleun dis-
tillates and vinyl chlofide. '

3. Table 1II of the document under consideration cites
in the colunn "Eatinmated No. of Workers Currently Exposed (N)}"
the figure 1,500,000 as the number occupationally exposed to
arsenic. NIOSE's 1975 Criteria Document is given as the reference.

C-21
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Perusal of the Criteria Document reveals, on the bottom
of page l4 and continuing on the top of page 15, the following

paragraphs:
"Some occupations which have or in the

the past have had tential exposures to
arsenic are listed %n Tabie X-2, {9) NIOSE
estimates that 1,500,000 workers are poten—
tially exposed to inorganic arsenic, includ-

ing arsine and lead arsenate.” {Emphasis
& el

The bracketed [$§] denotes raference to an l8-year old
document edited by Gefafer, W.M.: Occupational Diseases -- A
Guide to Their Recognition, Publication Ro. 1097. U.S. Department
of Health, Education and Welfare, Public Health Service, 1964,
pPp. 83-84. A copy of Table X-2 follows.

I-1
SCSS2ATTRNS SITE POTENTIAL AISTUL TXIROSTIT

santylens WTRALS {asacciside maiars

ucid dippars Jewalars

alley asikars lasd burnars

aniliss galor xakars lasd shot aaksrs

4ailiae workars lesd smaliars

Arsine warTkars “laashar wvarkars

Sabbiss 3acal workara “liza buraars

‘blasghizg powdar zakars “‘=acal elsazars

SeLlar aperaters seaval vefixurs

dzase askars “altresalliuloss mkars
bronza mazars oTs FRaltar wrkers
broasass srjanic chwmmical rymihasizers
cadaiya varkars “paiat aaiavs

castle 223 werikers Jaiacars

ehTatis aai2sl makars vpapar Jakars

esraniy aakars PACTRlONR Tiinery wariars
esypac amaltars ignast skars

dafelizne sppligscars gisscic warkars

dafolisnt mkars _plumbazs

idizachyl sulfacs sakars. < priacing iak werkers

dyn *
duml'r:st copper kars AmicoRlucsor cempound Aakars
Yalsszropls IM dip werkara

cullnlm .
Jesshars -ud.l askars

Saxa2asy soldayers

~faszesiliane weviers Suinariss werksrs

Sureiliser makars “oulfuris asid wavkers

firavoThs uakars , eamidernisss

salvaniszers ¥ taxcila prizcezs

gliss wmkars tisRers

pold amcrastoss ETse SPrEYess

old Taiinars tYPe sacxl werkars

Ssis vessvey smiara vatar veed contrallyes
Jhﬁm sakars weed sprayess

Aide prusarvers wood PLasaTvACivE SAkarY

OTLE asii WeTEATS Wood FTASATTELS
et L33 UmtnaCing us VOTKSES  vZiRe eblsride Naikars
fran Qafatar (3]
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It should be noted that Gefafer's work was intended
only to be a rough inventory of sorts and is out of date. _

4. This column in the Estimates Papsr is headed by
"(R~1)NI" which merely means that "R®" (Risk Factor) minus one,
multiplied by *"N* (Estimate Number of Workers) and by ®I" (Age-
Adjusted Incidence per 100,000 males 20 vears) yields a figure
for the number of expected cancers each year. We f£ind that the
column lists 3,900 - 14,000 as the annual expected number of lung
cancers due t0 arsenic. This figure is without any reasonable
supgort for the reasons discussed ahove.

In summary, we have shown that to project a factor even
as high as 3 over the next 25 years is probably unwarranted. We
have shown that the Estimates Paper failed to document the figure
131/100,000 as the age-standardized incidence rete for respiratery
cancer, and we showed that the figure for estimated number of
workers currently exposed is inaccurate.

Finally, from an analysis of those occupations where

dangerous exposure to incrganic arsenic has existed, we have

dencnstrated that the number of arsenic-induced cancers to be
expected annually during the next quarter century will be no more
than 15 because we have weighted every assumption in such a way

as to maximize the expected number.
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RELATIVE RISK (SMR)

RELATIVE RISK OF RESPIRATORY CANCER DEATH
BY INTENSITY OF ARSENIC- EXPOSURE
AND BY DURATION OF ARSENIC EXPOSURE®*

Arsenic
Exposure —
8 Index EE
B 50=15§%
B 200~349
7 0 350+
é
5
4
3
2
1

LESS TEAN 25 YEARS 2% OR MORE YEARS
DURATION OF DGRATION OF
EXPOSURE EXPOSURE .

*PINTO, $. $., ENTERLINE, P.E., HENDERSON, V..
AND VARNER, M.O.
Environmental Health Perspectives 15:127-130,

1877
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APPENDIX D

Comments on the Estimates Paper :
With Respect to Chromium R

-

Review of the estimates and the rationale for project-
ing an incidence of 7,900-16,000 new cases of :ospi:atorf tract o
cancer incurred annually from exposure to chrome and its compounds
reveals serious flaws, which are enumerated balow:
©1} The risk estimate is based on studies of workers
heavily exposed in the 1930's and possibly 40°s in the nanufacture
of chromates from chrome ore using the alkali roasting process.

Such exposure conditions no longer exist anvwhere in the vestern
world.

2) The estimate of population includes workers not
shown to be at risk: for example, those engaged in refractery
nanufacture, in the use of trivalent chromium pigments and the

use of trivalent compounds in the tanning industry.
These two points are discussed below.

The Risk Estimate

1
The report cites Enterline's analysii'/ot a cchort of

1,200 workers in three chromate producing plants in the late
1930's. In this study Standard Mortality Ratios (SMR) for lung

cancer steadily decreased over the peried of observatién:

ars !“ . -
1941-1945 2909
1946-1950 1570
1951~-1955 792
1956-1960 475

1/ Enterline, Phillip E., "Respiratory Cancer Among Chromate

Workers,” Journal of Occupational Medicine 163 523-52¢
(Avgust 1974). - .
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Conditions in these plants improved considerably over the period
through 1960 and have since improved. Enterline states in his
discussion:

*"The 0ld chromate producing plants upon
which the Anerican epidemiologic data are based
have now been either dismantled or completely
rebulilt. .-For those plants that renmain, it is
probably too sarly to f£find out whether changes
nade have completely aliminated excess respira~-
tory cancer."”

Additional confirmation of a pattern Of decreased rigks
over time was found in a studI conducted by Allied Chemical on
active and retired employees, and reported in the NIOSH eri-
teria document for Chromium VI.z The study presents SMR's for
lung cancer mortality for workers at the Baltimore Chrome Works

‘beginning at different tine pericds,

Years
of
rirst Employment SHR
1932-1941 €80
1942-1951 480
1982=1961 160 -

1961~1974 £10¢ {no cases observed)

The authors concluded that a significant downward trend has occur-
red. This trend accompanlessa reduction in dust exposure leveals

over the years at the plant,

»

1/ Bill, W.J., peport submitted to NIOSH, 1974,

2/ Criteria for a Recommended Standard - Occupational Exposure
to Chromium (VI}, U.S. Dept. HEW, NIOSH (1978), p. 73.

¥ 1.
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- The most teceﬂt revision of this seudy{ now in press,
confirms that no cases have been observed after three additional -
years of follow up. A cohort study commissioned by Allied to
the Johns Hopkins Dnivcrsity School of publie Hoalth, for employ-
ees wvho entered the work force on and after 1945, shows an SNR
of about 200 for those employees in the 1945-1550 cohort, with
Progressive declines thereafter. The post~1960 cohort, with
essentially complete follow up, confirms Bill's cbservation of
no reported cases, even though at leazt one might bave been ex-
pected from Baltimore vital statistics.

The inappropriateness of applying a relative risk of 5,
as does the Estimates Paper, to the population at risk of chromium
exposure is further shown by a fecent tlpOttz of chrome pigment
workers. In this report by Davies, no excess risk was seen
anong persons with "low exposures®” in two factories (exposure
dates 1932-1954 and 1948-1967), Nor was excess risk found over
all exposure strata in a cohort of workers employed during 1955-
1867. Again, some excess respiratory cancer was found among men -
with early and heavy exposures; but even here the risks were about
2-3.

1/ Hayes, Richard B., "A Study of Chromate Production Workers,"
1978 PhD (Epidenmiology) Thesis, The Johns Hopkins University,
Baltimore, Maryland (1878}.

2/ Davieg, Joan M., "Lung Cancer Mortality of Workers Making
Chrome Pigments,” The lLancet, i, p. 384 (February 1B, 1978).
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The Population at Risk
Table 2 of the Estimates Paper indicates that 1.5 mil-

lion workers are currently exposed to chromium. It should be noted
that the source docun-ntl lists only 16% of these jobs as repre-
senting any exposure of four or more hours per day.

Furthermore, ameng the 1.5 million exposed workers are
a2 sizeable number of persons not exposed to those chromium com=
pounds considered to be carcinogenic. The table below, extracted
from Table XI-4, page 191-193, of the NIOSH criteria document on
Chromium (VI) shows that not all Chromium (VI) compounds show evi-
dence of carcinogenicity. Solubility characteristics served as a
major basis for classifying the inferred categories.

TABLE I

NIOSHE CHAROMIUM (VI) CRITERIA DOCUMENT = 187%

Inferved Noncarcinogens
{ova text Car dasis fer

Pvident Noncprgipcgens jpterences) Evident Catcincgens Inferred Carcinogens
Sodium Wichromats Lithiuva bichvomats Caleivm ehromate (3,5, Alkaling sarth chromaca
[33, LS Levy, writtes Lithium chromste 13,33,41,90,93,9%, and bighromata
soaminicgting, 1975) Pocassiva bichramats 9=-102,107,119, LS’ Chromyl chloride
Sodium chromats Fotazaium chromsts Levy, writcenm t~Jutyl shromaca
{LS Levy, wricten Rubldium kichromsce commmestion, 1975]) Othar ghromium(Vi}
commynication, 1975) Jubidium chromste Sintered ¢uledvm saterials not lisead
Chroniun(¥1) sxide Casium bichromate chromats [108) in thig tadle
133] Cevium ehromate Alkaline lime veasting
Amomius bichromate process residue (13)
Asmonium cheomate Zing potassinm chro-

mats (88,39, LS Levy,
writtes cammynication,
19783

Lasd chromace {68,89]

Wag Sew W Gme EEe e By M WEe AN O PR ey Bl BNy W e g e

1/ National Occupational Hazard Survey = Volume III, Survey
Analysis and Supplemental Tables, U.S5. Dept. HEW, NIOSH,
P+ 280 (December 1977).

D~4¢
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This table pertains only to hexavalent chromium. Anong the other
forms of chromium, not all compounds are thought to be carcino-
genic. Yet the population represented asz at risk includes per-
sons with exposure to those materials rot shown to have any in-
creased risk of respiratory cancer.

In summary, the estimated number of deaths from chro-
nium is not accurate because the risk ratio used is not appli-
cable to present-day exposures and because the population consi-
dered at risk is inflated by the inclusion of persons exposed
to forms of chromium which are not carcinogenic. The only work
groups ever shown to have been at excess rizsk are those involved
in manufacture of chromates before 1960, and certain heavily ex-
posed workers in the piqmont<in;ustry. All told, these two: in-

dustries account for no more than about 2000 workers in the

United States today.
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APPENDIX E

Comments on the Estimates Paper
With Respect to Nickel

The Estimates Paper has predicted an annual respiratory
cancer fregquency of 7,300 cases per year from nickel oxide expo~
sure. This number is obtained by ualng'the NOHS estimate of 1.4
million people potentially, inferred, or actually exposed to nic-
kel oxide in U.S. workplaces; a visk ratic of 5 for an excess risk
ratio of 4; and an incidence rate of 131 per hundred thousand man
years over the age of 20. These three numbers multiplied together
give an estimate of 7,300,

. The basis for considering nickel oxide carcinogenic
comes from a number of papers published in the past. The two
major papers are those by Doll, «in BEngland, whe studied mortality
experience of workers from the South Wales nickel rcfine:yl end
Pedersen who studied Norwegian nickel refinery worke:s;z

However, more recent studies by Bernacki et al. (see
Supra, at BE-53) have shown no increased association of nickel with

lung cancer among workers exposed since WW IIX.

The Doll Stud
Doll demanstrated that the workers, who worked in the

South Wales nickel refinery and were exposed to the process of
ealcination of impure ﬁickcl copper sulfide to nickel copper

1/ Doll et al., "Cancers of the Lung and Nasal Sinuges in Nickel
Workers,” Brit. J. Cancer 24:1623-632,

2/ Pederson st al., "Cancer of the Respiratory Ovgans Anong Workers

at a2 Nickel Refinery in Norway,"® Int. J. Cancer 12:32-41.

