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General Program Directions

Recommendations

A.

In this era of stable or decreasing budgets additional attention
needs to be made with regard to supporting projects that are not
only good science but also have good management and are likely to
yield new information.

Studies on occupational and environmental cancer, while focused on
cancer should provide opportunities to accrue data and information
on other biological responses that may have ancillary relevance to
cancer.

Collaborative programs between National Cancer Institute, National
Institute for Occupational Safety and Health, and Environmental
Protection Agency should exploit a multidisciplinary team approach
with specific skills and resources in areas of environmental and
occupational cancer.

Epidemiological pursuits in collaborative projects maintained by

the three agencies should endeavor to maximize the development of
exposure/response data in studies on occupational and environmental
cancer. In occupational studies the agencies should develop and
extend the data base on occupational histories and clinical parameters
associated with occupational disease states including cancer.

The use of a multidisciplinary team approach as well as cancer
registries should be fully exploited where exposures to environmental
and occupational agents pose an imminent health hazard.

To preclude the development of information and data from one program
area in isolation from another area, it is recommended that investi-
gators utilizing animal models (experimental area) work closely

with their counterparts in epidemiology to maximize the benefits

and leads emerging from the laboratory.

Recognizing that our counterparts in industry have valuable resources
such as employment records, industrial hygiene data and technology
and processing data, program staff should concentrate their efforts
in extension in 1iaison and utilization of such resources.

Some of the monies in this collaborative effort should be set aside
for development of an RFA which focuses on occupational cancer.

Preceding page blank
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Environmental Carcinogenesis

Recommendations

A. Considering the potential for 20-year exposure to a wide array of
synthethic chemicals in the environment as a result of accelerated
production, epidemiological studies should be concentrated on site
specific or age group specific cancer trends.

B. Since epidemiological studies can be dependent on the utilization of a
wide spectrum of data bases, it is recommended that collaborative
efforts of NCI and EPA exploit and utilize resources of the Social
Security Administration, IRS, Census Bureau, and the National Center
for Health Statistics in the conduct of epidemiological studies. With
fiscal constraints imposed currently this collaboration now is more
important than ever.

C. The development of important data bases in the New Jersey study on
environmental agents points up the need and utility of such studies in
providing a good foundation for further epidemiologic studies where a
“rapid response" to public health concerns may arise in the future.

D. In the development and planning of epidemiological studies on environ-
mental hazards, especially at low level exposure, attention should be
given in basic experimental studies to more rapid and sensitive procedures.
In epidemiological studies ivestigators should look for clinical param-
eters such as certain metabolites that are "early warning indicators".

E. Since massive efforts cannot be focused on all chemicals in the universe,
it is suggested that programs concentrate on priority chemicals, i.e.,
those of high production or exposure and those with continuous exposure
that are structurally related to known carcinogens.

F. The experimental data derived from carcinogenicity bioassay should be
screened and evaluated, especially for those chemicals classified with
sufficient evidence to provide leads on epidemiological studies of
population groups of high cancer risk.

G. Increased emphasis should be placed on detecting interactions between
environmental exposures and personal habits (1ifestyle factors) such
as smoking, alcohol consumption, and dietary patterns or nutrition as
they may impact on cancer induction.

H. Since multiple factors may be involved in the induction of cancer,
special emphasis should be placed on attempts to elucidate those
etiological factors that may increase the incidence of certain types
of cancer.
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Occupational Carcinogenesis

Recommendations

A.

The participating agencies should pool their efforts to support,
strengthen and develop epidemiolgical data resources which are located
in various federal agencies such as the Social Security Administration,
IRS, Census Bureau, and the National Center for Health Statistics,
especially during these times of fiscal constraints. The existence of
available data must be recognized and exploited to generate and evaluate
hypotheses relevant to environmental cancer.

As ongoing retrospective cohort studies were being discused the panel

felt a growing concern with the consistent problem of "loss to follow-up."
In nearly every case this category represented a significant proportion

of the total cohort. 1In one case the fraction lost in this way approached
26%. As long as this difficulty persists it seems unlikely that the
resulting studies, where subjected to "worst-case" analysis, will provide
convincing evidence except in the unlikely event that relative risks are
encountered which approach those for vinyl chloride.

It seems clear that we must, focus our attention on a search for better
ways to follow up the members of such cohorts and that this should become

a major consideration in our future planning. The NCI/EPA/NIOSH collabor-
ation program should utilize interagency cooperation to attack this problem.

The decade of the 1980's is particularly important for the conduct of
occupational and environmental cancer epidemiology studies when consider-
ing both the great surge in (synthetic) chemical production since the
1960's and the usual latency periods of 20 or more years for cancer to
develop. Occupationally related cancer is unlikely to be common event
in those under age 45 due to latency consideration. Special efforts
should be made to look for occupational factors in those with cancer at
age 45 or older. Special attention should be given to examining cancer
trends for specific sites and age groups in the coming years due to
potential effects from the great surge in chemical production since
1960. These analyses must include people of age 65 and older, again
considering latency.

Differences in cancer rates between men and women for non-hormone
dependent sites should be studied for clues to occupational etiologies
given the fact that men tend to have jobs involving greater exposures to
toxic hazards.

There need to be a greater effort to develop additional control groups
for use in occupational epidemiology studies. To the extent that occupa-
tional factors contribute significantly to the overall cancer rates,
using general population control groups is analogous to Tooking at the
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risk of lung cancer in smokers compared to the general population
which also includes a fair number of smokers. Search for "unexposed"
control groups for environmental studies will also be difficult due to
the vast expansion of chemical usage. Collaborative projects should
also be developed around certain methodologies that will provide for
an appropriate set of comparison rates for spontaneous abortions among
working women.

Special efforts should be made to evaluate factors contributing to the
great increase in lung cancer, particularly in women. More considera-
tion should be given to examining the effects of parental employment
upon cancer in children.

More attention needs to be given to control technology and personal
protective equipment related to the prevention of workplace cancer.

More rapid experimental procedures are needed to evaluate the health
effects of occupational and enviromental exposures including cancer.

Occupational studies should make greater efforts to examine minorities,
since these groups often have jobs with the greatest exposure
to toxic hazards.

Additional efforts should be made to routinely include occupational
histories in clinical work supported by NCI.

Attention should be paid to all industries where priority chemicals

may be a component of the process used and ambient exposure levels
should be determined wherever possible.

Planning for Future Workshops

Recommendation

A.

In reporting of progress on various projects, the planners of the
program agenda should allocate less time for presentation of reports
or papers on newly implemented projects. Conversely, more time should
be allocated for progress reporting on projects underway for some time
or soon to be terminated.

It was recommended that Workshops should be scheduled no more than once
every two years with the next Workshop targeted for September 1983.
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PROCEEDINGS

CHAIRMAN KRAYBILL: Please come to order.

This is the second NCI/EPA/NIOSH Collaborative Workshop. We had one last vear
and I think it was a great success.

I would Tike to, at the start, thank all of the committee members
because without their help this program, and none of the planning, would have
been possible. And we want to express our appreciation to Dr. Bridbord, Dr.
Leidel, Dr. Cameron, Dr. Farland, Dr. Galbraith, Ms. Blackwood, -- that
“farmer Kraybill," forget him -- also Dr. Tom Mason for planning most of this
meeting and what you see before you.

We had some misgivings about a week or two ago when we were getting a
lot of calls; we know this room holds at least 250, I believe, but we got a
little nervous that we would have an overflow crowd. You don't see it here
tonight, but I guarantee you're going to see it tomorrow and Friday because we
expanded this meeting from last year. Last year, we only had the Federal
representatives, no contractors; but this year we have the representatives
from the three agencies here, including the contractors who are working on
these projects plus representatives from trade associations, the labor unions,
and I don't know if there will be any press here or not, but the coverage is
quite wide.

So tonight I must apologize, Dr. Adamson and Congressman Martin, for
the attendance we have here but don't gqauge it by what you see here right now
because we're going to have a big crowd tomorrow and Friday.

CONGRESSMAN MARTIN: You just let the word out that I was going to be
here, Herman, and that's what happened.

CHAIRMAN KRAYBILL: Oh, my; I can't top that one.

Anyway, I think we should start immediately because we are late, and I would
1ike to call on Dr. Richard Adamson, who is Director of the Division of Cancer
Cause and Prevention from the the National Cancer Institute, to express the
views of the National Cancer Institute. Dr. Adamson.
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OPENING REMARKS

Richard H. Adamson, Ph.D.
Director
Division of Cancer Cause and Prevention
National Cancer Institute

Good evening. Welcome to the Second NCI/EPA/NIOSH Collaborative Workshop. This
workshop is timely -- today Congress has returned from a recess, the EPA and
NIOSH budgets have been reduced for FY82, a potential move is being contemplated
for NIOSH, and the management of the NCI, is undergoing close scrutiny.

The NCI collaborates with various agencies by a variety of mechanisms including
interagency participation on committees, membership on task forces in response
to legislation, participation at various legislative and regulatory hearings,
various informal mechanisms, providing specific advice, epidemiological or
research data, and of course by pass-through money.

This workshop on environmental and occupational cancer represents another mechanism
for active collaboration on projects between NCI, EPA and NIOSH. In these times

of budgetary reductions and constraints, NCI will work with NIOSH and EPA to
maximize collaboration with minimum investment. In this collaboration, support
funds come from NCI and 50 percent of the projects are NCI-initiated and -monitored
projects which are endorsed by the other participating agencies. However, the
projects developed and planned by NCI, NIOSH and EPA in the areas of environmental
and occupational cancer will receive, beginning this September, concept approval

by the Board of Scientific Counselors of the Division of Cancer Cause and
Prevention project by project rather than as a program in total. Following this
approval, they will receive review and approval by contract review committees.

Under budgetary limitations, NCI has still exhibited a spirit of cooperation

with EPA and NIOSH. The future will dictate to what degree we can sustain these
ventures. Nevertheless, it should be appreciated by our colleagues at the

other agencies that we must work together now to critically appraise all projects

in both programs to achieve high quality relevant investigations from which all may
mutually benefit. One of the major goals of this workshop is to critique current
performance and render advice as to what future directions this program should pursue

To track the progress of these interagency projects, contract progress reports

and annual reports are required. This workshop and the Proceedings developed from
this workshop are, additional means for assessment of program accomplishments.
Concerning the future, a cycle of two years may be adequate for workshops but
contract progress reports and annual reports will still be required.

We look forward to a most successful collaborative program since we should now be
experienced in responding to mutual needs in mounting projects that are relevant,
scientifically sound, and well managed.

Thank you



CHAIRMAN KRAYBILL: I was gratified to hear my Chief's remarks, and I
think they were quite appropriate.

I would Tike to emphasize one point that he made, and this is an
admonition. You recall at last year's meeting we had some superventilation:
I hope we can reduce some of that. 1 know it's democratic to let people qet
up and hold forth for 10-15 minutes, but I would say rather than talk about
each paper, per se, do what Dr. Adamson said here, critique the projects:
what do you think of the quality of the projects, and what kind of projects
should we have in the future, and which way should we direct our projects?

I think if we have a aood program we have good projects. I think it
will make the Cancer Institute far more comfortable in collaborating. Am I
correct?

DR. ADAMSON: I think that's correct.

CHAIRMAN KRAYBILL: Now our next speaker will be from the
Environmental Protection Agency, Dr. John Hernandez. Dr. Hernandez, please.
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Opening Remarks by Dr. Hernandez to the
Second Annual Collaborative Workshop

It is with great pleasure that I am here to participate
in the opening of the Second Annual Collaborative Workshop on
Environmental and Occupational Cancer. This effort is an
example of the type of collaboration we will need more of in
the future if we are to obtain the greatest possible return
from the limited Federal research resources available.

In the past, each Agency generally proceeded solely
within the framework of their mandates. There were sporadic
cooperative efforts, but these were mostly by individual
scientists who collaborated informally with colleagues in
other agencies. There were also times Qhen individual Agencies
"contracted" with other Agencies for specific tasks. The
problem was that these efforts were often narrow in scope
and too specific to foster continuation.

As time passed, it became evident to our scientists
and political leaders (1) that the talents in the various
Agencies were not being utilized to the fullest; (2) that
we could improve our overall scientific achievements by
improving interagency cooperation, and (3) that we had many
scientific and regulatory problems which could best be solved

by full and formal cooperation.



From this realization sprang such cooperative efforts

as were embodied in the tasks of:

a. the Task Force on Environmental Cancer and Heart

9

and Lung Disease
b. the Interagency Technical Committee on Heart and Lung Disease
c. the Interagency Regulatory Liaison Group (IRLG)
to mention just three EPA interagency cooperative efforts.
In keeping with this group of cooperative efforts are also
the endeavors we will hear about in this, the second, collaborative
workshop on environmental and occupational cancer. All these
efforts, though young in age, have been important and have
already resulted in many good things. The results we have
obtained would have taken longer and been more costly had we
pursued only our own narrow interests.
Through the Task Force on Environmental Cancer and Heart
and Lung Disease the annual reports prepared for Congress
point out progress we have made, as well as problems we still
face. We present a common stance in our continuing effort to
inform the public and Congress about environmental causes of
cancer and heart and lung disease. This Task Force has also
produced workshops which educate the various health professions
on the environmental causes of heart and lung diseases and

devised better ways to educate the various health professionals.



Together we utilized our talents to resolve the educational
gaps which existed and then, together with the academic and
industrial communities, set about to accomplish the necessary
education of health professionals.

Through the joint effort of scientists, lawyers, engineers,
and others, common testing strategies, common testing guidelines,
and other combined common needs are in the process of coming to
fruition. Not only will this help simplify the regulatory
requirements stipulated by Agencies such as EPA, but it will
also save industry countless dollars by their knowing what
tests will be needed by the various Agencies, how to conduct
them, and most of all that a test protocol followed for one
Agency will be accepted by another Agency.

Another benefit derived from these cooperative efforts
is that we in EPA have had to reevaluate and think deeply
about our own work, its direction, quality and where it will
lead us. With the realization (1) that we cannot achieve our
individual Agency goals alone, in a way which is efficient,
economical and comprehensive, and (2) that cooperation in our
varioius specialities can only be strengthened by poolihé our
common talents into an effective effort where our interests
overlap.

A sound beginning has been made in all these areas I have

mentioned. This was evident from the results presented during



the first workshop of this collaborative group and from what
I have indicated above. I am sure our expectations will be
verified by what we will hear later in this second workshop.

From these cooperative efforts, which have been in effect
for only 2 to 3 years, the realization has been strengthened
that we must continue and build on the cooperative successes
made to date. Efforts such as this provide a forum through
which scientists in the various Agencies become familiar with
the programs of other Federal Agencies and provide research
planners with information which helps eliminate duplication.

A mechanism is also provided through which a regulatory Agency
can make its needs known to a basic research organization and,
of course, the program provides resources to accomplish tasks

pertinent to the missions of the concerned Agencies.

It is of paramount importance that EPA policy-makers have
scientifically accurate information available when making
regulatory decisions. For this, we rely on research and
development. However, EPA research and development resources
are limited and those available are directed to meet needs
which are not or cannot be met by other Agencies. It is hoped
that through mechanisms such as the NCI/EPA collaborative
program on environmental carcinogenesis that EPA will receive
support in scientific areas in which we have limited or no

capabilities. Work in areas in which EPA has established
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resources should result in greater success than can be attained
by either Agency working alone.

A review of the second annual report of projects supported
by the NCI/EPA collaborative program reveals that this objective
is being partially met in epidemiology. EPA does not have
the epidemiological resources that are at times required to
fulfill our mission. 1In the future, we will rely more heavily
on the Department of Health and Human Services for epidemiological
support and the NCI/EPA collaborative program on environmental
carcinogenesis will play a significant role in this regard.

I was also pleased to learn that this program has played
a significant role in tying together research efforts by
various Agencies evaluating carcinogens, mutagens, and teratogens
in aquatic animals. Collaboration in this area has resulted
in a product pertinent in the missions of each Agency and has
required less resources than would have been necessary in a
non-collaborative effort.

I am confident that the exchange of information and ideas
that will occur tomorrow and Friday will effectively enhance
work in these and other research areas of mutual interest to
NCI and EPA. I look forward to seeing the proceedings and
learning of the achievements resulting from this workshop.

Thus, we have a great deal of work ahead of us which
must be done more efficiently and effectively if we are to cope

with diminishing resources in funds and trained scientists.
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‘The only recourse seems to be that we, in the future, must
increase and strengthen our collaborative efforts. We in EPA
are prepared to do this to the best of our ability.

It is my understanding that the working relationships
between the NCI Director and the Director of the Division
of Cancer Cause and Prevention and his staff and EPA staff
has been excellent in the past. I would like to express my
appreciation to Drs. Devita and Adamson and say that I look

forward to a similar relationship in the future.

Thank you and good luck in your work in this workshop.
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CHAIRMAN KRAYBILL: Thank you, Dr. Hernandez.
Speaking of the Task Force Report, I think it's time that we show our

zppreciation because we received the support from Dr. Millar, Dr. Adamson, and
you, Dr. Hernandez. A1l of the agencies signed off, and we appreciate that.

Our next speaker presenting the views for the National Institute for
Occupational Safetv and Health, and the Director of the Institute is Dr.
Donald Millar.

Dr. Millar.



INTRODUCTORY REMARKS

Dr. Donald Millar
Director
National Institute for Occupational
Safety and Health
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PRESENTATION OF DR. DONALD MILLAR
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

DR. MILLAR: Thank you.

I appreciate the opportunity to be here, as well. I am newly
appointed over at NIOSH, and must say the first day at the office I pulled a
drawer open in my desk and there was a bullet in there, and I looked at that.
You know, I'm sort of from down in the country, and this puzzled me a great
deal. I stood there and pondered it for a number of minutes trying to figure
out just what this was. One of the staff people was sitting over at the side
and said, " Look at him, he dosen't know whether to bite it or shoot it."

But I am happy enough to be part of this particular program. I think
this is a collaborative effort that we can all be quite quite proud of.

If you look at the causes of death, of premature death of Americans
today, the top three causes of premature death are heart disease, cancer, and
accidental injury. And we don't have data that are that good for the
workplace, but I think it's safe to say that in terms of the contribution of
occupation to that we are probably looking at cancer and accidental injury as
the real role of the work place in premature mortality. So this collaborative
effort hooks right into what is really a major health problem in the country.

I am reminded that, for instance, last week one of the bigger issues
we were dealing with in the media were the issues surrounding what the
government's responsibility is in informing workers that are known to be
exposed to high risks of carcinogenic compounds. This issue is far from
resolved and it will be on our plate at NIOSH for quite awhile; but I think it
emphasizes the fact that the issues that are being dealt with here are indeed
important issues with very considerable relevance to the health of the public.

We are very pleased to be part of this effort in another sense, as
well, because we have been very direct benefactors since Fiscal Year 1976. 1In
fact, NIOSH has been provided $17 million to carry our research related to
cancer and the workplace, and as a direct consequence we have been able to
complete, or initiate between 60 to 70 projects. These projects have
materially assisted us in our program to identify and reduce the risks of
carcinogens in the workplace, and I can only say that I'm sorry that the
realities of the recent past and immediate future suggest that this is a
declining figure because we have found it very useful.
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We have 24 projects continuing from Fiscal Year '80, and we had
planned to engage in four new ones in Fiscal '8l. Only three of those
actually will have been initiated in Fiscal '8l. But indeed, we consider this
an important part of our ongoing research activity.

I had intended to review some of the highlights with you, but I think
I will not do that because many of these are covered in the program itself.

I would, instead, like to refer briefly to what I think are some of
the advantages that NIOSH brings to this collaborative effort, I think there
are some things that we can do, and some advantages that we have that perhaps
are not found elsewhere.

We do have a thing called the right of entry into the American
workplace, which is assured us by law, which I think enables us to engage in
some investigations which would not otherwise be available to people in this
field. Also, I think we have a very unique combination of the sciences and
skills of epidemiology and industrial hygiene so that we do have the
opportunity to look at dose-response relationships perhaps in a way that is
different from other settings.

We also have an interest in control technology, which means that we
can, in fact, test and evaluate methods of intervention in the workplace
setting to determine what, indeed, the effects or reducing levels of exposure
might be over the long haul.

And finally, I think in my immediate prior assignment as Director of
the Center for Environmental Health at CDC, I became very aware of the fact
that the information that NIOSH generates in the workplace has very great
relevance to the population as a whole in a way that would not be possible
without investigations conducted in the workplace.

So we think we have an important set of assets to contribute to this
collaboration, and we certainly look forward to being active in it in the
future.

We recognize, as Dr. Adamson has already referred to, that times are
getting tough, and that the competition for scarce dollars in research will
become ever more keen, at least in the foreseeable future. We think that
indeed, this, as he suggested, is an even more pertinent reason for
collaboration and cooperation than we have had in the past, and we would very
much Tike to see this collaboration intensified. We have some specific
notions on that. We would like, for instance, to have more joint project
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officers involved. We would like to continue joint program planning. We
would like to contemplate actual exchanges of scientists between NIOSH and the
other agencies involved; and we would also like to explore, perhaps with other
aspects of the National Cancer Institute, programs that might be interested in
collaborating with us in other areas, specifically control technology and
protective equipment.

So without further ado, just let me say that we are happy to be part
of this. It is an important part of our program, and you can rest assured
that we will be eager to participate in the future.
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CHAIRMAN KRAYBILL: I particularly appreciate your remarks, Dr.
Millar. One of the things we tried to stress, and I'm glad to hear you say
it, in a collaborative program we must -- Tet me emphasize must -- have
project officers on both sides, and I don't mean just in print, but in the
true spirit of collaboration that they talk to each other,

I must admit that I don't know as much about the NIOSH program, and I
was reminded of that when Dr. Adamson called me one day and said something
about it, and I said, "Well, it's in good hands." And I think Dr. Cameron has
done a good job of coordinating and working with the NIOSH group, and I think
we've seen some big changes in that collaborative program, and a lot of thanks
go to you, Dr. Cameron.

The next speaker will be the Congressman. When I talked to
Congressman Martin, or Dr, Martin, I said, "You know, vou've been at meetings
before that we had, and we think a 1ot of you. You've done a superb job; but
I wonder if it wouldn't be a good idea to have some representatives from both
parties of the House, so to speak."

Well, I don't know how he took that, whether he nodded approval to
it, but I said, "Maybe we ought to have two Republicans--Congressman Martin is
a Republican from North Carolina--and two Democrats. So we invited two
Democrats and two Republicans, and it happens that the two Republicans are
both Ph.D.'s, Dr. Ritter, and Dr. Martin. I don't believe Mr. Brown is a
scientist.

PARTICIPANT: Yes, he is.

CHAIRMAN KRAYBILL: So we were tryina to show that we weren't just all
on the Republican side.

A1l right, without further ado then, I'd like to introduce
Congressman James G. Martin, from the State of North Carolina, formerly
Professor of Chemistry at Davidson College. And believe me, fellows, he knows
what he's talking about. He's a scientist like we are, so don't try to pull
the wool over his eyes. Dr. Martin--Congressman Martin,
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INTRODUCTORY REMARKS

The Honorable James G. Martin
U.S. House of Representatives
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STATEMENT OF
CONGRESSMAN JAMES G. MARTIN
AT
2ND ANNUAL WORKSHOP ON NCI/EPA/NIOSH COLLABORATIVE PROGRAM ON
ENVIRONMENTAL AND OCCUPATIONAL CARCINOGENESIS
SEPTEMBER 9-11, 1981, ROCKVILLE, MARYLAND

I do enjoin you, Dr. Kraybill, let's go easy on the farmers. They've got
enough problems these days.

I do want to thank you for the invitaiton. I'm a little sorry that my three
colleagues weren't able to be here this evening. Normally, I'm not in a
position to be able to speak for my colleagues. We do have both partisan and
ideological divisions across the House and the Senate. If you thought you
had it right the way the House is going to act, you still have the Senate to
contend with, and, of course, there have been some profound changes there.
Nevertheless, my colleagues are not here and so tonight I am going to presume
that I will be speaking for them and 1f they don't like it they should have
been here,

I had the privilege a couple of months ago of participating in a similar,
somewhat related seminar, or workshop on cancer and heart and lung disease,
Both the preparaiton for that, and also looking to see

what the minutes indicated had. transpired during the session, compelled
me to read a series of reports \that, let's be honest about 1it, I might
otherwise have missed. Of course, that is the beauty of what you are doing,
and being asked to do with these collaborative efforts, the workshops, the
projects, the programs that you are undertaking. It not only brings- people
together from different disciplines, it even beings people together from the
same disciplines, but who are with different agencies, and different program
goals.

I think it helps all of you if you are better informed, each of what the other
is doing, whether it be the National Cancer Institute, or the National
Institute of Occupational Safety and Health, or the Environmental Protection
Agency. 1 believe this is what Congress intended in 1976, and then in 1977
in providing for the set-aside of funding for these joint ventures. Frankly,
I'm amazed that Congress had that good insight.

You know, 1f you are familiar with the legislative process itself, then you
know the o0ld story about how it's very much like the process of making sausage.
The more you know about how it's done the less appetite you have for the
product that comes out of it.

I don't think I have to tell you the importance of this collaboration. I
have mentioned the cross-fertilization aspect of it, the sharing of personal
insights and information, the emphasis on coordination rather than the dupli-
cation of inquiry that results from not knowing what's going on in a related
camp.
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Surely, each of the agencies represented here this evening has 1ts own
different legislative perspective. You have different regulatory objectives;
you have different guidelines, different grounds, different standards that
you've become attached to in the past, and yet it's clear that the incidence
of cancer, whether arising out of occupational exposure or environmental
exposure, or personal day-to-day habits, whether living, working, or playing,
or what it might be, is equally of concern to us as a nation and to you as
responsible agencies in these fields.

These, I think you will agree, are exciting days for the kinds of studies
that you are undertaking because people are beginning to unravel and to reveai
some of those innermost secrets of the human cell, and of cells of other
animals as well., We are beginning to learn a bit more about the DNA damage
and repalr functions, about the immune functions, about the role of metabolism
both in changing an otherwise harmless and useful substance into a dangerous
one, or the reverse, detoxifying.

The role of promoters, of irritants, of cocarcinogens, or precarcinogens,
and even the psycological effects seem to be very important factors.

It was just a few years ago that Congress faced a somewhat bleaker uncertainty
about cancer cause and effect, mechanisms, and processes. It enacted the
Delaney Clause, an absolute zero risk standard, which said that any artificial
additive to the food supply would not be permitted as safe if it were found
to cause cancer 1in any reliable experiment. This limitation was imposed
without regard to dose effects, without regard to negative evidence, without
regard to benefits, without regard to relative risk, without regard to anything
except one reliable line of evidence that the substance could be dosed to a
level that would produce tumors in a reliable experimental framework,

Today people are beginning to raise questions about this absolutist standard
and about efforts to extend it to the workplace and to the environment. We
challenge the policy that would result in banning from the workplace and
environment all chemicals except those which are such toxic poisons that you
can't dose the experimental animals at a high enough level long enough to
produce tumors.

Today people are beginning to ask questions about the regulation of low doses
of hot substances, and higher doses of relatively weak carcinogens. They
are beginning to ask questions about the meaning of massive maximum tolerable
dose, and about how you translate that to the effect of doses that humans,
even those who work with the substances at a higher exposure, are actually
exposed to today, not just 20 years ago in the shipyards, but today in
various ways. They are asking questions about what proper regard should be
given to offsetting considerations of the cost of removal, of the availability
of alternative substances, of the benefits both from a health standpoint, a
nutritional standpoint, even the standpoint of the very important public
personal responsibility of being able to make one's own choices about one's
lifestyle.
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I think we are going to be better equipped to address these questions
legislatively over the next few years as this science base continues to
evolve, and as it continues to be shaken through the scientific mechanisms
that you deal with; and as it continues to be shared so that not only do you
have the benefit of other insights, but you have the benefit of critical
questions that are raised perhaps from outside of your agency that might not
have been raised from within,

Today people are beginning to ask more questions about relative risk concepts
as opposed to absolute concepts. To answer these questions we must rely on
the work that you are doing, such as studies of the statistical base that is
available from Public Health statistics, the epidemiological studies that one
of your sessions will be devoted to - I believe that's tomorrow's subject -
as well as the use of animal testing and cultures for predictive studies that
can help us in less expensive ways to determine which substances are carcino-
gens. We need a better understanding of the mechanism of various classes of
carcinogens; how potent they are, and what that has to say about the levels
that humans are actually exposed to.

Your working sessions tomorrow and Friday are the heart of this collaborative
process., I have had an opportunity to scan the preprinted abstracts that you
were kind enough to provide me with., 1It's obvious that you have a good
program., I couldn't help but entertain some curiousity though about the last
page where it shows that the program subject for 2:30 p.m., right after the
break, is "Coffee and Concurrent Discussion Groups on Future Directions.” I
wasn't sure whether the subject matter was the toxicity of coffee, or whether
the beverage was merely a mode of stimulating discussions on some other concern
that you might have. It will be interesting to see how that all works out.

So I commend you, and even your colleagues who couldn't leave their laborator-
ies this evening to be here, but who should be with us tomorrow and Friday.
What you are doing here in these sessions, and in the funded projects them-
selves, will be the proof of whether the legislative judgment was wise, and
whether the purpose of that judgment can be fulfilled through these kinds of
mechanisms and if so, how to expand them so as to include a wider audience.

I will say to you that personally I am impressed with the quality of the
reports that have been issued from previous sessions of this and related
groups, and I hope that you will continue to benefit from the opportunity,
from indeed the direction that has been given for these projets, and these
collaborative programs.

Thank you very much.
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CHAIRMAN KRAYBILL: Thank you very much, Dr. Martin. I was reminded
about the first Congressional hearing I attended hack in the 50's, and I was
scared. The Surgeon General of the Army said, "We will fly you in from Denver
and you have to make the presentation for us." So they got me up like a
student and drilled me, and drilled me, and I had to rehearse everything I
said, and they checked all my charts and everything to be sure they were
letter perfect and that I said the right thing.

What I'm stressing here in Dr. Martin's case because he is a
scientist he is aware of our program., I would recommend to you that you read
scme of his papers. He has presented papers at the American Chemical Society

meetings, and he has written some good philosophical treatises, I would say,
in carcinogenesis.
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OVERVIEW
H. F. Kraybill, Ph. D.
Scientific Coordinator for Environmental Cancer
Division of Cancer Cause and Prevention
National Cancer Institute
The collaborative programs on environmental and occupational cancer, conducted
through interagency agreements between the National Cancer Institute, the Environ-
mental Protection Agency and the National Institute for Occupational Safety and Health,
had their inception in 1976 and 1977. The U. S. Congress and the Office of Management
and Budget noted that public attention was drawn to the number of potential environ-
mental and occupational carcinogens. While each agency, through legislative authority
and program planning, was developing research programs to identify and classify the
various environmental and occupational carcinogens, it was at that time deemed
advisable by the U. S. Congress and the Office of Management and Budget to require
some interagency collaboration to more effectively carry out the national goals toward
prevention of cancer. This was not surprising in that the U. S, Congress has traditionally
encouraged close collaboration and coordination between Federal agencies in mutually
supportive roles to prevent duplication and reinforce each agency's goals. Broader
vtilization of staff capabilities, expertise, and facilities also enhance overall perfor-

mance.

The original request imposed upon the National Cancer Institute stipulated the use and
sharing of NC!| funding--a provision that dictated that neither agency could utilize the
funds unless the program and projects were mutually sponsored and worked on conjointly.
Since this earlier period, the National Cancer Institute has elected to maintain this spirit
of cooperation and collaboration with EPA and NIOSH. While the NCI/NIOSH program
has been supported on a year to year basis, the interagency agreement between NCI and

EPA was originally approved from June 22, 1978 to June 22, 1984, This document
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carried the signatures of the Director of the National Cancer Institute and the
respective operational units at EPA, specifically the Office of Toxic Substances and the
Office of Research and Development. The dollar ceiling imposed on both collaborative
programs was $4 million each with no inflationary escalation in funding since the original
initiation of the program. It should be emphasized, however, that only part of the total
funding, about 50 percent in the case of the NCI/EPA collaborative program, is
transferred to EPA. The other 50% is used to support NCI initiated projects. There has
been a diligent effort with both programs to have project officers from the initiating
agency with a coproject officer from the other agency to insure that each project
reflects the ultimate in mutual planning, direction and supervision so that the maximum
interests of each agency are fully realized. The coordinators and advisory groups
involved in the supervision and guidance of each program are continuously striving to

improve the mechanisms of collaborative planning and supervision.

Under both interagency agreements all new and/or proposed projects and extensions of
projects requested must receive a "concept" review by the Division of Cancer Cause and
Prevention's Board of Scientific Counselors whether they are NCIl, EPA or NIOSH
initiated. Prior to such a |:eview by the Board, or concurrently with the Board review,
each project is reviewed by Advisory Groups consisting of senior program staff from NCI
and EPA for the NCI/EPA Collaborative Program. A similar review mechanism exists
for the NCI/NIOSH Collaborative Program. This review by the Advisory Groups is
designed to assess the overall merit and technical relevance, need and priority of each

project which is proposed.
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The number of projects under each collaborative program vary from year to year
dependent upon new projects irﬁroduced, projects terminated and, more significantly, on
the magnitude of funding per project. For example, the NCI/NIOSH Collaborative
Program in one year had 71 projects whereas the NCI/EPA Collaborative Program had 20
projects in a specific year. Over three years, a total of 35 projects have been supported

under the NCI/EPA program.

As to monitoring of these collaborative programs, each project officer along with the
coproject officer requires progress reports and makes site visits, periodically, to discuss
current progress and future directions which are consistent with original workscope
authorized in the approved contract. Biannual and annual reports are required and, for
the second year now, under the NCI/EPA Collaborative Program, the Annual Report
consisting of progress reports for each project has been published and disseminated in
300 copies to NC! and EPA staff and representatives from other agencies. Another
instrument for monitoring the achievements in both these programs is to have workshops
and this is precisely why we are here today. These workshops facilitate analysis of
programs and evaluation of projects as well as provide advisory viewpoints as to future
emphasis and directions. We hope that this second workshop will again succeed in
meeting these objectives. Additionally, the Proceedings which are published from this
workshop and the previous one are another resource for all concerned to trace the

achieverments and the overall performance of these cooperative projects.

In our first workshop we had participation and interfacing among program staff and
project officers from NCI, EPA and NIOSH and a few contractors. This year we have
expanded the participation to include most contractors and representatives from other

agencies plus invitees from trade associations, universities and various research insti-



tutes and members of the general public. We hope this orientation and session
discussions by participants will be useful. The concurrent sessions scheduled during the
two days of this workshop should provide an opportunity for responding to the objectives

we set forth in the conduct of this workshop.

In essence the areas of emphasis in either of the two collaborative programs are

essentially encompassed under four categories as follows:

Q) Information/Monitoring and Data Resources
b)  Experimental and Mechanistic Studies
c)  Methods Development and Approaches

d)  Epidemiological Studies

We hope that all participants at the workshop will identify with these areas and select
the concurrent session they will attend. Discussions on methods development/monitoring
and information/data resources will be included under concu-rren'r sessions A and B
although the titles specified in the agenda do not include specific reference to those

areas.

For future directions and planning, we would appreciate your candid remarks relevant to
this workshop such as: a) Frequency of workshops (12-18 months, etc.)? b) Value of
agency interchange of views on various projects? c) Format of agenda both in coverage
and time alloted per presentation? d) Length of workshop - 2 or 3 days? e) Type of

participation by outside groups? f) Other miscellaneous comments on the workshop.
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We look forward to a successful workshop and, through your participation and support,
we believe that this objective will be achieved. The Organizing Committee wishes to
express their thanks and appreciation for your efforts in this second workshop. We have
a compendium of abstracts available and, in due course of time, Proceedings of the

Workshop will be made available.
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CHAIRMAN KRAYBILL:

We hope the orientation and session discussion by participants will
be useful. The concurrent sessions scheduled during the two days of this
workshop should provide an opportunity for responding to the objectives we set
forth in the conduct of this workshop.

In essence, the areas of emphasis in either of the two collaborative
programs are essentially encompassed under four categories as follows: (a)
information monitoring and data resources, (b) experimental and mechanistic

studies, (c) methods development and approaches, and (d) epidemiological
studies.

Now, I find in looking over the final program that we made some
slight slip-up. Last year we had these four categories encompassed in
concurrent sessions, so I would plead with the session chairmen to be sure to
encompass these four categories in their sessions and discuss it quite freelv
because we only have listed here experimental studies and epidemiological
studies. So you will have to cover methods development and approaches, and
information monitoring and data resources.

We hope that all the participants at the workshop will identify with
these areas. You have the chance if you haven't already, to indicate what
session you want to go to, and select that concurrent session.

Discussions on methods development, as I said, and information
resources will be encompassed within sessions (a) and sessions (b).

For future directions and planning we would appreciate your candid
remarks relevant to these workshops. Frequency of the workshop -- and Dr.
Adamson, I think helped us out here. He indicated 18 months or two years, so
I think that makes sense, so that's what we will titrate toward in the future.

As to format of the agenda, both in coveraage and the time allotted
for presentation, the Committee drew this up. So if you think two days is not
Tong enough, we should have had it for three days; if you think ten minutes is
too short, that fifteen minutes would be better, we would welcome your
comments, please, because we can benefit from your suggestions.

The type of participation bv outside groups, how free should we be

about this? Any other comments that you may have on the workshops, would be
welcomed

The Organizing Committee wishes to express their thanks and
appreciation for your efforts in the second workshop.
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We have a compendium of abstracts available, and in due course of
time the proceedings of the workshop will be made available. We have somebody
helping us this year.

We are going to have it all taped tomorrow and you will qet your
version for you to edit. Please get it back to us promptly.

So with that I'11 say that concludes our introductory session for the

workshop this evening and we will see you here tomorrow morning bright and
early.

Congressman Martin, if you'd like to join us Thursday and Friday, I
know you have a very busy schedule, but if you want to drop in and see how
it's going why we'd sure be glad to have you.

CONGRESSMAN MARTIN: Thank you, sir.
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PROCEEDINGS

DR. KRAYBILL: May we come to order please? I don't see the 250 to
300 people we were supposed to have but I guess some will be coming in. I
would like to make a few announcements before Dr. Fraumeni starts his session
because the chairmen and the concurrent group session chairmen have asked
about how we are going to handle the communication system on making an
analysis of the various programs and how we summarize the main points that are
brought up concerning the projects, that is, whether these projects are
meeting their objectives and what sort of modifications of the projects might
be in order. That is the first point.

A tougher issue to deal with is what future directions we can take,
particularly because some projects will phase out this year; some will phase
out next year. And what areas have we not covered in the area of
environmental and occupational cancer; what kind of projects should NCI, EPA
and NIOSH have that will bring to bear upon the program?

This puts a heavy responsibility on the session chairmen, as well as
the chairmen of the concurrent sessions. So we devised a scheme here, either
for better or worse, I don't know, that may come to grips with this problem.
We have outlined more or less a pyramiding system for the chairmen, the
chairpersons, of the concurrent sessions.

We ostensibly have six chairmen for both days, and I can read those
off: Dr., Fraumeni, Dr. Burton, Dr, Bridbord, Dr. Yodaiken, Dr. Morris and Dr.
Saffiotti. And then the plenary session chairpersons are Dr. Marland and Dr.
Adamson.

Now, I was advised this morning that a more efficient mechanism might
be to have the concurrent session chairmen, that is A and B for both davs,
synthesize from their sessions some of the salient points. There may be only
two or three major points, so be it. The chairmen of concurrent session A and
B would then funnel their remarks to the chairman of the plenary session. Now
I have thoroughly confused vou I guess.

Let me read them off: Dr. Spirtas, Dr. Yodaiken, Dr. Mason, Dr.
Galbraith in the area of epidemiology; Dr. Cameron, Dr. Weishurger, Dr. Cooper
and Dr. Farland, in the experimental area, would have to take some prettv good

notes and make a summary or synthesis of what was discussed and what went on
in their session.

Is there any question? Do you understand the system because a 1ot of
people asked last night how it would be done. Do I see any hands?

A1l right. That's the way it will be done then. For today's session
at the end of today Dr. Marland will be the plenary session chairman and if
you prefer to meet with these people today during the coffee break or at lunch

hour, you can talk to those. You have three chairmen and you have four
concurrent session chairmen,
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I want to make it democratic if you can devise a better scheme,
please do so. But that system might work,

The second comment is, we've been asked that all you people, when you
get up and you make a comment, please give your name and affiliation. If you
don't give your affiliation, we have the registry and we can get it from
that. But please give your name because that is the only way we can record
who said what for our proceedings. Then you will get a copy of the transcript
to correct your comments because what you say orally doesn't always look like
what you'd like to see in print. So you have a second cut at putting it down
the right way. Thank you very much.

