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Alcoa
201 Isabella Street

( ALCOA “Pittsburgh, PA 15212-5858 USA
' Tel: 1412 5534458
Fax: 14125534822

- September 9, 2010

Honorable Fletcher L. Hartsell, Jr.-
Chairman, Judiciary Il Committee
North Carolina General Assembly
Room 518, Legislative Office Building

Raleigh, NC 27603

Dear Senator Hartsell:

Over the past several weeks, Alcoa has reviewed the video, questions and testimony from the July 6,2010
Senate Judiciary II Committee meeting in an effort to provide information that was requested by the Committee
members. Alcoa has been a good corporate citizen for more than 120 years, including nearly 100 years in North
" Carolina, is proud of both its environmental and worker safety records and wants to ensure there is a fair ‘
P exposition of the matters discussed by your Committee. We appreciate this opportunity to do that.

Alcoa's Environmental Leadefship

Alcoa is recognized as a national and global leader on sustainability issues and has invested hundreds of
millions of dollars in the generation of clean, renewableenergy. Alcoa was named a founding member of the
Dow Jones Sustainability Index, has been recognized as one of the ""100 Most Sustainable Corporations in the
World" and is ranked #1 by FORTUNE for ""Social Responsibility" in the Metals industry. Alcoais alsoa
founding member of the US Climate Action Partnership, which supports reductions of greenhouse gas -
emissions, and is leading by example. Alcoa has voluntarily reduced greenhouses gas emissions by 44%
(compared to 1990 levels) despite continuous growth. Alcoa is a major supporter of recycling initiatives across
the country and has partnered with the Aluminum Association to increase the recycling rate of aluminum cans
to 75% by 2015. Alcoa encourages employees to take an active role in protecting the environment. In 1998,
Alcoa challenged employees to personally plant 1 million trees by 2010, We reached that goal in two years,
and then started the 10 Million Trees" program. Alcoa employees remain on track to personally plant 10
million trees by 2020. For the past eight years, Alcoa has published a sustainability report, transparently
reporting on its environmental, social and business performance. A copy can be viewed at www.alcoa.com.

Alcoa's Environmental Record at Badin Works

The Badin Works smelter began operations in 1917. During the ensuing decades, Alcoa's operation of the
Badin smelter and Alcoa Power Generating Inc.’s operation of the Yadkin hydro project have provided many
benefits to local communities and the state. During the smelting years, Alcoa's- manufacturing operations had
waste discharges and releases that we later realized would require investigation, analysis and, in some cases,
“remediation. Alcoa has worked closely with state and federal officials for more than 20 years to identify,
investigate, and remediate old waste sites on its property in Stanly County. The company has already spent




HON. FLETCHER L. HARTSELL, JR.
September 9, 2010 (
Page | 2

more than $10 million to remediate old waste sites that were identified through the Resource Conservation and
Recovery Act (RCRA), a federal program implemented by the State of North Carolina to regulate the -
management of industrial and hazardous waste and managed under the supervision of the NC Department of
Environment and Natural Resources, Division of Waste Management (DWM).

During its RCRA investigation and under DWM oversight, Alcoa hired an independent consultant to test the
groundwater on its property for a variety of contaminants. The results demonstratedthat there is no imminent
threat to human health or the environment associated with these sites, a conclusion with which DWM agrees.
Alcoa is proactively working with the State of North Carolina to evaluate potential remedial options, if needed,
for groundwater to meet applicable North Carolina standards. ‘

In accordance with the RCRA process, Alcoa is working with DWM on a Corrective Measures Study that will
specify any needed additional remedial measures and ongoing monitoring the company will perform beyond
what has already been completed. Alcoa submitted a work plan to DWM outlining the conduct of the study.
The plan involves additional sampling that will be conducted and the analysis used to evaluate additional
remediation measures for six Badin plant waste sites. DWM recently approved that plan and Alcoa s now in

the process of implementingit.

Finally, Alcoa, at Stanly County's request, has investigated additional sites reported by the County to be Alcoa ¢
waste sites. Those investigations were conducted. with full transparency to the State and the County. Ofthese, é—
one site was identified for further Alcoa action. Testing shows that chemicals found at the site are contained, h
“have not impacted soil, groundwater or surface water and are unlikely to pose risk to human health or the -

environment. There are no suspected waste sites that have not been addressed through the RCRA program or

North Carolina's Inactive Sites program.

‘Worker Safetv and Health

With respect to our employees, Alcoa has a stellar worker safety and health record in North Carolina and
throughout the United States and the world. Alcoa has been honored for its outstanding safety performance by

N. C. Department of Labor for 37 consecutive years.

Senate Judiciary II Committee MeetingonJ  6.2010

Alcoa has noted, as it has sought to understand the intentions of the committee, that the only official action
- taken by the committee pertaining to Alcoa was the issuance of subpoenas to UNC-TV and one of its
employees, Eszter Vajda, for an unaired, unedited video attacking our company. Recent news articles have
called into question the objectivity of the video and the motivationsof its producer. Others opposed to APGI’s
relicensing (including private interests, members of the General Assembly as well as the executive branch)
appear to have been directly involved with her efforts. A panel of journalism professors at the University of
North Carolina at Chapel Hill who reviewed Ms. Vajda’s work concluded that "the result was a series of stories
proffering an apparent point of view unsupported by the facts™ and that the report ""not only tarnished the
reputation of a valued state resource, UNC-TV, but, more importantly, presented an unbalanced and slanted (\‘

view of this important public issue."




HON. FLETCHER L. HARTSELL, JR.
September 9, 2010
Page | 3

The issuance of the subpoena came about as you and certain state officials and private interests pursue a’ - -
. government takeover of Alcoa Power Generating Inc.'s private property and business. The commiittee meeting
-provided a forum for the proponents of a takeover to atl:empt to further their cause by using a now dlscredlted

video.

Further, having reflected on the prominent role in the video played by a plaintiffs personal injury attorney and
the multiple questions pertaining to workers compensation and related litigation, all of which have nothing to do
with the relicensing of the- Yadkin project, it appears that this video and some of the related committee
questions were driven by agendas other than relicensing. We understand that the public nature of this written
response means that others outside of the committee will have access to any and all information that Alcoa
provides. As the UNC journalism professors' review demonstrates, to an objective eye the heavy hand of an
attorney actively engaged in litigation against Alcoa greatly influenced the video production. The release of
partial records by UNC-TV has shown that many others, outside the journalism process, were actively involved
i its production.” As such, we respectfully decline to provide any information we believe is mappropnate to
provide outside of privilege or that is part of or may potentially be part of a litigation process. '

Responses to Committee Questions

With respect to questions raised by the committee members and information contained in this response, for ease
F— of understanding we have categorized the documents and information as follows:

1. Alcoa Health Studies. Several questions were directed to health studies that Alcoa has commissioned.- Of
particular interest to the Committee were studies that Alcoa commissioned concerning potential kidney or
bladder cancer effects of Alcoa’s operations, specifically at our Badin smelter facility. These studies are:"

e Proportionate Mortality Study 'of Alcoé Workers (1980-1987), Rockette, H. E. and Arena, V.C,,
March 1990.

e (Case-Control Study of Kidney Cancer and Hydrocarbon Exposure in the Aluminum Industry,
Rockette, H.E, and Arena, V.C., August 1993.

e Re-Analysisof Kidney Cancer Case-Control Study Following Data Corrections, Checkoway, H,
Alexander, BH and Cullen, M.R., May 1996. -

All three studies were communicated to the federal Environmental Protection Agency. Copies of those
studies are attached to this letter.

2. Information Related to Workers' Compensation Claims in North Carolina:

Much of the information requested with respect to worker injury claims is confidential. In particular, Alcoa is
not authorized to supply information about amounts of any settlements. Additionally, a significant issue in
occupational disease claims is in the conflicting science, or lack of science, to address what causes illness and
 disease--especially where personal habits and family history may also play a causativerole. In other words, the
number of claims filed and any settlements, individually or in aggregate, are not an accurate indication of
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worker safety or the precautions put in place by the company to protect its workers, and Alcoa does not agree
that settlement of these-often highly disputed claims constitutes an acceptance that the claim was compensable

or that the employee developed any work-related disease at Alcoa.
3. Fish Study and Posting of Fish Consumption Advisory:

There are small amounts of PCBs in the sediment in Badin Lake adjacent to the Badin Works plant. When
Alcoa initially made this discovery in 1997, we immediately notified the appropriate officials within Stanly:
County and DENR. The PCBs levels are already similar to post-cleanup levels typically recommended by the
federal Environmental Protection Agency. ‘Alcoa has continued to monitor these sediments and recent testing
(December 2008) confirms that the contaminated sediments remain isolated and are not migrating.

In 2009, APGI filed a petition for contested case hearing concerning the Fish Consumption Advisory issued by
the N.C. Department of Health and Human Services, acting through its Division of Public Health, for Badin
Lake. The advisory recommended limits on the amount of largemouth bass and catfish the public should eat

from the lake.

- APGI respects the DPH’s responsibilities and duty to, protect public health and inform the public of nsks
However, APGI appealed the advisory because the State changed its own stated evaluation crxtena, but only
after the study was completed, and held Badin Lake toa dlfferent standard than other lakes and rivers in North -

Carolina. '

Specifically, the State had never before issued a fish advisory based on the findings in a single fish with slightly
elevated levels - and from a location far from the Badin plant outfall. And, even though the State had monitored
similar levels of chemicals in fish caught in other waterways in North Carolina, it had not issued a fish advisory

in those instances. The failure to use consistent evaluation criteria and apply fish advisories consistently across

all waterways called into question the confidence the public will place in fish advisories issued by the State.

Importantly, APGI never vrotested or appealed the posting of signs. In fact, after working with DHHS on

appropnate wording for the fish consumption advisory APGI worked with the approprlate agenmes to post the
signs on Badin Lake. '

The presence of PCBs in fish is not an isolated issue affectmg Badin Lake. In fact, the N.C. Division of Water
Quality website indicates that fish in many other lakes and rivers across the state — including the Yadkin River
near Mocksville, upstream of Badin Lake — have been found to have similar levels of PCBs. Health officials
have suggested looking for upstream sources of contamination since a majority of fish with elevated PCB levels
were caught in the northwest part of the lake, upstream of the Badin Works plant. There are more than 4,500
square miles that drain into the Yadkin Project, including discharges of approximately 100 outfalls from other
industries or municipalities permitted by the State of North Carolina.

4, Naturally Occurring Arsenic in Stanly County:

Beyond an onsite landfill at the Badin site, there is no arsenic contamination in Stanly County attributable to -
Alcoa's operations. The arsenic identified in groundwater at the facility is more likely related to natural : (b_%f
background conditions of the soils in the area than smelter operations. That arsenic associated with ‘
groundwater at Alcoa's Badin smelter is contained to the area of an onsite landfill. There simply is no plausible
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way that elevated arsenic levels in well water across Stanly County could be associated with the smelter.’
- Moreover, studies show no impact. from Alcoa s Badin operatlons on water in Badin Lake or the groundwater in

other parts of the County.

Arsenic naturally occurs in soils and can become more prevalent in groundwater if certain soil conditions are
present. In fact, during a joint meeting betweéen APGI and Stanly County that was held on September 19,2007,
Vance Jackson, a State geologlst pomted out that Stanly County soil contains high levels of arsenopynte (a forrn'
of fools gold with which arsenic is associated) which is a natural explanation for the high levels of arsenic. Mr.
Jackson'told representatlvesfrom Stanly County that it is "unlucky" to be located in an area with large amounts
of naturally-occurring arsenic. Mr. Jackson said a geological study would show that large natural concentration
and that anyone would be hard-pressed to directly attribute it to a particular source - such as the Alcoa plant.
(This meeting was attended not only by County and Alcoa officials, but also by representativesof several

agencies of the state government and the General Assembly.)

Alcoa also tested the water in Badin Lake and Little Mountain Creek for elevated arsenic levels. These are the

only bodies of water near the Badin Works site that could be affected by the groundwater at the onsite landfill.

Arsenic was not detected. In addition, Alcoa tested the groundwater at other waste sites for elevated arsenic

levels Alcoa has conducted extensive testing of ground water at the Badin smeltersite. Arsenic was detected
( . in groundwater in a localized area, near the boundaries of two Badin plant landfills. These levels appear to be

- the result of naturally occurring soil arsenic levels that are made soluble by relatlvely higher pH and reducing

~ chemistry conditions at the landfill/soil interface and do not persist very far from the landfill boundary. In
partlcular our sampling data demonstrates that the groundwater is not transporting arsenic off site to rivers or

= the lake.
5. Groundwater Monitors at the Badin Plant:

Alcoa has placed nearly 80 groundwater monitoring wells on the Badin site and taken approximately 270
discrete samples from them in the course of preparing its RCRA Facility Investigation report that was submitted
to the state and EPA. Many of those wells still exist and others are being installed in preparation for the
Corrective Measures Study. That study will provide for the long term management of ex1st1ng identified waste

sites. Again, this interaction with DENR is a transparent process.

Because the site groundwater has been found by the State to be stable and contaminants are not moving and do
not pose a risk to human health or the environment, routine monitoringis not currently necessary, according to

DENR.
6. Alcoa's Business Model

During the Committee's questions, one of the members observed that since Alcoa no longer operates the
smelter at Badin, APGI it should no longer own and operate the Yadkin hydro facility and suggested that only
regulated public utilities own and operate facilities that produce electricity which is sold onto the grid. Quite to
, the contrary, there are many private owners and operators of hydro-electric facilities and other electric
k_i_, generating facilities throughout the United States, including in North Carolina. These private owners generate
and sell electricity at wholesale to utilitiesand provide an indispensible part of the nation's electric supply. The
member also suggested that APGI had "'recouped" its investment and would not suffer a loss if the new license
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were not-approved. APG1'’s existing project investment must continue to earn a return, whatever the past

- returns might have been, as is the case with any capital investment. Going forward, APGI’s $240 million
investment in the hydro-project for modernization of equipment and other upgrades will continue over ten

-years. That new investment creates a negative cash flow for the project during these years with a resulting need

to borrow money to sustain operations. This investment also increases depreciationexpense significantly, with

potentially lower profitability dependant on power prices and water availability. It is investmentin a business

with probable long-term gains for which a long-term license is appropriate to ensure success.

Closing

We appreciated the opportunity for Alcoa to be heard before the J I Committee and to provide this
supplemental information.

Sincerely,

William J. O’Rourke 4 .
Vice President, Sustainability, Environment, Health & Safety F

Attachments

Cc:  Judiciary IT Committee
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PROPORTIONATE MORTALITY STUDY
OF AL'COA WORKERS

(1980-1987)

Howard E. Rockette, Ph.D.
Department of Biostatistics
University of Pittsburgh

Vincent C. Arena, Ph.D.
Department of Clinical Epidemiology
and Preventive,Medicine
University of Pittsburgh

MARCH 1990
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Background

This study provides an evaluation of the mortality patterns

of workers in the aluminum industry that can b.e used with the

inform#tion from the previously reported'Tfiﬁartite Study to help.
assess potentiai health problems in the aluminum industry. The
Tripartite Study was initiated in Hay 1978 and a repbrt of study
findings was made in November 1981. Progress of the study was
reported quarterly‘th¥bughopt’the duration of the contract period
to a Tripartite Comﬁittee consisting of representatives of labor,
management and government. The study population consisted of -
21,829 men employed at least five years in a reduction operation
in one of the 14 plants between January 1;-i946 and December 31,
1973 (1). Vital Status determination as of December 31, 1977 was
made on 99.3% of the cohort and death certificates were obtainea
for 97.6% of the men believed to be deceased. The priorities
which directed the analysis of the Tripartite data were as
follows:

(1) Mortality pattérns of‘ﬁorkers in the potroom and/or
carbon departments were given. the most attention in
the analysis.

(2) Respiratory cancer was to be investigated thoroughly
and was the disease category given the highest
priority.

(3) Lymphopoietic cancers were to be investigated and were
second only to respiratory cancer as a diseaseé
'category to be given special attention.

(4) For diseases other than respiratory cancer and

lymphopoietic cancer, enough preliminary analysis was



done to identify any excess mortality that was
associated with a particular plant or process.
(5) Causes of dééph aééociated with the aluminﬁﬁ.feduéﬁioﬁ
process in other studies'were reinvestigated using the
Triﬁartite data. | | | |
In order to sétiSfy these objectives, the mortélity patterns
of employees in the fourteen reduction plants was compared to the
_total U.S. male population for 59 selected causeg of death.
Analysié was done by plant, procéss, calendar tiﬁe period, time
since first employment and selected expoéu;e measurements.
Industrial hygiene measurements were available for total
particulates, benzene solubles, benzo(a)pyrene, particulaté
polchclic organic matter, sulfur dioxide and total fluorides.
Based on-thesé analyses and the previous reéeafch literature on
mortality of reduction plant workers, some categories of disease
were selected for more detailed investigation. |
The major findings of the Tripartite Study were as follows:
(1) There were no strong associations of lung cancer
mortality and work in the reduction plant. Overall ﬁhe lung
cancer SMR of the total cohort based on 272 observed deaths was
96.4. Formal tests of a dose-response relationship to cumulative
years employment in the potroom and carbon departments,
cumulative pears of employment in the reduction plant, and
cumulative exposure to benzene solubles, particulate polycyclic
organic matter, benzo(a)pyrene, total particulates, total

fluorides and sulfur dioxide showed no statistically significant

relationship.




—

There were two exceptions to the lack of an excess for lung
cancer mortality. .One plant, a horizontal Soderbe;g; had an SMR
of 162.0 (pC0.05) for white'males. However, theuregiqq in which
the plant was Ioéated-ﬁas a high lung cancer réﬁé in the general

population and when the data was reanalyzed using local rates,

. the SHR was below 100. The second excess was in the baked carbon

department of omne of fhe plants where there was an SMR of 266.8
(p<0.05) based on eight observed deaths. However, this excess
was not observed in the baked carbon departments of the remainder
of the prebake plants. |

(2) The SMR for leukemia was 124.9 based on 43 observed
.deaths. This excess was not statistically significant. ‘The SMR‘
for the prebake process was 123.5 and for the Soderberg process
was 130.2. The SMR for potroom workers in the Soderberg process
was 169.1 and for potroom workers in the prebake process was
124.6. Analysis by duration of employment was not consistent by
process with men in.- the prebake showing more excess with longer
term employment and men in the Soderberg process.éhOWing greater
‘excess with short tefm employment.

(3) The SMR for pancreatic cancer was 122.3 and was not
statistically significant. However, there was a significant
excess for men with more than 15 years employment in the potroom
department in both the Soderberg (SMR=271.3, p<0.05) and prebake
process (SMR=222.2, p<0.05).

(4) The SMR for kidney cancer in the prebakc process was
144.9, The excess was greater in men with less than 20 yeais

employment and greater in men employed outside the carbon and

potroom departments.




(5) Although the number of observed deaths was small there
was an excess of bladder cancer in men employed 5 or more years
in the potroom or carbon department of the Soderberg process.

(6) The only cause of death which was statistically

elevated for an entire process was benign and unspecified

neoplasms. For the prebake process the SMR for‘this cause was
193.5 (p<0.05) based on 14 observed deaths. The estimated risk
was greater for men employed twenty-five or more years, and was
higher outside the potroom and carbon departments.

(7) There was an excess of emphysgma in the potroém and
carbon departments of the Soderberg procéss (SMR=216.5, p<0.05;
SMﬁ=258.9, p<0.05). Although the excess in the prebake pfocess
was elevated, it was not statistically significant. The

emphysema risk may have been understated in the prebake process

because of a tendency to code many death certificates to "™chronic

obstructive lung disease"™ after 1870. If these cases were

considered to be emphysema there would be a statistically
significant excess in the prebake process. For men with more
than 20 years employment in the prebake process there was an SMR

of 260.2, (p<0.01) for asthma,

The present study is a PMR Study without detailed work
histories and without exposure measurements available. Thus, the
conclusions that can be drawn from this study are more limited
than those that could be obtained from the Tripartite Study.
Nevertheless, this study provides us with an independent data

base on which to confirm the interpretation of some of the

findings in the Tripartite Study and also provides a means of




obtaining a preliminary evaluation of mortality patterns of
nonreduction plant workers. Specifically, the primary.objectives
of the present study are as follows:

(1) To obtain mortality data from aluminum-reduction plants
independent of the Tripartite cohort that can be used to further
clarify the relationship of employment in aluminum reduction

plants to excess mortality from cancer. Because the majority of

ALCOA workers were employed in the prebake process, it is for
workers in this process that we expect the most information to be
obtained. The mortality patterns in the PMR study will be
coﬁtrasted with those obtained from the Tripartite Study.

(2) To obtain a profile of the mortality experience of
nonreduction plant workers. Little information is available on
the mortality experience of nonreduction plant workers since most
studies have focussed on exposure in the potroom and carbon
departments. This part of the investigation is limited because
of the lack of detailed coding within the nonreduction plants.
However, by investigating the consistency of any excess among
plants with similar processes we may identify potential
associations for future investigation.

(3) On the basis of this PMR study, the Tripartite Study and
a review of the literature:of potential health hazards in the
aluminum industry, we will make specific recommendations of
studies we feel are necessary in order to determine the

association of disease with exposure in the aluminum industry.

Such studies will be primarily hypotheges testing as opposed to

hypothesis generating.




Methods
The study population assembled by ALCOA consisted of all

deaths known to the company as determined by insurancé claims
during the time period 1/1/80 through 12/31/87 in one of the 37

study plants: Any former employee whose beneficiary had either

filed a claim or was receiving death benefits from the company
was included in the studyvpopulation. \The initial list supplied

by ALCOA was reviewed for duplicates and incomplete or

inconsistent names. The resultant study population contains 6433

workers. Death certificates were obtained for all but 60 (0.9%)

of the'study pdﬁﬁléﬁion. Thesé déaths'wefe‘coded by a nosologist—
according £o the ninth revision ICD and it is these 6373 death
certificates on which the analyses in the present report are
based. The frequencies of deaths for each causeé are given in the
Appendix.

Detailed work histories were not coded and analyzed for this

study, since to provide such coding for such a large variety of

plants and processes would have required considerable effort.
For this report an employee was classified in the plant where he
was last employed. Using this method of classification, 2777
workers were coded to one of the eight reduction plants. For
these eight reduction plants we 'further coded whether they had
ever worked in the potroom or carbon department as well as the
department they spent the majority of time. Nine employees could
not be included in this analysis because we did not have work
histories. The departments in the reduction process used to

classify majority of time were potroom, carbon, ingot, mechanical

maintenance, e'lectrical maintenance, and power. A total of 1320




U.s. rates for the control group.

.employees in the eight reduction plants spent the majority of

their time in a nonreduction process. We have done analysis

separately  for the 3596 employees in nonreduction plants, the

1320 employees in a nonreduction process of a reduction plant and

the 1448 employees in the reduction ﬁrocess.
The proportionate mortality ratio was the pfimary summary

index of risk. The analysis was done using the computer program

OCMAP (2) and five .year average annual age, race and sex-specific
As a secondary analysis we

used a proportionate cancer mortality index (PCMR) (3). This

index uses "all cancer mortality"™ as the base on which to base’
proportionate mortality rather than ™all cause™ mortality and is

believed by many investigators to be less subject to the healthy
worker effect. |
Both the PMR and PCMR were adjusted for age, sex, race and

calendar time. To meet the primary objectives of this study we

completed the following analyses:

(1) The PMR and PCMRS were computed for 62 selected causes

of death by race, sex, and race-sex combinations for

the total cohort, for nonreduction plants, and for

plants with a reduction process (reduction plants).

(2) For plants with a reduction process PMRs and PCMRS were
computed for employees with a majority of their time in
each of the following: a) nonreduction process, b)
potroom department, c) carbon department, d) ingot

department, e) mechanical maintenance, f) electrical

maintenance, and g) power. Mortality indices were also




computed for employees "ever employed in the potroom

department" and employees "ever employed in the carbon
department™.
(3) PMRs and PCMRs were computed for each plant for all 62

selected causes of death.

Because of the large number of comparisons we expect some
statistically significant excesses as well as déficits. When
interprei—;ing our data we will give emphasis to the excesses, but
when interpreting excesses we will take into consideration the
consistency of the result with the Tripartite Study as well as
the consistency with other pian“ts that have a s»imilar process.
In most cases we have required »that either tﬁe observed or

expectéd number of deaths be 5 before we attempt to interpret

results for a specific cause of death.