E~1
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Q?id.) had a high incidence of lung cancer and thasal sinus can-
Cer. He demonstrated analytically that these high risks occurred
only in men who were exposed prior to 1930 and did not occur in
men who were initially exposed between 1930 and 1945. Mortality
was followed up through 1971.

Marked excess of nasal cancers were found in the work-
ers hired before 1930, where 56 to 58 cancers wers jidentified but
only «2 ware expected, No workers whose initial exposure occurred
after 1924 have died of nasal cancer. This is an important cut-off.
For, in 1924 cotton masks were introduced to provide personal pro-
tection. These were particularly effective against the large
particles which would otherwise be deposited in the nose. They
were accepted by a high proportion eof the men. It is reascnable
to conclude that the introduction of this protective measure

essentially eliminated the risk ©f nasal sinus cancer in thess

workers.

tung cancer had alsc been indicated as a high risk in
these workers in their early years. These risks continued through
193¢ when new processes were introduced in the plant. Within the
group of workers hired before 1%30, 137 lung cancers were observed
and 22 expected for an observed to expected ratio of 6.2. EHow-

ever, only 8 cases have been observed in the 205 men hired since

1929, while five and one half cases would have been expected.

e Pedersen Stud
The second study by Pedersen in Norway in 1973 studied

the mortality experience of nineteen hundred and sixty men hired

£-2
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Prior to 1961 who had at least three yesars of erployment in the
nickel refinery between the years 1953 and 1971. The mortalicy
experience was followed through the end of 1971. 1In his entire
study, he found an overall observed to expected ratic for all
respiratory cancers of 5.6 and for lung cancers, of 4.8, The
difference is primarily affected by the number of nasal sinus
cancers in roasting, shelting and electrolytic processing in-
dividuals. Reviaw of these records indicated two cohorts of
workers: those hired prior to 1940 and those hired after 1945
thrpugh 1960. (The plant was closed down during the war years
of 1940 to 1945,) The overall mortality rate from respiratory
cancers for the first cohort showed a relative risk of 8.75
and for second cohort of 4,0, *~

The second cohort should be meparated out into those

hired before 1950 and those hired after 1950, for major process

chenges were introduced then which greatly reduced the fume and
dust exposure, Unfortunately, the cohort was split at 1955 in-
stead of 1950. Despite this, they have demonstrated that even
within that cohort those hired subsequent to 1955 had a lower
risk than those hired before 1955. The data is not geparated
appropriately nor probably of sufficient extent to d;tormine

if the excess visk continued significantly past the time of the

new process changes.

Presant Data Measured Against Estimates

= =AY

The Estimates Paper does not consider the aumber of

nasal cancers that might now be attributable to nickel expesure.

E-3
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However, extending its logic should produce an estimate consis-
tent with available data. It does not.

Doll's report indicates 40t as many nacal sinus cancer
cases as non-nasal respiratory cancer cases in the nickel
wc:kgro. Pedersen’s report indicates 26% as nany nasal cavity
casoi as non—-nasal respiratory cancer eisos in nickel workers.
Thus, it can be estimated that if 7,300 non-nasal respiratory
cancer deaths annually can be attributed to nickel exposure,
then [{26-40%) of (7,300}]) or 1900-2900 cases of nasal cavity
cancer death (page 37) can annually be attributed to nickel
exposure. This estimate, however, well exceeds the total U.S.
annual nasal cavity cancer incidence of ibou: 800 cases as
listed in the Third National Cancer Survey and would indicate

all nasal cavity cancers are attributable to nickel exposure,

ignoring the other considered causes such as chromium, wood-
working, furniture industries, and non-industrial agents.

The Estimates Paper 4id not include nasal cancers in
its projections. 1In neither of the cited references is a
nasal cancer found in & worker whose exposure began recently.
In Doll's study, no case was found in a worker beginning after
1924, and in Pedersen's study, no case was found in a worker

beginning after 1940. The authors of the Estimates Paper thus

[ 4
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probably concluded that at current ekpesures the risk might be
negligible. Similar logic, however, was not carrisd over to
observe the concurrent marked reducticon in lung cancer risk.

Recent work on U.S. workers exposed to nickel since Ww I

AP00008216



& i

————

e gt Wl WA TS PRTRR RSER aae

1
has found no increased association with lung cancerﬁ"/

1/ Bernacki et ail., *Inveatigation of Exposure to Nickel and
Lung Cancer Mortality:; Case Control Study at Aircraft
tngine Factory," Ann., Clin. Lab. Sci. B(3):190~-194, 1378.

E~5
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APFENDIX F

Comments on Estimates Paper
with Respect to Fetroleum Distillates

To estimate the lung cancers attributable to Polynuclear
Aromatic Eydrocarbons (PNA) sxposure, the Estimates Paper inmp-
propriately hpplics the relative risk of various cochorts of coke
oven and gas workers to a wide variety of workers presently
exposed ¢0 FNA's. The 3,500,000 workers estimated by the
NIOSH survey to be exposed to FPNA's are employed in approx-
imately 30 industries, including tranaportation egquipment,
ruktber, petroleum workers, and the printing anéd publishing
industry. The exposures in the;o industries are Qory
different from the exposures of coke oven and gas workers.

In addition to PNA's, coke emissions are composed of such
chemicals as arsenic, aromatic amines and ammonia, some of
which themselves have been implicated as carcinogens. To use
such risk estimates for all werkars exposed to PNA's is to
misuse data.

The difficulty in applying relative risks from ons
industry to another may be highlighted by the differences in
the relative risks of different subgroups in the same cohort
in the same study. See Table 1 below for a list of relative
risks of respiratory cancer in different subsets of Redmond's .
coke plant cnhort.l/ Note that eonly in workers working at
coke oven gites is the rigk higher than 3.0,

1/ See Table 1 for reference.
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Table 1

Relative Risk of Respiratory Cancer®

Work Site Ever Emploved Emploved S vears or More
Coke Plant 2.01 . 2.09
Coke Cven 3.31 3.67
Non=0ven 1.01 0.5

*Redrond, C.K. Epidemiclegical Study of Cancer Mortality in
Coke Flant Workers (1976). 7th Conference on Environmental
Toxicology, Dayten, Ohie.

. The relative risks derived from Menck and Bende:senl/
should be viewed with caution. The county studied (Los Angeles)
is known for having had unusually high polliution levels. Even

.though there may have besn an occupaticnal component  to the

o WES wey WUl Wag Wy DuN  sug s
.

deaths, these rates should not be selected for extrapolation
across the entire United States. In addition, the study is a i
cross sectional study and not a cohort study. Tha strongest
conclusions that can be derived from studies with such a
design is that certain factors are associated.

Data from other studies in the literature are more
applicable to industries composing the exposed group. Taber-
shaw=Cooper Associates did a cchort mortality study of 10,163
petroleun vorkers.? Their conclusion was that although

mortality from respiratory cancer increased with increased *

3}/ Menck, E. and Henderson, B.C. 1976 ~ "Occupational
Difference in Rates of Lung Cancer,” Jocurnal of Occupational
Medicine, 18, 757-801. -

2/ Gaffey, W. “An Epidemiclogic Study of Petroleum Refinery
<  wWorkers," a study performad by Tabershaw-Cooper/Associlates.
for the American Petrcleum Institute.

F=2
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exposure, the observed mortality was nevertheless below the
expected value in the high exposure group. Further, Lloyd,
Decoufle, and Salvin'sl/ proportionate mortality analysis of
2,604 deaths in the printing i:{dust:y,zound a non-significant
incraase for cancer of the lung and bronchus.

In short, it is incorrect to apply risk factors
associated with high-risk PRA~exposed workers to all workers
with PNA exposure.

.

1/ 1Lloyd, J. W., Dscoufle, P. and Balvin, L.G.,"1977 Unusual

Mortality Experience of Printing Pressmen.” Journal of
Ogeupational Medicine, 19, 543-550,

F=3
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APPENDIX G

Corments on the Estimates Paper
With Resoect to Benzene

The estimate of the number Of cases of cancer due to
benzene exposure has been based on the gtudy by ;ntante‘ggig;-,
of the leukemia experience of scme of the workers in parts of the
two Pliofilm plants in Ohio in 1940-49.;/ Infante éeportod seven
cases of leukemia of two different forms among 746 workers. As-
suming this had been ean appropriately designed study, it would
have indicated nn_lpproximlte four=-£0ld excess relative risk of
leukemia among the workers (confidence range of 0.2 to 7).

. This study, however, suffered from a number of major
Yesign problems that diminish its value as an estimate of
‘leckemia risk from benzene exposure. Firstly, the identifica-
tion ¢f the seven cases was already known prior to the final

2
formulation of the study and, in fact, had been published in
the local newspaper before any analysis had been performed.

Further, only part of the group exposed to benzene at this in-
dustrial site were included in the study. The study reported

seven cases among 746 workers, but did not report the fact that

i/ 1Infante et al., "Leukemia in Benzene Workers," The Lancet
76=-78, July 1977.

2/ "In evaluating reports in the medical literature of the -

excessive incidence of any given disease, particularly

when the authors possess beforehand reasons to anticipate

or suspect an excess frequency of that disease, over-

estimation due to the incentive feature may creep in."

Jandl, J.BE., "A Critique of EFA's Assessnment of Health

Risk Associated with Atmospherie Exposure to Benzene,*

December 2, 1977, P. 3 (submitted to EPA and Env. Health

Comm. of the Science Advisory Board, December 9, 1977).

G-1
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there were no cases among the 404 other workers in the plant.
Had the total working popula:ion at that time (1,152 workers)
been included in the study, the statistical significance and
the measurement of the excess would have besen markedly dimin-
ished, '

Another major problem is that the study presents mig-
leading information on the amount of benzene present in the
occupational exposure. The study states that the levels were
generally between zero and 10 to 15 parts per millien. However,
reports from the Ohic State laboratories at the that time in-
dicated levels of 500 parts per million at places where workers
were known to spend & considerable amount of time. In additicn,
reports at that time, and subseguently at hearings, have indi-
cated that the amount of benzene contact at the plant was suf-
ficient for a worker's clothing to still be drenched with ben-
Zene when he returned home, direct body contact with benzene
liquid was quite frequent, and that containers of banzene very
frequently were open and fully exposed to the atmosphers. This
amount of exposure is considerably different from zere to 10-15
PPR benzene which was detectable at that time only with very
technically sophisticated egquipment. Therefore, not only is
the relative risk of leukemia artificially exaggerated within
this population, but the level of benzene sxposure is markedly
underestimated, thus v;ntly increasing the apparent risk of
lougpmla from a specific dosage.

Purther, analysis of the leukemia cases in these two

G=-2
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clusters indicate that the cell-type distribution is Quite simi-
lar to that which would be expected in a population who died at
the ngcs'these cases did. Were there to be a specific cause of
a specific type of leukemia among the population, one might assume
there would be an axcess of one spccizic type of leukemia whieh
tho‘authorz do not claim. Thus, the very study uvpon which the
national estimate of benzeane-induced leukemia has been based is
seriously flawed in terms of all of its specific and essential
components.,

Additidnally. the last of the six pertinent deaths
reported by Infante, et al, occurrad in 1961 in an individual
exposed in the 1§4D's. Unmentioned is the fact that no leukemia

deaths since 1961 within the United States attributable to occu-

pational exposure- to benzene- -have been reported in the medical

literature. Surely, if there is any validity to the Infante
study implication that workplace exposures to 10 ppnm cf benzene
or less can produce leukemia, we should have had reports of sev—

eral such cases in the last 17 years.

'AP00008923
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APPENDIX H

Comments On Estimates Paper
With Respect To Vinyl .Chloride

Table 1 of the Estina:-s Paper lists vinyl ehlo;lde as‘ et
e chenical associated with cancer induction in man and shows the
target organ to be the liver with 1ndiéat1vo evidence of the in-
duction of brain and lung cancer as well. Further, the table
sstimates the number of employees at risk from vinfl chloride ex=-

posure at 2,200,000. The available data suggest 3 reexamination

, ©f thege statements.

While vinyl chloride (VCM) has been shown to cause
cancer of the liver, the evidence for the involvement of other
organ systems is so weak that only cancer of the liver can be

used in attempting to assess the carcinogenic hazard of VCH ex~

. posure. There are indications of an excess of brain cancers in

enployvees exposed to VCM, but the most complete epidemiclogical
study of vinyl chloride workers, Epidemipological Study of Vinyl

Chloride Workers, Final Report, prepared for the Manufacturing
Chemists Asscciation by Fquitable Environmental Health, Inc.,

January 1978, casts serious doubt on any causal relationship
between VCM exposures and brain cancer. It reports a total of
12 brain tumors, but shows no apparent relationship with maximum
exposure or total integrated exposure. Additionally, only four
of the 12 brain tumors were confirmed by autopsy or craniotomy,
leaving the distinct possibility that some of them may have been
metastatic tumers from unknown sites or other non-malignant space

occupying lesions.