DR. FRAUMENI: The first session then deals with epidemiological and
statistical matters. We are fortunate to have a strong lead-off batter in
Linda Pottern who will present the study on lung cancer in communities with
nonferrous smelters. The co-project officer is Dr. Carl Hayes, and the
project has been done in conjunction with Lehigh University.
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A Case-Control Study of Lung Cancer Near Zinc Smelter:
Prelimary Findings

Linda M. Pottern, Linda E. Morris, William J. Blot, B.J. Stone, and
Joseph F. Fraumeni, Jr.

Introduction

A case-control study was undertaken in an industrialized area of
eastern Pennsylvania, to evaluate the relative contributions of
occupation, smoking, and environmental pollutants to lung cancer
risk. Located in this area are a large zinc smelter and a2 major
steel producing facility.

Methods and Data Collection

Subjects for the study were identified from a computerized mortal-
ity tape supplied by the state of Pennsylvania. The cases consist-
ed of Northampton and Lehigh County residents wio died of lung
cancer during the years 1976-1977, and Carbon County residents who
died of lung cancer during the years 1974-1977. Those subjects who
were diagnosed orior to age 30 or after age 79 were excludad.
Controls were randomly selected from other causes of death exclud-
ing lung diseases and suicide, and were matched to the cases on
year of death, usual county of residence, sex, and age at death
(within five years). All cases and controls were white.

A total of 447 lung cancer cases and an equal number of controls
were identified. Information was obtained from the next of kin of
430 cases (96.U4%) and 426 controls (95.3%). Field oparations were
conducted through a support service control with Lehigh Univers-
ity.

The medical racords of the lung cancer ¢3ses were reviewed for
verification of the diagnosis, including the histologic type, site
of the tumor, and methods of confirmation. Thirteen cases were
found to be incorrectly classified. Two additional cases with
questionnaire responses of poor quality, and 4 controls who had a
history of lung cancer were deleted from the analysis. The final
study pooulation upon which the analyses were based consisted of
837 study subjects.

Preliminary Results

Males represented 80% of the study population (335 cases and 336
controls) and females 20% (81 cases and 85 controls). The average
age at death for males (63 years) was greater than that for females
(61 years) and similar for both cases and controls. The county of
usual residence as stated on the death certificate was Carhon 19%,
Lehigh 43%, and Northampton 38%. Male cases had less post high
school education than male controls, whereas female cases graduat-
ed from high school and 1ad a post high school education more often
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than female controls. This is in agreement with social patterns in
which educated women tend to smoke more than women with less educa-
tion while the reverse seems to be true for men.

The prelimiary analysis focused on three factors: cigarette smok-
ing, occupational exposure, and residential exposure which may
influence the risk of lung cancer in this three county area. Cases
started smoking at an earlier age than controls and females
started smoking aoproximately 5 years later than males. Males
showed a3 clear trend of increasing risk of lung cancer with
increasing number of packs of cigarettes smoked per day. Risks for
females were also elevated, although they showed a less consistent
trend with regard to the amount smokad.

To examine work exposures for males, relative risks were calcu-
lated according to whether they were "ever" employed in an indus-
try and whether it was their industry of "usual" employment. For
"eyer" employment, the risk was elevated for the steel, smelter,
transportation manufacturing, and chemical manufacturing indus-
tries. For "usual" employment, the risk was elevated for the
following industries: construction, steel, manufacturing, and
smeltering. The greatest risk was seen for those subjects who
worked 15 or more years in either the steel or smelter industry.
Future analyses will simultaneously take into account the effects
of occupation and smoking.

A lifetime residential history was obtained on each study subject.
Each residence reported within the three county area was assigned
grid coordinates. Environmental measurements were taken in the
three county area and also were assigned grid coordinates. Future
analyses will involve calculating lung cancer risk according to
distance from the smelter and the stzel company, and according to
the levels of various pollutants in the air measured by the state
of Pennsylvania. Lung cancer risks will also be calculated accor-
ding to levels of arsenic (a known by-product of zinc smelting,
lead, zinec, cadmium, and manganese measured from soil samoles
obtained by Lehigh University.

The calculation of eanvironmental exposures will involve creating a

model to take into account the available pollutant 4ata, wind
direction, and topography of the area.
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DR. HELLMAN: Are you able to examine the relation between chronic
pulmonary disease and lung cancer?

DR. POTTERN: We have checked chronic lung disease history in over 90
percent of the lung cancer patients. So we do have a history of that. We
also have checked if the next of kin has said a control had a chronic lung
disease in the questionnaire, or it might have been mentioned on the death
certificate. We went back and reviewed the control records to check if they
really had chronic lung disease. So that is one of the factors we can look
at. But that's all we really have.

DR. HELLMAN: I also wonder about the progression of the disease from
the point of view of possible immunological interactions.

DR. POTTERN: We don't have that information. Probably we might
have, you know, when they were first diagnosed, and, of course, we have that,
we could look at that. But that's about all we have on the patients. Since
it was a next-of-kin study and working through death certificates, it was too
difficult to get the past history.

DR, CARNOW: You mentioned a variety of particulates. I am assuming
that you are going to be measuring polycylic aromatic hydrocarbons, or are you
only going to measure gross particulates. If you are looking at smelters and
steel mills as possible carcinogenic sources, it would seem to me that it
would be very useful to do that.

DR. POTTERN: Well, we will only be able to look at the gross.
DR. CARNOW: You will only be able to look at the gross.
DR, POTTERN: Yes,

DR. CARNOW: T think that's very unfortunate since benzene soluble
particulate levels, including levels of BAP and other carcinogens is critical
in examining relationships between air quality and the incidence of cancer.
In the studies carried out by us which appeared in the National Academy of
Science document on particulate polycylic aromatic hydrocarbons and lung
cancer, we found a relationship between levels of benzene soluble particulate
and lung cancer, but did not find any sianificant relationship when we
examined gross particulate.

DR. POTTERN: Oh, we will be able to get some of the other measures
probably from the soil data that we have. I don't know.

DR. CARNOW: Well, again, I believe that there are two measurements
that are important. In preliminary examinations around South Chicago, we have
found a high degree of variability of levels and distribution of PAHs. This
may be because of the variation in the kind of process that is being used in
various operations.

DR. POTTERN: Yes.
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DR. CARNOW: And I think that levels of respirable particulates would
also be very important to have, at least making a determination of a
percentage of the particulate which is 5 microns or less.

DR. POTTERN: Yes. This was state data that was already obtained. 1

will look into it in a bit more detail to see if they have it broken down any
more.

DR. CARNOW: I think in Allegheny County for example they did and
they may have such data in other counties also.

DR. POTTERN: Yes, I will check that.

DR. FRAUMENI: Are there any other questions? Thank you, Linda. The
next paper is entitled Mortality and Industrial Hygiene Study of Workers

Exposed to Styrene, by James Beaumont, NIOSH; the co-project officer is
Michael Crandell,
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Styrene was first discovered in the nineteenth century, although it was not
until the late 1930's that a high purity styrene monomer was manufactured
commerci.ally.1 Today styrene is used extensively in the manufacturing of
plastics, synthetic rubber and reinforced plastics. NIOSH estimates that
50,000 workers have potential exposures to styrene. Occupations with

potential styrene exposure are shown in table I.2

Styrene, also known as vinyl benzene, is an unsaturated, aromatic monomer.
It is a colorless liquid with a molecular formula of Cglig and a

molecular weight of 104.14. Unlike other aromatic hydrocarbons such as
toluene, the xylenes, and ethyl benzene which occur naturally, styrene and
its oxide are produced synthetically. The most widely used method of
manufacturing styrene is by alkylating benzene with ethylene in the presence
of a catalyst to form ethylbenzene. The ethylbenzene is then dehydrogenated

to form styrene.3

Styrene acts primarily as a narcotic and an irritant of the skin and mucous
membranes. It may be absorbed into the bloodstream via all routes,
including ihgestion, inhalation, or absorption through the skin. In
industrial settings, inhalation of vapors and mists and skin contact with

Lo 4
the liquid are the most common modes of exposure.

Styrene's odor threshold is about 10 ppm and concentrations greater than 100

ppm are regarded as having a very unpleasant odor. Transient irritations of
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the eyes, nose, and oral cavity may develop when concentrations exceed

100-200 ppm and coughing may occur around 500 ppm.5’6

Styrene is a known neurotoxic and hepatotoxic agent. The neurotoxic effects
. . . 7
are well recognized and have been demonstrated in animals, such as rats ,

mice8, and guinea.pigs7; and in humans, in both experimentalg’lo and

11,12 Central nervous system (CNS) effects have

occupational settings.
been observed with both acute and chronic styrene exposures. When rats and
guinea pigs were continously exposed to styrene concentrations ranging from
1,300 to 10,000 ppm, the anigals exposed to the higher concentrations
experienced immediate weakness, loss of equilibrium, convulsions, and death
within three hours. When exposed to 1,300 ppm, some rats (but no guinea
pigs) survived more than 40 hours of continuous exposure.7 Humans
experimentally exposed to 800 ppm styrene showed immediate CNS effects of
listlessness, drowsiness, and impaired balance, all of which continued after
exposureg. At styrene concentrations of 100 ppm or more, overt CNS

effects have been observed in humans exposed for as little as 30 minutes.
These effects included inability to perform Romberg tests,lo decreased

10 and increased reaction cime.6’9

manual dexterity and coordination,
Subjective CNS effects such as headache, unusual fatigue, difficulty
concentrating, and a feeling of tension were experienced during styrene
exposure and persisted after exposure ceased. The magnitude and duration of
the signs and symptoms increased with the duration and level of the

10

exposure. Workers exposed to styrene in the manufacturing of reinforced
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11,12

plastics had increased reaction time, abnormal

electroencephalograms,13 and subjective symptoms such as headache,

fatigue, tension and dizziness.lz’13

The hepatotoxic effects of styrene have been hypothesized to be due to a
metabolite of styrene binding covalently to liver protein in the same way as
other known hepatotoxic agents.lA Rats exposed to a single dose of 1,300

- ppm for 30 hours had apparent damage to the liver parenchyma, although at
similar exposure levels, no liver damage was found for either rabbits or
monkeys.7 Rats intubated with 400 mg styrene/kg/day, 5 days a week for 24
weeks had decreased liver weights15 and after a single dose of styrene to
rats (2.5 g/kg), a 50% decrease in hepatic glycogen was found.16
Investigators have reported liver damage in humans exposed to styrene based

upon a variety of clinical tests such as increased serum enzymes,l7’18

increased serum gamma-globulin,lgand elevated serum uric acid levels.20

Increased GGTP activity was demonstrated in polystyrene workers in

Germany17 and the United SCates.18

The evidence concerning styrene as a carcinogen is unclear. Styrene has
shown little and poorly reproducible potential for mutagenicity21’22
although occupational exposure to humans has indicated that styrene may
cause germinal or somatic mutations. Workers who manufactured fiberglass
reinforced plastics products showed more frequent abnormal chromosomes in

23,24

lymphocytes than controls. Also, an excess number of lung tumors
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(adenomas and carcinomas) have been produced in male mice exposed to

styrene; however, no excess tumors were produced in female mice or rats of

either sex in that same studyzs.

Part of the concern over the potential carcinogenicity of styrene is based
upon the fact that styrene oxide may be an intermediate in the metabolism of

styrene, and that styrene oxide has been shown to be mutagenic to

26-28

microorganisms. The evidence in favor of this hypothesis is that

microsomes from livers of rats pretreated with phenobarbital converted
styrene to styrene oxide.29 Based upon this evidence a scheme for the

metabolism of styrene to mandelic acid through styrene oxide and

29,30 However, when styrene oxide was fed to

rabbits, phenylglycol was not found31 and there have been no

phenylglycol was proposed.

investigations which showed the presence of styrene oxide as a product of

styrene metabolism in vivo,.

Few epidemiologic mortality studies of styrene have been completed to date.
Spirtas et al.32 conducted a case-control study of workers at a rubber
manufacturing plant. Their results indicated that working in a synthetic
rubber plant may be associated with neoplasms of the lymphatic and
hematopoietic tissues as well as a group of lymphomas. Nicholson et al33
and Frentzel-Beyme et al.34 reported negative results in mortality studies

of styrene-polystyrene polymerization workers. Ott et al.35 examined the

mortality experience of employees in the development or production of
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styrene-based products. The results revealed that deaths due to malignant
neoplasms were fewer than expected for the total cohort, although an
increase in lymphatic leukemia was observed among a subgroup of employees
who had exposure to polymer extrusion fumes, solvents, and colorants.
Werner36 reported a statistically significant excess of lymphoma deaths
among men who worked at least one year in the production, polymerisation and
processing of styrene. The author suggested caution when interpreting the
results, due to small numbers (3 lymphoma deaths) and lack of association

with duration of exposure.

To further investigate the health effects of styrene, NIOSH is conducting a
cohort mortality study. The employees from two fiberglass reinforced
plastic boat manufacturing facilities in Washington State were selected as
the cohort to be utilized. The selection of an appropriate cohort was
difficult since the industry is relatively new and the number of years since
initiation of exposure for most individuals is relatively short. To support
the mortality study, in-depth industrial hygiene surveys were conducted at
seven boat manufacturing facilities, two of which are being used in the
mortality study. These surveys were used to determ;ne the employees'
full-shift time weighted average exposure to styrene. The permissible
exposure level for styrene is an eight-hour time-weighted average of 100

ppm, with a five-minute short-term exposure limit of 200 ppm.
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The production of reinforced plastic boats begins by preparing a reinforced
plastic mold. The mold has the converse shape of the finished part and is
coated with a release agent, usually a wax. A layer of gel coat, a
pigmented polyester resin, is then applied to the mold surface using an
airless sprayer system in a ventilated booth. After the gel coat has set,
the hand lay-up or laminating begins. Alternating layers of catalysed resin
and fiberglass are applied over the gel coat. Two forms of fiberglass are
used: woven roving and chopped strand roving. These are applied starting
with the chopped fiberglass, which can be applied using a chopper gun or in
a mat form, and followed by the woven roving. Each layer is saturated with
a resin containing styrene, using either a spray gun or brush. After the
resin is applied, each layer is squeegeed to remove excess resin and rolled
out to remove air pockets and other imperfections. Layers continue to be

build up until the desired thickness is obtained.

The exposure to styrene results from the use of thermoset polyester resins.
The type used in boat manufacturing contains approximately forty percent by
weight styrene monomer as a reactive dilutent. During manual laminating and
spraying operations, as much as ten percent of the styrene volatilizes into

the workplace air with the remainder being consumed in the chemical reaction.

Table II shows the composite mean concentrations of styrene for the seven

plants surveyed. Plants A and B are the facilities being used in the cohort

mortality study. Their mean concentrations of styrene were 42.5 and 71.7
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ppm. The lowest mean concentration among the 7 plants was 35.9 ppm in plant

F and the highest mean concentration was 90.0 ppm in plant D.

In addition to varying exposures by plant, there are also factors within
each job category which determine the amount of styrene to which a worker
would be exposed. These include the size and configuration of the part
being made, which effects the amount of resin used and the method of resin
application. The size of the part determines the surface area over which
the catalyzed resin is applied and, therefore, evaporates. Size is also a
factor in the length of time necessary to squeegee and roll out the applied
layers. During the rolling operation, the rate of styrene evaporation is
the greatest and the workers are closest to the mold surface. An example of
the influence of both size and part configuration is in hull lamination. It
requires the largest volume of resin and the configuration of the hull is
such that styrene vapors may become entrapped. Tables 3 through 5 show the
mean styrene concentrations for particular job categories for all plants

combined and for Plants A and B separately.

The individuals included in the cohort mortality study are employees from
two of the boat manufacturing facilities. Styrene exposure began at both
facilities 1n 1957. At the time of the data collection in October 1978,
there had been 1787 employees at plant A and 3581 employees at plant B. All
the employment records at both facilities were microfilmed and the

demographic data was coded into a computer file.,
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To assess the completeness of the plant personnel records, the companies

were requested to obtain quarterly earnings reports from the Social Security
Administration. This information was coded into a computer file and matched
against the individuals in the study population. The discrepancies between

the two files are being clarified with the help of both companies.

The vital status of each cohort member is being ascertained through the use
of the Social Security Administration and.Washington State Department of
Motor Vehicles. Follow-up through Social Security (through December 31,
1977) yielded 78% with a known vital status. This low percentage is
partially due to the inclusion of women in the study and the problem of
tracing individuals who may have been known by more than one last name. To
help resolve this issue, all individuals with unknown vital status have been
resubmitted to the SSA. For the female employees, both most recent name on

the personnel records and any former names were included.

The initial follow-up revealed that very few cohort members were deceased
(approximately 3%) as of December 31, 1977 (Table VI). The low rate appears

to be partially due to the industry being relatively new. For those known

to be deceased, 75 percent of the death certificates were located.
The white male portion of the cohort was analyzed by a modified life table

technique taking into account the confounding variables of race, sex, age,

and calendar year. The external comparison population was United States
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white males. As seen in Table VII, the only increased cancer was male
genital cancer. Of the four deaths in this category, three were prostatic

cancer and one was testicular.

For deaths due to the lung cancer or lymphatic and hematopoietic cancer (the
cancers of a priori interest due to previous reports), statistical power
calculations were performed to determine the study's ability to show
statistically significant excesses. As shown in Table VIII, the relative
risk for lung cancer would have to be approximately 2.0 or greater to have
substantial power (at least 80%). For lymphatic and hematopoietic cancers,
the relative risk would have to be even larger. These calculations do not
take into account the short interval that most workers have had to develop

cancer if there is an excess risk.

There will be two main objectives in further analysis: the first objective
will be to determine if the employees as a total group have experienced any
exce#s cause~-specific mortality risks when compared to the external
comparison populaiion. The second objective will be to determine if the
employees have experienced any cause-specific mortality risks associated
with any specific departments or jobs within the two facilities. To
facilitate this objective, employees are being grouped into categories by
levels of styrene exposure according to the NIOSH industrial hygiene surveys

and recommendations of the two companies.
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TABLE 1

POTENTIAL OCCUPATIONAL EXPOSURES

Adhesive makers

Boat makers

Emulsifier agent makers
Insulator makers

Organic chemical synthesizers
Petroleum refinery workers
Plastic luggage makers

Polyester resin laminators
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Polystyrene makers
Potting compound workers
Protective coating makers
Rubber makers

Sports car body makers
Styrene workers

Swimming pool makers

Varnish makers



TABLE I1

COMPOSITE MEAN CONCENTRATIONS OF STYRENE
FOR THE SEVEN PLANTS SURVEYED

Number

Plant Sampled Mean (ppm)
*A 53 42.5
*B 67 71.7

C 38 86.4

D 69 90.0

E 62 65.5

F 116 35.9

G 59 82.4
All 464 63.8

*Plants Included in the Cohort Mortality Study

58



RANGE AND MEAN TWA STYRENE EXPOSURES
BY JOB PERFORMED AT ALL SEVEN PLANTS

TABLE II1

Number Styrene Concentrations (ppm)
Job Performed Sampled Range Mean Std. Dev,.

Hull Lamination 160 1.56 - 183 76.3 40.9
Deck Lamination 114 12.3 - 160 73.4 39.4
Small Parts Lamination 54 9.27 - 130 45.0 21.8
Gel Coat 45 5.30 - 103 47.5 27.4
Large Parts Lamination 41 9.27 - 98.3 43.8 21.6
Stringer Installation 14 33.6 - 156 86.4 42.0
Model Development 7 45.0 - 88.5 64.6 17.9
Mold Work 12 7.34 - 52.6 27.8 16.0
Overlay & Patch 6 10.4 - 61.3 31.1 18.9
Foam & Chop 5 24.1 - 33.5 28.7 3.53
Paste Mixer 1 21.4

Other 5 15.1 - 77.3 32.3 25.8
Composite 464 1.56 - 183 63.3
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RANGE AND MEAN TWA STYRENE EXPOSURES

TABLE IV

BY JOB PERFORMED AT PLANT A

Number Styrene Concentrations (ppm)
Job Performed Sampled Range Mean Std. Dev.

Hull Lamination 18 12.0 - 82.7 51.1 17.8
Deck Lamination 11 12.3 - 66.2 37.2 16.3
Small Parts Lamination 15 20.1 - 84.7 45.8 17.6
Gel Coat 4 22.5 - 44.9 34.2 9.52
Mold Repair & Patch 4 7.34 - 19.1 11.8 5.32
Model Development 1 53.7

Composite 53 12.0 - 84.7 42.5 19.0
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TABLE V
RANGE AND MEAN TWA STYRENE EXPOSURES
BY JOB PERFORMED AT PLANT B

Number Styrene Concentrations (ppm)
Job Performed Sampled Range Mean Std. Dev.
Hull Lamination 27 33.6 - 183 96.1 40.8
Deck Lamination 12 31.4 - 58.3 44.7 10.4
Small Parts Lamination 8 23.7 - 46.8 33.7 8.05
Gel Coat 2 28.7 =~ 29.4 29.0 0.49
Stringer Installation 8 33.6 - 156 106 45.8
Overlay & Patch 6 10.4 - 61.3 31.1 18.9
Model Development 4 63.1 - 88.5 76.6 13.6
Composite 67 10.4 - 183 71.7 42.9
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Table VI

STYRENE
FOLLOW-UP AS OF DECEMBER 31, 1977

Vital Status Number Percent
Alive 4024 75
Deceased 182 3
Unknown 1162 22
Total 5368 100
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Table VII

PRELIMINARY MORTALITY RESULTS

Death Category Observed Expected
Lung Cancer 11 10.1
Lymphatic and Hema-

topoietic Cancer 0 3.9
Male Genital Cancer 4 1.7
Other Cancer 13 15.0
All Deaths 156 172.5
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Table VIII

Styrene
Power to Detect Excess Risk

Death
Category RR = 1.5 RR = 2.0 RR

Lung Cancer 41% 847
Lymphatic and 22% 49%

Hematopoietic
Cancer
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DR, FRAUMENI: Dr. Beaumont, are there confounding environmental
exposures of concern, like asbestos?

DR. BEAUMONT: Fiberglass is the only other exposure of substance at
all. There are no known health effects associated with that. But again, that
is a relatively new substance and the story isn't complete there yet.

MR. SCHNEIDER: Scott Schneider, United Brotherhood of Carpenters., I
had a question about styrene oxide exposures bhecause I know in some of the
Scandinavian literature there have been some suggestions that people who are
exposed to styrene are also being exposed -to styrene oxide. Has that bheen
checked at all1? Has that been sampled for?

DR. BEAUMONT: We didn't sample for it and 1 haven't seen that
literature in particular. This is the first I've heard that might be what
exists.

MR. KENT: The preliminary calculations that you made, where did vou
draw out your expected numbers? Were they for the whole cohort or just the
number that you had a successful follow-up on?

DR. BEAUMONT: They are for all of the white males. We included the
unknowns also. We considered them alive to the end of the study.

SPEAKER: Do you have any plans to find those persons and if you
haven't considered it as yet, I would encourage you to because they will take
your cohort as a test, and since all of the mortality isn't being reported
from January 1, 1979, it won't cost you anything and you can turn it around
fairly quickly.

DR, BEAUMONT: Right now, Social Security, which is our primary
source of follow-up is only telling us about vital statistics through 1978.
Then this new system starts in 19797

SPEAKER: January 1, 1979 and they are taking test cases right now to
test out the matching number. So I would encourage you to take the
information you have on this cohort.

DR. BEAUMONT: Yes, it sounds like we could do that, yes. Thank you.

DR. FRAUMENI: Could I ask about the previous reports of leukemia
following styrene exposures? Do these seem to have short latent periods so
that if there is a risk, you might be able to pick up some cases on a study of
this nature?

DR. BEAUMONT: Frankly, I haven't Tooked at those studies that
closely. Leukemia typically has a shorter latency period than other cancers.
I think this has been shown both with radiation and with benzene. In the
synthetic rubber industry I think they were shorter, maybe in the 10 to 20
year range. That's all I know at this point.
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INTRODUCTION

With the publication of the Atlases of Cancer Mortality for U.S. Counties:

1950-1969, it became apparent that cancer mortality rates in southern Louisiana
are significantly higher than rates for the United States as a whole for all
sites combined and for particular site/sex/race groupings (1,2). Studies to
determine factors associated with excess risk for cancer of the lung in

Louisiana utilizing death certificate analysis reported a twoffold excess lung
cancer risk associated with certain industries in 19 south Louisiana parishes (3).
In order to further investigate the impact of potential risk factors on cancers
of the lung, stomach, and pancreas, a case-control study of these cancers
diagnosed among residents of south Louisiana was undertaken. The purpose of this
research is to evaluate environmental determinants of each of these cancers

in south Louisiana by a comparison of the characteristics aﬁd interview responses

of cancer cases and their matched controls.

METHODS

Cases of primary lung cancer, primary stomach cancer, and primary pancreas
cancer diagnosed in residents of 26 south Louisiana parishes * have been
identified since 1979. The 26 parishes included in the study extend from the
Texas-Louisiana border to the Mississippi-Louisiana line and from the Gulf
of Mexico to the middle of the state in a north-south direction. Twenty-five

hospitals are participating in the study. Outside the metropolitan

*The parishes include Acadia, Ascension, Assumption, Avoyelles, Calcasieu,
Cameron, East Baton Rouge, Evangeline, Iberia, Iberville,
Jefferson, Jefferson Davis, Lafayette, Lafourche, Orleans,
Pointe Coupee, St. Bermard, St. Charles, St. James,
St. John the Baptist, St. Landry, St. Martin, St. Mary,
Terrebonne, Vermillion and West Batonm Rouge.
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New Orleans area, nearly total coverage exists. Within the metropolitan
area, a sample of public and private hospitals are included.

Controls are selected from hospital admissions and are matched to cases
by hospital, race, sex, and age¢ five years and must also be residents of
the twenty six study parishes. Certain exclusions for controls of each
cancer site were made. Admission exclusions for controls matched to lung
cancer cases are chronic lung disease (emphysema, chronic bronchitis, and
obstructive pulmonary disease) and cancers of the larynx, pharynx, oral
cavity, esophagus, and urinary bladder. Admissions for ulcers of the stomach
or duodenum are excluded as controls for stomach cancer cases, and admissiomns
for cirrhosis of the liver and cancer of the abdominal cavity NOS are excluded
as controls for pancreas cancer cases.

Personal interviews of the patients and controls, or their next of kin
in the event that they have died, are conducted by locally hired interviewers.
Each interviewer has been trained in interviewing techniqges and in the use
of the questionnaire. Most questions are in closed form to minimize inter-
observer bilases. Sample questions in 5% of all interviews are later asked
for verification by telephone.

Information 1s obtained on place, type, and length of employment for all
jobs held six months or more. Respondents are asked to describe the duties
performed for each job, as well as to list materials handled during the period
of employment. Information on leisure time activities is also obtained
with regard to type of activity and any materials involved. This section of
the interview is concluded by a review with each respondent of a checklist
of industries and materials. Information on lifetime residential history is
obtained for residences of six months or more. The type of water supply

at each residence is also asked of each respondent. A detailed smoking
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history is obfained and includes questions on all forms of tobacco use.
Initiation, cessation, duration, type (filter, non-filter, rolled), and
brand aredetermined for persons who report ever having smoked cigarettes.
The diet section is composed of questions concerning the frequency of
consumption of certain food items, use of certain spices, and consumption
of beverages including alcoholic beverages by type and brand, soft drinks,
tea, and coffee by type and brand. Information 1s also collected on
country of origin and Acadian ancestry/culture.

Preliminary analysis has included estimates of relative risk (odds
ratios) for various smoking, occupation, and dietary categories (4).
Summary relative risks have been determined by the Mantel-Haenszel

method (5).
RESULTS

A totél of 619 cases of primary lung cancer and 536 controls are
included in this analysis. A total of 170 cases of stomach cancer and
153 controls, and 124 cases of pancreas cancer and 123 controls are also
included in this analysis. These cases and controls represent only a
portion of the final study group and the results reported should be
interpreted -only as preliminary.

A total of 1842 lung cases and 1434 controls have been identified as
of August, 1981. Interviews have been completed for 70% of the lung
cases and 867 of the controls. A total of 229 pancreas cancer cases
and 174 controls have been identified with interviews completed for
767 of these cases and 91% of the controls. A total of 319 stomach cancer
cases and 232 controls have been identified, and 73% of the cases and

927 of the controls have been successfully interviewed. Interviewing
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of lung cancer cases was completed on June 30, 1981; however, identification
and interviewing of stomach and pancreas cancer cases will continue into
1982.

The major findings in this preliminary analysis pertain to smoking
history and lung cancer. As shown in Table 1, the largest differencesin tobacco use
between lung cancer cases and controls are for the categories '"no tobacco
use", 3.27 of the cases versus 22.8% of the controls, and "cigarette only",
70.3% of the cases versus 47.6% of the controls.

Lifetime maximum daily cigarette consumption among smokers was then
determined for cases and controls and a statistically significant test for
trend was found as shown in Table 2. Approximately 887 of the lung cancer
cases who reported ever having smoked did so at a level of at least one
pack per day compared to 747 of the controls, and twice the proportion of
cases as controls ever smoked three or more packs per day.

Table 3 shows the type of cigarettes smoked by cases and controls. While
the proportion of nonsmokers among cases and controls dramatically differ,
among the smokers both cases and controls reported similar use of filter
cigarettes, nonfilter cigarettes, and the combination. An examination of
the ages of respondents who reported switching from nonfilter to filter—
cigarette use revealed that nearly twice the proportion of controls compared
to cases made the transition below the age of thirty. (Table 4)

A relative risk estimate of 1.54 (1.18,2.0) was found for initiation
of cigarette usage below the age of sixteen years as shown in Table 5.

Information obtained on smoking cessation from respondents revealed
that 77.4% of cases and 66.57 of controls who ever smoked are current
smokers. As shown in Table 6, among those émokers who are not current

cigarette smokers, nearly twice the proportion of controls as cases stopped
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smoking more than ten years before diagnosis,and the proportion of controls
was double that of cases who stopped smoking more than 20 years before
diagnosis.

In an attempt to compare lifetime pack-year histories of cases and
controls and account for risk differences in filter and nonfilter cigarette
use, an adjusted pack-year history was determined, giving a weight of
0.75 to filter pack-years and 1.0 for nonfilter pack-years and summing over
lifetime use (Table 7). Again large differences are seen,and the estimates of
relative risk double for each higher category of pack-year consumption.
Differences in relative risk were found when adjusted pack-year histories
of cases and controls were examined within socioeconomic categories. Respon-
dents were classified by socioeconomic status (SES) according to the type
of hospital to which each was admitted, public or private. As can be seen
in Table 8, for persons with a pack-year history of less than or equal to 20
and those with a pack-year history of 21-50, the risk in the low socioeconomic
category was double the risk found in the high SES category. For the highest
level of cigarette consumption, over 50 pack-years, relative risks of almost
20 were found in both levels of SES.

Preliminary analysis of the stomach cancer data has been limited to an
examination of vitamin intake. An index of vitamin C intake was constructed
by summation of the monthly frequency of consumption of foods containing at
least 22 milligrams of vitamin C per 100 gram serving (Table 9). Similarly,
an index of vitamin A intake was constructed by summation of the monthly
frequency of consumption of foods containing at least 500 International Units
of vitamin A per 100 gram serving (Table 10). Significant differences in

consumption patterms of stomach cancer cases and controls were found for both
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indices. Lower intake levels of vitamin A- and C-containing foods were
found for stomach cancer cases than for controls.

For cancer of the pancreas, preliminary analysis has been limited to an
examination of coffee consumption. Respondents were asked about current
coffee drinking habits, and the results are showm in Table l1. Decreased
risk was found for light and moderate daily coffee consumption of one to
four cups per day, and a slightly (non-significant) elevated risk, R.O0. 1.3,

for daily consumption of five or more cups.
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DISCUSSION

The results presented in the preceding text and tables represent a
very basic, preliminary analysis of an incomplete data set. The most
appropriate discussion should focus on plans for further analysis of the
data,

For cancer of the lung, our preliminary analysis has concentrated on
the role of smoking and, as expected, it was found to be highly,
significantly associated with lung cancer. Our preliminary analysis of the
smoking histories of study subjects has shown that controls report
switching from nonfilter to filter cigarettes at an earlier age than cases
and that there is an elevated relative risk associated with initiation
of cigarette usage below the age of sixteen. The role of smoking habits
during young adult life will be further examined. Additional analysis of the
smoking variables will include an examination of both maximum amount smoked
and current amount smoked adjusting for age at diagnosis, socioeconomic
status and starting age. Relative risks for pure cigarette users will
be compared to combined tobacco users, and all risks will be calculated
using '"'mever used any tobacco” as the baseline. The key smoking variables
will ultimately be included in some type of model of lung cancer risk
derived from logistic analysis of the data.

A major set of variables yet to be analyzed includes those of the
industry and occupational section of the questionnaire. Ever employed in
an industry and industry of usual employment are two basic approaches

“to analysis, both of which will be utilized. Specific occupations and
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occupationally-related exposures to certain materials will also be
analyzed together with information about industry. Socioeconomic status,
age at diagnosis, race, and smoking history are all potentially confounding
variables which must be accounted for in the analysis. |

Consumption of certain items of food such as cabbage, lettuce and
milk which have been positively or negatively associated with stomach cancer
in other studies (7,8,9), as well as frequency of consumption of broad
categories of food and indices of vitamin intake, will be included in
the complete analysis of factors associated with excess risk for stomach
cancer. The role of tobacco use, alcohol consumption, age, race, and
socioeconomic status,alone and in combination with the food items,must
also be considered.

Analysis of the data gathered on cases of pancreatic carcinoma and
controls is of particular interest in light of recent reports sugge;ting
a possible association with coffee consumption (10, 11). Information
has been asked of respondents on current daily frequency of coffee
consumption, usual brand, caffeine content, and chicory content. Our
preliminary calculation of relative risk estimates within categories of coffee
consumption does not show a straightforward dose response effect, with decreased
risk in the light and moderate coffee sonsumption categories and a slightly
elevated risk in the heavy coffee drinking category. Further analysis of
this variable will include examination of odds ratios within age, sex,
and race categories, and the possible association of coffee consumption with
pancreatic cancer will be examined in combination with and with adjustment
for alcohol consumption and tobacco use.

With at least 1250 case-control pairs, there should be sufficient

study subjects in the lung cancer portion of the study to stratify
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on a number of variables simultanecusly and still meet minimum cell size

requirements prior to developing a model. For cancers of the stomach and
pancreas, there will be approximately 250 case-control pairs in each data
set. Stratification and use of the Mantel-Haenszel test statistic will be
gseful for consideration of two or three variables simultaneously; beyond

that, logistic analysis will be used.
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TABLE 1

TYPE OF TOBACCO USAGE AMONG LUNG CANCER CASES
AND CONTROLS IN SOUTHERN LOUISIANA

CASES (D ConTRoLS (D)
NO TOBACCO USE 20 (3,2) 122 (22.8)
COMBINED USE 158 (25.7) 124 (23.1)
CIGARETTE ONLY 435 (70.3) 255 (47.6)

USE OTHER THAN 5 (0.3) 35 (6.5)
CIGARETTES

TOTAL 619 536
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TABLE 2

LIFETIME MAXIMUM DAILY CIGARETTE CONSUMPTION
AMONG SMOKERS IN SOUTHERN LOUISIANA BY LUNG

CASE/CONTROL STATUS

ChsES (D CowRoLs ()
CIG./DAY
1- 9 16 @.7) 38 (10.2)
10-19 58 (9.8) 60 (16,0
20-39 270 (45,5) 179 47.9)
40-59 164 27.7) 69 (18.1)
60+ 8 (14.3) 28 (7.5
TOTAL 593 (100) 374 (100)

x> = 47,779

p
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TABLE 3

TYPE OF CIGARETTE USE AMONG LUNG CANCER CASES
AND CONTROLS IN SOUTHERN LOUISIANA

NO. OF NO. OF
CASES CONTROLS
NONSMOKERS 25 157
BOTH FILTER AND 381 231
NONFILTER
FILTER ONLY 25 23
NONFILTER ONLY 188 125

TOTAL 619 536
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TABLE 4

AGE AT TRANSITION FROM NONFILTER TO FILTER
CIGARETTE USE AMONG LUNG CASES AND CONTROLS

WHO SWITCHED TYPE

10~19 vrs
20~-29 YRs
30-39 vYrs
40-49 YRs
50-59 YRrs
60 & OVER

TOTAL

OLD

OoLD

OLD

oLD

OLD

NO. OF
cASES (%)

7 (2.0)
37 (10.5)
109 (30.9)
100 (28.3)
/70 (19.8)
30 (8.5)

353
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NO., OF
cONTROLS (%)

6 (2,9)
43 (19.2)
55 (26.1)
69 (33.2)
27 (13.,0)
11 (5.,3)
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TABLE 5

ESTIMATE OF RELATIVE RISK OF LUNG CANCER
ASSOCIATED WITH INITIATION OF CIGARETTE
USAGE AT AN EARLY AGE

LuNc CANCER

CASE CONTROL
< 16 YEARS 281 139
OF AGE
16 + YEARS 312 237
OF AGE
TOTAL 533 376
R.R. = 1.54

(1.18, 2.0)
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TABLE 6

SMOKING CESSATION AMONG LUNG
CANCER CASES AND CONTROLS IN

SOUTHERN LOUISIANA

NO. OF

NO. OF

cases () conNTroLs (%)

NON-SMOKERS 25

157

CURRENT SMOKERS 460 (77.4) 252 (66.5)

QUIT 3-5 YEARS % 6.1
QiIT 6-10 YEARS 33 (5.6)
auiT 11-20 YyEARs 39 (6.6)

QuIT 20+ YEARS 26 (4.1)

x> = 22.705
p = 0.0001
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TABLE 7

PACK-YEAR HISTORY ADJUSTED FOR FILTER
USAGE AYONG LUNG CANCER CASES AND CONTROLS
IN SOUTHERN LOUISIANA

NO. OF NO. OF
cases (7) CONTROLS (%)

NONSMOKERS 25 157

SMOKER -D.K.AMT 1 (,2) 51.3

< 20 PK-YRS 72 (12,.D 112 (29,6)
21-50 PK-YRS 268 (U5,1) 174 (45,9)

51+ PK-YRS 253 (42.6) 88 (23.3)

x* = 66,953
0.0001

i o]
]
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TABLE 8

RELATIVE RISKS OF LUNG CANCER ASSOCIATED
WITH SOCIOECONOMIC STATUS AN WITH PACK-
YEAR HISTORY OF CIGARETTE CONSUMPTION

LOW SES HIGH SES  ADJUSTED
FOR SES

NONSMOKERS 1.0 1.0 1.0

< 20 PK-YR €.375 3,478 1,06

21-50 PKk-YR 15,576 8,215 9,69

51+ Pk-YR 19.91 19,70 19.74

ADJUSTED FOR
SMOKING 13.95 10.46
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TABLE 9

INDEX OF VITAMIN C CONSUMPTION AVONG
STOMACH CANCER CASES AND CONTROLS IN
SOUTHERN LOUISTANA

NO. OF NO. OF
cases (7) CONTROLS (%)
FREQUENCY
OF CONSUMPTION
0/MONTH 106 4 (2.6)
1-25/MoNTH 58 (3.1 22 (A4.4)
26-50/MONTH 60 (35,3 56 (36.6)
51-75/MONTH 39 (2.9 46 (30.1)
/5+/MONTH 12 7.1 25 (16.3)
TOTAL 170 (100) 153 (100)
x2 = 22,45

p = 0,0002
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TABLE 10

INDEX OF VITAMIN A CONSUMPTION AMONG
STOMACH CANCER CASES AND CONTROLS IN

SOUTHERN LOUISIANA

NO. OF NO. OF

cases (%) CONTROLS (7)
FREQUENCY OF
CONSUMPTION
1-25/MoNTH 2 7D 6 3.9
26-50/MONTH 28 (16.5) 15 (9,8)
51-75/MONTH 45 (26.5) 31 (20,3
75+/MONTH 8 (50.0) 101 (66.0)
TOTAL 170 (100) 153 (100)

x2 = 9,016

p = ,029

86



TABLE 11

COFFEE CONSUMPTION AMONG PANCREAS CANCER CASES AND CONTROLS

IN SOUTHERN LOUISIANA

CoFFEE No. oF
CONSUMPTION Cases (%)
NON-DRINKER 23 (19.7)
% GHT DRINKER 40 (34,2)

-2 cuPS/DAY)

MoD RATE DRIN§ER 21 (17.9)
(3-4 cups/pAY

? AVY DRINKE 33 (28.2)
+ CUPS/DAY

N
ContaoLs (D)

13 (15.4)

56 (45,5)

27 (21.9)

21 (17.1)
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SPEAKER: Did you gather data on the drinking water?
DR. CORREA: Yes, we have that in the questions.

DR. BLOT: The slide you presented on occupation indicated that about
three to five percent of the men in the southern part of Louisiana were
employed in the shipbuilding industry. Is that a current figure?