Population Characteristics

A total of 6373 death certificates was obtained and coded

for the years 1980 to 1987 in the 37 study plants. A total of
6112 (95.9%) death certificates were for males and 5816 (91.3%)

were for whites. Table 1 summarizes the distribution of deaths

by year.
of the seven years of the study. The age at death is summarized

in Table 2. Fifty-one percent of the deaths occurred at ages 65-
79. |

The distribution of deaths for the 37 study plants is shown
in Table 3. The eight plants with a reduction process
contributed 44% of the total deaths and 28% of the total deaths

were for employees who at one time were in a reduction process

evaluated in the Tripartite Study. Of the 2777 workers in one

The number of deaths were approximately equal for each




| 556 (36%) had the majority of their time in the potroom.

of the eight plants.with a reduction process, all but 9 had
employment histories. " Of the 2768 workers with employment
histories, 1320 spent the majority of their .time in a

nonreduction process. The distribution of ‘the number of

employees spénding the majority of their time in a specific
reduction department is given in Table 4. ©Of the 1448 employees
with the majority of time in one of the reduction departments,
The
second largest group was mechanical maintenance which accounted

for 433 (29.9%) of the deaths. -




Table 1

Distribution of Employees
by Year of Death

Year Frequency . Percent
1980 766 12.0
1981 1772 12.1
1982 781 12.3
1983 824 12.9
1984 793 12.4
1985 759 11.9
1986 819 . 12.9
1987 859 13.5
TOTAL 6373 1d0.0
Table 2

Distribution of Employees
by Age at Death

Value Label, Frequency Percent
20 - 24 7 -1
25 - 29 19 .3
30 - 34 29 .5
35 - 39 41 .6
40 - 44 57 .9
45 - 49 8o 1.3
S0 - 54 172 2.7
55 -~ 59 293 4.6
60 64 573 9.0
65 - 69 1002 15.7
70 - 74 1261 19.8
75 - 719 1182 18.5
80 - 84 838 13.1
85 - 89 541 8.5
90 - 94 206 3.2

>95 72 1.1

10




Distribution of Workers by Plant

Table 3 -

Total

Plant Name - Frequency Percent,
Tennessee 1325 20.8
‘Vernon 210 3.3
Point Comfort 167 2.6
Massena 630 9.9
New Rensington 754 11.8
Cleveland 448 7.0
Cressona 231 3.6
Buffalo 7 .1
Vancouver . 196 3.1
Warrick 116 1.8
chillicothe 54 .8
Richmond 74 1.2
Detroit 76 1.2
East St. Louis 145 2.3
Edgewater 282 4.4
Chicago 27 -4
Corona 12 2
Bridgeport 36 .6
Edison 103 1.6
Davenport 247 3.9
Wentachee 88 1.4
Lafayette 355 5.6
Lancaster 31 .5
Marshall 11 .2
Logans Ferry 16 .3
Mobile 149 2.3
Lebanon 8 .1
Anderson 2 .0
Badin 152 2.4
Bauxite 148 2.3
Addy 8 .1
Ate 89 1.4
Fort Meads 4 i
Franklin 23 .4
Rockdale 103 1.6
Rosiclare 36 .6
Tiffon 10 2

63173 100.0




Table 4
Department Where Reduction Plant Workers
Spent Majority of Time

Department Frequency . Percent
Potroom 556 38.4
Carbon 140 9.7
Ingot 183 12.6
Mech Maintenance 433 29.9
Elec Maintenance 113 7.8
Power 23 1.6

_Results
A. Mortality for Total Cohort

The cause-specific mortality for 62 selected causes of "devat';h

is shown in Table 5. The PMR for the category ™all maliénaﬁt

neoplasms™ is 103.7 based on 1605 observed deaths. Five causes

of death are significantly elevated. These are cancer of thg

kidney (PMR=158.1, p<0.01), all other malignant neoplasms

(PMR=134.3, p<0.01), benign and unspecified neoplasm (PMR=195;6L

p<0.01), nephritis and nephrosis (PMR=242.2, p<0.01) and

cerebral vascular disease (PMR=111.4, p<0.05). Since males

of the cohort, it is not surprising that when we

comprise 91%
restrict our analysis to the population of males (Table 6) the

same causes of death show a significant excess. For females

(Table 7), all other malignant neoplasms (PMR=240.2, p<0.0l),

benign neoplasms (PMR=600.5, p<0.0l1) and all other causes of

death (PMR=135.1, p<0.05) show a statistically significant

excess.

When mortality patterns for the total cohort are




=

Table 5

observed and Expected Deaths and Proportiomate Mortality ‘

Ratios for the Total Population

Cause of Dwath {ICDA 91h Revigivn Codes)

All Cruses of Math

Tubarculosis

All Malignant lkoghm
Cancer of 8uccal Cavity & Pha

r rynx
Cancer of Dlrstlvc Organs b fer{toneus
Cancar of fsopiagus
Cancer of Stoma
Camrof L Intestine
Cancar of Recium ) )
Cancer of Biliary Passages b Liver
Cancar of Pancreas :
Cancer of A11 Other Oigestive Organs
Cancer of Respiratory Systom
Cancer of Larynx
Cancer of Bronchus, Trachea, Lung
Cancer of All Other Respiraiory
Canter of Sreast ) S
ATl Uterine Cancers (Femalas only)-
Cancar of Carvix WUterf (Ferules onl
Cancor of. Other Femalae ftal O
Cancer of Prostate (Males only)
Cancar of Testes and Qther Male Genital Organs
Cancer of Kidnay
Curer of Bladder and Other Urinary Organs
Mal{gnant Melanoma of Skin
Cancer of Eye
Cancer of .Central Nervous Systes .
Cancer of Thyroid & Other Endocrine Glands

f Botm .
Cancer of All Lysphatic, Haemztopoiatic Tissue
sarcoax & Raticulosarcoma

ase
Louxenfa A Aleukenfa
Cancar of All Othar Lymphopofetic Tissue
. A}1 um‘h&mt Neoplasms
on x . N
Mlbgt‘.s Hell (tux
Carebrovascular i{ssase
All Haart Disexss
Rheaumatic Hoart Uiseaase
Ischoaic Heart Disease ,
Chronfc Endocard, Dis,; Other Myocard. Xnsuff .
tension with Heart Disease .
A1l Other Heart Disease -
Hypertension w/o Heart Disease
Non-matlignant Respiratory Disease
Influenza b Pnsusonia
Sroachitis, Emphysema, Astiwa
Brorchitis
S 8Mma
éﬁ Non-salignant Respiratory Of
0 r (] spira Digease
Ulcer of Stomach & Duodernus | . :
Clrrhosis of L{ver

Nephritis & Nephrosis
All External Causes of Death
Accidents

Motor vehicls Accidents
All Other Accidants
Suicides
Homtcides b Other External Causes
All Othar Caucas of Daath

Unknown Causes (I n A1l Causes Category Onl¥) o
ss Significant at 1% Level

Significant at 5% Lavel;

13

%% Lim{ty
ops EXP SPRR LDWER UPFER
8373 6373.00 100.0 ——— ———
.18 48.8 8.7 127.6
16035 1548.32 103.7 8.4 108.1
18 32. $3.8 ss 4.1 84.4
s 381.80 100.8 91.5 1111
19 J8.35 51.8 s 33.2 80.0
9 53.88 109.5 84.89 141.2
166 151.98 1098.2 84.0 120.9
29.70 101.0 70.7 144.3
34.78 84.2 80.4 123.2
74 75.10 88.5 78.8 123.8
7 10.8S 63.9 30.7 133.2
568 545.75 104.1 96.3 112.5
17.88 W1 = 19.2 79.8
558 522.98 {o8.7 £8.8 115.4
3 4.88 51.S 20.1 188.5
193 14.29" 81,0 53.8 - 153.9
3.22 1232.8 48.9 320.0
1 1.339 75.2 10.8 524.4
4.17 95.9 Ja.4 252.9
147 147.98 87.5 74.7 102.0
2. 121.89 360.4 377.1
53 33.52 158.1 = 121.2 206.3
49 48.32 103.6 : 78.2 137.4
19 16.88 112.8 71.8 170.3
1 Q.79 127.3 18.0 899.0
24 28.12 82.4 85.3 122,7
4 J.42 118.0 43.9 211.1
2.50 120.0 38.8 371.2
147 129.4S 113.68 98.8 133.2
18 13.74 « 114.58 71.4 189.9
7 4.78 148.8 70.2 305.8
55 52.91% 102.0 78.4 | 132.7
a9 57.03 121.0 95.7 153.0
1a4 122. 11 134.3 sn 118.9 158.2
29 14.82 195.6 s 136.9 279.5
g2 85.41 84.4 . 78.7 118.1
418.26 111.4 = 102. 1 121.6
2555 2%87.%7 9.5 86.6 102.5
14 * 22.81 81.4 3a.68 103.0
1888 2217.28 35.2 s 82.2 88.3
13 125. 14 107. 1 20.68 120,86
52 82.35 83.4 8.7 108.2
468 481.67 100.9 92.5 110.4
23 17.23 133.5 38.9 200.5
482 580,81 32.4 % . 789.5 8.8
153 198.70 77.0 == s8.0 8%9.9
3 88.50 82.5 a5.7 103.5
10 15.53 84.4 34.38 118.0
54 68, 12 78.3 80.8 103.3
9 5.80 155.3 81.2 298.8
238 287.82 82.1 ss 72.5 82.9
22 19.09 115.2 76.0 174.9
58 80.49 61.9 ss 47.8 8aQ.
a5 35.09 242.2 »» 107.3 287.4

288 285.18 100.9 §0.9 112,
181 178. 1% 108.8 8032.2 122.1
80 68.5%53 115.1 $3.2 142.0
"1 111,10 9.9 33.2 120.0
74 72.58 102.0 81.68 127.5
23 33.62 88.4 8.2 101.3
888 659.4% 105.3 8.1 113.0




Table 6

observed and Expected Deaths and Proportionate Mortality
Ratios for Hales

. 95X Limity
Cause of Death (ICDA 9th Revision Cobs) oss Exp SPHR LOMR UPER
All Causes Of Death : 8112 6112.00 100.0 -—— ——
Tuberculosis . 4 7.2 £0. 1 19.2 130.8
All Malignant N«?Inu 1833 1482.52 103.4 88.0 108.0
Cancer of Buccal Cavity A Pharynx 18 32.a8 5.1 ¢« 35.0 38.7
Cancear of Digestive Organs A Par{ toneum 387 38%.61 100.4 90.9 110.8
Cancer of Exophagus 18 38.20 852.9 s» 33.8 1.8
Cancer of Stoms . 37 £2.24 108.1 84.3 141.3
Cancer of ta Intest{ne 158  144.54 107.9 92°% 126 0
Cancer of Rec 28 28.48 101.3 70.8 148. 4
Cancer of 8{1{ary Passages b Liver 28 33.158 84,8 5.4 122.2
Cancor of Pancreas o : 1 71.87 88.2 78.7 125.0
‘Cancer_of All Other Rigestive Organs 7 10.40 87.3- 32.3 140.4
Cancer of Resp{ratory Systom 557 833.38 104 .4 98.5 113.0
Cancor of rynx 7 17.68 36.6 » .19.4 80.8
Cancer of 8ronchuz, Trachea, Lung 647. 510.97: 107.1 98.9 115.9
3 4.73 83.4 20.8 194.5

.Cancer of A}l Other Respiratory
Cancer of Breast.’ " o] -
All Uterine Cancers (Females only) ] 0.00 : .

Cancor of glrv(x Ytert (Females only) g g gg —— ——- -

-

o

[*]
]
13
1
]

[}

r of Other female Gentital 0 r - .

- -Cancor of Prostate (Males MIY, : . 147 187.08 . .87.8 74.7 102.8
Cancor of Tortes and Other Nale Genttal Organs 3 '2.48 - 121,89 ‘39.4 377.1
Cancar of Ki i . 83 32.42 183.5 ss 125.3 212.3
Carcar of Bladder and Qther Urinary Organs 48 45.38 108.7 . 79.8 140.2
Malignant Nelanoma of $kin 19 16.19 - 117.4 75.0 183.7
Cancer of Eye - 1 0.74 134.6 19.1 048.2
Cancor of Central Nervous System . 21 27.648 15.9 48.68 118, 1
Cancer of Thyreid & Other Endocrine Glands 4 3.18 128.5: 47.8 338.2
Cancer of Bone . . 3 2.38 125.8 40.7 389.2
Cancer of All Lymphatic, Haematopoietic Tissuag 141 123.01 114. ¢ 96,9 134.3
. Lywphosarcoma A Ret{culosarcoma 18 13.03 122.2 75.3 200.1

1 ins Disease 7 4.55 153.9 . 73.9 320.9
Lxkenia A Aloukomia ) 53 S1.71 102.8 - 78.4 134.0
Cancer of All Other Lymphopofetic Ti{ssue as 54.32 118.7 94.0 152.4
A1l Other Mal{gnant Neoplasas 151 116.70 120.4 »s 110.5 151.8

Benign Neoplasms. 24 13.99 171.8 s 115.8 254.6

Diabotes Mellf{tus ) 85 89.58 84.9 76.9 117.2

Cerebrovascular Discass 448 384.33 113, 1 s= 103.4 123.7

A1} Heart Disease i 2487 24689.77 2.8 T 8.9 103.0
Rheumatic Heart Disoase 13 20.40 63.7 37.2 108.1
Ischeafc Heart Qisease 1823 2137.37 48.3 = 82.2 88.8
Chronic Endocard. Dfs.; Other Myocard. Insuff. 128 118.10 {07.S 90.8 127.5

rtens{on with Heart Disease 52 58.04 g8.1 - 67.2 115.4
All Other Wart Disease . 451 443.3S 101.7 93.1 111.2

Hypertension w/o Heart Disease .22 16. 41 134. 1 88.5 203.2

Non-malignant Respiratory Disesase 451 843,17 83.0 s= 9.1 80.8
Influenza & Pneumonia 149 190.83 78.1 s= 68.8 91.3
Bronchitis. Emphysems, Asthama 72 85,81 83.8 68,7 105.4
" Sronchit{s | 10 15,04 88.5 368.¢0 122.9

Enphysama 53 88.84 m.7 81.0 104.0

. Asthma R i 8 5. 168.1" 88.1 320.8

Othar Non-mal{gnant Respiratory Df{sease 230 279.7% 82.2 == 72.5 93.2

Ulcer of Stomach A Ouodierum 20 18.29 109.3 70.8 180 .4

Sigils it Bom amin g uo
_ % a s . . . 2 e . 09.

All External Causes of Death 278 275.54 100.9 90.7 112.3

Accidents 184 172.47 108.7 93.0 122.4
tiotor Vehiclia Accidents 75 68,687 112.5 90.5 139.9

All Other Actidents 109 (07.28 101.8 34.5 122.2
Suicides . 71 70.78 100.3 79.9 120.0
Homicidas 6 Other External Causes 23 32.29 71.2 48.1 105.6
All Other Curses of Oeath 845 €21.20 103.8 B8.5 111.7

Unknown Causes (In All Causes Category Onl
¢ Signiftcant at 5% Llevel; == Signlrxlcm{)-t 1% Level
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Observed and Expected Deaths and Proportionate

Unknown' Causes (In All Causes
Stgnificant at 5% Level;

Table 7

Ratios for Females

Cause of Daath (ICDA §th Revis{on Codes) o8s £XP
A1l Causes of Dsath 261 261.00
Tuberculoxix (] 0.20
All Malignant lasms : 72 63.80
- Cancer of Buccal Cavity & Pharynx ] 0.17
‘Cancer of olr:tiv- Organz & Portt 18 10.19
Cancer ot Esopha 0 0.85
’ Cancer of Stoma 2 1.14
Cancer of Lnr¥- Intettine 10 7.44
Cancar of Rectum 1 1.22
Cancer of Bil1{ary Passages A L{ver 2 1.14
Camr of Pancreas 3 3.53
Cancar of All Othrr Oigestive Organs o 0.55
Camr of Respiratory Systea " 12,38
Cancar of Larynx ’ ] 0.22
Cancer of 8ronchus, Trachea, Lung 11 12.00
Camr of All Othrr Respiratory 0 0.14
Cancer of Sraast : 19 12.68
All Uterina Cancers (Famales only) 4 3:23
Cancer of Carvix Uter{ (Femslesz only) 2 :.::.:’l
of Qther a_Gan{ta) Organs 4.
8’&; oft gmutﬁiﬂu onfi) o 0.00
Cancer of Testas and Other Male Genital Organs [+ 0.00
Cancer of Kidney -] 1.10
Cancer of 8ladder and Othar Urinsry Organs 0 0.93
Malignant Malanoma of Skin o 0.68%
Cancer of Eye - . 0 0.04
Camr of Cantral Nervoyus Systom < 1.48
Cancer of Thyroid A Other €ndocrine Glands 0 0.28
Cancer of Bone B ] 0.12
Cancer of All Lymphatic, Haematopoietic Tissua 8 .84
Lymphosarcoma i Raticulesarcoma -] 0.70
{ns Diseass 0 0.23
Cano:.';f‘A?"l.‘o*tm-LWI tic TH 3 370
r atic Tissuse 2,70
All Ot hr Malignant Neoplasms 13 5. 41
Benign Jasms L] 0.83
Ofabates Mallltus 7 5,88
Cersbrovascular Oisease 20 23.92
All Heart Disssse . 88 97.80
Rheumatic Heart Discase 1 2.41
Ischomic Hoart Discase - sa 79.80
Chronic Endocard. Dis.; Other Myocard. Insuff, -] 8.04
Hypurtensioﬂ with Mart Disease" .0 3.32
All Qther MHeart Disease - 15 18.32
Hypertension w/o Mart Disease 1 0.82
Non-mal{gnant Respiratory O{sease 11 17.74
Influenza 8 Pneumonia 4 7.87
8ronchiti{x, Emphysema, Astima 1 2.58
sronchitis 0 0.49
SOnR 1 1.58
ou‘:ﬁ"::n 1ignant Respiratery D{ H 3’::
~ma nt Respira saase .
Ulcear of stw’?‘m 2 0,80
ctrrht':::s i:E Liver ‘ ; 3.2'.1
Naphri{tis & Nephrosis 1.3
All External Catises of Daath 10 0.75
Acc{dents 7 6.84
Motor VYehicle Accidents 5 2.87
All Othr Accldents 2 3.83
Suici{des 3 1.77
Homicides A Other External Causes -] -1,34
All Gther Causes of Death 41 30.34
Category Onl [+]

s Signi Hcanpat 1% Leval
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Mortality
5% Limits

SPMR - LOANFR R
100.0 _—- -
109.4 00.3 132.1
111.2 71.2 173.7
122.2 30.8 485.3
134.4 732 2489
81.8 1.8 575.9
121.7 30.8 483.2
849 27.7 280.7
89.0 50.3 157.2
818 s1.8 182. 1
102.7 80.9 173.3
23. 489 328’8
75.2 10.8 524.4
95.9 38, 252.9
2054 88.2 818.7
102.8 4.8 226.4
90.8 22.9% 360.8
147.9 58, 389.4
240.2 o= 142.7 404.

800.5 o= 278.6 1294.5
118.5 7.5 248.3
838  85.2 126.4
80.0 " 78.8 105.8
41.5 ~'8.3 274.4
2.8 87.8 100.6
96.4 "45.2 218 8
81.9 50.4 133.1
21.8 17.3 858.8
62.0 35.3 108.0
50.8 19.8 130.4
28.7 5.9 252.8
83.4 C 9.2 439.2
76.6 34.9 167.8
250.3 85.8 952.8
30.6 49 190.4
2137.8 72.5 654.7
102.8 58.2 180.7
105.2 52.0 213.4
174.4 76.9 385.7
52.3 13.8 201.1
184.6 £8.5 508.7
135.1 = 101.5 179.8



Table 8

Observed and Expected Deaths and Proportionate Mortality

Ratios for Whites

All Causes of Deaath
‘nbcrwlosi-t .
All dal fgnan Ntog aSns
Cancer of Buccal Cavity & Pharynx
Cancer of nlr:tlv. Organs & Par{toneums
sophagus
Cancer of Stoma
Cancer of l.nrr Intestine
Cancer of Rectum
Cancer of Billary Passages & Liver
Gancer of Pancraas
Camr of All Other Digestive Organs
cancer of Respicratory System .
Cancer of Larynx "
Cancmr of Bronchus, Trachea, Lung
Cancer of A1) Other Respiratory
Cancer of Breast - :
All Uterina Cancers (Females only)
Cancer of Ceorvix Uter{ (Females only)
Cancer of Other Female Genital Organs
Cancer of Prostate (Males onlx')
Camr o Testes and Other Male Genital Organs
Cancer of Kidnay .
Cancer of 8ladder and Other Urinary Organs
Matignant Malanoms of Skin
Cancmr of Bym. . .
Cancer of Cantral Nervous System
Cancor of Thyrotd & Other €hdocrine Glands
Cancer of Bone. .
{ Cancer of Al Lymphatic, Haematopofatic Tissue
. Lyrphesarcosa & Reticulosarcoma
{ins Diseass
om{a A Alevkeaia
Cancer of All Other Lywphopoietic Tissue
| . . A‘ll Othtl"'lallgnnt Neoplasas
on Neoplases -
‘\ Dhb!‘:os Mellftus
o . Cerebrovascular Niseass
i ‘All Wart Disesse
1 Rhoumatic Heart Disease
Isd\e-‘llcEWartrghg:so Other Wyocard. Insuff
Thronfic Endocard, 8.} Other Wyocard. Insuff.
Hypertension with Heart Oisaase
AlY Other Heart Disoasa
Hypertsnsion w/o Heart Disease
Non-mal ignant Respiratory Disease
Influenza & Pneumonia
Irondﬂt::; Erphysema, Asthaa
: =

t“t won t t R trat o1 ]
Qther |3 aspiratory seas
Ulcer of St——ch?nm
C(ﬂ‘ht:::‘ ﬁf Liver .
s & Naphrosis .
mtoml Causes of Dmath
Accidents
Motor Vehicle Accidents
Al) Other Accldents
Suicides
Homic{icdes A Other Extermal Causes .
All Other Causes of Death .
nown Causes (In All Causes Cgztegory

Urk Onlz) o
s Signiffcant at 5%Lavel; »= Signtficant ot 1% Leval

%0.3

doulumi

- 2ngisiosyiienani

“"’“‘o-‘.ﬂ”-‘

5% Limite

AR UFFER
18.6 1%52.%
97.7 108.8
b 28.7 73.8
88,1 108.4
s 34.9% 88.9
74.2 132.0
2.9 127.0
73.1 151.1
47.0 107.4
78.0 122.8
33.0 143.7
846.0 112.8
. 21.4 80.3
98.0 115,68
21.7 205.3
56.2 180.8
32.2 J03..
a7.1 257.7
72.0 102.0
-43.7 418.0
s 115.0 201.3
76.3 135.4
as.2 171.4
18.4 917.0
51.8 118.8
48.7 330.2
42. 1 401.8
2.5 129.8
57.5 170.4

4.4 323.
74.9 130.0
92.8 152.0
) 113.4 158.0
s 131.1 278.8
88,7 108.3
s 103.2 124.0
96.8 103.1
238.3 108.1
as 82.2 88.6
4.7 133.4
52.8 100.3
83.4 112.4
o 89.7 214.4
L 5.4 0.3
aa - &7.8 23.0
84,0 102.5
38.3 124 &
58.3 101.1
K 80.2 316.8
s 1.4 2.4
' -78.0 183.1
. 45,8 78.9
LL ] 20t.8 312.1
1.4 114.0
93.8 124.§
§8.0 138.0
87.2 127.2
79.4 125.4
43.4 109.5
29.8 115.8



Table 9 .
.Observed and Expected Deaths and Proportionate Mortality

Ratios for Nonwhites

. . 85% Limity

Cause_of Death (ICOA Oth Revisfon Codms) oss £xP 1] LOVER UFFER
All Causes of bath 8§57 532.00 loo.o - ~—-
Tubarculosix 1 2.22 45,1 8.7 302.8
All Nallgnant 'b?lll.‘ 187 140.88 1185 * 104. 1 135.0
Cancer of Buccal Cavity A Pharyns. 5 3.68 1386.0 57.3 325.8
Cancer of Olrstln Organs b Per(tonoum 45 37.37 120.4 90.9 150.5
Cancer of soph:gn 2 8.34 31.8 8.8 116.0
Cancer of Stoma 13 7.41 175.8 » 103.0 299.1
Cancar of Larr Intestine 13 11.18 118.8 88.1 100. 6
Cancar of Rectium 1 2.11 47.5% 70 3212
Cancer of 81llary Passages 3 Liver 8 3.80 205.1 » 104.4 403. 1

