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Occupational Cancer in Men Exposed 

to Dust and Other Environmental Hazards 
IRWIN D. J. BROSS, Ph.D. 
ENRICO VIADANA, M.D. 
LORNE HOUTEN, Ph.D. 
Roswell Park Memorial Institute 
Buffalo, New York 

ABSTRACT 

Data using a series of approximately 14,000 patients admitted to Roswell Park Memoriallnstitute for Cancer Research between 1956 
and 1965 have been analyzed for occupational cancer risks. A detailed epidemiological schedule involving occupational history, smoking, 
drinking, and various other etiological factors was taken prior to interview. A mass screening of these data for about 20 different sites 
of cancer and 50 suspect occupations was conducted, using age-adjusted relative risks. A number of relationships was found between 
particular occupations and cancers. This report gives a survey of these relationships for men in a subset of the occupations screened, i.e., 
those occupations where exposure to dust would be suspected. 

Unlike most previous occupational studies, this one has a broad focus on a set of occupations and cancer sites rather than a narrow 
focus on one specific occupation or cancer site. This broader survey provides useful insights into the role of occupational hazards in the 
overall public health problem of cancer and is not a substitute for intensive investigation of specific occupation-site relationships (which 
cannot be done here). It can, however, provide guidance on which relationships are likely to be of public health significance, and what 
directions the deeper investigations might take. This kind of perspective is provided for the 22 occupation-cancer-site combinations where 
the age-adjusted relative risk is significant at the 5% probability level. 

THIS IS THE FOURTH PAPER in a continuing series 
dealing with the hazards in a work environment that can 
produce cancer. It is based on a comprehensive epidemio­
logical survey carried out by the Biostatistics Department 
of the Roswell Park Memorial Institute for Cancer Research 
(RPMI) in Buffalo, New York. It studies a series of approxi­
mately 14,000 patients who were admitted to RPMI 
between 1956 and 1965 and for whom a detailed epidemio­
logical schedule involving occupational history and more 
than 75 other factors was taken prior to diagnosis. The 
data processing, biostatistical analysis, and scientific report­
ing of this survey was a formidable task, since there were 
more than 20 different sites of cancer and 50 suspect occu­
pations to be considered and various demographic and 
other factors to control. 

The basic data have been reported in monograph form 1 

to the National Institute for Occupational Safety and 
Health (NIOSH), which has provided the contract support 
for the survey. Because this material includes comprehen­
sive tabulations of the original counts and age-adjusted 
relative risk and probability levels for all sites and occupa­
tions surveyed, it is not necessary to include all of this 
material here. However, the extensive numerical tables of 
the monograph, while containing the basic information, 
are not an effective way to communicate the important 

300 

findings of the survey. Some discussion in words is needed 
in addition to the original numbers. The purpose of this 
continuing series of papers is to present these findings in a 
more intelligible form and, in some cases, with a somewhat 
deeper analysis than the original survey. 

When the survey uncovered a large number of new and 
interesting results, it was decided to divide up the writing 
chores among the three senior scientists involved in the 
survey: Dr. Irwin Bross who originally conceived it, Dr. 
Enrico Viadana who carried through the initial survey, and 
Dr. Lome Houten who was in charge of the later opera­
tions. The results for women were written up separately. 
Because a single paper would have been too unwieldy to 
present the results on male workers, the suspect occupa­
tions for men were divided into three roughly equal sub­
groups according to what seemed to be the primary etio­
logical factors involved. Dr. Viadana has dealt with occupa­
tions with a presumed risk of exposure to combustion 
products and chemical fumes,2 Dr. Houten with occupa­
tions, with a presumed risk of exposure to metals or metal 
ions,3 and this paper deals with the remaining occupations 
with a presumed risk of exposure to dust. For the conveni­
ence of readers concerned with a specific occupation, Table 
1 gives a list of occupations and their codes from the 
Standard Industrial Gassi/ication Manual 4 ,5 that was used 
in the four papers. 
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Table I.-Occupational Classification 

Occupational Industrial 
Occupations Code* Codet 

Male 

Dust 

Blacksmiths 402 
Brickmasons, Stonemasons, and Tilesetters 405 
Carpenters 411 
Cranemen, Derrickmen, and Hoistmen 415 
Excavating, Grading, and Road Machinery Operators 425 
Farmers in Dairy Farms 221-222 0132+ 
Farmers in General Crop and Livestock Farms 221-222 0144+ 
Laborers in Lumber and Wood Products (except furniture) 979 24 
Laborers in Miscellaneous Manufacturing Industry 979 35-39 
Laborers in Paper and Allied Products 979 26 
Millwrights 491 
Operatives in Miscellaneous Manufacturing Industry 729 35-39 
Operatives in Paper and Allied Products 729 26 
Operatives in Textile Mill Products 729 22 
Roofers and Slaters 514 
Shoemakers and Repairers (except factory) 515 