DR, CORREA: Yes, this is a current figure published by the State of
Louisiana about two years ago.

DR. BLOT: Do you have an idea of what percent of the population was
employed in shipbuilding during World War II?

DR, CORREA: No, we don't have a good idea. We know it was much
greater than now because we have a life-long occupational history taken at the
interview and we have a lot of people telling us that they were working in
that industry during the war.

DR. BLOT: Have you been able to look at case control differences?

DR. CORREA: No, we have not yet.

DR. FRAUMENI: And you have a cluster of mesothelioma in southern
Louisiana?

DR. CORREA: We have a group of cases. I don't know if it is higher

in the south than in the north., We are looking at them right now but
preliminary analysis seems to indicate that there is a cluster.
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Approximately 600,000 people are currently employed in the paper industry
(1) and 180,000 people in the plywood industry (2) in the United States.
These industries involve occupational exposures to sulfuric acid,
chlorine, formaldehyde, pigments, and various other potentially toxic
chemicals in addition to wood dust. Suspicions that employees in these
and other wood related industries might be at increased risks of
malignancies were raised initially in 1965 by Macbeth (3) who found
excessive numbers of nasal cancers among chair-makers. Since then
numerous epidemiologic studies have found associations between work in a
variety of wood related industries and the subsequent occurrence of site
specific malignancies (Table 1). Workers in the paper pulp and plywood
industries have been observed to be at increased risk for some of these

malignancies.

A study conducted by Milham (1) found excess proportionate risks of death
due to coronary heart disease associated with employment in paper pulp
mills and plywood mills. Additionally he found paper pulp mill workers
had a statistically significantlincreased proportion of deaths due to
Hodgkin's Disease and nonstatistically significant elevated proportions of
deaths due to cancer of the small intestine, lymphosarcoma, multiple
myeloma, lymphatic and monocytic leukemia and nonmalignant diseases of the
blood and blood-forming organs. Plywood mill workers were observed to
~have statistically nonsignificant increased proportions of deaths due to

cancer of the stomach, multiple myeloma, myeloid and acute leukemia.
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Respiratory cancer was slightly elevated for deaths occurring during

1950-1960 only.

Two other studies have linked employment in the paper industry with
lymphatic malignancies. In a case/control study by Milham and Hesser (2)
(1967), a 4 fold risk for Hodgkin's disease was found among paper mill
workers. A case control study, reported by Decoufle (3), et al (1977) and
Bross (4) (1978), found that men who had worked as operatives in the paper
industry for 5 years or more had a relative risk of 2.4 for lymphomas, in

addition to a relative risk of 3.2 for leukemia.

lung cancer was associated with pulp and paper mill employment in three
out of five studies. Blot and Fraumeni (5) (1976) reported that the
age-adjusted annual lung cancer mortality rates were significantly higher
among white males of the Eastern and Southern but not Western counties
where pulp and paper mill industries were located. Menck and Henderson
(6) (1976) calculated a statistically significant risk ratio of 1.7 for
observed deaths and incident cases of lung cancer among white males whose
last known industry in which they had been employed was paper
manufacturing and sales. Gottlieb (9) (1979) reported finding no excess
risk of lung cancer among those employed inlthe paper industry in a review
of lung cancer deaths which occurred between 1960 and 1975 in Louisiana.
No smoking information was available for any of thse studies (5,6,9). An

increased relative risk of 1.28 for deaths due to lung cancer was found by
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Harrington (7) (1978) among workers in wood and paper industries located
in rural but not in urban areas. However, in a followup study of the same
geographic region, Blot (8) (1978) reported no increased relative risk for
lung cancer associated with employment in paper mills after adjusting for

cigarette smoking.

A four-fold risk for oral and laryngeal cancer was observed by DeCoufle
(3) (1977) and Bross (4) (1978) among men who had worked as operatives in
the paper industry for 5 years or more. A significantly increased
mortality rate for oral cancer was observed among white males by Blot and
Fraumeni (1977) for U.S. counties with more than one percent of the
population employed in the paper, leather, and chemical manufacturing

industries.

Nasal cancer, but not Hodgkin's disease, has been shown to occur in great
excess among workers exposed to hard wood dust during their employment in
the furniture industry (Acheson (15) 1967, Milham and Hesser (16), (1967)
and Brinton (17) et. al., (1976)). Finally, soft-tissue sarcomas and
histiocytic lymphomas have been reported in three Swedish studies
(Eriksson (12) et. al. 1979 Hardell (13), 1979, Hardell and Sandstrom
(14), 1979) following exposure to chlorophenols, a potential exposure from
wood preservatives among lumber and saw mill workers and others who work

with logs and raw woods.
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In the only retrospective cohort mortality study reported in the
literature Ferris (10) (1979) followed a small cohort of 271 United States
pulp and paper mill workers identified as actively working in a mill in
1963. Although only 33 deaths occurred among these workers, the 16
deceased paper mill workers were reported to have an overall SMR of 162.
No cause-specific SMR's were computed, but despite the short latency and
lack of statistical power, he observed one lymphoma, one kidney cancer, 2
stomach/peritoneal cancers, and 3 lung cancers. All but kidney cancer
have been reported elsewhere to be in excess among workers in wood-related

industries.

Because of these extensive associations between various malignancies and
paper and plywood mill employment, we conducted a retrospective cohort
mortality study of men employed in paper pulp mills and plywood mills
located in the Northwestern United States. Our study was designed to
evaluate the chronic health effects of employment in these two industries,
and to test a priori hypotheses of increased mortality due to coronary
heart disease, malignancies of the hematopoletic and lymphatic system and
malignancies of the mouth, stomach, small intestine, larynx, nose, lung,

and soft tissues.
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Me thods

After an extensive survey of Washington, Oregon and California mills. four
plywood mills and five paper pulp mills were selected for study on the
basis of the age of the mill, the age and completeness of personnel
records and the type of process used by the mill. Table 2 shows that of
the five paper pulp mills selected, three produce kraft or sulfate pulp
(which are essentially the same), one produces sulfite pulp, and one uses
both the calciuﬁ—based sulfite and groundwood processes to produce pulp

(Table 2).

Because environmentally induced chronic disease can take from 20~50 years
before becoming clinically observable, the study cohort was defined so as
to exclude workers hired after 12/31/55. 1In an attempt to facilitate the
tracing and follow-up process, only persons who worked at least one year
between 1/1/45 and 12/31/55 were selected for study. Employment records
of these men were microfilmed at the mills investigated, Their detailed
work histories, including departments, job titles and dates of specific
jobs held by each man, were computerized using the 21 exposure categories
shown in Tables 3 and 4. These categories will be confirmed by industrial

hygiene surveys of the mills.
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We are following the approximately 3600 paper pulp workers and 2200
plywood workers who met the study definition from their last date of
employment through March 31, 1977. Vital status of the cohort members is
being determined through records maintained by various government
agencies, directories, and other sources. We will analyze mortality
patterns separately for the paper pulp mill workers and the plywood mill

workers by industry, process and the exposure categories in Tables 3 and

4.
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TABLE 1
PREVIOUSLY REPORTED ASSOCIATIONS
BETWEEN WOOD-RELATED INDUSTRIES AND
SITE SPECIFIC CANCER

INDUSTRY

Anatomic Site Pulp and Furniture, Sawmills, Lumber
of Malignancy Paper Plywood Mills and Logging Carpenters
Buccal and

Pharynx +

Stomach + +

Snall Intestine +

Nasal + +
Larynx + +
Lung + + +
Bladder +
Lymphoma +

Hodgkin's

Disease + + + +
Leukemia + + + +

Soft-tissue
sarcoma,
histiocytic
Lymphomas

+ relative risk

greater than 120 unless statistically significant
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TABLE 2

STUDY MILLS BY PROCESS AND LOCATION

(limited pressed
hardwood chips)

Batch sulfate

Sulfate box board

Calcium based
sulfite 1930-1969
Ammonia based
sulfite, 1970 to

MILL NO. INDUSTRY PROCESS
1 Plywood Veneer peel
2 Plywood Veneer peel
3 Plywood Veneer peel
4 Plywood Veneer peel
5 Pulp Kraft
6 Pulp
process
7 Pulp
9 Pulp
present
10 Pulp

Stone groundwood
1920~-1964 &
calcium sulfite

Refinery groundwood

1964-1977
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LOCATION
McCleary, WA

Shelton, WA

Lebanon, WA

Olympia, WA
Tacoma, WA

Port Townsend, WA

Longview, WA

Port Angeles, WA

Port Angeles, WA



TABLE 3

PAPER PULP MILL EXPOSURE CATEGORIES

i.e.

pulp production,

pulp production,

a few other or unknown jobs

Exposure
Category Exposure Category

1 Raw wood preparation,
debarking and chipping

2 Sulfate: production
of cooking liquor

3 Sulfate:
washing and recovery

4 Sulfite: production of
cooking liquor

5 Sulfite:
washing and recovery

7 Groundwood: pulp producton,
in plant 10

8 Pulp bleaching and
bleach plant

9 Wet pulp paper additives

10 Bleaching and pulp
additives together

11 Paper rolling, sizing, dying
drying, glazing, coating

12 Maintenance

13 Power and general utility

14 Unexposed jobs

Potential Exposures During Study Period

wood volatiles, wood dust, (Douglas fir,
hemlock), Spores and fungi

ammonia, hydrogen sulfide, sulfur dioxide,
mercaptans, chromates (as contaminants)

lime, magnesium
sulfur, sulfur dioxide, calcium carbonate,
zinc sulfuric acid, lead fumes, asbestos

sulphurous acid

pigments, dyes

chlorine, neoabietic acids

talc, clays, titanium dioxide
formaldehyde, pigments and dyes

same as exposure 8 and 9 together
formaldehyde, paper dust, coating and
pigment dusts

general plant exposures

general plant exposures
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Table 4

Plywood Mill Exposure Categories

Exposure
Category Exposure Category
1 Raw wood preparation and
veneer cutting
2 Pressing and Drying of
veneer
3 Glue mixing and panel
glueing of veneer
4 Panel patching of flaws
knotholes, etc.
5 Panel finishing,
trimming, sanding
6 Unexposed jobs
7

General utility, power
maintenance, and a few
unknown jobs
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Potential Exposures During Study Period

wood volatiles, wood dust

neoabietic and other wood acids, volatiles

pentachlorophenol, carbon tetrachloride,
carbon disulfide, flake caustic, lime,
sodium silicate, phenol formaldehyde

resorcinol formaldehyde resins, ammonium
chloride

wood dust (mainly Douglas fir, cedar, some

hardwoods) wood volatiles, neoabietic and
other acids

general plant exposures



MR. SCHNEIDER: United Brotherhood of Carpenters. Are you going to
be looking specifically for formaldehyde exposures in the plywood industry,
using those exposure categories?

MS. ROBINSON: The exposure categories are based on information
obtained from walk-around surveys and conversations with plant personnel. We
are planning industrial hygiene surveys to validate the categories, and
formaldahyde is one substance for which we would be looking.

MR. FESTA: American Paper Institute. Cindy, do you think the cohort
that you have is large enough to pick up some of the rare lymphatic cancers --
you mentioned Hodgkins disease -- if they exist?

MS. ROBINSON: I don't have any power calculations with me.

DR. FRAUMENI: Are there any other questions? Comments? Are there
any other studies? This is a very interesting area, a very important area.
Does anybody have any other studies under way that would help clarify the
issues involved here. Dr. Krayhill, do you have any instructions for us as to
what we do next.

DR. KRAYBILL: My point is with the quality of slides presented
here. Please, I hate to be nasty but if you go to other meetings they will
not let you present slides with small print. So whoever you are, you ought to
print up separate slides, not use the tables or figures that you have for your
paper. It's an insult to the audience to show slides and have to apologize
because they cannot be read in the back of the room. So you ought to make the
print bigger. That is for next year.
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DR. MASON: Dr. Kraybill has decided that we are going to run a half
an hour late, so for approximately the next 30 minutes we will discuss the
future direction of these collaborative projects, programs. I am Tom Mason
from the NCI, and I have been able to utilize both of the collaborative
projects or programs for a number of the studies that we are doing. I would
1ike to ask each of you to comment on the utility of these programs, possible
modifications to the approaches, as well as criticisms based on what you have
heard to date. You will have an opportunity to do this at least four times
today and tomorrow, such that by the last session tomorrow afternoon the
decision makers will have available to them some constructive criticism with
regard to these projects which will give some indication concerning the
direction you believe that these projects or these programs should take.

Honestly, the collaborative programs have not worked most effectively
to date. I am of the opinion, and I would encourage discussion if there are
other opinions -- that in the early stages these collaborative programs
suffered from some personality conflicts within the decision making circles.
And 1 believe that those conflicts have been appropriately resolved.

Now, what I would like to ask of you is this: Against the framework
of emerging public health problems, recognizing that these collaborative
projects have the qotentia1 for providing funding for truly multidisciplinary
approaches to population-based epidemiology, I would 1ike to hear from some of
the persons who have used the programs and were frustrated by the mechanism
and/or pleased, as well as persons who might contemplate utilizing the program.

What modifications, changes, do you think might be in order? Do you
believe that there are, and this is an appropriate forum for it,; do you
believe that there are studies which currently are reasonably well developed

from the standpoint of protocols and procedures that are currently lacking
funqin?, that should be considered? Who would be the appropriate persons to
basically bring them to the Boards to have them reviewed?

So with that -- Don Austin has probably had the greatest share of
problems with regard to using this, so if you could -- Dr. Don Austin from the
California State Department of Health -- if you could share, Don, because I
think yours is sort of a prototype of the types of studies that have attempted
to use this funding mechanism -- I just really need criticisms, comments, with
regard to the programs, such that, by the end of tomorrow Dr. Adamson and
others will have available to them, hopefully, some input.

DR. AUSTIN: I would be happy to share some of my frustrations with
you.

DR. MASON: Good.

DR. AUSTIN: In my area of California we operate one of the local

SEER Program areas. This is a population-based cancer reporting system. And
in about 1975 we realized that if we had a list of all people of a certain
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occupation who resided in that occupation-based cancer reporting system we
could determine the incidence of cancer in that occupation group.

And if we had also the birth dates of the people on that list we
could also determine the expected for the incidence within that group at a
very simple cost of just matching one 1ist against another Tlist, i.e., the
list of the cancer registry and a list of the people in the occupation.

We started building this concept throught the SEER Program of the
National Cancer Institute. About 1976 it was determined that this effort was
more in the province of another institute. Subsequently, funding for this
activity was cut off, but we were encouraged to apply to the National
~Institute for Occupational Safety and Health for the same sort of a project.
So we went through the business of sending in a proposal. However, the result
was an RFP, open to any number of areas. It was also changed from what we
wanted to do, and was designed as a feasibility study.

Fortunately, through that feasibility study and working with an
outside group we were able to get together about six or seven cohorts of
pecple. A few groups we knew were likely to show a high risk, such as
asbestos workers. There were only 235 members in this asbestos workers
local. Some groups we felt probably were not at high risk; and some we didn't
know about. We matched this against six incidence years of the registry, and
sure enough, we identified a significantly high risk for lung cancer and

- mesothelioma in the asbestos workers. In some of the other groups we showed
no elevated risks, the ones that we expected.

We identified a high risk for melanoma in a nuclear research facility
cohort in the University of California. Well, now the feasibility study was
done. For a portion of the time we got a 1ittle bit of funding from OSHA.
They thought that this might eventually Tead to work place investigations and
I am sure that it might eventually do that, but certainly not within the first
year of operations.

This program is still almost entirely unfunded. As far as I am
concerned, this is a program that really should be developed somewhat on a
national basis. It is not a study so much as it is a system, a program, that
can break the epidemiology of occupational or environmental cancer into two
steps: One, identifying the high risk group and then, secondly, focusing the
resources that we have for investigating those identified as high risk groups.

This is a very efficient mechanism. The cancer reporting mechanism
is already established. This approach avoids the necessity of setting up a
follow-up system for every cohort to be studied. Presently, somewhere between
10 and 20 percent of the population of the United States is covered with
population-based cancer reporting systems. It seems like a natural for NIOSH
and NCI or EPA and NCI to establish cohorts and follow them through this
mechanism, so that we can find out, number one, if they are at high risk and

then, focus our somewhat limited resources for case control studies and other
investigative field investigations on those that are a high risk.

DR. MASON: Thank you. This is an open discussion so anyone who
would 1ike to comment on what Dr, Austin has said, or to take a totally
different attack -- Jay, you want to comment?
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DR. BEAUMONT: Yes.
DR. MASON: Jay Beaumont from NIOSH.

DR. BEAUMONT: I am a little curious what the resistence has been,
why Dr. Austin has had so much trouble? I am wondering if there are technical
prohlems, like what does he propose to do about people who have left the
reporting area? How is that handled? Is he talking about a cohort approach
or case control approach?

DR. AUSTIN: Well, I am not sure what the resistance has been, except
usually people say, well, it's not in our province. It's somebody else's
responsibility.

The questions that usually do come up are those that you raised. One
is the question of how to establish how much exposure these people had when
all that is available are their names and the fact that they worked in an
industry or worked in a certain trade?

My answer to that is, we don't know exactly how much exposure they
had, except we know that asbestos workers have more exposure to asbestos than
other people. People who work in oil refineries have more exposures to
petroleum products than people who don't. The idea is to try, at a very cheap
and efficient level, to identify those people who are at high risk.

And another one, what about people who move into the area and move
out of the area? Another question is, what about the people who have been in

there for 20 years and then retire and get their cancer afterwards?

And the answer to all of these is that we are looking for high risk

groups. If we don't find one we haven't lost anything, but if we do, we
investigate it.

DR. MASON: If I might exercise the prerogative of the chair, Tom
Burke, would you mind taking a few moments -- Tom Burke from the Department of
Environmental Protection, State of New Jersey. He and I and Ken Cantor have
worked collaboratively for a few years. Tom will share with us some of the
other side of the coin. We have been talking about human health jssues and
industrial hygiene. Here we have a man whose office basically is the
extension of the National Environmental Protection Agency with regard to
environmental measures. And we have been putting together a data base. Could
you share some of your attitudes, frustrations, whatever, with regard to the
current project and with regard to the extension? Because you and I have
talked about the potential for taking a base such as this, putting it into

some sort of a central depository, and if you could talk about that for a few
moments?

DR. BURKE: What I will talk about in my formal presentation later is
a progect that I have been working on with Drs. Mason and Cantor.
Essentially, New Jersey, being "cancer alley" and having the highest densitg
of chemical industry in the country, and the highest overall cancer mortality
rates, has Taunched an extensive program to find out about its environment.
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We are conducting extensive monitoring of our air, water and biota.
We are surveying industry to find out where toxic and carcinogenic substances
are being used, emitted, and disposed. We are identifying hazardous waste
sites and using the Ames test to get a better idea of what environmental
pollutants may cause potential health hazards.

Essentially, what we have been able to do with funding from NCI is
construct a data base that will interrelate this information and enable us to
develop a statewide profile of community exposure to environmental
pollutants. We are hopeful that it will provide a basis for future
epidemiological investigations of the role of environment in disease.

My biggest frustration is not with federal cooperation. In fact, the
project has attracted a 1ot of federal interest. The EPA TEAM study which is
the largest body burden study ever undertaken chose New Jersey because of our
background information on community exposure to toxins. My biggest
frustration is probably getting the environmentalists and the epidemiologists
to agree on methodologies.

Environmental epidemiology does not have the clearcut nature of the
case control occupational study. Clearly, we have identified horrendous
potential community health hazards, such as toxic waste dumps and severely
contaminated community drinking water supplies. Yet it seems that a good deal
of the more medically oriented scientific community is still plodding along

with a traditional epidemiological approach, which is ill-equipped to assess
environmental hazards.

Traditional epidemiologic investigations take many vears, vet we are
forced every day to make on-the-spot public health decisions about, say,
evacuating people or evaluating environmental hazards. Epidemiologic studies
to support these judgments are not available. I think we have to work on
quicker methodologies including innovative computer techniques and new
approaches to chromosome studies and Ames testing to complement existing
epidemiologic methods and provide a more rapid response.

DR. MASON: If I might try to take what has been said so far and
perhaps ask Dr, Carnow to comment along the following. You, Tom, like many
persons are frustrated because epidemiologic studies take a long time to do.
Dr. Carnow, who is now at the University of I11inois, was sharing with me last
evening some very interesting things which are currently going on in industry.

I would ask you, Dr. Carnow, to consider the following: Based on
what you have heard so far and your understanding of here are two pots, each
of several million dollars, do you think it feasible to extend the approach
which you are using with your students to have, if you will, a cadre, a truly
multi-disciplinary cadre of persons who could, indeed, be funded by one or the
other or both of these collaborative programs to facilitate the collection of
information in a timely way in which to provide or address emergent
questions? Could you comment on that?

DR, CARNOW: What I discussed was the functioning of trainees in our
NIOSH ERC, The Great Lakes Center for Occupational Safety and Health at the
University of I1linois. We have trainees in occupational medicine,
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occupational nursing, safety and industrial hygiene. They all attend the
occupational medicine clinic and interact in the data gathering process,
questioning individuals that are coming to the clinics. Patients are mostly
industrial workers who believe that they have an occupationally related
disease, with some cases of individuals from communities where they feel that
they may have been exposed to or affected by toxic agents. The medicine and
nursing trainees gather data on exposures. Where it is felt that exposure may
be significant, industrial hygiene trainees not only take histories, but make
contact with industrial plants or where communities may be involved,
communities, and offer to carry out environmental surveys.

It would seem to me that the utilization of all of these trainees in
data gathering, including biological and environmental measurements, could
increase considerably the amount of information obtained. This permits us to
examine industries for carcinogenic potential of materials or combinations of
materials used, and provides environmental measurement data in and out of the
plant for use by others.

For at least ten years, some of us have been suggesting that
polycyclic aromatic hydrocarbons, trace metals with carcinogenic potential and
other such substances be measured at least in those communities where
industrial operations are present which produce them. If that is done and we
know something about particle size as well as the production and emission
data, we can begin to get a handle on the availability of these toxic agents
to the communities and develop a baseline which will make possible more
elaborate studies. Even without environmental measurements in the air,
measurements in the soil or even estimates of levels based on production or
emission data could be useful.

While our training is directed toward the development of skills in
carrying out environmental and biological measurements in the plants, the
measurements in the community are identical, so that this group can be equally
useful in carrying out such activities in communities where carcinogenic
agents may be present in air, soil and water. Their involvement in such
activities, given that there are now 12 centers around the country, could
provide substantial input into the collaborative efforts of the NCI, EPA and
NIOSH.

I am very encouraged by the quality of the presentations today and
certainly feel that collaborative efforts between the three agencies are not
only useful, but essential, Our experiences in E1 Paso and other places where
examination of communities revealed significant health impacts from plant
emissions suggests that studies carried out in plant which find pathology
should almost automatically be extrapolated into the community to make a
determination as to whether or not the community, possibly subjected to lower
concentrations, but over a longer period of time and containing many
individuals at significantly higher risk than workers at the plant, has also
been affected.

DR. MASON: Dr, Austin?

DR. AUSTIN: I wanted to comment on the question that you asked about
having a multi-disciplinary team trained to investigate these things. The
first time I spoke I mentioned our frustration about getting a system that
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would highlight high risk ?roups. Well, I think every state has the same
frustration about being able to investigate high risk groups when you find
them.

I want to draw a parallel between cancer and infectious disease., If
you find a plant, a factory, that has an outbreak of hepatitis you can have
people there within 48 hours from the Federal Government who are trained, not
only about hepatitis but who also have specialized knowledge about water and
food, to give you a hand if you need it. But if it is cancer, you are advised

to submit a research proposal and maybe in two or three years you can hire and
train people to investigate the problem.

I think that it is really critically important when we have high risk
groups identified to be able to call on a well-trained multi-disciplinary

group, industrial hygienists, epidemiologists, physicians, biochemists, the
kind of team that is needed, to come investigate the problem. No state that I
know of has been able to put together a well-trained team that sits on their
hands waiting for these problems to crop up. And they do crop up almost every
month.

DR. MASON: That is the reason that I posed the question that I did.
I mean, I will admit to a bias. I firmly believe that these collaborative
programs could be better utilized if they would, indeed, have, as we discussed
yesterday in another meeting, something like a master agreement which would
give us a way in which to put into the field such a team because we are going
to be faced with many Love Canals, many other dump sites, many other unique
situations where large numbers of persons are exposed to something where we

have reason to believe that there might well, indeed, be a long-term effect
but we want to get some reasonable baseline data.

DR. AUSTIN: Let me make one more comment. I wanted to point out the
one exception to my general statement. That was with Kaposi's sarcoma, in
which case there was a federal response but it came from the venereal disease
investigation team at CDC.

DR. MASON: Yes, right. Richard, at your institute you tend to be
interested in some additional clinical measures on persons, as well as the
traditional -- where did you work and how long did you live there and how long
have you smoked? Could you envision, do you envision, the potential of coming
in with us -- by that I mean any one of the three, one or all three -- and
taking an approach similar to what we have just discussed? Can you share with
us some of the things that you are currently doing and perhaps from that some
discussion as to ways in which to continue to utilize these programs?

DR, EVERSON: Well, I am not very familiar with the background of

these programs, and also our intramural program at least in environmental
epidemiology at NIEHS is relatively new.

I think one point I might add from the discussion that I have heard
so far is that focusing solely on cancer as an outcome for the kinds of
exposures you are talking about is probably somewhat narrow. There are going
to be effects on fertility and other reproductive outcomes in these same
populations, as well as other disease outcomes.
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So in a sense you may need a broader base of possible outcomes on
which to focus. One of the things that we are attempting to do in our

intramural program is to develop new sorts of tests that can be applied to
small populations, such as tests of somatic cell mutation that would enable a
study of the small high risk groups that you have been describing. But that
is a relatively long-range goal of ours and there are not a whole lot of

sgstems on line. Even for chromosomes, there is certainly a lot of discussion
about exactly how to go about that.

, I think as far as joining in, I think we would have to discuss that
over a longer period of time.

DR. MASON: I think that actually what I was interested in is, if we
are talking about a multi-disciplinary cadre, and since many of us, you and a
number of others, serve at the pleasure of the Secretary, one could, indeed,
envision a group like the old EIS officers but now with a broader base that
could, indeed, be brought in,

And I think at least from what I have heard so far, no one seems to
believe that something like this should not be pursued or that this would not
be a reasonable funding mechanism to at Teast consider along these lines.

Are there other topics that are of specific interest to anyone here?
Specific research questions that you believe should be addressed that are
currently not funded or perhaps are not funded at a sufficient level in your
estimation?

There are some interesting research questions with regard to some of
the points you have made, Dr. Everson, with regard to outcomes. Many are
interested in the rates of spontaneous abortion among working women as perhaps
a sentinel to occupational exposures. There are some very real methodologic
issues which I believe are currently being addressed, and maybe one of you
from Cincinnati could share that with us.

The last I talked to Bi1l Halperin there was a plan to use Susan
Har1a?'s data from California to get a better estimate with regard to
underlying spontaneous abortion rates. Jay, do you know something on those
lines? I think there is some interesting methodologic development. We are
making progress on some fronts. Some of the areas are not being touched right
at the moment because they are very complex. Could you please tell us what
you are doing?

DR. BEAUMONT: At NIOSH we have had a couple of situations where women
have been concerned about their rate of spontaneous abortions. The big
problem has been standard rates, what do we compare to?

It is difficult to develop a control group at the work site because
you have to go back somewhat in time, say, at least three years. And women
who are not part of the group that is concerned do not want to answer the

questionnaires. And unless we are able to pay them some amount of money, we
do not get good cooperation. '
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So the other choice has been to use standard rates from the Kaiser
facility out in California, which have been published by Harlap. The trouble
with that data is that while Dr. Harlap has given relative risks in her paper
for smoking and alcohol, which are important risk factors, the rates are not
specific for combinations of those risk factors. So we cannot stratify the
data and really do a proper adjustment.

What we would like to do is get the raw data from Kaiser Permanente,
if possible, and either develop standard rates, very specific for these
different risk factors, or use the individual pregnancies as units of
observation and do regression types of analyses.

We are just in the development stage of this now. We would like to
develop some computer systems. So far we do our analyses by hand and we just
use the data that has been published by Harlap.

DR. MASON: Okay, are you of the opinion, and I know you don't speak
for your Institute, but are you of the opinion that a project such as this,
which would benefit any person who is interested in doing occupational
epidemiology, could or should be pursued through this mode of collaborative
funding either by some in-house persons, which you have expertise there and we
have expertise in our group, along with some persons on the outside to sit
down and to really work on that? Do you see that as a project that should,
indeed, be considered?

DR. BEAUMONT: I personally see it as being very important. I think
others in our institute agree and there is a lot of work to be done, I think
some collaborative approach would be a very good idea.

DR. MASON: Good. Thank you. Are there any other questions?
"Comments? Concerns? VYes?

MS. HUTCHISON: I am Cherie Hutchison with the Mine Safety and Health
Administration. We are not involved in research per se but we are a
reqgulatory agency with enforcement authority. We do follow research for the
purpose of trying to develop regulations and enforce those regulations to try
to alleviate some of these problems in the occupational environment.

One of the major problems that I have run into with research agencies
and research projects is that they stop too soon. It is very fine that they
find an excess mortality in a specific industry and that those workers are
exposed to 200 or more chemicals. But the researchers do not know at what

level the workers are exposed or how often they are exposed. We get little or
no concrete information with which we can work. It is extremely frustrating

to say that something is a carcinogen or something is a teratogen and not know
or not have the information to do anything with the study.

The regulatory environment right now is quite tight., The need for
more concrete data, more dose-response information is very important.

One other problem I would like to address is that I have noticed a
tendency for research agencies to fund research beyond the point at which it
is useful. In my own particular case, not necessarily with health research,
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but we do have a 1ot of money being put into studies on contaminants where
alot of information is already known, for example, studies of increased cancer
for workers exposed to asbestos. 1 do not think we need any more research on
whether asbestos causes increased mortality. What we need to know now is at
what level does the risk increase and what is the magnitude of the increased
risk?

DR. MASON: Are there any other comments or questions? Concerns?
Then I will make an announcement. Dr. Riggan, a colleague of mine at Health
Effects Research Laboratory in North Carolina is the first author of what I
believe is going to be a very nice reference work that I offer for everyone's
consideration. They are publishing a three-volume tome which works very
nicely and extends my earlier Work, and will nicely run parallel to what we
are doing with regard to rates of change of malignancy at the local level.

He has published 2,600-page tables of rates for the major sites of
malignancy for individual counties and states from 1950 to '59; 1960 to '69;
1970 to '78; numbers of deaths and rates, and some concerns with regard to
proportionate rates of change by decade., He is currently in limbo with regard
to the Government Printing gffice I am proposing that if he stays in limbo
past October 1st we will tap the collaborative funding to publish these books
because they will provide a very nice resource, reference work, for those of
us who are interested in what is happening at the local level. So if anybody,
you know, feels like they want more than one -- I don't know how many
thousands you are going to print, Wilson -- let us know and we will make
certain that you have them. I have here, and I think Wilson brought along
some, some 50 copies of it, a brief description of what is in the book and a
sample page of tables, so you can see the type of material which is
presented. It is an excellent contribution and I commend you for it.

I would Tike to close this session or else we w111 never get back on
schedule. Thank you very much.
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DR, CAMERON: This should be very interesting, hecause I haven't

chaired a group like this before on such short notice, and I'11 try to follow
the dictates of Dr. Kraybill and open it up.

Now, my understanding is that we're here for this half-hour to try to
point our two interagency agreements in new directions -- I won't say better
directions. Dr. Kraybill and I had a discussion earlier this morning, which I
think is very important. One of the areas we would like to cover in the
discussion groups is the quality of some of the projects.

I think, in all fairness, we should consider ourselves among
friends. If we have any unease or feeling of being uncomfortable with some of
the projects, either in their conception or in their progress, 1 would like

that brought up. Again, I think it behooves us all to be very candid.

With that, I will open the session to the floor. Is there anyone who
has an issue that he wants to lead off with? Again, the thrust is critique of
the ongoing projects, and new thrusts, and we will try to confine ourselves in
this area to experimental methodology and animal models.

I did have one question. Does anyone here actually know how much
work has been done with styrene in an experimental capacity, in animal work?
What brings it to mind is there was a project which we approved tentatively
about two years ago. It was a fairly detailed protocol on transplacental
exposure following maternal inhalation exposure with styrene, that was
NIOSH-originated.

However, after we approved it in our staff meeting, NIOSH withdrew
the project. I think they had second thoughts about the protocol, back at
Cincinnati. Is there anybody comfortable talking about that project?

Dr. NIEMEIER: I don't know how comfortable I feel talking about it,
because this happened more than two years ago. As I recall, there were some
additional data that were found in the Bulgarian literature, which refuted the
original Russian findings of increased postnatal deaths, about the time that
we were about to award the contract. The main objective of the contract was
to confirm the original finding of increased postnatal deaths. A secondary
objective was to investigate the possibility of transplacental carcinogenesis.

However, since the original objective was answered and since the
secondary objective was much more expensive to investigate than we had
anticipated, we decided not to award the contract.

DR. CAMERON: Do you have second thoughts about it? 1 guess the
reason I'm posing the question is that styrene study we just heard about.
It's very elaborate. It's a big study, it's been going on for a long time,
and I understand they did have problems keeping cohorts together,

116



But I wondered, with so much emphasis going into that study, was it
based on experimental work -- the concern with styrene as a compound, a
hazardous compound? And I never did get a feel, myself, that that had been
proven,

Dr. Cooper, did you know something about that?

DR. COOPER: If I remember correctly, there was an IARC monograph on
styrene, which should bring a good survey of the available data to workers
(effective the date that it was produced, which I believe was about two years
ago).

DR. NIEMEIER: I guess there are a couple different concerns with
styrene, I think, that ought to be mentioned. One is that styrene has a long
retention in the body. I think it's unusual, compared with other solvents.
Many solvents have that, because they dissolve so well in the fat tissue. But
the unusual retention of styrene in particular, I think is important in
considering possible carcinogenic effects and the greater body burden, as a
result, So I think that's something that ought to be kept in mind, at least.

And there was extensive literature published on styrene, and
particularly, there was a monograph that came out -- I guess it was about a
year and a half ago on styrene in the Scandinavian literature, the

Scandinavian Journal of Work, Health and the Environment, which discussed a
lot of this.

So there is a lot of data, I think -- a lot of things that have been
going on.

DR. CAMERON: Thank you, Dr. Al Hellman?

DR. HELLMAN: A1l Hellman, NCI. What is known on the metabolic
breakdown of styrene, as far as in vivo is concerned, and how does the body
handle it? In other words, it would seem to me that if that's not known, that
is certainly one of the things I would think is important to determine.

DR. BAUMEL: Dr, Baumel, EPA, As I recall the styrene literature,
through work on the NIOSH styrene criteria document, the results on
cercinogenicity -- and I don't have the details, the results on
carcinogenicity were essentially equivocal, and it was difficult to determine
as to whether there were any definitive outcomes. There appears to be a gap
in the styrene literature relative to styrene oxide, as regards its
information, in industrial environments and its formation in vivo from styrene.

There are several groups around the country that could pick up on
this and do some very good metabolic pathway tracking on styrene oxide. I
think one difficulty is that its formation is relatively rapid, and its
stability is somewhat low, so it is difficult to trap styrene oxide and
subsequently identify it. ’

But I'm sure there are techniques that can serve to effectively
delineate the important pathway, and I suspect that styrene oxide would play
an active role in any carcinogenic effect of styrene. If styrene oxide is
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definitively identified in a realistic exposure environment, then the concerns
may be somewhat heightened.

Results to date with styrene make it difficult to conclude as to
whether styrene is in fact carcinogenic.

DR. CAMERON: So Irv, you are saying that there has been work done
with styrene, but the results are equivocal in the animal model?

DR. BAUMEL: As far as I can remember, unless there has been new
information generated in the last year or so. However, I'm not aware of any.

DR. CAMERON: Let me put you on the spot. Do you feel it would be
worthwhile to pursue this.

DR. BAUMEL: I think it would be worthwhile to pursue all possible
aspects of styrene oxide research that would help to clarify its role in
styrene carcinogenicity.

DR. CAMERON: Oxide specifically?

DR. BAUMEL: The oxide primarily, yes. I'm not sure whether it would
be productive to pursue any additional styrene work relative to long-term
bioassay testing. I don't know if there will be any additional data that will
provide new insights, judging by what's there now.

One might want to look more closely at the experimental design
protocols and see if there were any significant weaknesses that could be
strengthened and the work repeated. I know there is work going on in the
industrial complex on styrene epidemiology that was initiated about a year or
two ago. There may be other animal work going on. I'm not aware of it,
becau?? I've been away from it, but I would suggest that that be looked into,
as well,

DR. NIEMEIER: Rick Niemeier from NIOSH., One that concerns me is
related to some recent information that has come from Tom Slaga's group at Oak
Ridge National Laboratory. Their research, recently published in Science
(213:1023-1025,1981), found benzoyl peroxide to have skin tumor promoting
activity. This represents a new class of promoters that has not been
identified previously.

I believe that they are studying additional compounds in this family,
for instance, methylethylketone peroxide. 1 don't know offhand whether he's
studying styrene oxide, but I believe styrene oxide might be one of those
compounds that we should think of as a possible promoter,

It is known from the older literature that styrene oxide does
influence metabolism of some of the carcinogens, such as benzo(a)pyrene. I am
not familiar with the information on styrene oxide as far as a long-term
bioassay, but I think we should begin thinking about these chemicals as
promoters and begin testing this hypothesis.
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DR. LEWIS: Trent Lewis of NIOSH., There is quite a bit of work on
the metabolism of styrene. Dr. Kenneth Leibman of the University of Florida,
under a grant from NIOSH -- which he's had for approximately 15 years although
through previous agencies, -- has shown that styrene appears to be
biotransformed to styrene oxide metabolically. He was unable, however, to
isolate or trap this material. The end product of styrene metabolism is
mandelic acid, and this metabolite is used to monitor worker exposures, i.e.,
urinary mandelic acid.

NCI is funding a contract with NIOSH, in terms of work practices for

occupational carcinogens, and styrene is the model compound, I think that was
reported on last year, or at least one of the previous conferences.

DR. CAMERON: Thank you, Trent.

DR. COOPER: In terms of future directions, I thought the study that
was presented this morning on the paper and plywood industry cohorts was
extremely interesting, and I assume that the next step -- if any relative
risks which are elevated are found in any of the process steps, would be to go
in and do a really complete occupational hygiene survey of all the materials
to which people are exposed in that particular operational step.

It wasn't specifically stated, but I think it's an obvious next step,
and I hope we are going to go on and follow up on any relative risks that are
determined, in terms of specific exposure.

DR, CAMERON: Well, I laid out my concern. I am perturbed, and I
think I expressed it, that I'm worried about the large scale, long-term, or
expensive epidemiological studies, without some backup from the laboratory. I
think that's something we should keep in mind.

DR. MILLNER: I'd Tike to raise that issue. I'm here, I guess, as a
fifth columnist. However, many of us in epidemiology do come out of the
laboratory, and have -- and our thrust, at this point in time, and it's
primarily in grants, is to link your basic laboratory procedures with clinical
findings and epidemiologic studies.

This dichotomy of methodology and epidemiology is crazy. We have to
“ook at the exposures, you have to look at the populations, and unless you
link all of them, you are not going to have anything in terms of outcome.

And this is a plea that I would like to make. We're encouraging
studies that use basic laboratory findings, biological markers, applied to
populations, but in well-designed epidemiologic studies. And I think the real
problem is the design and the methodology, not just for- your laboratory tests,
but for your epidemiologic studies.

And unless you can link all of these, you really don't have a leg to
stand on.

DR. COOPER: Which comes first, the horse or the cart, or the chicken
or the egg? Or do you want them in parallel?
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DR. MILLNER: I think they have to be parallel. First, you look for
your exposures, you look for your incidence and prevalence. You look to see
what there is in descriptive epidemiology. You need to know what exists
before you can do your analytical studies and say there is an association that
is statistically significant, and that has to be well designed.

But you also have to have laboratory findings, hasic laboratory
findings -- markers, laboratory procedures, that identify and are correlated
with your outcome and disease.

And as we begin to develop this, I think we will begin to have a
handle on intervention and possible prevention. And until then, I don't think
we really have that much.

DR. BAUMEL: Dr, Millner, in terms of markers, are you expressing
preference for short-term, biological markers, relative to the long-term
outcomes of carcinogenicity?

DR. MILLNER: I don't think that at this point we should have a
preference. We are primarily involved in investigator-initiated grant
proposals, which are different from contracts, and it gives the investigator
the ability to use whatever interests and abilities he has to come in and do
this kind of research.

So is it short-term or long-term? I think we have to be open to
that. And if, in peer review, this can be presented in a good study, this
will go either way. Do you have any preference? We're open to suggestions.