- Cancer of Pancress 8 8.81 117.4 59.0 233.6
Cancer of All Other Digestive Organs ] 0.78 ~— —— -—
Cancer of Respiratory Systea 48 44.27 103.7 79.3 135.7
Cancer of Larynx o - 1.98 - -—— —
Cancer of Bronchus, Trachea, Lung 48 43.80 109.3 83.5 143.1
Cancer of A11 Other Respiratory o 0.38 ~—— —— —
Cancer of Breast . -] 0.82 — -— ——-
A11 Uter{ne Cancars (Females only) 1 0.18 £13.2 90.8 2908.8
Cancer of Cervix Uter{ (Females only) 1 0.14 897.7 = 132.1 3665.6
Cancer of Other Female Genital Organs ] 0.08 ——— -— —-—
Cancar of Prostate (Males on!{) 24 24.48 98.0 6a.4 144.7
Cancer of Testes and Other Maie Genital Organs 0 0.24 ~-— - -—
Cancer of Kianay L] 1.98 254.8 = 109.5 591.9
Cancer of Bladder snd Other Urimary Organs 4 2.78 148.0 54.9 383.2
Malignant Melanoma of Skin B | 0.2 435.8 72.5 2818.7
Cancer of Eyes o 0,02 —o— -—— -——
Cancer of Central Nervous Systes 2 1.07 187.0 47.9 729, %
Cancer of Thyroid A Other Endocrine Glands [} 0,20 ~——— —— -—
Cancar of Bone - -] 0.19 —— -——— -——
Cancer of All Lysphatic, Hacmatopoi{etic Tissue 18 8.87 160.2 = 103.0 277.9
Lywphosarcoma A Reticulosarcoma 3 0.61 495,00 »s= 178.7 1371.1

ins Disease : (4] 0.26 — -——— -———

Leuxemi{a b Aleukeais 5 3.23 154.9 . 85.1

Cancar of A|| Othar Lymphopoiatic Tissue 7 4.77 148.8 70.5 305.5

A1l Gther Malignant Neoplasms 17 11.58 147.1 82.2 234.7
Bon{gn Neoplasms 2 1.2 245.3 82.2 732.1
Dizbates Mell{itus 19 10.78 176.1 = 113.8 273.2

Cerebrovascular Disease 44 45.14 87.8 73.8 129.
All Heart Disease 184 188.77 94.0 83.7 .5
Rheumatic mart Disease [ ] 1.07 —=- - -—
Ischea{c Hoart Disesase 112 134.82 33.0 = 70.7 97.4
Chronic Endocard. Dis.; Other Myocard. Insuft. a - 53.3 24.5 118.1
rtensfon with Heart Disease 18 12,72 125.8 77.8 203.9

All Other Heart Disaase %0 55.68 89.8 60.1 116.8
Hypartension wW/o Heart Disease 3 2.80 107.0 34.6 330.7
Non-malignant Respiratery Disease a2 39.77 80.8 57.7 - 1122
Influenza A Pneunanis 10 18.32 4.8 = 30.0 99.3"
Bronchitis, Erxohysoaa, Asthema - 4.57 102.2 45.7 281.5
.mh't', o .“ ——- - -——
Emphyysema 4 3.00 133.4 50.4 363.2
Asthma 1 0.78 128.8 8.3 908.1
Other Non-malignant Respiratory Disease 17 18.15 ©93.8 58.7 1494
Ulcer of Stomach & Oucdenie 1 1.52 as. g 9.4 4576
Cirrhosis of Liver 8 7.4 80.5 38.8 176.8
{tis b is 10 5.21 182.1 = 104.8 352.0

All External Causes of Death 27 29.57 81.3 84.8 128.7
Accidents 17 18.1S 83.7 59.1 . 1485
Hotor Vehicla Accidents 10 8.02 168.0 20.8 303.3

All Other Accidents 7 12.31% 58.9 27.7 116.8
Suicides 4 2.45 183.8 62.8 427.7
Homicides A Other External Causes 8 §.98 88.8 31.8 140.7
All othar Causes of Death Sg 8s8.0% as. 1 ©9.68 111.6

Unkrnown Causes (In All Causes Categor¥ Only) .
e Signifticant at 5%Level; *» Significant at 1% Level
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investigated by race, the white population shows a similar

mortality pattern to that observed for the total cohort (Table
8). For nonwhites, causes of death (Table 9) for which there
were five observed or. expected deaths and where»there was a
statistically significant excess were all malignant neoplasms
(PMR=118.6, p<0.05),‘cancer of the stomach (PHR=175;5, p<0.05),
cancer of the liver (PMR=205.1, p<0.05), cancer of the kidney
(PMR=254.5, p<0.05), cancer of the lymphatic ahd‘héematopoietic
tissue (PMR=169.2, p<0.05); diabetes mellitus (PMR=176.1,
p<0.05), and nephritis aha nephrosis (PMR=192.1, p<0.05).
B. Nonreduction Process

A total of 3596 employees worked in a plant that had no

reduction process (Table 10). The overall PMR for these employees

was 105.2. The only excess within the category of neoplasms was
for ™mall other malignant neoplasms™ where the PMR was 145.9
(p<0.01). oOther causes of death showing a statistically
significant excess were benign and unspecified neoplasms with a
PMR of 227.3 (p<0.01), ™all other heart disease™ with a PMR of
117.2 (p<0.01), and "nephritis and nephrosis™ with a PMR of 293.8
(p<0.01). Investigation separately for males and females
indicated no causes of death other than those identified in
excess for the total cohort. When we evaluated mortality patterns
separately for race, in addition to the four causes of death in
excess for the total group of nonreduction plant workers we found

for whites a PMR of 122.8 (p<0.05) for cancer of the large

intestine and a PMR of 135.4 (p<0.01) for chronic endocarditis

and other myocardial insufficiency. For nonwhites, we found that



the excess of stomach cancer, liver cancer, lymphatic cancer and

nephritis reported in the nonwhite pqpu;ation'comprising thg
total cohort occurred in these noﬁreductidn plants. The PMR fpr
‘all maiignancies for nonwhites. .,in‘ th.e 'nonreduction plants was
128.0 (p<0.0L). - |

Of the 2777,workersrin the 8 plants with a reduction

process, 1320 spent the majority of their time in a nonreduction

process. For this group of workers the PMR for all malignant

neoplasms was 93.6. There were statistically significant
excesses of cancer of the lymphatic and haematopoietic tissue
(PMR=140.1, p<0.05), cerebrovascular disease (?HR=126.9, p<0.05),
‘hypertension without heart diséasE (PMR=230.2, p<0.05) and
nephritis and nephrosis (PMR=196.8, p<0.0l). We also note the
excess for asthma (PMR=331.0, p<0.05) based on only four observed
deaths. There were only 56 females in this group of workers so
the‘mortalipy pattern of the total group is essentially the same. _
as that observed for males. For whites, the.excessés were the
same as that observed for the total group of 1320 workers. For
nonwhites, excesses occurred in hypertension with heart disease

(PMR=239.2, p<0.05) and ™all other causes of death™ (PMR=202.9,

p<0.01).



Table 10

Observed and Expected Deaths and Proportionate Mortality
Ratios for Nonreduction plant Ewployees

Cause of Death (ICDA 9th Revision Codeas)

All Causeas of Daath
Tuberculosis
All Malignant Neoplasms
Cancer of Buccal Cavity ¢ Pharynx
Cancer of Digestive Organa ¢ Peritoneum
Cancer of Esophagus
Cancer of Stomach
Cancer of Large Intestine =
Cancer of Rectum
Cancer of Biliary Pasasages ¢ Liver
Cancer of Pancreas
Cancer of All Other Digestive Organa
Cancer of Respiratory Syatem
Cancer of Larynx
Cancer of Bronchus, Trachea, Lung
Cancer of All Other Respiratory
Cancer of Breast
All Gterine Cancers (Females only)
Cancer of Cervix Uteri (Femalas only)
Cancer of Other Female Genital Organs
Cancer of Prostate (Males only) -

Y

Cancer of Testes and Other 'Male Genital Organs
Cancer of Kidney )
Cancer of Bladder and Other Urinary Organa
Malignant Melanoma of Skin
Cancer of Eye
Cancer of Central Nervous System
Cancer of Thyroid ¢ Other Endocrine Glands
Cancer of Bone
Cancer of A1) Lymphatic, Haematopoietic Tissue
Lymphosarcoma & Reticulosarcoma
Rodgkins Disease
Leukemia ¢ Aleukemia : o
Cancer of All Other Lymphopoietic Tissue
All Other Malignant Neoplasms
Banign Neoplasm.
Diabetes Mellitus
Cerebrovascular Diaease
All Reart Disease
Rheumatic Beart Diaease
Ischemic Beart Disease
Chronic Endocard. bis.; Other Myocard. Insuff.
Hypertension with Heart Disease
A1l Other Heart Diseasc
Hypertansion w/o Heart Diaease
on-malignant Respiratory Diacase
Influenza & Pneumonia
Bronchitis, Emphysema, Asthma
Bronchitis
Emphysema
Asthma
Other Non-malignant Respiratory Dimease
Ulcer of Stomach ¢ Duodenum
Cirrhoais of Liver
Nephritis { Nephrosis
All External Causes of Death
Accidents
Motor Vehicle Accidenta
All Mhar Accidents
Sulcides
Homicidea ¢ Other External Causes
All Other Causes of Death
Unknown Causes (In All Causes Category Only)

OBS EXP
3596 3596.00
3 4.62
9506 861.09
11 18.19
225  213.51
11 20.10
36 30.13
103 85.59
20 16.64
11 19.49
35 41 .81
3 6.17
316 297.08
4 9.69
10 284.73
2 2.65
9 10.45
3 2.45
0 0.98
2 3.16
84 96.35
1 1.29
25 18.32
28 26.32
11 8.95
1 0.44
1 15.51
4 1.89
1 1.36
12 71.84
€ 7.54
2 2.51
271. 30.06
a7 31.74
99 67.83
19 8.36
58 54.16
237 245.53
1477 1457.21
8 12.85
1038 1254.88
95 73.19
28 35.66
308 262.71
11 10.03
258 322.34
85 117.33
40 49.83
4 8.85
34 38.27
2 3.25
133 163.39
13 10.91
3o 47.45
§0 20.42-
140 147.02
99 93.90
43 34.82
56 59.93
27 36.77
14 16.36
38; 371.99

®* Significant at 5% level; ** Significant at 124mevel
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SPHR

100.0

79.8
89.8
116.6
145.9
227.3
101.6
96.5
101.4
62.2
82.7
129.8
78.5
117.2
109.7
80.0
72.4
80.3
45.2
86.86
61.5
81.4
115.1
63.2
283.8
95.2
105.4
123.5
93.4
73.4
85.6
104.0

LI
L 3

e

*e
L2

L3

95% Limits
LOWER UPPER
21.2 199.5
99.5 111.3
33.8 108.3
929 119.¢6
30.7 97.7
86.4 165.4
99.5 145.¢6
77.7 185.0
54.3 140.0
60.3 . 116.3
16.1 147.0
95.8 118.1
16.0 106.4
97.9 121.0
18.9 29%.8
45.8 161.8
40.0 376.2
16.3 246.3
70.7 107.6
11.0 546.2
92.5 201.4
13.6 153.9
68.2 .
& 15331
53.6 152.1
81.3 551.4
10.4 517.5
79.7 126.0
35.% 176.7
20.0 317.7
61.7 130.8
84.6 160.6
120.2 177.2
146.9 351.8
78.1 132.0
85.4 109.1
97.5 10S.4
31.4 123.5
76.8 86.8
106.5 158.2
54.4 113.4
105.3 130.5
60.8 197.8
71. §9.9
58.9 89.1
59.1 109.1
17.4 117.2
63.6 124.1
15.6 242.6
69.0 6.0
69.3 204.8
€4.5 89.8
231.0 373.6
81.7 111.0
87.3 127.4
92.6 164.8
T12.2 120.9
50.8 106.2
51.5 142.3
94.7 114.3



Table 11
Observed and Expected Deaths and Proportionate Mortality
Ratios for Employees in Reduction Plants Spending the
Majority of Their Time in a Nonreduction Process

958 Limitr
Cause of Death (ICDA 9th Revision Codas) ORS ExP SPUR LOWER VPPCR
Al} Causes of Death © 1320 1320.00 loo.o -—— —ea
Tuberculoais 0 1.63 ——— —— ~—-
All Malignant Neoplasms . 302 322.52 93.6 . 85.0 103.2
Cancrr of Buccal Cavity & Pharynx 2 €.98 28.7 7.8 104.7
Cancer of Digeative Organs { Peritonrum 78 79.22 98.5 79.4 122.1
Cancer of Erophagum -1 1.56 13.2 ¢ 2.5 69.3
Cancer of Stomach 15 11.09 135.2 81.9 223.4
Cancrr of Large Intestine 30 31.64 94.8 66.6 135.0
Cancer of Rectum 6 6.20 96.8 43.6 -215.1
Cancer of Biliaxy Passages & Liver 6 1.20 83.4 37.6 185.0
Cancer of Pancreas 18 15.64 115.1 72.8 182.1
Cancer of All Other Digestive Organa 2 2.28 87.8 22.0 350.4
Cancer of Respizatory System 91 114,28 79.6 * 65.6 96.7
Cancer of Larynx 2 3.73 53.6 13.7 209.3
Cancer of Bronchum, Trachea. Lung 89 109.53 81.3 # 66.7 98.9
Cancer of All Other Roapiratory . 0 1.02 -—— - L
Cancer of Breast 4 3.10 128.9 50.2 33i.4
All Uterine Cancers (Females only) 1 0.71 140.9 20.4 974.6
Cancer of Cervix Uteri {(Females only) 1 0.32 314.6 49.7 1991.8
Cancer of Other Female Ganital Organa 1 0.90 110.7 15.9 768.0
Cancer of Prostate (Males only) 32 34.15 93.7 66.6 131.8
Cancer of Teatea and Othex Hale Genital Organs 1 0.51 194.7 20.5 1332.3
. Cancer of Kidney 11 7.05 156.1 87.0 280.0
: Cancer of Bladder and Other Urinary Organs 10 9.61 104.1 . 56.2 193.0
) Malignant Melanoma of Skin 3 3.59 83.5 27.0 257.8
Cancer of Eyr 0 0.17 — — -
Cancer of Central Nervoum System *“: 3 6.21 i8.3 16.0 145.6
Cancer of Thyroid & Other Endocrine Glands 0 0.72- — —— ——
Cancer of Bona 2 0.53 315.9 = 103.5 1364.5
Cancer of All Lymphatic, Raematopoietfic Tisave 38 27.12 140.1 * 102.5 191.6
Lyaphoaarcoma i Reticulosarcoma 6 2.91 206.3 - 94,4 450.9
Hodgkins Disease 3 -1.03 291.2 99.0 856.3
Leukemia ¢ Aleukemia 13 11.31 115.0 66.9 197.4
Cancer of All Other Lymphopoietic Tissue 16 11.87 134.8 82.9 219.1
All Other Malignant Naocplasma 25 25.39 98.5 €6.8 145.1
Benign Neoplasns 5 3.08 162.2 68.1 386.0
Diabates Nellitus 15 19.66 76.3 46.2 125.9
Cerebrovamcular Disocase 108 85,13 126.9 * 105.9 152.0
All Heart Disease 531 S30.7M 100.1 $3.7 106.8
Rheumatic Heaxt Discease 4 4.01 33.1 31.3 220.7
Iachemic Hearxt Disease 422 $60.01 91.7 * 85.0 99.0
Chronic Endocard. Dim.; Other Myocard. lnsuff. 18 25.51 0.6 44.9 111.2
Bypertension with Heaxt Disense 11 12.55 87.6 48.7 157.6
All Other Heart Disease 76 94.56 80.4 * 64.8 99.7
Bypextension w/o Hoart Disease - 8 3.48 230.2 * 117.5 450.8
Non-malignant Reapiratoxy Disecase 103 115.44 89.2 74.3 107.2
Influenza ¢ Pneumonia 39 40.23 S6.9 71.3 131.8
Bronchitim, Emphysema, Asthma 17 18.47 52.1 57.4 147.5
Bronchitis 4 3.23 123.8 46.6 328.9
Emphysema 9 24.23 63.3 33.2 120.4
Asthma 4 1.21 331.0 * 131.4 833.2
Other Non-malignant Respiratery Disease 47 59.55 8.9 59.8 104.2
Olcer of Stomach & puodenum 3 3.93 16.3 24.7 235.3
Cirrhomir of Liver 15 19.05 T8.7 47.8 129.6
Nephritis & Nephroais 14 7.12 196.8 *» 217.9 328.6
All Extrrnal-Caunses of Death 66 61.52 106.8 86.0 132.6
Accidents 44 38.34 114.8 86.8 151.8
Motor Vehicle Accident. 19 15.37 123.7 80.5 190.0
All Other Accidents 25 23.28 107.4 73.1 157.8
Suicides 21 15.70 233.8 88.1 203.0
Homicides ¢ Othar External Cause. 1 7.79 12.8B 2.7 61.7
All Other Causas of Death 150 133.9% 111.9 96. 130.2

0

\ Unknown Causes (In All Causes Category Only)
) ® Significant at 5% Level; ** Significant at 1\ Level
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C. Mortality for the Reduction Process

There were 1866 workers who had some employment in the
reduction process. The overall PMR for cancer was 106.6 which
was not statistically significant (Table 12). The PMR for 1lung

cancer was 117.8 with a coiresponding 95% confidence interval of

(103.1, 134.5). Cancer of the kidney was also elevated with a

PMR of 200.1 and a corresponding 95% confidence interval of
(131.7, 303.8). The only nonmalignant cause of death with a
statistically significant excess was cerebral vascular disease
with a PMR of 135.3 and a corresponding 95% confidence interval
of (116.0, 157.7). The PMR for the category ischemic heart
disease was low [PMR=87.2 with corresponding confidence 'interval
of (81.6, 93.2)]}. Since only 6 women were employed in the
the mortality patterns in Table 12 are

reduction process,

essentially the same for males. When analysis was done by.race,

some additional causes were in excess. For whites, in addition
to respiratory and kidmey cancer, there was an excess in cancer
of the lymphatic and haematopoietic tissue (PMR=132.2, p<0.05).

For nonwhites, the only excess was for diabetes where the PMR was

389.5 (p<0.0l1).
. When the 62 causes of death were re-evaluated for men
spending the majority of their time in the reduction process, the

mortality patterns were similar to those "ever employed in the

reduction process™ but tended to be slightly increased for many -
The PMR for the category all
(p<0.05).

of the malignancies (Table 13).
malignant neoplasms increased from 106.6 to 109.5

Similarly, the PHRs for cancer of the lung and kidney were



Table 12

Observed and Expected Deaths and Proportionate Mortality
Ratios for Employeces Ever Employed
1n a Reéduction Process:

5K Limits
Cause.of Reath. (1CDA Oth Revision Codes) ons EXP SPMR LOWER UFER
A1) Causes Of Death . 1868 - 1869.00 - 100.Q . - ——
Tubarculosis 1 - 2.48 40.3 a.1 287.2
A11 Halignant Yasws 4909  488.17 106.8 08.8 114.9
Cancer of Buccal Cavity A Pharynx a 10.80 55.8 25.3 121.8
Cancer of Mrltivo Organs & Peritoneum - 105 114.28 81.9 76.4 * 410.8
Cancer cgu: 7 11, ‘58.0 28.5 122.4
Camr of Stoma 13 18.25 80,0 46.6 137.3
Cancer of La !nt.stim 39 44.50 87.8 84.3 119.5
Cancer of Rectum 5 8.81 58.8 24.0 134.5
.Cancer of 8illary Passagos & Liver 9 10.39 88.7 45.2 168.1
Cancer of Pancreas 29 22.88 127.9 89.2 183.4
Cancer of All Other Digestive Organs 3 - 3.21 931.5 30.2 289.5
Cancar of Respiratory System 197 172.88 114.0 99.8 130.0
Cancer of Larynx .1 5.78 17.4 = 3.1 97.8
.Cancer of Bronchus. Trachea, Lung 195 185,57 117.8 ¢ 103. 1 134.5
“Cancer of A1) Dther Resptratory 1 1.54 84.83 9.3 4524
Cancer of Breast : -] 1.00 - - ——
All Uterine Cancers (Females anly) o Q.11 - - .-
Cancer of Cervix'Uter{ (Femalas only) L] 0.0% = —-—- .-
Cancer of Other Female Gen{tal Organs 1 0.18 643.6 = 120.0 3450.7
Cancer of Prostate (Males onlY s 47.88 81.8 890.1 111.3
Camr of Testes and Other Male Genital Organs 2 0.83 240.0 82.7 918.1
Cancer of Kidney - 29 10.50 200.1 s» 131.7 303.8
Cancer of Bladder and Other Urinary Organs 14 13.28 105.8 82.7 177.9
Malignant Melanoma of Skin 7 5.59 125.2 58.9 2681.7
Camr of Eye [} 0.24 - . - ———
Cancar of Cantra) Narvous Sys 8 2.58 83.7 42.0 188.7
A Camr of Thyrolc & Other EMncrlm Glands [ 1.04 - = -
Cancer of B 2 0.78 25a.7 87.8 $78.1
Cancear of A11 Lywphatic, Hamtopoutlc T{ssua 50 38.07 128.0 97.4 188.2
Lyrphosarcoma § Rotlculosaroeu 5 4.22 118.5 49.4 284.0
ins Dlsusa 3 1.58 188.9 a2.2 574.3
Laukemin A Alotksaia 20 18,05 124.8 80.8 192.8
Cancar of A1l Other Lynpmpohtic Tissue 22 17.21 127.9 84.4 183.8
All Other Maligrunt Neoplasms 47 37.12 126.8 95,8 187.9
Benign Nooplasms 5 4,33 1158 481 278.9
Diabwtos Mailitus ; 28 27.85 101.3 70.1 146.3
Carobrovascuiar Disease 151 111.64 135.3 == ‘118,00  _157.7
A}) Heart Disease 710 742,22 5.7 C 90,4 101.2
Rheumatic Heart Disease 3, 6.62 45,3 5.1 138.2
Ischemic Heart Disaase 561 643.10 87.2 s= 81.8 93.2
Chronfic Endocard, Dis.; Other Nyocard. Insuff. 25 33.78 74.1 50.3 108.0
tension w{th Heart Disease 17 18.13 93.8 58.5 130.4
Al1 Other Heart Disease 104 133.88 77.7 == 84.8 83.4
Hypertens{ion w/o Heart Diseass 8 4.78 . 128.1% 58.8 279.8
Non-mal {ignant llcsp(ntory Diseasa 128 © 156,88  R20.3J == as.o 2.
Influenza A Pheumonia 42 52.52 ' 80.0 59.5 107.5
Bronchitis, E-physe-a. Asthsa 22 25.71 85.8 54.5 129.5
Sronchitis 3 4.39 8.4 22.2 210.2
Easphysesa 18 19.86 80.6 49.5 131.0
Asthma 1.72 174.7 87.2 533.7
Other Non-malignant Resplratory Disease L] 82,30 75.2 = 58.1 g98.0
Ulcer of Stomach A Duoderm 7 5.42 129.2 a1.8 270.1
Rephritis 5 Nephro B Noe  sea 54.1 25611
tis A : 3E 18 9.88 155. . .
Al External Causes of Death 105 $8 .28 106.8 90.0 126.8
Accidents 87 59.94 111.8 aa.1 140. 1
Motor Vehicle Acclidents 2S 24 .64 101.4 a89.8 147.8
All Other Accidents 42 35,77 117.4 27.3 157.9
Suficides 30 25.77 116.4 82.1 {85.0
Homic{des & Qther External Causes 8 12.57 63.8 az.s 123.5
All Other Causes of Death ﬂl 188.30 108.3 23.1 124.3

Urknawn Causes (in AVl Causes Catego l} Oont
s Significant at 5% Level; s+ Signi lcan¥ at 1% Lwﬂ

