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S A RELATIONSHIT BASED OXN

oty, . Geraid, Holder, Benjasin 3.,

RESUTRATORY CANCER ANL ARSI

‘ PROPORTINNATE MNnTALITY ANALYSLS.
Gordon, Harold L.

The proportionate mortality experience of 173 decvdents expoacd primrrily

to lead arsenate and caleium arcanzte was cempared with that of 1809

A significant increase in

b e e -

drcedents not exposcd to those conpouwnds.

respiratory cancer was found amony the exposcd employees. The relationship

PEE—————

baLween accuzulated arsenic coxposure and the ratio of ohserved to expected

respiratoty malignzney deaths was estirated using a least squares approach.

individuals exponcd to conpounds

The predicecd ratio exceoeded six-to=one for
Ihe_predicecd ra e for

e e —— -
_—— =

L 3 3 . .
containing an equivalent level of 1 mp/em”™ arcenic for a period of more

T e s em - .-

than eight years. For the more heavily evposed individuals, a liability

to respiratery cancer remains 15+ years after the initial exposure. ’
. L 8

My=ervations hased on the proportionate study were supportaed by an analvsis

of the same target populatisn, cmploying prespeetive rather than retro- [

apective netheds.
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A RELATIONSHIP BASED 0N PROPOIIONATL T AL

arsenical compeunds have lonm heen anspected of cansing cancer in
t?

(¢} . (2
humans. Yost recently, Lee and Frawsmond reported i ooveral’ three-

fold increase In respiratery cancer amosy, 3000 eneltoer werrery caponed to

Tald anony ©

olovees vho

arsenic trioxide. The inecrease ran as hich e of

conie for 12 or more moutis.  The authors were

were heavily cxposed te

caraful to note that tie inllaenee of sulfur dioxide or wnidentified clremi=

cals varving concomitantiy with the arseiic oiponure couls not he discountedt,
In a nuszher of bBritish and Coerman arti-les, excuesy cancer has hueen re-—
(% A4,5,M

,osure twoarsen.onis,

Luny, concer

ported Lo be associsted with o

and elinical arsemic i o= owere Yonad ftopctier aconn Gesnan vinevard worrers

vhio weed fusos Lletaes contadnitgy areenic in s b el dantn oy Pt ienn
besween 1929 and 1u42,  ia oaddition, a sippiticaat ineteasc in lung eaacer
was Tound amonn inbalicaote of the wine producing areas #f the Moselle River,
bul net ameny residents of the wioe preducine areas ol rhe Ahr River ~here
pescicides containing ar.enic were not usedd,
his imvestipacion enemines the proporiionate morcality sxperleace of [

a proup of 1nduscrial worlers enined in the production of insccticides con=

taining arsenic. All available exposure information was incvorperated Iato

the analwsis in an effort to determine if the proportion of respiratory can-

coer deaths was related Lo exbosury dosane.

HONS

Burine the peried from 191¢ threough 1956, a pro-

The Fauposure Unyir .
e rebomule st .

Curtion unit of the corpaay wias enyaped in foraulating and packacing a line

The product line included lead arsenate,

thining, arsenic.

of jnueeticides




calcium arvenale, copper acelosarsenite and mapnenimn arsenate, T Temd
1

arsenale was produced from 1Y1Y throwsh 17060 cab s areonate Dron 1070 (o

1032 ehnrouch 1945, and masnesium arsenate

1951, copper aceto-arsenite frenm

from 1900 through 1949, The hroaidewn of araenicval prodacr fen over Ui vt free

37 years was estimaced to be 397 lead arsenate, 347 calcing arsenat.e, 3%

: The unit, n adlition,

copper aceto-arscenite, and 77 wagnesium arsenale.

processed and packaged several other products, the most important of which

wore powdered solfur and drey Time suliuwr. The size of the work force varicd

Turnover rates were rather

from 30 in 1928 to appreziratels 100 in 1948,

high, with less than 257 of the men rewaining with the unlt for wore than one

rartially due te the scasenality of the wo:k, and due 1o the

year. This was

naturc of the jobs., ihe pachapiny jobs vequired fow skills and were oftlen

assipned Lo new emploveen. Transler to hetter johs within the company oc=

Laeie emploviees,

currvd ranidiv for most of

The lewnd arsenate proces« typified the processes usced to nanufacture

This process bepan by slurrying lead oxide

cach of the other arsenicai-.