AP00008924



The evidence for lung cancer is similarly unsettled,
In a recent epidemiolegical study, An Epidemiologic Investiga-
tion of Lung Cancer in e Multixenobiotic Occupational Environ-
ment by Richard J. Waxweiler, doctoral dissertation (Epidemiology)
University of North Carolina, Chapel Hill, N.C. 1978, Waxweiler

£inds an association between polyvinylchloride (PVC) manufacture

and excess lung cancer, but makes the association with PVC dust
rather than VCM, thus casting doubt whether this excess, if real,
is caunsed by exposure to the monomer, to mechanical effects from
the polymer, the polymer itself, or the soap-like materials which
commonly coat PVC particles.

The assoclation between angiosarcoma of the liver and
- VCM exposure seems unequivocal. - It is, however, noteworthy that

in the 2% cases which have occurred in the U.S. and the additional

45 which are reported elsewhers in the world where information
is available, there has been in each case the opportunity for
repeated exposures to high levels of VCM. That is, in each case,
the employee had been associated with the cleaning of reactor
vessels or other operations which uoyld occasion cxposuris to
Bhundreds and sometimes thousands of parts per million (ppm) of
VCM. No cases are reported in employees who worked enly in those
parts of the PVC manufacturing and distribution process where ex-
posures are commonly much lower, that is, regqularly below to 50
PPRe.

It would seem then, that the population at risk of liver

cancer trdh ekpesurc to VCM is no greater than the peopulation en-

B~2
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gaged in the manufacture of VCM and its polymeriza;ion to PVC,
This population is a relatively small one, It is estimated at
approximately 2,300 employees for VCM and 5,000 employess E;r PVC
in the zrecent Foster Snell survey {(contained in AIEC testimony
at the OSHA hearings). The NIOSH estimate of the number of em-
Ployees involved in PVC énnu:a:tute in 1974 is 4,040, Engineering

Control Technology Assessment for the Plastics and Resin Industry,
March 1978, NIOSH Publicstion 78-159. These two estimates are in

Close agreement and surely the total number of employees occupa-
tionally exposed to VCM, either in the manufacture of VCM or its
polymerization to PVC, does not exceed 10,000 in the U.S.

This nunmber of 10,000 stands, of course, in sharp con-
trast tc NIOSH's estimate of 2.2 million persons exposed. The
difference is made up of those persons who are employed in the
molding and/or fabrication of the PVC resin into the ultimate
end product. This group is s0 wide and diverse that there has
been no thorough epidemioclogic study, but a substantial effort in
studying this group was made by Chiazzi and Nichels and reported

in the Journal of Occupational Medicine, Vol. 19 No. 9, September
1977, pg. €23. This study examined the death certificates on

4,341 deaths which occurred among former employees of 17 PVC
fabricators during the period 1964-1573. WNo cases of angiosarcoma
were discovered.

Thus it appears that the one clearly identified human
risk from VCM exposure is sngiosarcoma of the liver and that it

has been observed only in exposures arising f£rom the manufacture

B-3
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and polymerization of VCM and not from the subsequent fabrica-

tion of the polymer into the end use products. It would appear,
then, that there should be serious doubt about the usefulness

of NIOSH's estimate of 2.2 million as the number of employees at .
risk and that unless future data indicate othervwise, the correct
number of persons at risk from VCM exposure is not more than

1¢,000.
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APPENDIX 1

Comments on Appendix A
of the Estimates Paper

A fundamental assumption of the Estimates Paper s

that for a given exposure cohort, the increased relative risk

. due to that sxposure is constant for th‘ rest of the lifetime.

Appendix A was attached to the Estimates Paper in an attempt to
provide the theoretical justification for that assumption.

Bowever, Appendix A misinterprets data and develops

" an analytic explanation irrelevant to the assumption.

The Agpindix provides an sxplanation for why the in-
cidence rate for exposed cohorts reduces toward that of un~-
exposed cohorts upon withdrawal of some exposures but not of

others. The relative risk of luyng cancer in ex-smokers (rate

.for sx=-snoker relative to that for non=-smoker of the same age)

Teturns toward "l1" about five years after cessation of smoking,

‘but the relative rizk of mescothelionma (rate for formerly asbesg-

tos-exposed worker relative to never~exposed worker of same
age) does not approach "l1l", although both cancers have latency
periods that exceed twenty years.

The Appendix, using a multi~stage model of cancer
development with some exposure (dose)-dependent stages, develops
an explanation. The twenty-vear latency periods indicate that
scme exposure-dependent stages occur early in the development
of cancer (some twenty years prior to the appearance of cancer).
The lack of a reduction in incidence rates with subsegquent re-

duction of exposure in that eohert indicates that the rate~-

I-1
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limiting steps in the later stages of the cancer development
are not exposure«dependent. Asbestos exposure may only be
necessary for induction of early stages in the development
of mesothelicmas. On the other hand, cigarette amoke may
pare}cipacg not only in the early stages of cancex develop-
ment, but alsc in some of the penultimate stages. Thus,
cessation of smoking may lead to e return of incidence Tate
to that expected of non-snokers because the cigarette smoke
is not present to participate in those £inzl stages. This is
conqeptunlly what the Appendix deals with.

Further explanation of the theoretical support for
the assumption is unnecessary, for review of some of the data
-referrved to demcnstrates -the latk of generalizability of the
assumption throughout the area of occupational carcinogenesis.

The assumption holds that for a given exposure

level and a given target cancer, the incidence rate in the

exposed group will be a constant multiplier of the incidence - l
rate in the unexposed group of the same age or observation
peried. This model is demonstrated in figure 1 and figure 2. i
Bapsure Dose l
4 units
3 units
2 units . '
1 mnit I
Incidance
Rate zero
{ro exposurs) I
Figqure 1

s o 15 20 25 30 35 40
Age or Period fram Exposure
I=2
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Brosce Dose
4 , 4 mmits
m 3 wnits
Rate 34 .
{Relative to ‘2 units
Dnegosad) .
27 . 1 it
14 zarc
Figure 2

1] 5] 13 i ¥ |
10 15 20 25 30 35 40
Age or Pericd frum Bxposure

-

A review of some of the data cited will demonstrate
tho'innpplicability of the model.

Figure 3 (infra, at I-5) shows Selikoff's data on the
observed and expected risks of lung cancers (3A) and of the
relative risk in asbestos workers (3B) and the risk of mescthe-
liomas in asbestos workers (3C). Selikoff's work supports that
of Newhouse and Berry in prediecting a current markedly increas-
ing risk of mesothelicma in WW II workers exposed to asbestos
{3C}. However, analysis of his data on lung cancer shows that
the lung cancer rates ©of these workers has leveled and that the
relative risk, some 35 years after exposure is rapidly dropping.
For neither mesotheliomas nor lung cancers in asbestos workers
is there evidence of a constant multiplicative relative risk.

. In fact, the evidence is' to the contrary. Assuming a constant
telative risk of lung cancer over the next twenty years for
this cohort based on its current or recent lung cancer experi-

ence will greatly magnify the risk and is definitely not

'AP00008930



congservative.

For nickel, the evidence from Doll's papers is that
the relative risk for lung cancer and for nasal sinus cancer
cancer have significantly fallen for successive cohorts over
the decades following the reduction in hazard contrary to the
Estimates Paper statement on page 3 of Appendix A. Doll does
not give sufficient data to examine the bshavior over time of
the relative risk within each cohert. However, Pedersen dces
for the Norwegian study.

Psdersen's data analyzed by cchort shows that for all
four'oxposure cohorts, neither singly nor collectively does the
"relative risk for lung cancer remain constant for the rest of
the lifetime® {under observation). The relative risk for nasal

cancer does appear to be constant for the 1930-40 cohort but not
for either the 1910-29 cohort nor the entire group, With the ex-

ception of the nasal cancers in the 1930-40 cohort, none of the
cohorts demonstrate a congtant ralative risk thoughout the period
of observation. Contrary to the statement oflthe Appendix, the
Norwvegian study demonstrates a marked drop in the relative risk
of nasal cancsr from 67 in the cohort preceeding the 1950 reduc-
ion in exposure to zerd in the cohort succeeding the reduction
and for lung cancer similarly from 4.5 to 2.5. See Figure 4B

. infra, at I-6. .

Thus, the two examples of occupational ecarcinogens

given in Appendix A do not support the Estimates Paper assump-

tion of a constant relative visk.

1-4
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+ Mewhousa, K. and Berrzy, G.. Predictionsy of Mortality from Mescthelial Tumars in asbestes
Factory Workers, 3.J. Ind. Med. 3. 147-131 (1976).
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ESTIMATES OF THE FRACTION OF -
CANCER IN THE UNITED STATES -
RELATED TO OCCUPATIONAL FACTORS

Prepared by:
National Cancer Institute ’ -

National Institute of Envizonmental Health Scienccs

National Institute for Occupational Safety and Bealth

Contributers (alphabetical orderx):

Renneth 3ridberd, M.D., NIOSE
Piarre Dacocufle, 'Sc.D., NCI
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Robert N. Boover, M.D., Sc.D., NCI

v David P. Rall, M.D., Ph.D., NIEHS, Director .
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Marvin A. Schneiderman, Ph.D., NCI
Arthur c. .Upten, M.D., NCI, Director

-
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S{te
MOST LIKELY
Lung
Bladder
Liver, gall
bladder &
biliary
passages
Lymphama
& Myltiple
Myeloma
Melanoma
SubtotaTl
LESS LIKELY

‘Intestines
& Rectum

Pancreas
Subtotal
GRAND TOTAL

INCIDENCE OF MAJOR CANCERS POSSIBLY INDUSTRIALLY RELATED
WHITE MALES

AGE ADJUSTED (1970 U.S. POP.) PER 1n0,000
Proportion Total minus
T
1971 1875 Change gauses 1971 1975 Chenge
70.7 75.6 + i .85 Smoking 10.6 11.3 +7
23.5 ) 27.4 ) +17 .45 Smoking . ]g.S 15.1 417
5.6 5.0 -1 ? 5.6 ‘5.0 -1
161 189 47 6.1 18.9 17
4.6 6.3 +37___ .75 Sunlight 1.15__1.58 +37
120.5 133.2 11 46.4 51.9 +12
§1.2 83.1 + 4 51.2 831 +3&
32.2 125 &2 .55 Smoking 5.5 56 +2
63.4 €5.6 +3 56.7  58.7 +4
183.9 198.8 +8 103.1 110.6 +7

|
|
|
|
1
l
|
|
!
|
:
|
l
:
1
|
1

1
l
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This statement addressaes the Question: "What is the best esti-
mate of the fraction of cancer incidence (cé deaths) in the United
States that iz rsasonable to attribute t0 occupational exposure
in the present, and in the torsfi:;:; Sutuze?” Previcusly published
estimates of this fraction have beaen as low as 1% to 3% for past
data [reviews by Bigginson {1=3), Wynder and Gori (4), and Doll (5)]
and as high as 10% to 15% [see the discursion by Cole (6)}. All
these .ltinné.s are scmewhat speculative and several were sericusly
inccmplete or deficient. Hoet are sow dut of Jate. 1f racent evi-
dence is.conlidnf;d and if the full eonseguances ©f cccupational
axposures in the present and Zecant past are taken into account,
estimates of at least 20% appear nmuch more reasonable, and may even
be censervative. These astimates refer ¢0 the near term and the
future. ’

Four pitfalls .
Four general problcm; confound lttgmpt; to answer this question.
(a) Incomplete data. zrtw indastries have baen investigated