- .
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Table 13

Observed and Expected Deaths and Proportionate Mortality

Ratios for Employees Spending a Majority
of Time in a Reduction Process

Cause 'of Death (!CDA 9th R.vil!on Cod-s) oas BPr fPIR
ses of bath . 1449 1448,.00 100.0
o ‘I..g:':'ﬁnoli’ 1 1.93 1.9
All Malignant Tasms 397 382.83 109.8 =
Cancor of Buccal €avity A Pharynx -] X34 80.0
Cancor of D!rSt(vo Organs 6 P-Htonou- 82 28.38 82.68
Cancer of 9.15 78.8
Cancer of Stm 8 12.59 83.5
Cancor of ka Intestine 33 34.55 85.5
Cancer of Rec 4 6.83 8.6
Cancar of 8flfary Fasngos b Liver 7 &.08 88.9
Cancar of Pancreas 21 17.85 119.8
Cancor of Al] Other Dlgestlvo Organs 2 2.49 80.3
Camr of Respiratory Systea 181 133.58 120.8 =
Cancor of Larynx 1 . 4.45 22.5 .
Cancer of Bronchus, Trachea, Lung 159 127.98 124.3 ss=
Cancer of All Other Respiratory 1 1.20 83.7
Cancor of Breast - [+] 0.73 ———
All Uterine Cancers {Females only) o -.o0.08 o=
Cancer of Cervix Uteri (Females onily) o 0.04 ===
Cancer of Other Femals Gen{tal Or-gans 1. 0.11 948.8 s
Cancer of Prostate (Males on1¥ an 37.27 83.2
Cancer of Testes Other Male Gan{ta) Organs 1 0.858 153. 1
Cancer of Kidney - 17 8.11 . 209.7 =
Cancer of 8ladder and Other Urinary Organs 10 10.34 98.7
Malignant Melancma of Skin S 4.31 115.9
Camr of Eya [+] 0.18 mm—
Cancer of Central Nervous System 7 7.38 5.1
Cancer of Thyrold & Othar Endocrine Glands ] 0.81. -
Cancer of o 0.80 ———
© Cancar of All l.yvphntlc. Hacumatopoistic Tissue 37 30.31 122.1
Lymphosarcoma A Retfculosarcoma 4 3.27 122.2
ins Pisease -2 1.23 182.2
oemiz b Aleukemia 15 12.47 120.3
r of All Other Lyuphopolatic Tissue 18 13.33 120.0
A1l Other lallgunt Neop asms 40 28.72 138.3 »
Benfgn Neoplases ] S 3.38 148.7
piabates Mel)itus 22 21.48 102.4
Ceretiravascular Disease 121 87.18 138.8 s
A1l Heart Disesass 545 576.37 4.0
Rheumat{c Heart Disease 2 . 5.12 39,1 ..
ischemic Heart Dizease 428 408,52 B85.7 s
Chronic €ndocard, Dis.; Other Myocard. Insu¢f. 20 28.28 78.1
H{pqrtenﬂon with Heart Dl:uso 13 14.07 92.4
Al1 Othar Hurt Disease . 82 103.83 79.0 =
Hypertansion w/o Heart Disease 4 3.70 103.0
Nofi~mal ignmt Respirntory Disasse 98 122.38 - B80.0 s
L Tl e B oRu B
s . .
sronchitls ' 2 3.43 58.3
Euphysm - 11 1S5.52 70.9
3 1.33 225.5
Other Non-ullynant Resplrator-y Disease 55 84.27 35.8
Ulcer of Stomach b Duodenrum ] 4,22 142.2
Cirrhosis of Liver 1 23.88 48.1 =3
ftis 6 is 11 7.581 148.4
All External Causes o Death 82 76.20 107.
Accidents 48 48.72 102.7
Motor Vehicle Accidents 18 19.30 93.3
All Othar Accidents 27.78 108.0
suicides 28 20.01 129.9
Homicides & Other External Causes 8 9.48 84.5
All Othar Causes of Daath 145 144,85 100, 1

Unknewm Causes (I n A1l Causes Cataegor

nl
Significant at 5% Level; ¢+ Signi lcan )at 1% Laval

24

85% Limitx

7.8 a3s85.1
100.8 119.1
25.3 142.2
5.1 114.2
38.7 158.8
32.1 128.9
88.2 133.8
22.3 153.49
41.5 181.8
78.3 182.9
20.2 320.0
104.2 138.4
3.2 134.2
107.3 144.0
11.8 591.9
195.9 4587.1
58.89 117.8
21.9 1089.9
132.0 333.3
52.2 178.3
48.4 277.7
45.5 199.0
88.8 187.8
‘468.0 J324.8
41.2 839.1
72.7 1938.8
73.7 185.3
102.8 189.0
2.3 354.8
67.7 155.1
117.0 184.7
8s.g 100.9
10.3 148.3
79.4. 82.4
49 .4 117.2
53.8 158.8
64.2 87.2
40.8 287.2
7.1 97.68
47.7 88.3
48.1 128.8
14.9 220.0
39.5 127.1
75.0 8771.7
68.1 110.7
64.2 314.8
208.1 81.3
81.5 282.9
8.7 130.8
18.7 134.1
58.9 145.1
78,1 153.3
89.4 188.8
-1 165.8
5.8 118.8



L\\//

increased slightly (PMR=124.3 and 209.7, respectively). The .

remainder category ™all other‘malignaht neoplasms™ is also

significant with a PMR of 139.3 (p<0.05).

Since the primary departments of interest in the Tripartite

Stydy were the potroom and carbon departments, we investigated

mortality patterns separately for these two departments. There

were 943 employees with some experience in the potroom

department. The PMR for all malignancies was 106.8 with a

corresponding 95% confidence interval of (96.1, 118.6) (Table
14). The PMR for cancer of the lung was 111.9 with a
corresponding confidence interval of (92.6, 135.2). The only

malignancy with five or more observed deaths and a statisticallx
significant elevation was kidney cancer with a PMR of 297.9 and a
corresponding 95% confidence interval of (187.1, 474.2). There
was also an excess of ulcer of Ehe stomach and duodenum based on
six observed deaths and 2.69 exéééted (PMR=223.0, p<0.05).‘;For«
employees with a majority of time in the potroom the PMR for all -
malignant neoplasms was 114.8 with a corresponding 95% confi&énde
interval of (100.7, 130.9) (Table 15). Of those causes with more
than 5 observed or expected deaths, cancer of the kidney and
ulcer of the stomach were elevated (PMR=285.8, p<0.0l1 and
PMR=317.2, p<0.05, respectively). Ischemic heart disease was
significantly low (PMR=80.6, p<0.01).

The carbon department had fewer workers than the potroom

department. For the 489 employees with some employment in the

carbon department, the PMR for all malignancies was 105.8 (Table
16). Both cancer of the kidney (PMR=250.7, p<0.01l) and
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observed and Expected Deaths and proportionate Mortélity

Table 14

Ratios for Employees Ever Employed
in the Potroom Department

Cause of Death (ICDA 9th Rcvlugn Codlas )

All Causes of math

Tubarculosis )
All Kal{gnant Neoplasms

Cancer of 8uccal Cavity & Pharynx
Cancer of Digastive Organs & Psritoneum

Cancar of Esopha

Cancer of Stoma

Cancer of La Intestine

Cancer .of Rectum

Cancer of 8iliary Passages & Liver

Cancer of Pancreas

Cancmr of Ail Other Digaest{ve Organs
Cancmr of Resplratory Systom

Cancer of Larynx

Cancer of Bronchus. Trachea. Lung

Cancer of All Other Resplratory
-Cancer of Breast
All Uterine Cancers (Females onlyv)_ .
Cancer of Cervix Uteri (Females onlv)
Cancer of Other Femala Gen{tal Organs
Cancer of Prostate (Males onl

) .
Cancer of testes and Ottmr Ihxu Genital Organs

Cancer of Ki

4
r of Bladder and Qther Ur{nary Organs

Cancel

Kal fgnant Melanoma of Skin
Cancer of Eys

Cancer of Central Narvous System

Cancer of Thyreid A Qther Endocrine Giands

Cancer of Bone :

- Caaner of AVl Lysphatic, Haematopoiatic Tissue

sarcosa A Ret{culosarcoma
{ns Diseasa .
aniz A Aloukemis

Cancer of All Other Lymphopoint{ic Tissua

Al} Other Mal{gnant Neoplasms
Ben{gri Neoplasms
Diabeteas Mellitus
Cerebrovascular Disesass
All Heart Disease
Rhoumatic Haart Disease
Ischeaic Heart Disease

Chronic Enciocard, Pis,; Other Myocard.. Insuff.

ertension with Heart D{sease
A Other Heart Disease
rtensfon w/o Heart Disesse

Non-malignant Resplra’tory Disease

|anluel:\Izt: A Enphm a Asthoa
ronchitis. ySean, t
gronchiti:
mphysema
Asthma
Other Non-malignant Resplratory Disease
Ulcer of Stomach A Duodenuia
Cirrhosis of Liver
itis & Nephrosis
All External Causes of Death
Accidents
Maotor Vehicle Accidents
A1l Other Acctdents
Suicldes
Hom{cidas & Other External Causes
AY1 Other Causes of Death

Unknown Causes (In All Causes Category 0n|¥)
Significant at 5% Leval; s« Significant at 1%Level
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5% Limits

LOWER UPFFER
8.1 118.8
8.9 211.1
88.9 113.7
23.9 185.5
38.9 173.8
47.5 121.1
22.0 207.3
50.% 249.0
$8.8 181.1
31.1 493.6
89.7 120.8

S.2 212.5
92.8 135.2
87.7 148.8
124.5 1564.5
187.1 474.2
41.8 204.68
33.7 322.1

3.3 118.9
141.8 1720.8
93.7 197.1

8.9 314.7
123.4 1024.2
78.7 244.5
77.9 239.2
78.2 174.2
48.8 149. 1
08.68 155.9
80.7 108.4
15.3 235.8
79.2 98.7
50.8 142.5
38.8 193.8
a9.0 112.3
20.8 9.4
70.8 111,0
51.S $121.5
59.8 175.4
82.4 202.0
58.1 881.6
82.4 119.1
102. 4 485.5
20.9 88.4
9.2 300.8
78.2 124.8
5.4 141.5
§5.4 158.0
72.2 166.4
§0.1 tée.8
36.2 166.0
87.8 127.2



Observed and Expected Deaths and proportionate

Table 15

Ratios for Employees Spending a Majority
of Time in the Potroom Department

Cause of Death (ICDA 9th Reviston Codes) oss EXP SPMR
All Causeg of Desth 558 558.00 100.0
Tuberculosis . o 0.82 -——-
All Malignant &oehs.s 163 141.98 114.8 «
Cancar of Buccse) Cavity 6 Pharynx 4 3.3% 118.5%
Cancer of Digestive Organs 4 Port toneun 33 34.83 85.3
Cancor of Esophagus 3 3.82 78.68
Cancer of Stoma S 5.03 88.4
Cancor of La Intastine 13 13.21 88.4
Cancer of Rec : 1 2.80 38.4
Cancer of Btliary Passages 6 Ltver 4 3.18 $25.7
g:ncer off 7\11 Other B 't H 608 5.5
ncer o er ve a . .
Cancer of Respiratory syg‘t’:- Organs B; 50 %i :?:;
Cancer of Larynx 0 1.79 -——
Cancer of Bronctus, Trachea. Lung . 82 50.77 122.1
Cancer of All 0ther Respiratory [+ 0.47 -——
Cancer of 8reast o 0.18 -
All Uterine Cancars {Females only) o 0.00 -—
Cancer of Cervix Utar{ (Femalas only) [} 0.00 ——
Cancer of Other Female Genttal Organs -] 0.00 -
Cancear of Prostate (Males onl{) 17 14.32 118.7
Cancar of YTastes and Other Male Genital Organs 1 0.28 358.2
Cancar of Kidnay 9 3.15 2B5.8 ==
Cancor of 8ladder and Other Urinary Organs 2 3.80 52.8
Malignant Melanoma of Skin 2 1.48 119.2
Cancar of Ew o 0.07 s
Cancar of Cantral Nervous System 2 2.91 68.7
Cancer of Thyroid 6 Qther Endocrine Glands ] 0,32 -
Cancar of - fene ] 0.24 -
Cancer of All Lymphatie, Haematopotstic Tissue 17 11.73 144.9
L sarcosa & Reticulosarcoma 1 1,28 9.5
ins Disease 2 0.50 308.9 =
L {a & Aloukemia 8 4.75 188.3
Cancar of All Dthar Lymphopotatic Tissue 8 5.22 115.0
All Other Malignant Neoplasms 14 1131 123.8
genign Neoplasm [} 1.29 ——-
Ot abetes MNallf tus B 2,39 95.3
Caretrovascular Diseacs 41 32.26 127.%
All Heart Disease . 202 2168.80 93.2
Rheunatic Heart Diseas. 2 .94 103.0
Ischem{c Heart Disaase 150 188.07 80.8 ss
Chronic Endocard. Dis.; Other Myocard, Insuff. 7 8.683 72.7
rtens{on with Heart Of{xasse 7 5,78 121.1
Al1 Other Heart Df{sease 38 40.39 89.17
Hypartans{on w/o Heart Disease 1 1.44 89.3
Non-malignant Respiratory Diseyse 41 44.85 91.2
lntluenza 6 Pnoumonis 10 14.68 68.2
fronchitis, Ewphysema, Asthwa 8 7.47 107.2
Sronch o 1.24 ——-
Ei 8 8.75 104. 4
Asthes 2 0.53 374.4 =
Other Non-malignant Respiratory Diseasae 23 23.8S5 88.3
Ulcer of Stomach &8 Duogderua 5 1.58 317.2 ss
Cirrhosts of Liver S 9.82 £2.0
Nephritis A sis s 2.88 173.4
All External Causes of Death a4 33.38 101.9
Accidents 17 20.30Q 83.7
Kotor Vehicle Accidents b4 5.88 78.8
Al} Other Accidonts - 10 11.58 88.5
Suicidex 11 8.51 128.3
. Homicides & Other External Causes 8 4.55 132.0
AH Other Causes of Death 1] 55.58 g1.2
Urkknowm Causes (I n All Causer Category Only) [+]

Signiticant at 5% Leval; ¢+ Signiticant at 1% Level
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70.8

'Mortality
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cerebrovascular disease (PMR=136.2, p<0.05) were significantly

elevated. There were only 140 men. spending the majority of their

time in the carbon department (Table 17). Thus the statistical

power to a true excess is limited. The only cause of death with a
statistically significant excess is cerebrovascular disease with
a PMR of 195.3 and corresponding 95% confidence interval of
(124.6, 306.3). "
The PMRs were also computed for the employees épendiﬁg~the

majority of their time in mechanical maintenance, electrical
maintenance, ingot and power. For most of these departments ;he
number of employees was not sufficient to evaluate many of the
sﬁecific cancer sites. Table 18 summarizes the observed and
expected deaths and PMRs for all malignant neoplasms for
employees with the majority of their time in'each of the
departments in the reduction plant. Those workers with-the
majprity of time in the;potrooms show an elevated PMR of 114.8
fp<6.05). The site-specific PMRs for cancer have alreadj been
discussed for the potroom and carbon departments. For thé other
four departments the only significant excess was for lung cancer

in mechanical maintenance. The PMR was 138.3 with a

corresponding 95% confidence interval of (107.2, 176.4).



Table 16

observed and Expected Deaths and Proport:.onate Mortality

Ratios for Employees Ever Employed

in the Carbon Department

Cause Qf Quath (IGRA 9th Bevision Cosew) oes £xe
A11 Causes of math 488 488.00
losis 0 0.
133 125

’

A11 Malignant u.a?
c;ncor’;‘ Bucca)l Cavity & Pharynx

Cancer of Dl tive Organs & Peritonsus
Cancer of Esophagus

(]
- )N
-
-uugu

78
72
o8
.04
s 83
Cancer of Stoma .
Camr.of La Intestine 10 44
Cancer of Rec 1 2.20
Cancar of Biliary Passaqos & Livmr a 2.84
Carcer of Pancreas e 8.09
Cancar of All ‘Othor Digastlva Organs 1 0.82
Cancar of Respiratory System 81 47.16
Cancer of Larynx 0 1.82
Camr of Bronchus. Trachea, Lung B1 . 45.12
Cancer of All Othor lnsplra{ 0 0.42
Gancer of Breast o 0.14
All Uterine Cancors (Females only) 0 0.00
Cancer of Cervix Uteri {Females only) o 0.60
Cancer of Other Femalas Gonital Organs 4 0.00
Camr of Prostate (Males onlr . 12 12.04
Camr of Tastes and Other Kale Genital Organs 1 0.28
cm”(:-m:n" EE s% dder and Othar Yr{ rgans 3 ERH
) a an ar Urinary @ .1
Malignant Melanoms of Skin 2 1.88
Cancer of Eys 0 0.08
Cancar of Central Nervous System 0 2.65
Cancer of 'n'lynid 3 Other Engocrine Glands -] 0.28
- Enear of X Lymphatic, Hasmatopoistic T{ 2 1987
' r o e, stic Tissuve .
l.yq:honrcon s htieulosarm:‘:o 1 -1.10
ins Dis 1 0.47
Loukenia A'l-ut—!a 3 . &.18
Cancer of AII ‘Other Lyq:hopol-tic Tissue 1 4.6S
All Othepr Mal M Neocpla 18 10.12
senign 1 1.14
Diabates hllihﬁa . .1 7.52
Carsbrovascular Diseass a8 22.80
All ' kart Disaass 180 187.83
Rhoumatic Heart Disease 1 1.70
1schemic Heart Disease 148 150.73°
Chronic Endocard. Dis.; Othr Myocard., Insuf¢. 10 . 8.28
rtension with Heart Diseass 3 5.37
All Qther Heart Disezse 27 34,11
rtension w/e kart Dissass 1 :1.29
Non-mal{gnant Respiratory D{sease 25 38.08
Hudbers i :mh airoposhi Asthea 3 5%
n ysesa, .
Sronchit -] 1.03
Enphysm 1 4,77
Asthma 2 0.49
Othr Non-n'llwnt Respiratory Disease 13 20.10
Ulcer of Stomach & Duodenum 1 1.38
Sapheieln & Nephrosis i 2
ritis 4 2.
All Extarnal Causes of Death 31 31.80
Accidents 17 19.10
Motor Vehigle Accidants (] 8.35
All Other Accidants 11 10.89
Suicides 12 .03
Homicides & Qther Extarml Causes 2 4.77
All Other Causas of Dsath 41 49 .22

nknown Causes (In All Causes Category On

Significant at 5% Lavel; »» slgniflcan¥ at 1%L¢ve'l
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LOYEB UPPER
91.8 122.3
18.8 257.2
81.2 128.9
4.5 172.7
- 48.3 284.8
47.4 181.1
8.8 298.8
34.2 328.4
445 18.1
17.2 857.6
83.5 140.1
67.2 148.5
1S.8 189.5
63.4 2302.3
122.9 511.8
30.5 290.8
32.5 61.1.5
78.8 2717.1
88.2 202.4
12.9 845,
31.8 1444.0
23.8 221.8
72.4 313.0
80.1 243.7
12.4 621.4
T 81.8 281.9
100.3 184.9
90.5 112.9
8.9 407.8
81.9 1048.3
85.7 223.7
18.5 188.1
$2.1 107.3
11.0 543.8
45.3 95.2
7.7 138.2
18.0 143.8
- 3.8 122.2
113.5 1481.2
38.2 108.5
10.4 S15.4
36.9 158. 1
59.8 413.8
71.68 131.9
57.2 138.5
33.7 153.1
58.8 179.8
88.7 257.8
11.5 152.3
72.9 125.1



Table 17
Observed and Expected Deaths and Proportionate Mortality
Ratios for Employees Spending a Majority
" of Time in the Carbon Department

5% Limits
Cause Of Death (ICDA 9th Revision Coa-:) oss EXF SPHR LoweER UFFER
Al1 Causes of Death 140 140,00 100.0 —— —
Tuberculosis o 0.28 - LT -
All Malignant Nno? 38 3s.48 107.1 21.8 140.7
Cancar of puccal Cavity & Pharynx [-] 0.88 V- —— ——
Cancar of Digestive nrgans b Peritonsus ] 8.78 1.2 AB.7 178. 1
Cancar of ?' 1 1.04 84.0 13.7 874.8
Cancer of St o 1.31 - -=- -
Cancer of La Intestine 3 3.28 91.8 20.8 270.9
Cancer of 1 0.84 184.0 22.4 1086.9
Camr of Billary Passages & [fvmr o 0.82 = -— -
Cancer of Pancreas : A.;; 178.0 7.7 S30.9%
|1 Other 01 stlvn rgans . - | me- ——.
‘.c.f;'.'?'gf"pfuﬁp'u ooy 8 Syft Org 18 13.01 133.0 77.4 195. 4
Camr of Larym o 0.48 --= -=- ===
Camr of Bronchus, Trachea, Lung 18 12,44 128.8 -80.9 204.8
Cancor of All Gther Respiratery 0 0.11 --- == =--
‘Cancor of Breast o ~0.04 --= -— =—-
All Uterine Cancers {Females only) o 0.00 == === ===
Cancer of Cervix Uteri (Femalss only) o 0.00 .- -— —
Cancer of Other Famale Gcn!tﬂ Organs o 0.00 - ——- ———
Cancor of Prostate (Halos onl ¥ 3 - 3.80 76.9 25.4 232.0
Cancer of Tostcs and Other Male Gen!tal Organs o 0.08 = -— -——
Cancer of K dgney - 2 - 0.78 08,2 70.3 1001.2
Cancor of Bladder and Othor Urtnary Organs ] . 0.85 108.8 38.0 742.4
Ma} ignant alahnou of skin o 0.37 -— - -—
Cancer of Eye . o 0.02 ——— e -
Cancar of Central Nnrvous System 1 0.88 ——- - —
Cancor cf Thyreid b Othor Endocrine Glands g ggg ——- -—- ——-
clneor of All Lymhatlc. Heematopoistic Ti::uo 3 2.88 105.0 34.3 321.8
sprcoms b Reticulosarcoma -] 0.28 - .- ——
tns Dl:uso (] 0.11 - -——- -
snia & Alsukenis 1 1.18 38.7 12.3 608.0
Cancer of All Dther Ly-phopelotie Tissue 2 1.30 153.7 30.1 804.1
All Other In"mnnt Neop 12sns B 2.84 175.8 74.7 413,97
Senign Neopla 1 0.32 308.8 48.3 1882.7
01abetes N-'Hitut . 3 2.18 136.9 44.8 418.8
Cerstirovascular Diseass 17 3.70 106.3 »» 124.8 308.3
All mart Diswase 50 B4.44 1.8 74.1 112.9
Rheumatic Heart Diseasze o 0.48 -——— v ~—-
uchulc Heart Dissase 40 45.39 87.2 87.8 112.1
¢ Endocard, Dis.; Othor Wyocard. Insuff. 2 2.852 79.4 20.2 a12.2
H'ﬁnrtmion wlth Mart Dissase o 1.8 —— —— —~——
Othor Heart Dizsass ) 10.60 75.8 as.9 148.8
Hypertsnsion v/o Heart Disssss o 0.40 —— - —
Non-malignant Respiratory Ofssase B 11.82 43.4 0 19.3 27,8
Intlustics 6 Pneunonia [+] 3.81 -—— -—— ~———
Bronchitis, Ewphyssm3, Asthma 14 1.85 - -——- -
gronchitu 8 t::: —-— -—- -
mphysess . - -——- ~——-
Other Nen-salignant Respiratory DI B & 22.0 ..3 7
or -3 (] rato SeAse . 38. 194.7
Ulcar of Stomach Duodcr‘:- i ] 0.40 - T - -
At H ‘fnt.‘»"::.a TR e - 270
. . .0 887.8
All Extarns) Causss of Death 8 7.43 121.1 a7.0 218.8
Accidents a 4.54 32.2 a1.9 282.3
Motor Vehicle Accld.nts 4 1.01 221.4 87.9 857.5
All Other Acciden 2 2.77 72.2 8.7 279.2
Suicidss 3 1.79 1987.2 58.3 .1
Homicides 6 Othor External Causes -] 1.114 - o -
Al1 Othor Causes of Death 1; 14.41 97.2 - 58.2 158.5

Unknown Causes (In All Causes Categor¥
+ Si{ghificant at 5% Lavel; *+ Sign§ lt:an at 1% Level

30




: Table 18
Observed and Expected Deaths and Proportionate Mortality Ratios
by Department for All Malignant -Neoplasms .

OBS EXP PMR LOWER © UPPER

POTROOM 163 141.98  114.8% 100.7 130.9
CARBON 38 35.48°  107.1 81.5 140.7
INGOT 44 44.33 99.3 76.9 128.1
MECH. MAINT. 117 108.00  108.3 92.7 126.6
ELECT. MAINT. 30 27.60  108.7 79.8 148.0
| 99.0 46.2 212.3

POWER 5 5.05

D, Selected Causes of Death
For those causes of death that were in excess or for which we

have particular interest because of the Tripartite Study, we now

present more detailed analysis.

(1) Kidney cancer = The PMR for kidney cancer for the total
cohort is 158.1 based on 53 observed deaths and 33.52 expected.

All cases of kidney cancer were in males and both white males and

nonwhite males had an excess (PMR=157.5 and 257.8, respectively.