Was

into a miving tank, whove arrenic acic

in water.  The slurry was purned

added.  Thie solution war then trancferred to an adjacent "aildine for drvine.

In 1043, the packaring operations were surveved, with

milling, and bapning.

r

ihe readings varied frem W1E to 1900 milli-

15 hreathing zone savnics taren.

arsenie per cubic weter of air, dependinn on the lecation of the samp=-

grams

area of the drum dryers

1952, the higinest exposures eccurred in the

-3

ler. 1In

milliprmes arsenic per

where broathing szeme samples ranead Trom 1.7 te 40,8

machines where samplex

cubic meter of air, amd in the area eof the paceasing

rangoed frem .26 to 7.5 atllipram. arsenic per cubic meter of air. [Lxcussive

exporuave was also noved during ¢leanuy operations, such as sweoplinre of [loors,

Renpiratery Cancer and Arsenicals/oe ¢t oal




In addition, high lead concentration., were fount in the produrtion area.

The 1952 measurements resulted In phasing cut the lead arsenate procens
over rhe next several yvears. For analyvs.o purposes, it was accessary Lo

plifivd strueture, wet one thich

reduce the exposure infgrmatinn to a sin
did not misvepresent chu'undorlyinﬂ vrposure patterns.  The first task was
to eonstruct a matrix of job classifications within the production unit b
calendar yeors. This was done from anunual personnel Lists which enumerated
the emplovees by job elassification within Jdepartment, and from the work
history cards that are kept for each emplovee., Over the course of 37 yeoars,
numerous modifications in job classifiratien terminolony wera eneountered.
Fifty dif:erent job titles were identified, including those which were later
found to refvr to the same job. Next, Jjob duescriptions and exposure measiares
mente were used to combine the jobs into {four exposure classifications. In
assisning Llwe welginlod averape culiceatrations Lo the virives proupings, the
emphasis was placed on arriving aL a prover ratio botween the exposure groups.
The estimates shown in Table 1 were obtained through the consensus of two in-
dustrial hvoienists {amiliar with the processes, the available industrial by-
gicne data, and job descriptions.

The cuposury concvntrations experienced by employees whilé in Group 1
jobs were quite variable, and included the likelihood ¢f bricef execursions co
very high lovels. Respiraters wera available, but were not worn consistently.
Individuals on Group 11 jehs were exposed to dust levels penevally at lever,
less variable concentractions, but over lonper periods of time.  Sowme omp aveer,
for cxample. speiat up to six hours a dayv performing tasks near the packawing
machines.  Few measurements were available for CGroup 11T or Group IV jobs be-
cause the exposure was apparent!s felt to he of less concern relavive to the

cther Lobs.  Thun, the sreatest subjectivity was used o estinating Uime

Respiratory Cancer apd \reenfealy /e er al 3
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weiphted averane conceniration. for these sroups,  Since ne adjnsinents were
made for the weariny of respirators, or the fact that production occurred on

a somewhat intermitient basis, it is likely thot actual exposure dosares were
overstated rather than uaderstated by the above estimates. Howewer, the im=
precision in the time weiphted averane estimites would not be expected to lead
te appreciable distortions in the relative desage exposure rankings singe du-
ration of exposure, which was determined quite precisely, varicd considerably
from individutl-to=individual.

The dosage exposure to arsenie was calculated from the following

formula:

-
NDosape in millicrams = n,T.) X B,
osage in millipgrams (> { 1) B

where i represents the exposure group;

1)i represents the number of vorl davs an emplovee spent

. . cth - -

in thie 1 exposure catevory (21 working gavs per montn

were assumed in adjusting for nonwork days):

Tj represents the time weighred concentration for an 8-nour
. th

day in the 17 exposure group:

and,

B equals 4 cubic meters/8~hour day, the average breoathing

(7}

rate assuned for an 8-hour day. (The assumption of

4 cubic meters/A-hour dar pav be conscervative; 10 cubie

meters/8-hour day is commenly used.)
Study Pesign.  For this study, ithe sampling frame conxisted of nearly 2,000
emplovecs who were hnown, through company records at that m-nufacturing lo-
cation, to have died between 1940 and 1972, The emplovee work histories for

the entire decedent population were examined to ldentify those decodents who

Respiratory Cancoer and Arsenicals/ote ot al
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had spent onc or more davs assipned te Lﬂu production wnit of :interest. The
173 men identifjcd constituted the exposwvd population.  The remaining deco-
dents, less 13 wio had worked with ashestos, scrved as controls.