Metal 

Electricians 421 
Filers, Grinders, and Polishers, Metal 653 
Furnacemen, Smeitermen, and Pourers 670 
Laborers in Fabricated Metal Industry 979 34 
Laborers in Primary Metal Industry 979 33 
Linemen and Servicemen, Telegraph, Telephone, and Power 453 
Machinists 465 
Mine Operatives and Laborers 685 
Molders, Metal 492 
Operatives in Fabricated Metal Industry 729 34 
Operatives in Primary Metal Industry 729 33 
Painters 495,694 
Plumbers and Pipe Fitters 510 
Tinsmiths, Coppersmiths, and Sheet Metal Workers 525 
Toolmakers, Diemakers, and Setters 530 
Welders and Flame-cutters 721 

Chemical 

Barbers 814 
Laborers in Chemical Industry 979 28 
Operatives in Chemical Industry 729 28 
Operatives in Leather Industry 729 31 
Operatives in Rubber and Plastic Industry 729 30 
Painters 495,694 
Print Workers 414,423 

503,512 

Combustion 

Bakers 401 
Bus, Taxicab, Truck Drivers 641,714 

715 
Deliverymen and Routemen 650 
Kitchen Workers 835 
Locomotive Engineers and Firemen 454,460 
Mechanics and Repairmen 470-480 
Stationary Engineers 520 
Stationary Firemen 712 
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Table 1 (Continued) 

Occupational Industrial 
Occupations Code* Codet 

Female 

Cooks (except private household) 825 
Cosmetologists and Hairdressers 843 
Kitchen Workers (except private household) 835 
Laborers in Food Industry 979 20 
Operatives in Apparel Industry 729 23 
Operatives in Chemical Industry 729 28 
Operatives in Food Industry _ 729 20 
Operatives in Leather Industry 729 31 
Operatives in Lumber and Wood Industry (except furniture) 729 24 
Operatives in Paper Industry 729 26 
Operatives in Primary Metal Industry 729 33 
Operatives in Rubber Industry 729 30 
Operatives in Textile Industry 729 22 
Spinners in Textile Industry 710 22 
Weavers in Textile Industry 720 22 

--

*From Bureau of the Census Alphabetical Index of Occupations and Industries, 1960 ed. A 
hyphen is used to denote combinations of consecutively numbered categories including the 
first and last numbers shown; a comma is used to other combinations of categories. 

tFrom Standard Industrial Classification Manual, 1957 ed. A hyphen is used to denote com-
binations of consecutively numbered categories including the first and last numbers shown. 

:j:Farmers' major industrial group, Commercial farms (01), is further subdivided into Dairy 
(32) and General Crop and Livestock (44). 

Methods and Procedures 

The methods and procedures used in this article are 
parallel to those used in the previous papers. Since details 
on the sources of the data, the computerized biostatistical 
technology, and the rationale for the choice of the control 
or comparison series that have been used in the calculations 
of relative risks have been given in the previous papers,2 , 3 

this information will only be sketched here. 
For the past 75 years RPMI has been the only major 

cancer research institute in western New York and there­
fore tends to serve as a catchment basin for the cancer 
patients in this area. Hence, whereas this sample is not 
strictly population based, it tends to be fairly close to such 
a sample. Other hospitals in the area often see the patients 
first, and in many cases the patients do not come into the 
RPMI series, but a substantial proportion of the cancer 
patients in western New York come to RPM!. 

The counties of Erie and Niagara are centers of heavy 
industry. Either or both counties tend to show up as "sig­
nificantly high" or "in highest decile" for most of the 
occupation-related cancers in the Atlas for Cancer Mor­
tality for u.s. Counties: 1950-1969,6 which covers the 
time span of this survey. 

Nearly all of the adult patients admitted to RPMI dur­
ing the period of this survey were interviewed prior to 
diagnosis and the six most recent occupations were 
reported. These data, together with the other epidemio­
logical information, were subsequently coded, punched, 
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and put into machine-usable form. Other processing steps, 
such as cross-tabulation by sex, age, occupation, cancer 
site, years in occupation, smoking habits, or other factors, 
were conducted by using "software" specifically developed 
for this class of studies under a grant for biometric research 
on cancer epidemiology. 

Relative risks adjusted for age or other factors were cal­
culated, using as control or comparison groups the patients 
found to have a diagnosis other than cancer (non-neoplastic 
disease) and the patients employed as clerks (occupational 
codes 301-370). 