Of the 53 employees with kidney cancer as a cause of death, 49
had more than 20 years employment. For those employees ever
employed.in the reduction process, the PMR is 200.1 based on 21
cbserved'deaths and 10.5 expected and a corresponding 95%

confidence interval of (131.7, 303.8). This compares to a PMR of

136.5 with a corresponding 95% confidence interval of (92.5,
201.4) for workers in nonreduction plants.

Further investigation within the reduction process indicates




that there is no particular area that appears to have a
concentration of excess deaths (Table 19). The excess is not much

affected when a PCMR is used instead of a PMR (Tabie 20) . The

investigation of kidney cancer by individual plant indicated no
pattern for the excess although the distribution of only 53

observed deaths among 37 plants results in numbers too small to

conclude that no clustering exists.

Table 19
Observed and Expected Deaths and Proportionate Mortality Ratios
by Job Location for Kidney Cancer

95%
OBS EXP PMR LOWER UPPER
NONREDUCTION PLANT 25 18.32 136.5 92.5 201.4
REDUCTION PLANT 28 15.20 184.,2%%  128.1 265.0
NONREDUCTION PROCESS 11 7.05  156.1 87.0 280.0
REDUCTION PROCESS 17 8.11 209.7%%  132.0 333.3
POTROOM 9 3,15  285.8%%  153.4 532.5
CARBON 2 .75 265.2 70.3 1001.3
INGOT 2 99 201.8 52.1 781.4
MECH, MAINTAIN. 4 2.48 161.1 61.2 423.7
ELECT. MAINTAIN. o .61 -- -- --
0 .11 -- - --

POWER




Table 20
. Observed and Expected Deaths and Proportionate Cancer Ratios
by Job Location for Kidney Cancer

OBS EXP - BMR LOWER 255 UPPER
NONREDUCTION PLANT 25 19.25 .129.9 88.2 191.1
REDUCTION PLANT ) 28 15.62 179.3*%% 125.0 257.2
NONREDUCTION PROCESS 11 6.60 166.6 93.5 296.9
" REDUCTION PROCESS 17 9,01 188.6%*  118.8 299.4
POTROOM 9 3.64 247.1%%x  132.4 461.2
CARBON 2 .84 237.9 63.1 897.5
INGOT 2 1.02 195.8 51.1 750.7
MECH. MAINTAIN. 4 2.74 146.2 55.8 382.7
ELECT, MAINTAIN. 0 .67 -~ - --
0 .10 -~ ~- --

POWER

(2) 2ll other cancers - The PMR ferthe_category "all other
cancers™ was 134.3 (p<0.0l) with 164 observed deaths and 122.1

expected. The excess did not appé-ar to be restricted to any

particular race or sex. Of these, 138 were cancer of an

unspecified site, 14 were cancer of multiple sites, and 12 were
cancer of soft or connective tissue.

(3) Benign and unspecified neoplasms = The PMR for benign
and unspecified neoplasms was 195.6 with a corresponding 95%
confidence interval of (136.9, 279.5). The PMR was higher in the
nonrgdudtion plants than in the reduction plants (PMR=227.3,
p<0.01l) and PMR=154.7, respectively. The cases did not appear

confined to any specific race or sex. The median age at death




for the 29 workers with this cause of death was 70.9. Of the 29

observed deaths, 2 were benign brai-n tumors and 10 were brain
tumors of unspecified nature.

(4) Nephritis and nephrosis - The PMR for nephritis and
nephrosis was 242.2 based on 85 observed deaths and 35.09
expected. The excess appeared in reduction as well as
nonreduction proceéses and was not restricted to a specific sex
or race dgroup. This ICD classification is often a result of
insufficient coding of the death certificate and a review of
individual death certificates indicated "renal failure™ as a
frequent cause of death designated on the death certificates with
this cause. Investigation of individual plants indicates that

five plants accounted for 52 observed deaths when 13.95 were

expected. These plants were both reduction and nonreduction

plants.

(5) Cerebral vascular disease -~ The total cohort had
approximately an 11% excess in cerebrovascular disease. This
excess appeared restricted to white males where the PMR was 115.2
(p<0.01) based on 403 observed deaths and.349.8 expected and was
higher in plants with a reduction process where the PMR was 135.3
(p<0.01) based on 151 observed deaths compared to a PMR of 98.9
for the remainder of the white male population. For reduction
plant workers this represents 30 observed deaths in excess which
is approximately the same as the deficit observed tor the
category "all heart disease™. Although the excess occurs in
reduction plants it is not confined to the reduction process.
The white males who spent the majority of their time in a

nonreduction process had a PMR of 132.1 (p<0.01) compared to

34
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138.8 (p<0.01) for the white males spending the majority of their

time in a reduction process.

(6) Respiratory cancer = The primary hypothesis in the

Tripartite Study was to determine if there was an excess of lung

-cancer in the potroom and carbon departments of the reduction

The overall SMR for lung cancer in that study was 96.4
105.9).

process.
with a corresponding 95% confidence interval of (83.2,
The corresponding SMR of the plants in the Tripartite Study which
bave been included in this study is 91.7 with a corresponding 95%
confidence interval of (78.4, 106.5).

For this study the PMR for lung cancer shows a slight
excess. The PMR for lung cancer for employees in the reduction
process is 124.3 with a corresponding confidence interval of

(107.3, 144.0). = This compares to a PMR of 108.9 for workers in
plants with no reduction process and a PMR of 81.3 (p<0.05) for
workers in a reduction plant that spent the majority of their
time in a nonreduction process. Further investigation was
conducted by department within the reduction process (Table 21).
Workers spending the majority of their time in the potroom,
carbon or ingot department all have excesses of 20%-30% that are
not statistically significant. Workers épending the majority of
time in mechanical maintenance have a significantly elevated PMR
of 136.3 (p<0.05).

When the risk is estimated using a proportionate cancer
mortality ratio ,(Table 22), the risk is slightly increased for

employees in the nonreduction process of the reduction plant

(PCMR=87.9) and decreased for employees in the reduction process
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{PCMR=111.9). Neither of these is significantly different from
100. The only significant excess using the PCMR occurs for

maintenance workers where the PCHR is 125.7 with a corresponding

95% confidence interval of (101.6, 155.6).

Table 21
Observed and Expected Deaths and Proportionate Mortality Ratios
by Job Location for Cancer of Bronchus, Trachea and Lung

95%

OBS EXP PMR LOWER UPPER
NONREDUCTION PLANT 310 284.73 108.9 97.9 121.0
REDUCTION PLANT . 248 238,24 104.1 92.5 117.1
NONREDUCTION PROCESS 89 109.53 81.3% 66.7 98.9
REDUCTION PROCESS 159 127.95 124.3**%  107.3 144.0
POTROOM 62 50.77 122.1 96.5. 154.5
CARBON 16 12. 44 128.6 80.9 204.5
INGOT ’ 19 15.13  125.6 82.0  192.4
MECH. MAINTAIN. 53 38.34 136.3% 107.2 178.3
ELECT. MAINTAIN. 8 9.53 83.9 43,5 162.0
POWER 1 1.69 59.2 9.4 372.4




. 'a

Table 23

Observed and Expected Deaths and Proportionate Mortality Ratios
- for Lung Cancer by Plant )

95%

Plant OBS " EXP PMR LOWER UPPER
ADDY 3 .71 - - -
ANDERSON 1 W11 - - --
ALCOA 8 7.47 107.2 55.5 206.8
BADIN 12 12.19 98.5 57.5 168.7
BAUXITE 13 12.29 105.8 63.1 177.3
BRIDGEPORT 4 1.94 - - -~
BUFFALO 0 .16 - - --
CHICAGO 3 2.45 - - --
CHILLICOTHE 6 4.87 123.2 57.8 262.6
CLEVELAND 42 36.63 114.7 86.0 152.8
CORONA ‘0 1.08 - - --
CRESSONA 23 23.53 97.8 66.5 143.8
DAVENPORT 29 23.39 124.0 88.0 174.8
DETROIT 2 4.39 - - -
EAST ST. LOUIS 5 7.99 62.6 27.1 144.5
EDGEWATER 17 18.26 93.1 59.0 146.8
EDISON 11 8.17 134.6 76.9 235.7
FORT MEADE 0 .31 - - -
FRANKLIN 2 1.95 - - -
LAFAYETTE 21 30.36 69.2 46.2 103.6
LANCASTER 5 2.69 185.5 81.8 420.8
LEBANON 2 .85 - - -
LOGANS FERRY 3 -1.60 - - -
MARSHALL 3 1.09 -- - -
MASSENA 47 53.08 88.5 67.5 116.1
MOBILE 22 13.65 161.2% 108.8 238.7
NEW KENSINGTON 54 52.96 102.0 79.0 131.5
POINT COMFORT- 25 17.42 143.5 99.4 207.3
RTCHMOND 4 5.94 67.3 26.7 170.0
ROCKDALE 5 9.58 52.2 23.1 117.7
ROSICLARE 5 2.45 204.4 89.9 464.8
TENNESSEE 107 109.3 97.9 81.7 117.2
TIFFON 1 .72 - - -——
VANCOUVER 27 17.49 154.4%  108.3 220.1
VERNON 21 16.75 125.4 83.6 188.1
WARRICK 16 11.10 144.2 91.0 228.4
WENTACHEE 9 8.07 111.5 60.1 207.0
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(7) Cancer of the Lymphatic and Haematopoietic Cancer - The
PMR for the total cohort for lymphatic and haematopoietic cancer
was 113.6 ‘with a 95% confidence interval of (96.8, 133.2). The
PMR for workers in nonreduction plants was 100.2 compared to a
PMR of 130.2 (p<0.05) for workers in reduction plants. Within
the reduction plants, those workers spending the majority of
their time in a nonreduction process had a higher PMR than those
in a reduction process [PMR=140.1, p<0.05 and PMR=122.1 (not
significant), respectively]. The- PCMR was 146.7 {(p<0.05) for
workers in the nonreduction process and 111.3 for workers in the

reduction process. Analysis based on majority of time in

individual departments yielded no statistidally significant

results. Potroom workers had a PMR of 144.9 with a 95% confidence

interval of (90.8, 231.3) and electrical maintenmance workers had
a PMR of 217.3 with a corresponding 95% confidence interval  of

(93.3, 506.3). The only individual pvllazit with a signi“ficant

excess was Tennessee which had a PMR of 172.1 (p<0.01. The PMR

for leukemia in the total cohort was 102.0. The PMR for those in

reduction plants was 117.4 compared to 89.8 for those in
nonreduction plants. The number of deaths was small on which to
do an analysis by department. However, 8 of the 15 deaths
occurred in the potroom with a subsequent PMR of 168.3 based on 8
observed deaths and 4.75 expected with a corresponding 95%
confidence interval of (85.1, 333.0). The only individual plaht
with a significant excess was Edgewater with a PMR of 260.7
(p<0.05).

(8) Pancreatic cancer - In this study, the PMRs for
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pancreatic cancer did not show a significant excess for either
reduction plant workers or workers spending the majority of their
time in the potrooms {PMR=103.2 and 87.2). This compares to an

SMR ‘of 134.8 for workers in the potrooms of the Tripartite Study.

The significant finding of the Tripartite Study was for potroom

workers with more than 15 years employment, where the excess was

more than twofold. With the data available in the present study
a risk for longterm employees could not be obtained.
E. Analysis by Plant

Mortality for each of the 62 selected causes of death was
done for each of the 37 study plants. Such analysis must be
interpreted with caution since by'random chance alone some plants
would be expected to deviate from the average value. In
addition, many of the plants did not have sufficient numbers for
an individual analysis; Because of these limitations, we view
the results as preliminary and any plants that are identified
should be given consideration for a more detailed study (if
feasible) in a second phase.

Table 24 summarizes the observed, expected deaths and
Proportionate Mortality Ratios by plant. Of the 29 plants with

sufficient sample size to compute a PMR; 14 had a PMR less than

100 and 15 had a PMR greater than 100. Four plants had a

statistically significant excess, but one was based on omnly 5
observed deaths. One plant had a borderline excess of PMR=130.5
with a corresponding 95% confidence interval of (99.9, 170.4).
Numbers were often too small to do an analysis of individual
plants for many<of the specific cancers. Nevertheless, in

reviewing the results from those plants we note the following
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Table 24
Observed and Expected Deaths -and Proportionate Mortallty Ratios
for All Malignant Neoplasms by Plant

95%

Plant OBS EXP PMR LOWER - UPPER

ADDY 5 2.00 250.6% 123.2 509.9
ANDERSON 1 .37 -- - -

ALCOA 21 22.02 95.3 66.1 137.6
BADIN 40 37.1) 107.8 82.5 140.7
BAUXITE 34 36.16 94,0 70.4 125.5
BRIDGEPORT 12 7.04 170.5% 103 7 280.3
BUFFALO 0 .91 -- -

CHICAGO 5 7.06 70.8 33 5 149,.4
CHILLICOTHE 16 14.98 106.8 70.8 161.0
CLEVELAND 138 110.16 125.3%% 108.6 144.6
CORONA 1 2.85 -— -- - .
CRESSONA 64 62.75 102.0 82.8 125.6
DAVENPORT 85 - 64.20 132,.4%* 110.5 158.6
DETROIT 14 16.17 86.6 54.6 137.3
EAST ST. LOUIS 28 29,04 96.4 69.5 133.9
EDGERATER 60 61.07 98.2 78.7 122.6
EDISON 30 24.75 121.2 89.1 165.0
FORT MEADE 1l .88 - - -

FRANKLIN 5 5.85 85.4 40.4 180.5
LAFAYETTE 78 87.57 89.1 73.6 107.8
LANCASTER 7 7.83 89.4 47.4 168.3
LEBANON 3 2.16 -- -- -

LOGANS FERRY 5 4.36 104.7 54.5 24.7
MARSHALL 3 2.78 -- - -

MASSENA 148 152,68 96.4 84.4 111.4
MOBILE 45 38.58 11l6.6 90.8 149.8
NEW KENSINGTON 160 168.55 94.9 83.0 108.6
POINT COMFORT 45 45,95 97.9 76.5 125.4
RICHMOND 19 19.81 95.9 65.6 140.1
ROCKDALE 23 26.44 87.0 6l.4 123.2
ROSICLARE 10 7.78 128.5 74.7 220.9.
TENNESSEE 330 323.35 102.1 93.0 112.0
T IFFON 4 2.33 - - -

VANCOUVER 52 49,27 105.8 83.6 133.2
VERNON 52 51.06 101.8 80.6 128.7
WARRICK 39 . 29.89 130.5 99.9 170.4
WENTACHEE 22 22,55 97,6 68,3 139.5

neoplasms which were in excess at particular plants:

(1) The Cleveland plant had PMRs of 280.5 for stomach

cancer (based on 12 observed deaths, p<0,01), 298.8 for cancer of
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the rectum (based on six observed deaths, p<0.05) and 464.7 for

cancer of the breast (based on 4 observed deaths, p<0.0l).

(2) The Cressona plant had a PWR of 247.4 for stomach
cancer (based on five .deaths, p<0.05), 261.9 for kidney cancer
(based oh four deaths, p<0.05), and 530.4 for melanoma (based on
four deaths, p<0.01).

(3) The Davenport plant had a PMR of 177.0 for all
digestive cancers (based on 27 observed deaths, p<0.01). The
PCMR was not significantly elevated for this cause.

(4) The Edgewater plant had a PMR of 260.7 for leukemia
(based on six observed deaths, p<0.05).

(5) The Hassena plant had a PMR of 283.2 for lymphosarcoma
(based on 4 observed deaths, p<0.05).

(6) The Mobile plant had a PMR of 161.2 (p<0.05) for lung

cancer. The PCMR was 135.3. ,
(7) The Tennessee {Alc) plant-rhad a PMR of 172.1 (based on

46 observed deaths, p<0.01l) for cancer of the lymphatic and

haematopoietic tissue.

(8) The Vancouver plant had a PMR of 154.4 for lung cancer
(based on 27 observed deaths, p<0.05) and a PMR of 356.1 (based

on 4 observed deaths, p<0.05) for kidney cancer.

42



Summar
Conclusions from this study must be drawn more cautiously

than was necessary for the Tripartite Study because of the
inherent limitations of the PMR study design as well as the less
specific job classification used in the present>étudy,

Furthermore, the large number of estimates of risk that were

computed will result in a larger number of false positive -

findings than can be inferred from the p-values. Conversely, the

small number of workers available for many of the estimates of
risk precludes any strong statements in regard to those findings

that were negative. With these limitations stated, we now

summarize the findings we feel are most important. Consistent

with the study objectives, we have given most attention in our

summary to malignant neoplasms..

The PMR for malignant neoplasms for the total study

population was 103.7 and was not significantly different from the

total U.S. population. The only specific cancer site.which was

significantly elevated was kidney cancer with a PMR of 158.1 and

a corresponding 95% confidence interval of (121.2, 206.3). The

nonspecific disease categories of benign and unspecified

neoplasms, nephritis and nephrosis and "all other malignant

appeared to result from lack of

The

neoplasms™ were elevated and
complete specification of cause of death on the certificate.
only other disease category that was elevated for the total
cohort was cerebral vascular disease with a PMR of 111.4 {(p<0.05)

and this was accompanied by a deficit in ischemic heart disease

{PMR=85.2, p<0.01).
The analysis by work area yielded the following:
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(1) PFor the combined group of workers in nonreduction

plants the PMR for all malignant neoplasms was 105.2. The only

statistically significant excesses occurred for nonspecific

disease categories (i oo, nephfitis, benign and unspecified
neoplasms, all other cancers). 2Analysis by race indicated that
whites had an excess of colon cancer and nonwhites had an excess
of stomach, liver and lymphatic cancer.

(2) For the41320 workers in a reduction plant who spent the
majority of their time in a nonreduction process, the PMR for-all
malignant neoplasms was 93.6. The only specific neoplastic site
with a significant elevation was cancer of the lymphatic aand
haematopoietic tissue (PMR=140, p<0.05).

(3) Workers with the majority of their employment in tl}e

-reduction process had a PMR of 109.5 (p<0.05) for all malignant

neoplasms. These workers had a PMR of 124.3 for lung cancer
(p<0.01) and a BMR of 209.2 for kidney cancer (p<0.01). When a
PCMR was computed, the estimate of risk for lung cancer was é
nonsignificant 111.9 but remained significant for kidney cancer
(PCMR=188.6, p<0.0l1). The workers spending the majority of their
time in the reduction process had a significant excess for two of
the study plants. Neither of these plants had an excess in the
Tripartite Study. Workers spending the majority of their time in
mechanical maintenance also had an excess of lung cancer.

(4) Although workers in reduction plants had a

.significantly elevated PMR of 130.2 (p<0.05), for cancer of the

lymphatic and haematopoietic tissue it was greater in workers in

the reduction plant spending the majority of their time in a




nonreduction process {(PMR=140.1, p<0.0S5). No individual

department had a statistically significant excess, although the
small number of observed deaths when anilyzed by departmént makes
the results inconclusive. | |

(5) Analysis by plant is limited by small numbers and a
further increase in the expected false positives due to the
larger number of estimates of risk. Overall; 14 plants had a PMR
for "all malignant neoplasms" below 100, 15 plants were above,
and 8 had less than 5 observed deaths from neoplasms. Of plants
with greater than 5 observed deaths for "all malignant
neoplasms™, three had a statistically significant excess and one

had borderline significance. Eight of the plants had at least

one specific site that showed a statistically significant excess.
We could identify no consistent pattern in éite—specific cancers
among plahts with similar processes, although such inferences aré
clearly limited by'small numbers and lack 6f more detailed job

classifications in plants with multiple piocesses.'
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Distribution of causes of death using 4 digit ICD codes
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Table

(continued)

Distribution of causes of death using 4 digit ICD codes
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{(continued)

Distribution of causes of death using 4 digit ICD codes
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Distribution of causes of death using 4 digit ICD codes
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Summary

In March, 1990, a Prqportionate Mortality Study was completed. of 6373 deaths
occurring in one of 37 Alcoa plants from 1980-1987. One of the goals of the original
study was to provide a géneral assessment of mortality across all Alcoa plants and to
identify potential problems requiring further research. Although thé proportion of
cancer deaths was not significantly greater than the proportion observed in the total
U.S. population, the mortality from kidney cancer wés 58% higher than expected.
The present study is a follow-up to this previously 'reported Pfoportionate Mortality
Study and its purpose Wés toinvestigate whether the excess was due to occupational
exposure. One hypothesized cause of an excess of kidney cancer Was expc;sure to
some form of hydrocarbon. The primary purpose of the present study was to test the
hypothesis of an association of kidney cancer and hydrocarbon exposure. The
analysis was based on 71 observed kidney cancer deaths for workers in 26 plants in
the aluminum industry from 1980 through 1990. These were matched to a control
group consisting of individuals whose cause of death was not cancer or chronic
nephritis.

We: obtained a relative risk of 2.55 for those with high exposure to
hydrocarbons as compared to those without high exposure (p < .05). Those with
jobs classified as low or medium exposure did not have a significant excess risk. A
significantly elevated risk remained after adjustment for nonoccupati'onal factors such
as smoking, analgesic use and obesity. Given the suggestion of a relationship of

hydrocarbon exposure and kidney cancer in several other occupationally exposed



groups we conclude that some of the excess of kidney cancer previously observed in

this population of aluminum workers is likely due to hydrocarbon exposure. The

number of jobs rated as high hydfocarbon exposure was small and many are no longer

in existence.. Estimates of risk were elevated for both high aliphatic and high aromatic '
exposure. However, since many employees had exposure to both types of

hydrocarbons it is difficult to separate the effects of these two specific types of

exposure,

It should be noted that the analysis and conclusions are based on the data for
exposure groupings which we had as of August 18, 1993; On August 19, we
became aware of some errors in the exposure classification given to us by Alcoa.
This could have a major impact on thé results, but there was insufficient time to

incorporate these changes in classification into the report.
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Introduction

in 1990, a Proportionate Mortality Study ' was completed of all deaths known
to Alcoa that occurred from 1980 through 1987 in one of 37 study plants. - Any
former employee whose beneficiary ‘had either filed a claim or was receiving death
benefits from the company was included in the study population. The resultant study
population contained 6433 deaths and death certificates were obtained for all but 60
(0.9%) subjects. All but nine.workers had employment histories. Detailed work
histories were not coded and analyzed for fhis study, since coding for such a large
variety of plants and processes was beyond the scope of the original proposal.
Therefore, most of the analysis was presented by study plant. Employees were
classified into the plant where they were last employed. One of the goals of the PMR
study was to provide a general assessment of mortality across all Alcoa plants in order
to identify potential problem areas. Previous mortality studies in the aluminum
industry had focused primarily on workers in reduction plants.

The PMR study summarized the mortality experience for 62 causclas of death for
the total group and for selected subgroups based on race, sex, and a general
characterization of job history. The only cancer-specific site which was significantly
elevated for the total study population was kidney cancer with a PMR of 158.1 and
a 95% confidence interval of (121.2, 206.3). Of the 6373 total deaths in the cohort,
2777 were for workers in one of the eight aluminum reduction plants. The PMR for

kidney cancer for reduction plant workers was 184.2 (p < .01) based on 28 observed

deaths with a 95% confidence interval of (128.1, 265.0). The corresponding PMR



in nonreduction plants was 136.5 based on 25 observed deaths and a corresponding
95% confidence interval of (92.5, 201.4)}.

Based on these findings, a review of the literature, and discussions with
industrial hygienists, it was determinedthat some type of hydrbcai'bon exposure might
be a cause Of‘an excess kidney cancer risk. Two general classes of hydrocarbon
exposure are aromatics and aliphatics. Polycyclic aromatic hydrocarbons are formed
during the combustion of organic matter and the high temperature processing of crude
oil, coke, coal and a variety of other industrial carb;)n compounds. Some of the
members -of this group of compounds have long been recognized as being
carcinogenic. Occupational groups with exposure to aromatic hydrocarbons that
demonstrate an excess cancer risk include workers in gas generation *?, coke oven
workers *§, roofers %7 and aluminum reduction plant workers &2, Excess lung cancer
in coke oven workers had provided much of the motivation fgr the conduct of
rﬁértality studies of aluminum reduction plant workers. Itis less well recognizedthat
coke oven workers also have an excess kidney cancer risk °,

Although in the aluminumindustry investigations of hydrocarbonexposure have
focused primarily on exposure to coal tar pitch volatiles in the potroorm and carbon
departments ofreduction plants, there have been suggestions ofa kidney cancer risk
in other areas. The Tripartite Study '® found a kidney cancer excess in prebake plants
that was not confined to the potroom and carbon departments. The recently
conducted PMR study !, which included both reduction and nonreduction plants, also

showed some excess for kidney cancer in nonreduction plants. Solvents. a class of




organic substances that includes members of both the aromatic and aliphatic group
of compounds, have been considered -as a possible carcinogen in several
epidemiological studies. :Occupational groups with solvent exposure for which an
excess cancer risk has been reported include dry cleaners ", commercial pressman '?
and painters 13, ‘Gasoline has been suggested as a possible kidney carcinogen d
Several cohorts of oil refinery workers, where there is exposure to both aliphatic and
aromatic hydrocarbons have shown an excess of cancer '¥'7, although in general
estimates of cancer risks for this occupational group have been inconsistent 18,
Another source of aliphatic exposure in the aluminum industry are rolling and
lubricating oils. The association of cancer of the skin with mineral oils was

established in early epidemiological studies '®%°. More recent studies have focussed

on oil mists. Several investigators have shown a relationship of machining oils or

mists to cancer 2'"?%. Because of the evidence that hydrocarbons in the work
environment that are not included in the class of aromatic compounds may be
carcinogenic it was decided that the assessment of hydrocarbon exposure would

include estimation of exposure to aliphatic.as well as aromatic cornpounds.