»

adeguately for evaluating the possible cccurrence of occupaticnally

related cancers. JBecause of the insansitivity of epidemiologic sur-
veys and various difficulsies in conducting them (7), only agents
and infustrial processes which lead ¢o x;thoz laf;o excess incidences
have besn idantifiad to dats. The Intarnational Agency for Resaarch
on Cancer (IARC) has an ongeing progrzam to review data on chemicals
for potential carzcinogenic efiects. To date, scme 368 chemicals and
industrial processess have besn reviewed. Accerding ¢to & recent
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whereas cancer appears to be a disease of interactions. The initia~
tion and develcpnent of cancer is a multi-phased, multi-causal process
in which both external and '!.nu:nal factors act, probably at sach
of several stages, before frank, clinical cancer appears. It is
likely th;t many, if not most, cancers are influenced by two or moze
different external factors acting simultanecusly or segquentially.
Thus, alcohol by itsels appcz:; o0 ba @ ninor cause of cancer——but
aleohol combined with cigaretts -Ilking leads =2 risks 15 times higher
than those experisnced by nna—:noking non-drinkezrs. If a drinker
mmckar develops cancer of the oral cavity, to which “"cause” should it
be attriduted? Drinking or smoking? If we could correctly identify
the proportions of cancer incidence “attributable to" each of the
l classes of cn;iranmcntal factors considersd by Wynder and Gori, the
sun of these percentages would bs considerably higher than 100. Ons
of the best-studied examples of inte:aet.lon b.twun eaxdgencus agents
is that batween asbestos and cigaratte saoko in induecing lung cancer
{9)« Most lunyg cancers "attributable to" asbastos are p:ohab}y
:Lnult;aecésly *attributable to" zmoking. If current theories of
a multi-cafijal process are cozroet. 4t seams likely that a large
fraction of cancers which at fizst appear to be "attributable to"
smoking should alse be "attributable £o” asbestos, radiation, and/or
othar occupaticnal factors. ;

tc) Latent pecsiod, age, and dnration of excosure. xost occupa~
tional carcinogens are characterized by “latent pcriods' of 10 to 50

years between the onset of axposure and the clinical appearance of
tumors (7). This is consistent with a multi-stxéo procass. When

eccupationally relatsd cancers aze detectsd, they usually reflect

Wl N R TERE  GuEr PSS R R e R e GEE A W BEge NS e e e
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exposures which startsd one or mers decades in the past. Accurzte
numerical assessment is further complicated by the strong dependence
of cancer incidence upon age and upen duration ©f exposure. Even

* in cases where and excess risk is detected within one or two

decades, this dependence on age implies that most of the atiribut-
able cancers will not occur until lut.x-in the life span of the
axposed workars, perhaps a; much as 40 or 50 ysazs after the firse
exposuri. It is 2ifficult to trace anyone for sO long a time, and .
these .pidnnioloﬁical studies which do not follow people for a full
lifetime ars likely to underestinate lifetime risks. Most in-
dustrial=apldamiologic atudiss have not {and y:ehablyqould net) fol-

low a working population o its extinction. This problenm is dis-

cussed in more desail in the Appendix, but a numerical example
‘dllustrates its importance. For many types o!_c:nccr. incidance
increases agpreoximately as the fourih or the £ifth power of age
(10); hence the cumulative number ©f cancers occurring in a pepula-
tion over a lifetime increases as the fifth or sixth power of age.
If exposure to a carcinogen results in a cag;iaat multiplicative
increase in risk at all agos, 4hen €the number of cancers occurxinq
in an cxposcd gToup will sinilazly increase as ths £i£th or sixth -
povn: of age. Thus, for example, the nuznber of attributable c&acors
occu::ing by age 50 would bas only about onc-!i!th or eag-sixhh o!
that axpected by age 70. ror ¢his reasen -pidlminlogieal szudiqs
often enumerats cnly a small fraciion of the total excess cancers
attribhutable to an agent. Any overall nsses:nsnt of the ixmportance

of occupational carcinogenesis should t:ke this int® account.
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|
(d) changes in exposure pattezns. The dependences of cancer l

risk upon age and duration of exposure is further complicated by

changes in patterns of exposure to potential carcinogens. TFew, if '

any. wa:kc:g are sxposed throughout their entire ve:ﬁinq lives to

the same chemical at similar concentrations. American werkers '

change jobs fairly frequently; even wiihin the same jocb, the chemi-

cals to which a workar is exposed may be chln&.d from time to tima. |

By the time na‘occupatioaally related cancer A¢v01aps,.thn workers l

will frequently have Leen exposed +o differsnt chemicals and may

wall have changed occupations. It is particularly &ifficult to make /l

sstizates 0f the consequances of prasant-day c:posu:é; because the

) cheuic'uls for which we have the best dose-response information are I

' those which are generally recognised as_carcinogenic. Sevaral of them

have bean regulatsd, so that axposure £o tbn-c-chnnicqyy has been - re~- "'[

duced; this leaves other cn:ginogcns that aze not vell controlled. l
FPrevious Attampts to Fstimate the Imcortance of cccugatiénll l
garcincgenesis .

In 1969, Eiﬁqinsea (1) tadulated astimates of "the extent to 1
wvhich occupational and cultural cancers have bogn recognized." Ee £
att:ib;tcd‘tn.kncwn éccupa;ieanl factors 1t of mouth cancers, 1lz2% ' i

. @f lung cancers, 10t of bladder cancers and 2% of skin cancers. (No
detailed development of thess esstinatss wvas qiveg, hOUOVD::]
Higginson limited his ;t£:ihuticns te factors that "have been recoge
nized," and the majority of cancars were assigned £o “unknown"

factors. .
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i In 1976, Higginson and Muir (2) again estimated the impact of
f environmental factors in human cancer. They Stated, again with few

supporting details:

L 4

"Although occupational cancers recognized so far
provide some of the most satisfactory data for
identifying extarnal agents, the absdolute Rumber
©f cancers due t0 occupational exposures would
appear to bea relatively small, probakly 1% &0 3%
of all cancars."

In 1977, Wynder and Gori (4) presented estimates of the "percent
of cancer incidence in the United States attributable to specific
environmentsl factors.® It would appear frem Pigure 1 in their

Mg juuate SRS

paper tyut their median estimates ior the fraction o«f cancers at=
tributakle to osccupaticnal factors were 4% for men and 2% for women.
Their explanation for thosc.ostimttos was:

*"The data presantly avallable are; at bast, sducated N
.astimates of the relationship between specific cancers
and specific occupational groups. Cole et al. (56)
suggested that 20% of bladder cancars occurring in
males in the Bosten area are relatsd +o occupational
exposure. In certaln counties 6f New Jersey, the in-
creased risk for this cancer appeared to be high
among workers in ccrtain Themical industries. Bailar
(perscnal communication) estimated that the ccoupa-—-
tional contribution to total cancer incidence in males
lies between 1 and 5%, :and a similar estinyte was made
. by Nelscn (pursonal cemmunication). General estimates
©f the percentage of all human cancers related o
occupational exposure range betwsen 1 and 10%. EHow
ever, identification of specific high-risk groups,
hazardous exposure levals, and related cancer inci-
dence rates is yst to be determined.” e = e -

. -

Ia addition to the error of “one-effect, one-cause" thinking pointed

-

out above, their reliance on "educated estimates,” "personal communie~

-

cations,” and "gezaral estinates” makes the rTesulting conclusions
tenuous. And again, of course, RO attenpt was nido £0 estimate

future conseguences oL past exposures.

dmity s AN GROR AN Seesd e} Adeeu St ARGMA e
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In 1877, Doll (S) published a survay of the importance of

his belief that occupational factors were of relatively amall im-

portance, but 4id not make a numerical estimate.

In 1977, Cole (€) estimated the fraction of cancer that is
occupationally-induced to bs lesz than 15% for men and less than

. environmental factors in human cancer in the U.X. Ee indicated

5% for women. Ee explained the bhasis for these sstimates as

follows: : -

"I estimated that the ccecupationally-induced burden
was lesa than 15% for men and less than 5% for wemen.
The major causes of cancer desathz ars cancers of the
iung, the bresast and the colon; and these are largely
or totally non-occupationally iaduced. Lung cancer
.13 90V cigarstts~smoking-induced; breast cancer is
probably not at all occupationally induced; there may

be some, probably small, occupational component in

cancer of the rectum. Other sites such as csrvix eor

ovary have a negligible occupational componant, if

any. The above listsd sitss account for about half

of the cancar deaths. Tor Other sites, it is d4iffi-
cult to assess thes occupational componezt. However,
aven an 'occupationally=-related' cancer like bladdaer

cancer can ke attributad directly to occupaticnal

axposuras only about 25% of the time. With half the

cancer assentially non-occupationally induced, and

half the cancers occupationally-induced less than 2§5%
of the tixme, & reasonable estimats sasnad to be 15%

for males.” .-

X BN L] L R v ey L ] Wy _. L

This argumant alse aéauacs’thai & cancer which is related to a non-

occﬁ;aticnal factor cannot also be occupationally related. Cole's
statement of the basis f£or his estimatas makes it obvious that all

these astimates contain a large element of uncertainty.

We conclude that the statament that ne more than 1% o 54 of
cancezrs in the United States are attributable to ocsupational factors
" 1s based on partial uss of current knowledge, raflects the one-ciuss

cne=effect fallacy--and is no: particularly useful for estimating

el S W O eEey ERr W g

- AP0000894 1



. L] [ ] [ Ay, Fman L~ —— ] A L F
. . . .

L LU T B 10

future risks. It is not even & covrect raflecticn of the published

estimates, which range up to 10% (4) or 15% (6).

Re-formulating the Question
Anothar defect of the studies summarized above is that they may

de2l with an inappropriate guestion. Most appear to have besn at-
tenpting to provides estimates of the fraction of prasent-day cancer
incidence that is attrihutiblc to occupational axposures in the

past, to agents that have already been demonstrated to be carcinc-
genic. Eowever, ppe& a guestion is of limitsed interest because the
most important conseguences of exposures in the recert past will not
be manifested until scme time in the future. The Question that

needs to be addressed is "What is the likely contribution of present-
day occupational exposures to futuTe cancer incidence?” An answer

to this question must be somewhat speculative, because we do not know
which of the chemicals in the prasent-day workplace will yn {dentified
sometime in the future as causing cancer. Accordingly, to provide a
basis for makiug'lppropriate estimates, we will £irst attempt to
estimate the.contributicn of occupaéicn;l exposuzes to known carcine-
gans in the recent p;st to’s;;;.nt_lnd future cancer incidence. d}t is
not pl:tiqull:iy.hnlgful merely to speculate about the pessible ex-

istence of hazardous chenicals in present-day workplaces.

Asbestcs ss a Well-Studied Examele

The ccasequances of occupational exposurs to asbestos in the
tUnited States bave only begun to be recognized in the recent past
(12-14). It has Deen estimated* (11) that between § and 1l millien

¥ SevVerad. AULNOTE Of this Teport wers responsible for preparing
these estimates. .

&
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workers have been sxposed to ashestos in the U.S. since the beginning '|
of World war II. Ot.that total, approximately 'l.5 to 2.8 millioz are
presently sxployed. Probably a million have already died, while the l
Temainder--between 5.5 and 7.5 million workers~--were formerly employed l
in cnvi:o;n-nts with significant asbestos sxposure, including the
survivors among the 4.5 milllon whe worked in shipyards during the
1540's. Of these and other ashestos workers, approximately 4 mil~
lion are believed to have had haavy axposure to asbestos (ll).
Epidemiological studies of workers (13-15) have indicated that, of
hesavily cxpcsch vorkers who have already died, 20-25 percent have
died of lung cancex, 7-10 parcent of pleural or peritoneal msso-
thelioma, and 8-~5 percent of gastrointestinal cancers, adding up
to a total of 35-443. These figures may be undersstimates of
1i£otino-caac;=r:iskc,-bccau:o.mact of .thase wo:ko:s.hav;.nct
been followed o the end of their life span.

of thc 4 million heavily exposed workers, at least 1.6 million

are thus nxpactod to dle of the asbestos-:cltted cancers listed above.
[In the absence o! exposure %o asbostos, adout 0.35 miliion (8~9 per-
cent) would have besn -:pietcd to die of cancers at these sites.}
Assuming thnt the sxtess :isk +0 the rsmaining less heavily ;xpased
wo:kars is eac—qua:tsr of that to the heavily exposed workers (an
-assumption suggested by the data in ref. 1§), the total numbar of
cancers attributable £o asbestos in the less~heavily axposed group

would be expectsd to be ia the range 0.4 to 0.7 million, raising
“the total to 2.0 to 2.3 nillion. Since most of these cancers will be ]
menifgsted over a period of 30-35 yeass, the expectad average nunber

|
. |
“ I

AP00008943



of cancer deaths associated with asbestss per year in that peried

vill ba between 58,000 to 75,000.* Such nusbers would comprise 13-12%
of all cancer deaths expected in the United Stutu in the :orse}{b'i.':
future (assuming that tozal) eancer deaths increase to 400,000 to 450,000
per year), ) -

Threea features of these estimatss desc:ve axphasis:

1. Although most of the exposure to asbastos has heen in the
past, most of the predicted effects are expected to be in the future.

An astimate of the present—day anumbers 0f cancers attributable
to asbestos would undoubtedly’ be szaller.