Unadjusted 
Relative 

Risk 

No. in suspect occupation with cancer at given site 
No. of clerks with cancer at given site 

No. in suspect occupation with non-neoplastic diseases 
No. of clerks with non-neoplastic diseases 

Actual risks shown involve related but more complicated 
formulas that are used for age-adjusted risks. Here the sta­
tistical analysis uses the standard Cochran 7 test for prob­
abilities and the Woolf-Haldane8 ,9 estimate of the relative 
risks. An extension of these procedures, the Bertell test/o 
was also used. 

A further discussion of the rationale for this choice and 
the tests made to validate it can be found in a previous 
paper;2 it has been shown that this choice is not critical. 
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the same results are found for example, all of the
occupations not on the suspect list are used for controls.
They also appear if the series on cancer of the rectum and
colon are used instead of the non-neoplastic series (e.g.,
cancer control).

The primary screening procedure is used here to identify
The cross-categories where the relative risks are numerically

or statistically significant, or both. The relative risks
may be elevated for a series of related occupations or for
several sites of cancer among workers in a given occupation.
Age, duration of employment, smoking habits, or other
collateral information may be used to further assess a given
finding. The ability to view an individual finding against a
broad background of related information permits a higher
degree of self-validation in this type of survey than is pos­
sible in the usual study of a single site or single occupa­
tional cohort.

Results

Age-adjusted relative risks of various cancer sites by
occupations that are significantly elevated above 2 are indi­
cated in Table 2. A number of interesting features appear
in this summary table. The marks that indicate significantly
elevated age-adjusted risks tend to cluster in particular
occupations (rows) as well as in specific cancer sites (col­
umns). In all of what follows, it should be remembered
that these are results for men and that the occupational
results for women, while sometimes similar, do not neces­
sarily show the same pattern, especially for the period of
years under study.

A general look at the table shows some 22 combinations
of occupation and cancer sites that have an age-adjusted
relative risk significantly elevated at the 5% probability
level. Furthermore, these relative risk estimates are all
greater than 3.1 and hence cannot be easily attributed to
extraneous factors. 1

!

Considering Table 2 first from the standpoint of site of
cancer, both a conspicuous presence and an absence of
certain site-specific risks of cancer can be noted through­
out the series of dust-related occupations. The risk of
melanoma is observed to be the most widespread. Sub­
stantial relative risks of melanoma, all greater than 2 and
significant at the 5% level, are present in five occupations.
Seven of the dust-related occupations exhibit estimated
risks of stomach cancer that are elevated, although only
three are significant.

On the other extreme, some cancer sites fail to demon­
strate a statistically significant relationship with any of the
various dust-related occupations. Colon and rectum can­
cers, the lymphomas, and the skin cancers other than
melanoma do not show any elevated risks that are signifi-
cant at the 5% probability level. myeloma and
leUlke:ml:1~ and cancer of the lung, and testis showed
elevated risks for some occupations, none were
significantly so.

Most of the sites an elevated risk in several occu-
pations fall somewhere between the two previously men­
tioned extremes. For half of the cancer sites listed
the relative risk of cancer is elevated among

or more classifications. Most notable in

November/December 1978

addition to melanoma are the cancers of the stomach,
pancreas, and nose, each displaying significant risks greater
than 2 in three occupations. Moreover, cancers of the
buccal-pharyngeal cavity, esophagus, prostate, kidney, and
bladder are each significantly present in at least one
occupation.

Results for Specific Occupations

Focusing now on the occupations at risk, it can be seen
from Table 2 that none of the dust-related occupations
under consideration is entirely risk free. Almost half of the
occupational classifications show significantly elevated
risks of cancer for at least two distinct sites.

Some occupations appear from Table 2 to be relatively
more hazardous than others. Using the total count of
cancer sites double-checked within each occupation as a
crude indicator of relatively hazardous occupations, the
brickmasons, the shoemakers, and the operatives in the
textile industry would be prime suspects for having a more
hazard-producing environment; these occupational classi­
fications all display significantly elevated age-adjusted risks
at several of the sites considered.

The age-adjusted relative risks for those men who had
ever been employed as brickmasons (a category that also
includes stonesetters and tilesetters) are not only elevated
at several sites but in addition have a magnitude of these
risk estimates that tends to be substantially larger than 2.
Besides having an excessive relative risk of leukemia, the
brickmasons have excessive risks of cancer to the digestive
system (both esophagus and stomach cancers), the respira­
tory system (both nose and lung cancers), and the urinary
system (both kidney and bladder cancers). The risk of nose
cancer was significant at 12.4.

Slightly less pronounced patterns of elevated risks occur
in the operative categories, most notably those operatives
employed in the textile mill industry. Most of the signifi­
cant risks are found in the digestive and respiratory sys­
tems (Le., cancers of the nose, stomach, and pancreas).
The relative risks of pancreas cancer are high in all three
operative categories, two of which are significant at the
5% level.

Other occupations that have more than the expected
number of sites with elevated risks include the blacksmiths,
cranemen, dairy farmers, laborers engaged in the lumber
and wood products industry, and shoemakers. Each of
these occupations have four or five sites for suspected cancer.