Research O bjectives

The current project is a case-control study of 71 cases and 283 controls. This

study tests the association of hydrocarbon exposure with kidney cancer risk. Jobs

were classified in regard to exposure to both aromatic hydrocarbons ‘and aliphatic

hydrocarbons. = Information on nonoccupational factors which may be related to

kidney cancer was obtained and investigated as possible causes of the excess risk of

kidney cancer in this population.

Research Methods

Methods

The cases included 53 kidney cancer deaths occurring in the PMR Study and’

an additional 20 kidney cancer deaths identified in the time interval 1988 through
1990. The two kidney cancer cases from the Detroit plant were excluded from the
study because information on the employment histories did not identify the work areas
or job titles held by the workers. Therefore, 71 cases were available for the analyses.
For each kidney cancer case, four controls were randomly selected that were matched
on race, sex, year of death and birth year (matched within five years). The control
group excluded all deaths from other malignancies since employment in aluminum
reduction plants has been associated with a variety of cancer sites including cancers
of the lung, bladder, digestive system and haemolymphopoietic tissues. .|n addition,
deaths attributed to non-malignant kidney disease were excluded. Subsequentto the

selection of the 284 controls, one subject was found to have died of cause of death
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which made them ineligible as a control and was removed from the study. The
distribution of the study population by cause of death is given in Appendix A.

The 354 study participants had a total of 9673 job entries. These were
reviewed by industrialhygiene personnel at Alcoa and classified into 1931 potentially
different categories of job exposure. Subsequently each of these was classified into .

one of the four categories; none, low, medium and high for both aromatic

hydrocarbon exposure and for aliphatic hydrocarbon exposure. This resulted in

identifying 649 jobs with exposure to either aliphatic or aromatic hydrocarbons, and,
1282 jobs considered to have insignificant exposures to these compounds. it was
plann‘edthat,if sufficient industrial hygiene data were available, an assignment would
be made of an appropriate quantitative aliphatic and aromatic hydrocarbon exposure

for each of these 649 jobs. Otherwise, analysis would be based on the low, medium

and high classification.

Conditional logistic regression was usedto test the hypothesis of an association
of hydrocarbon exposure and kidney cancer. Employing this analytical approach
serves a twofold purpose. First, it preserves the matching used in the sampling of
controls and leads to analyses with statistically more power. Second, the logistic
regression is a multivariate technique and can incorporate adjustment for other
covariates. Specifically, the effect of hydrocarbon exposure can be evaluated while
simultaneously adjusting for potential confounders which were not matched duringthe
sampling of the controls. Information on potential confounders was obtained from a

questionnairé administered to a surrogate by telephone (Appendix B). Potential




confounders for kidney cancer include weight,. smoking patterns and use of
analgesics. Responses to the questionnaire were obtained for 301 (85.0%) of the
354 study participants. The response rates for the cases and the controls was 83.1%
and 85.5%, respectively. The individual responding to-the questionnaire was a
spouse 63.8% of time and a child-27.9% of the time. - There was no difference
between the cases and controls in regard to the distribution of the relationship of the
person responding for the study participant. The primary analysis will relate
hydrocarbon exposure to kidney cancer for the total study group. Several exposure
measures were used toinvestigate the primary hypothesis. These included estimation
of risks: 1) for those ever exposed to hydrocarbons; 2)for those ever exposed to high
levels of hydrocarbons; 3) by cumulative years of hydrocarbon exposure; and 4) by
cumulative years of high hydrocarbon exposure. As a secondary analysis, we
estimated risk separately for aliphatic and aromatic hydrocarbon exposure. To
determine if exposure is related to disease outcome, the fikelihood ratio test was used
to determine whether the beta coefficient for exposure in the logistic model is equal
tozero. A reanalysis, adjusting for potential confounders, was done for the s.u_bgroup'
responding to the questionnaire.

The .sample size estimates in the design of this study assumed a Type | error
of .05, a proportion of exposed controls equal to 0.30 and a matching ratio of 1:4.
Assuming a conditional logistic regression model, the sample size required for selected
values of relative risk and statistical power are summarized in Table 1. We had

planned to have reasonable power to detect a relative risk,of 2 to 2.5. At the time
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we initiated the study we were unsure as to the exact number of kidney cancer cases
since the number of kidney cancer deaths in 1988-1990 was unknown.

The-actual number of kidney cancer cases was 71 which was in the expected
range. However, the percentage of individuals with some exposure to hydrocarbons
was 77%. This was because many-of the workers in alurninum plants have at least
low exposure to hydrocarbons, particularly aliphatics. With 71 cases and an exposure
proportion of .77 there is 68% power of detecting a 2.5 relative risk and power of
80% of detecting a risk of 3.0. Overall, eleven percent of the workers were classified
as having high exposure to hydrocarbons. High hydrocarbon exposure among the
controls was nine percent. Assumihg a conditional logistic regression model, the

statistical power for relative risks of 2.5 and 3.0 were 68% and 85%, respectively Z.".

Description of the Data Base

Of the 354 study participants, 349 (98.6%) were males and 329 (92.9%) were
white. These characteristics as well as birth year and year of death were considered
in the design by matching to assure comparability of cases and controls. Figure 1
shows the frequencyvdistribution of year of birth for the study participants. The
largest number of births occurred between 1911 and 1920, with very few births
occurring before 1900 or after 1930. Year of death (Figure 2) was fairly evenly
distributed among the 11 years of the study, and differences can be attributed to

chance variation. The average age at death was 69.0 for cases and controls



combined. Figure 3 shows the frequency distributiqn of the avérage age at death for
cases and controls. More than half (62%) of the deaths occurred between the ages
of 60 and 75.

For the 85%-of the study participants for whom thére was a response to'the
questionnaire there was also information on smoking, weight, use of diuretics and use
-of analgesics. A comparison of the smoking patterns of cases and controls is shown
in Table 2. Eighty-five percenf of the study population were smokers or ex-smokers
and 78% had smoked cigarettes. As expected, more detailed information on the
amount and duration of past' smoking was less complete. There is reasonably good
agreement in the smoking patterns of the two groups. Although this might be
considered surprising because smoking is a risk factor for kidney cancer, some of the
causes of death in the control group are also associated with excess risk from
cigarette smoking and would be expected to have an increased number of smokers. .
A comparison of other selected characteristics is shown in Table 3. The
proportion of patients using diuretics is higher in the control group. Information on
the reason for usage was not available for most of the patients, but in those that did
give a reason, blood pressure (46.3%) and heart disease (26.8%) were the most
common reason. Since the control group contains a large number of deaths from
cardiovascular disease it is not surprising that there would be a higher number of
patients i nthe control grbup taking diuretics for a 'hypertenslve or cardiovascular
condition. Although the average weight is similar in the two groups the percentage

of individuals classified by the surrogate as overweight throughout most of{heir adult




life is higher in the control group (p < .05}. There is a tendency for a preference for
aspirin rather than aspirin free products in the control group but the results are not
statistically significant. The response on the duration and brand name of products

used was not sufficiently complete to be useful in the analysis.

Work Environment

The study consists of 354 workers from 28 plants. Of this number, 56.2% are
workers in aluminum reduction plants and 29.9% are from Algoa, Tennessee
(Table 4). Alcoa provided all of the information on exposure classification and was
responsible for the coordination of this effort. Review of the jobs appearing on the
work histories 4by Alcoa industrial hygienists resuited in a classificgtion into 1931
potentially different categories of jdb exposure. Then blinded as to whether the job
categqry was present on the work history of a case or a control, the 1931 job
classifications were identified by company industrial hygienists as: a)
none/insignificant; b) low; ¢} medium; and d) high for both aromatic and aliphatic
exposure. This assessment was done through interviews with current industrial
hygienists and-process engineers with experience at the specific plants. For aromatic
exposure the plant industrial hygienists were asked if specific jobs had exposure to
coal tar pitch volatiles such as those in reduction operations, roofing or floor.coatings;
solvents containing chemicals such as benzene, xylene, toluene or other aromatic

hydrocarbon; or paints or coatings containing aromatic hydrocarbons. For aliphatic




hydrocarbon exposure the plantindustrial hygienists were asked whether the specific

jobs had exposure to diesel or gasoline fumés, solvents cbntaining aliphatic

hydrocarbons, perchlorethylene, oil mists, or paints or coatings containing al‘iphatic ’

hydrocarbons.

Pertinent industrial hygiene files were reviewed by Alcoa for the individual
locations and when quantitative exposure assessments were available they were
considered in the determination of the appropriate qualitative classification of job
exposure. Table 5 summarizes the 1931 jobs tross-classified by aliphatic and
aromatic hydrocarbon exposure. In the classification of aliphatics, six jobs were
classified inan intermediate categbry of "lowto medium" exposure. Inanalysis where
the low and medium categories were distinguished these job categories were
considered to have medium exposure. 'The cross-classification in Table 5 indicates
that approximately 20% of the job categories with exposure have both an aliphatic
and an aromatic component. However, since workers have been employedin mu|tiﬁle
job categories the percéntage of individuals with exposure to both aliphatics and
aromatics is higher. |

Table 6 summarizes the percentage of workers who had ever worked a job with
some exposure to aliphatics or aromatics and those with at least one job at higher
exposure levels. Itis clear from Table 6 that the mé]drity of workers have had some
exposure to aliphatics. It is also clear that many workers have been exposed to both
types of hydrocarbon exposure. All of the workers with exposure to aromatics also

had some exposure to aliphatics. Forty-seven percent of the workers with exposure
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to aliphatics had exposure to aromatics and sixty percent of the workers with high

exposure to aliphatics had some exposure to aromatics.

The occurrence of both aliphatic and aromatic hydrocarbon exposure in the
same individuals means it may not be possible to separate the effects of exposure to

aliphatic and aromatic exposure. Therefore, as a first analysis we estimated risk

-associated with hydrocarbon exposure ‘without regard to type. As a secondary

analysig we will estimate risks separately for aromatic and aliphatic exposure.

We also considered the possibility of using industrial hygiene measurements in
place of the qualitative classification. Unfortunately, since some operations either had
substantial changes in exposure or were no longer in existence, we felt the data was
too incomp‘l‘e\te to attempt to link a numerical value with each specific job category.
However, the data were useful in providing an indication of the average quantitative
value associated with the qualitative categories and.in providing an indication of the
validity of the.qualitative assessment. For al‘iphatics, measurements were taken on
161 exposure categories. For eac’h of these categories we had quantitative estimates
of exposure for aliphatic chains from length five to twenty (Cg= Cyl. " The lowest
quartile of quantitative exposure measures were all for job categories classified in the
low or insignificant exposure category and for the second quartile 95% of the
measurements were for jobs in the low exposure category. In the third quartile
(second highest quartile), 38% of the measurements were classified as medium
exposure and the rest were classified as low or insignificant. The highest quartile

based for the quantitative IH values contained all five of the jobs classified as high
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exposure and a majority of the remaining jobs were classified as medium exposure.
For aliphatic exposure there appeared'.to be reasonably QOOd égreement betwéén the
quantitative measurement and the qualitative category. |

For aromatic’ exposure a comparison bétween the qua’iitative categories and
quantitative values was more problematic. First, the industrial hygienists did not’
consider any single quéntitative measure for aromatic hydrocarbbn exposure to be an
adequate representation of the qualitative index since aromatic exposure includes both
"pitch™ and "non-pitch" exposure. Pitch exposure occurs primarily in the reduction
plants and is primarily aromatics of three rings or higher. Solvents are one of the
primary sources of "non-pitch" hydrocarbon exposure and consist primarily of the one
ringed aromatics (benzene, toluene and Xylene) and some two and three ringed
aromatics.  An individual ranking was not done of "pitch" and “non-pitch"
hydrocarboh exposure so an appropriate comparison of qualitative and quantitative
values could not be done. Second, the amount of quantitative data was limited.
There were only 8 quanfitative measurements available'for jobs with exposure to only
“'nbnpitch' aromatics.

Although there is more data for jobs associated with pitch, the range of values
for present day operations is limited. Of the 152 jobs with an IH measure that had
no exposure to 'nonpitch”, ‘aromatic hydrocarbons 130 (85.5%) were less than 30%
below the PEL. This is a reflection of the improvements in levels of coal tar pitch in
present day reduction plants but it provides little information for comparison to the

qualitative categories where the assignmentof "medium™and "high"-often were based



on exposure representing historical conditions. In fact, there were no measurements
taken for jobs classiﬂed' as having high aromatic exposure since no comparable
environments were available in current operations.

On August 18, we became aware of some errors in the exposure data givento
us by Alcoa. These errors could impact on the results and conclusions of this report.
However, there was not enough time to incorporate ‘any changes which would result

from a reanalysis of the data into this document.

Risk Associated with Hydrocarbon Exposure

The results of fitting a conditional logistic model with hydrocarbon exposure as
an independent variable is summarized in Table 7.- The estimated risk for those with
some hydrocarbon exposure to those with no hydrocarbon exposure is 1.04. . Those
with low or medium exposure show no. greater risk than those with no hydrocarbon
exposure.. However, for those with high hydrocarbon expaosure the estimated risk is
255 {p = .02). When a term for low .to medium exposure and a term for high
exposure are included in the model (Model 4) and compared to those with no
hydrocarbon exposure, the association of kidney cancer and hydrocarbon exposure
remains significant {(p = .05). The risk is only evident for those with high
hydrocarbon exposure and'those with low to medium exposure actually have a risk
that is slightly below the baseline group. Although high exposure is associated with

kidney cancer risk there does not appear to be a relationship with duration of
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exposure. There is'no relationship of kidney cancer.mortality with either cumulative

years of 'hydrocarbon exposure (Model 5) or cumulative years of higb ‘hydrocarbon
exposure (Mode|.6). |
The same models summarized in Table 7 were fit to the data using aromatic
hydrocarbonexposure as the independent variable (Table 8) and aliphatic hydrocarbon
exposure as the independent variable (Table9). Again, it is the high exposure
- categories that show the greatest risks for kidney cancer. For aromatic exposure, the
relative risk of those ever exposed to high levels of aromatics to those never exposed
to highlevels was 1.61 (p = .38). Whenaterm for low to medium exposure is added
to the model (Model 4} the high exposure category' has a risk of 1.67 compared to
those never exposed and the p-value associated with the joint aromatic hydrocarbon
coefficient remains nonsignificant. For aliphatics [Table 9)the relationship with kidney
cancer is also strongest for those with high exposure (RR = 4.10, p < .01). There
remains no association with length of time with aliphatic exposure (Model 5) or length
of time with high aliphatic exposure (Model 6). Although the high aliphatic exposure
category had increasedrisk, there appearedno increase with low or medium exposure.
When a dose-response relationship was tested using the relative weights of O,
"1, 2, 3 for none, low, medium and high exposure, respéctively, neither aliphatic or
aromatic hydrocarbon exposure showed a statistically significant excess. A reanalysis
for aliphatics was done by selecting weights corresponding to mean values of the

industrial hygiene measurements in the various exposure categories. This
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corresponded to. 3, . 9, and 26 mg/m® for low, medium and high exposures,

respectively. There was no significant trend of kidney cancer and exposure.

. Adjustment for Nonoccupational Factors

Survey information was available for 59 cases and 242 controls. The primary
purpose of the questionnaire was to control for potential confounding variables that
may distort the relationship of exposure and risk of kidney cancer. A copy of the
questionnaire appears as Appendix B. Whenthe variables from the questionnaire are
included in the analysis it must be done on the subset of patients with information
available. The risk of kidney cancer due to high hydrocarbon exposure in the
subgroup of patients responding to the questionnaire was 3.24, p = .01, which is
similar to the estimated risk for the entire population (RR = 255, p = .02). Aformal
test was conducted to determine whether the risk'of kidney cancer for those with
high hydrocarbon exposure differed for those with a survey and those without a
survey. The model used to test this hypothesis included a variable indicating whether
a survey was done, a variable indicating high hydrocarbon exposure, and a variable
measuring the interaction for these two factors. The variable for interaction was not
significant, indicating there is no statistically significant difference in the risk of kidney

cancer associated with high hydrocarbon exposure between those respondingto the

questionnaire and those not responding.
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Logistic regression was used to test whether high hydrocarbon exposure was

related to kidney cancer after adjusting for. potential confounders. Potential

confounders obtained fromthe 'questionnaire include smoking history, usé_of diuretics, -

use of aspirin analgesics, :use, of aspirin free analgesics and obesity. - We measured
obesity using the index weight/(height)* where weight was in kilograms and height
was measured in meters. -The model used a binary variable to characterize individuals
that were overweight (= 30.0 kg/m?). Inaddition, adjustment for possible geographic

variability was made by including an extra term in the model which controlled for plant

location. This variable grbuped together those plants which had jobs with high.

hydrocarbon exposure. Table 1 0 summarizes the effect of adjusting the risk of kidney
cancer from high hydrocarbon exposure for various models. The estimated risk ranges
from 2.74 to 3.37 when adjusted by single factors and in all cases the'risk due to
high hydrocarbon exposure remains statistically significant (Models 2 through 8). The
results remain unchanged when simultaneously adjusting by several'factors. All of the
models adjusting for multiple confounders have an estimated risk of high hydrocarbon
exposure of at least 2.99 and all indicate the hydrocarbon,effect is statistical
significant. Model 13, which includes all the potential‘confounders, has an estimated
relative risk of 4.28 {p = .014) for high hydrocarbon exposure. The corresponding
‘95% confidence interval is (1.31, -13.99). Both smoking and the use of aspirin-free
analgesics also show increased risk of kidney cancer but including them in the model
does not eliminate the risk due to hydrocarbon exposure. The inverse relationships

of kidney cancer risk with diuretics usage and obesity probably occurs because these'
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. factors have a stronger relationship with cardiovascular disease, a condition that is

prevaient in the control group.

Table 11 summarizes the results of incorporating potential confounders in the
model when the measure of exposure is high aromatic exposure. The estimates of
kidney cancer risk associated with high aromatic exposure increase when adjustment
is made for potential confounders. The estimated risk after adjustment for all potential
confounders (Model 13) is 4.12 (p = .08). The corresponding 95% confidence
interval is (.80, 21.94).

Table 12 summarizes these same models applied to the exposure variable
indicating high aliphatic exposure. The estimated risk of kidney cancer for those with
high aliphatic exposure remains consistently above 3.0. When all potential
confounders are included inthe model (Model 13) the estimated risk for kidney cancer
is 4.27 from high exposure to aliphatics (p = .048). The corresponding 95%
conﬂdencejnterval is (1.01, 18.15).

Of the 22 workers with high exposure to aromatics, six (27 %)died from kidney
cancer. All were white males with an age at death ranging from 62-82 years. Several
of the workers were in a high exposure area for only a short period of time, butall had
long periods of time with hydrocarbon exposure (minimum 12 years). Three of the
workérs had at least 28 years of exposure to jobs with medium or high levels of
aromatic hydrocarbon exposure. All of the jobs classified as having high exposure to

aromatics had exposure to coal tar pitch volatiles that occurredin older reduction plant

operations.
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Of the 20 workers w’ifh high exposure to aliphatics 9 (45%) died from kidney
cancer. All of the workers weré white males with an age at death thét ranged
between 62 and 72. Five of the nine deaths were for workers at Massena. Only one
- of the workers had high exposure to aro'm‘atics and three wére classified as haviné no
‘aromatic exposure. The median length 6f time to aliphatic exposure was 19 yeérs.

Eight of these nine.workers had employment in jobs with high aliphatic exposure in

the wire, rod and bar or tube mills.

Discussion

The suggestionthat there is a risk of kidney cancer from hydrocarbonexposure,
is not a new one. Animal studies have shown a relationship of exposure to
hydrocarbonsand kidney cancer . 1n addition, several epidemiologicalstudies have
demonstrated a risk of kidney cancer with hydrocarbon exposure identified as a
possible causative factor. In & cohort study of coke oven workers, there was a
relative risk of 7.49 based on 8 observed deaths ®*. Coke oven workers are exposed
to aromatic hydrocarbons and mﬁch of the original concemn with cancer in aluminum
reduction workers is relatedto exposure to aromatic hydrocarbons. McLaughlin et al.
3 reported a relative risk of 1.6 for workers exposed to petroleum, tar and pitch
products in a population based case-control study of renal carcinoma with 495 cases
and 697 controls. Ina population based case-control study with 210 cases and 210

matched controls, Kadamani et a/. ** reported a relative risk of 1.6 in males exposed
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to hydrocarbons but no excess in females. Exposure was assessed by two industrial

hygienists who assigned a subjective score of O to 5 for each job in the work history.

Each individual then had a cumulative exposure score.
Cohort studies of alum_inum' workers have also identified excesses in kidney
cancer although the results were not always statistically significant. Rockette and
Arena " found an excess of kidney cancer in prebake plants (SMR = 151.3).
However, excesses did not appear to be associated with potroom or carbon
department jobs. In alarge cohort of Norwegian reduction plant workers 3 there was
an excess risk of kidney cancer of 20%.. Two different studies of Canadian aluminum
reduction plant workers **® show excesses of 46% and 36%, respectively. Thus,
there appears to be a consistent, although small, excess of kidney cancer in reduction
plant workers. 'fhis consistent excess in kidney cancer was noted by Doll in a
previous review of mortality patterns in aluminum reductionplant workers 2°.
Although these studies as well as other ha\{e found excess cancer risk th a.trmay
be due to hydrocarbon exposure, the investigators of some occupational groups with
hydrocarbon exposure have produced inconsistent estimates of cancer risk. In
particular, Harrington '® considers ‘the studies of exposure to gasoline to be
inconsistent in regard to estimates of cancer risk. Savitz and Moure *” attribute the
inconsistent results in studies of oil refinery workers to methodological shortcomings.
In particular, exposure is often not assessed, latency periods are not considered in

many of the analyses, and there is often no attempt to adjust for potential

confounding variables. In summary there have been many studies assessing the
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association of hydrocarbon exposure and cancer risk, many of which have been
positive and some of which have identified an éxcess of kidney cancer. However, a
number of negative studies as well as methodological shortcomingsih some of the
studies which were conducted have prevented any general conclusions that a wide
range of hydrocarbons result in an excess kidney cancer risk.

In régard to the excess kidhey cancer risk found in the present study, there is
always a possibility of bias in a case—pontrol study. However, efforts were made to
control bias. We matched on the factors age, race, sex, year of birth and death year
to avoid possible confounding by these factors. The industrial hygienists were blinded
in regard to whether the job entry was taken from the work history of a case or a ‘
control when making the exposure assessment. Therefore, misclassification errors
were likely to be nondifferential between cases and controls. Errors of this type tend
to lessen the chance of an association of outcome with exposure.

.An_attempt to control for nonoccupational confounders was done using
questionnaire data. Several issues arise when incorporating data obtained from
questionnaires, Information on confounders is usually difficult to obtain and there is.
usually a loss in statistical power due to exclusion of subjects from the analysis of
those not responding. There is also the possibility that the subset of those who
respond is not representative of the entire group. In this study, non-responders had
a slight tendency to die in earlier years, however, there was not a sufficient difference
to affect risk estimates. Furthermore, the estimates of risk from high hydrocarbon

expos-ure were not significantly. different in the group of responders and the group of
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nonresponders. Smoking ** has been associated with kidney cancer. The validity of
smoking information obtained from surrogates has been discussed in the literature.