2. A 1;:93 fraction of the asbestcs-related cancers are 2ls0
rclatcd to :moking (Qung and esophagus) or are in the gastro-intastinal
utet (ugphaqus, stomach, and colon), where cancers are usuny
assumed to be not occupationally related (1,4,5.6). Hance, I£ the
old one-effect, cne~cause approach were used, the occupational origin
of most of the asbestos-related cancars would be overlocked and -they
might be attributed to other or "unknown" factors. .

3. Although the freguency ©f asbestos-related cancers is
already substantial and is probably increasing rapidly, it has not yet
bean detected by cxaminatlga of qroii tzends in cancer incidence {er
mortality) in ths”gdh.:al fupulltian. Thers aze several Tezascns for
this: : ; ..

(a) two of the major types ©f agsbestos-rslated cancer, pleural
and peritoneal mesothelicma, are not classified as such in the nmational

health statistics, but are usually listsd as luing cancersy dr'as "~ .
wvarious abdcminal cancers, raespectively:

(b) mest asbestos-related lung cancers ave alsc smoking-related,

" Geliknzf (15) made an estimate of 50,000 pes . eaxclugive of the
added cases that would come axong the less heavily sxposed group. -
10
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so that if one thinks ones has the full cxpln.nation for +he rise
in lung cancer incidence in gmaking, it is likaly that no other
causes will be locked for: |

{c) any increase in asbestos-related cancers of the stomach
and colon would be masked by the other long-term trends in cancer
incidence at these sites {down in the stocmach, probably up in the
colon); these long=-tarm trends are usually attributed to dietary
or unknown factors.

Perbaps the most important lesson to be learned fzom the asbestos
story is that 4 major public health disastsr can develop while its
sarly manifestations are lost by being attributed to other factors.
This would support the argument that the earlier estimates for ine
austri;lly related cancers may be deceptively low--having lef: out
. such information as the ashestos situation has now brought to our

attention.
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Compazison of Risks due to Asbestos with those Aue to Five Othar

= Bioh-Expesure Substances . gh-EXPS8ure Substances
In Table 2 wa have tabulated data on carcinogenic rigks
associated with exposurs to five other substances %o which there

is large-scale cccupational oxposui‘; for coxparison with corres-
poending data an asbestos. The tabulaticn is similar &o that Pre-
sentad in ref. 17, but incorporatss mcre recent data where ‘”ﬁﬁti “ 
adle, and is limited to the substances and cancer sites for which
the best data are available on both ‘exposure and relative risks.

The first threc coiumns in Table 2 list the agcnt, the
nrfoctod organs, and tbc cbserved rigk ratios (R) (from Table 1
in ref. 7). %The fourth column lists the age-adjusted ineidence
(I) of cancer at the sites in question in U.S. males (from data
prasented in the THird Rational Cancer Suxvey, raf. 19). The
figures tabulated are the age-adjusted incidences in males over
20 yesars of age, because most occcupational exposure starts at’
around that age. The £ifth column lists the estimated number of
workars (N) .xposed to thc cbtmieal in 1572-74 (from ref, 18,
derived !:cm the Natiannl Occupntional ‘Eazard Survey, Tef, 20).
The notes to 'l.‘_a.blo 2 give £urthe: information about each chemical,
including sumnaries of data from the most definitive studies of
each, and goferenccs £0 exXcess cancers at sites other than those
listed in ;hc rabl‘.

The last column in Table 2 lists values of the guantity
{R=1)NI. This is the average number of excess cancers tha: would

12
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be expected to @ccur in a pepulﬁtinn of size W, subject to a
site-specific risk R times that in the general population.
Althndgh these figures a¥o crude projections of the numbers of
excess cancers to bhe axpected in the axposed workers, they are
unlikely to be precise estimates of future cancer mortaliry,
for l.vu:al Traascns,

Pe:hapt the most izmportant reason is that thay are pro-~
Jections of the nuxbers o£ excess cancers in only one cohert of
N workers. Bacause of turncvers in the vorkfcrca. the aunber
oz axposed workers and ex-workers snbjoet to excess eanco:s at
any one time will be severzl timef larger than ¥, 1I£, for
example, tha total number Of workers who have ever been exposed
to a suhstanea is, say, 5 times the number cu:rcntly exposed,
then the figures in Table 2 would underestimate the potential
elfects by a factor of 5.

It is primarily for thiz reason that the data for asbestes
in Table 2 undo:e:tinats thc expected future mertality
from asbcstos-:clatld cance:t by a factor of 4-5. Because the
data zo: thc otber substances in Tahble 2 were derived in the
same way as those for asbestos, they may likewise underestimate
the numbex of =a#c-&s attributable to thase substances.

The other major assumption that is necessary before the
figqures in Table 2 can be used as predictions of future cancer

13
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mortality is that the ralative risks R would remain the same

as those rsported in the published studies thIoughout the
workers' lives, even if exposurss ceased. The basis for this
assumption is discussed in Appendix A, where both cbservational
and theorstical reasens for assuming constmcry,;; R are put

‘, - forward. In any case several of the studies from which the

1o ataghtl reerevy [ [ ]

figures in Table 2 are derived rcpo:.-ted average risks over
& substantial fzactién of the workcks' lives.

Sevaral other factors complicate the interpretation of the
figures in Table 2, including the potential cbnssquences of

v

simul tanecus or ssquential axposure to other carcinogens or

Gntvre
numbers of &unpe cancers is that soms of the workers presently

j - modifying factors. One reason why Table 2 may overestimate
1
| exposed nay have less exposure than the workers from whom the
xisk ratios R were originally derived. For these resasons,
the figures should not be interpreted as precise estimates of
future cancers, but it is reasonable to compare them with the . -
data derived by the same method £or lsbesto%clntod cancers.

t At the least, the data sumaxizet! in Table 2 show that the
five other agents'togethcr pose hazards sinmilar to or greater
than thosc poscd by asbestos. The sum ©f the bes: projections
(see notes to Table 2) for 'l':ho five compounds is about 33,000 _

cancers per year, versus 13,900 for asbestos. In presenting -

includes only the primary sites of action. Inclusion of ex- y

pected extess cancers at other sites would increase the

{
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estimates substantially.

It should be re-emphasized that many of the cancers con-
siderad here as attributable to occupatiohal exposure would
;inultanpéully be attributable to other factoxrs, especially
smoking. They are 'att:ibutahl; to" cccupational cxposu:‘ in
the sense that most of them would not have occurred in the ab=-
sence of exposure, so that they could have been prevented by
prevention of cccupational exposure.

Other Xncwn and Potential Risks

In addition to the five major agents listed in Table 2, a
nurber of other agents and industrial processes are known or
suspected to pose carcinogeﬁic risks to exposed workers.

We cmitted frem Table 2 several agents listed as occupaticnal
carcinogens in refs. 7, 8 and 17, because we had difficulty
matching data on relative xi._:ks to data on the nunber of wozrkers
pralcé. . These agents include qadmium. coal tar pitch volatiles,
hematite, and vinyl chloride. The data we used on the aumber of

, workers exposed to cl:cippqnnia.;iixclcum fractions are probably

conservative. _The IARE (8) has already reviewed 221 agents
ldentified as capable of inducing cancer in experimental animals.
Although scme occupational exposure is known to occur for most

of these chamicals, spidemioclogical and case studies of their
possible association with cancer in humans were lacking or

were Judged te be "inconclusive.® Other carcinogens have been
::po:tad in the literature. To date cnly a vary small proporstion
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of all the chemicals inh use have been tested for carcinogenicity.
Table 3 lists a numbar of occupational groups chat have

been shown to be at increased risk of cancer at spacific sites,

without specific causative agents having been identified. al-
though ziskt’;ntiu are avallable in most of these cases, the
imprecision ©f informaticon on the numbers of workers in the jobs

concerned prevented us from making estimates about the number of

cancers to be anticipated:
In addition +o chanmical carcinogens, oecupati.onil sxposure
to radiation is known to be a significant cause’of cancer in U.S.
wor}urs. Groups at risk include radiologists, uranium miners,
wozrkers in the nuclear industry, military perscnnel exposed to
radiation from nuclear explosions and to nuclear weapons, air-
crews, and perscns working at high altitudes. Persons working
outdoors such as farm workers and fishezrmen are subject €0 in-
creased risks of skin cancer auo;:h.ted with solar radiation.
We have not attempted £0 make numerical estimates of expected
cancer incidence in these occnpati..ons‘ although many millions of

workers are at presunptive risk.

-

Conseauenct'§ .o£ Present-Day Exvosures
The estimates of potential excess cancer mortality that

are listed in Tabls 2 are projoc‘tious of the future consegquences
of past exposures. The estimates of risk ratios listed in Table
2 are derived from studies published betwsen 1547 and 1978,

mostly since 1966 (7). The astinmated numbers of workers exposed
are derived m;n n_su.rvcy in 1972-74 (20). The anticipated excess

16
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cancer incidences are those expected to be observed in the nexs
tt.;:ce decades, and could exceed those cuzrently occurring and

attributable to the agents in guestion.

There is evidence that occupationzal exposure to several of
these agents has Leen reduced since the studies davelepin'g the
risk estimatas wers published. Exposure to asbestcs, benzene,
coke oven emissions and vinyl chloride has been limited (although
not ellminated) by recent OSEA regulations.

Thers {3 alsc evidance, however, that not all the major
eccmtj:enu careinogens have been eliminated. Of the ‘agents in
Table 2, there is today widespread exposure to arsenie, chromium,
nickel, and many petroleum products. Most of the excess risks
referenced in Table 3 remain uncontrolled because the causative
agents have not been identified. A number of iwmportant occupa-
tional groupx fsuch as agricultural field workers) have not been
adequately surveyed for excess cancer risks. Only a handful of
the 221 chemicils found positive in experimental animals and

reviewed by the IARC (8) have besn regulated as carcinogens in the

oot

7S

‘0.5 workplace. Among those not Tegulated ‘are a number of syn~
thetic organic chémicals to which there is widespread occupaticnal
cxpolu:;, I;ut which have not bean in production for long enough
periods for n;acul risks to have been identified by spidemo-
logical studies. ) . .
For public poelicy purposes, it would be very desirakle to
nak.. numerical c;tantu.et the potential consequences of present-

day exposure to carcinogens in the workplace. Such estigates

17
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would, however, reguire numerical data on the extent and
intensity of exposure, and.on dos;-rclpcnse relationships in
experimental animals. If sufficisnt data were available, pre-
diction ©f future conseguences weuld reguire guantitative extra-
pelation from animal responses to man., 3In our view, existing
methods for such oxt:npolatian 1cavn enough gquestions cpen con-
cerning their prncision 8° as to makc us unwilling to attnmpt
large scale sstimates =~ particularly in the absence Of exposure
data. Hance, we can say anothing fizm about the magnitude of
Zuture risks attributable to the unguantified present-day ex-
posures. .

' Thera is no evidence, however, that thesa risks are sub-
stantially less than the risks resulting from exposures in the
recent past. Although several ¢of the most irportant known care
cinogans have been controlled, others have not: many carcsinogenic

and potentially carcinogenic chemicals are still present in U.S.
workplaces; the total velume 0f synthetic organic chemicals '

produced in the U.S. continues to increase rapidly. 1If only one
of the thousands of chemicals introduced into commerce in the

past 30 years proves to be as hazardous ‘as asbestos, this could

suffice to maintain comparable ratss of occupdEidnally-felited —

cancer for decades into the future. In our vi.w,'aﬁy'cahﬁlacency
about the tﬁtu:c conseguances o! present-day ex;csu:. €0 une
chl:actn:t:ed chaxicals would be unjustified. -

b %
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T™wWe Alternative Aporoaches

Other ways can be usad to estimate the possible contribution
cf occupational exposures to human cancer incidence. Although
none, to our kacwledge, has been usad formally and gquantitatively,
at least two have been usad informally ts argua that occupa~
tionally-related cancess cannot be numerically important.

The first approach is to analyze trands in total cancer
incidance (or mortality) in the U.S. population. The argument
is made that if cceoupational factors were important causes of
cancar, then total cancar incidence whould be increasing rapidly,
raflecting tha rapid increase in the numher and amount of cynt.fxotic
organic chemicals produced in recent decades. In fact (the

'mﬂ"ﬂ“"““.-.-.-

argument runs), the continued increase in cancer:inciﬂnaco and
mortality is almost solely due to inczouu..i.n lung cancer and
other smoking-related cancers. If the "smoking -related” cancers
are subtracted from the total, the argument is that the overall
trend is constant or. evenr slightly decreasing.