Closer examination of these occupations having the
intermediate number of sites at risk reveals at least one
common denominator. Within each occupation, the sites
of cancer that show an effect of occupational hazard are
for the most part accentuated by risks in excess of 2. This
may imply that only the sites strongly affected by suspect
occupational environments are being detected and that
some sites, less affected or masked by other factors, are
being left undetected.

Under the blacksmiths classification a high significant
risk appears for cancer of the prostate and for ·melanoma.
The effect is rather strong; the risk of prostate cancer is
estimated to be almost seven times that of the clerical
control group.
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risks of stomach cancer that are elevated, although only 
three are Significant. 

On the other extreme, some cancer sites fail to demon­
strate a statistically significant relationship with any of the 
various dust-related occupations. Colon and rectum can­
cers, the lymphomas, and the skin cancers other than 
melanoma do not show any elevated risks that are signifi­
cant at the 5% probability level. Although myeloma and 
leukemia, and cancer of the larynx, lung, and testis showed 
elevated risks for some dust-related occupations, none were 
significantly so. 

Most of the sites having an elevated risk in several occu­
pations fall somewhere between the two previously men­
tioned extremes. For nearly half of the cancer sites listed 
the relative risk of cancer is significantly elevated among 
two or more occupational classifications. Most notable in 

strate a statistically significant relationship with any of the
various dust-related occupations. Colon and rectum can­
cers, the lymphomas, and the skin cancers other than
melanoma do not show any elevated risks that are signifi-
cant at the 5% probability level. myeloma and
leUlke:ml:1~ and cancer of the lung, and testis showed
elevated risks for some occupations, none were
significantly so.

Most of the sites an elevated risk in several occu-
pations fall somewhere between the two previously men­
tioned extremes. For half of the cancer sites listed
the relative risk of cancer is elevated among

or more classifications. Most notable in

Much the same results are found if, for example, 
occupations not on the suspect list are used for 
They also appear if the series on cancer of the 
colon are used instead of the non-neoplastic series 
cancer control). 

The primary screening procedure is used here 
The cross-categories where the relative risks are 
large 
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Table 2.-Age-Adjusted Relative Risk for Males Ever Exposed t~ Dust-Related Occupations 

Site or Type of Cancer 

" Q .,!:: x 
5 d~ :J 5 .s 5 .~ !;P g o;,! E ~ 0> 0 

~E 

~ 
" " ii :;; 0 e. '" '" ~ 0 ~ ." "'" .§ 0. 0 ",,- 0. E 0- 0> " 1!' ~ ""il "" Occupation Occupational Industrial go;,! 51 0 - " C5 C5 :l :s ~ :a E ;; o 0> <;; 0 

~ " " Code* Cadet '" '" V; uO:: "- Z ....l ....l 0:: f-< :.: '" en ....l :;;: ....l 

Blacksmiths 402 V VV V VV 
Brickmasons 405 W V VV V VV V V 
Carpenters 411 V 
Cranemcn 415 V V V V 
Excavators 425 V VV 
Dairy Farmers 221-222 0132 VV V VV V 
Crop Farmers 221-222 0144 V 

Lab. in Lumber 979 24 VV V V V 

Lab. in Misc. Mfg. 979 35-39 VV V 

Lab. in Paper 979 26 V VV 

Millwrights 491 VV VV 

Oper. in Misc. Mfg. 729 35-39 V V 

Oper. in Paper 729 26 VV V V 

Oper. in Textile 729 22 V W VV VV V V 
Roofers 514 V VV VV 

Shoemakers 515 VV V VV VV V 

*From Bureau of the Census Alphabetical Index of Occupations and Industries, 1960 ed. 

tFrom Standard Industrial Classification Manual, 1957 ed. 

Ivv I Significant at the 5% probability level; relative risk ~ 2. 

m Relative risk ~ 2. 
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In the two categories of farmers, significantly elevated 
relative risks among digestive and respiratory sites are 
absent. Risk of cancers of the prostate and bladder are 
found to be significantly elevated in dairy farmers, to 4.8 
and 3.2, respectively. Melanoma shows up as a relatively 
high risk for crop and livestock farmers. Kidney cancer 
and myeloma are associated with risks greater than 2 for 
dairy farmers. 

The laborers who were ever engaged in the lumber and 
wood product industry exhibit elevated age-adjusted risks 
of cancer in the esophagus, the testis, and the kidney, and 
the risk of myeloma is more than doubled. 

Males ever employed as shoemakers or shoe repairers 
have, for the most part, Significantly increased risks of can­
cer of the digestive and respiratory sites, namely, the 
buccal-pharyngeal cavity (the only such occupation with 
high risk at this site), stomach, and nose. The prostate and 
esophagus are also characterized by a Similarly increased 
risk of cancer. Evident again is the same consistent display 
of risk estimates of more than 2 in all five cancer sites, 
with stomach cancer having a significant risk as high as 16.5. 