The expected proportion of deaths due to respirptory malipnancy in rela—
tion to vear of death and age at death was estimated based on a weizhted least
squares analysis of the control population. The 1800 deaths among the con-
trols were categorized by ten vear age groups and intervals of five calendar
years within each age group. An cight term equation, utilizing age and vear
of death, explained 38 percent of the variability hetwien the categories and
provided a reaseonable {it to the data in the repion of interest. Tahle 2
shows resulting estimates of the expected proportion of deaths due to respira-
tory malignancy for selected age - at Jdeath and calendar vears.

For the decedents in the exposed population, the following itens of in-
formation were accumulated: a vredicted probability tnatr deach woeuld be due
to regspiratory malignancy; the observed cause of death; the carecr dosage ox-
posurc to arsenic in mgs.; the interval between first exposure and death; the
age at death; and, the year of death, The strategy of the analveis was to
detarmine if a dose response relationship existed between the propertion of
deaths due to respiratory malicnancies and exposure dosage, adjusting the oh-
servations for the oxpected proportion of respiratery malignancy deaths.

RESULT%

A summary of causecs of death amonp the exposed workers and the controls
ig shown in Table 3. Malignant acoplases of the respiratory svstem accounted
for 16.2 percent of the deaths in the exponed group, as compaved with 5.6 per-

(8)

s caleulated

cent among the controls. A Mantel-Haenszel test statistic
.

to compare the proportionate differences in respiratory cancer bhetween the

Respiratory Cancer and Arsenicals/Out ot al. 5
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two groups after subdividing the data jnte a 3 8 4 table of Apes at deata,

by decade of deatit.  The purpose of t

HEES

which nigit be associaied with these varjables. The noranl approxination

statistic for this test was 5.3 (P <.001l). Cancer of the Ivaphatic and hen-

atopoicvtic tissucs, except leukemin, also occurred wore frequently than ex-

pected.  8ix deaths were obscrved amony the exponed proup verwuns 2.8 deaths

expected following the Mantel-liaenszel mocedure (P L.03),

In relating the perceat of respiratory cancer deaths to dosage levels,

the expected probability that death would be due to resniratory cancer was
determined [rom the repression equation Ceseribed in Lhe nethadology =section.

The observed versus expected deaths by exposure catipory are presented in

Tuble 4,

A weighred least squares rrocedure was emplovid to deseribe the rela-
tionghip Yetween the ratio of observed Lo expeeted respirvatery cancer deaths
and the untural leoparithm of cthe dosage exposure in =illigrams.

in Figure I. An approximare test for rche sarnificance of the it villded
a P-value of <.0l. VWeights were assiyncd on a basis of the vstimated vari-

ances of the ratie for each exposure ecroup. Tt is important te note that, i€

n
the descge scale bad been expressed in ronths of cxposure at ! melem”™, the

ratio al observed to expected deaths would have excecded unity at oae mouth

of exposure.

Table 5 shows, for two dosage criecories. the observed and expected

number of respiratorvy cancer deaths by dnterval berween exposure and death.

Among the decedents in the Jow exrosure ygroup, the oucrers of obuwerved to ox-

pecteou deaths occurs 15 so 34 vears after {nitial exposure; whereas, in the

high exposure group the eacess persists amons indis fduals deing more than 33

years after their initinl oxposure to arsenic.

Respiratory Cancer and Arsenieala /Ot et a)l
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For the 28 decedents whe died frn# respiratory cancer, a resrenaion of
interva]l between fnitial cxposure and death, on ape of emplovee at {irst ex-
posure, was performed.  The ape at firsy cxposure to arsenjc was negatively
correlated with the lag cime between cexpesure and death die to respiratory
cancer.  The ohserved intervals between first orposure and death Here then
adjusted for the ame at first exposure offeet and were plocted arainat the
carcer Jusape levels for cach of the 28 decedentn.  As seen from Yicure 11,
there is no clear association ketween exnosure dogage and the interval be-
tween fir#sl eurosure and death.