There are several fallacies in this argument:

1. Most ef the incro;sc in production of synthetic organic
chanmicals is too récent tc be reflected in current cancer statistics.™

2. .Eh; increase in production of synthetics (some of which

are potential carcinogens} in the period 1940-1960 may wall hava
bean offzet by reducticns in thg'iat.nsityrof exposure to othar

chemicals, resulting from improvements in industrial controls
stimulated, in part, by government regulatien. Exposure to several
majer carcinogens has been roducc.d subgtantially in recent years.
Expasure to Qthex potential carcinogens (such as carbon tetTe-

chlorids) was reduced sarlier, 0 reduce other types of toxic

18
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hazard. The predicted conseguence of reduction in exposure £o

T"old” carcinogens and increase in exposure to "new" carcinogens
is conaistent with what is observed: an incraase in cancer at
sone sites and a decrease at others.

3. To subtract all the 'lnnkiﬁh-:clated' cancers from the
total iz sophistry, because at least two of the sites in question
azre precisely those in which “occupationally-related™ gancers
are best recognized. Many of the smoking-related cancers should
be simultanecusly attributable to occupaticnal factors. Omn
a per-capita bn;is stoking among adults is de:l}niag:and this
should result in a decline in the smoking~related cancers == but
nons of this is factored Iin when all "smoking-related” cancers
are removed from the total. If the smoking-related cancers are
net subt:actcd, total age—-adjusted cnncn: dncidence in the U.S.

is inc:easiag at mere than 1% par annum (37).
] 4. Net all of the smoking-related cancers, i.e. those in
the lung, pancreas, and éladdor, are attributable to smcking.

" Zven if a liberal tigq;g:is uséﬁ'fa: attributable risk, the frac-
tion q!_%png cancer 1;=idence not attributable t5 smoking is
incrsasing and total eancers possibly industrially related have

, been increasing mora zapidly in the last several years than

' in the two decadds from 1950-£o 1970 (38) . : -

. 5. As pointed out earlier, th; rajor pubiic health
impact of asbestos-related cancer is Just beginning to be re-
flected in overall cancer statistics, despite 37 years of heavy
exposure. One should hardly expect more recent additions to have

shown a gzeat affect alreacdy,

20 .
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A second a;proach is to comp;:; cancer incidence in men
and wvomen. To the extent that exposure to chamical carcinogans
eccurrad in ocoupations in which most workers are (or were) male,
this should bs reflected in differances in overall cancer incidence
(and trends in incidencs) in the two sexes. This argument would
tand to support the concept of industrial risk.

The predicted diffarence is in fact cbserved: age-adjusted
cancer incidence is grsater in males than in femzles at avery
comnon site except the gall bladder and thyreid {19). In par~-
ticular, incidencs is much higher in males than in females in the
kay dccupationally related sites: lung, liver, bladder, kidney,

. .

hcmatop%}tic and 'lymphatic system and perhaps stomach and pan=-
creas (19). '
Nonathelass, thars are some flaws in this argument, too.
Not only male woricrs'havn substantial exposure to carcinogens,
Although male workers doubtless pradominate in chamical manu=-
~facturing and heavy indutt:y wdﬁQn have long been é&mployed in
lazge numba:s in light industry whc:c there is substantial ex-

posuxo to certain ca:ciaogens. e.g. tho radiur dial painters.
The fraction of occupctionally_:clatod cancers in woman may

increase in future years due to increased employment of woman
in jobs where they are exposed to carcinogens. ZIXvan housswives

have grsatar o:cupatlunal exposure tO soma potential caxzcinogens

than typical working man.*

® We regaxd the home as a workplace, even if it dces no: fall
within the jurzisdiction of 0S3A.

21
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- It would clearly be valuable to maxa a rigorous compariscn
between srployed and never ermployed woxen, but such a study would

-be difficult to conduct and interpret because ©f the many con-

founding. . variablas. In our view, there is nothigg in tho-gzeis
cancer statistics for tha U.s. population which is inconsistent
with the hypothasis that up to 20-40% &f all cancers ara (or will
be in the next several decades) atiributable to cccupational

factors.

Relation betweean Occupational and Other Contributing ¥actors
These estimates do not diminish the importance of other

contributing factors to cancer risk such as smoking, diet, and
pechaps urban-rural dift.:qpcos. Whils much of the data on
occupationzl cancer risk considered in this paper doaw nct
specifically consider factors such as smoking (except for asbestos)

and diet, it is alsc fair to state that the prevailing body of
data linking smoking and diet with cancer risk défnet adegquately

consider the contribution of exposure to cccupational carcinogens.

. This is largely because the avaiiable scientific methodologies

do met facilitate. hdequate consideration of all contributing
£a=terl"id‘;ny single study or approach. Until recently most
scientists did not take into account the multiple stiologies and
the multi-stage nature of cancer. In retrospect, it is Iikely
that cancer risk is a function of multiple interacting factors.
Past assessments, unfortunately, gensrally failed to consider
adeguately one of the most important, and preventable, risk
factor, axposure to carcinogenic agents.in the werkplace.

~ -
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Oprortunities for Prevention

The estimates of cancer attributable to occupational ex-
Posure given here should be viswed as pointing up the oppoz-
tunities that exist to prevent disease in future generations.
The causes ©of cancer are nmultiple, with more than one factor con«
tributing to canger risk. 2In such a situation, any paercentage
accounting of contributing causes to cancer well exceeds 100%.
To prsvent cancer, one must concantrats on causative factors
that can be raduced so that we can decrsasa the burden of
disease in future generations. It has been argued that present
day asbastos workers are at lower risk tQan earlier workers.
Opportunities to reduce riska.and subsequent disease in other

occupations are at hand.

Summary and Conclusions

1., The estimates that only 1% to 5% cof total c;nccrs im.
the United States are attributadble to occupaticnal factors have
not been scientifically documented and have littla nmeaning for

- estimating even lhort-tc:m zutu:c :1sks.

2. Most cancers havc nultiple causes: it iz a reduction-
ist error and not in keeping with current theories of cancez

causation to attempt to assign each cancer to an exclusive single

cause.
3. Because cancer incidence is strongly dependent on age

and upon duration of sxposure, and because nost c&necg occur
late in life, many industrial epidemioclogical studies detect only

a small fracticn of cancess {i.s. those developing early).
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4. Past exposure to asbestos is expectead to Tesult i3
ep to 2 million excess cancer deaths in the next three decades: ‘
this would correspond to roughly 13-1é% ¢f the total cancer mortal-
ity expected in that pericd.

5., Reascnable projections of the :futu:o eonuquewu‘s of past
sxposure to established carcinogens suggests that at least five
of them may be comparable in their total effects to asbestos.

6. These projections suggest that occupationally related
cancers may comprise as much as 20% or nore of total cancer
mortality in forthcoming decades. Asbestos slone will probadbly
contribute up to 13-18%, and the data in Table 2 suggest at least .
10%-20% more. These data do not 1nciud. effects of radiatiocn,
nor sffscts/a number of other known chemical carcinogens.

7. Although exposure to some of the more important occu-
paticnal carcinogens has been reduced in recent years, there
are still many unregulated carcinogens in the U.S. workplaces:

a number of occupations are chaéactorized by excess cancer risks'
which have not yet been attributcd to specific agents.

8. There isg no sound reason to assume that the future
connquoneu ‘of present=day exposure to cucineqens in the work-
place will be less than those of exposure in the Tecent past.

9. Patterns and trends in total cancer i;piﬁeﬁcc_(;nd
mortality) in the U.S. are consistent with the hypoﬁhcsii that
occupationally~related cancers coxprise a substantial and in-

creasing fraction of total cancer incidence.
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TABLE 1
CEEMICALS CR INDUSTRIAL PROCESSZS
ASSOCIATED WITR CAMCER INDUCTION IN MM

(Dezived fzom raf. 8, with adlicion of data on werker exposure from raf. 19;
sas alsd footnotes to Tadble ’.)

-

3
|
|
l
|

2
P . Chemical or Main Type Tacrget - Main Estizated No.

Taduserial o Cryans ' Routs of ¥orkers

Procass Exposure® in Man Exposur Exposed in U.8. l
ALlgtaxing Mum‘lﬂ.. um 023.]., m‘- [ '

. occupazional® 1xtien®
4-Anincbi- occupational Bladder ‘Tahalation, | 100 )
ghenyl ) skin, azal l
- Azsenic . Occupational, . $kin, lung, Inkalaticn, .
compounds medicinal, es- 1iver® skin, eral 1,500,000 ¢ '
wvironmaptal
Askestos Oecupaticnal Lung, pleu- Iahalatien, 1,600,000
ral cavicy, ogal
g.4. tzact

Auzamine occupational Bladder Inhalation, a '

(zmanufactuza) . skin, eoral
Senzena Cecupaticnal . " Hezats~ Inhalaticn, 1,900,000

S polstic akin .
T o- systan
Banziding Cocupational Bladder Inhalation, 2,200 l
’ . skin, orsd
3is(chlazo~- Ceocupational g Inhalation a ,
sathyl) athay
" cadmium using occupstianal r:&y Inhalation, 1,400,000

induseries T8, oTal ‘

{? cadaium iy
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Chenizal or Main Type Target Main Estimatad No,
Tndustrial of Organs Pouts of of Wozkers
Procass Txposure® - 4n Man | Exposuzed” Txposed in 0.S.
Chlorampheni=- Madicinal Hamato~- Oozal, injec- a
el poletic tian
systen
Chlozomethyl Cosupational laong Zahalatien a
sethyl ather
Chrevium (chre-  Occupational ILung, nasal  Inhalation 1,500,000
rxte producing eavities®. {chromium
dnduatries) oxides)
cyclophospha~ Medicinal Bladder cral, injec~ a
nids tion
Diethylstil- Medicinal Ttazus, Cxal —_—
bestrol vagina
Eaenatite occupational Tung Inhatlation 19 ,oad
mining
Isopzopyl Decupational sua:: cavi= Inhalstion qa
oil ey, larynx
Helphalan Medicinal Semato- " ozal, injee- . a
poistia tien -
systam
Mustard gas Occupaticnal .zang,” Izhalation a
.. larynx =
2-Naphehyl- * @écupaticnal 3ladder Inhalation, 1,000
azine akin, oral
li:kt‘l Oceupational Nasa) eavi- Inhalatien 1.4 00,008
{oxidas) ty, lung
., ¢+ Qulexnapha= Medicinal Aladdeyr Qzal -3
zine
Cxymethclone Medicinal Liver oral - 2
FPhenacetin MHediciral Ridoay Gzl d
3
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Cienical ox Maln 2ype Target Main Zacimated No.
Industrial of Cxgans Xoute of of vorkess
Process Exposurs® in Man Exposure® Eqposed in D.S.
Fheaytein Medicinal Lyzpheveti~  Orml, injec= 4
culax vis- ticn .
sues
Scot, tars Ooeupaticnal, Iung, skin, -M‘w' ’ ___’
and oils snvircnmantal scrot: skin
vinyl chlo=~ Occupational Tiver, e Inhalation, 2,200,000
=de v Brain, skin
Iung®

L0 maia types of sxpasuze menticned are these by which the asscciation has been .

dencnstrated.
h'm- miin rouces of axposurs given may not be the aaly cnes by which such

eemﬂ.d qesur.
Deanctes indicative evidence

%ot recorded in the survey: exposura very small iz all cases excapt aflatoxinss.
®*Ro. of workars axposed to nickel oxide: anly ahout 230 wozkess gosad o nickal

caxbonyl
‘a:;esu.u very large but oot aharactarized numerically

ok ge 0%

Yoy
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TARLE 2 .

REPORTED RISKS ASSCCIATED WITH OCCUPATIONAL

EZXPOSURE: CCMPARISON BETWEZEN ASBESTOS AND
FIVE OTHER EIGH-EXPOSURE SUBSTANCES

Chsnical Affscted Risk Age-adjusted Zstimated No. {R=1)NI
Substancs Ozgans Ratio Incidence of Workess
(¢ 0 per 100,000 Currently
 Males Expossd (W)€
. 520 yrs (3)®
isbastos Lung, pleural 3.5=12 116 1,800,000 900-19,000
and peritcnoal .
aasothalia
Asbestos Luag, pleural 6.62 116 1,600,000 10,400
ané paritoneal
zesothelia
Escphagus 2.7 0.4 1,600,000 250
Asbastss Stomach 1.714 26.2 1,600 ,'ooo 400
Asbastos Colon/Tactum 1.62 &s 1,600,000 &0,
Arsanic Raspiratory 3-8 131 1,500.000c 3,900-14,000
tzact
Banzene Laukezia 2-5¢ *17.9 2,000,000 350=1400
Chromi un Respizatory S-9 SR ¥ § 1,500,000 7,9006-16,000
- trast L
Nickel (oxides) Respirmcory $-10 13 1,400,000 7,300-1€,500
 gEact : o
Patroleun Lung 3 . 116 3,900,000% 9,100
£ractions {2~-31)) )

{including
aromatics)

2 reom =af. 7 unlegs ctherwvise stated: sSee¢ Alsc dectailed nozes belew.
B peen ref, 18

€ Prem ref. 17, darived frem ref. 19

4 Poom Ta¥le 3 in zef. 1S

® prom zef. 21

? wrom zef. 16: see notes below

Fzoz cel. 42

:
I
!
l
l
i
!
l
i
R
.
i
!
l
l
i
!
|
I
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ROTES TO TASLE 2

The figures for risk ratios listed in the table are drawn
from the tabulatien by Cole and Goldman (ref. 7). The notes
below prdvide Zurther data drawn from the prineipal published

raferences for each suhstance.