Carpenters, excavators, laborers in miscellaneous manu­
facturing industries, laborers in paper and allied products, 
millwrights, and roofers comprise the remaining dust­
related occupations that have only a relatively few cancer 
sites with significantly elevated risks-such as pancreas for 
the laborers in miscellaneous manufacturing (3.8) and 
stomach for the millwrights (5.5). Because of the ever­
present possibility of false negatives in Table 2, however, 
these occupations should not be misconstrued as having 
relatively safe or carcinogen-free work environments. 

Smoking and Occupations 

Certain sites of cancer such as the buccal-pharyngeal 
cavity, the larynx, the lung, and the bladder are known to 
be related to smoking. It is therefore important, when pos­
sible, to consider this additional factor when dealing with 
occupational risks. For uranium workers and others the 
occupational effect is most pronounced among smokers. 
Therefore the estimated relative risk of cancer at particular 
key sites was recalculated for each dust-related occupation, 
taking smoJ~ing status of the worker into account. 

For each occupation within each key cancer site, the 
smoking standardization of the relative risk estil;nate was 
performed over two smoking categories which discriminated 
the "less" against the "more" hazardous forms of smoking. 
It should be noted that the definition of the qualifiers less 
and more varied slightly among sites, depending upon the 
site considered. Also, the smoking standardization was not 
accompanied by a corresponding adjustment for age, since 
simultaneous adjustment for both variables resulted in too 
many z~ro entries in the cross tabulations. 

With few exceptions the results for the smoking-adjusted 
relative risks of cancer for males who were ever exposed to 
dust-related occupations do not differ appreciably from 
their corresponding age-adjusted relative risk estimates. For 
the most part, those occupations exhibiting high, significant, 
age-adjusted risks of cancer at a specific site continue to 
show the same or even a more pronounced effect after the 
adjustment is made for smoking habits. 

November/December 1978 

One exception to this siJnilar patterning of risks under 
both adjustment procedures can be noted. It involves the 
emergence of a relative risk estimate, previously non­
Significant under the age-adjustment procedure, but now 
Significantly elevated when smoking habits are taken into 
consideration. When adjustment is made for smoking 
habits, an additional significant risk of cancer of the buc­
cal cavity and pharynx is indicated among operatives in 
the paper products industry. This suggests that the occupa­
tional risk for buccal cancer may be obscured here by the 
effects of smoking. 

Occupation vs. Ethnicity 

Whereas it is not possible to deal specificcilly with all of 
the relationships that have been found here, one of special 
interest is considered in more detail in this section. The 
several high risks of stomach cancer raise the question of 
whether the increased risk is due to the ethnic groups 
within certain occupations. Although occupational factors 
have previously been suggested for stomach cancer, more 
positive relationships were found here than was expected. 
The ethnic composition of Buffalo and western New York 
suggests a plaUSible counterhypothesis to an occupational 
explanation. 

As an initial step in providing such evidence for or 
against ethnic factors, a simple comparison of the ethnic 
composition can be made between the suspect occupations 
that do show a significant risk of stomach cancer and the 
clerical occupations that have shown a deficiency of stom­
ach cancer. Any marked differences in the ethnic composi­
tion of the two groups would warrant further investigation. 

Since the incidence of stomach cancer is generally more 
prevalent behind the iron curtain, Hungary, Lithuania, 
Poland, Russia, and Czechoslovakia are considered to com­
prise the suspect countries of origin or birthplace; Austria 
has also been included. Workers born in these countries 
and migrating to the United States might be expected to 
have a greater risk of stomach cancer than native-born 
Americans. Therefore the ethnic counterhypothesis would 
iJnply that among those occupations with Significant risks 
of stomach cancer one would expect to find a much greater 
proportion of workers from these countries than would 
normally be expected if these countries of origin and 
increased risks of stomach cancer were not related. Exami­
nation of Table 3 reveals that only 15 of the 870 white 
males employed ill clerical occupations have come from a 
suspect country. This amounts to just 1.7% of the total 
clerical series. Furthermore, of the 14 clerical workers with 
stomach cancer, none gave a suspect country as birthplace. 