DISCLSSroN

The positive dosc respsnsc relationsiip and the overall increase in

respiratory cancer serve wo further implicate arneniecal conpounds as a cause

of respirctory cancer.  No other -omron denominatar was found amongy these

- - a"-:‘—

amploveon plal e oluervativas.,  The cobondd papulatlen o samingd
portionately ¢id Include four desedents wno had worked with asbostos subge=
quent to thelir arsenic exposure.  Two of these uecedents died from regpira=-
tory cancer. The effvcis of Including these four decedents in the exposed
group were {celt to be imsmaterial ta the cove usions. Three of the eight
deaths that have ocecurrod during 1973 wero duc'to respiratory cancer,  Thase
results vere not included ia the proportionate analveis. The medical records
for the respiratory cancer deceden' n were =evivwid cith Teupeol to smoking
and fam:lial cancer histories. No analysis of the incomnlote information
found wus uttemptad. Hovever, in view of the particel Infor<ation ovailable,
Tal

it was deemed unlilely that these variables wonld ov hivhly correinted with

the arseric cuposure.

Malipoant acoplaes of the Tv=-platic and hematopoielic Ulsauer, exgept

lTewheria, was the only other qatepory Tor wirch tho v.apt ad croup I ered

Reepirators C.oaeor and Arcenicoalsn /ot e




from the controls. The ratio of ohsvrved Lo expected deaths for this cate=

gory was 2.1, Specifically, ihe sin coses of Tenphoma were cleassified on
the death certificntes as one ismphoblasteomt, one reticelum cell sarcoem:,
and four cases of Hodpkin's Discase. No elear dosape relationship could bhe
drawn {rom these ahsorvniiunn ad no association conld be found in the lit-
erature relating lvmphomas to chronic chenical cxpornure.  The data ora sume
marized only as a clinical obhservacion by the authors.,

It was possible to fellow 380 of the inscctic:ides exployees utilizing
prespective study in retrospent techniques.  Total observed deaths were
9 pereent bigher thay for a corresmonding population of company cmplovecs,
but 11 percent “elew the number o deaths cupacted based on a courresponding
U.5. white male population,

Cn the otucr hund, respiracory calipnaney death rates were 2.3 tinmes
higher than for other company coplavecs | and ton 1 lmes Linher anons moroe
heavily exposed vovlovees 33 or more vears after initial exponure (7 ob-
scrved versur L7 expected).  These results did not conflict with the pro-
perticnate resulis o any significant depree, but did indicate -that the
numher of deaths due ro all causes eoceeded the wrpected nusher by a rela-
tively s=all number.

Unril the ecarly 1930's, arseniecal pesticides bad been spraved on tobacco
erops in the Gnitod States. The uwre of these insecticides has led to con-

. . . . . (%) :
tamination of ciparcties with arsecnie.  sSatcerleo sumnarizod the probl.x
in 1906, Thoe arsenic content of cigarvites had risen crom 175 micrograms
per cigarette in 1937 to 42 microvram. in 195G=31. These level. e~ulyg lead
Lo rather high concentrations of  reenic in the lung during rmoking. i ro-

Tevels in A=uriean ciparcites have clined toe an averan

(10

cont yenrs, araenic

of 7.7 uicrograss por gram of tobacco.

Respiratory Cancer and Arsenicals/Ote ot 11 -
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In Peruvian toba-cos, arscnic levels were found te be 22 micTo raRn per

Satteriec alse reported thas hacheround

8
Clmarette as recently as 1966, )

rrenic levels of 10 to 40 microrrans er cubic meter of air were found fn Sew
o n

cork City.  Thus, arsenic is a widespread envirsnmental contamivant which, in
tew af the results of this study, descrves consideribioe investipation.

Renpivatory Cancer and Avvenicals /ot et al
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Tahle 1. Fstimated Arsenic Levels

wer lobh Cageery

Job Catuvgory

§-Hour TuA Cencentration of Arsenic

(Milligrans per cnbic meter)

—_

Group 1

Group I1
Groun 11T (Jobs associated with
arsenical production cut uof the

arca of high dust exposure)

GLO\J]: P \\.O}l.‘\ AHVOI»AAI}_" el

the formulation of non—arsenical

5.0

3.0

1.0

=

within the preoduction unit or res=

quiring only interamjriem: time

the arcas of hiph exposurc)

T

M i
0 };4,{?'.,”,’7
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Table 2. Expected Proportiuvn of Respiratory Malipnancy

Deaths By Axe and ate of Death (Based on

Company Control Pupulation).