DR. BAUMEL: I don't think it's a matter of preference, necessarily,
but a matter of practicality. In terms of the long-term carcinogenic effects,
for instance, the impracticality of getting a representative cohort with a
long-term exposure history and an appropriate number or size for that cohort,
to have sufficient power in the study, to obtain successful outcome, -- is
becoming less and less possible.

But in terms of short-term indicators, whether they're biochemical
markers, cell transformation assays, in vitro or in vivo tests, this might, in

essence, permit us a shorter exposure period in which to determine the
existence of a hazard.

However, that area right now, which EPA Office of Toxic Substances is
heavily involved in looking at, in terms of validating .short-term testing, is
still developmental, but I think there should be some parallelism between the
epidemiology research and the short-term testing, so that they can come
together in an effective and productive manner.

DR. NIEMEIER: In regard to the problems with wood dust, I have
recently completed a draft review of the literature on the etiological agents
that may be responsible for the increase in nasal cancer incidence among
hardwood workers.
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The information that is available on the pulpwood workers, I think,
is an entirely different story. 1[I, personally, am planning on submitting some
additional studies for interagency funding, in regard to trying to isolate and
identify the possible etiological agents in wood dusts.

Most of this planning has come about because of our close
relationships with the epidemiologists at NIOSH. Historically, we have been
working very closely with them in trying to decide which are the best ways to
approach these complex problems.

They are not only feeding to us original information which we use in
the design of studies, but the results of our experimental studies are being
used in their planning of field investigations. So I think there is a give
and take here. We in experimental cancer research cannot ignore the
epidemiological results, from the standpoint of being able to apply those to
experimental studies and vice versa.

I think that the study on the pulp workers, for example, is very
important for us, as experimental toxicologists, to be able to participate in
and to attempt to describe which might be the causative agents, and how best,
then, can we control the working environment, so that the increased risk
factor is described, to some extent, by reducing exposure to those etiological
agents.

DR, HEGYELI: Hegyeli, NCI. 1 would like, really, to join with my
remarks to the previous speaker's suggestion, and I relate this to the study
that NIOSH conducted on pattern makers, and, as I gquess most of you know, a
very large medical surveillance study supported hy the Ford and the GM motor
companies in these people.

But the relative risk in this particular case, according to NIOSH's
study, indicate 2.2.5 (sic) times relative risk for colorectal cancer, and not
for the nasal or oral cavity, which calls the attention to the tvpe of study
that you just mentioned. But detailed animal studies would be needed to Sort
cut what is really the cause, because these wood particles, that most of these
pattern makers are dealing with, whether this is laminated wood or hardwood,
are large particles, and those lodge, according to the literature, in the
rasal cavity and the oral cavity. So the irritation would be in this area.

But there must be some chemical involved in this which would cause --
if the data are really hard enough., That is still, I guess, in question.

Dr. KRAYBILL: Kraybill, NCI. 1I'd like just to make one or two
points: I was gratified to hear your statement about interfacing the
experimental world with the epidemiologic world. I don't think we have
exploited that.

I think our epidemiological studies start over here, looking at death
certificates and mortalities and things of that sort, and mapping, but we

ought to explore more fully what's coming out of the experimental area in
bioassay.
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The other thing I was thinking about, in reading some reports on
nutrition and diet, and I read that excellent treatise by Doll and Peto, is
the significance of diet and nutrition in relation to colorectal cancer,
breast cancer, endometrial cancer, et cetera, et cetera.

However, we're programmed to deal with environmental and occupational
stresses, but one should also consider food and diet. In one report, emphasis
-is placed on protease inhibitors. That work was done by Troll et al. It is a
study involving soybean meal in the diet, and maybe we ought to be looking at
populations to see what people have a high intake of protease inhibitors, how
that relates to a certain type of cancer such as gastric or colorectal.

But I like to see these epidemiological studies, like you said, based
on clinical parameters, and then you can take off from there. I think we
should emphasize that as a strong recommendation.

DR. CAMERON: 1I'd like to make two comments. One, Ken Chu at the
NCI, started years ago, and I believe he's still following it, to take a
systematic look at the bioassay results. He was trying to take each one as

they came out, analyze it, and try to convey early warning data, if you would,
down the hall to the epidemiologists.

One comment I would 1ike to make before we go further. I do know
that there are some industrial people here, and I would just like to extend
our welcome. We're very pleased that they're here. I didn't realize that
you're all new. Get into the action. Please join in the deliberations and
discussions. As you're obviously coming from a different aspect than we do,
give us a little push the way you think we should go.

Trent?

DR. LEWIS: Trent Lewis, NIOSH. Tom, I'm concerned about the
characterization of the environmental exposures in the first study -- the zinc
smelter in Pennsylvania; I think Burt Carnow brought out very well some of the
inadequacies -- the respirable size, the composition of the particulate.
Unless the environmental characterization is improved, I'm afraid some cause
gnd eifgct relationships may be made that cannot be substantiated, and may not

e valid.

Accordingly I think the investigation must pursue how much of the
particulate matter is benzene-soluble, or organic-soluble, and how much isn't,
things of that nature. Without that information, I think the study is
woefully weak.

DR. CAMERON: John, wasn't a lot of work done on benzpyrenes and
attaching them to particulates? Weren't you involved in that activity?

DR, COOPER: Yes, but I think it's not relevant, really, to this
discussion. This was dealing with bulk quantities of benzpyrene, in attempts
to determine the state of its absorption as opposed to simple admixture for
experimental systems.
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DR. CAMERON: Okay. Anybody else?

DR. BELLIN: I'm Judy Bellin from EPA. I think one of the problems
that we keep facing is how to relate historical exposure to the epidemiology
study performed today, and I wonder -- first of all, I'd like to second your
invitation to people from industry: here is one area where cooperation with

industry, and the knowledge that industry possesses, is of immense value to us.

The second point relates to processes change. While it is important
to monitor the industrial exposures now, to relate to our epidemiologic
findings, we need to know what the exposures were 25 years ago. How did the
process change? And maybe we even have to go back to the lab to recreate what
occupational exposure might have been, and to measure what occupational

exposure might have been 25 years ago. For this, we really need industry's
assistance.

DR. LONGFELLOW: Dave Longfellow, NCI. I'd just like to echo, in
that same context, that I think we should not Tose sight of the personal
hygiene aspect as a route of occupational exposure. One example was raised in
the styrene discussion earlier. As you will recall, we hear about the workers
cleaning up their exposed arms by sticking their arms down in a vat of acetone
up to their elbows, or up to their armpits. Now that's exposure.

The same sort of situation occurs in the industries involved in the
metal cutting and grinding operations, where a variety of nitrosamines are
known to be formed in the grinding fluids used for lubrication and cooling. I
can still remember the gasps of awe from an audience at an IARC International
Nitrosamines Conference a few years ago, when it was revealed that significant
parts per million concentrations of potent carcinogens could be produced in
the grinding fluids during use. The primary route of exposure to personnel
was assumed to be inhalation of the atomized fluids, however, a first~hand
observation from a member of the audience revealed that food and beverages are
frequently placed on the motor housing to keep them warm and that when a
worker is cleaning up he will frequently dip his whole arm into the grinding
fluid to rinse off metal filings. By such hygiene patterns, a whole new route
of significant exposure is created that would not necessarily be apparent from
the grinding process itself.

I think there are some messages there for us, when we get down to
selecting routes of exposure for the animal bioassay studies and selecting the
types of solvent vehicles to use in long- and short-term studies. Let's look
to see where the real human exposure is taking place and consider more
seriously the solvents used in hygiene as well as the solvents inherent to the

operation itself. These may play a significant role.

DR. KRAYBILL: Kraybill, NCI. I meant to make a remark earlier,
concerning the woodworkers. We had a meeting in Lyon, France with IARC. Were
you at that meeting?

DR. NIEMEIER: No, I wasn't.

DR. KRAYBILL: I see. Well, I think that that monograph is going to
come out soon, probably this fall, is that right?
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DR. COOPER: 1It's out.

DR. KRAYBILL: It's out? 1In that, as I remember, I think there are
over three hundred and some chemicals involved. Now, it depends what step
you're talking about. The worker in the forest and in the lumher mill gets
sawdust and gets exposure to chemicals there. Then if you treat that wood
with pentachlorophenol and other chemicals, that's another exposure.

The one I was thinking about is concerning the lumber man, in the
woods or in the mill. There are a lot of naturally occurring compounds to
which man is exposed.

DR. NIEMEIER: Lumber products?

DR. KRAYBILL: Yes. And I don't know if we have looked at many of
these naturally occurring constituents in the wood. That might be something
to suggest to the people in the testing program, or bioassay, to take a look
at some of these, because some of them could be carcinogens and mutagens. Has
that been done?

DR. NIEMEIER: The bioassay program is currently testing some
chemicals which are associated with wood dust exposure, cinnamaldehyde, for
example. However, there have been some technical problems concerning
instability, I believe, in delivering this material to the animals.

We must remember that naturally occurring constituents of wood
include not only endogenous chemicals characteristic of the wood at a
particular location but also exogenous biological agents such as fungi and
fungal products. I think you have to look at the problem from the standpoint
of, one, what is the incidence of cancer in the Tumberjacks and other members
who are handling those materials where the hiological agents are present, and
second, perhaps more importantly, what type of cancer are those worker
experiencing as compared to wood workers with the nasopharyngeal cancer, the
plywood workers, have excesses of lymphomas, leukemias, etc. I think, we must
consider a number of different carcinogens. I think we may have to address an
entirely different class of agents when comparing hardwoods to softwoods.

So it is a 1ot more complex. I think your 350 chemicals may be an
underestimate.

DR. CAMERON: I would like to say something. The point was made just
a bit ago about industrial cooperation. I would just 1ike to point out that

most of you here know about the NCI-Formaldehyde Institute Collaborative
Epidemiological Study. I would like to point out that that concept was
initiated by industry; it was the Formaldehyde Institute that came to the

NCI. My understanding is that it's most rewarding, and it's going ahead. A
large cohort has been assembled, primarily by industry, and it is truly a very

interesting study. It could be a real marker -- not a biological marker, but
a real marker, in our studies,

DR. FARLAND: Farland, EPA. I would just like to make a comment with
regard to methodology, as is is being discussed in this session -- we can do
short-term tests on alkylating agents, and on certain other types of potential
carcinogens, which we might be interested in, very easily.
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This morning, however, we've heard about epidemiology studies with
metals, volatile solvents, and physical agents. It is much more difficult for
us to do short-term tests with these types of agents, and I think that one
direction of our research into methodology, therefore, should be to develop
some short-term tests, to be able to screen for these types of potential
carcinogens, as well.

Perhaps what we're talking about is getting away from the single-cell
cultures, and going into short-term animal models, where you have a more
complex biological system coping with these agents. 1 don't think that it's a
simple transition, obviously, from some of the experimental methodology that
we have going for us now, to some of the problems that have come up in these
epidemiology studies that we were hearing about this morning.

DR. HEGYELI: I would 1ike to mention that, as I see it, the problem
we face in short-term testing of chemicals for carcinogenicity is not so much
the choice between in vivo or in vitro tests, but rather, it is the selection
of the end points of evaluation.

We face similar dilemmas in our epidemiological studies. Most of our
studies to date are retrospective with death as the end point. What we need
is more prospective longitudinal studies with genetic markers, chromosomal
damage or other short term end points to assess the problem of carcinogenesis
in high-risk populations.

DR. CAMERON: Well, that's true. We at NCI are involved in a large
prospective study on PBB, a study in Michigan. And it's been underway for
quite a while now. But there is a lot of uneasiness with a large, expensive,
prospective study 1ike that. We could end up, 15 years from now, with egg on
our face.

I mean, I'm with you. I think we should take a chance, in specific
instances, but there is a large element of risk.

DR. BELLIN: Again, the studies are tremendously expensive, and 1
wonder why we are still limiting ourselves to looking at cancer as an
endpoint. Are these studies now being broadened, or could they be broadened
-- should they be broadened, to include questions on reproductive history, for
instance? Should they include reproductive outcomes of both male and female
workers and their spouses. I think it might be worth investigating, in the
large population groups whether effects are discernible. Often, they can
serve as short-term markers.

DR. CAMERON: Agreed. I can't speak for the EPA aaency agreement --
I think Dr. Kraybill should. I can speak for the NIOSH agreement. When we
deliberate over the new projects for yea or nay, we from the NCI have a basic
concern, or problem, for want of another word. We're targeted, or focused, on
cancer, and with the understanding that these funds come from the NCI, we have
difficulty in accepting toxicological parameters, other than cancer.

I'm not discouraging them as being part of the problem that we would
look at, but I guess we have a nagging concern that any one of the projects
should somehow relate to the cancer area.
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DR. FORD: Ford from International Flavors and Fragrances. I have to
say, Dr. Cameron, that I think it is in NCI's interest to keep in mind all of
the relatively short-term markers of malfunction, such as teratogenicity,
reproductive potency, and neurobehavioral signs resulting from chemical or
physical exposures, which, over the course of 25 to 30 years, may result in
cancers of the various target systems, but which, after only five of ten years
of exposures in people, result in some malfunction.

We were talking earlier about the wood dust and exposures leading to
nasopharyngeal cancers. I wondered what sorts of bioassays were being
conducted on the products that could be isolated for the wood dusts. It seems
to me that those workers are exposed much more than the logger out in the
woods to the fine volatiles, by virtue of the fine particulates that are
created in finishing. You have at least the 350 chemicals identified in the
extracts. Certainly, however, you could Took at the major components to see
what roles are being played there toward long-term effects. Of course, we in
the flavor and fragrance industry have an interest in the specific components,
since we isolate many of those for use in long term exposures as flavor and
fragrance materials.

DR. COOPER: John Cooper. To try and clarify what vou said about
endpoints, from my perspective, being a part of the review group, there has,
to my knowledge, never been an attempt to exclude any other toxicologic
endpoint, only an intent that cancer, as an endpoint, should be one component
of studies which are supported.

DR. CAMERON: I'm sorry, I think we had better quit now.
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DR. BURTON: Please, we are about to begin. The first paper in the
last session this morning is An Etiologic Study of Respiratory Cancer in
Coastal Texas, which is a case control study of Tung and laryngeal cancer in
Texas among Caucasians. Dr. Patricia Buffler will not be here this morning
and the paper will be presented by Tom Mason, who is the co-project officer at

NCI.
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DR. MASON: The Associate Dean sends her reqards, respects,
condolences. She called yesterday afternoon and said she couldn't make it.

What I would like to do very briefly because there are no analyses,
there are no slides, there are no overheads, and I would like to get back on
schedule because I am interested in what Dr. Austin is going to tell us about
California, is to tell you basically that this is a Targe case control
interview study of both incident lung cancer and laryngeal cancer in a six
county area in Texas which has been identified by those persons who make maps
of cancer as having high rates.

What we are interested in doing here, and I can share with you the
major hy?otheses that are being addressed and put it in perspective with
another large study that we are doing, we are concerned about chemical,
petrochemical exposures, as well as high asbestos exposures in shipbuilding.
As some of you know, this part of Texas, part of which s called the Golden
Triangle, which measures very nicely with some environmental measurements
which are ongoing by the Environmental Protection Agency, has some
exceptionally high rates; has historically large proportions of their work
force who are working in particular industries of interest to us. Texas, like
other industrialized large states, has made cancer a reportable disease.

The interesting thing to us and at next year's meeting or 18 months
hence, if our Division Director holds us to something like that, we will be
able to tell you about this study and a parallel study in New Jersev where I
am of the opinion that the chemical exposures and the asbestos exposures
could, indeed, be the same. The characteristics of exposure will change, not
the least of which, as a function of climatic conditions and humidity and
other such things, there are more Spanish Americans in our Texas study. And
it is the largest study of lung cancer among women that the institute has
gotten into. So, hopefully, we will be able to address a number of
interesting things concerning the dynamics of the disease; concerning
occupational exposures; concerning cigarette consumption, and the potentially
most controversial part, does dietary Vitamin A play a protective role with
regard to the development of lung cancer in areas where there is ample
opportunity for exposure to known carcinogens to the lungs?

We are doing a very detailed dietary analysis collecting information
on some 36 or 37 foodstuffs. And it will be interesting when we next meet to
be able to share with you whether or not in the United States a similar
protective role of dietary Vitamin A controlling for cigarette smoking has
been detected.

So with that, I can simply tell you that with regard to lung cancer
some 1,064 questionnaires have been completed to date with regard to laryngeal
cancer; some 267 interviews have been completed to date. We anticipate the
case ascertainment to continue for the next several months and preliminary
analyses probably by the spring of next vear.

If there are any questions I would be glad to discuss them with you.

There are no results, no preliminary analyses. There are some positive
points, and this I would share with all of you, we have opened the doors for-
ever to the health care financing administration. Any person who needs access
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to a sample of the elderly population in the United States, it is free
basically for the asking. You can select random samples of persons over 65
years of age by race, by sex, by place. And I think it is a very unique
opportunity. It behooves us to move away from the strictly hospital-based

studies. We can do population-based studies. We have shown it in a number of
instances.
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ABSTRACT

The University of Texas School of Public Health, in collaboration
with the National Cancer Institute, is conducting a study to evaluate
the relationship of environmental factors to the incidence of respira-
tory cancer in Caucasian residents of Brazoria, Chambers, Galveston,
Harris, Jefferson, and Orange Counties. (Harris County is not included
in the investigation of male lung cancer.) The diagnosis periods are
July 1, 1976, through June 30, 1980, for the lung cancer cases (except
for female lung cancer cases in Harris County for whom the diagnosis
period is one year shorter, beginning July 1, 1977) and for laryngeal
cancer (for which only male cases are being examined) from July 1, 1975,
through June 30, 1980. The cases to be studied are individuals between
the ages of 30 and 79 at the time the cancer diagnosis was first made.

In the investigation of male lung and laryngeal cancer, the ex-
posures of primary interest are those relative to occupational exposures
with attention also to residential factors and smoking and alcohol his-
tries. In the examination of female lung cancer, residential and occu-
pational exposures are the focus of the study and smoking and alcohol
patterns are being assessed. Other risk factors of interest are subjects'
medical history, family history of cancer, Vitamin A deficiency and socio-
economic status.

This is a case comparison interview study. Interviews are being
conducted with the Tung and laryngeal cancer cases or their next of kin,
and compeers.

In addition, incidence rates for lung cancer and male laryngeal
cancer are being determined for the study diagnosis periods.
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INTRODUCTION

The need for the study is based on the high respiratory cancer rates
along the Texas Gulf Coast. As this area is the location of several in-
dustries, identified as "high risk" (including the petrochemical industry),
and as it has a rapidly growing population, it was decided to examine the
work and residential experience, other lifestyle characteristics, and
medical history of people diagnosed as having respiratory cancer, and
comparison subjects selected from the general population.

PROGRESS TO DATE

A. CASE ASCERTAINMENT

1. Hospital Participation

Efforts to obtain the consent of hospitals continued throughout
the year.

On Table 1 is shown the number of participating hospitals for
each county, broken down into four size categories.

2. Statewide Cancer Registry Program

The contract with the Statewide Cancer Registry Program (SCRP)
of the Texas Department of Health was renewed. This stated
that the SCRP Staff would continue to ascertain cases in most
of the study area hospitals with a hundred or more beds.
However, due to internal administrative problems, SCRP found
that it was unable to fulfill the terms of the contract and
the study staff has ascertained cases in several of the larger
hospitals.

SCRP ascertained codes in nine hospitals and partially abstracted
13 others.

A tape listing cases diagnosed outside the study area was obtained
from SCRP.

3. Abstracting by Study Staff

This year most of the data collection has been done by one ab-
stractor, with some assistance from a graduate assistant.

Thus far, the study staff have reviewed the records of 25

hospitals and have done part of the abstracting in 13 others
(Table 2).
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INTERVIEWS

Interviewers and Territories

Several interviewers were initially hired to cover the six county
study area plus eight additional counties and one parish in Louisiana,
vhich made up the "interview area".

Based on estimates of study subjects, interviewers, territories were
assigned as follows:

a. Harris, Montgomery, Waller and Fort Bend Counties - 8 interviewers
b. Galveston County - 3 interviewers

c. Brazoria County - 1 interviewer

d. Chambers County - 1 interviewer

e. Jefferson, Liberty, Hardin and Tyler Counties - 2 interviewers

f. Orange, Jasper and Newton Counties and Calcasieu Parish in
Louisiana - 2 interviewers

Each interviewer was given standing permission to conduct interviews

within a ten mile radius of his/her territory Timits. Assignment of

interviews was confined to a 50 mile radius of the interviewer's home
whenever possible.

Initially, interviewers were hired to work 20, 30, or 40 hours per
week, depending upon the projected number of person hours needed to
cover a particular area.

Due to the slow pace of case ascertainment and to the fact that it is
difficult to fit this type of work into a regular "work week", it was
necessary to make two changes in the employment of interviewers.

First, effective February 1, 1981, all interviewers' time was based on

a minimum of 20 hours per week with the flexibility of working addit-
ional hours when the work Toad permitted. At the same time the number
of interviewers was reduced to nine. At present there are seven inter-
viewers.

Assignment of Interviews

Assignment of interviews is made by .the Field Coordinator every two
weeks and is based on the location of potential respondents and the
number of cover sheets the interviewer "carried over" from the previous
"batch".

A cover sheet is prepared for each study subject assigned to an inter-
viewer, and contains information to help him/her locate and contact
the respondent. The interviewer adds information relating to the
outcome of the assignment before sending it to the Field Office.
(Appendix 1).
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Before a batch is assigned, the Field Coordinator reviews the cover
sheets available for assignment. Living cases and Medicare controls
have priority.

As interviews are assigned, identified eligible respondents are mailed
a letter from the Field Office introducing the study and the inter-
viewer assigned to interview that respondent. (Appendix 2). Study sub-
jects without identified eligible respondents must be traced by the
interviewer first. When the Field Office is notified of a suitable
respondent,a letter is then mailed from the Field Office for the inter-
viewer: 1in some cases, the interviewer mails his/her own letter to
avoid delay.

Medicare Controls

The controls for living cases aged 65 and over have been randomly
selected from Medicare records on which race is not identified. The
Spanish-surnamed persons are identified by the use of the Buechley
computer program. To ascertain the race of the other people assigned

to them, the interviewers ask some screening questions. These questions
were tested in a pretest.

The "Medicare" study subjects are sent a letter from the Health Care
Financing Administration, (Appendix 3), which precedes the usual study
letter.

One of the screening questions obviously relates to race. If the study
subject replies that he/she is Indian (either American or Asian), black
or oriental, the interviewer tells him he/she will be contacted in a
few days. The Field Office sends a "thank you" letter to the "ex-study
subject" indicating that there will be no need to answer further quest-
jons.

In all other respects, the interview pracedures for these controls are
the same as for the other study subjects.

Spanish-Surnamed Study Subjects

Earlier this year, it was decided to include Spanish-surnamed cases
and controls in the case comparison study. Therefore, some procedures
were developed to meet the contingency that the respondents might not
speak English.

One of our interviewers was designated as the Spanish speaking resource
and all language problems involved in tracing and in arranging and con-
ducting the interviews are addressed to her.

Language has been less of a problem than anticipated and thus far only
one interview has had to be conducted in Spanish.

Tracing

A very important element of the interviewers' job is tracing the self-
respondent or other eligible respondents.
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Originally a three hour 1imit was imposed on the amount of time to

be spent tracing a respondent. After a month in the field, this rule was
rescinded when it became clear that this was often not sufficient time to
locate and identify respondents for whom the only address availahle in the
Field Office could be as much as five years old. Also due to the delay in
case ascertainment, the interviewers had time to undertake this ad-
ditional tracing.

Various methods of tracing are utilized by each of the interviewers.

The more rural settings (such as Brazoria, Chambers and Orange Counties)
generally have the most informative and helpful resources: wutilities
companies, post offices, funeral homes and cemeteries, police depart-
ments and nursing homes. Small businesses such as service stations,
grocery, drug and liquor stores have also proven helpful especially

in these more rural areas.

The Privacy Act seems to be better enforced in the urban areas; hence,
it is more difficult to obtain assistance from many of the community
agencies. Neighborhoods also seem to be more transient so that
finding helpful and knowledgeable neighbors can be difficult.

A1l interviewers rely on city directories, area telephone books, and
newspaper obituaries to assist in the tracing process.

Reassignment Procedures

Interviews have to be reassigned to a second or third interviewer for
the following reasons:

a. A refusal is received from the respondent.

b. A respondent who lives outside the interviewer's territory
is identified..

¢c. When the Field Office has some additional information from
a search of the death certificate or another source, or
ideas which might help to trace the respondent.

d. Personal circumstances of the interviewer.

"Refusals" are reassigned to a second interviewer except when the
Field Coordinator considers reassignment to be inappropriate, as

is the case with vehement hostility, or physical or mental weakness.

A "persuasion" letter is sent to the respondent (Appendix 4), which
can be adapted to address the specific reason for refusal. No attempt
is made to convert "second" refusals. However, another eligible re-
spondent is sought for a next of kin interview either after a first
or second refusal has been received.

Recalcitrant Respondents

During the course of the study, it became apparent that a "prodding"
letter was needed to motivate a respondent who was relunctant to
schedule an appointment although not refusing to participate. On
encountering such procrastination, an interviewer requests that a
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"prodding" letter be sent from the Field Office (Appendix 5).

Contact with Field Office

Efforts have been made to ensure that interviewers have frequent
contact with the Field Office and that they do not feel isolated.
The following methods of communication are used.

d.

"Hot Line" There is a special telephone line in the Field
Office to facilitate communication with both respondents and
interviewers. Staff are available to answer this line from

7 A.M. to 6 P.M., Monday through Friday. The Field Coordinator
is in frequent telephone contact with the interviewers. The
"hot Tine" number is included in all study letters to enable a
potential respondent to verify the authenticity of the

study, the employment of a specific interviewer, or to leave
messages or additional information relevant to the study.
Initially, a beeper was rented for the Field Coordinator which
would facilitate contact with her during evening hours and

the weekends. After a trial period of one month, it was de-
termined that its use could not be justified.

"Erudite" A newsletter for and about interviewers is printed
every two or three months to keep interviewers apprised of the
trials and tribulations of other interviewers, current events

in the field of epidemiologic research and the status of inter-
viewers who have left the study. Because interviewers usually
work alone and have 1ittle support and stimulation, the newsletter
acts as a morale-builder for the group. Information relating to
interview procedures and techniques, and administrative matters

is communicated in memoranda.

Monitoring of Interviews JIn a regular basis, the Field Coordinator

observes interviews conducted by each interviewer. She also re-
cords the data simultaneously. After the interview, the inter-
viewer is given immediate feedback and this is a good opportunity
to discuss other concerns and to obtain some reinforcement.

Interviewers' Meetings Several times during the course of the
data collection period, all the interviewers meet jointly with
the Field Office personnel. These meetings are used to maintain
morale by sharing experiences and problems encountered in the
field and by allowing interviewers an opportunity to meet other
study team members with whom they generally have limited contact.

These meetings seem to stimulate an -esprit de corps which is
important since the interviewers work in virtual isolation from
their colleagues.

The quality of interviewing and tracing is also increased by the
sharing of experiences.

In addition, the meetings provide a forum for discussing new
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10.

11.

12.

procgdures, making adjustments in interviewing techniques, and re-
viewing the status of the study.

Quality Control

a. Va]idgtingﬁlnterviews Ten per cent of each interviewer's completed
questionnaires are validated by telephone (See Appendix 6, Verification
Form 1 - there is a similar form for next of kin respondents. Three
per cent are validated by readministering Section D of the question-
naire and a few of the questions given in the "ten per cent" validation.

b. Monitoring Completed Questionnaires A-1 completed questionnaires are
reviewed by the Field Coordinator to identify blatant problem areas
§uch as qndocumented missing time, insufficient recording of occupational
information and other errors not corrected in the interviewer's editing
process. Questionnaires are returned to the interviewers when necessary.

c. Observing Interviewers - (discussed above).

Coding Experiences for Interviewers

To increase the interviewers' awareness of the importance of obtaining
specific information (and thus the need for good probing), and of re-
cording data clearly, each interviewer was given the opportunity to
code some of the sections of the questionnaire. It was agreed that
this made the interviewer much more conscientious about the thorough-
ness of recording and editing procedures as well as the overall neat-
ness and legibility of the questionnaire. Interviewers who had dif-
ficulty in grasping the concepts necessary to accurately probe and
record occupational information were given an additional opportunity
to work with the "Dictionary of Occupational Titles" and the "Standard
Industrial Classification Manual" in a limited exercise form.

Interviewing Experience for the Coders

It dis also be}ieved that an opportunity for a coder to observe an inter-
viewer would increase the coder's understandina of the difficulties

an interviewer faces in obtaining the data to be coded. When

possible coders have observed an interview.

These joint experiences seem to be rewarding for both the interviewer
and the coder.

Status of Field Activities

Table 3 summarizes interviewing activities as of September 301 1981. Case
ascertainment is almost complete and 1232 lung cancer and 302 1afyngeq1_
cancer cases, eligible for the case comparison study, have been identified.

To date, 1492 interviews have been completed. The response and refusal

rates for the lung section of the study are 76.8% and 8.6% respectively,
and those for the laryngeal section, 70.7% and 12.9%.
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CODING

1. Coding Manual

Coding of the cover sheet and interview data began December 1980.
During the first few months of coding, the coding manual was de-
veloped as several drafts were necessary in order to address un-
foreseen problems Changes and additions to the coding manual are
made in a series of "Coding Notes". Problems are documented by
the coders and reviewed by the Field and Project Coordinators.

2. Occupational Coding

The most difficult section to code is the occupational history.

"The Dictionary of Occupational Titles" (U.S. Department of Labor) -
familiarily known as DOT - is used for the coding of occupations.
These codes are supplemented by some developed by the study staff.

The classification scheme of the "Standard Industrial Classification
Manual, 1972" (SIC), published by the Office of Management and
Budget, is used to code industries.

Some "Occupational Coding Guidelines" have been developed. In the
development process, two coding pretests were held:

Pretest 1: The Field and Project Coordinators coded the same
30 questionnaires and the discrepancies were
analyzed and decisions made on the preferred
codes. These same questionnaires were coded
by a doctoral student who had had some exper-
ience in using DOT. These codes were then
compared to the preferred codes of the study
staff by another researcher and the results
discussed at staff meetings.

Pretest 2. Three coders each coded another 30 question-
naires after a series of training sessions, and
the coding was discussed at meetings of the coders
and the Field and Project Coordinators.

Changes and additions to the "Occupational Coding Guidelines" are made
in a series of "Occupational Coding Notes".

The problems encountered by the coders are reviewed regularly. The
Field Coordinator trains the occupational coders and she and the Pro-
ject Coordinator answer questions and review coding problems.

3. Quality Control

Ten per cent of all coding is recoded by a second coder. .Dis-
crepancies are noted and decisions concerning the correct codes are
made by the supervisors. The coding supervisors alsn recode some
questionnaires with priority beina aiven to the nccupational coding.
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Status of Coding

The coding of all sections,except that relating to occupation, has
been completed for about 1,000 questionnaires. Approximately 400 oc-
cupational histories have been coded.
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D. DATA MANAGEMENT

1. Data Input

Data are input at a terminal in the Field Office. One staff
member's primary responsibility is the input of the interview
data, although he is also a coder. The clinical data and data
from the cover sheets, which contain information on the assign-
ment, arrangement and conduct of interviews, are also input by
other staff members.

To ensure the quality of data input, the following measures have
been and are being taken:

a. There are two abstract forms: the one used for the case
comparison study is larger than that used for people eligible
for the incidence study only. The input program for the former
contains many prompts for the enterer.

b. The interview data are entered twice so the enterer can compare
the data.

¢. Checks on valid ranges are built into all the input programs.
d. Ten per cent of all data are reentered by a second person.

The detailed abstract forms are entered very shortly after they
are received in the office. The shorter forms are a lower priority
and about 400 of them have been input thus far.

Cover sheet data are entered as soon as they are available and
interview data when the coding is complete and the problems have
been reviewed.

It is hoped to have at least 200 questionnaires fully entered ready
for some preliminary analyses, by the end of October, but many of the

other sections from a Tamer:number cf questionnaires, hive already heen
entered.

2. Data Management System

During the past year, the data files have been set up and a system of
data management developed. Figure I illustrates the functional relat-
jonships among the procedures and data files. The system is complex

and only the most important aspects are discussed here and shown

on the flow chart.

a. Clinical Data

The medical abstractor (ABSTR) completes a short form for subjects
thought to be eligible for the incidence study or a long form for
subjects thought to be eligible for the case comparison study.

The information on these forms is entered in batches into the
computer via the CRT terminal by a data enterer (FORM 2 and FORM 1).

A program developed by Dr. Buechley is applied to the raw data to
identify Spanish surnames. The 'names are then checked against
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Figure 1 Continued
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a "special purpose" file to identify any duplicates: this
file contains the controls in the confidential file (CONF),
the data from Form 2, previously checked for duplicates, and
the data from Form 1 which passed the incidence stage of the
Criteria Program (CRIT).

i. Criteria Program. This is applied to the data after the
duplicates have been removed. Its purpose is to ascertain
eligibility for the study. The incidence criteria are
tested first followed by those of the case comparison
study. The ineligible cases remain in the raw data file
(DATA-D 2+1). Those cases which have the potential for
becoming eligible (if some unknown or missing data be-
came available) are put in a "holding" file (HOLD). The
data of these cases meeting the eligibility requirements
for the case comparison study are put into the "DATA CC'
file except for the name, address, telephone number, death
certificate number and contact information. These data
are put in the "confidential" file (CONF-CC, CTRO). The
criteria program assigns the complete 9-digit identification
number.

ii. Study Subject Number. This embodies the following character-
istics of the study subject: whether he is a case, a control
or is in the incidence study only, whether he is in the lung
or laryngeal section of the study, his vital status, and his
age, sex and race. Four digits designate his personal identi-
fication number. As part of a strategy to ensure confiden-
tiality, only the "personal" four digit number is store
with the study subject's name.

Controls

The control pools come from three sources: the dead controls (DC)
are taken from the mortality tapes of the Texas Department of Health,
the living controls under the age of 65 from drivers' license re-
cords, (LDC) and the living controls, aged 65 and over, from Medi-
care records (LMD). Batches of controls are selected randomly from
these pools using procedures represented by NEXT L and NEXT D for
dead and 1iving controls respectively: these include application
of the Buechley Program and assignment of the 9-digit SS number.

The names are checked for duplicates against the "Confidential"
File, and the data are reformatted (C+D). The name, addresses,
county of residence and where applicable, the death certificate
number of the SS are put into the confidential file and the

other data, with the 9-digit SS number, in the DATA CTRL file.

Management System

This has been devised to generate information on the status of
interviews and facilitates the sampling of controls.

Using information contained in the confidential file and DATA CC
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and DATA CTRL files, interviews are assigned by the Field
Office. Some of the cases identified will not be assigned

to an interviewer, either because a physician's consent has
not been received, the SSs are too sick to be interviewed and
there is no appropriate next of kin respondent, or because
they are known to have moved out of the "Interview Area". The
SS numbers of these cases are entered into the IDONLY file,
together with the non-assigned controls.

Data relating to the assignment and outcome of interviews are
entered via the CRT (CV SHT) into the cover sheet data file

(C SHEET). The procedure IDBD is used to read the 9-digit SS
numbers from the DATA CC and DATA CTRL files and store them in
File 9 DIG. This is done to avoid reading the larger data files
in the operation of the Management System.

The procedure TALLY is run periodically to generate the following
information: the number of interviews assigned and completed
within each analysis group (age-sex-race-residence group), the
number of non-interviews broken down by reason for non-interviews,
and the number of non-assigned cases and controls. The results
are tabulated for the monthly Field Report.

Interview Data

After the interview data are coded, they are entered via the CRT
(INTV) into the interview data file (I DATA).

Analysis

When the analysis stage of the study is reached, various selection
and preprocessing procedures (SELECT DATA) will be used to read
the relevant data from DATA CC and I DATA Files.

These subsets of data (S DATA) may then be accessed by analysis
procedures which generate maps (MAPPING), simulate environmental
modelling (ENV MODEL), apply a multi logistic function (MULTI LOG),
perform cluster analysis (CLUSTER), and perform other analyses of
interest to the ifvestigators The confidential file will not be
used in the analysis process. For the Incidence Study computations,
the data in INCD will be read.

Quality Control

Additional procedures not shown on Figure 1 are the data editing
procedures. One edit procedure is used to check the Files

CONF and DATA, to see if the many dates are in a logical order.
Other variables are checked for logical consistency. Another edit
procedure checks the 17 different record types in the interview
data file (I DATA) for consistency within record as well as between
records. These records are also checked for consistency with the
coversheet dinformation (C SHEET). The coversheet file too has an
edit procedure check for internal consistency. These extensive
editing procedures and the input quality procedures discussed above
provide timely feedback for data cuality control.
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When the analysis stage of the study is reached, various selection
and preprocessing procedures (SELECT DATA) will be used to select
specific records from the clinical data file (DATA) and the inter-
view data file (I DATA).

These subsets of data (S DATA) may then be accessed by analysis
procedures which generate maps (MAPPING), simulate environmental
modelling (ENV MODEL), apply a multiple logistic function (MULTI-
LOG), perform cluster analysis (CLUSTER), and other analyses

of interest.
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E.

ANALYSIS

1.