When the suspect occupations having significant risks 
of stomach cancer are pooled and then similarly examined, 
of the total of 14 male workers with stomach cancer in 
this combined group, 2, or 14%, were born in suspect 
countries. The 2 workers observed in this category are 
therefore about eight times the number expected on the 
basis of the control series. This might suggest that the eth­
nic counterhypothesis is a workable alternative, but as can 
be read from Table 3 the occupations without significant 
risks of stomach cancer show an even higher ratio. 
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Casual arguments of this kind have often been used to 
refute the findings for variables under study, such as occu­
pation. It is therefore worthwhile to take this analysis one 
step further. If these ethnic groups are indeed fully or 
partially responsible for the elevated risks of stomach can­
cer among several occupations, the removal of these ethnic 
groups from the data should eliminate many, if not all, of 
the Significant estimates of relative risk. Therefore, after 
restricting the analysis to individuals born in the United 
States, the relative risks of stomach cancer, adjusted to 
age, were recomputed. 

The results of this further analysis are a little surprising. 
Instead of the number of significant results being reduced 
by the elimination of the ethnic factor, there are twice as 
many significant results. Relative risks greater than 2 and 
significant at the 5% probability level are achieved for 
Blacksmiths (402), Brickmasons (405), Laborers in Lum­
ber (97924), Millwrights (491), Operators in Paper Industry 
(72926), and Operators in Textile Industry (72922).4-5 
This serves to make an important analytic point that is 
often missed by naive critics of epidemiological studies. 
Removal or control of a confounding factor may actually 
bring out the basic relations under study even more clearly. 
The kind of analysis that corresponds to the top line of 
Table 3 is not a refutation of an observed relationship 
(although it is often used this way by critics). It now is 
apparent that even if ethnicity were to have a relationship 
to the risk of stomach cancer, it could not account for 
most of the elevated occupational risks. Most of the rela­
tive risks that are Significantly elevated when the entire 
sample is considered persist even after the ethnic groups 
have been excluded. 

Discussion 

A summary of the fmdings provided by Table 2 indicates 
by double check marks the combinations of occupation 
and cancer site that had a relative risk larger than 2, or an 
increased risk that was statistically significant, or both. 

A number of immediate points can be seen when the 
results are summarized in this way. (1). Many more 
occupation-site combinations are double-checked than 

Table 3.-Suspect Birthplaces-Austria, Hungary, Lithuania, 
Poland, Russia, and Czechoslovakia 

Suspect Country 
of Origin 

No Yes Total 

Suspect occupations with 
with significant risk of 
stomach cancer 12 2 14 

Suspect occupations without 
significant risk of stomach 
cancer 53 16 69 

Clerks with stomach cancer 14 0 14 

Total number of clerks 855 15 870 
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would be expected if there were no hazards. (2). A pattern­
ing of the combinations that have been singled out for 
attention exists. For instance, the occupations such as 
brickmasons or operatives have several different cancer 
sites with elevated risks. Sites such as melanoma, stomach, 
or pancreas have elevated risks for several different 
occupations. (3). Some features of the patterning would be 
expected from what is already known about the etiologies 
of the sites, or the nature of the occupations, or both. 
Hence it is clear from Table 2 that the approach, data, and 
analytic technology is providing relatively clear and coher­
ent information on occupational cancer hazards and not 
merely random "noise." 

As one example of the concordance between the pattern­
ing in Table 2 and patterns expected on the basis of previ­
ous knowledge, let us consider the occupations with ele­
vated risks of melanoma. From past experience it would 
be expected that persons working outdoors would have 
more risk of melanoma than those working indoors, since 
a known etiological factor for this site is exposure to ultra­
violet radiation. From Table 2 it can be inferred that the 
occupations with the elevated risks are often those involv­
ing outdoor work (i.e., cranemen, excavators, roofers). 

In looking for patterning of this kind, it should be kept 
in mind that although there may seem to be a symmetry 
between detection and nondetection of a relationship, this 
is not how the biostatistical technology actually works. In 
general, the circumstances that produce false positives 
despite these stringent criteria are unusual. On the other 
hand, the circumstances that produce false negatives are 
relatively common. Thus, whereas the number of cancer 
cases here are larger than those commonly reported, there 
are often fewer than 5 cases of cancer in a given occupation­
site category. It is not unlikely that a relationship will be 
missed. Although the data can provide fairly reliable evi­
dence of hazard, they cannot provide any corresponding 
guarantee of safety. Failure to fmd a positive relationship 
should not be interpreted as proof of no relationship. 

Not all of the patterns in Table 2 are those that might 
be expected from previous studies. One surprising feature 
here is the number of positive results for stomach cancer. 
If it were hypothesized that ingestion of dust were 
involved, then one might expect elevated risks in the buc­
cal cavity and esophagus, since these would be exposed to 
the same hazard. These speculative remarks are intended as 
an illustration of how the patterning in the summary table 
could be used as a guide to consideration of the more 
detailed tables. Without such a guide it is difficult to avoid 
losing the scientific implications of the data in the com­
plexities of the numerical detail. 

A detailed discussion of the similarities or differences 
between these findings and others reported in the litera­
ture is precluded by the sheer number of positive fmdings 
in this report. Moreover, with the ready availability of 
computerized literature searches, it is doubtful whether 
the tradition of indiscriminate citation of hundreds of ref­
erences makes sense any longer. 