ARe at Death
Year of Death
30 40 50 60 70 80
1950 L0006 024 .033 034 .026 .010
1960 . 006 .Q34 L0350 054 .046 026
1972 .004 L0688 . 105 117 .104 Q635

NG 1 aleAR
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Table 3.

Sunboer and Pereent of Deat o

Exposed Graup amd Controls, 194

Aanony

Cause of Death

All Causcs
Malignent Neoplasme, Total
Digestive Orpans & Peritonous
Respiratory Syston
Cenitel Oreans
Urinary Orpans
Lymphatic & Hematopolctic Timnues,
Fxcept Levkemia
Leoukenia
All Others
Diseases of Cardiovascular Systen
Discases of Respiratery Syuten
Disrases of Digestive Svstem
External Injury

All Quhiers

r3

0

-~

f=1972,

the

tontrols

3y Percent -
100.0 1809 1 100.0
12.9 374 20.7

128

36
13

25

18
52
101,
73
59
200

91

11.1

5.0
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Table 4. Obscrved and Fapected beaths Due to Hospiratory

Malipnancies by Dxponure catepory

Pespitatars Dalivnaney boaths

Fxposure Levels

TwA Concentration Averare
X Months of in  (dosave) Jof Total iﬂhqurvvd fzpected

Exposur in mRs. Deaths |

Number .
e l Batio Observed
- Lxpected

e
PG tans -n
)
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Table 5. Ohserved and
Malignancies

Death.

Taeeny
FEDOS AL B RV

1

s Due to Respirators

by interval Yetween Dzposure and

Interval Netweon Fipat
Taposure and Date of
Death

In
ca

(Dosane) In Mus.

6.9 6.9+

rupeeted

Obzerved

Expoctod

Total

<15 Years

15 ~ 24 Years

35+ Years

iy

1 4:‘"/’“1?’ )

CONE mpNﬁrT'm




BIRLTIOGAPRY

1. Buchanan WD: Toxicity of Arsenic Compounds. New Jerney, Van Nostrand,

1962.

2. Lec AM, Fraumeni JF Jr: Arsenic and flespirntory Cancer in Man:  An

J ¥at Cancer Inst 42:1045=1052, 1969,

Occupational Study.

3. Hill AR,Faning EL: Studivs in the incidence of cancer in a factory

handling inorganic compounds of Arsenic: [, Mortality experience in

the factorv. FAr J Ind Med, 5:1-6, 1948,

4. Robson AQ, Jelliife Allr Medicinal arsenic poisoning and lung cancer.

Brit Med J, 5351:207-9, 27 July 1963.

5. Roth F: The sequelac of chronic arsenic poisening in Moselle vintagers.

Garman Med Monthly, 23]

6. Roth F: Bronchial cancer of arsenic~-poisoncd wintage 5. Virchow Arch

1y58,

Path Anat, 331:119-37,

7. Patty FA: Industrial Hygicne and Toxicelogy, Volume 1, General frincivles,

1958,

Ind Rev. Ed., New Yorh, Interscicnce Publiishers, lne.,

8. Mantel N, Hanenszel Wi Statistical aspe ts of the analwvsis of data fronm

rotrospective studies of discasc. J ¥nr Cancer Inseg 22:719-748, 1959,

9. Satterlee 1iS: The probler of arsenic in Amerfcan ciparette tobacco.

New Eng J Med, 254:1149-3%, 1956,

10. lee BK, Murphy G: DNDetermination of arsenic content of American cigarcites
Py 3

by neutron activation analysis. Cancer, 23:1315-1317, 19269,

11. Arata Al, Quiupe PL: Concentraticn de arsenice en tobacos v cigarillos

Poeruanes.  Rev Facgult Quiriea, 17:15-22, 1965.

00 14077
CONFTRENTTAI




b
A
o
o
>
=
=
g
=
«

FIGURE 2.

INTERVAL IN YEARS BETWZEN INITIAL EXPOSURE AND DEATH

DUE TO RESPIRATORY CANCER BY DOSAGE-
ADJUSTED FOR AGE AT FIRST EXPOSURE

1 1 | 1

3 4 5 6 7
Natural Logarithm Qf Dosage In Mgs.
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