Preliminary Analyses

The work to date on analyses has focused on four areas:
preliminary analyses of the clinical data and a subset of
the questionnaire data, development of the tlustering
analyses, description of the census tracts in the region
and acouisition and modification of case-control analysis

_programs.

a. Clinical Data

Analyses of the case comparison medical abstract form
were conducted using 1028 completed abstracts; of these
805 were lung cancer cases and 223 were laryngeal cancer
cases. Tables 4 through I8 describe these cases in some
detail. During the compilation of these tables, data
quality was checked and, where needed, data were edited.

b. Description of the Census Tracts

It will be useful in both the clustering analyses and the
analyses of smoking to have a detailed description of the
census tracts in the study region. This description should
be based on the social, demographic and economic character-
istics of the individuals in the census tract. The ad-
apted approach is based on the work of W. Parker Frisbie,
Dudley L. Poston, Jr. and Isaac W. Eberstein, presented in
Frisbie (1976). These authors used 29 variables obtained
from the 1970 Census and performed a factor analysis on
these variables, yielding seven "social-demographic" factors.
These are titled: socioeconomic status, family life cycle,
black poverty, migration, Mexican-American fertility, agri-
culture-female labor force and residential mobility. With
the authors' permission these scores have been converted

to computer useable form for those census tracts within

the six county study region. Using these scores, groupings
of census tracts will be made so that the tracts in each
group will be homogeneous as to social and demographic
characteristics.

c. Analyses of Questionnaires

A subset of the study population has been selected and the
questionnaires for these cases and controls are being input
to allow for the testing of data editing and analyses.
While no attempt to test the study hypotheses will be made
using these data, it is important that the programs and
procedures for performing these analyses be tried and pro-

- blems corrected.
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Larynx.:
176
47
223

Larynx
223

223

Table 4 Vital Status by Type of Cancer
Lung_
Alive 240
Dead 565
Total 805
Table § Sex by Type of Cancer
Lung
Male 365
Female 440
Total 805
Table © Race by Type of Cancer

Lung

White 786

Spanish 19
surnamed

Total 805

152

Larynx
209
4

223

Total .
416
612

1028

Total
588
Lo

1028

Total
995
33

1028



Table 7

Table 8

Marital Status by Type of Cancer

Single
Married
Separated
Divorced
Widowed

Total

Lung
23
539

59
159
785

County by Type

Brazoria
Chambers
Galveston
Harris
Jefferson
Orange

Total

Lung
139
17
113
309
135
74
805

Larynx

1

2

Of Cancer

Larynx

1

2

153

11

75

12
15
14

16

2
1
57
30

23

Total

34

714

6

A

174

999
Unknown=29

Total
155
19
124
L66
183
81

1028



Table 9

Year of Birth by Type of Cancer

1897-1901
1902-1906
1907-1911
1912-1916
1917-1921
1922-1926
1927-1931
1932-1936
1937-1941
1942-1946
1947-1951

Total

Lung
32
81

122
180
164
117
73
27

805

154

Larynx

3
26
36
51
51
27
15

8

Total
35
107
158
231
215
144
88
35
13

1028



Table 10 . Oncology Code by Type of Cancer

Larynx:
Glottis 125
Supraglottis 38
Laryngeal cartilage )
Over-lapping 7
Larynx NOS 40
In situ 12
Total 223

Lung:
Trachea 4
Main bronchus a3
Upper lobe 235
Middle lobe 22
Lower lobe 100
Over-lapping 23
Lung NOS 376
In situ 2
Total 805
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Table 11 Histology Code by Type of Cancer

Neoplasm, NOS

Epithelial Neoplasm, NOS
includes:
Carinoma
Large Cell carcinoma
Small Cell carcinoma
Dat Cell carcinoma

Papillary and Squamous Cell
Neoplasm, NOS
includes:
Squamous Cell carcinoma

Adenomas and Adenocarcinoma, NOS
Includes:
Adenocarcinoma

Cystic, Micinous and
Serous Neoplasm, NOS

Others
includes:
Mesothelioma

TJotal

Lung
1
307
88
35

35
128

250

244
212
183

28

802

156

Larynx
0
16

7
0
0
2
204

194

223

438
214
183

29

1026

unknown=3



Table 12 Grade of Tumor by Type of Cancer

Lung Larynx Total
Well Differentiated 27 53 8o
Moderately differentiated " 72 65 137
Poorly differentiated 244 17 261
Un-differentiated <191 3 194
Total 534 138 672
Unknown=356
Table 13 Stage of Tumor by Type of Cancer
Lung Larynx Total

In situ 2 12 14
Localized 220 154 374
Regional wiFh direct 52 16 68

extension
Regional with node 100 17 17

involvement
Regional with direct 12 7 19

extension and node

involvement
Regional, NOS 10 0 10
Distant or diffuse 324 9 333
Not enough information 76 5 81
Total 796 220 1016

Unknown=12
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Table 14 Basis of Diagnosis by Type of Cancer

Lung Larynx Total

Autopsy 1" 0 11
Histology 668 222 890
Cytology 126 1 127
Total 805 223 1028

Table 15 First Diagnosis Made Elsewhere by Type of Cancer
Lung Larynx Total

Yes 186 90 276

No 601 131 732
Total 787 221 1008

Unknown=20
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Table 16

Lung:

Larynx:

Oncology Code by Vital

Trachea

Main Bronchus
Upper lobe
Middle lqbe
Lower lobe
Overlapping
Lung, NOS

In situ

Total

Glottis
Supraglottis
Laryngeal cartilage
Overlappiﬁg

Larynx, NOS

In sita

Total

Alive

1

5
98
6

39

5

84

2
240

Alive
109
26

28
1"
176

159

Status

Dead
3

38
137
16
61
18
292

565

Dead

16

12

12

47

Total

h3
235
22
100
23
376

805

Total
125
38

12
223



Table 17 Histology by Vital Status*

Lung:

Epithelial Neoplasm, NOS

Papillary and Squamous Cell
Neoplasm, NOS

Adenomas and Adenocarcinoma,

NOS
Other and unknown

Total

Larynx:

Epithelial Neoplasm, NOS

Papillary and Squamous Cell
Neoplasm, NOS

Adenomas and Adenocarcinoma,
NOS

Other and unknown

Total

Alive Dead
.62 245
91 159

" 78 134
9 27
240 565
Alive Dead
1 5
162 42
2 0

1 0
176 47

*Limited to the major classifications of cells
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Total
307
250

212

36
805

Total
16
204

223



Table 18 Oncology Code by Histological Type*

Lung:
Epithelial Papillary & Adenomas & Total
Squamous Adenocarcinoma
Trachea 0 ] 0 b
Main bronchus 18 20 b4 42
Upper lobe 76 84 70 230
Middle lobe 10 5 5 20
Lower lobe 30 31 32 93
Overlapping 4 1 8 23
Lung NOS 169 93 93 355
Total 307 248 212 767
unknown=3
other cell types=35
Larynx: .
Epithelial Papillary & Adenomas §& Total
Squamous Adenocarcinoma

Glottis 6 . 119 0 125
Supraglottis 2 35 1 38
Laryngeal cartilage 0 1 0 1
Overlapping 0 7 0 7
Larynx, NOS 3 35 1 39
Total n 197 2 210

unﬁ'bwn=0
other cell types=13

* Limited to the major classifications of cell type
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Computer Programs

The following is a Tist of those computer programs designed
for case control or the multiple logistic model which will
be used in our analyses:

a.
b.

c.

BMDP Stepwise Logistic Regression (PLR)
SAS Logistic Procedure
Grimson's Case Control Program (CASCTL)

Breslow and Day's Case Control Analysis
Programs: LOGODDS and STRAT

Pickle's Case-Control Analyses Programs:
ODDSLOG, FLOGREG, FLOGFIT

The description of the BMDP and SAS programs are provided
elsewhere and need not be repeated here. (BMDP-79 Manual
and the SAS Supplemental Library User's Guide, 1980 Edition
{5As,198( for these descriptions).

The Grimson Case Control Program has recently been described
in the American Statistician (1981). As used here, it gener-
ates odds ratios and test statistics for several strata and
combines these values to form adjusted odds ratios and test
statistics, including the Mantel-Haenszel and Variance Weighted
Odds Ratio and Chi-Square. It is expected this program will
be useful in preliminary analyses.

The Breslow and Day Case Control programs, LOGODDS and STRAT,
perform analyses on sets of 2X2 tables. Both programs are
based on the logistic regression model; LOGODDS is appropriate
when there are small numbers of strata, STRAT is used when the
number of strata is large. The use of these programs will
occur in the final phase of the case-control analyses.

The programs supplied by Dr. Linda Pickle are written as
procedures for use with the SAS package. ODDSLOG performs
basic data description and provides input to the regression
procedures. FLOGREG estimates the maximum 1ikelihood
coefficients for the logistic model parameters and FLOGFIT
uses the estimates obtained in FLOGREG to evaluate the fit
of the model. These programs provide a fairly complete

set of tools and will be used in the final stage of the
case-control analyses.

Clustering

The following procedures will be used as a general approach to
spatial-temporal clustering and also to occupational temporal
clustering or purely occupational clustering. In determining
whether a spatial-temporal configuration exhibits an excess of
cases, an "excess" is defined on the basis of expected values
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'computed from an appropriately chosen comparison group.

i. Notation
n = total number of cases
m = total number of controls
R = number of pre-defined mutually exclusive geographic
regions of interest
T = number of time-intervals of interest
r,s = indices for geographic regions
t,u = indices for time-intervals
i, = indices for subjects (cases and/or “"controls")
Let Wil be a weighting for the time separation between t and u.

Let Vis be a weighting for the spatial separation between r and s.

For example, we may set w, = é if t=U g Voo ‘fé if r=s. We
then assume that 7% and - v__ are symmetric in t, u and in r,s,

i.e., W

rs
tu - "ut® Vrs = Vsr

Further, let Ti¢ = the geographic region to which subject i is

assigned in time interval t and likewise for rju' For clarity,

For a pair of

r

we shall write v(rit, rju) instead of v r

it ju
sybjects i,j we define a spatial-temporal nearness score to be

o= L owe v(n ion i i .
ij tu tu (1trju)’ where the summation is over all pairs t.u:

>

1 £t £7, 1% u £7T. Forexample, if w,, =0or1,and
v,.S = Oor, as above then
X:. = the number of time intervals in which i and j lived

' in the same region at the same time.

A total spatial-temporal nearness score for the cases can then
be formed by summing over all pairs i,j for which i¢j.

x = & x,.
j¢j M
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ii.

iii.

The statistic x is compared to its null sampling distribution,
which can be generated by considering random selections of n
subjects from among the total of n + m subjects (cases and
controls), or by some similar manner, depending upon the
sampling scheme. '

Other weighting functions various choices of w
when taking into account the temporal proximit
For example:

are possible
of t and u.

u

_el if t=u
Ytu _EO v

Wey T 1 where a is a positive constant.
t-u ) +a

Weu 1 for "purely spatial clustering"
in the sense that x.., does not
take into account thd timing of
various residences, but it does
take into account the length of
time at a residence.

Similarly, alternative choices for Vpg Can be defined. For
example:

_ ¢1 if r=s
Vs {0 v
O0R
v = 1 where b is a positive constant.
rs T

Comparison of Case Clustering with "Expected" Distribution. Clus-

tering statistics for cases and for "controls" can be computed:

T
= 5 nnu 3
xD = 1<i<j<n Xj; summing over cases ("D" for disease)
_ z
Xp T nHlgicjentm *ij summing over "controls"
Also, T
X = 1gi< jgntm X, (summing over cases and controls
T § 301" for total)
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iv.

Within each matching strata k, suppose there are n, cases and
m, "controls." x can be tested for significance by comparing
it with its "null" distribution obtained by all possible choices

of n subjects, taking M from each strata pool of Nt m subjects.
There are -

M+ M

such choices. For each choice an XDis computed and the relative
number of times that a computed X.”(from the pooled group) is»
the observed value for XD (based Bn cases only) is counted.

Practically, one must make several hundred or thousand choices

at random to simulate the distribution (null) of X,. Rather

than computing every possible subset of the subjecEs, samples of
subject cases may be used to compute an estimate of X,. Similarily,
samples of cases and controls may be used to compute Ehe mean and
varignce of the null distribution of XD.

Occupational-Temporal Clustering. For occupational clustering,

occupation or industry will be treated in the same way as resi-
dence. For "purely occupational clustering," w, =1 will be used
for all time intervals. This will give a "scor&¥ for each oc-
cupational category (Xr) of interest.
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NCI PRESENTATION/September 10, 1981

MORTALITY STUDY OF FUR DYERS AND PROCESSORS

Introduction

Oxidative dyes comprise a major portion of the permanent hair ana fur dyes
used in the past century. They contain a mono-aromatic diamine pbase,
which when combined with an oxidizing agent, such as hydrogen peroxige,
will permanently color alpha keratin proteins in animal fur and human hair
(1-3). At the time of their introduction in 1888, oxidative dyes were
considered non-toxic. Since then, paraphenylenediamine, a major component
of oxidative dyes, was found to be a potent initiator of dermal and
respiratory hypersensitivity among hairdressers, photo-developers and fur
processors (4-8). Individual case reports have also attributed cases of

aplastic anemia to paraphenylenediamine exposure (9-11).

The carcinogenic potential of oxidative dyes was not recognized until
almost a century later in 1969 when Ito reported that toluenediamine,
another frequent component of permanent hair dyes, produced hepatocellular
carcinomas in rats (12). Greater public concern arose in 1975 when Ames
found 89% of 169 hair dye ingredients to be mutagenic (13). The chemicals
identified as mutagens included nitrophenylenediamines, nitroaminophenyls,

aminoanthroquinones, and azobenzenes which are used in semipermanent hair
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rinses and in permanent oxidative hair dyes. Subsequent mutagenicity and
carcinogenicity studies nave corroborated Ames' results (11-29). Table I
summarizes the results of tests for mutagenicity or carcinoyenicity on
hair dye chemicals. Additionally, measurments of metabolites in the urine
of tested subjects has shown that the aromatic amines of oxidgative ayes

penetrate mammalian skin (35-42).

Numerous epidemiolngic studies indicate that individuals exposed to hair
dye chemicals, either at home or in the workplace, may be at nigher risk
than those not exposed of developing an increased number of chromosomal
breaks, leukemia or cancers of the bladder, breast, cervix, larynx and
luna, and other diseases (43-56) (Table II). Other studies, however,
found no excess in breaét, bladder or all cancer in similar study groups,
and among members of a dyers and bleachers union (57-61). It should be
noted that, in general, these epidemiologic studies lacked exposure data,
aspecially information documenting types of dyes used and the lengtn,

extent, and freguency of exposure to the dyes or dye constituents (62).

A tetrospective cohort mortality study of pensioned fur dyers and
processors was undertaken in an attempt to evaluate the risk of death due
to site specific malignancies previously reported in the literature, as
being associated with exposure to the aromatic amine constituents of

oxidative dyes.

169



Proces s Description

The procedure for converting raw animal skins into marketable furs
involves five principle steps (Table III). Members of the cohort have
worked in at least four of these operations, dressing, dyeing, finishing

and garment manufacturing.

Initially, the skin must be "dressed" or cleaned and conditioned for
bleaching or dyeing. Oressing involves cleaning, softening, flesning,
tanning and conditioning of the raw skins. The pelts are soaked in a
solution of wetting agents, fat emulsifiers and bacteriocidal agents.
After soaking, the furs are "fleshed" wnereby the extraneous connective
tissue is removed from the leather side of the pelt. In the fleshing
nrocess, the skins are dioped in talc then drawn across rotating blades
and stationary knives. The skins are tnhen tanned using a variety of
tanning modalities including acids, chrome, alum, formaldehyde, vegetaole
or iron. The type of tanning used is dependent upon the fur being
processed and the types of subsequent bleaching or dyeing operations to be
performed. After tanning, the skins are placed in rotating drums
(drumming) along with hardwood sawdust to absorb the excess tanning
chemicals. After drumming the skins are placed in rotating cages (caging)
to remove the sawdust. "Orumming" and "caging" are also used to extricate

unwanted dyeina, mordanting or bleaching agents from the fur,
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Once dressing is completed, the skins are 'killed" or treated with
solutions of salts called mordants. Mordants have several functions: 1)
they may further tan the leather; 2) they react with the fur proteins to
prepare it for dyeing; and 3) they react witn the dye to produce a desired

color. Mordants contain one or mixtures of compounds such as iron.

After mordanting, the furs may be bleached, dyed or both. In most fur
dyeing operations, oxidation dyes are used since dyes can produce
permanent colors at low temperatures which will not ruin the leather.
Oxidation dyes consist of amino, hydroxy, and amino hydroxy derivatives of
benzene, toluene, napthalene and diphenyl. Common oxidative dyes used for
tinting furs include ortho and paraphenylenediamine, paraaminophenol,

2,4 toluenediamine, 2,4 diaminoanisole and the nitro. chloro ang sulfuric
derivatives of the above chemicals. For a few furs, such as raobit or
lamb, metallic salts, such as lead acetate or potassium permanganate are

used for coloring (2).

To color the pelts after mordanting, the dye is combined with hydrogen
peroxide and the pelts are immersed in the dye solution., Color is
dependent upon a numoer of factors including the pH of tne solution, the
interaction between morgant and dye, and the length of time the furs are
soaked in the dye solution. Dyes may also be brushed onto the fur with by

hand.
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Once dyed, the furs are "finished" to enhance their appearance and
marketing quality. Most furs are "glazed" by dampening them with natural
qums, then brushed and dried so that the hair lies in the desired

direction.

Another form of finishing known as Mouton processing is most often used on
lamb pelts and sometimes on rabbit pelts. In this process the furs are
first chrome-tanned. The hair is then brushed with a solution of
formaldehyde and then smoothed with a hot iron. The heat promotes
reaction with the formaldehyde and fur to straighten the inate curl of the

fur.

The finished furs are then sorted, matched, cut and manufactured into

garments or other oroducts.
Me thods

The conort selected for study consists of 1018 pensioned members of the
Joint Board of the Fur Leather and Machinists workers Union (FWM) . Since
1931, the FM has represented the majority of the fur workers in the
greater New York City, New Jersey and Pennsylvania areas. All data used
for study were abstracted from pension applications filed with the union

by each pensioner.
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The FLM was initially composed of five distinct locals (80, 85, 88, 64,
and 48) designated according to the types of furs handled, processing
operations performed and the geographic location of the shops. In 1960,
locals 80, 85 and 88 were combined into a single local, 88. Members of
local 85 could still be identified, but it was impossible to aistinguish
between the members of local 80 or 88, so they were comoined for purposes

of this study into a sinale local, 88.

Approximately 40% of the members of local 48 (Pennsylvania) dyed sheep
(sheatrling) and rabbit furs (Table 1V). About half of the members were

Moutnn processors. Another 10% were fur dressers.

The Members of the New York City based "Fur Service workers" local 64
handle only the finished fur. They are primarily seamstresses, merchants,
dealers and auctioneers. There is no apparent exposure to dye or tanning
chemicals, however, reports have documented episodes of hypersensitivity
among fur service workers due to contact with residual dye intermediates

on poorly dyed furs (53).

Members of local 85, a New York City fur dressing local tanned, fleshed,
pulled, stretched, and cleaned the leather component of the pelts. These
workers were not directly involved with the dyeing process, but were

exposed to a variety of tanning chemicals (TABLE V).
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The New York City local 88 consists predominantly of dyers of mink,
raccoon, muskrat, beaver. This local also includes a small percentage of
members from the original local 80 who dyed rabbits and sheep, and about

10% who were Mouton processors ( Table VI).

For this study, pensioners were classified into one of the four locals
according to the local number designated on the union pension application
form, In general, the individual worked in the specified local for most

of his career in the fur industry.

In 1952, the FIM Union began awarding normal, early, and disability
retirement benefits to its members. To be eligiole for normal retirement
benefits, the members were required to be an active dues-paying memper of
the union for at least 20 years and be at least 62 years of age at the
time of retirement. To qualify for early retirement and receive a reduced
benefit, a member was required to have continuously contributed to the
union for at least 20 vears, regardless of age. These same criteris are
used to determine eligibility for permanent disability retirement, with
the additinnal proof of disability. Permanent disability retirees receive

the same pension as normal retirees.
811 members of the five FIM locals granted normal, early or permanent

disability retirement between January 1, 1952 and December 31, 1977 by the

union were selected for study.
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Latency and duration of employment could not be_ootained because detailed
work histories were not available at the union and because many of the
shops have closed and the records were unavailable. However, due to'the
pension eligibility criteria requiring that the individual have 20 or more

years in the industry, all cohort members were long term workers,

A modified lifetable analysis will be used to obtain, race, sex, ana
calendar year specific person years of observation based on lengtn of
retirement. The cause-specific mortality experience of the cohort was
compared to that expected based on the cause-specific mortality rates of
the general U.S. population, and adjusted for age, race, sex, and calendar

year.

0f the 1018 individuals who fulfilled the study criteria, vital status
will be determined for the entire conort (TABLE VII). Death certificates
were obtained for 520 of the 540 known deaths in the cohort. Since we are
currently conducting the mortality analysis, there are no results

available for oresentation,
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TABLE II

SITES OF CANCER ASSOCIATED WITH
DYE E XPOSURE
(EPIDEMIOLOGIC STUDIES)

BLADDER
BREAST
CERVIX
LARYNX
LIVER

LUNG
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TABLE III

UNIT PROCESSES IN
THE FUR INDUSTRY

JoB RAW SKINS PROCESSING
DRESSERS DRESSING -----c-we- SOAKING
FLESHING
TANNING
DRUMMING
MORDANT ING
OR
BLEACHING
DYERS DYEING
MOUTON PROCESSORS FINISHING -----ee—- GLAZING
OPERAT IONS MOUTON
SERVICE WORKERS GARMENT
MANUFACTURING
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TABLE 1V

EXPOSURES AMONG FUR SERVICE AND MOUTON OPERATIONS

Mouton Finish lamb or rabbit furs formaldehyde
Processors by applying formaldehyde and
heat.
Fur Service Manufacture garments from diamine residue
Workers finished furs; market fur di-imino-quinone intermediate
garments. residue
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TABLE V

EXPOSURES COMMON TO DRESSING PROCESS

Dressers: Remove excess flesh/fat from the skin with knives;
tan leather component of skin

ammonium aluminum sulfate aluminum acetate and sulphate
antimony chromium acetate

cnoper acetate and sulphate ferrous acetate and sulphate
formaldehyde potassium aluminum sulfate
sodium and potassium dichromate sand

silver sulphate sodium arsenate

sulohuric, lactic, formic acid
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TABLE VI

EXPOSURES COMMON TO DYEING OPERATIONS.

Fur Dvers: Tint or color furs using semi-automated vat process
or by brushing dye onto fur

Diamine Dyes Other Dye Chemicals

o0- and p-aminophenol ammonium vanadate

2,4 diaminophenylamine copper sulphate

dimethyl p-phenylenediamine bleaching solutions

p-toluenediamine hydrogen peroxide

nitro, chloro and sulfuric lead acetate
derivatives of phenvylenerdiamine potassium permanganate

sodium dichromate
sodium chlorate
wood and vegetable dyes
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VITAL STATUS OF FLM COHORT

TABLE VII

1952-1977
Service Mouton
Dyers Dressers Workers Processors
Local 88 85 64 48 TOTAL
(%) (%) (%) (%)
Al ive 261 29 157 31 478
Deceased 263 141 138 8 540
Deaths without
death certificates (7 (5) (6) (2) (20) 3.7%
vital Status Uhknown 0 0 0 0 0
Total 514 170 295 39 1018
(50) (17) (29) (4)
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DR. BURTON: I have two questions. One is, what is the proportion of
men and women among the pensioners? And the other is, in the manufacture of

artificial furs, many of which resemble real furs, is there any such exposure?

MS. HARING: We have 78 white females and 878 white males. As far as
synthetic furs, I have no idea. I would assume that synthetic furs are not

composed of alpha keratin protein, like hair or fur, so regular textile dyes
could be used on them, as in cotton manufacturing.

DR. BURTON: Are there any other questions? John Cooper?

DR. COOPER: I have always been a 1ittle bit concerned about the
hypersensitivity issue which you mentioned. In this sort of investigation, it
seems quite possibly that those individuals who are, in fact, hypersensitive
to the material, possible absorbing more, possibly being biologically affected
to a greater extent, might be at higher risk. Yet, by choosing people who are
Tong-term employees, you may have excluded those people who are most at risk.

MS. HARING: He was referring to the hypersensitivity problem in this
group -- the paraphenylene diamine causes hypersensitivity, dermatologic, as
well as respiratory sensitivity in some exposed individuals. Now, what he is
troubled by is that we are using a survivor population, and we may not be
catching those people who drop out early due to hypersensitivity and who also
may be more susceptible or greater at risk for certain tvpes of cancer, such
as lung cancer.

We also understand that because we are using a pensioner pepulaticn,
we will miss those who died prior to retirement. The Union has some
disability records there, but we are not sure exactly how clean the records
are. The data we used were very complete.

DR. AUSTIN: Don Austin from California. I am wondering if you have
any evidence that pensioners might not be suffering from a healthy worker
effect or that might not be involved? My assumption would be that peopie who
are healthy enough to go through an entire lifetime of work might, in fact,
still be undergoing the healthy worker effect immediately after quitting work
as compared to the general population.

MS. HARING: There have been maybe four of five different studies on
pensioners which do not show a healthy worker effect. The all-causes SMR's
run closely around 100, maybe 105. Nobody is really quite sure why that
happens. As opposed to studies of younger workers where the average
all-causes SMR is between 80 to 90. Clearly a healthy worker effect. But
studies on retired workers, with few exceptions, find the "healthy worker
effect” disappears altogether.
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AN EPIDEMIOLOGIC STUDY OF POPULATIONS
PREVIOUSLY EXPOSED TO HEXACHLOROBENZENE

by

Henry A1 Petersl, Derek J. Crippsl, Aylka.n Gocmenz,

George T. Bryan—, Erdogan Erturk™, I Dogramaci®, and Carl R. Morris®

1University of Wisconsin Center for Health Sciences, Madisons Wisconsin 53792;
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Presented by Henry A. Peters and George T. Bryan at U.S. Environmental Protection
Agency Investigators' Workshop in Washington, D.C. in September 1981.

Between 1956 and 1959 approximately 4,000 people in eastern Turkey were exposed
to hexachlorobenzene (HCB) when this compound was introduced as a herbicide for the
treatment of seed grain that was diverted for food purposes in time of relative famine.
There was an estimated 14% fortality during the acute exposure phase, and survivors
developed porphyrinuria and red urine associated with intense skin photosensitivity,
hyperpigmentation, severe hirsutism and fragility of the skin, peripheral neuropathy,
painless arthritis, hepatomegaly, aﬁd weakness. Children were referred to as "monkey
children" and the syndrome became known as porphyria turcica. Children born to
mothers who had ingested the grain passed on HCB in maternal milk and transplacentally,
resulting in the death of all children between the ages of two and five. Peters et all
reported in 1966 on the chelation treatment of seven unselected cases of
hexachlorobenzene-induced porphyria with EDTA. Comparison of clinical courses of
patients before and after chelation with EDTA therapy seemed to justify the impressicn
that EDTA was effective in reversing-' éymptoms of HCB porphyria.

We have been able to reexamine_ 155 patients since 1977 in a field study that
included 13 villages in the endemic area. Patient sampling has inc.fluded some whom we
have followed for over 20 years. Clinical symptoms continue to include generaliz_eq

hyperpigmentation in 84%, marked scarring over areas of previoﬁs photosensitive bullae
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formation in 849%, thickened and tightened skin in 44%, requiring plastic surgery in five
patients, significant hypertrichosis including the entire body in 57%, colie in 54%,
weakness in 73%, paresthesias in 55%, extrapyramidal symptoms in the form of cog
wheeling in 27%, sensory shading in 61%, myctonie reaction in 46%, psychosis in several,
and enlarged thyroid adenomas in 39%, which when segregated by sex revealed that 60%
of the females hed large goiters. Arthritic changes were seen in 70%. Small hands were
seen in 69%, and short stature was noted in 47% in those patients who were prepubertal
at the time of acute exposure. In addition, sclerodermatous changes were noted.

One hundred eighty-eight total pregnancies were noted in 42 women, followed by 15
fetal deaths and 31 children died in the first several years after delivery, leaving 142
living children. HCB values in milk samples on 40 patients and 45 nonporphyric controls
showed an average value of 0.29 ppm and a standard deviation of 0.50. Some decline in
HCB values was noted in specimens obtained over a 15-month period. Because of high
values of HCB in non-porphyric control specimens in the area of contamination, study of
the food chain is in progress.

In our current series of 185 HCB porphyric patients, three had been previously
treated in 1961, 1962, and 1963 with EDTA. These three patients showed norr;ml fecal
and urine porphyrins and far less hyperpigmentation and scarring than many, but not all,
untreated patients. Currently, therapeutic trials with EDTA have been resumed on an
exploratory basis in some patients with longstanding HCB porphyria. Rat studies in 1962
revealed that EDTA added to HCB in the food protected the rat from ultraviolet
sensitivity. Additional animal feeding experimentation is anticipated.

Patients (155) have been studied clinically, and porphyrins obtained on 121. Seven
of these still have active perphyria with a mean uroporphyrin in the urine of 259.5 ug/L,
mean of controls 2.35. The uroporphyrin in the urine ranged as high as 1607 ug/L.
Correspondingly also in the stool the mean uroporphyrin was 30.7 ug/gm dry weight, in
contrast to the control mean of 1.6. The uroporphyrin in the stool ranged as high as

189.2. Of the remaining 114 patients studied, some values were mildly elevated, but the
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importance of this study could be interpreted in several ways. For example, it has
recently come to our attention that similar patients of the same age (approximately 27
years) have been observed in Southeast India with small stature, small hands and
arthritis, the "monkey face" with hyperpigmentation, hirsutism; the patients were
subsequently suspected of having porphyria, but the porphyrins were negative. We are
attempting to obtain specimens from these patients in India to determine if they have an
increase of HCB in the tissue and whether or not the Indian government used HCB as a
fungicide or imported Surmesan or Chlorable from several European sources. The area in
India is at Karigiri and was observed by physicians at the Schieffelin Leprosy Research &
Training Centre located in Southern India. In Turkish patients it is also of interest that
the porphyrin precursor, delta aminolevulinic acid (ALA), in 26 of 45 (58%) patients so
far studied was quite elevated. The porphobilinogen was, however, normal. The mean
ALA of the 45 patients studied was 4.5 mg/L, in contrast to the controls which was

3.53. The porphobilinogen was normal; i.e. mean was 0.41 (S.D. 0.17), and for controls
was similar: 0.39 mg/L (S.D. 0.14). These porphyrin precursors may be elevated in acute
intermittent porphyria and could correlate with the neurologic symptoms that we are
observing in the Turkish porphyria group.

During the past year, a 90-day subchronic feeding and toxicokinetic study of HCB
in rats, mice, and hamsters was completed. The tissue levels and the rate of
disappearance of HCB in fat and liver of both sexes of these species after oral
administration was measured. After a 90-day treatment period, HCB fat levels
decreased exponentially, and the calculated half time of HCB in fat varied (41-53 days)
with the dose and animal species. The growth of test or control animals were similar.
Necropsy showed more prominent lesions in males and included marked
hepatosplenomegaly, and congestion in the gastrointestinal tract and in all other
ebdominal and thoracie organs. Thymus glands, spleen, and lymph nodes were usually
enlarged. Histologic examinations revealed congestion and microhemorrhages in the

central nervous system; degenerative and precirrhotic changes in the liver; hyperplastic
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lymphocytic proliferations in the lymphatic centers and thymus glands, with hepatic
infiltration; and severe hyperemia and degenerative changes in the epithelial lining of
renal tubules. A two-year chronic toxicity study of HCB in male and female rats is

currently in progress.
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SPEAKER: I am curious if you have any theories as to how EDTA works?

DR. PETERS: Any theories as to how EDTA works. Well, we have many
theories. We believe that it does complex with zinc and other heavy metals.
It is used, as you know, in the treatment of lead poisoning. Our particular
theory holds that porphyria is due to an enzymatic block, and, incidentally,

can be identified in the acute porphyric. This enzymatic block may be due to
an excess of medications for some reason or another,

This is a condition which in the genetic type of porphyria is
frequently brought on by medications 1ike barbiturates and sulfur drugs. So
we believe that EDTA unblocks the pathway. We have some evidence that is
maybe what happens.

It also probably cuts down on photosensitivity by complexing
medications even in the skin, because that was a very striking feature in the
acute phase.

DR. KRAYBILL: Kraybill, NCI. Have you titrated this project looking
for cancer? Are there any skin cancers or cancers at other sites?

DR, PETERS: We have not seen any clear evidence of this. We are
looking for evidence. We do have, of course, a 60 percent incidence in the
women of thyroid disease that runs out to 33 percent if we average in the
men. But whether these will become malignant or not, that is hard to say.
Carbal has shown that this does happen in rats and other animals. And we do
have some preliminary rat data.

DR. KRAYBILL: It would be quite satisfying to see some effects here
in terms of cancer because it is an NCI-sponsored project.

DR, MORRIS: I didn't catch all the conversation, but did vou mention
that we do have animal data that would suggest HCB certainly in the hamster
and the mouse and now in the rat. HCB is a carcinogen. So we have some
evidence biologically in other systems.

The other thing I think you might mention too, Henry, is about our
work in compounds other than EDTA in terms of perhaps some combined therapy.

DR. PETERS: Yes, we are utilizing the rat model to try a number of
compounds, and one of them, of course, is EDTA., There has been some evidence
that levels are influenced by cholestyramine resin, something else which has
been utilized in cutanea tarda porphyria. These will be explored further.

DR. CARNOW: Carnow, University of I1linois. Since dioxin also may
cause porphyria cutanea tarda, would you suggest that possibly people who are
so affected might be helped by EDTA? I am really curious on how you zeroed in
on EDTA as a possible treatment?

DR. PETERS: 1Initially, in the acute patients -- I had a patient who
was literally almost dead, and because she had severe peripheral neuropathy I
gave her dimercaprol propranolol. And that seemed to work. So it was a
natural that we would try this too.
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DR. CARNOW: Fascinating.

SPEAKER: Did the Turkish Government make any systematic effort to
discourage breast feeding?

DR. PETERS: There has been a lot of work in this area, largely by

the Haceteppe University. I don't believe there has been any definite attempt
in this area. On the other hand, this is mixed in with religion and

everything else, as you know. This is the tendency now, to discourage it
completely. And I think this data is going to help because it is obvious that
the compound itself has not disappeared from human fat and is still showing up
in very high amounts, comparatively, in the milk.

We have also been able to demonstrate that in surveying milk samples
throughout lactation the levels go progressively down.

DR. BURTON: I think we will have to cut the questions at this point
due to the fact that we are running late. Thank you very much, Dr. Peters.

DR. PETERS: Thank vou very much.
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THE RELATIONSHIP OF AIR POLLUTION TO LUNG CANCER
IN CONTRA COSTA COUNTY

Donald F. Austin, M.D,
Resource for Cancer Epidemiology Section
California Department of Health Services, Oakland, CA

Contra Costa County, (C.C.Co.), in the northeastern part of the San Fran-
cisco Bay Area, is heavily industrialized with five major petroleum refineries
and many chemical plants. 1In 1977, the County Health Department was awarded an
EPA grant to study the relationship of industrial air emissions and cancer in
that county, in cooperation with the Resource for Cancer Epidemiology (RCE) 1in
the State Health Department. The RCE was to provide cancer incidence data from
the local SEER Program area which includes C.C.Co. Shortly thereafter the study
became embroiled in a political controversy and the grant was returned by the
C.C.Co. Board of Supervisors with a request that the study be turned over to the
State. As a result, the RCE took over the conduct of the study, essentially as
originally conceived, with four study components: 1) a chemical and biochemical
characterization of ambient air particulate matter in the county; 2) a study of
cancer incidence, focusing on the industrial and nonindustrial areas and on the
correlation with air pollution levels; 3) an effort to monitor cancer incidence
in various occupational groups, and 4) a case-control study of any unusual can-
cer findings revealed in the incidence studies.

The occupational monitoring aspect of the study was expanded through a
State appropriation and, although it resulted in significant findings in other
areas, contributed no significant results in C.C.Co. and will not be discussed
further. The case-control study is in progress and data are not yet available.

METHODS

Particulate air pollutants were collected for a one-year period: November,
1978 through October, 1979, Five permanent sampling stations in or just outside
C.C.Co. were supplemented by the addition of ten temporary stations (Fig. 1).
The stations were placed in an attempt to characterize the air breathed by the
population. Thus, stations were widely spaced in sparsely populated areas and
were closer in more densely populated areas. In addition, stations were not
placed adjacent to emission sources or major traffic thoroughfares and prevailing
windflow patterns were taken into consideration. Hi-vol glass filters were
collected every sixth day and particulate matter analyzed and prepared as
averages for each of the three meteorologic seasons and for the year. Analyses
were conducted for total suspended particulates (TSP), benzene-soluble organics
(BSO), sulfates (SO4), nitrates (NO3), lead (Pb), selected polycyclic aromatic
hydrocarbons (PAH) and mutagenicity using the Ames test. Values from each of
the 15 sampling stations were used to compute estimated values for each of the
population centroids of each of the 115 census tracts in the county. In addition,
a computerized modeling technique was used to map the county by isopleths into
four levels for each pollutant (Fig. 2).

The preliminary analysis of cancer incidence for the period 1972-1975 for
all sites combined, lung and bronchus, stomach, prostate and lymphoma, showed a
major difference in the incidence of lung cancer between the residential and
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industrial areas. Subsequent analyses were limited to lung cancer. For the
next analysis, the age-adjusted and the age-, race—-, sex-specific incidence
rates of lung cancer were computed for each year and for two five-year inter-
vals for the period 1969-78 for industrial and nonindustrial areas. All census
tracts both zoned and used for heavy industry were aggregated to form the indus-
trial area (Fig. 3). Twenty-two percent of the white and fifty-four percent of
the black population was included in the industrial area. The remaining portion
of the county constituted the nonindustrial area. Age, race and sex components
for each census tract were computed using the 1970 U.S. census and a 1975 county-
wide census. A final analysis further refined the tract-specific population
estimates using 1980 census data, and vital statistics from each census tract.
It covered the period 1970-79 and relied upon individually reviewed and verified
case reports of lung cancer by census tract.

Pearson product moment correlation coefficients were computed for compari-

" sons between estimated annual values for each air pollution constituent for each
census tract and the 5- and 10-year average annual age-adjusted incidence rates
for cancer of the lung for white males and white females for each census tract.
Two census tracts, one a Naval base and the other a retirement development were
considered atypical and were excluded from the correlational analyses. 1In
addition, certain census tract specific attributes from the 1975 census such

as median family income and percent of household heads living 20+ years in that
census tract were correlated with cancer incidence and air pollutants. Partial
correlations, controlling for certain census tract attributes were also conducted.

FINDINGS

Preliminary lung cancer incidence rates for the industrial and nonindustrial
areas of the county show a widening difference for each race and sex over the
period 1969-78. Final incidence rates for the period 1975-79 show a significant
excess of lung cancer in the industrial area residents (Table I). The magnitude
of the excess is 39% for all races and both sexes combined. The explanation for
this excess is being sought through a case-control study but clues to the cause
may be provided by the correlation of the rates with air pollution constituents
and census tract characteristics.

There was a good correlation (Pearson product moment correlation coeffi-
cients: .64-.87) between the individually measured PAH's and BSO. For the Ames
mutagenicity test without liver homogenate (-59) the correlation with BSO was
.24 and ranged from .12 to .71 for the PAH's. Corresponding values for the Ames
test with liver homogenate (+S9) were similar (BSO = .28; PAH's = .02-.60). Pb
correlated well with BSO (.78) and less well with both mutagenicity tests (-89 =

.24; +89 = .28).

Individually characterized PAH's accounted for about 2% of the total muta-
genic activity in the air, which perhaps accounts for the relatively low corre-
lation between mutagenicity and BSO or mutagenicity and the individual PAH's.

Both the high correlation between Pb and BSO (.78) and the similarity of
their geographic contour maps suggest that the automobile is the major source of
these pollutants. The lower correlation with mutagenicity to Pb, BSO and the
PAH's and the different contour configuration for mutagenicity suggests that
several different sources contribute to mutagenicity.
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The correlation coefficients based on the computed values for 113 of the
115 census tracts show very similar relationships to those based on the 15
monitoring stations (Table I1). Thus, while the correlation between Pb and BSO
for the 15 monitoring stations was .78, for the 113 census tracts the value was
,70. Likewise, the 15 station correlation between BSO and one of the PAH's
(benz(a)anthracene) was .87, and for the 113 census tracts the value was .89.
For the 15 stations the correlation between BSO and the two mutagenicity tests
(with and without S9, respectively) were .28 and .24 while the correlation based
on 113 census tracts was .39 and .28, respectively,

The correlation of census tract specific average annual lung cancer rates
for 5-year periods (1970-74, 1975-79) were examined for white males and white
females. Of six possible correlations from the 4x4 table, only one differed
significantly from zero (Table III). Thus, it was concluded that the five-year
lung cancer incidence rates by census tract were too unstable to use in the
correlation analysis and only ten-year rates were used. The correlation between
the 10-year census tract specific lung cancer incidence rates for white males
and white females was .33 (p< 0.08) for all tracts and .50 (p < .0001) with
the two atypical tracts removed.

The 10-year census tract specific lung cancer incidence rates were signif-
icantly correlated with only one measure of particulate air pollution, that of
504 (Table IV). The correlation coefficient for white males was .46 {p < 0.0001)
and for white females was .16 (NS). Controlling for the percent of households
in the census tract in which the head of the househocid had resided in the unit
for 20+ years, as determined in the 1975 Contra Costa County census, reduced
the correlation slightly for males. Controlling for the percent of census tract
residents of Spanish origin did not affect the correlations.

Controlling for the percent of blue collar workers significantly reduced
the correlation between SO4 and lung cancer for males. This reduction was from
independent effects of both the skilled and unskilled laborer components of
blue collar workers. Controlling for the percent of households below the poverty
level reduced the SO4-lung cancer correlation only moderately. Controlling for
education or income variables reduced or destroyed the correlations for males.

DISCUSSION

Several conclusions may be drawn from the data gathered in this study to
date. It is apparent that an excess of lung cancer exists in the industrial
portion of the county. This excess has developed over the past decade.

. Mutagenic activity, as measured by the Ames test, is identifiable in the
particulate matter in ambient air in Contra Costa County and is best associated
with the distribution of BSO and Pb, suggesting mostly automobile sources.

The ten-year occurence of lung cancer in white males only is weakly but
significantly associated with the distribution of SO, particulate matter in the
ambient air. This association is reduced equally by controlling for the percent-
of skilled, or unskilled, laborers in each census tract. Controlling for both
factors combined nearly destroys the observed association.

The source of 80, in the air is almost exclusively from oil refining,
chemical manufacture or oil combustion for electrical power generation. The
association of lung cancer in males with this factor might suggest a carcinogenic

203



effect from past petrochemical emissions were it not for three factors:

First, the current mutagenic activity in the particulates is distributed differ-
ently. Second, the association does not occur in females. Third, the association
appears to be mediated through a residential pattern of laborers which correlates
well with the distribution of S0, (.67; p < .0001).