Whereas it is always possible that an extraneous variable 
related to occupation and not to the occupational environ­
ment itself might explain an increased risk of cancer, the 
simple, face-value explanation may be much more likely 
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than a complicated indirect explanation. For relative risks 
that are much larger than 2, indireCt explanations become 
increasingly unlikelyY-12 Sometimes the patterning such 
as that in Table 2 makes the explanation unlikely. In other 
cases, as with cigarette smoking or ethnicity, further analy­
sis of the data is possible and may directly contradict the 
counterhypothesis. Finally, it is possible to invoke the 
principle of scientific Simplicity, Occam's razor, or the 
principle of public health responsibility. The latter says 
that the benefit of the d.oubt should go to the humans 
exposed to risk and not to the products or processes that 
may have to be restricted. For some or all of these reasons, 
interpretation of the results here at face value is by no 
means as naive or unscientific as it is sometimes made out 
to be. 

* * * * * * * * * * 
We would like to acknowledge the computational assistance of 

Mr. Thomas Rzepka and Ms. Geraldine Sonnesso in the prepara­
tion of this material and the other papers in this series. 

Submitted for pUblication November 9, 1976; revised; 
accepted June 6,1977. 

This investigation was supported in part by Grant No. CA-11531, 
awarded by the National Cancer Institute, U.S. Department of 
Health, Education and Welfare, and in part by the National Insti­
tute of Occupational Safety and Health, Contract No. 210-75-0025. 

* * * * * * * * * * 

REFERENCES 

1. Houten, L.; Bross, I. D. J.; Viadana, E., and E.; Viadana, P.; 
DeCoufle, and Stanislawczyk, K. 1977. Occupational Mono· 
graph: A Retrospective Study of Cancer with Relation to Occu­
pation. NIOSH Research Report, DHEW (NIOSH), Publication 
no. 77-178. Washington, D.C.: National Institute of Occupa­
tional Safety and Health. 

2. Viadana, E.; Bross, I. D. J.; and Houten, L. 1976. Cancer experi­
ence of men exposed to inhalation of chemicals or to combus­
tion products. J Occup Med 18: 787-92. 

3. Houten, L.; Bross, I. D. J.; and Viadana, E. 1977. Occupational 
cancers in men exposed to metals. Adv Exp Med Bioi 91: 93-
102. 

4. U.S. Bureau of the Census. 1960. Census of Population; Alpha­
betical Index of Occupations and Industries (rev. ed.). Washing­
ton, D.C.: U.S. Govt. Printing Office. 

5. U.S. Technical Committee on Industrial Classifications Stan­
dards. 1957. Standard Industrial Classification Manual. 
Washington, D.C.: U.S. Govt. Printing Office. 

6. Mason, T. J.; McKay, F. W.; Hoover, R.; Blot, W. J.; and 
Faumeni, J. F. 1975.Atlas of Cancer Mortality for U.S. Coun­
ties: 1950-1969. DHEW Publication (NIH) 75-780. Washington, 
D.C.: Department of Health, Education and Welfare. 

7. Cochran, G. H. 1954. Some methods for strengthening the 
common x2tests. Biometrics 10: 417-51. 

8. Woolf, B. 1954. On estimating the relation between blood 
group and disease. Ann Hum Genet 19: 251-53. 

9. Haldane, J. B. S.1955. The estimation and significance of the 
logarithm of a ratio of frequencies. Ann Hum Genet 20: 309-11. 

10. Bertell, H. R. 1975. Extensions of the relative risk concept. 
Experientia 31: 1-10. 

11. Bross, I. D. J. 1966. Spurious effects from an extraneous vari­
able. J Chronic Dis 19: 63747. 

12. Bross, I. D. J. 1967. Pertinency of an extraneous variable. J 
Chronic Dis 20: 487 -95. 

November/December 1978 

STATEMENT OF OWNERSHIP. MANAGEMENT AND CIRCULATION 
(Requ.ired by 39 u.s.c. 36BS) 

I.TIT"'E OF PUBLIC"TION A. PUBLICATION NO. Z.DATE OF I"II..IN& 

ARCHIVES OF ENVIRONMENTAL HEALTH- ISSN #0003-9896 1012 I 9 6 2 0 9/30/78 

3';~~M~~;hl;F ISSUE r :~N~';.L"t~ES6PUB""SHEDIB. ~::I~~AI.. S$2;~~OION 
4. L,OCATION OF KNOwN OFFIO;'" 0'" PUBI.ICATION (Streff, Clb', c" .... t)', 8141. cmd ZIP Code) (Not prlllhll'lJ 