Number of workers potentially exposed: About 1,600,000

Pisk Ratics: 1.5 « 12 for lung, pleural and peritcneal
negothelia '

Projected nunber of excess cancers per year: 13,900

From the studies of Selikoff (ref. 15) the relative risk .
for lung cancer among asbestos=-insulation wozkers in the U.S.

is about €.6, which accounts for about 20% of their deaths. A
further 7% of cases ars dus to masotheliomas which othezwise
occur rarely. Agplying the 6.6-fcld increase in lung cancer to
1.6 million exposed workers yeilds 10,400 excess cases with -
roughly another one third or 3,500 due to mesothelioma for a

total of 13,900 cases pié”éet:. Provisicnal projections for
oxees:‘:ii&iis in the raspiratory tract, based upon the cbserved

ralative risks in Selikoff's study (15) are given in Table 2.

l.

|
|

1

I

o

AszEsTOS |
' I
!

|

l

!

[

{

|

ENIC
Rumber of werkers potentially exposed: about 1,500,000
Risk Ratios: 3-8 for respiratory tTacs cancers .

Projected number of extess cancacss per yaar: 7,300
Iz 1969°Gee and Fraumani (sef. 21) evaluated the mortality |
experience of 8,047 white male smelter workers sxposed to arsenic l

34
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trioxide during 1938 to 1963. Smelter workers were found to
a three-fold excess in mortality from-all respiratory cancer

campq:cd to a statewide population control group. About hal

have

f of

those in the study population were exposed to arsenic less than

10 years., 0Of those exposed for at least 15 years and followed

" ‘another 25 years, the relative risk for respizatory cancer was

4.7. If this excess can be applied to the approximately 1,500,000

workers exposed to arsenic, it is projected that about 7,300 excess

lqu cancers each year may segur, It should be noted that the

cancer risk from exposure to arsenic may be inZluenced by exposures

- to other cccupationil cheimicals, such as suliur dioxide,

Exposure to arsenic has also been azssociated with sxcess

cancers of the skin and liver (7): thase sites are not considered

here.

BENZENE

Number «f workars potentially exposed:
Risk Ratios: About § for leukemia
!rojoct.d nuzber of excess cancerg per yen:::

1,400
A seudy by Infante, Rinsky, Wagonar

ut 2,000,000

oung (zef. 22)

exanindd the mortality experience of workers exposed to benzene
from 1940 €0 1945. A significant 5-%old excess :isk.of death

..2rom all leukemias was observed compared to conirols (7 observed

vs. adbout l.4 expectcd). This study repressants an undsrstatenment

of risk since the 25% lost to followup in the study populatien

wers regarded as alive in the statistical analysis. These data

are consistent with numerous cise reports of leckemia cezih

33
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among workers exposad to bhenzeane. 3;394 on these figures and

an estimated occupaticnally-exposed populaticn of about 2 million,
is is_p:ojoetcd that about 1,400 excess laukenia casas may occur
due to benzane exposure on the job.

|
|
i
I
I
CEROMIUM (Trioxide and other hexavalent chromium compounds) l
Numbar of workers potentially e sad: about 1,500,000 '
Risk.Ratios: 3-40 for nasal cavity and sinus, lung angd lavrynx
Projeacted number of excess cancers per veax: 7,900
Enterline (36) aotodvthat kha overall SMR for raspiratory '
cancer in a gzoup of 1,200 chromate workers, ages 20-84, whoe were !
working soms time between January 1, 1937 and December 31, 1540 .
and who wers born after 1889 was 942.6. SMRs dscreased steadily I
over the obssrvatiocnal period from a high of 2%09.1 in ths interval
Zrom 1941=45 to @ low of 474.7 in 1956-60, From the above, it l
would seem that a rsasonable estimate of the risk ratio for all '
respiratory cancers among workers exposed to chromium would be
. at lsast S and perhaps = high l; 9. Assuﬁing that an overall '
Tvisk of 5 can be -applied to the lpproximxtoly 1.5 million exposed I
i
|
I
|
1

workers, it is estimated that about 7, 900 excess cancer cases might

occur each year.

NICEEL (Cxides)
Number of workers potcntinlly exposed: about 1,400,000
- Risk ratie: 8-10 for respiratory tract
Q:pj.ctgd nunber 0f extcess cancers per year: 7,300 —
A No:woqian study by Federsen et al. in 1973 (34) cbserved

an overall excass ;gspi:lta:? cancer increase of 5.8 f£ol2 among

s
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nearly 2,000 men exposed to nickel. The highest risk (risk

retic of 14.0) was cbserved in men 2itst erployed before 1530

and Zollowed for at least 40 years. Assuming that an overall

risk ratio of about 5 for all respiratory cancers can be applied
to the approximately 1,400,000 workers estimatsd exposed to nickel,
it i3 projected that about 7,300 excess respiratory cancers,
excluding nasal csncar, will occur each year. Studies by Doll

(35) documant the dramatic dscreazse in risk from respiratory
cancer when péiitivt action Las bean taken to reducs éqcupational
exposure to nickel. Exposure to nickel compounds is also asscciat~
ed with excess cancers of the nasal sinuses (7): <these cancers

are not considered heras.

PETROLEUM PRODUCTS, INCLUDING AROMATIC EBYDROCARBONS

Number of workdrs potentially.exposed: about 3,900,000
Risk ratios: 2«33 for lung &dancsr
Projected number of excess cancers per year: 9,100

Tho carcinogonic propartics ~of petroleum products, especial- .
iy palynucloa: a:cmatic hyqﬁgﬁtrbons tPNEs) have been well stud- - 7
ied. Luaq caneor zisk ratios in the range ©of 2 o 33 have been -
observed for coke oven and gas workers in the U.S.; England, and -
Japan axposed to PHNs which are contained in petroleum products
(Doll, Lloyd, Xawai, Xalzumdar, Redmond). Excess lung cancer risk
rates have alsc been observed for roofers in the U.5. (Eammend).
Less well appreciated is the fact that many cthes cccupacionazl
groups are sxposed to aromatic hydrecarbons, including poly-
nuclear arcmatics; these groups includs mechaniecs, electriciarns,

and worksrs ia the printing industry. (Henck and Hondq:scn,:eﬁ.
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16). The risk ratios for lung cancer in these groups range
fzom about 2 te 4. The number of workers estimated to be ex-
posed to arcmatic hydrecarbons, including polynucleazr arcmatics,
is about 3,500,000. Asswzing that an overall lung cancear risk
zatio of 3 can be applisd to thasa workers, it is estimated
that about 9,100 excess lung cancer deaths each year might
occur in this group.

. ‘

.
“-——-1—_-..“-;
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TABLE 3.

OCCUPATIONAL GROUPS IN WHICH EXCESS

CANCER INCIDENCE EAS BEEN REPORTED WITHOUT
IDENTITICATION OF A SPECIFIC ETIOLOGIC AGENT

: Peccent
Occupational Groups Cancer Site(s) Excess Raported Ref.
Coal Minars Stomach o 40 23
Chenists Pancreas, 64 24
lynphomas 79
Foundry wWorkers Lung . . 50-150 25,26
Textile Workers Mouth and phazynx 77 27
Printing Prersmen Mouth and pharynx 125 28
{newspaper)
Metal Miners Lung 200 29
Coke by-~product lazge intestins, . 181 30
Workers pPANCTeAS . .312
Cadnium Production Lung, 138 31
wWorkers pProstate 248
Rubber Industzy - - )
Processing Stomach, 80 33
leukamia 140
Tire Building Bladdez, - . s8 33
. Brain 80
Tire Curing Lung . 61 33
Furniture Workers Hasal cavizy and sinuses 300-400 39
Shoe Workers Nasal cavity and siauses, 700 29,40
Jeukemia 130 41
Leather Workers Bladdex 150 ?

Note: With the possible axception of the lung cxncers and leukemias,

there is no overlap between the excess carcers listed in this table and

Table 2.
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ESTIMATION OF LITETIME RISKS FOLLOWING
CCCUPATIONAL EXPOSURE

|
|
APPENDIX A l
i
A major part of the preceding peper cancnn}: the prediction of = '
lifetime risk following occupational exposure to circinegens during all’
or part of a vorking life. The estimates ware derived assuming that
relative risks ramain constant for the rest of the lifetims, the estie
m;tad values for the relative risks being derived f-om coborts with

their own particular distridbutions of age, and both age at, and dura-
tion since first exposure. The puzrpose ©f this Abrendix is to show

that the assumpticn of constancy of relative risk has a reascnable

hasis. Batk relevant epidemiclogical data and the predictions of

]
|
|
!
matheamatical models of carcinogenesis will be considered. '
Epideniclogical data frxem four types of exposure are discussed:
asbestos, nickel, radiation, and cigarette smoking. The latter two i
are not primarily occcupational exposures, but they provide the two '
examples best studiad with regard to u-eluﬁ.o‘n of risk after exposure. tu.
For clgarette smoking,::the :an'idcncc of lung cancer incTesases with
the daily ameuat smcked (either lineaszly or pechaps quadsatically) and
ﬁité.the fourth power cz'du:ltiaa of zmaking, Zor current smckers.
Oon stopping smoking the incidence doas not .‘.urt.h.rtinc:nu. but Te~

mains approximately ccnstant with ege untll it approackhes that of

risk therefcre falls within five years of stopping szeoking, as shown

in Pigure la.
Yor radiation, leukemia Lhehaves differently f-om tuzors of epi-

thelial origin. Following a single couvse of radiation t-2asmens for

4
i
|
|
nonesmokers after scme 20 years (Doll and Fato 1976). The Telative '
i
I
A= '
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ankylosing spondylitis (Smith and Dell 1978), the relative risk

for leukexia rises rapidly, reaching a peak within 3-5 years, then
decreases to0 beccme inappreciable some 12-15 years after exposure
(Pigure 1b). The relative risks for epithelial tumors of heavily
axposed corgans, however, remain low until 10 years after exposure,
then riil and remain on a platsau for the remainder of the observa~-
tion pericd (Figure lc).

Other epidemioclegical data on risks from irradiation show simi-
lar betavior for liﬁkomia (a=boxh survivers) and for breast cancer
(A=bozb survivors, women givan radiation treatment for tuberculosis
or post-pastuxm mastitis).

The two examples just given provide the two exireme possibilities,
continually elevated risk following exposure of very limited duraticn,
or a rapid fall in risk following cessation of a leng lasting exposure.

Asbestos and nlckel provide two examples of occupational expo-
sures whare coLorts have bsan followed, over an cxtcndo& pericd of
time. Ashestos causex lung cancer, cancar ¢f the gastrointestinal
}rgct, and messtheliomas (s?l;kozf %nd Hammond 1978). Among a cohort
Zors than two thirds of whom had beex sxposed for less than two yeass
(Xewvhouse inénlizzy) ths ingidence of a‘cothsliuaaa incraased with
increasing rapidity until tha limit of the eb--:vatian pericd, 38 .
yeacss after first exposure (Figure 1d). COnvnzsiun of these inci-
dence figures into correspoading values for relative zisk is not
h.lpful due £o the rarity of the non-ocsupaticnally related disease.
ch.ver. tho ahsclutn risk, as given by the Iincidence figure, stows
ne sign of leveling off even thizty yea~s after cessation ¢ external

exposure. Extzapelation of the incidence cusve %o highe> ase groups

A-2
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would seem justified, to give an estimate of 8-10% of d.lth; due to
masothelicna predicted in the group under study (Newhouss and Berry
197¢). '

Tor cancer of the lung the data have not Lonn Presented {n such
¢leax fashicn, but all studies indicate an increase in relative risk
for the peried more than twenty years after start of exposure com-
pared to 10-19 &.n::kaziié start of exposure. Assumption of a coa~-
stant relative risk would appear to be conservative .(Selikeoff and
Baommond 1978; Peto et 11: 1977; Newhouse and Berry 1976; Knox et al.
1968).