Although these data permit no
cancer in the county, they suggest
by blue collar workers residing in
plants will be demonstrated in the

conclusions regarding the causes of lung
that a significant contribution to incidence
areas of close proximity to petrochemical
current case-control study.
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TABLE 1

FIVE-YEAR AVERAGE ANNUAL AGE-ADJUSTED! IHCIDEMCE RATES FOR
CANCER OF THE BRONCHUS AND LUNG, INDUSTRIAL AND NONIWDUSTRIAL
AREAS OF CONTRA COSTA COUNTY 1975-78

GROUP INDUSTRIAL AREA NINDUSTRIAL ARE
MaLES 101.2 (89.4 - 113.002  76.9 (71.2 - 82.6)2
FEMALES 41.7 (34.6 - 48.8) 30.3 (27.2 - 33.4)
W 108.6 (94.5 - 122.7) 77.S (71.8 - 84.0)
WF 44.7 (36.5 - 52.9) 31.0 (27.7 - 34.3)
BN 92.9 (65.9 - 120.0) 70.7 (40.7 - 100.7)
BF 37.2 (21.5 - 52.9) 15.6 ( 3.8 - 27.4)
TOTAL 69.4 (62.7 - 76.1) 50.0 (47.1 - 52.9)

1 RaTEs ARE ADJUSTED TO THE 1870 U.S. StamdARD.
2 NUMBERS IN PARENTHESES ARE + 1,96 SvAnDARD ERROR.
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TABLE II

COMPARISON OF THE PEARSON CORRELATION COEFFICIENTS FOR THE MEAN
ANNUAL MEASURED VALUES FOR 15 MONITORING STATIONS AND FOR
COMPUTED VALUES FOR 113 CENSUS TRACTS.
CONTRA COSTA COUNTY, NOVEMBER 1978 - OCTOBER 1979

COMPARISON 15 STATIONS 113 CENSUS TRACTS
BSO vs Pr 78 70
BSO vs Mut (-S9) .24 .28
BSO vs Mut (+S9) .28 . 39
BSO vs BAA .87 .89
BAP .80 .84
BGP .64 71
CHR .83 .84
BSO vs SOy .19 17

TSP vs NO3 64 75
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TABLE 111

CORRELATION OF THE CENSUS TRACT SPECIFIC. FIVE-YEAR

AVERAGE ANNUAL AGE-ADJUSTED LUNG CANCER INCIDENCE

RATES IN CONTRA COSTA COUNTY FOR WHITE MALES AND
WHITE FEMALESL-2

1wz 10870 b 1fr
WM 1970-74 1.00 - -
WM 1975-79 17 1.00 - -

WF 1970-74 - .02 Q4 1.00 -
WF 1975-79 .23 54 .05 1.00
b < 0.0

1 CORRELATION OF THE 10-YEAR RATES FOR WM vs WF = .50
(p < 0.0001)

2 113 Census TRACTS
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TABLE 1V

CORRELATION OF THE TEN-YEAR (1970-79) AVERAGE ANNUAL AGE-ADJUSTED
LUNG CANCER INCIDENCE RATE TO PARTICULATE AIR POLLUTION CONSTITUENTSL,
BY INDIVIDUAL CENSUS TRACTZ, CONTRA COSTA COUNTY, CALIFORNIA

AIR POLLUTION AVERAGE ANNUAL INCIDENCE RATE (per 10°)
CONSTITUENT N WHITE MALES WHITE FEMALES
Mutagenicity (-S9) -.01 -.07
MuTaGENICITY (+S9) .05 -.01
BSO 11 -,09
BAA -.05 -.18
BAP -,09 -,18
BGP -.13 -.16
CHR -.03 -.14
TSP . 20% -,07
Ps 11 .06
NO3 -,09 -, 24*
S0y : JpEEe .16

1 Mean AnnuaL VaLue, Novemeer 1978 - OctoBer 1979 2 113 TrACTS

*p < 0,05
“**¥ p « 0,0001
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TABLE V

CORRELATION BETWEEN SULFATES AND THE 1970-79 TEN-YEAR AVERAGE
ANNUAL LUNG CANCER INCIDENCE RATES, BY INDIVIDUAL CENSUS TRACT,3

CONTRA COSTA COUNTY,

CONTROLLING FOR SEVERAL CENSUS TRACT CHARACTERISTICS!

CONTROLLING FOR: 804 vs WM 804 vs WF
1. NorTHING e .16
2. HEAD OF HOUSEHOLD RESIDENT OF .
CENSUS TRACT FOR 20+ YEARS e, ., 15,
3. PERCENT SPANISH ORIGIN .HZ* .15
4, PERCENT BLUE-COLLAR WORKER82 .21** .02
A) PERCENT UNSKILLED LABORERz .29** .04
B) PERCENT SKILLED LABORER 29,,. .09
5. PERCENT OF HOUSEHOLDS BELOW POVERTY LEVEL .30* .07
6. MEDIAN FAMILY INCOME 21 -,03
7. MEDIAN SCHOOL COMPLETED BY HEAD OF
HOUSEHOLD 17 -,06
1 Data FroM 1975 C.C. Co., CENsus * p<0.05
2 Data FrROM 1970 U.S. Census *  p<0.,01
3 113 Census TRrACTS e®  p<0,001
we&®  p<0.0001
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PROCEEDINGS OF THE
SECOND NCI/EPA/NIOSH COLLABCRATIVE WORKSHOP:
PROGRESS ON JOINT ENVIRONMENTAL AND
OCCUPATIONAL CANCER STUDIES

Thursday Afternoon, September 10

Epidemiological and Statistical Session - continued

Session Chairperson:
Dr. Kenneth Bridbord
National Institute for Occupational Safety and Health
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AFTERNOON SESSION

DR. BRIDBORD: I would like to welcome everybody back to our
afternoon session, a continuation on epidemiology.

I was asked to make a couple of announcements. One is that tomorrow
morning's session, chaired by Dr. Yodaiken, will begin at 8:45 a.m. instead of
the scheduled nine o'clock. That is to accommodate Dr. Sober who will present
a paper at B8:45 instead of at three o'clock that afternoon.

. In addition, there will be a change in the order of the papers for
this afternoon's session with the paper by John Patterson from National Center
for Health Statistics being at the end of this session.

I would also ask if people at all possible could direct some very
specific questions to the authors following their presentations, those
questions that would be of immediate interest to them in order to speed us
along. But, certainly, if there is an important question or issue that needs
to be raised for the entire group, we should hear that.
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The City University of New York
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and
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*This paper was presented by

Frank B. Stern
National Institute for Occupational Safety and Health
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Introduction

A number of epidemiological investigations have suggested that there may
be a cancer hazard associated with newspaper pressroom work in the
printing trades. These 1included an analysis by Moss, Scott, and
Atherley! of the mortality experience of printing trades workers,
1954-1969, in Manchester and London, which indicated an excess of cancer
deaths among these men. For the pressroom workmen, the percentage cf
excess deaths from cancer of the lung and bronchus was 103% for en-
ployees of Manchester papers, and 24% for London newspaper pressmen. In
Manchester, 38 of 201 deaths (18.9%) were from cancer of the lung and
bronchus. These investigators believed that cigarette smoking was
unlikely to entirel§ explain their findings, since bronchitis and emphy-

sema deaths were not simultaneously increased.

Similar results were obtained in a separate study of London pressmen by
the British Department of Productivity and Employment.?2 They found a
20% increase in mortality from cancer and a 33% increase in deaths from
bronchogenic carcinomas in all printing workers in a London newspaper.
As the firm studied was included in those surveyed by Moss, Scott and
Atherley, the study cannot be considered independent. 1In the United
States, an analysis by Lloyd, Decoufle and Salvin® of mortality patterns
encountered in 676 deaths, 1966-1968, among U.S. newspaper pressmen
suggested an increased proportion of cancer deaths, especially of the
oropharyngeal area in younger workers. Cancers of the respiratory
system (PMR=120), cancers of the digestive system (PMR=121), and leu-
kemia (PMR=151) were also elevated, but not at the 5% level of signifi-
cance. An excess of deaths from liver cirrhosis (PMR=161), however, was
of statistical significance. Similar, but less elevated mortality

patterns, were also seen among commercial pressmen.

Each of these studies used proportionate mortality analyses and did not
evaluate the experience of defined populations at risk. Thus, the
results could only be considered indicative of possible-risk because of

the inherent limitations of the methodological approach.
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A fourth study, by Pasternack and Ehrlich,? compared deaths among the
pressroom employees of a single newspaper with those of compositors in
the same printing plant. The results showed an increased risk of death
of pressmen, but only for those first employed after the age of 40. As
these individuals would likely have had previous employment in other
pressrooms, this suggested that a varying disease response may have been
associated with different pressroom exposures. As the study population
was relatively small, no specific causes of death were likely to be
significantly elevated, nor were any found. An earlier mortality study
of the same plant workforce, but with fewer deaths, showed no unusual

patterns of death among pressmen compared to compositors.®

The results of two cohort studies have been published recently. In one,
by Paganini-Hill, Glazer, Henderson, and Ross,® 1,361 Los Angeles press-
men were studied from the years 1949-1965 through 1978. Of the 344
deaths for which cause was known, elevated risks of death were found for
leukemia (SMR=247), cancer of the kidney (SMR=303), liver cirrhosis
(SMR=205) (all with p < 0.05), and cancer of the lung and trachea (SMR=
149). The study was somewhat limited by the relatively few deaths
(354), by the number of untraced individuals (120), and by the fact 'that
64% of those with known work histories had less than 30 years of press-
room employment. The second study, by Bertazzi and Zocchetti’ of news-
paper workers in Milan, Italy had few pressmen in the group observed

(only 23 deaths were available for analysis).

Earlier work, with less substantive data than the above studies, had
suggested an increased risk of death of printing trades workers from

8 9 or leukemia.l® Other data showed no such elevation.!!

lung cancer
In these studies, estimates of risk were made using the listing of
occupation on certificates of death and thus were subject to the inac-

curacies inherent in that procedure.

As all of the above studies had specific limitations, the desirability
of further study of the mortality of workers in the printing trades is
evident. We haQe identified a group of newspaper pressmen, employed in
the pressrooms of New York City newspapers, suitable for such an inves-

tigation.
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Population for study

A cohort was established, composed of all active or retired journeymen
members on the rolls of Local 2 of the International Printing Pressmen
and Assistants Union (I.P.P.A.U), New York City, as of January 1, 1950.
Included were 1,769 men actively employed as pressmen, pensioners, or
"beneficiary" members (individuals unemployed at the time because of
disability). For each of these men, personal information on date of
birth, date of union initiation either in Local 2 or other locals in the
International Union, and pressmen employment history were available.
Excluded were seven individuals for whom only a dues payment record

" who were members of another

existed. They were apparently ''travellers,
local union elsewhere and worked temporarily in New York City during
1950. No other records of these individuals were found in any files of

the New York City local.

The distributions by age and date of initial employment of the cohort
are shown in Table 1. Before 1920, some of these individuals entered
the trade through employment in a newspaper shop that was not organized
by a local of the I.P.P.A.U. and this may not be reflected on union
records. Even knowledge of first employment in an union shop may be
incomplete, as Local 2 was chartered only in 1923. Prior to that date,
a predecessor organization, Local 25, existed, but information on mem-
bership in that organization, available through the International Unioa
or indicated on Local 2 records, may not be fully accurate. Thus, age
may be a better indicator of first employment in the trade, considering
entry to occur from 16 to 18 years, as was the practice. However, as
can be seen from Table 1, these uncertainties with regard to time of
first employment are relatively minor compared to the total years of
employment for most individuals. Further, as will be seen later, there-
was little difference in the time course of the mortality experience,
whether analyzed according to date since initial employment or according
to age. It should be noted that achievement of journeyman status usually
followed an apprenticeship of 10 or more years. This, and infrequent
admissions into the union during the depression years, resulted in the
journeyman rolls largely containing individuals who were first employed

prior to 1930, and who were 40 years or older in 1950.
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Analysis of the cohort mortality experience

We had available for investigation a cohort of 1,769 journeymen news-
paper pressmen established as of January 1, 1950. Virtually all mem-
bers, on that day, would have achieved at'least 15 years from onset of
employment; more than 93%, twenty or more years; and 44%, more than 30
years from onset. This cohort was traced through December 31, 1976, and
vital status was determined for 98.6% of the individuals. Table 2 lists
the status of the cohort and knowledge of vital status at that time.
Those individuals untraced were either suspended or withdrew from the
union and no data are currently available on théir vital status. They
were considered alive until lost to follow-up and contributed to the
person-years at risk for the appropriate periods. Cause of death infor-
mation was available for all but 11 deaths. The causes were coded ac-
cording to the classification of deaths in effect during the relevant

calendar period of time.

Table 3 provides data on the person-years of observation for the group
by age, years since onset of employment, and periods of observation.
The expected numbers of deaths for the cohort, by cause, were calculated
using quinquennial age and calendar year specific rates applicable to
New York City white males. These rates were averaged for five year
calendar periods and multiplied by the applicable person-years of obser-
vation for each period. The majority of cohort members resided in New
York City, although a significant number made their homes in the suburbs
(30% from addresses in 1967). TFor them, use of New York City rates
could result in small overestimate of expected mortality. For com-
parative purposes, the expected number of deaths were also calculated
using U.S. rates although these are likely to understate the appropriate
expected numbers of deaths. In addition to difficulties in selecting an
appropriate geographical rate, the validity of using general population
statistics is affected by the likely existence of a different distribu-
tion of employed to unemployed in the various age categories of the
cohort compared to the general population. While pensioners are in-
cluded in the cohort, many individuals 70 years or more of age were

currently employed in 1950 and virtually all individuals under the age
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of 60 were active. Thus, one might expect to see some "healthy worker
effect" existing for a number of years in the follow-up of these press-
men. This comes about because a population of individuals currently
employed is healthier than a correspondingly aged group in the general
population, which includes many who are terminally ill or wunable to
hold, or to have obtained, a job by wvirtue of disability, illness,

serious injury, or congenital defects.

To test whether the ratio of observed to expected deaths differed sig-
nificantly from unity, the observed deaths were considered to be the
realization of a Poisson variate. Under the null hypothesis, the ratio
of observed to expected deaths equals unity and two-tailed probabilities
may be calculated.!? At various levels of statistical significance,
0.05, 0.01, and 0.001, the points for rejecting for the null hypothesis
were examined. Statistical significance was established at the lowest of

these levels of probability, if any.

Table 4 lists expected and observed deaths by cause, for the full period
of observation, January 1, 1950 through December 31, 1976. Overall, an
excess of mortality over that expected, either by local or national
rates, is observed; 1,232 deaths occurred versus 1,102 expected, accord-
ing to New York City rates. The important causes of death contribut%ng
to this excess were cancer, in excess by 18%; non-infectious respiratory
diseases, increased 2.49 times; and cardiovascular disease, which was 5%
greater than expected. Among the malignancies, lung cancer and cancer
of the pharynx and buccal cavity, particularly, are increased signifi-
cantly. Deficits of mortality are seen for cancers of the gastrointes-
tinal tract. The 51 deaths of noninfectious respiratory disease was
largely concentrated in emphysema (24 cases) and chronic obstructive
pulmonary disease (13 cases). Other causes were chronic bronchitis (2
cases) asthma (4 cases), unspecified fibrosis (2 cases) and cor pul-

monale (3 cases).
To investigate whether unusual cigarette smoking patterns among pressmen

could explain the elevated risk of death from lung cancer and other

causes, we calculated what the expected mortality experience would be if
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the cohort were comprised of 20% more cigarette smokers than was typical
of the general population. This was done using data available from the
prospective American Cancer Society (ACS) study of one million per-
sonsl.!3 First, age specific mortality rates, by cause, were calculated
using smoking specific rates from the ACS study during the years 1967~
1971, weighted according to the age specific distribution of male smok-
ing habits, which in general was that 68% were current or ex-smokers,
22% had never smoked regularly, and 10% smoked pipe and/or cigars only.
Such calculations produced age specific rates, Ri(ACS), for each cause
of death. The calculations were repeated, assuming 20% more men were
current or ex-cigarette smokers and proportionally fewer were nonsmokers
and pipe or cigar smokers, yielding values, Ri(ACS+20%). The projected
deaths for a pressmen cohort smoking 20% more than the general popula-
tion were then calculated using age and calendar year specific rates
given by:
Ri(ACS+20%)
Rij(+20%) = Rij(NYC) X
Ri(ACS)

where Rij(NYC) are the standard age and calendar year rates for the New
York City general populations rates. The results of these calculations
are shown in Table 5. As can be seen, a hypothetical 20% increase in
cigarette smoking among the pressman population cannot account for the
excess mortality seen in lung cancer, cancer of the pharynx and buccal
cavity, and non-infectious respiratory disease. It could, however,
bring cardiovascular deaths to within eleven of those observed, 685.47
versus 694 and deaths from heart disease to virtually that observed,

577.53 versus 581.

It should be noted that, to the extent that work-related conditions
contributed to the excess mortality, the exposures in question would be
those of decades past as the observed'causes of excess death (cancer and
chronic respiratory disease) are those known to be associated with long
lapsed periods between onset of expoéure and evidence of disease. To
provide some information on possible changes in mortality with time an
analysis was made according to calendar year. Results on the expected

and observed deaths, by cause, are shown in Table 6. Proportionately
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less mortality is seen in the first decade of observation, perhaps
reflecting factors contributing to the "healthy worker effect" seen in
other populations. The relative risks for all causes of death, cardio-
vascular disease and all cancer were lower for the 1950-1959 period com-

pared to later years.

Tables 7 and 8 provide information on the expected and observed numbers
of deaths according to time since initial employment, and by attained
age. As mentioned previously, exact knowledge of first employment in
the industry does not exist for all cohort members and age may better
reflect employment onset than recorded date of initial employment. The
analysis by age, however, shows a pattern little different from that
found in the analysis by time from initial employment. In each case a
uniform excess of mortality is found in all time or age categories after
the first (less than 30 years from initial employment or under 50 years

of age).

Table 9 summarizes the results of an analysis by subcohorts defined by
decades of initial employment and compared at equal times from first em-
ployment. The mortality patterns for all causes of death or death from
cancer did not reveal any significant trends. Thus, there is no evi-
dence that the conditions, either in or out of the workplace, which
contributed to the observed excess mortality changed, at least during
the first four or five decades of this century (the years of entry and

initial employment of cohort members in the industry).

Work locations, activities and exposures

Union records do not provide data on locations of employment of indi-
viduals, either prior to or during the period of follow-up encompassed
by this study. Verbal descriptions by union members of conditions in
the several newspapers where they were employed indicate that signifi-
cantly different exposures could have existed for different cohort
members. Thus, information on location of employment over the years
would be particularly useful. Unfortunately, this information is not

yet available from current publishers and for those companies which have
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ceased newspaper publication it is unlikely ever to be available. (Many
New York City newspapers in which these pressmen were employed are no
longer published. They include: The World, the Telegram, the New York
Herald Tribune, PM, the Evening Graphic, the Journal-American, the Daily

Mirror, various merged papers from the above, and others.)

Few published data exist of the air concentrations of the different
pollutants in the work environment of newspaper workers. A study by
Lippmann and Goldstein!4 in a New York City pressroom showed that time
weighted average ink mist (a mineral oil-carbon black mixture) concen-
trations were approximately 7-8 mg/m® for pressroom employees and about
2 mg/m® for reelroom workers. Size fractionation of the aerosol in-
dicated that approximately 80% by mass was non-respirable. Thus, the
majority of the mineral oil-carbon black ink mist particles would be
deposited in the pharyngeal region and upper respiratory track with only
a minor portion carried to the lower respiratory region. Table 10 lists
the information available on the average ink mist concentrations mea-
sured in the Lippmann and Goldstein study. It should be noted that
these concentrations were found to be present after the installation of
new, relatively high speed presses utilizing vacuum extraction to con-
trol ink mist dissemination, and do not necessarily reflect earlier
concentrations. These may have been higher by virtue of poorer control
technology, or lower by virtue of slower press operating speeds. Eight
measurements taken in the pressroom of a Detroit newspaper were reported
in 196215 and showed concentrations from 2-16.6 mg/m3 for ink mist par-

ticles of all sizes.

Table 11 provides a comparison of mortality ratios for selected causes
in this and three previous studies of newspaper pressmen for which
sufficient deaths were available to provide meaningful data. All four
showed excess cancer of the lung, trachea and bronchus. Two (of three)
showed a highly significant excess of malignancy of the buccal cavity
and pharynx. Leukemia was in excess in all four studies for which data
were reported and kidney and larynx cancer were elevated in the two
which provided data on those sites. The remarkable consistency of

elevated lung cancer in all of the major studies of pressmen strongly
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points to a causal relationship with past pressroom exposures. The
agent of concern would appear to bey the mineral oil-carbon black ink
mist. A wide variety of carcinogenic and non-carcinogenic polycyclic
aromatic hydrocarbons have been found to be bound to carbon black.16 18
Elution of these, however, is difficult, particularly by body fluids.
Further the type and quality of adsorbed material depends on the source
of carbon black.l® Mineral oil, too, has been shown to be carcino-
genic?! 23 or possibly so to the gastronintestinal tract,?% but here,
also, the risk of malignancy appears to be related to the source of the
mineral oil. Further, no data demonstrate an excess of lung cancer from

mineral oil exposure, as seen in the various pressroom studies.

The elevated mortality ratios for cancer of the buccal cavity and
pharynx and, perhaps, of the larynx may also be linked to the ink mist
exposure. The elevated risks for leukemia may be related to past uses
of benzene for cleaning purposes or as a solvent in gravure processes.Z%
The excess leukemia seen in the three studies for which data on its risk
was supplied is also substantiated in a study of occupation and leukemia
by Viadana and Bross!® who found a relative risk of 1.9 among printers
compared with clerks and in a study by Greene, Hoover, Eck and Fraumeni,
Jr.%2% who found elevated leukemia mortality among binders and pressmen
of the U.S. Government Printing Office. The unusual pattern of elevated
noninfectious respiratory disease seen in this study was not present in

the other studies, however, and the origin of the difference is uncer-

tain.
Conclusion

This study of the mortality experience of journeymen New York City
pressroom employees over the years from 1950 through 1976 showed an
increased risk of death from all causes, with significant excesses ob-
served for bronchogenic carcinoma, cancer of buccal cavity and pharnyx,
and noninfectious respiratory disease. Cancer of several other sites
(larynx, kidney, bladder, prostate, and leukemia) and cardiovascular
disease were also elevated, but not at a level of statistical signifi-

cance (P<0.05). The excess mortality for all causes and all cancers
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occurred in all groups first employed in the decades from 1900 through
1939 and, to the extent that it is occupationally related, would mostly
reflect conditions prevafent in the pressrooms of a large number of New
York City newspapers with varying exposure circumstances. Mortality
experiences of ‘individuals employed in specific newspapers were not

available.

In the analysis of mortality patterns the possibility that some of the
excesses seen were attributable to unusual cigarette smoking habits was
considered. Our computations indicate that this, however, could not
account for the observed patterns of excess death from malignancies or

respiratory disease.
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Table 2

Status of cohort of New York Citv newspaper
pressmen on Dec. 31, 1976

Status Number
Traced alive 513
Employed as pressmen 74
Retired 439
Traced deceased 1,232

Cause of death ascertained
from certificate of death 1,221

Cause of death unknown 11
Lost to follow-up 24
1950 - 1959 13
1960 - 1969 9
1970 - 1976 2
Total 1,769
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Table 4

Observed and expected deaths, by cause, among 1,769 New York City
pressmen, 1950-1976

Expected: Expected:
N.Y. City Ratio U.S. Ratio
Cause of death Observed Rates! obs/exp Rates? obs/exp
All Causes 1,232 1,102, 31 1.12%%% 1,018.61 1.21%%**
All cancer 263 221.94 1.19** 182.00 1.45%*
Lung, bronchus and trachea 72 54.80 1.31% 47.28 1.52%%
Buccal cavity and pharynx 17 6.84 2.49%* 5.74 2.96%H%
Larynx 5 4.07 1.23 . 2.80 1.79
Esophagus 4 6.29 0.64 4.40 0.91
Stomach 13 20.80 0.63 14.22 0.91
Colon and rectum 34 38.96 0.87 25.84 1.32
Pancreas 12 12.47 0.96 10.47 1.15
Kidney 7 4.81 1.46 4.08 1.72
Bladder 14 9.40 1.49 7.31 1.92*%
Prostate 25 16.32 1.53 18.37 1.36
Leukemia 10 6.92 §.45 7.07 1.41
Lymphomas 8 9.31 0.86 8.54 0.94
All other cancer 42 30.95 1.36 25.88 1.62%%
Cardiovascular disease 696 659.68 1.06 613.75 1.13%*
Heart disease 581 556.28 1.04 470.92  1.23%%%
Cerebrovascular lesions 76 70.77 1.07 102.20 0.74
Respiratory disease 107 72.03 1.48%%* 69.46 1.54%%%
Pulmonary tubercwvlosis 11 11.09 0.99 7.59 1.45
Pneumonia and influenza 45 40.02 1.12 27.38 1.64%
Non-infectious respiratory disease 51 20.92 2.44%%* 34.49 1.48*
Diabetes 17 17.64 0.96 15.01 1.13
Cirrhosis of liver 31 44.00 1.29 14.03  2.21%%*
Accidents, suicide and violence 39 38.64 1.01 47.60 0.82
All other causes 79 68.38 1.16 76.76 1.03

* 0.01<P<0.05
**  0.001<P<0.01
**% P<0.001

1 For the years 1965-1976, New York City rates were obtained from the U.S. National
Center for Health Statistics and, for the years 1950-1964, from the National Cancer
Institute for cancer, and from the N.Y. State Office of Vital Statistics for
nonmalignant causes.

2 See text for calculation.
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Table 5

Observed deaths, by cause, among 1,769 New York City pressmen
compared to expected deaths in a population calculated to have
20% added cigarette smokers, January 1, 1950 - December 31, 1976

Expected: Expected:
N.Y. City Ratio N.Y. rates Ratio
Cause of death Observed Rates! obs/exp +20 Smokers? obs/exp
All Causes 1,232 1,102.31 1.12%%*  1,156.55 1.07*

All cancer 263 221.94 1.19%* 237.17 1.11
Lung, bronchus and trachea 72 54.80 1.31% 63.75 1.13

Buccal cavity and pharynx 17 6.84 2.49%% 7.65 2,22%%*
Larynx 5 4.07 1.23 4,56 1.10
Esophagus 4 6.29 0.64 6.75 0.59
Stomach 13 20.80 0.63 21.92 0.59
Colon and rectum 34 38.96 0.87 38.96 0.87
Pancreas 12 12.47 0.96 13.25 0.91
Kidney 7 4.81 1.46 5.09 1.38
Bladder 14 9.40 1.49 10.22 1.37
Prostate 25 16.32 1.53 16.60 1.51
Leukemia 10 6.92 1.45 6.95 1.44
Lymphomas 8 9.31 0.86 9.45 0.85
All other cancer 42 30.95 1.36 32.12 1.31
Cardiovascular disease 696 659.68 1.06 685.47 1.02
Heart disease 581 556.28 1.04 577.53 1.01
Cerebrovascular lesions 76 70.77 1.07 72.93 1.04

Respiratory disease 107 72.03 1.48%%% 47.87 1.37%*
Pulmonary tuberculosis 11 11.09 0.99 11.92 0.92
Poneumonia and influenza 45 40.02 1.12 42.31 1.06

Non-infectious respiratory disease 51 20.92 2. 447k 23.62  2.16%%*
Diabetes 17 17.64 0.96 17.55 0.97
Cirrhosis of liver 31 24.00 1.29 25.84 1.20
Accidents, suicide and violence 39 38.64 1.01 39.64 0.98
All other causes 79 68.38 1.16 72.90 0.95

* 0.01<P<0.05
o 0.001<P<0.01
*& P<0.001

1 For the years 1965-1976, New York City rates were obtained from the U.S. National

Center for Health Statistics and, for the years 1950-1964, from the National Cancer
Institute for cancer, and from the N.Y. State Office of Vital Statistics for

nonmalignant causes.

2 See text for calculation.
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Table 9

The ratios of observed to expected deaths of New York City pressmen
for all causes of death and all cancer deaths, according to date
of initial employment and years since initiation,

Jan. 1, 1950 - Dec. 31, 19761

Years since initial employment

Year of initial 230 30-39 40-49 SO+
employment
Before 1910 - - 0.77 1.12 all causes
— - 0.63 1,40 all cancers
1910 - 1919 —-— 1.19 1.23 1,06 all causes
-— 1.14 1.24 1.00 all cancers
1920 - 1929 1.03 1.11 1.26 1.27 all causes
1.42 1.07 1.44 1.02 all cancers
1930+ 0.62 1.33 0.60 -— all causes
0.88 1.59 - - all cancers

New York City death rates were utilized in computing expected number of deaths.
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A comparison of mortality ratios for selected causes
of death among newspaper pressmen in four mortality studies

Table 11

Paganini-
This study Moss et al. Lloyd et al. Hill et al.

Cause of death SMR PMR PMR SMR
Ail cancer 118%% (262) ND 111 (138) 98 (68)

Lung and trachea 131% ( 72) 138%* (109) 113 ( 47) 149 (22)

Buccal cavity

and pharynx 249%% ( 17) ND 237 (. 9) 92 ( 2)

Larynx 123 ( 5) ND 211 ( &) ND

Kidney 146 ( 7) ND ND 303* ( 5)

Bladder 149  ( 14) ND ND 85 ( 2)

Leukemia 145 ( 10) ND 157 ( 8) 287% (7)
Non-malignant respi-

ratory disease 148%=( 107) 92 97 ( 39) ND
Liver cirrhosis 129 ( 31) ND 161 ( 22) 205% (17)

$I~ 5:::§;§

LS
"o

Standard mortality ratio.
Proportionate mortality ratio (to total deaths).

Number of deaths on which mortality ratio is based.
No date available.
Chronic bronchitis and emphysema.

0.01 <p <0.05
0.001 <p <0.01

p <0.001
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DR. YODAIKEN: I know that the conditions in the pressrooms have
changed considerably over the last five years, but do you know of any
significant changes that occurred before that time?

DR. STERN: Actually, the environmental study by Littman was
conducted in 1970, and it still showed that the ink mist exposures were higher
than the permissible standard.

There were environmental samples taken by Mt. Sinai, but I do not

have the complete results right now. Based upon Littman's study in 1970, some
of these exposures were still relatively high.
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PROCEEDINGS OF THE
SECOND NCI/EPA/NIOSH COLLABORATIVE WORKSHOP:
PROGRESS ON JOINT ENVIRONMENTAL AND
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PRESENTATION AND DISCUSSION:

Environmental Health Data Base for New Jersey

Thomas Burke

New Jersey Environmental Protection Agency
0ffice of Cancer and Toxics
190 West State Street
Trenton, NJ 08625
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The Office of Cancer and Toxic Substances Research (OCTSR)
of the New Jersey Department of Environmental Protection (NJDEP)
was established in 1977 as a result of New Jersey's nation
leading cancer mortality rates and growing concern about the
presence of carcinogens and toxic substances in the environment.
New Jersey is the most densely populated, most industrialized
state in the nation and petrochemicals are the number one
indhstry. While hypotheses concerning the state's cancer rates
and environment abound, the truth is that before 1977 virtually
nothing was known concerning the exposure of New Jersey citizens
to environmental toxics. The long term goal of OCTSR is to
establish a statewide profile of the distrikution of toxics and
carcinogens in the environment in order to aid in the reculatorv
and enforcement activities of NJDEP, develop standards for the

control of these substances, and ultimately to better understand

the relationships between these pollutants and human disease.

During the past four years OCTSR has initiated a number
of statewide monitoring, sampling and survey projects to develop
a comprehensive approach to the evaluation of population
exposure to toxic pollutants. The Environmental Health Database
Project was initiated to assist the National Cancer Institute in
obtaining environmental exposure data for the New Jersey section
of the national case-control studv of bladder cancer. The
project is enabling OCTSR to construct a computerized database

to facilitate rapid statistical, geographic and correlational
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analysis of environmental and health data. The data consist of
five major categories: industrial sources, water quality,
hazardous waste, air quality and health data. The following is
a summary of ongoing projects and the information planned for

inclusion in the database.
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1.

2.

Industrial Source Information

Water

Statewide Survey of Industry including information on the
production, use, emission and disposal of approximately
200 toxic and carcinogenic substances for 15,000 plants.

environmental monitoring for sites demonstrating high
use and emission;

listing of permitted water dischargers and plants dis-
charging waste into public sewage treatment plants;

general air emissions data from air pollution control
permit system;

Ames testing of selected high risk industrial effluents.

Quality Data

Drinking Water

listing of public purveyors including service areas, popu-
lation served and raw water sources:;

monitoring results for volatile organics, heavy metals and
pesticides;

historic results of monitoring conducted bv purveyors;
current and historic chlorination practices;

Ames testing results on raw and delivered drinking water.

Groundwater

results of statewide sampling of groundwater including all
major aquifers and all well types;

public drinking water supply wells;
private potable wells;

industrial and landfill monitoring wells.
furface water

results of statewide monitoring of surface waters and
sediments for organics, pesticides and heavy metals;
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1

effluent monitoring results;

Ames testing results on ambient surface waters and ef-
fluent samples;

results of statewide fish sampling project for pesticides,
heavy metals and PCBs.

3. Hazardous Waste

location and monitoring data from over 400 abandoned
hazardous waste dumpsites;

location and permit information on operation of hazardous
waste disposal facilities;

location of hazardous spills.

4. Air Quality Information

data from statewide air monitoring network for classical
pollutants;

toxic pollutant monitoring data includino:

volatile organics

polynuclear aroratic hydrocarbons
metals

alkylating agents

respirable particulates
concurrent Ames testing

data from hazardous substance emergencies collected by
mobile monitoring lab;

breathing zone samples and body burden measurements from
EPA study of human exposure to toxics.

5. Health Data

county and municipal level mortality data for cancer and
other major causes;

cancer morbidity data from New Jersey tumor registry.
- U.S. Census Results

statewide hospital admission and discharge records for
all causes.

246



To facilitate the analysis and interrelating of this data
extensive computer graphic and mapping capabilities have been
developed. Geographic analysis capabilities are essential to
understanding the spatial relationships between environmental
pollution and potential point sources, but most importantly
such mapping capabilities provide a statewide profile of
community exposure levels. Figure 1 through 3 are examples
of the types of maps which are being generated. Such maps
are providing new insights into the trends and spatial dis-
tribution of environmental pollutants. As the data are refined
and exéanded these techniques will facilitate rapid ecological
studies providing a geographic profile of the relationship
between environmental and disease trends and providing hypotheses

for in depth epidemiological investigations.

Information from the database is in constant use for the
regulatory activities or NJDEP. Air and water monitoring
results have provided needed baseline information on ubiquitous
toxic pollutants. Such information has had numerous applicaticns
in regulatory decision making. The drinking water monitoring
has resulted in numerous closures of water sources, and is
currently being used in the development of guidelines for toxic
contaminants. Data from the industrial survey has provided
the first real understanding of production, use emission and

disposal practices, providing an invaluable regulatory tool.

Monitoring has demonstrated that New Jersey citizens and

most likely all Americans are constantly beinag exposed to toxic
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Figure 3
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and carcinogenic agents in the environment. It is hoped that
the true value of the database project will be an improved
understanding of human health effects. Epidemiologic inves-
tigations of the role of environmental pollutants have been
largely inconclusive. A major reason has been a scarcity of
information on exposure. MNew Jersey will now have the data
resources to clearly define the actual and potential exposure
levels of its communities and compare them to disease ﬁortality
and morbidity data. This will hopefully stimulate and support
future epidemiological investigations and provide new insights

to the relationship of the environment to human health.
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DR. BEAUMONT: Dr. Beaumont, NIOSH. Are these firms that are
currently doing waste disposal, chemical waste disposal, are they actually

getting rid of this stuff or are they just saving it for our grandchildren to
worry about. '

DR. BURKE: My understanding of the problem is that there is a
tremendous amount of stockpiling going on throughout the state. New Jersey
lacks sufficient disposal facilities. Increased amounts of waste are being
burnéd for energy recovery and in addition, sewage treatment plants are
receiving increased amounts of waste. From a public health perspective,
current disposal practices are highly inadequate.

DR. CARNOW: Carnow, I1linois. What body burdens -- you mentioned
you were measuring body burdens -- what body burdens are you measuring?

DR. BURKE: I am not measuring; R&D from EPA is doing the
monitoring. It was a very ambitious 1list including metals, pesticides and
organics to begin with, but when they field tested it on just nine people they
realized the 1list was too ambitious and it has come down to about 15 volatile
organics in urine, blood and breath. For a small subset of that, they are
testing for metals and pesticides in mothers' milk and blood.

DR. CARNOW: I ask because by examining the metals you might get some
insight into petroleum effluents since they are contained in it. And now with
some of the atomic absorption units, which can measure 15 or 16 metals

simultaneously in a very short time, you can do body burden measurements in a
lot of people in a very short time,

DR. BURKE: I am kind of disappointed they are not doing the metals
in the whole group.

DR. CARNOW: Well, the metals are easier to measure, you see.

DR. BURKE: I think so.

DR. CARNOW: And they are faster and they can qive you a lot of
insights.

DR. BURKE: The problem is that the Food and Drug Administration
representatives were there in the planning of the study and if you don't
consider food intake of metals, which is the major intake -- they decided that
measuring metals wasn't very useful because the environmental exposure is only
a small percentage of the total.

DR. AUSTIN: Austin from California. Did I understand that you just

said that you were stopping the Ames test on ambient air and other
environmental --?

DR. BURKE: No. Ames testing has presented a real scientific
problem, and that is, what does it mean? I wouldn't say we are stopping it.
In fact, we are going full steam ahead with Ames testing of respirable
particulates. It has been very fruitful there.
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We have major problems in methodology in using the Ames test on
drinking water. Essentially, we seem to need a composite sample. The free
chlorine in the water from the finished drinking water attacks the resin and
alters the sample in such a way that we would not have a representative

sample. We can use it in raw water but for drinking water the interpretation
has been difficult, '
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MORTALITY STUDY OF DRY CLEANER WORKERS EXPOSED

TO PERCHLOROETHYLENE

Introduction

Perchloroethylene (PCE) or tetrachlorethylene is similar in structure
to vinyl chloride (Slide 1), a known carcinogen. PCE was tested by
NCI for carcinogenicity in 1977, and among rats administered PCE,
there was no significant increase in neoplastic lesions. In mice
there was a significant increase in the incidence of hepatocellular

carcinoma. (NCI, '77)

Because of these results and because of the large number of
individuals potentially exposed to PCE, a decision was made by NIOSH
to conduct an epidemiologic study to determine whether or not there
are any latent effects from long-term exposure to PCE specifically
focusing on the carcinogenic risk among exposed individuals. The
study was conducted under contract by SRI. Workers in the drycleaning
industry were chosen for this study. PCE began replacing carbon
tetrachloride in commercial drycleaning shops shortly after WW II. A
gradual shift from petroleum derivatives to PCE began in the late
1940's - early 1950's and by 1977 the industry estimated that 74% of
commercial drycleaning plants used PCE. However, in the period before

1960, petroleum derivatives was the predominant solvent.
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1I.

Methods

Definition of the Study Cohort and Study Design (Slide 2)

The intent of this study was to conduct a retrospective cohort
mortality analysis on at least 2000 drycleaner workers who were
employed for at least 1 year before 1960 in a drycleaning facility
where the primary solvent was PCE. In addition, if the worker had
previous occupational exposure to carbon tetrachloride, he/she was
not eligible for the study. In this type of analysis the
identified cohort is followed-up to determine who is alive and who
is dead as of a certain cutoff date. The expected mortality of
the cohort is then calculated based on the number of person-years
at risk of dying multiplied by the appropriate age, race, sex,
calendar time, and specific U.S. mortality rates. The observed
cause specific deaths are compared to those expected yielding a
measure of risk known as the standardized mortality ratio (SMR =
observed deaths/expected deaths x 100). The SMR is evaluated to
determine whether or not the cohort has experienced any unusual
patterns of death that may be related to occupational exposure.
Other variables examined to assess this relationship include
latency {(length of time since first exposure or employment) and

duration of employment.
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Potential Data Sources Considered for Study

A number of different data sources were examined by SRI in an
effort to identify a suitable cohort of drycleaner workers exposed

to PCE (Slide 3).

l. Direct identification of individuals through state licensing

systems.

Records were not kept past five years.

2. TIdentification of drycleaning establishments from:

o trade associations

o government licensing authorities

o manufacturers of drycleaning equipment

Shops could be identified; however, individual shops did

not retain records to identify employees.

3. Ohio State Prison

Records were destroyed in a fire.
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U.S. Navy

Pre-1960 records destroyed after computerization of system.

Unions

Five large labor unions were found to have records that

identified individual employees and the shop they worked for.

o0 Oakland local AFL-CIO Laundry and Dry Cleaning Int'l

o Chicago and St. Louis locals Laundry, Dry Cleaning, and

Dyehouse Workers' Int'l

o Detroit and New York City locals Amalgamated Clothing and

Textile Workers Union

Since the St. Louis local was already being used by NCI in a
similar study, this union was not considered by SRI. The
records from the remaining four union locals were selected for

inclusion into the study.
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Solvent History

To determine whether a particular union member qualified for the
study it was necessary to obtain the history of solvent use for
each shop the workers were employed at. A list of these shops was
assembled and an attempt was made to find out the solvent history
for each by using the following data sources: (Slide 4)

l. Contacting present owners and past owners

2. Union officials

3. Local distributors of drycleaning equipment

4. Local distributors of perchloroethylene

5. City records in Chicago

6. Trade associations

7. Licensing authorities

There has been three primary solvents of concern in drycleaning =--

(1) Carbon tetrachloride which was used rarely after WWw II; (2)

Petroleum derivates which were used extensively prior to 1960;
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and, (3) PCE which became the predominant solvent after 1960.
Based on available information, if it could be documented that a
worker was employed for at least one year prior to 1960 in a shop
where PCE waé the primary solvent, he/she was included in the
study as long as he/she had no previous employment in a shop where
carbon tetrachloride was the primary solvent. Unknown solvent use
prior to 1960 was probably PCE or petroleum derivates. If a
worker qualified for inclusion in the study based on work in a PCE
shop, time spent in a shop of unknown solvent use did not
disqualify the worker from the study, however, this time was not
included in calculating the length of employment or latency
variables. In addition, the workers were not considered at risk
until they accumulated one year of employment in a PCE shop.