4000 Albemarle Street. NW. Suite 504, Washington. DC 20016 
5. LOCATION OF THE HI! .... I:IQU .... RTERS OR GENER .... L. BUSINESS OFFICES OF THE PUBL.ISHERS (Nat lI"'n"' •• ) 

Same as above 

6. NAMES AND COMPLETE ADDRESSES OF PUBLISHER, EDITOR, AND MANAGING EDITOR 

PUBL.ISHER (N,",",,,,,dAddreu)COrne11US ~ •. Vahle, Jr.; Helen ~~~~t Re"I'iJ'"""EQucatlonaL Foundation; 

4000 Albemarle St., NW; Suite 504; Washington, DC 20016 

EDITOR (NtJmeandAdd,... .. ) Board of Executive Editors, 

4000 Albemarle St., W; Suite 504; Washington, DC 20016 

MAN .... GING .. OITOR(NtJmeandAdtl,... .. ) Patricia McCready and Frank Turley, 

4000 Albemarle St., NW; Suite 504; Washington, DC 20016 

Helen Dwight Reid Educational Foundation 4000 Albemarle St •• NW; Suite 504 

Washington, DC 2001 

B. KNOWN BONOHOLDERS, MORTGAGEES, AND OTHER SECURITY HOL.OERS OWI'IING OR HOI.OING 1 PERCENT OR MORE OF 
TOTAl. AMOUNT OF BONOS, MORTGAGES OR OTHER SECURITIES (It Ihe ......... nane. m .t .. fe) 

None 

9. FOR COMPI.ETION BY NONPROFIT ORGANIZATIONS AUTHORIZEO TO MAIL ATSPECIAI. RATES (Section 132.122, P8M) 
TIlepu,po ... fu"ctl"",lndnonpr"fltotatulofthl.o,glnlz""lonl"dth •• ""mptnltlllfo,F-.I.rall,,com.ta"pu,po ... (Che,,/tane) 

(U"kallg<!d,p .. bU.h..,.m ... t."bmft """p/an"tf"n "r"h"n,,, 
wlththu."'tement.) 

AVERAGE NO. COPIES EACH ACTUAL NO. COPIES OF SINGLE 
I$$UE o~~nNo~~~iCEDING ISSUE PU~~~~~~~~i:REST TO 

A. TOTAL. "'0. COPIES PRINTII;O (Ndl're •• R .. ,,) 

C. TOTAL PAID CIRCUL.ATIO'" (811m ar lOBI und lOB:.!) 

O. FREE DISTRIBUTION BY MAIL., (: .... RRIER DR OTHER MEANS 
SAMPLES. (:O"'PLIMENTARV ..... NO OTHER FREE <;:OPIES 

E. TOTAL. OISTRIBU'l'ION (Snm arC and D) 

F. (:OPIES NOT DISTRIBUTED 
1. ~~~~~E pUR~~'T~~~T OVER, U"' .... (:(:OUNTI!!I:I, SPOIL.EO 

G. TOTAL. fSnmafE. Fl and 2-.h .... W "" .... 1 n"tp,",," rim _hawn 
inA) 

3,950 3,800 

3,272 3,160 

3,272 3,160 

69 69 

3,341 3,229 

609 571 

3,950 3,800 

II. Icertifythatthestatementsmadebyme MANAGER, ~ //'l..~_ ~
:' •• 'TU.:,'~'.DT>m' _'\o_~u" •• " 

above are correct and complete, Barbara Marney t/ 
12, FOR COMPLETION BY PUBLISHERS MAl LING AT THE REGULAR RATES (8ect/l)n 13.2,I.2J. Pod .. 1 Seruice M .. n .... I) 

:'II~;"~'II ~::~~~~"~::~&I~lf.G.n~:;I~::~~;~t~I~~~~::';I~~ ~~~: ~:"~I~::':!::~·~: r;:o!1 pn;:::~~~~:~ :o!'';'':8~~~~e:;~:r ~:~;.!~~I~ 
wm.1I men.ra, ... ch rat .... " 

In accordance with ,he pro"I'I",,> of ,hi. """1,1'., I hereby r<KjIIa., pllTmI .. l,," ttl m.n the publl...,lan "amlld In ltam 1 lOt the pha ..... p"nslJl' 
rll1llpr ... ently.u,horlzedby39 U.S.C.3B26. 

"SMOKING 
is childish 

at any age' t AMERICAN 
LUNG 

® ~~~2~sI~rJ£~ 
GPO Box 596, NY, NY 10001 

Space contributed by the publisher as a public service 

307 

D
ow

nl
oa

de
d 

by
 [

C
D

C
 P

ub
lic

 H
ea

lth
 L

ib
ra

ry
 &

 I
nf

or
m

at
io

n 
C

en
te

r]
 a

t 1
4:

15
 1

4 
A

ug
us

t 2
01

3 