For nickel, the main carcinogenic ﬁaza:d for the cohort from
Wales appeacs to have been ramoved from the environment around 1930
{Doll, Matthews and Margan 1977). Neverthelass, there has bsen no
ind{cation that the relative risk for either lung cancer or for can-
cer 5£ the nasal sinuses has fzllen over the decades following the
reduction in hazard (Doll at al. 1570,1577) up to the most Zecently
ropo:ts& follow-up c;ding in 1971. Siniln:ly_in the Norwegian study
~{Pedersan 1973), the gfoaf‘ipduetidi in expseures to dust and fumes
since 1950 is not reflected ia any reduction in relative risk. In-
terestingly, the values for the relative risk (average over Jollow-
up €5 1371 in both cases) for the Welsh cohorts sxposed befora 1930
and the Norwagian cohort exposed before 1950 were sizilar, approxi-

mately 10-fold.
One would conclude fzom thase two examples ¢f occupaticnal

axposure that the spithelial tumors induced behive more like epithelial

tumors related £o radiation than %o those Telated to ciga-ette smok-

ing. Exposure to the azcmatic amines would seem simila- wish risk
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among the exposed net falling two éeosuy?a&ttr removal from the

workplace of the known carcinogens, but in this situation the
zeplacamants for tha :arcinogcnq may themselves have been carcino-
genic (Fox and Colliar 1976). -

The diffarant types of dehavior described above can be d.;il{d -
frxrom the widely accepted multi-stage theory of carcinogenesis, whezein
a cancer iz assumed ¢t5 arise from a single cell which then passes

through @ series of stages, the last of whick leads irreversibly to

a elinically appasent tumor. With X stages, and with.b:ababilities.

of transition constant over age, one would predict the age-specific
incidence to increase with age to I-“‘(k-l) power, as is observed
for nost epithelial tumors with k = 8 or 6 {Whittenore 1977; Cook,
Dell and Fellingham 1569).

How suppcese that an external carcinogen, as in an industrial
.xéonu:n. bagins to Operate at time 23, and then is removed at time
t3. If cancer is @ multi-stage procass, then the eZfect on the inci-
dence of the target organ cancer, and on the relative risk, will de-
pend on which stage in the process is primazily :Etcctcd. If the
initial ltﬁlqc_..i,s.afiietcd then we expect the :Qla:.ivc rigk at time

t (e>t;) to be of the form:

Rie) = 1+ e M-t F 0 - e nke

wvhare ¢ 4is proportional to the dese. R{%t) is shown graphically
for various values of t; and t, in Pigure 2a. The approximate con-
stancy of the relative risk over time for a raage of values of t;
znd tq is apparent, sinilar to the bshavicr oz epithelizl tumoss
after isracdiation, and probably similar to the effects of asbesios

and nickel.
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If the penultimate stage is affected, the behavior is different,

the relative risk at time t (t>t,) being given by
{ » L.8. desreasing rapidly after cessation of exposure, as in

Figure 2b.

Cigarette snoking related lung cancer gives an example of this
type of bhehavioz. -

For mesothelicmas, whare because of the low spontaneous inci-
dence relative risk calculations are of little value, a multi-stage

podel (with £ = 3) has been successfully fitted to both animal data

UE:_—=QIb~‘IIi

and data £=qm 3{ vears of follow-up of a cohort (Newhouse and Berry
1976).

The multi-stage model appears to give a ccherant picture of the
evelution of risk aZter axposure during a limited interval which is
consistent with available epidamioclogical data, at leaast for epi-

thelial tumors which comprise the great majority of occupaticnally
related cancers. Thase data, taken together with the implicatioﬂzof -'
the model, give support to the assunption on which many of the numeri-
cal estimates of the paper are based, and justify extrapelation of
r-lativ- risk vnlucs obtaincd zram anust:inlly sxposed cchorts to

the :cmaiaing lizctiuc of tha cchort. '

T asetof) - N
- SN IALY)
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LEGENDS FOR FIGURES

1. a.
b.

Ce.

d.

Incidence rate of lung cancer as a percent of rats at time of stopping.

Risk for leukemia following frradiation for ankylosing spondylitis.
Left hand vertical ax$s shows scale for relative risk, right hand
vertical axis shows absolute axcess number/105 population per year.

Risk for tumors of the heavily frradfated sites, following frradfation ’

for ankylosing spondylitis. Vertical axes as in 1b.

Incidence of mesotheliomata, axpressed as cumulative number observed,
i{n years sfnce first exposure to asbestos. Expected incidence
obtained from a Weibull modg with

Risk = ¢ {t-w)
where ¢, w and k are constant (as given in the figure) and t the time
since first axposure.

2. Evaluation of risk after exposure of limited duration as predicted by
a multi-stage model of carcinogenssis.

a.
b.

First stage ?ffected by the exposure. )
Penultimate stage gffected by the exposure.
) [- N
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FIGURE 2A
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FIRST STAGE i?FECTED)ExPOSURE BEGINS AT AGE 20
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FIGURE 28
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This statement will address the guestion: "What fraction
of the cancer incidence in the United States is attributable
in whole or gart to occupatiocnal exgosure to carcinogens

in the workplacel” The conventional estimates have been
that this fraction is quite small, and figures of between
one percent and five percent zre often quoted. However, as
we will show below, these estimates were admittedly
speculative and were incomplete or deficient in several
respects. If the full conseguences of occupational
exposures in the present and the recent past are taken
into account, estimates of at least 20 percent appear

much more reasonable and may even be conservative.

Basis of the Estimation that 20 Percent of Cancer Deaths
will be Associated wit ceunationa Xposure £o emicals

I. Asbestos as a ﬁéll-Studied Example

The conseguences of cccupational exgosure to asbestos in
the United States have only been fully recognized in the
past year. According to estimates made by the U.S.

. Depactz=ent ¢f Health, Education, and Welfare, between

eight and eleven million workers have been exposed to
asbestos in the U.S. since the bezinning of World War II.
Of that total, approximately 1.5 to 2.5 million are
presently e=ployed, while the remainder -- berween 6.5

and 8.5 =illion workers ~- were formerly employed in
envirtonments with significant asbestos exposure, including
4.5 =1ilion who worked in shigyards during World War II.
Of these workers, approximately four million are believed
to have had heasvy osure to asbestos. Based on
epideniological studlies of workers, it is estimated

that 20-25 percent of heavily exposed workers die of

lung cancer, 7-10 gercent of pleural or peritoneal
mesctheliosa, and B-5 percent of gastrointestinal cancers.
These figures are probably underestimates of lifetime
visks, because relacivelg few workers have yet been
followed to the end of their normal lifespan. The tortal
frzetion of heavily exgcsed workers likely to die of
these cancers is probably between 35-44 percent.
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Of the four million heavily exposed workers, approxi-
mately 1.6 million are thus expected to die of asbestos-
Telated cancers. Assuming that the excess risk to the
4-7 million less heavily exposed workers is one-quarter
of that to the heavily exposed workers, the total number
of cancers associated with asbestos in the less-heavily
exposed group would be expected to be about 0.55 milliom,
raising the total to about 2.15 million. Since most

of these cancers will be manifested in the next 30-35
Years, the expected averaga nusber of cancers attributable
to asbestos per year in that period will average

about 67,000. Such mimbers would represent about 17 per-

cent of all cancers detected annually in the United States.

II. Other Less Well Studied Examnles

Arsenic

Nucber of workers potentizlly exposed: about’
1,500,000.

Risk ratios*: 3-8 for lumg cancer.

Estizated number ¢f excess cancers per year:
2,100 - 7,300.

Benzens

Nuzber of workers potentially exposed: about 2,000,000.

Risk rvatios: 2-3 to 7 for leukemia.
stizated number-of excess cancers per year:

240 - 1.400’."\

Coal Tar Pizch Volatiles and Coke Oven Emissions

Nuzber of workers potentially exposed: about 60,000.
\\\\m Risk ratiocs: 2-6 for cancer of the lung, larynx,
" e $kin, and_scrotum.

Estizated number of excess cancers per yeaxr: 160-800.

Risk Ratic:
The ratio of cancers to the number expected in a normal

population. A risk ratio of two means a doubling of the

Tisk.
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Vinyl Chloride

Number of workers potentially exposed: about 2,260,000,
Risk ratios; 200,4 and 1.9 respectively for
' -hemangiosarcoma, brain and lung cancer.
Estimated number of excess cancers: 1,940.

-3 -,

.A total ofl-3 percent of the cancers occurring in a year
will be associated with these four substances.

III. Substances for which excess cancer incidence has been
recorded but for which estimates of the number of workers
exposed may ba less accurats.

Chrozium

Number of workexs Eotentially expcsed: about 1,500,000.
Risk ratios: 3-40 for mDasal cavity and sinus, lung .

and larynx.

'."E—;Eimz‘g;egogmber of excess cancers per year: 2,400~

\
Iron Cxide A

A Ne=ber of workers potentially exposed: about 1,600,000.
AN Pisk watios: 2-5 for lung and larynx.
~ .. Estimated nuxber of excess cancers per year: 1,300-

5,000.
Nigkal

h=ber o workers ;otencially exposed: about 1,370,000.
Risk ratio: 5-10 for lung.
Es:ingtsgon@er of excess cancers per year: 3,800-

Petroleum Dissillates

Nuober of workers }zotantially ex:posed abcut 3,000,000,
Eigsk zatlios: 2-6 for lung and larynox.
Es:in;gegogmber of excess cancers per year: 2,400-

A total of 3-1B percent of the cancers occurring in a yeas *
will be associated with these four substances.
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- ~IV. Totals. .

" Thus the total excess incidence would be from 21 to 38 percent.
We choose to use the figure 20 percent in order to be

conservative. : .

Surmary an&-Canclusinns

1. The oft-quoted astimatess that enly 1 percent to 5 parcent
of total cancers in the United States are attributable to
occupational factors havas not been scientifically documented.

2. Most cancers have multiple causes: it is an error to
&ttempt to assign each cancer to an. exclusive single cause.

3. Because cancer incidence is strongly dependent on age
" and upon duration of exposure, most cancers resulting from
osure to carcinogens will occecur late in life: many
epidemiological studies detect only & small fraction of

early-developing cancers.

4. Past exposure to asbestos is expected to result in over
2 million premature cancer deaths in the next three decades:
this corresponds to roughly 17 percent of the total cancer
incidence expected in that period.

5. Raasonable projections of the future consequences of

ast exposure to egstablished carcincgens suggests that at
-deast -8 othexr substances may contribute substantially to
carcer incidence comparable in thelr total effect to asbestos.

6. The prolectionms suggest that occupaticonally-zalatad
cancess may comprise 28 percent or more of total cancer
incidence in forth-coming decades. (This does not include
cancers attributable to ionizing radiation,)

IR e L -

7. Although exposure to some of the more important
oceupaticnal carcinogens has been reduced in recent gears.
there are still many unregulated carcincgens in the U.S.
workylaces; a number of occupations are characterized by
excass caccer risks which cannot yet be attributed to
specific sgents. ’

8. Thers is no sound reason to assume that the future
consaguences of present-day exposure to carcincgens in the
workplace will be less than those of exposure in the recent
past. .

9, Patternms and trends in total cancer incidence (and .
mortality) ia the U.S. are consistent wich the othesis
that occupationally-related cancers comprise a substantial
and increasing fraction of total cancer incidence.
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In addition, the following table lists cccupational-
in which an excess cancer incidence has been reporte
without identification of an etiologic agent.

APPENCIX -

groups
When these

are fully studied, the overall excess incidence may be

assessad.

OCCUPATIONAL GROUPS IN WHICH EXCESS

CANCER INCIDENCE HAS BEEN REPORTED WITHOUT -
IDENTIFICATION OF A SPECIFIC ETIOLOGIC AGENT

Occupational Groups

- Cancer Site(s)

Percent

Excess Reported

Coal Miners
Chemists

Foundry Workers

Textile Workers

.Printing Pressmen

{newspaper)
Met2l Miners

Coke byv-produss
Wozkers

Cadmiuv= Produs<ion
Woz-kers

Lerd Workers
Rubber Industry

Prosessing

Tire Building

Tire Curing
Woodworkers

Leather and Sheca
HWorkers

Stomach

Pancreas,
lyaphomas

Lung
Mouth and pharynx
Mouth and pharynx

Lung

large intestine,
Pancreas

lung,
prostate

ung

Stomach,
leukemia

Bladder,
Brain

Lung

Nasal cavity and sinuses

Nasal cavity and sinuses,

bladder

40

64
79

50-150
77
125

200

18l
312

135
248

30

80
140

g8
90

61

5,000
150
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