For adults, Pickle etal. * report that the most complete information is collected when

the subject's spouse or offspring is interviewed and when the data is consolidatedinto .

broad categories. Inthe present study, 91.7% of the respondents were a spouse or’

offspring of the decedent. An attempt was made not to have questions that were too
specific inthe interview because of the problems associated with surrogatés providing
detailed information on smoking: habits. Age started smoking was categorizedto the
appropriate decade of life and estimates of the number of cigarettes per day were
grouped into broad categories. Ovt;-zr ninety percent of those responding to the
questionnaire indicated an age when the subjec; first started smoking and the amount

of cigarettes smoked per day. Although the reliability of surrogate information is

always an issue, Rojot and Redi *° found that smoking information from next. of kin

was more reliable when deaths occurred recently. Telephone interviewing of the -

surrogates occurred within five years of the subjects death for 52% of the deaths in
this study. None of the deaths occurred more than ten years prior to the interviews.

Even if one questions the validity of the smoking data, it is unlikely given the
large number of smokers or ex-smokers and the magnitude of the estimated risk, that
the risk for hydrocarbon exposure could be entirely due to confounding. AssuminQ
the average risk of kidney cancer in a mixed population of smokers and ex-smokers
is 3.0, and 85% of the controls are smokers or ex-smokers then even if 100% of the

cases- were smokers or ex-smokers the increase in risk estimate due to confounding
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would result in an estimate of 1.15 !, which is far below our estimates of risk due
to hydrocarbon exposure.

Other nonoccupational risk factors for kidney cancer are less well estab'lis'hed.
Several investigators have suggested an association of obesity with an increased risk
of kidney cancer “**. Animal and human studies have shown a positive association
between the ingredients found in diuretics and renal carcinoma “*4’. Other studies
have indicated an increase of kidney cancer in patients using certain based analgesic
compounds “*%2. Use of aspirin-free analgesics in the present study had an associated
risk of kidney cancer of 1.96 (p.= .22) but there was no imbalance among cases and
controls that would alter the elevated risk of those exposed to high levels of
hydrocarbons. When -aspirin-free analgesic usage was included in the model, the
adjusted estimate of risk for high exposure to hydrocarbons remained significant.

When the risk for hydrocarbon exposure is adjusted fdr multiple factors the
hydrocarbonrisk remains statistically significant. Smoking and aspirinfree analgesics
are associated with excess risk of kidney cancer which is consistent with the
literature. Weight and diuretic are inversely related to kidney cancer risk. This latter
observation may be an artifact since these two factors would also be expected to be
higher in individuals dying from cardjovascular disease. Cardiovascular deaths
comprise a majority of the control group.

In addition to bias, excess risk sometimes occurs due to random variability.
Over reliance on the p-value can lead to overemphasis of high relative risks in

occupational mortality studies that test a large number of hypotheses. Due in partto
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the Healthy Worker Effect, the effect of multiple comparisons on the probébility ofa
false positive finding is greater in proportionate mortality studies ®%. This was a
potential problem in the originally conducted PMR study 1. However, in the present
study which could be considered the “hypothesis testing" phase rather than
"hypothesis generating" phase the probability of a false positive finding is more
accurately reflected by the significance level associated with the risk

Although the present study indicates that individuals with high exposure to
hydrooarboﬁs are at excess risk from kidney cancer several limitations of the study
should be noted. First, all studies of this type require estimates of exposure in some
situations where actual measurements are presently unavailable. This is because
operations and exposures have changed over time and preseht exposures may not be.
an adequate representation of historical ones. In the present study approximately
25.0% of the jobs had actual measurements taken. For those with measures there
was reasonably good agreement between the a priori estimate of albipha;tic exposure
(classified as low, medium and high) and the quantitative measure. However,vJ_'such
estimates of exposure must always be viewed as an approximation. !f the
rnisclassification is nondifferential then the effect of poor estimates will make it harder
to identify a dose-response. For aromatic exposure, there was more difficulty in
comparing quantitative and qualitative values. Historically the reduction jobs had
higher levels of aromatic exposures than current operations. Also, there is a
possibility that some job classifications may not have adequately considered the lower

ringed compounds since historically the aluminum industry has given emphasis to the
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higher ringed compounds. Some of the hydrocarbon exposure included solvents.

Exposure to solvents is particularly difficult to assess ®. There may be Iérge

variations in an individual's exposure during the WOrkday and there can be

" considerable variability among individuals even when performing the same task". Itis -

common to use solvents in riixtures and exposure to specific ,solventsor even classes
of compounds are often difficult to assess.

A second issue relates to delineating the risk for aromatic and aliphatic
exposure. For many jobs both exposures are present and distinguishing risk is
difficult. In the multivariate model both aliphatics and aromatics have an excess risk
but only for aliphatics is the result statisticaily - significant. Béuse of the
confounding exposure occurringin the same job and because workers often held jobs
with varying types of hydrocarbon exposure, it is difficult to separate the effects of
risk of the aliphatic and aromatic compounds.

Even within the categories of aliphatic and aromatic hydrocarbons there can be
considerable variability in job exposure. In this study the aromatic exposure was
primarily coal tar pitch and the high category of coal tar pitch was assigned to jobs
in the Soderberg process. Nonpitch aromatic exposure was 'due primarily to solvents.
Since all the high e'xposure jobs were due to pitch the kidney cancer excess in the
high aromatic category is probably due to pitch expoéure.

In this study the higher categories of aliphatic exposure were primarily due to
rolling and lubricating oils. There is increasing evidence that machining oils or oil

mists 224285 can cause cancer although the most frequently identified causes are
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.cancer of the skin and digestive cancer. In this regard cancer of the kidney has not

- been established as associated with machining oils and furtherinvestigationis needed.

Finally, there does not appear to b_e a dose-response relationship. Low and
medium exposures show no-excess risk. This could be due to a threshold or ‘a result
of some misclassification at the lower dose levels. Similarly, some of the workérs
with high hydrocarbon exposure had short exposure at these high intensities.
Although it may be that high intensity is more important than cumulative dose, this
is difficult to evaluate because those with highintensity hydrocarbon exposure tended
to have long term aliphatic or aromatic exposure at lower levels.

In surmmary, epidemiological studies are always subject to limitations and
investigations of hydrocarbon exposure are even more difficult because of the
difficulties in measuring exposure. However, the conclusion that the high kidney
cancer risk in the p‘resent study is related to h‘igh hydrocarbon' exposure is
strengthened by the following factors:

1)  The magnitude of the risk is relatively high making it less likely to be induced
by dnknown confounders.

2) Therisk remains significant even after controlling for potential nonoccupational
confounders.

3) The quality of the exposure assessment is good compared to most previous
studies of hydrocarbon exposure. The categorization was done blinded as to

case or control status so errors are unlikely to introduce bias.
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The foregoing analysis and conclusions is based on data we had available as of
August 18, 1993. On August 19, we received information from Alcoa that there |
were some errors in the classification. Although the percentage of jobs misclassified
is small, these errors could have an impact on the results an‘d conclﬁsions. in the

short amount of time available, we could not assess the magnitude of the impact.
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FIGURE 1
Year of Birth for Study Participants
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FIGURE 2

Year of Death for Study Participants
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Table 2

Smoking Patterns of Study Population

e —__—— _______ ___—_____ ______]

Number of
Respondents  Cases ' Control !

Ever smoked 294 84.8 85.4
‘Ever smoked cigarettes 301 74.6 78.9
Ever smoked a pipe 298 25.4 30.1
Ever smoker cigars 300 16.2 - 12.4
Age stopped smoking 160 53.7 52.3
Started smoking in teens 213 77.3 63.9
Smoked more than pack/day 212 38.5 34.7

® p <.05

**  p< .01

]

Numbers presented are for percentages of cases and controls with
the specitied characteristic,

Age stopped smoking is given in years.



Table 3

Comparison of Selected Patient Characteristics

Number of
. Respondents Cases Control
Age (years) 354 69.0 69.0
Weight (pounds) 282 181.9 176.7
Overweight (percent) * 295 18.9 33.0
Aspirin use (percent) * 285 10.3 21.6
Aspirin-free analgeslc use (percent) 287 10.3 6.6
Diuretics use (percent) ™ 269 16.7 35.4
Height (inches) 299 70.1 69.5
+ p<.10
* p <.0b

. p < .01




Table 4

Distribution of Deaths by Plant

Plant Frequency Percent
ALCOA 106 29.9
ATC 2 .6
BADIN 8 2.3
BAUXITE 8 2.3
BRIDGEPORT 1 .3
CHILLICOTHE 1 .3
CLEVELAND 18 5.1
CORONA 1 .3
CHESSONA 15 4.2
DAVENPORT 16 . 4.5
EAST ST. LOUIS 4 1.1
EDGEWATER 11 3.1
EDISON 6 1.7
FRANKLIN 2 .6
LAFAYETTE 16 4.5
LOGANS FERRY 1 3
MARSHALL 1 3
MASSENA 34 5.6
MOBILE 7 2,0
NEW KENSINGTON 29. 8.2
POINT COMFORT 17 4.8
RICHMOND 7 2.0
ROCKDALE 11 3.1
ROSICLARE 3 .8
VANCOUVER 10 2.8
VERNON 6 1.7
WARRICK 10 2.8
WENATCHEE 3 .8
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Tabie 6

Distribution of Hydrocarbon Exposure in Study Population

Type of Hydrocarbon Exposure ;fg’:&;g{s
Aliphatics 76.8
Aromatics 36.7
Aliphatics or Aromatics 76.8
Medium to High Aliphatics '46.0
Medium to High Aromatics 22.0
Medium to High Exposure to Aliphatics or Aromatics 52.8
High Aliphatics 5.6
High Aromatics 6.2
High Exposure to Aliphatics or Aromatics 11.3




N —

Table 7°

Relationship of Kidney Cancer to Hydrocarbon Exposure

Model  Variable . B S.E. RR p-value’ 95% Cl

1 Ever Hydrocarbon / Never .043 .330 1.04 .90 (.65, 2.00)

2 Ever Medium or High -.040 .281 .96 .88 (.55, 1.67)
Hydrocarbon / Never

3 Ever High Hydrocarbon 1 .935 377 2.55 .02 (1.22, 5.34)
Never

4 No Hydrocarbon ‘(baseline) 1.0 .05
Low / Medlum Hydrocarbon -.108 342 .90 ' (.46, 1.76)
High Hydrocarbon .862 460 2.34 (.95, 5.77)

5 Years Of Hydrocarbon 840 E2 .011 1.00 45 (.89, 1.03)
Exposure ‘

6 Years Of High Hydrocarbon -.014 .046 .99 .76 (.90, 1.08)

Exposure
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Table 9

Relationship of Kidney Cancer to Aliphatic Exposure

e

Model Variable B S.E. RR . p=value 95% Cl
1 Ever.Allphatic / .043 .330 1.04 .90 (.65, 2.00}
Never B '
2 Ever Medium or High -.066 .283 .95 .84 (.54, 1.65)
Aliphatic / Never
3 Ever High Aliphatic / 1.410 514 4.10 .007 (1.50, 11.22)
Never
4 No Aliphatic 1.0 .025
(baseline)
Low / Medium -.054 .337 95 (.49, 1.83]
- Aliphatic |
High Aliphatic 1.37 682 3.92 (1.25,12.27)
5 Years Of Aliphatlc 808 E-2  .011 " 1.00 A7 (.99, 1.03)
Exposure S
6 Years Of High .079 .097 1.08 43 (.90, 1.31)

Aliphatic Exposure




Table 10

Effect of Confounding Factor on Kidney Cancer Risk From High Hydrocarbon Exposure

Model | Covariates in Model Risk for High Hydrocarbon Rex observations *
Confounder RR 95% ClI p-value N ——0igm

1 No covariates -~ 2.55 (1.22, 5.34) 016 354 71
2 Ever Any Smoking. 1.14 3.20 (1.29,7.96) 012 298 58
3 Ever Cigarette Smoking 81 3.13 (1.27,7.73) 014 301 58
4 _ Plant’ .82 3.18 (1.42, 7.091 D05 354 71
5  ‘Diuretics 33 2.91 (1.08, 7.80) 034 269 52
6  Aspirin Analgesics 44 3.37 (1.31, 8.65) Ol1 288 57
7 Aspirin-free Analgesics 2.18 3.21 (1.30,7.91) .011 287 57
8 Obesity _ .81 2.74 (1.04, 7.22) .042 281 53
9 'Ever Any Smoking ) 1.98 3.70 (1.27, 10.76) 016 . 258 51

Diuretics 33 |

Aspirin Analgesics A8

Aspirin-free Analgesics 3.52




Obesity .

3.04
77

Model Covarfates In Model . :r:?:uf:éer — High Hydrocarbon Risk observations *
. 95% CL_ p-value n sets
10 Ever Cigarette Smoking 1.39 3.46 (1.21, 9.89) .020 258 51
Diuretics .33
Aspirin Analgesics &7
Aspirin-free Analgesics 3.62
11 Ever Any Smoking 2.59 3.30 (1.09, 10.05) 033 246 48
Diuretics .36
Aspirin Analgesics. .50
Aspirin-free Analgesics 2.74
Obesity .86
12 Ever Cigarette Smoking 1.60 2,99 (1.02, 8.81) 045 . 246 48
Diuretics .35
“Aspirin Analgesics 48
Aspirin-free Analgesics




.

Model Covariates in Model Csr:?gufr?éer High Hydrocarbon Risk observations *
RR 95% Cl p-value n sets
13 Ever Any. Smoking 3.02 4.28 (1.31, 13.89) 014 246 48
Diuretics .37 S
Aspirin Analgesics .48
Aspirin-free Analgesics 3.11
Obesity .86
Plant 52’ _ ,
14  Ever Clgarette Smokmg 1.93 3.90 (1.22, 12.48) .020° 246 48
Diuretics .36
Aspirin Analgesics 45
Aspirin-free Analgesics 344
Obesity .80
Plant .52 —
§ . significance level of aliphatic exposure after adjusting for other covariates in the model
j‘ number of subjects and matched sets in the model

Alcoa, Cressona, Massena, Point Comfort and New Kensington combined verses remaining plants




Table 11

Effect of Confounding Factor on Kidney Cancer Risk From High Aromatic Exposure

Model Covariates in Mods| . Risk for High Aromatic Risk observations *
: onfounder RR 95% Cl p-value n sets
1 No covariates ~ 1.;1; (.68, 4.52) .375 354 71
2 Ever Any Smoking .98 212 (.67, 7.89) 269 298 58
3 Ever Cigarette Smoking 74 '2.20 (.69, 8.20) .250- 301 58
4 Plant * 74 1.92 (.64, 5.74) 255 354 71
5 Diuretics .35 2.56 {.63, 10.41) .190 269 52
6  Aspirin Analgesics 43 270 (.66, 11.02) 168 288 57
7 Aspirin-free Analgesics 1.99 2.24 (.60, 8.34) .236 287’ 57
8 Obesity .78 2.66 {.66, 10.70) .169 281 53
9 Ever Any Smoking 1.81, 3.63 (.74, 17.83) 104 258 51
Diuretics .35
Aspirin Analgesics 48
Aspirin-free Analgesics 3.22




i High Aromatic Risk | observations *
Covariates in Model Risk for g

Confounder RR |  95% CI p-value n sets
10 Ever Cigarette Smoking 1.32 3.37 {.70, 16.13) 21 258 51
Diuretics .35
Aspirin Analgesics A7
Aspirin-free Analgesics 3.31
11 Ever Any Smoking ;23 3.64 (.73, 18.13) 104 246 48
Diuretics e
Aspirin Analgesics .50
Aspirin-free Analgesics 2.59
Obesity 71 .
12 Ever Cigarette Smoking 1.50 3.29 (.69, 15.64) 127 246 48
Diuretics .38
Aspirin Analgesics .48
Aspirin-free Analgesics 2.86

ObeSity .66




Risk for l High Aromatic Risk | observations *

Confounder * RR l 95% Cl p-value

Covariates in Model

n sets

13 Ever Any Smgking 2.42 412 (.80, 21.94) 081 246 48
Diuretics .39 |
Aspirin Analgesics 51
Asplrin-free Analgeslcs 2.61
Obesity ' .68
Plant * - .75
14  Ever Clgarette Smoking 1.65 3.88 (.76, 19.71) .094- 246 48
' Diuretics .38 ' '
Asplrin Analgeslics : 50.
Aspirin-free _An‘algeslcs 2.88.
- Obeslty S .65 -
Plant ‘ S 72
5 sigﬁlflcance level of. aliphatlc exposyre after adjusting for other covarlates in the mo’del

+  number of subjects and matched sets in the model )
¥ Alcoa, Massena and Point Comfort coimbined vérses remaining plants




Table 12

Effect of Confounding Factor on Kidney Cancer Risk From High Aliphatic Exposure

Model Covariates in Model Cc'i:?:u?drer _ High Aoliphatic Risk observatioqs :
RR 95% ClI p-value n sets
I No covariates . - 4.10 (1.50, 11.22) 007 .= 354 71
2 Ever Any Smoking 1.07 4.27 . (1.35,13.47) 012 298 . 58
3 Ever Cigarette Smoking 77 4.10 (1.30,12.93) .0156 301 58
4 Plant” .64 4.94  {1.74, 14.05) .003 354 71
5  Diuretics .33 318 (.92, 10.96) .069 269 52
6 Aspirin Analgesics A4 4.84 (1.39, 16.86) 010 . 288 57
7 Aspirin-free Analgesics 2.17 4.23 (1.34,13.30) .013 287 57
8 Obesity . ' .78 3.61 (.99, 13.,13) .050 281 53
9 . Ever Any Smoking 1.75 - 4.34  (1.13,16.56) 030 ~ 258 51
Diuretics .33
Aspirin Analgesics 47

Aspirin-free Analgesics 3.45
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_ ' Risk for High Aliphatic Risk observations *
Model, Covariates in Model Confounder R o5% CI o-value - oo
13 Ever Any Smoking 2.53 4,27 . (1,01, 18.15) .048 246 48
Diuretics .37 -
Aspirin-Analgesics 47
Aspirin-free Anaigesics 3.05
Obesity - 77
Plant * . .60 ,
14 Ever Cigarette Smolking 1.64 3.47 (.95, 16.55) .057 246 48
Diuretics 37
Aspirin Analgesics 45
Aspirin-free Analgesics 3.33
‘Obesity .70
Plant® .61 1
5 significance level of aliphatic exposure after 'adjusting for other covariates in the mode!

*

number of subjects and matched sets in the model
Alcoa, Massena, Cressona, and New Kensington combined verses remaining plants




Appendix A: Distribution of Deaths by ICDA Codes



Appendix A

Distribution of Deaths for All Subjécts by
Four Digit International Classification of Disease Codes

{CDA " Frequency Percent
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ICDA

Appendix A (continued)

Frequency

Percent

4371

437.9
438.0
440.9
441.1
441.3
441.5
443.9
454.9
485.0
486.0
490.0
492.0
496.0
513.0
514.0
518.8
532.9
533.4
557.0
560.1
572.8
578.9

737.3.
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812.9
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965.1
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Appendix B: Telephone Interview Questionnaire



DATE:

Aluminum Workers Health Study
, Questionnaire

Worker's name:

Social Security Number:

Please fill in the name and phone number of the person answering the questions

Spouse

Child

Sibling

Other relative

. Other

Phone number:; ( )

B-1




b,

6.

Please circle correct responses.

How tall was he?

Feet . Inches Unknown
Throughout most of his adulthood, what was his usual weight?

Lbs. Unknown

Throughout most of his adulthood, how would you classify his weight?

Under-weight
Slightly under-weight
Just right
Over-weight

-——  Very much over-weight
Unknown

Did he ever take prescription diuretics or water pills?

Yes
No
Unknown

The following are several reasons for taking diuretics. Did he take medication
for any of the following reasons.

To lower blood pressure
For heart disease
To lose weight

To reduce swelling .
Did not take medication (if NO, go to question 7)

How many years did he take diuretics on a regular basis?

Less than 6 months
6 months to 2 years
2 yearsto 5 years

5 years to 10-years
Greater than 10 years

B-2




) The following lists several brand names of diuretics. Please circle any that he
took.

Aldactazide
Aldactone
Diuril
Dyazide
Enduron
Esidrix
Hydrochlorothiazide
Hydrodiuril
Hygroton
Lasix
Metahydrin
Oretic
Zaroxolyn
Other

7. Did he smoke at least 5 packs of cigarettes in his lifetime?

' Yes
) No (IFNO, go to question 12)

Unknown

8. How old was he when he first started to smoke. cigarettes regularly?

Age started’
(if you are uncertain, would you guess he was)

In his teens?

In his twenties?

In his thirties?
Older than thirties?
Unknown

9. Did he smoke cigarettes at the time of his death?
Yes (If YES, go to question 11}

No
Unknown




10.

11.

13.

14.

How old was he when he stopped smokingcigarettes?

Age stopped
Unknown

When he did smoke, approximately how many cigarettes did he smoke a day?

Less than one

1/2 pack or less

Between 1/2 to 1 pack
Between one to two packs
More than two packs
Unknown

Did he ever smoke a pipe?

Yes
No
Unknown

Did he ever smoke cigars?

Yes
No,
Unknown

Did he ever take any aspirih containing products such as Bayer aspirin or
Bufferin on a regular basis? (A regular basis means at least 2 or more times a

week for one month or longer.)

Yes
No : . (Ifno, go to question 16.}

Unknown

What brand aspirin product did he use?
(see next page for some examples)




15.

16.

17.

‘How many years did he take aspirin containing products on a regular basis?

Less than 6 months

6 months to 2 years
2 years to 5 years

5 years to 10 years
Greater than 10 years

Did he ever take any aspirin-free products such as Tylenol or Datril on a regular
basis? (A regular basis means at least 2 or more times a week for one month

or longer.)

Yes
No
Unknown'

What brand aspirin-free products did he use?
(see next page for some examples)

How many years did he take aspirin free products such as Tylenol or Datril on
a regular basis?

Less than 6 months

6 months to 2 years
2 years to 5 years

5 years to 10 years
Greater than 10 years

B-5



Examples of aspirin and aspirin-free medications

Please circle any that apply.

A.P.C. tablets sometimes called “a perfect cure™
Alka Seltzer '

Anacin-3 Maximum

Anacin-3 Regular Strength

Arthritis Strength Bufferin

Arthritis Pain Formula Anacin

ASA Compound

Aspirin-Free Anacin

Azolid/-A

BC powder or tablets

Bromoseltzer

Buffered aspirin such as Bufferin or Ascriptin
Butazolidin

Darvocet

Darvon Compound

Darvon

Doan’s Plils.

Empirin Compound not including Empirin w/Codeine
Emplrin with Codeine

Excedrin
Excedrin P.M. or Aspirin-Free Excedrin

Extra strength aspirin such as Maximum Bayer
Extra Strength Datril

Extra Strength Tylenol

Generic acetaminophen

Indocin

Midol

Motrin

Naprosyn

P.A.C.

Percocet

Percodan

Phenylbutazone

Regular aspirin, such as Bayer Aspirin
Regular Strength Datril

Regular Anacin

Regular Strength Tylenol
"Stanback, either as a powder or tablet
Tylenol with codeine

Vanquis




FINAL REPORT

- Re-Analysis of Kidney Cancer Case-Control Study
Following Data Corrections

Report to:

Aluminum Company of America

Prepared by:

) Harvey Checkoway, PhD*
Bruce H. Alexander, PhD*
Mark R. Cullen, MD**

*
University of Washington
Departmentof Environmental Health
Seattle, Washington

s %
Yale University
School of Medicine
Occupational and Environmental Medicine Program
New Haven, Connecticut

May, 1996







EXECUTIVESUMMARY
In 1993, researchersfrom the University of Pittsburgh Department of Biostatistics r%%rted

findings from a case-controlstudy of kidney cancer among Alcoa workers from 26

plants.” The study was prompted by a proportionate mortality ratio analysisin which an
excess of kidney.cancer mortality was observed. The case-controlstudy findings
suggested riskelevations related to the highest exposures to hydrocarbons, especially
aliphatic hydrocarbons. A weaker, but still elevated risk was found with the highest
exposures to aromatic hydrocarbons. At the conclusion of the study, some inadvertentdata
errors were found which called into question the validity of the results. These errors were
the result of miscoding of some potroom jobs & one reduction facility. Uncertainty
regarding the type of smelting technology, Soderberg or pre-bake, was the main cause of

the coding errors.

Following discovery of theseerrors, the Alcoa industrial hygiene staff obtained corrected
information for most of the data errors. We obtained from the University of Pittsburgh
researchers the data from their case-control study, and performed analyses on the corrected
data to determine whether the associations with hydrocarbon exposures persisted. Qur: re-
analysis included data for all 71 kidney cancer deaths (cases) and the 283 deaths from other
causes, excluding cancer and chronic kidney disease (controls). Data on non-occupational
risk factors for kidney cancer, smoking, medication use, and obesity, that might have
confounded the observed relations with hydrocarbon exposures were incorporated into the
re-analysis. This information had been obtained previously by the University of Pittsburgh
investigators from questionnaires administered to study su%j ects' next-of kin.