Since solvent history was not obtained for every shop listed in
the union records, many union members who may have been qualified

for the study were not included.

Vital Status Follow=-Up

The follow-up to determine whether workers included in the cohort
were alive or deceased was carried out by searching records of the
Social Security Administration (SSA), the Internal Revenue Service
(IRS), state Motor thicle Departments, and the local unions. The
cutoff date for vital status determination was set to be September
30, 1977, which was the latest date for which the SSA had vital

status information.
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III.

Those who died after the cutoff date were considered alive for

purposes of analysis. Those whose vital status was unknown were

considered alive until lost to follow-up. For those where SSA had

indicated the worker had died, the death certificates (DC's) were

requested from the State Vital Statistics Offices. Each DC was

coded by a trained nosologist according to the revision of the

International Classification of Deaths (adapted) ICDA, in effect

at the time of death.

Industrial Hygiene Study

NIOSH conducted an industrial hygiene survey at drycleaning facilities

currently using PCE, some of which were also included in the mortality

study (Slide 5). The results as summarized in Table 1 show that the

"cleaners" have the highest exposure
time weighted average was 22 ppm for
jobs the highest corresponding value

and employees interviewed during the

where the geometric mean for the
machine operators. For all other
was 3.3 ppm. According to owners

survey, the current exposures are

not dramatically different from those 20 years ago. From the results

of this survey it is evident that exposures experienced by most

workers in the study were probably below 20 ppm and many were below 5

ppm.
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IV. Results and Discussion

Description of Cohort

The total number of workers included in the study consists of
1,597 individuals, 571 males, and 1,026 females. Table 2 (Slide
6) shows the distribution of vital status for males and females,
and Table 3 (Slides 8-11) show the same distribution by local
union. The success of the follow-up was poor especially for
female workers. For this reason, the analysis accumulates
person-years for those with unknown vital status only until they

are lost to follow-up.

Death certificates on all but 38 of the 285 cohort members known
to be deceased were obtained. In calculating the SMR those deaths
for which no certificates were found were assumed to have the same
distribution by cause as those for which death certificates were

available.

The union records did not record race, therefore, an assumption
had to be made concerning the racial distribution of the cohort.
If the racial distribution from the deceased cohort members can be
taken to represent the racial distribution of the entire cohort,
approximately 30% of the cohort was black and the remainder was

white. The distribution varies depending on the local union. In
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the analysis the expected number of deaths were calculated by
using U.S. white mortality rates (male and female), U.S. black
mortality rates (male and female), and by estimating the expected
deaths based on the distribution of person-years of those with a
known race -- the person-years distribution by age was calculated
separately for whites and for blacks. For each five-year age
group, the ratio of known white person-years to known black
person-years was assumed to represent the racial makeup for the
entire cohort within that age group category. White mortality
rates were used for the proportion of person-years in each age
group that were white, and black rates were used for the remaining
person=-years to give a new estimate of the expected number of
deaths. Because there is some uncertainty in this estimate the
emphasis in the discussion of specific causes of death is on those
that consistently show an increase regardless of which rates were

used.

Cause Specific Mortality

The next two tables, 4-5 (Slides 11-12) show the mortality of the
entire study cohort compared to ﬁhe expected mortality. To repeat,
the measure of risk is the SMR where an SMR of 100 means the study
population has a mortality rate equivalent to that expected based
on U.S. mortality rates. The SMR's reported in the text will be_

based on the estimated expected number of deaths. For all causes,
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this cohort has a slight deficit in mortality, probably reflecting
the healthy worker effect. BAmong the major categories of death
there are no statistically significant increases in observed
deaths compared to expected deaths. However, there is a
statistically significant deficit in deaths due to accidents, and
deaths due to circulatory disease before adjustments were made for
unknown deaths. The large deficit in circulatory disease is
probably due to both the health worker effect and
underascertainment of deaths. There is a slight excess in death,

due to all cancer.

When the cancer mortality is examined by specific site, cancer of
the intestine except rectum has the highest measure of risk with
11 observed cases, the estimated SMR is 182 or an 82% increase
over the expected number of deaths. All 11 observed deaths were
from cancer of the colon rather than cancer of the small
intestine. Of course, virtually all the expected deaths are also
due to cancer of the colon. A more detailed analysis of this
cause was undertaken to determine if it was associated with
employment in drycleaning. The increased risk was consistent in
both males (SMR = 191) and females (SMR = 175) (Slide 13), as well

as across all local unions (Slide 14).
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When mortality due to colon cancer is examined by latency (Slide
15), no deaths occurred until at least 15 years after initial
known exposure to PCE and the risk increases peaking at 20-25
years of latency, a trend compatible with a risk due to an
occupational exposure. The risk of colon cancer was also highest
for those with ten or more years of employment in PCE shops, a
finding also compatible with the risk being associated with

employment in drycleaning.

Pancreatic cancer was also looked at in more detail (Slide 16).
Although there are only 5 observed deaths, the SMR increases with
an increase in the latency period. The increased risk was

confined to those with at least 20 years of latency.

Conclusions and Recommendations

Because of small numbers and several deficiencies (assumed
distribution of race and poor follow-up) in this study, it is
inappropriate to make any definitive conclusions about the risk of
mortality in relation to exposure to PCE. However, the finding of
greatest concern is the risk for cancer of the colon, which, based on
11 observed deaths, is consistently elevated across both sexes, all
four unions, and the distribution by latency and duration of

employment is consistent with an occupationally related disease.
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This study is being updated and additional data is being added to the
file so that the analysis will require fewer assumptions. This will
include (Slide 17): (1) Updating the vital status to 12/31/78; (2)
Improving the follow-up of the cohort; (3) Adding data on race; (4)
Adding an additional 400 workers to the cohort who were previously

left out because date of birth was unknown.

Hopefully, these improvements to the file will yield a study with more
valid results and more confident conclusions. Besides colon cancer,
pancreatic cancer, genitourinary cancer, as well as diseases of the

blood and blood forming organs, will be examined closely.
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Slide 1

CHEMICAL STRUCTURES

o
1. H—— C —— C——U(C1

Vinyl Chloride

Fl ?l
2, H C C Cl
Trichloroethylene
Fl Fl
3. cl]— ¢ ——C—— (1

Tetrachloroethylene (Perchloroethylene-PCE)
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Slide 2

DEFINITION OF STUDY COHORT

Each cohort member must have worked for at least one year

prior to 1960 in a dry cleaning facility where PCE was the

primary solvent during that year, and had no occupational

exposure to carbon tetrachloride or trichloroethylene.
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Slide 4

POTENTIAL DATA SOURCES TO IDENTIFY COHORT

Direct identification of individuals through state
licensing systems.

Identification of dry cleaning establishments.
Ohio State Prison

U.S. Navy

Unions

o Oakland Local AFL-CIO Laundry and Drycleaning
International

o Chicago and St. Louis Locals Laundry, Drycleaning
and Dyehouse Workers International

o Detroit and New York City Locals Amalgamated
Clothing and Textile Workers Union
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Slide 5

SOURCES TO IDENTIFY SOLVENT HISTORY

l. Contacting present and past owners

2. Union officials

3. Local distributors of dry cleaning equipment
4. Local distributors of perchloroethylene

5. City records in Chicago

6. Trade associations

7. Licensing authorities
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Slide 6

Table 1

SUMMARY RESULTS OF NIOSH INDUSTRIAL HYGIENE SURVEY -
TWA EXPOSURES FROM ALL SURVEYS

Concentration of PCE, ppm

| [ | 95% Confidence

I I
| |
|Job or Sample | Number of | | Geometric | Interval for
|Description | Facilities/Samples | Range | Mean | Geometric Mean
I I I I |
|Dry Cleaner | 44/44 | 4 -149 | 22 | 17 -~ 28
| I I I |
|Presser I 35/35 | 0.1- 37 | 3 [ 2 - 5
[ | | I |
| Seamstress | 12/12 | 0.6- 29 | 3 | 1 - 7
[ | | | [
|Counter Area | 31/31 ] 0.3- 26 | 3 | 2 - 5
| I | | |
|5 Min. Peak* | 39/134 | 2 =637 | 49 | 39 - 6l
I | | | [
|15 Min. Peak* | 30/49 | 1 =775 | 34 | 24 - 50
| I | |

* The peak samples included clothing transfer.
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Slide 7

Table 2

VITAL STATUS BY SEX OF DRY CLEANER WORKERS

EXPOSED TO PCE

IMales

|Females

[Total

Alive (%) | Dead (%) | Unknown (%) |Total

| |
363 (63.5)|163 (28.5)| 45

| |
695 (67.7)[122 (11.9)}|209

| |
1058 (66.2)]285 (17.8)]254

|
(7.9) | 571

|
(20.4)]1022

|
(15.9)]1597
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Slide 8

Table 3

VITAL STATUS BY SEX OF DRY CLEANER
WORKERS FROM THE OAKLAND LOCAL UNION

Alive |Dead|Unknown % |Total]
| I | I

14 |1 (1.9)] 54 |
I I |
i1 (1.4)] 72 |
l | I
I I
| I

2 (1.6)] 126

|

|

I |

| |
|[Females| 62 | 9

| |

| |

| | |

273



Slide 9

Table 3 (continued)

VITAL STATUS BY SEX OF DRY CLEANER
WORKERS FRCM THE DETROIT LOCAL UNION

| |Alive |Dead|Unknown % |Totall
I | [ | | |
IMales | 131 | 81 |26 (10.9)] 238 |
| I | |
263 | 49 |72 (18.8)} 384 |
[ |
I I
I I

I I
130 |98 (15.8)] 622
I I

394




Slide 10

Table 3 (continued)

VITAL STATUS BY SEX OF DRY CLEANER
WORKERS FRCOM THE CHICAGO UNION

| |Alive|Dead|Unknown % |Total

| I I | I
|[Males | 58 32 |10 (10.0)| 100

I
I
! |
| | | I | |
|Females| 109 | 21 [38 (22.6)] 168 |
| I | I | |

| I |

| | |

|Total 53 |48 (17.9)| 268
| |

167
I
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Slide 11

Table 3 (continued)

VITAL STATUS BY SEX OF DRY CLEANER
WORKERS FRCM THE NEW YORK CITY LOCAL

| |Alive |Dead| Unknown % |Total

|

I

|

I

98 (24.3)| 402 |
|

I

I [

|[Males | 135 | 36 | 8 ( 4.5)| 179

I I I I |

|Females| 261 | 43 |

I I I [ I

|Total | 396 | 79 [l06 (18.2)] 622
I I |
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Slide 12

Table 4

MORTALITY AMONG DRY CLEANER WORKERS EXPOSED TO PCE

BY MAJOR CAUSES OF DEARTH

|Expected Deaths

| | | [
[ |Observed | White | Black | |
| cause | Deaths | Rates | Rates |SMR* |
| i | l | I
| All Deaths | 285 | 284.7 | 473.6 | 93 |
| All Cancers | 73 | 69.5 | 86.9 |112 |
| Diseases of Blood and Blood | 3 ] 0.9 | 1.5 |290 |
| Forming Organ | | | | |
| Diseases of Nervous System | 26 ] 24.8 | 59.3 | 86 |
| Diseases of Circulatory System | 87** | 124.2 | 176.8 | 71**|
| Diseases of Respiratory System | 14 | 14.5 | 21.6 | 93 |
| Diseases of Stomach & Duodenum | 4 | 2.0 | 2.4 211 |
| Diseases of Genitourinary System | 6 | 3.7 | 12.7 li10e |
| Accidents | 1 | 14.0 | 21.9 | 7%*|
| vViolence | 5 | 6.5 | 12.3 | 65 |
| I | I I |
*Based on estimated distribution of race + adjustment for unknown

deaths.

**Difference between observed and expected is significant at p < 0.0l
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Slide 13

Table 5

MORTALITY AMONG DRY CLEANER WORKERS EXPOSED TO PCE
BY SPECIFIC CANCER SITE

Expected Deaths

Hematopoietic Tissues

| | | | |
| | Observed | White | Black | |
| cause | Deaths | Rates | Rates | SMR¥*|
| | | I | |
| MN of Intestine (except rectum) | 11 | 7.0 | 6.8 | 182 |
| MN of Rectum I 3 | 2.1 | 2.2 | 188 |
| MN of Pancreas | 5 | 3.5 | 4.5 | 152 |
| MN of Respiratory System | 19 | 14.8 | 16.5 | 140 |
| MN of Male Genital Organs | 2 | 2.3 | 4.9 | 79 |
| MN of Urinary Organs | 5 | 2.8 | 2.9 | 198 |
| MN of Other & Unspecified Sites | 11 | 7.8 | 8.8 | 156 |
| Neoplasms of Lymphatic & | 4 | 6.0 | 5.6 | 77 |
| | | | | I
| | | I I |

* Based on estimated distribution of race and adjustment for unknown
deaths.
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Slide 14

Table 6

MORTALITY FRCM CANCER OF THE INTESTINE
(EXCEPT RECTUM) BY SEX AMONG DRY CLEANER
WORKERS EXPOSED TO PCE

| Expected Deaths
Observed| White |Black

-

|
[
| Sex
|

| |

| |

| Deaths | Rates |Rates | SMR*

[ | | I
[Males | 5 | 3.1 | 2.8 | 191
| | [ | |
| Females | 6 | 3.9 | 4.0 | 175
| | | | |
|Total | 11 | 7 | 6.8 | 182

| | | |

* Estimated
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Slide 15

Table 7

MORTALITY FROM CANCER OF THE INTESTINE

(EXCEPT RECTUM) BY UNIMN LOCAL AMONG DRY CLEANER

WORKERS EXPOSED TO PCE

| Expected Deaths

:Observed | white |Black :
Union | Deaths | Rates |Rates | SMR*
Oakland : 2 : 0.8 : 0.8 : 287
Detroit : 4 : 3.4 : 3.2 : 130
Chicago : 3 : 1.2 : 1.1 : 320
New York Cityi 2 E 1.7 i 1.7 i 146

Estimated
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MORTALITY FROM CANCER OF THE INTESTINE
(EXCEPT RECTUM) BY LATENCY AMONG DRY CLEANER

Slide 16

Table 8

WORKERS EXPOSED TO PCE

| |Expected Deaths SMR's* I
Years of |Observed | White | Black | White | Black|
Latency | Deaths | Rates | Rates | Rates | Rates|
| I | !
15 | 0 | 2.89 | 2.77 | - o=
| I I | ! I
15 20 | 3 | 1.83 | 1.80 | 189 | 192 |
| | | | I |
20 25 | 5 | 1.39 | 1.34 | 415 | 430 |
I | I | I |
25 | 2 | o.88 | 0.83 | 262 | 289 |
| | I I | |

Estimated
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Slide 17

Table 9

MORTALITY FRCM PANCREAS CANCER BY LATENCY
AMONG DRY CLEANER WCRKERS EXPOSED TO PCE

| | Expected Deaths| SMR's |

Years of | Observed | White | Black | White |[Black]
Latency | Deaths | Rates | Rates | Rates |Rates]|
I | I | | I

< 20 | 1 | 2.30 | 3.07 | 50 | 38 |
| | | I I I

20~ < 25 | 2 ] 0.71 | 0.91 | 325 | 254 |
I | | I | |

> 25 | 2 | 0.44 | 0.55 | 524 | 420 |
I I I | | |
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FUTURE ACTIVITIES TO IMPROVE PCE STUDY

l. Updating Vital Status to 12/31/78
2. Improving the Vital Status Follow-Up
3. -Adding Data on Race for Each Individual

4. Adding an Additional 400 Workers to Cohort
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DR. WEISBURGER: This is the second time I have heard this paper, and
for the second time I say, NCI did not select perchloroethylene for test
because of the structural similarity to vinyl chloride. The study was
conceived, the idea was thought of, long before vinyl chloride was shown to be
a carcinogen. It was selected for study because of exposure to lots of people.

DR, BROWN: I stand corrected,

DR. YODAIKEN. Yodaiken, NIOSH., I just wondered, did you do a best
case/worst case calculation assuming that all the people who were lost have,
in fact, survived?

DR. BROWN: No, we didn't.

DR. INFANTE: On your deaths from blood malignancies, you said your
SMR was 290. I couldn't see from where I was sitting how many of those were

leukemias and how many were lymphomas. Did you analyze separately or did you
combine them?

DR. BROWN: We analyzed separately but I would have to look at my
paper to get the figures.

DR. INFANTE: Well, the reason I ask is because the NCI study of dry
cleaners shows an excess of leukemia and, they mention in that paper that
spotting was done with benzene.

DR. BROWN: Yes,

DR. INFANTE: Now, do you have any information on what spotting was
done with in your cohort? And then maybe you ought to look at it to see if
you have some leukemias and what cell types you might have.

DR. BROWN: Yes, so many shops were included in this study -- I don't
know the number of shops but there is a large number. We don't have
information on each individual shop as to what they were using for spotting.
They use anything that works on a particular day on that particular stain.
Benzene is one of those things.

DR. INFANTE: Then on the pancreatic cancers, you have small numbers
but it 1ooks 1ike you have an increase with an increase in Tatency.

DR. BROWN: Yes.

DR. INFANTE: Did you have autopsy reports on all of those? And what
is the possibility that some of those pancreatic cancers might actually have
been liver cancers? How much information do you have on the histopathologic
diagnosis for the pancreatic cancers?

DR. BROWN: At this point we haven't sent for hospital reports or
autopsy reports in those particular cases. .

DR. INFANTE: How about liver? I couldn't see from where I was
sitting whether you showed liver or not.
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DR. BROWN: We didn't find any liver cancers.

MR. FISHER: Bill Fisher, International Fabricare Institute. We are
a dry cleaning trade association. Just a comment on what I would have to term
a canard about benzene, I doubt that one-half of one percent of the dry
cleaning plants even 40 years ago used benzene on a very sporadic basis.
Certainly I can tell you that 40 years ago even all of the dry cleaning
associations were recommending that it not be used. And there were only very
limited cases in which someone would have chosen it. So we don't helieve that
there really ever has been any exposure to benzene within the industry.
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CHEMICALS IDENTIFIED IN HUMAN BIOLOGICAL MEDIA
M. Virginia Cone
Chemical Effects Information Center
Information Center Complex
Information Division
Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37830
and

Cindy Stroup

U.S. Environmental Protection Agency

The program Chemicals Identified in Human Biological Media was inspired
by concerns over the need for a centralized source of human body-burden
data. Historically, this information, which is needed by research and
regulatory agencies involved in the protection of human health, has not
been easy to retrieve. The development of this human body-burden data
under the direction of Cindy Stroup, U.S. Environmental Protection Agency
(EPA), and Herman Kraybill, National Cancsr Institute (NCI), has been
supported through the NCI/EPA Collaborative Program. Through an inter-
agency agreement between EPA and the U.S. Department of Energy (DOE), the
preparation, maintenance, and distribution of the file are being done by
the Chemical Effects Information Center in the Information Center Complex,
Information Division, at Oak Ridge National Laboratory.

I am glad to have this opportunity to tell you of our recent achieve-

ments in this program. I think it will be useful for me to review the

*
Operated by Union Carbide Corporation under Contract No. W-7405-eng-
26 with the U.S. Department of Energy.
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scope and structure of the file and, during this discussion, to highlight
some unique features and new developments.

Sources of data for Chemicals Identified in Human Biological Media
are from the world literature, retrospective to 1974. Manual searches
for current literature are routinely done in approximately 60 periodicals.
Articles with appropriate data are selected for inclusion in the data
base. We héve collected nearly 3800 documents; information from approxi-
mately 1500 of these documents is in the data base at the present time.

The documents that are selected contain data on body burdens of
various chemicals that have been measured in human tissues and body fluids.
The data base contains information on 750 chemicals. Approximately 250
of these were added since this time last year. At the time of the last
publication, approximately 107 of the total documents in the file concerned
pesticides; 307, drugs; and 40%, metfls. The remaining 20% were about
other substances, including industrial chemicals and organics which are
of interest to NCI and EPA.

Let us look specifically at how the data which we extract are incor-
porated into the data base and, ultimately, in the published version. The
data included are bibliographic, numeric, and textual. Many large files,
such as Chemical Abstracts and Biological Abstracts, contain primarily
bibliographic information and abstracts. There are approximately 30 data
elements, or "fields." Each field contains specific information from the
source document. There is general information on language, type of publi-
cation, and identification numbers as well as bibliographic and chemical

data.
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In the past year, we have completed a computerized file of infor-
mation on all the chemicals in the data base. This file, which contains
CAS preferred names, registry numbers, synonyms, formulae, and chemical
properties with code numbers specific for each chemical, allows accurate
and rapid input of this information into the data base. In addition, the
data base contains tissue levels (mean, range), protoco}s, analysis,
number of cases, and information on toxicity, pathology, and health.

In January, our second annual report was distributed to over 800
people and institutions. It contains more than 1900 records, which are
displayed in a computer-generated tabular format. One feature of this
publication is that it provides the user with various ways to search for
information. Records dealing with a specific chemical can be located in
various ways by using different listings and directories provided in the
document. In addition, there are author, corporate authority, tissue, and
keyword indices.

When we began work on this data base, we hoped that ultimately it
would be available to on-line users. In May of this year, the data base
became available on-line to RECON users. RECON is DOE's computerized
information retrieval system, which provides remote terminal access to
a variety of data bases. This system, originally developed for NASA by
Lockheed, was purchased by the Atomic Energy Commission in the late 1960's
(for Nuclear Science Abstracts) and was based at Oak Ridge. Dial-up
access began as a regular service in 1976. The system is used by techni-
cal libraries, information centers, scientists, and engineers — iﬁ all
over 600 users. We are working with the Natiomal Library of Medicine on

plans for having the file on-line there. There are also plans to
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incorporate some of the information into the Toxicology Data Base at the
National Library of Medicine. A tape has been made available to the
Commission of the European Communities, which plans to integrate our
material in its Environmental Chemicals Data and Information Network.
The file will soon be available from Lockheed's DIALOG Information
Retrieval Service. This commercial information service has agreed to
put the data base in their system at no cost to us.

Levels of chemicals in feral and food animal populations are indi-
cators of both envirommental and subsequent human exposures. This con-
cern has prompted the development of a companion data base, Chemicals
Identified in Feral and Food Animals. Approximately 45 periodicals have
been identified as appropriate sources of data. Data elements and tabular
display are essentially identical to those used in the human file. We
have 300 documents on hand and have begun extractions. We will publish
an annual report on some of this material for 1981.

In July, questionnaires were sent to the people who have received
the annual publications of the data base. 1In addition to updating the
mailing list, we hoped to learn how many people have access to and use
the document, how it is being used, and, most important, how the document
can better suit the users' needs. We have not finished compiling the
results of this survey, but I would like to share with you what we have
learned so far. Over one-third of the questionnaires have been returned,
and the comments have been overwhelmingly positive. 1In most cases, the
document is "housed" in private offices and libraries. Over 24,000 people

have access to the document. It has had various uses in risk and exposure
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assessment and as a valuable tool in research and academia. The users'’
comments have been most gratifying to all of us involved with the
project — the document 75 being widely used and is meeting the users'
needs.

In addition, many users indicated that they will use the on-line
version of the data base. Several pointed out the omission of their
favorite chemical, drug, or tissue — in many of these cases, the partic-
ular substances have already been included for the next publication. We
are always willing to add pertinent information that is brought to our
attention. For example, next year's (1982) publication will include data
from a new source, the National Environmental Specimen Bank. In addition,
we are continually inputting data from the documents we have on hand,

covering 1974 to the present time.
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DR. LONGFELLOW: I was wondering whether or not your data base would
benefit from some editing from the standpoint of setting up certain criteria,
let's say, only entering data that, in fact, had been published in reviewed
journals, or only entering data that met certain criteria such as a meaningful
combination of analytical procedures used. Only using data which provides
sufficient information for the reader to arrive at a conclusion independently
of the author. I'm suggesting a standardization similar to the prescreening
used by the EPA's committees for the Evaluation of Short-Term Assays.

DR. CONE: In a lot of the journals -- let's say essentially in all
of the journals that we are using, they have been pre-screened for that. And
this is something that we may have to do just because of the volume of the
material. We are not doing it right now, not consciously.
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RETROSPECTIVE COHORT MORTALITY STUDY OF GOLDMINERS

Introduction

Most commercial forms of asbestos have been shown to have the
potential for causing lung cancer, mesothelioma, and asbestosis.
However, the pathogenicity of asbestos fibers appears to depend on the
mineral type and specific size of the fibers. It is thought that long

fibers, 5 microns in length, are the most pathogenic.

Exposure to non-commercial forms of asbestos are also of great
concern. These exposures occur as a contaminant in mining operations
and the fibers may be shorter than 5 microns in length. It is
important to determine the health effects from the non-commercial
forms of asbestos because of the possibility of such exposures in
industry and among the population in general; and the results of such
research are an important ingredient in setting standards for safe

levels of exposure.

A large number of people were exposed to a non-commercial form of
asbestos when tailings from a taconite mine were dumped into Lake
Superior beginning in 1955. Subsequently, cummingtonite = Grunerite
(CG) fibers, an amphibole fiber which is believed to be a type of

amosite asbestos, was found in the drinking water in Duluth,
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Minnesota. At the same time it was known that CG was also present in
the ore of the Homestake Goldmine. Because of the difficulty in
conducting a good epidemiologic study (with a long enough latency
period) of Duluth residents, it was decided to study the miners from

Homestake which had been in operation for one hundred years.

Prior to the study under discussion here today, two other
epidemiologic studies were conducted at Homestake. The first of these
studies was conducted by NIOSH (Gilliam et al). (Slide 1) This was a
mortality study which included 440 white males who had been examined
by the U.S.P.H.S. during a silicosis survey and who had worked for at
least five years at underground mining, and never mined elsewhere.
These men were followed from April 1960 to December 31, 1973.
Mortality rates from South Dakota were used as a standard in
calculating expected deaths; An increased risk for respiratory cancer

was observed, as well as for non-malignant respiratory disease.

The second study which was also a mortality study, was conducted by
Dr. Corbett McDonald (Slide 2) and included all employees who worked
for 21 years or more as of 1973. The workers were divided into five
dust exposure classifications from very low to very high. For the
study cohort overall, the risk for mortality due to respiratory cancer
was not increased. There was a high risk for pneumoconiosis and
respiratory T.B. For most causes of death, including respiratory
cancer, the risk was slightly higher for those in the high dust

exposure categories.
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Because of certain inadequacies of both studies, a third study was
proposed, and the preliminary results of this study will be discussed
today. The epidemiologic study was carried out under contract by

SRI.

The questions being addressed in this study are as follows. (Slide 3)

I.H. Survey

In order to relate the outcome of the epidemiologic study with
specific occupational exposures, a detailed industrial hygiene study
was conducted by NIOSH which I would like to briefly summarize.
(Slide 4) The average length of the fibers are shorter than 5
microns, only 24% of CG fibers were >5 microns. At the time of the
I.H. study the TWA exposure to fibers ”5 microns was well below the
standard. (Slide 5) These exposures were probably higher in the
past, since the historical data on total dust shows a substantial

decline after 1951, and it appears that all exposures are related to

the level of dust exposure.
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III.

Other exposures in the mine including radon daughters and arsenic were
below those levels thought to induce adverse health effects.
Predictions of dust and fiber exposure for previous years have been
made, however, the mortality analysis by specific exposure grouping

has not been done at this time.

Methods

The epidemiologic study was designed as a retrospective cohort
mortality analysis. The definition of the study cohort (Slide 6) was
all Homestake workers who were employed full-time underground in the
mine department for one year or more between January 1, 1940 and
December 31, 1964. All of the mine records were screened to select
the study cohort and company personnel records were used to supplement

the data when necessary.

Al]l miners who also had mining experience in uranium mines were
excluded from the cohort. For each miner, the jobs held at the mine
were coded into six categories, one of which included all work
experience not considered a full-time underground job, such as work in

the mill or in the office.
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Once the cohort was selected and coded onto a computer file, an
attempt was made to determine the vital status of each miner as of
June 1, 1977. This effort was accomplished by searching records of
the company, NIOSH records from the previous study, SSA, IRS, South
Dakota Department of Welfare, South Dakota Department of Motor
Vehicles, and the Post Office. For all those identified as being
deceased, the death certificates were requested from the State Vital
Statistics Office and the underlying cause of death was coded by a
nosologist according to the ICDA Revision in effect at the time of

death.

The mortality analysis was conducted using a person-years life table
computer program developed by NICSH. 1In the analysis, person-years
(PY) at risk of dying were calculated for each miner, where PY's start
accumulating after the miner qualified for the study cohort or in
other words, after he worked one year in full-time underground mining
jobs after January 1, 1940. The PY's accumulated until the study end
date (June 1, 1977) or until the date of death, whichever occurred
first. The PY's for all miners were then distributed into 5~year age
groups and 5-year calendar-time periods and were multiplied by the
corresponding U.S. white mortality rate to yield the number of deaths
expected if the miners were dying at the same rate as the U.S.
population. In addition, the life table analysis permits an
examination of mortality by latency (time since first employment in a
full-time underground job) and by duration of employment in full-time
underground jobs. Observed deaths were compared with those expected

and the difference was tested according to a poisson distribution.
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Iv.

Results and Discussion

The total cohort consisted of 3144 miners. The results of vital
status follow-up are given in Slide 7. Miners with an unknown vital
status were considered alive as of the cutoff date. Of the 827
deaths, death certificates were not obtained for 94 miners. Slide 8
summarizes the observed and expected deaths for major causes of
interest. The SMR is a measure of relative risk and is calculated by
dividing the observed deaths by those expected and multiplying by

100. Any SMR above 100 indicates that the study population has an
increased risk of mortality relative to the U.S. population. Note the
statistically significant increased risk for T.B., respiratory disease
(other than influenza, pneumonia and bronchitis) and accidents (other
than transportation, poisoning, and falls). The risk for all cancers
is close to that expected; the risk for héart disease and stroke is
slightly lower than expected, which may be due to the healthy worker
effect. The increased risk for all deaths is primarily due to the

large excesses in T.B., respiratori disease, and accidents.

The mortality by specific cancer sitg was also examined. (Slide 9)
Two sites had large SMR's -- cancer of the peritoneum and unspecified
digestive organs, and cancer of the respiratory system other than the
lung == both of which were based on small numbers. Both of these
sites are of interest because of the possibility of peritoneal and

pleural mesotheliomas which are known to be caused by asbestos.
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Hospital reports for these cases have been requested for additional
information on actual cause of death. The risk for lung cancer
mortality is very close to normal, but will be looked at in more
detail later. There is an elevated risk for prostatic cancer and

hematopoietic cancer.

Several causes of death were examined in more detail to determine
whether or not their distribution by latency and duration of
employment is consistent with an etiology associated with occupational

exposure from underground mining at Homestake.

Tuberculosis

There was almost a four-fold excess in respiratory T.B. which included
occupational lung diseases such as silico-tuberculosis. When examined
by duration of employment (Slide 10) in full-time underground jobs,
there is an obvious trénd of increasing risk with increasing

duration. There is also a positive trend showing an increasing risk
related to increasing latency. (Slide 11) Both of these trends
provide strong evidence that the increase in mortality from
respiratory T.B. is associated with past employment underground at the
goldmine. It should be noted that the high SMR for respiratory T.B.
is also related to the Aate first employed underground. All but one
of the observed deaths occurred among miners who were first employed

prior to 1935.
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Lung Cancer

Overall, the risk of mortality from lung cancer is only slightly
increased (42 obs. vs. 40.7 exp.). However, because of its importance
in the study, lung cancer mortality was looked at by examining the
risk by duration underground after 15 years of latency had elapsed.
(Slide 12) There is an increase in risk between 10 and 20 years of
duration, however, the risk drops off after 20 years. This trend does
not suggest that lung cancer mortality is associated with employment

in underground jobs at the mine.

Leukemia and Aleukemia

Since the risk for leukemia and aleukemia was elevated it was also
examined by duration of underground employment. (Slide 13) There was
no restriction by latency period since it is thought that the latency
period for leukemia may be very short. There is an increasing risk
for this cause of death after 10 years of employment -- however, this
is based on small numbers. It should be noted that diseases of the

blood and blood forming organs also showed a two-fold risk.
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Other Respiratory Diseases

There was almost a three-fold excess in respiratory diseases other
than influenza, pneumonia, and bronchitis. Based on hospital reports,
approximately two-thrids of these deaths are due to silicosis. No

asbestosis cases were identified.

There is a positive trend of increasing risk with increasing lengths
of employment underground (Slide 14), and most of the deaths and the
increase in risk occurred after 30 years of latency. (Slide 15) As
with respiratory T.B. these trends indicate that this cause of death
is associated with employment underground and appears to be related to

silica exposure.

Accidents

There is a high risk of mortality from accidents among the miners.
When examined by duration of underground employment (Slide 16) there
is a negative trend -- those with short-term employment have the
highest risk. This relationship indicates that either new employees
are given more dangerous jobs, or with experience, a miner learns how

to avoid accidents.
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Conclusions (Slide 17)

A verification of the file has been carried out to determine if all
eligible miners have been included. A recent visit to the mine where
all mine records were re-screened resulted in the selection of
approximately 250 additional individuals. However, these individuals
were randomly scattered throughout the files and varied in length of
employment and dates first employed. This addition to the cohort

should not substantially change the results.

Based on the current file we can conclude that underground miners have
experienced high mortality for respiratory T.B. and non-malignant
respiratory disease, both of which appear to be related to silica
exposure. There is also a high risk of mortality from accidents.
Other diseases of concernm include leukemia and aleukemia. According
to these preliminary results, lung cancer mortality is not more than
expected and there is no positive trend associated with duration of

employment underground.
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vI.

Recommendations (Slide 18)

Add missing records and reanalyze.

Analyze specific mortality by intensity of exposure to dust and CG

using the I.H. data collected.

Analyze by subcohorts according to date first employed to
determine if changes in exposure have resulted in changes in

mortality.

Continue follow-up, especially for those first employed after 1951

-- when dust levels were substantially lowered.
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Slide 1

RESULTS OF THE GILLIAM ET AL. STUDY

| Observed | Expected |
Cause of Death | Deaths | Deaths | SMR

| | |
All Deaths | 71 | 52.9 | 134
All Cancers | 15 | 9,7 | 155
Respiratory Cancer | 10 | 2.7 | 370%*
Vascular Lesions of CNS | 6 | 3.2 | 188
Heart Disease | 25 | 25.2 | 99
Non-Malignant Respiratory | 8 | 3.2 | 250*
Accidents [ 8 | 5.2 | 154

| | |

* Significant at p< 0.05
** Significant at p< 0.01
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Slide 2

RESULTS OF THE MCDONALD STUDY

| Observed | Expected |
Cause of Death | Deaths | Deaths | SMR
| | |
All Deaths | 631 | 549.7 | 115
All Cancers | 93 | 90.5 | 103
Respiratory Cancer | 17 | l6.5 | 103
Vascular Lesions | 64 | 63.0 | 102
of CNS I | l
Heart Disease | 264 | 232.5 | 114
Pneumoconiosis | 37 | - | --
Respiratory T.B. | 39 | 3.6 | 1083*
Accidents I 19 | 28.3 | 67
| | |

Significant at p < 0.01
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Slide 3

QUESTIONS BEING ADDRESSED IN HOMESTAKE STUDY

Is the cause specific mortality among underground
miners different from expected mortality based on
U.S. rates?

If excess cause specific mortality is found, can it
be associated with a particular exposure?

In particular, is exposure to non-commercial
asbestos fibers at the exposure levels experienced
by Homestake miners, a significant factor in causing
cancer?
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Slide 4

CHARACTERIZATION OF THE ASBESTOS FIBERS

Cummingtonite - grunerite fibers:

24% were > 5 micrometers in length
Geometric mean diameter = 0.45 micrometers
Geometric mean length = 3.3 micrometers
Tremolite - actinolite fibers:

32% were > 5 micrometers in length
Geometric mean diameter = 0.27 micrometers

Geometric mean length = 4.1 micrometers

Other fiber types include Hornblends and
ambiguous or nonasbestos fibers
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Slide 5

TIME WEIGHTED AVERAGE EXPOSURE TO FIBERS » 5 um
AMONG HOMESTKAE MINERS

| | |

| Range | Geometric |

Job Category | (fibers/cm3) | Mean |
| | I

| I |

Miners | 0.17 - 0.54 | 0.44 |
| [ |

Underground Jobs ] 0.05 - 2.50 | 0.24 |
Excluding Miners | | |

| [ [

Surface Work | 0.12 - 5.34 | 1.16 |
| | I
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Slide 6

DEFINITION OF THE STUDY COHORT

All Homestake workers who were employed full-time
underground@ in the mine department for one or more years

between January 1, 1940 and December 31, 1964.
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Slide 7

Table 1

VITAL STATUS OF MINERS
IN HOMESTAKE MORTALITY STUDY

Alive 2137 (6é8%)
Dead 827 (26%)
Unknown 180 ( 6%)
Total 3144



Slide 8
Table 2

MORTALITY OF MINERS IN THE HOMESTAKE STUDY
BY SPECIFIC CAUSE OF DEATH

| Observed |Expected] |
Cause | Deaths | Deaths |SMR |
| : [ | I
Respiratory T.B.- | 36 | 9.5 |379%|
Other T.B. | 3 | 0.5 |575%]
All Cancers | 126 | 131.9 | 96 |
Diseases of Blood and | 3 | 1.6 |183 |
Blood Forming Organs | | | |
Diseases of Nervous System | 39 | 47.1 | 83 |
Heart Disease | 265 | 317.7 | 83 |
"Other" Respiratory Disease| 47 | 18.0 |262*]
"Other" Ac¢cidents | 55 | 16.8 |328*|
Suicide I 11 | 19.3 | 57 |
All Deaths | 827 | 720.1 |115*|
| |

The difference between the observed and expected
deaths is statistically significant at p < 0.05.
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Slide 9

Table 3

MORTALITY OF MINERS IN, THE HOMESTAKE STUDY

BY SITE SPECIFIC CANCER

|Observed |Expected |
Cause | Deaths | Deaths | SMR
| | |
All Cancers | 126 ] 131.9 | 96
MN of Digestive Organs | 31 | 39.3 | 79
and ‘Peritoneum | | |
MN of Peritoneum & | 2 | 0.6 | 333
Unspec. Dig. Organs | | |
MN of Larynx | 2 | 2.1 | 97
MN of Trachea, Bronchus | 42 | 40.7 | 103
and Lung | | |
MN of Other Respiratory | 3 | 0.5 | 633*
MN of Prostate | 11 | 7.1 | 155
MN of Urinary Organs | 2 | 7.2 | 28
MN of Other & Unspecified | 13 | 16.5 | 79
MN of Hematopoetic Syst. | 16 | 13.1 | 122
Leukemia & Aleukemia | 9 | 5.6 | 161
| | |

The difference between the observed and expected
deaths is statistically significant at p < 0.05.
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Table 7

MORTALITY OF MINERS IN THE HOMESTAKE STUDY
FOR RESPIRATORY T.B. BY DURATION
OF EMPLOYMENT UNDERGROUND

| Duration | Observed | Expected | |
| In Years | Deaths | Deaths | SMR |
I | I I I
| 1- 5| 0 I 2.9 | - |
| 5 - 10 | 2 | 2.3 | 99 |
| 10 - 15 | 5 | 2.0 | 279 |
| 15 - 20 | 10 | 1.2 | 939* |
| 20 - 25 | 11 | 0.7 |1671* |
| 25 - 30 | 5 | 0. 1362* |
| 30+ | 3 | 0.2 |1666* |
| I I I

* The difference between the observed and
expected deaths is statistically
significant at p <0.05.
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Table 8

MORTALITY OF MINERS IN THE HOMESTAKE
STUDY FOR RESPIRATORY T.B. BY LATENCY

| Latency | Observed | Expected |

| in Years | Deaths | Deaths | SMR
| [ [ |

I < 5 | 0 | 0.8 | ==
| 5 - 10 | 0 | 1.2 | ==
| 10 - 15 | 0 | 1.5 | --
| 15 - 20 | 3 | l.6 | 183
| 20 - 25 | 4 | 1.5 | 271
| 25 - 30 | 6 | 1.1 | 536*
| 30+ | 23 | 1.8 |1295*
| | I I

* The difference between the observed
and expected deaths is statistically
significant at p< 0.05.
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Table ©

MORTALITY OF MINERS IN THE HOMESTAKE STUDY
FOR LUNG CANCER BY DURATION OF
EMPLOYMENT UNDERGROUND FOR THOSE WITH 15
OR MORE YEARS OF LATENCY

Duration | Observed | Expected | |
in Years | Deaths | Deaths | SMR |
| | | |

1 - 5| 12 |  11.6 | 104 |

5 - 10 | 7 | g.8 | 79 |
10 - 15 | 9 | 7.3 | 124 |
15 - 20 | 9 | 4.3 | 212 |
20 - 25 | 1 | 3.0 | 33 |
25 - 30 | 1 | 1.7 | 58 |
30+ | 1 | 1.3 | 77 |

| | | |

Total | 40 | 38.0 | |
| | | |
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Table 10

MORTALITY OF MINERS IN THE HOMESTAKE
STUDY FOR LEUKEMIA AND ALEUKEMIA BY
DURATION UNDERGROUND

| Duration | Observed | Expected |
| in Years | Deaths | Deaths | SMR
| I I I
| 1 ~10 | 3 | 3.2 | o3
| 10 - 20 | 4 | 1.6 | 253
I 20+ | 2 | 0.8 | 255
I I | |
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Table 11

MORTALITY OF MINERS IN THE HOMESTAKE STUDY
FOR "OTHER" RESPIRATORY DISEASES
BY DURATION UNDERGROUND

| Duration | Observed | Expected | |
| in Years | Deaths | Deaths | SMR |
| I | | |
| 1 - 5| 5 [ 4.9 | 102 |
| 5 -10 | 7 | 4.4 | 160 |
| 10 - 15 | 7 | 3.7 | 189 |
| 15 - 20 | 11 | 2.0 | 551* |
| 20 - 25 | 5 | 1.5 | 342+ |
| 25 - 30 | 10 | 0.8 |1202* |
| 30+ | 2 | 0.7 | 286 |
| | I | |

* The difference between the observed and
expected deaths is statistically
significant at p < 0.05.
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Table 12

MORTALITY OF MINERS IN THE HQMESTAKE
STUDY FOR "OTHER" RESPIRATORY DISEASES -

BY LATENCY

| Latency | Observed | Expected | |
| in Years | Deaths | Deaths | SMR* |
| | | | |
| 1- 5| 0 | 0.1 | - |
| 5 - 10 | 0 | 0.3 | -- |
| 10 - 15 | 1 | 0.6 | 175 |
| 15 - 20 | 0 | 1.1 | -- |
| 20 - 25 | 2 | 1.8 | 110 |
| 25 - 30 | 9 | 2.4 | 376% |
| 30+ | 35 | 11.7 | 300* |
I I | I |

* The difference between the observed and
expected deaths is statistically
significant at p < 0.05.
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Table 13

MORTALITY OF MINERS IN THE HOMESTAKE
STUDY FOR ACCIDENTS BY DURATION

UNDERGROUND
Duration | Observed | Expected |
in Years | Deaths | Deaths | SMR
| | |
1 - 5| 29 | 8.1 | 359*
5 - 10 | 13 | 3.7 | 352*
10 - 15 | 8 | 2.5 | 321*
15 - 20 | 3 | 1.3 | 237
20+ | 2 | 1.3 | 157
| | |

The difference between the observed
and expected deaths is statistically
significant at p < 0.05.
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CONCLUSIONS
Missing records from file.
Based on current file the risk of mortality is high for:

o Respiratory T.B. (Including Silica T.B.)
o Non-malignant respiratory disease -- silicosis
o Accidents

Other diseases of concern

o Leukemia and Aleukemia
Lung cancer mortality is not more than expected in the

cohort and there is no increase in risk with increase in

duration.
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RECOMMENDATIONS FOR FUTURE
ACTIVITY ON THE HOMESTAKE STUDY

Add missing records to file and reanalyze.