Our re-analysis confirmed the observed association with aliphatic hydrocarbons. Workers
who had ever been exposed to the highest levels of aliphatic hydrocarbons had roughly 4
times the risk of kidney-cancer mortality as workers who had never been exposed to these
chemicals. The association with aliphatic hydrocarbons was diminished somewhat, but
remained elevated (2.5 times), when exposure was defined as at least 1 year rather than
ever. Incontrast, no association was detected with aromatic hydrocarbons after analysis of
the corrected data. Confounding by smoking, medication use, or obesity was not a likely -
explanation for the observed association with aliphatic hydrocarbons. »

The study bad some notablelimitations. The control group was not necessarily
representative of the Alcoa workforceinsofar is it was composed of roughly 75 percent of
workers who'had died firam circulatory system diseases. Another significant limitation that
hinders a clear interpretation of findings is the absence of quantitative data for specific
chemicals, especially aliphatic hydrocarbons. The results of the re-analysiscannot confirm
or refute specific causal hypotheses, butdo offer some guidance for future assessments of
kidney cancer in the alumimum industry.






BACKGROUND

In 1991, Alcoa commissioned researchers from the University of Pittsburgh Department of
Biostatistics to conducta case-control study of occupational risk factors for kidney cancer.
.The motivation for this new initiative was a finding by Rocketteand Arena (1990) of a
kidney cancer mortality elevation, of approximately 60 percent greater than national rates,
among the Alcoa production workforce during the years 1980-87. This finding was based
on proportionate mortality ratio (PMR) analysis which compared the percentage distribution
of deaths, by cause, in the Alcoa workforce with the corresponding percentagedistribution
among U.S.males. Kidney cancerexcesseshave been found in some other aluminum
industry worker studies (Rockette and Arena, 1983; Spinelli et al, 1991), although no
excesses have been reported from others (Ronneberg and Anderson, 1995). The 1990
PMR kidney cancer results were considered to be suggestive of a consistent trend for Alcoa
that was first noted in the TripartiteStudy (Rockette and Arena, 1983). B

The goal of the case-control study was to determine whether exposures to-aromatic or
aliphatic hydrocarbons during employment at Alcoa facilities were related to kidney cancer,
while taking into consideration known or strongly suspected non-occupationalrisks factors
(e-g., cigarette smoking). As stated in the original protocol for this case-control study
(Rockette and Arena, 1990-91), aromatic hydrocarbons were of greater prior interest than
aliphatics. This emphasis apparently evolved from earlier findings of a kidney cancer
excess among reduction plant workers in the Tripartite Study, and the known associations
of various polycyclic aromatic hydrocarbons with kidney cancer. Aliphatic hydrocarbons
had been linked inconsistently with kidney cancer dsk mainly from studies of workers

exposed to gasoline and solvents.

Details of the study, including the study design, methods of data collection and analysis,
original results, and discussionare provided in a report by Rockette and Arena (1993) from
the University of Pittsburgh. This reportis henceforth referred to as the "original report."
At the time of its submission in August; 1993, all parties agreed that it should appropriately
be regarded as a preliminaryreport, in view of the changes that would likely ensue
following data corrections. The findings from the original report indicated elevated kidney
cancer risks related to hydrocarbon exposures; a relative disk of 2.55 was noted for high
exposures. This association was mainly due to an apparent excess risk concentrated among
workers with the highest exposures to aliphatic hydrocarbons, for which the relative risk



was 4.10. The association with high aromatic hydrocarbon exposures (relative risk of

1.61) was considerably weaker.

Upon submission of their report to Alcoa in August, 1993, Drs. Rockette and Arena noted
inconsistencies in some of the job assignment codings that may have resulted in erroneous
classifications, and hence incorrect epidemiologic findings. The original report was-
therefore considered as a preliminary report, and the conclusions were disavowed by the
investigators until errors could be corrected. Alcoaexplored with researchers from another
university the feasibility of having a new, more detailed exposure assessment for specific
hydrocarbons and other workplaceagents; however, this proved not to be feasible because
of the enormous effort and resources that would have been required to locate and
synthesize data relevant to historical exposuresspanning back as far as the 1930s.

We agreed to oversee the Alcoa industrial hygienists' efforts to make corrections to the
work history and exposure data sets, and to analyze the corrected case-control data
following the same approaches taken by Rockette and Arena (1993). Drs. Rockette and
Arena assisted us by providing data that they had analyzed in the original report, and by
performing confirmatory data analyses that took into account possible effects of non-
occupational risk factors (i.e., potential confounders, such as smoking).

METHODS

Orizinal Stud

Descriptions of the research design and study subjects are contained in the original report

(Rockette and Arena, 1993). Thus, only a brief synopsis will be provided here. We will,
however, provide details on the procedures that we followed in this re-analysis.

The case group included 71 of the 73 kidney cancer deaths (ie., cases) that occurred
during 1980-90 among Alcoa workers from 26 plants. The 73 cases were 53 kidney
cancer deaths included previously in the PMR study and 20 deaths identified during 1988-
90. Two (2) of the 73 kidney cancer deaths were not included because their employment
history récords did not identify their past work areas and jobs (Rocketteand Arena, 1993).
Controls were a sample of deaths whose causes of death were attributed to diseases other
than cancer or chronic nephritis during the same 1980-90 time period. Controls were
individually matched to cases on race, gender, year of death and year of birth within 5



years. Rockette and Arenaselected 283 controls who met these criteria According to
Rockette and Arena (1993), deaths from cancers of sites other than the kidney were not
eligible because of the possibility that some of the same exposures that may relate to kidney
cancer might be associated with other cancers. Thus, the study included a large proportion
of deaths (74%)from cardiovascularand other circulatory system diseases.

Casss' and controls' work history records were obtained and computerized for linkage with
exposure information. Jobs held by cases and controls were classified according to
separate exposure rating schemes for aliphatic and aromatic hydrocarbons. Jobs were
classified as entailing "none," "low," "medium," or "high" exposures to either aromatic or
aliphatic hydrocarbons. The exposure ratings for cases' and controls' jobs were provided
by Alcoa industrial hygienists. Historical exposure information, industrial hygiene
monitoring data from surveys performed during recent years, and industrial hygiene
judgments formed the basis of the exposure ratings. The ratings were conducted without -
knowledge of where cases and controls had worked, i.e., blindly.

In order to address the concern that non-occupational risk factors (e.g., smoking) might
confound observed associations detected with hydrocarbons, Rockette and Arena
administered a telephone questionnaire to surrogate respondents (next-of-kin) of study
subjects. Data were elicited for a history of smoking, obesity, and use of diureticsand

analgesics.

Relative risk estimates (RR) were derived from logistic regression analyses for case-control
data. RRs were estimated for any exposure to hydrocarbons, as well as for ordered levels
of exposure: 'none, low/medium, high. Analyses were also performed separately for

aliphatic and aromatic hydrocarbons.

- 00 of Tob/E ClassificationE

The erroneous job and exposure coding assignments were id
from ambiguities in the types of potroom technology that had been operated at one Alcoa
facility. In particular, some potroom assignmentsduring the [930s-1950s had been
erroneously classified as Soderberg potroom jobs when in fact they had been in pre-bake
potrooms. These errors and the ensuing hydrocarbon exposure re-classifications were
made by Alcoa hygienists. As before, the exposure classifications were made without
knowledge of case or control status of the affected work history records.

ntificd as having resulted




In addition, there remained 23 potroom jobs held by 16 workers at this facility for which
there was insufficient information to determine whether they were in Soderberg or pre-bake
technologies. As will be described subsequently, we performed two sets of analyses in
which these indeterminate potroom jobs were alternately classified as Soderberg and pre- -

bake.

The first step in our re-analysis was to verify the results framthe uncorrected data
presented in the original report. .Drs. Rockette and Arena provided us with a computer file
of these data. Our analysisfollowed the procedures described in the original report, and
we were able to replicate the earlier findings on the uncorrected data. Next, we received
from the Alcoa industrial hygiene staff a list of corrected job/exposure assignments. The
corrected list included new exposure codes for aliphatic and aromatic hydrocarbons (none,
low, medium, high) for jobs where it was clear that pre-bake potroom jobs had been
erroneously classified as Soderberg potroom jobs. Potroom jobs that could not,be
identified unambiguouslyas pre-bake or Soderberg were given alternative sets of aliphatic
and aromatic hydrocarbon exposure ratings, one assuming that &ll of these were in a pre-
bake potroom, and the other assuming all were in the Soderberg technology.

We analyzed the corrected data to generate relative risk estimates for hydrocarbon
exposures, following the procedures of Rockette and Arena. Data on smoking, obesity,
and medications (i.e., "confounders")were obtained from subjects' next-of-kin with the
understanding that this information, that could potentially be linked to individual workers;
would not be shared with parties outside of the University of Pittsburgh. In order to assess
possible confounding by these non-occupational factors, we provided the corrected data set
to Drs. Rockette and Arena for analyses that included these potential confounders. Their
approach for statistical control of confounders (conditional logistic regression modeling)
was identical to the methodsused in their original report. Thus, we were able to estimate
relative risks related to ever exposure to varying levels of hydrocarbon exposures that

included control for the potential confounders.

The designation of "exposed" used in the original analysis by Rockette and Arena was
made without reference to duration of exposure. Thus for example, ever exposed to high
hydrocarbons included any duration of employment in a job classified as high exposure.



We performed an additional set of analyses in which "exposure” was defined as greater
than 1 year. The purpose of this additional analysis was to evaluate possible dose-response
. relations in somewhat more depth than had been done previously.

RESULTS

The original and corrected exposure classificationsfor all, dliphatic, and aromatic
hydrocarbonsare shown in Table 1. There are two sets of reclassifications:
Reclassification 1 placed the indetexminaiepotmom jobsin the Soderberg technology, and
Reclassification2 placed these jobs in pre-bake technology. Table 2 displays the corrected
and uncorrected exposure classifications based on a minimum of 1 year exposure.. The re-
classification of aliphaticexposures, especially in the 'high' exposure group were
minimally affected by data comrections. High aromatic exposures, however, were changed
more profoundly. Based on the original classification, the percentages of cases and
controls with high aromatic hydrocarbon exposures of any duration were 8.5 and 5.7,
respectively, whereas the corresponding percentages under Reclassifications 1 and 2 were:
85 and 11.3; and 56 and 6.7 (Table 1). The classifications of high aromatic exposures
under a 1 year minimum exposure duration criterion (Table 2) changed slightly as well,
although a higher prevalence of exposure among controls than cases persisted throughout.
It should be appreciated that high aromatic hydrocarbon exposures involved only a small
number of cases and controls; thus, the overall classification of hydrocarbon exposures

remained largely unaltered.

Therelative risk estimates [odds ratios (OR)] associated with levels and types of
hydrocarbons are given in Table 3, based on the original exposure classification and on
Reclassifications 1 and 2 Following either exposure reclassification, there is no longer an
excess apparent for the high compared to no aromatic hydrocarbon exposure; the OR was
reduced from 1.76 to 0.79 or 0.89, depending on the classification of generic potroom
jobs. The explanation for this change & that, following Reclassification 1, the cases' high
exposure classifications were not changed, but 16 (5.7%) controls previously classified as
having had low/medium aromatic hydrocarbon exposure were re-classified into the high
category (Table 1). Following Reclassification2, 2 (2.8%) cases were moved from high to
low/medivm aromatic hydrocarbon exposure, and 3 (1.1%) controls changed from the
low/medium to high category. In contrast, re-classification had very little effect on the ORs
for high aliphatic hydrocarbon exposure. The reduction of OR for the combined high



hydrocarbon category (from an original value of 234 to 1.40 or 1.76) was due to the
change in the risk estimate for high aromatic hydrocarbon exposures.

The possible bias caused by confounding from non-occupationalexposures was examined
by computing adjusted relativerisk estimates, and comparing these with unadjusted values.
The results for the OR . associated with high hydrocarbon exposures, high aliphatic
exposures, and high aromatic exposures, with and without adjustmentfor potential
confounders, are summarized in Table 4. The adjusted-analyses involved statistical control
for ever cigarette smoking, use'of diuretics, use of aspirin- and non-aspirin analgesics, and
obesity (Model 14 from the original report). With severalisolated exceptions, the adjusted
and unadjusted ORs were reasonably close, which suggests that there was little evidence
for important confounding by these factors. It is noteworthy that there were no instances
where the d1rect1on of association changed from positive (OR>lO) to'negative (OR<1.0),

or vice versa, after control for potential confounders.

When 1 year was set as the minimum duration of exposure, the ORs for high aliphatic
hydrocarbon exposure were reduced somewhat from those based on an ever exposed
classification, although the relative risk estimates remained elevated (Table 5).- Thus in the
corrected data set, we estimated an OR of 2.52 for high aliphatic exposure of 1 year or
longer (Table 5), as contrasted with an OR of 3.70 for everexposed (Table 3). The results
based on the comected data for aromatic hydrocarbons did not change materially when the 1

year minimum was imposed.

Review of the high aliphatic exposure jobs held by the cases and controls révealed that
these jobs occurred at three plant locations, Cressona, Massena, and New Kensington,
during the years 1934-1971. The jobs involved work in Merchant and Blooming Mills at
Massena, and in the Tube Mills at Cressona and New Kensington Characterizationof the
highest aliphatic exposures to a small number of plant locations and specific jobs suggests
that any elevation of kidney cancer risk related to aliphatic hydrocarbons, if one did indeed
exist, was not widespread throughout the industry. It is also noteworthy that the high
aliphatic exposures terminated in the early 1970s on cases' and controls' work history
records. This may be due to the requirement of a prolonged latency interval for disease
manifestation; alternatively, it may reflect exposure reductions that have taken place during
the past 30 years. More detailed historical exposure data would be needed to evaluate the

likelihood of the second explanation.



DISCUSSION

Findings from our re-analysis of the corrected data suggest that there remains a statistical
association of hydrocarbons with kidney cancer risk (Rockette and Arena, 1993). The
association pertains to aliphatic hydrocarbons rather than aromatic hydrocarbons. The
original report indicated apparent elevated risks with both classes of hydrocarbons, but
with a more prominent association for the aliphatics. The seeming disappearance of the
relation with aromatic hydrocarbons, following data corrections, is not especially
surprising because the original result was numerically dependenton only 6 cases and 16
control in the high exposed category(see Table 1). The findings for aliphatic hydrocarbons
were and remain more numerically stable, and were thus altered only minimally after data
corrections were made. However, evidence for a dose-responsegradient with aliphatic
hydrocarbon exposure and kidney cancer was weakened somewhat when a 1 year
minimum exposure duration was imposed instead of an ever/never classification.
Confounding from non-occupational risk factors, including cigarette smo]dng,- useof
diuretics or analgesics, and obesity, is very unlikely to be a meaningful explanation of the ,
observed association with aliphatic hydrocarbons.

Interpreting the findings from this study should be made with due consideration given to
some notable limitations of study design and quality of information. The most suitable
control group would have been workers, either}ivingor dead, from the same plantsas'the =
cases, who were free of kidney cancer at the times when the cases deaths occurred.
Because it was not possible to enumerate the cohort that would have been necessary for this
type of control selection scheme, Rockette and Arena (1993) selected controls from among
other deaths that occurred at the same plants where the cases worked. The decision to
eliminate cancer deaths, and to a lesser extent, chronic renal disease deaths, from the pool
of eligible controls resulted in a large majority of circulatory system disease deaths in the
controls (nearly 75%). This imbalancein the control group may have produced a bias if
mortality from cardiovascular or other circulatory diseases was related to particular |
workplace agents or specific jobs in the smelter. For example, it cannot be determined
whether the observed association with high aliphatic hydrocarbon exposures reflectsa truly
causal effect, or whether this is merely an artifact of unmeasured associations of aliphatics
with cardiovascular diseases. In fact, Ronneberg (1995) reported increasing risk gradients
for atheroscleroticdisease mortality with cumulative exposure to tar and for cerebrovascular
disease mortality with tar and pot emissions in a prebake smelter. In any event, the



potential effect of such bias on the findings cannot be evaluated because associations of
occupational exposures in Alcoa facilities with circulatory system disease mortality have not

been investigated previously.

- Another important Iimit_atior; of thisstudy is the absence of quantitative exﬁosure estimates
for specific agents'. This problem, while certainly not unique to this epidemiologic study,
restricts the type of inference that can be drawn from the ﬁndings. Aliphatic hyﬂ;ocarbons
encompas§ many agents, ranging from solvents to machining fluids. Determining
specificity and quantification of these exposﬁ;es was especially complex in this study
because the cases' and controls' relevant periods of exposure extended back as faras 50-60
years into the past and may have varied from plant to plant. Chemical usage by type and
amount, and the extent of contamination with potential carcinogens, including some

aromatic hydrocarbons (e.g., polycyclic aromatic hydrocarbons), undoubtedly have
changed greatly in the 26 plants during this time interval. Documentation describing most

of these changes, unfortunately, was not readily available to the investigators. Asa result
of these information shortcomings, exposure classification relied chiefly on industrial
hygiene judgments regarding the potential and relative magnitude of exposure. to the non-
specific groupings of aromatic and aliphatic hydrocarbon.

As reviewed recently by Smith and Liu (1995), there are many unresolved questions -
regarding etiologic associations between hydrocarbonsand human kidney cancer. Much of
the evidence from animal studies is conflicting, and more significantly, no consistent
patterné of risk related to either broad categories or specific hydrocarbons have emerged
from epidemiologic research. Taken in this context, the results from the present study
neither support nor refute any previous epidemiologic associations with hydrocarbons.

Our re-analysis of the data revealed that the observed association with presumably the
highest aliphatic hydrocarbon exposures persisted after data corrections and control for
potential confounders. This finding is consistent with a suspected occupational association
with kidney cancer, and thus should provide some direction to further epidemiologic
assessments of kidney cancer risks in the aluminum industry.
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Table 1. Hydrocarbon Exposure Classification Before and After Data Corrections

Original Report . Reclassification 1° Reclassification 27
Cases  Controls Confrols Cases  Confrols
N(@® N (@ N.() N (%) N (B N (%)
Any hydrocarbon T ' ' o '
None 16 25 66233 16 22.5 66 233 16 225 66 233
Low/medium 41 57.7 191 615 41 577175 61.8 43 60.6 188 66.4
High 14 197 26 92 14 197 42 148 12 169 29 102
Aromatic - ,
None 43 60.6 181 640 43 60.6181 640 43 606 181 64.0
Low/medium 22 31.0 8 304 22 31.0 70 247 24 293 83 338
High 6 85 16 57 6 85 .32 11.3 4 56 19 6.7
Aliphatic . _
None 16 225 66 233 16 225 66 233 16 225 66 233
Low/medium 46 64.8 206 728 47 662207 73.1 47 662207 73.1
High 9 127 11 35 g 113 10 3.5 8 113 10 35
Total 71 283 71 283 71 283

* Reclassification of generic potroom job codes as Soderberg
9 Reclassification of generic potroom job codes as Prebake




—

Table 2. Hydrocarbon Exposure Classification Before and After Data Corrections : Minimum 1

Year Exposure Criterion
Original Report =~ Reclassification 1 Reclassification 21
Cases  Controls (Cases  Confrols Case  Controls
N(%) N (%) N (%) N (%) N (% N (%)
Any hydrocarbon A ‘
< 1 year 22 31.0 86 304 22 31.0 8 304 22 .310 86 304
Lowlmedmm>1year 42 59.2 177 625 40 587 166 563 42 592 174 61.5
High> 1 year : ‘99 20 71 9 127 31 11.0 7 99 23 81
Aromatic '
<1 year 46 648 209 739 46 648209 739 46 64.8 209 739
Low/medium > 1 year 22 31.0 60 212 20 282 49 173 22 310 57 20.1-
High21 year 3 42 14 49 5 70 25 88 3 42 17 60
Aliphatic ; ‘
<lyear 22 31.0 86 304 22 310 8 304 22 310 86 304
Low/medium >1 year 45 634 191 67.5 45 634191 675 45 634191 675
High> 1 year 4 56 6 21 4 56 6 21 4 56 6 21
Total 71 283 71 283 71 283

* Reclassification of generic potroom job codes as Soderberg |
9 Reclassification of generic potroom job codes as Prebake



Table 3. Relative Risk Estimates for Hydrocarbon Exposure: Original Report and Corrected

Exposure Assessment

Type of hydrocarbon exposure -

Any Hydrocarbon
Never . 1.0 — - L0 - 1.0 — '
Low/medium 0.90 (0.46-1.76) 0.97 (0.50-1.90) 0.96 (0.49-1.86)
High 2.34 (0.95-5.77)  1.40 (0.59-3.29) 1.76 (0.71-4.40)
Aromatic
Never 1.0 — 10 — 1.0 -
Low/medium 1.08 (0.60-1.97) 1.33 (0.72-2.43) 1.23 (0.68-2.21)
High : 1.67 (0.58-4.79) 0.79 (0.30-2.06) 0.89 (0.28-2.84)
Aliphatic :
Never 10 — 1.0 — 1.0 — .
Low/medium 0.95 (0.49-1.83) 0.97 (0.50-1.87) 0.97 (0.50-1.87)
High 3.92 (1.25-1.27) "3.70 (1.15-11.94) 3.70 (1.15-11.94)

Original Renort Reclassification™ Reclassification?!
OR (95%CD* R (95%CD* (R 95% CI)*

" Reclassification of generic potroom job codes as Soderberg

9 Reclassification of generic potroom

¥ Odds ratio (95%confidence interval

;ob codes as Prebake
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Table 4. Relative Risk Estimates for High Hydrocarbon Exposures Beforeand After Data
Corrections, with and without Control for Potential Confounders ,,

Exposure .  Original Report = Reclassification ification 27
E OR (95%CD* R (95%CD* OR° (95% CD*

High any hydrocarbon
Not adjusted 255 (1.22-534) 143 (0.72-2.84) 1.83 (0.86-3.87)
Adjusted® 390 (1.22-12.5) 125 (0.46-3.40) 1.52 (0.48-4.87)
Aromatic | o
Not adjusted L.61 (0.58-4.52) 0.71 (0.28-1.80) 0.83 (0.27-2.57)
Adjusted® 3.88 (0.76-19.7) 0.67 (0.19-2.40) 0.61 (0.11-3.44)
Aliphatic L
ot adjusted 4.10 (1.50-11.22) 3.80 (1.36-10.67) 3.80 (1.36-10.67)
Adjusted’ 3.47 (0.95-16.6) 2.96 (0.70-12.5) 2.96 (0.70-12.5)

*Reclassification of generic potroom-job codes as Soderberg
§{ Reclassification of generic potroom job codes as Prebake

t Odds ratio (95% confidence interval
§ Adjusted for cigarette smoking, diuretic use, analgesic use, obesity, and plant.



Table 5. Relative Rigk Estimates for Hydrocarbon Exposure with Minimum 1 Year of Exposure:
Original Report and Corrected Exposure Assessment

- Type of hydrocarbon exposure

Chmal R e FPSSPR
OR (©5%CH* OR (95% CI)& OR  (95% CI)st

Any hydrocarbon
<1 year

Low/medium > 1year |

High >1 year
High >1 year’

Aromatic
< lyear

Low/medium >1 year

High >1 year

High >1 year®

Aliphatic
< lyear

Low/medium >1 year

High >1 year

High >1 year'

1.0

0.93
1.36

1.43

1.0
0.93
2.52

2.67

——

(0.51-1.69)
(0.50-3.66)

(0.59-3.49)

(0.93-3.07)
(0.27-3.61)

' (0.24-3.06)

(0.52-1.68)
(0.66-9.66)

(0.75-9.45)

1.0
0.94

113
1.17

1.0
1.89
0.91

0.77

1.0
0.93
2.52

2.66

— 1.0
(0.51-1.72) 0.94
(0.46-2.75) 1.20

(0.53-2.60) 1.25

— 1.0
(1.00-3.53 1.82
(0.33-2.53 0.78

(0.28-2.11) 0.68
— 1.0
(0.52-1.68) 0.93

(0.66-9.66) 2.52

(0.75-9.45) 2.67

—

'0.52-1.71)

(0.45-3.20)
(0.51-3.07)

(0.99-3.37)
(0.21-2.81)

(0.19-2.45)

(0.52-1.68)
(0.66-9.66)

(0.75-9.45)

* Reclassification of generic potroom job codes as Soderberg

9 Reclassification of generic potroom job codes as Prebake

$0dds ratio (95% confidence interval)
§ Ever exposed compared to never exposed

%)

~—