Analyze the risk of cause specific mortality by
intensity of exposure.

Do additional follow-up of the coéhort first
employed after 12/31/51 to determine if the high
risk of non-malignant respiratory disease
decreases or not.

Do analysis by subcohorts of date first
employed.
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DR. YODAIKEN: I think that tuberculosis is traditionally associated
with gold mining, particularly with silica. So there must be other
populations with which you could compare your results, outside of the United
States. I wonder if you thought of doing that to see if there is a higher
incidence at the Home State Mine as opposed to other goldmining communities,
not necessarily in the States.

If you are considering follow-up studies on this group, one other
thing that I should have thought you would include, is a study of nutrition
because if ever there was a relationship between disease and nutrition, it is
among tuberculotics. Have you anything in mind along those lines?

DR. BROWN: Well, a lot of these guys were employed 20, 30 years
ago. I don't know how we could get that kind of information on the
individuals since it is done historically from records.

A1l we did was go into the mine, identify the person by his personnel
records, and there was never any contact made with the person. I don't know
where we would get that information on an individual basis.

DR. YODAIKEN: This is not a problem now?

DR. BROWN: I don't know. I don't know if it is or not. That is why
I would Tike to Took at cohorts by when they first began employment, to Took
at a newer cohort to see if some of the respiratory problems have gone away or
not.

DR. INFANTE: We are all sitting here and looking at your study and
wondering what is going on in terms of cancer and lung cancer, and I couldn't
help but be struck by the number of attributable or excess deaths from
accidents. You know, from 827 deaths you have 55 from accidents. I mean, if
that difference was due to cancer we would all be totally alarmed, but it is
due to accidental deaths. To me it just seems from a significant risk
standpoint, you know, it is tremendously significant. Did these deaths occur
over a long period of time? Were they from a few cave ins? And is NIOSH
planning to take any steps in terms of industrial safety in these mines? We
all resign ourselves to the fact, well, miners just die from accidental
deaths? Or what is the next step here? It doesn't seem like there is a whole
lot of emphasis on the accidental deaths.

DR. BROWN: Well, they did not all occur in one great big cave in.
There has never been a cave in at the mine. They occurred sporadically
throughout the follow-up period and it is a real problem and something that I
think they are trying to deal with. And it is something that I don't think is
going away like--you can control the dust exposure and you can control some of
the other things in a mine, but it is hard to control for the accidents. But
that is typical of most mining populations I think. You are right, that is
alarming.

DR. CARNOW: I was wondering about the tuberculosis. Tuberculosis is
not a compensable disease; silicosis is. And in a lot of the mines, coal and
gold mines, the diagnosis of tuberculosis as the lung disease from which

miners were suffering was made for a lTong time. It has only been in recent

324



years that silicotuberculosis has been introduced as a diagnosis. As a matter
of fact, groups of physicians working with United Mine Workers only hegan
making that diagnosis in the early 1950's. So the fact that these people were

diagnosed as tuberculosis is not surprising, particularly if this were ten or
15 years ago.
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SUPPORT OF A WORKSHOP FOR
THE CANCER AND HEART AND LUNG DISEASE TASK FORCE

Dr. Morris I. Kelsey (NCI) and
Ms. Pegagy Y. Young (Geomet Technologies, Inc.)

Good afternoon, ladies and gentlemen. I would like to summarize for
you today the results of a workshop entitled, "Exposure to Environmental
Agents, their Metabolism and Mechanisms of Toxicity, Research Needs."
This Workshop was funded via the NCI/EPA Collaborative Agreement and
was held in late January of this year in Rockville, Maryland.

PURPOSE OF THE WORKSHOP/BACKGROUND

The purpose of this workshop was to draft research needs which would
address the problems of Exposure, Metabolism and Mechanisms of Toxicity
associated with environmental cancer and heart and lung disease. This
effort was conducted by the Exposure and Metabolic Mechanisms Project
Group which is part of the Task Force on Environmental Cancer and Heart
and Lung Disease. This Task Force was established by Congress in the
Clean Air Act Amendments of 1977 and is chaired by the Environmental
Protection Agency with support from Geomet Technologies, Inc. Other
members of the Task Force include representatives from NCI, FDA, NHLBI,
NCHS, NIEHS, CDC and NIOSH. 1t should be appreciated that the Task
Force is required to report its progress to the Congress annually and
that is why the Workshop was convened: To rapidly respond to Congress
by preparing research needs (recommendations) that should be studied by
various agency directors for possible implementation.

In order to design a Workshop that would actually draft research
recommendations, the following steps were implemented:

1. Members of the Project Group, of which I am privileged to Chair,
selected a team of experts in various subject areas of interest and
concern to the Task Force and in most areas the Chairpersons were
Project Group members (I'11 return to that issue later). The
composition of the panels included representatives from government,
academia and industry.

2. These scientists submitted short "Position Papers" in advance of
the Workshop for distribution to the respective participants in
each session of this Workshop, and the participants are listed in
the front of this document. These papers were used for reference
and discussion purposes only.
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3. Small subgroups were then assembled at the Workshop to draft research
recommendations with the accompanying statements of rationale.
These recommendations were derived from a consensus of the subgroup
panel.

4. Al11 of the recommendations were discussed in two Plenary Sessions,
and a consensus of the invited participants was obtained in order
to prepare a "Rough Draft" of the Workshop document.

COMMENTS ABOUT WORKSHOP

It should be noted that the Workshop contained only one session of
formal talks that were presented by prominent Health Scientists, in
specific areas of expertise including:

O Dr. Robert Gordon - Special Assistant to the Director of NIH

O Dr. Jean French - CDC and a Project Group member

O Dr. Manning Feinleib - NHLBI and Working Group member

O Dr. John Higginson - Director of IARC

O Dr. Richard Dowd - Assistant Administrator for R&D, EPA at
that time

O Hon. James Martin - Scientist and member,
U.S. House of Representatives

The following three days of the Workshop consisted of closed subgroups
sessions chaired by the following individuals:

1. Exposure - Epidemiology

Dr. Tom Mason - NCI, Project Group member
Dr. Paul Leaverton - NHLBI, ex-Working Group member,
(Co-Chairperson)

2, Exposure - Quantification

Dr. Herman Kraybill - NCI, Working Group and
PrOJect Group member
Dr. Lance Wallace - EPA, Project Group member
3. Metabolism

Dr. Jim Gillette - NHLBI, Project Group member
Dr. Elizabeth Weisburger - NCI, Project Group member
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4. Mechanisms of Toxicity/ Carcinogenicity

Since the Project Group did not have this in-house expertise, we
were fortunate in recruiting Dr. Larry Loeb from the University of
Washington as Chairman and Dr. James Trosko from Michigan State
University.

Preparation of the final draft document was as follows:

O February 1981 - Project Group Reviews and Revision of Draft
0 March 4, 1981 - Working Group Review and Revision
- Delineation of Recommendations
(1) Policy: to Congress
(2) Scientific: To Task Force Agencies
O April 15, 1981- Plenary Group Review, Revision and Approval

Following the Plenary Group meeting, members of the Project Group and
Task Force Working Group made minor modifications to the report. Two
of the three Task Force Recommendations to Congress in their Fourth
Annual Report were derived from our Workshop effort and included the
- following:

RECOMMENDATIONS 1. A high priority should be given to the implementation
and continued operation of the National Death Index
being developed under the auspices of the National
Center for Health Statistics.

RECOMMENDATIONS 2. Legal impediments to both Federal and non-Federal
epidemiology research should be studied further.

The subject areas where these scientific recommendations were developed
and are shown below:

Exposure - Epidemiology

Exposure - Quantification

. Monitoring Individual Human Exposures
Metabolism

. In Vivo Toxicity

Mechanisms of Toxicity/Carcinogenicity

O W=
[ ] L] [ ] .
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I will comment briefly about the recommendations in each of these areas.

1. Exposure - Epidemiology: 8 Recommendations

Some important aspect of these recommendations include:

Problems in gaining access to Federal data systems which contain
valuable information vital to epidemiologic research

Emphasis on epidemiology of human reproduction

Efforts to quantify relationship between exposure and response.

2. Exposure-Quantification (multi-media aspects): 10 Recommendations

Multidisciplinary approach to environmentally-induced disease

Use of biologic sentinels of the environment including domestic
animals, fish, etc.

Assessment of influence of geochemical environment on disease
Sharing and integration of environmental data bases

Quantification of exposure from multi-media.

3. Methods of Monitoring Individual Exposures

to Environmental Pollutants: 9 Recommendations

Stresses impcrtance of methods development in assessing exposure
(personal vs. fixed station monitoring)

Development of quality assurance program for government sponsored
collection of environmental data

Measurement of total exposure, combined exposure, baseline
monitoring for total body burden assessment, and coordination
with epidemiology studies

Environmental monitoring of chemical emergencies.
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4. Metabolism: 17 Recommendations

Research is needed to determine ways in which genetic traits and
environmental factors modify toxicity of environmental chemicals

Importance of metabolism, pharmacokinetic parameters in response
to various doses of test chemicals to understand mechanisms of toxic
events

Information is needed regarding metabolic pathways and kinetics
of drug metabolizing enzymes to compare responses in animals and
humans

Emphasis on pharmmacogenetic differences in metabolism are needed

Attention to development of mathematical models of carcinogenesis
for extrapolation of observations from animals to humans

Long-range support for quantum chemical predictions of interactions
between chemicals and receptor sites.

5. In Vivo Toxicity: 17 Recommendations

More emphasis in teratology research including detection methods
for teratogens and development of data bases on comparative
metabolism and pharmacokinetics to facilitate interspecies
extrapolation

Development of methods to monitor exposed populations for genetic
effects

More emphasis should be given to respiratory tract disease
including physiological and morphological studies; study sites
of major impact by toxic agents within respiratory systems and
mechanisms of pathology associated with these diseases

Exploration of toxicological interactions based on knowledge of
metabolism and mechanisms of action of individual toxicants

Effects of passive smoking on health and interaction with other
toxicants.
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6. Mechanisms of Toxicity and Carcinogenicity: 11 Recommendations

- Need studies of not only initiation, but on promotion of
carcinogenesis and replication of undamaged and damaged genetic
material

- Studies designed to minimize the somatic mutation rate via
mutagen detection and elimination

- Develop methods to quantify somatic mutation rates in animals
being tested with environmental chemicals in order to detect
early endpoints of toxicity vs. tumorigenesis -- eventually
extend methods for testing humans

- Develop procedures to measure accumulations of DNA-adducts and
types of DNA damage in tissues of animals exposed to known
toxicants and eventually extend to humans.

Thank you.
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NCI/EPA/NIOSH COLLABORATIVE WORKSHOP:
PROGRAM ON JOINT ENVIRONMENTAL AND OCCUPAT IONAL CANCER STUDIES
September 10, 1981

MORTALITY STUDY OF CHEMICAL WORKERS IN THE
KANAWHA RIVER VALLEY REGION OF WEST VIRGINIA - A PROGRESS REPORT

Terry L. Leetl, Susan G. Austin2, Richard J. waxweilerl,
and Robert A. Rinskyl

Introduction

In August 1979, the National Institute for Occupational Safety and Health
(NIOSH) and the Union Carbide Corporation announced their decision to
conduct and jointly sponsor a study to evaluate the mortality experience
of all union Carbide employees at three chemical plants in the Kanawna
River Valley reqgion of West Virginia. The decision to conduct a
historical cohort mortality study of all Union Carbide Kanawha valley
employees was based partly on the results of a pronortionate mortality
study sponsored by Union Carbide and two other nypotheses involving
occupational exposure to polycyclic aromatic hydrocarbons produced by coal

hydroaenation and occupational exposure to ethylene oxide,

The Union Carbide-sponsored prooortionate mortality study was based on 819
deaths that occurred between 1965 and 1978 among active and retired male
emplovees of one Union Carbide Kanawha Valley plant (Marsh, 1979), The

study revealed a statistically significant excess in cancer mortality

INational Institute for Occupational Safety and Heaith, Cincinnati, OH.
2Union Carbide Corporation, New York City, NY.
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and, more specifically, a two- to three-fold excess in multiple myeloma
and cancer of the kidney and central nervous system ( Table 1). However,
due to the methodological limitations of the porportionate mortality
study, i.e., incomplete ascertainment of deaths among all employees who
worked in the plant and the uée of proportions rather than rates in
determining e xpected numbers of death for the cohort, the study results
were used to generate hypotheses of potential exposure and disease for the

entire Union Carbide Kanawha Valley population.

Both NIOSH and Union Carbide were interested in evaluating the potential
health risks associated with exposure to chemical compounds oroduced Dy
coal hydrogenation. The exposure was mainly from oil products with very
high boiling temperatures, e.q., polycyclic aromatic hydrocarbons,
aromatic amines, toxic metals, and organo-metallic compounds (Koppeneal
and Manahan, 1976; Sextonet al., 1940). A numger of studies have
indicated an association between many of these chemicals and occupational
cancers of the respiratory system, urinary system, and skin (Carter and
Roe, 1975: Freudenthal et al., 1975). 1In 1960, an Union Carbide plant
physician, reported a high incidence of skin cancer among 359 coal
hydrogenation workers who were examined regularly over a five-year period
(Sexton et al., 1940). In 1979, a subgroup of 50 Union Carbide coal
hydrogenation employees, who developed cutaneous precancerous lesions
and/or skin cancer, were examined in a mortality study. No adverse risks
were seen, possibly due to the very small sample size (Palmer, 1979).

Both NIOSH and Union Carbide were interested in expanding this study by
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identifying all Union Carbide employees associated with the coal
hydrogenation pilot plant in West Virginia, but were faced with the
problem of screening the employment records for approximately 44,000
active and inactive employees. Incidentally, the same screening proolem
existed in 1974 when NIOSH was attempting to identify a cohort of workers

exposed to vinyl chloride at the Union Carbide Kanawha Valley plants.

In 1976, NIOSH had initiated a feasibility study with the intent of
locating a cohort of workers occupationally exposed to ethylene oxide.
Ethylene oxide was of interest to NIOSH for three reasons. One reason was
the toxicological evidence of mutagenicity in at least thirteen niological
species following exposure to ethylene oxige, wnich was later summarized
in the 1977 NIOSH Soeciali Occunational Review on ethylene oxide (Glaser,
1977) . The second reason was the potential exposure among chemical
workers and other occunational groups due to the high proguction and
worldwide use of ethylene oxide as an intermediate in the manufacture of
several industrial products. The third reason was the lack of
epidemiolagic studies in the literature at that time, concerning the
potential risks of workers exposed to ethylene oxide. Coincidentally,
Union Carbide had already initiated a mortality study of ethylene oxide
workers. When Union Carbide learned of NIOSH's interest, Union Caroide
allowed NIOSH to conduct the study., However, during the execution of the
study, NIOSH realized the screening did not include all workers exposed to
ethylene oxide, since all ethylene oxide departments were not initiaily

identified. Therefore, to avoid selection bias in the ethylene oxide



cohort study, to determine the chronic health effects of all Union Carbioce
employees associated with the coal hydrogenation plant, and to investigate
the reported excess cancer mortality in the Union Carbide Kanawha valley
pooulation, Union Carbide and NIOSH agreed to study all workers who were
ever employed at the three Unhion Carbide Kanawha Valley plants between

January 1, 1940 and December 31, 1978.

Purpose

This study will evaluate the mortality experience ot all Union Carbide
Kanawha Valley employees by determining 1) whether there is an excess 1in
mortality from multiple myeloma or cancer of the kidney, brain, or liver
and biliary passages in any of the three plant-specific cohorts, 2)
whether there is an excess in mortality from leukemia and aleukemia in the
ethylene oxide exposure cohort, and 3) whether there is an excess in
mortality from cancer of the respiratory system, urogenital system, or
skin in the coal hydrogenation cohort, when compared to the mortality

experience of a similar segment of the general poopulation.

Description of the Plants

The study will focus on tne pnoulations of three Unipn Caroide plants,
specifically South Charleston, Institute, and Technical Center. The South
rharleston olant, the first facility owned by Union Carbide in the Kanawha
valley, began operation in November 1925. As a chemicals and plastics
production facility, it has been invonlved over the years in the
manufacture of a wide variety of substances including ethylene ox.ide,

polyethylene, vinyl resins, and oolyols.
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The Institute plant was originally ouilt by the United States Government
as pnart of the Rubber Reserve Corporation for the production of styrene
and butadiene, which were basic raw materials needed for the production 6f
synthetic rubber. Production began early in 194} and the facility
continued as a United States Government operation until 1947 wnen it was-
sold to Union Carbide. Under Union Carbide operation, the plant was used
as a larger production facility for material s developed at the South
Charleston plant, e.qg. acetone, isopropanol, butanol, and acetaldehyde.
From 1951 to 1956, it maintained a coal hydrogenation pilot plant for the
production of numerous aromatic and alibhatic chemicals. In more recent
years, the Institute plant has grown to include the manufacture of
aqricultural chemicals, e.q., SEVINR insecticide, and a wide range of

ethylene oxide and propylene oxide derivatives.

The Union Carbide Technical Center was built in 1949 as a facility to
house one of its chemicals and plastic research departments. 1In 1958, the
facilitv was expanded to include a development and engineering
department. The Technical Center has been responsible for the research

and development of ethylene oxide and its derivatives.

Methods

The total cohort, which is composed of all three plant populations,
include s approximately 44,000 Union Carbide employees. This number
contains 10,000 active and 34,000 inactive employees. All employees were

identified thtouah oersonnel and payroll records. Demographic and work
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history data have been coded by Union Carbide and are being computerized

by NIOSH.

A departmental dictionary correlating departmental codes and chemicals
used or produced in each plant was prepared by Union Carpide to facilitate
the construction of the ethylene oxide and the coal hydrogenation
cohorts. The departmentsl dictiomary contains the chemicals used aor
produced in eAach production unit by year and the approoriate alpha and/or

numeric departmental codes for the production unit.

Ascertaimment of cohort vital status, collection of death certificates for
an estimated 6,800 deceased employees, and data analysis will be conaucted
using standard procedures, which have been described in other reports
given today. However, additional analyses may incluoe a series of nested
case-control studies for specific diseases of interest inany of the
previously described cohorts. The purpose of nested case-control studies
will be to determine whether the disease excess is associated with the

wor k environment or with other personal or environmental factors.

It is anticipated that the cohort analyses will be completed by mid-1983.
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Mortality and Industrial Hygiene Study of Workers

Employed in the Leather Tanning and Finishing Industry

Introduction

The following paper is intended to: (1) briefly review the literature
concerning the health effects caused from working in the leather industry;
(2) discuss the processes and exposures found in the industry; and (3)

provide an update of the current study being conducted.

Several case control studies have indicated that inaividuals employed in
the leather industry may have an increased risk of developing bladder

cancer.

Cole et al. (1) compared the occupational histories of 356 Eastern
Massachusetts males newly diagnosed with carcinoma of the lower urinary
tract (maliagnancy of the renal pelvis, ureter, bladder, or urethera) to a
tandom sample of adult males from the same geographic area (Slide 1).
Twenty-one of the study qroup reported that their usual occupation was
employment in the leather or leather products industry, whereas only 12.1
would have been expected to have their employment in that industry-, an
increase of 70%. Wwhen analysis was made according to ever nhaving worked

in the leather or leather products industry the relative risk for cancer
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of the lower urinary tract elevated to 2.25, a 125% increase over that
expected based on matched controls (Slide 2).

In another study, Decouflez, through a set of data maintained by Roswell
Par k Memorial Institute (RPMI), a major cancer research center in Bu®falo,
New York, retrospectively examined tne lifetime occupational work
histories of 6434 males and 7515 females who developed cancer between 1956
and 1945, The risk of develooing cancer from a given occupation was
compared against persons whose lifetime occupational history consisted
entirely of clerical jobs. The highest relative risk for bladder cancer
among all occupational groups studied, was demostrated in the category
"operatives in the leather industry". Out of all the bladder cancer cases
diagnosed among males at the Roswell Park Memorial Insitute, between 1956
and 1945, 11 had been employed in the leather industry during their
working lifetime: a six fold increase over what would have been expected
(Slide 3). When analysis was conducted by just those persons working 5
years or longer in the leather industry, the relative risk for bladder
cancer increased to 12.94. Excess mortality was also observed for cancer
of the buccal cavity and pharynx and cancer of the larynx.

3 observed that among male

In another case control study, Decoufle
residents of Fulton County, New York the mortality from bladder cancer was
21% greater than that of New York State and 53% higher than that of the

Unhited States. Decoufle wanted to ascertain whether this excess may have
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been due to the larqge concentration of leather tanneries within the Fulton
County area. All death certificates from bladder cancer for the period
1958 - 1976 were collected and 2 matched controls for each case were
chosen whose underlying cause o f death was anything other than cancer.

The results revealed that forty-one percent of the males worked in the

leather tanneries compared o 28% of the controls, a relative risk of 1.66.

In view of the previous studies which show an unusual cancer experience
for workers in the leather industry, the National Institute for
Occupational Safety and Health (NIOSH) began a historical review of the
industry including the processes used and the potential chemical exposures

that exist.

The leather industry as we know it today, began in tne 19th century (Slide
4), The industry grew steadily until 1965 but because of imported
finished leather products, the industiry has somewhat declined. Currently,
the tanning industry employs a total of almost 19,000 persons in 250
plants, and processes a total of 17 million hiages per year. A located map
points out where the plants presently exist within the United States

(Slide 5).

As depicted on the preceeding slides, the leather industry is very labor

intensive, with almost 19,000 employees in 250 plants; and, although some

automatinn has been introduced, the workers are still required to handle
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wet hides throughout the entire tanning process. There a variety of
potentially hazardous substances workers may encounter within the tanning
industry (Slide 6). These include chromium compounds, nitrosamines, dyes,
and solvents among others. Some of these agents will be examined as a

review the steps involved in the tanning process are described.

Process Description

The tanning process begins at the nhide house where the delivered salted
hides (calf, cattle, or sheep) are spiit into two sides, sorted, trimmeg,
and qraded (Slide 7). From here, the sides are moved to the beam house
where they are soaked with a wetting solution to remove excess salt, dirt

and blood and to restore moisture that has been lost.

After soaking, the sides are fleshed to remove excess fat and muscle ang
then denaired. It is in the dehairing process that the chemical
dimethylamine sulfate (DMAS) is used. DMAS has peen found to be a
nrecursor for N-nitrosodimethylamine (NDMA), a known and regulated
carcinogen, NDMA has been found in air samples taken from various leather

tanneries.

After dehairing, the hides are relatively clean and ready for tanning.

The sides are placed into tanning drums with a chromium compound to remove

the natural oils of the leather and replace them with a preservative.
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Hexavalent chromium componds, which are often used on the lighter skins,

have been 1 inked with cancer of the respiratory system.

Following the tanning process, the sides are spit into uniform thickness
and shipped to the color and fatliquor deoartment, where the sides are put
int o drums and dyed into various colors. A multiplicity of cual tar ayes
(aniline dyes) have been used, including azo dyes, whicn have been shown

to be carcinogenic in animals,

The hides are then either toggled onto metal frames or pasted onto metal
sheets and processed through a drying oven to remove excess moisture and

to be stretched.

The hides are then transferred to the buffing and conditioning department
where the léather is temoered for firmness and sanded for smoothness. e
application of the final finish is another possiole source of exposure to
carcinogens. Pigments made from azo-dyes which are used on leather in the
finishing process, have been found to be carcinogenic in animals.

Solvent s such as benzene and toluene has also been found in use with the

finish mixer spayer machine.
Since there are various areas in the leather industry where potentially

hazardous substances exist, NIOSH felt it advisable to more clearly assess

the industry.
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Methodology

A retrospective cohort study design was chosen to analyze whether

employees in the leather industry may have an increased health risk over

that of the gerneral U.S. population.

Two leather plants in the same general area of the Miagwest were selected.

These two plants were preferred because of (Slide 8):

(1)

(2)

(3)

the number of years the plants and processes of interest had been in
existence. Both plants had started operations about 1900 allowing

time for latency as well as length of employment to be analyzed.

the number of employees both historically and presently who had worked
at the plants. One of the plants chosen nad over 2,800 employees who
had worked at the facility over the years, while tne other plant had
close to 7,000. This will allow for subyrouning of the cohorts oy

department and/or operation.

the completeness and adequacy of the record systems. Both plants
selected maintain record systems dating pack to the 194Q0's, which are
complete for demographic and work history information. Stratification

based upon age, sex, date first employed, date terminated, and

.department can be analyzed.
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(4) the knowledge that one company used dimethylamine sulfate whereas the
other one did not. One of the interests in the study will be to try
and determine whether the use of DMAS presents a potential health risk

and this will allow for that type of analysis.

The cohort being studied to ascertain the health effects of workers
employed in the leather tanning industry consists, then, of about 9500

males who were employed between January 1, 1940 and December 31, 1977.

Persannel records of all prior and current employees were microfilmed and
a computerized file consisting of all demographic and work history data

was generated.

vital status ascertainment is being traced for each numper of the cohort
from the time of termination of employment till December 31, 1977. At the
cresent time, vital status of 72% of the cohort has been determined (Slide

9).

A mndified 1ife ‘table analysis technique will be used to obtain race, sex,
and calendar year specific person-years-at-risk (PYAR). PYAR will be
calculated from the first date employed till the stuagy end date of
December 31, 1977 or death, whichever occurs first for each study member.
These PYAR will be multiplied by the cause-specific death rates of the

United States to obtain the number of expected deaths. The expectead
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deaths will be compared to the observed numper of deaths and a two-tailed
Poisson distribution will be employed to evaluate statistically

significant differences.

Data analysis will include variables of latency, length of employment, and

job category, among others.
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MS. BRAVER: I am Elisa Braver, OSHA. My understanding from speaking
with John Fajen is that occupational exposure to hexavalent chromium no longer

existed in tanneries because the two-bath process had been phased out. Would
you comment on this?

DR. STERN: Yes, John Fajen is the industrial hygienist on this
project. Hexavalent chromium is not used as much as it was in the past but it
is still used in some tanneries. A couple of tanneries that John went to did
use hexavalent chromium and they have since closed down. In fact, there are
quite a few tanneries that have closed down just in the last couple of years.
There are quite a few other substances in the leather tanning industry, 200 or
300 other substances, in fact, that have been tested mainly by OSHA. We are
not going to be able to look at all of them but we will be able to look at

some of the ones that John sampled for, which include the ones that I have
mentioned.
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Mortality and Industrial Hygiene Study of

Workers Exposed to Toluene

Introduction

The following paper is intended to (1) breifly review the background
information of toluene; (2) discuss the literature concerning the health
effects; (3) orovide reasons for pursuing a study; and (4) update the

progress of the current study (Slide 1).

Toluene, an aromatic hydrocarhon, also known as toluol or methylbenzene,
is aclear colorless noncorrosive solvent with a sweet odor similar to

that of benzene (Slide 2).

Approximately 96% of all toluene that is produced comes from petroleum and
petrochemical processes with about 4% from coal-tar oil. 1In 1978, the

annual production rate for toluene exceeded 5 billion pounds.

The current Occupational Safety and Health's (OSHA) standard for toluene
exposure is 200 parts per million (pom) with a ceiling level of 300 pom.
The National Institute for Occupational Safety and Health's (NIOSH)

recommended standard for toluene is 100 ppm with a ceiling Level of 200

opm,
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The uses of toluene are many with over 50% of toluene being produced
converted to making benzene. The remaining uses of toluene are for

producing other solvents, explosives and gasoline (Slide 3).

Highly purified toluene is presently used in many commercial and
industrial products and contains less than 0.01% benzene as a contaminant
(Slide 4). Industrial qrade toluene, however, may contain significant

guantities of benzene, as high as 25%.

Studies of Toluene Exposure

Various animal and human studies have been conducted to evaluate the
health effects from exposure to toluene (Slide 5). The studies of toluene
exposure prior to 1940, however, were complicated by the frequent
contamination of toluene with benzene. Benzene, although structurally and
chemically similar to that of toluene .- toluene has one more metnyl group
(- CHB-)-has been previously associated with hlood and bone marrow
disorders including anemia and leukemis, myeloid metaplasia, and

chromosomal aberrations (Slide 6).

mimal Studies

Animal experiments after 1940 indicate that toluene is more irritating

and, in lower concentrations, has a somewhat stronger narcotic action than

364



benzene but that its effect on the blood and blood forming organs is
considerably less severe. In general, daily 4- to 8-hour exposures of up
to 1000 ppm of toluene produced little or no significant effect in

different animal species.

Human Studies-

Effects on the Hematopoietic System

The effects of toluene on the hematopoietic system of humans are of
concern since toluene is a methylated benzene and penzene is a known
leukemogenic substance. Howevér , various studies conducted to evaluate
the effects of toluene on t'he hematopoietic system have generally shown no

myelotoxic effects althc_)uqh some controversy still exists.

Effects on the Central Nervous System

Acute exposures to toluene have been shown to depress tnhe central nervous
system resulting in headache, nausea, muscular weakness, fatigue, mental
confusion and, at extremely high exposures, coma and death. In an

experimental study, Von Oettinqen7

exposed three healthy individuals to
various levels of toluene exposure 8-hours a day. He found that at
concentrations of 200 ppm definite impairment of coordination and reaction

time resulted which he felt would render affected persons dangerous to
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themselves and the safety of others. Von Oettingen's work has led to the

current Occupational Safety and Health's standard for toluene of 200 pom.

Other Effects

Renal disease resulting from exposure to toluene has also been reported by

6 in 1971 described a case of a 19 year

several investigators. O0'Brien
old male who had been sniffing qlue containing 80% toluene for 3 years and
who had developed serious, but reversible injury to his kidneys. Another

researcher-‘ reported a similar finding.

Other factors that may determine the health effects experienced from
exposure to toluene atre the uptake and elimination of the innhaled

solvent ., Although men seem to show a larger uptake of toluene than women,
men also excrete the substance at a much faster rate. In addition, women
only eliminate about one half as much toluene as men, This is thought to
be due to the increased body fat in women. Therefore, women seem to

maintain a higher level of toluene than men when exposed to similar levels.

Rationale

There are various reasons for continuing to investigate the nealth effects

from toluene exposure (Slide 7):
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(1)

(2)

(3)

Toluene, as stated previously, is chemically similar to pvenzene, a
recognized carcinogen. However, it wasn't until the 1940's when
industry recognized the health risks of benzehe and began
substituting other solvents in its place. Although toluene is not
known t o have the same leukemogenic effects as benzene, it is
recommended that this be further confirmed in human epidemiologic

studies.

Previous animal and human s tudies on the e ffects of toluene exposure
have been relatively few and often times have been complicated by the

freauent contamination of toluene with benzene.

The Interagency Testing Committee of the Toxic Substances Control
Act, reoresentinqls governmental nhealth agencies, was established in
1977 to identify those sdbstances which require adoitional research
to assess their impact upon human health. From the Committee's 1ist
of 3650 substances identified as potential health risks, 10 were
recommended for further study. The criteria used in their evaluation
included production volume, number of persons exposed, ooth
occupatinnally and non-occupationally, environmental release, and
similarity to other substances already known to present a health
risk. Toluene was one of the 10 substances recommended for furtner

study.
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(4) Up to the present time, there has been little information on the
chronic e ffects in humans from exposure to low levels of toluene over
an extended period of time. Wwith the long termuse of toluene (since
the 1940's) and a laroe population at risk, an epidemiologic study

would be feasible.

Study Design

A tetrospective cohort mortality study was the design chosen by the
National Institute for Occupational Safety and Health (NIOSH) to ascertain
the long term health risks of former workers exposed to toluene. Several
industries using toluene were considered in an attempt to isolate a "pure"
exposure. Considered were adhesive manufacturing, shoe manufacturing,
leather manufacturing, bookbinding, furniture industry, cabinet makers and
the rubber industry among others. The shoe manufacturing industry was

selected as a toluene adhesive user for several reasons (Slide 8):

(1) No industry was idéntified as only using toluene.

(2) The exposures to other agents appeared minor,

(3) The industry had not been well studied in terms of occupational
safety and health problems.

(4) The industry was well suited for an epidemiologic and detailed

industrial hygiene study.
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Selection of plants within the shoe industry was based upon: (1) type of

adhesive used (solvent based and/or water based); (2) no previous benzene

use; (3) number of years of use of the solvent-based adhesives; (4) number

of workers exposed, both past and current; and (5) availability and

completeness of records.

Several health related problems had been previously reported in the

literature for the shoe and footwear industry (Slide 9).

(1)

(2)

&)

(4)

Nasal cancer (adenncarcinoma of ethmoid sinuses) has been associatea

with leather dust exposure in the shoe industry in Great Britian.

Gvnecological disorders among female workers in the footwear industry
has been associated with posture, standing and sitting, age, and

length o f 2mployment.

Noise and vibration oronlems from machines and automated processes

have produced hearing loss.

vatrious chemical expousres have nroduced a variety of health related

problems in the shoe industry.

(a) N-hexane exposure has produced peripheral neuropathy

(b) Acetylene tetrachloride has been assoclated with acute yellow
level atrophy.

(c) A variety of solvents such as toluene, MEK, acetone, and xylene
have caused central nervous system disorders.
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Process Description

The procedure for turning raw materials into a marketable pair of shoes
involves 8 princiole steps (Slide 10). Initially, the raw materials
consisting of leather and man-made fabrics, as well as soles and heels,
etc. are received, separated, graded, and sorted in the receiving

department.

The leather is then transferred to the cutting department where various
sized dies are used to conform the leather into the different shoe stylies
required. Skilled workers are employed in the cutting process to keep

waste to aminimum. No dyes or finishes are used in this department.

The cut material then is sent goes to the fitting department where the
upper oarts of the shoe are constructed. |eather pieces are either sewn
or glued together and bows, tassels and other ornaments are added.

Adhesives are used in several of these operations.

In the sole department, the shoe soles are rougned with a wire brush and
cement is applied. Primary operations include roughing, edging, grinding,
and cementing. Th= operation may involve running the sole through an
adhesive roller and stacking tne soles on wire racks to dry. Exposures

received here would be from solvents and wooo dust.
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In the lasting department, the upper part of the shoe is stretched over a

"dummy foot" called a last and tacked into place.

Soles, once dried, are brought to the bottoming department where they are
cementerd onto the upper part of the shoe. In addition, the cementing of
steel shanks, outsoles, and heels are performed in the bottoming

department.

In the making nepartment, the assemhled shoe is removed from the last and
finishing touches and cleaners are applied. Various solvents are used in

this department.

Finallv, the shoes are packaged and sent out to the customers.

Environmental toluene samples using a draeger pump and detector tubes were
taken in all the shoe plants surveyed. An example of some ot tne findings

is shown in Slide 11.

Methodoloay

The cohort being studied to ascertain the health effects of working in the
footwear industry consists of almost 10,000 white females who were
employed sometime between January 1, 1940 and December 31, 1977 in two

shoe manufacturing plants within the midwest.
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Personnel records of all prior and current employees were microfilmed and
a computerized file consisting of all demograohic and work history data

was generated.

Vital status ascertainment is being traced for each member of the cohort
from the time of termination of employment until December 31, 1977. At
the present time, vital status of 74% of the cohort has been determined

(Slide 12).

A modified 1ife table will be used to obtain race, sex, and calendar year
specific person-years-at-risk (PYAR) . PYARwill be calculated from the
first date employed until the date of death or study end date of December
31, 1977 for each member of the study cohort. These PYARwill be
multiplied by the cause-specific death rates of the United States to
obtaint the number of expected deaths. The expected deaths will ve
compared with the observed number o f deaths and a two tailed Poisson
distribution will be employed to evaluate statistically signiticant

differences.

Data analysis will include variables of latency, length of employment, age

at beqginning date of employment , and job category, among others.

372



References

Browning, E., 1965. Toxicity and Metabolism of Industrial Solvents.

New York, Elsevier Publishing Co. 66-76.

Capellini, A.; Alessio, L., 1971. The urinary excretion of hypipuric

acid in workers exposed to toluene. Med. Lavoro, §2:196-20Q1.

Ehrenreick, T., 1977. Renal disease from exposure to solvents. Ann.

Clin. Lab. Seci. 7(1):6-16.

Greenpbura, L. et al., 1942. The effects of exposure to toluene in

industry. JAMA 118:5732-578.

Lehmann, K.8., 1971. Experimental studies on the influence of
technically and hyaienically important gases and vapors on organisms
(XXTV-XXIX). The hydrocarbons Benzene, toluene, xylene, 1light

benzine, and heavy penzine. Arch. Hyg. 75:1-119.

0'Brien, E.T., 1971. Hepatorenal damage from toluene in a "glue

sniffer". Br. Med. J. 2:29-30.

von Oettingen, W.F., 1942, The toxicity and potential dangers of

toluene - Preliminary Report, JAMA 11:579-584.

Wilson, R.H., 1943. Toluene Poisoning. JAMA 123:1106-08.
373 '



'AQNLS HSUIH 40 SST90ud ALvad))
'AGNLS ¥ UNINSHNd ¥0d SNOSV3Y IAIACY]

*S$103443 HLIVAH ININYAONCO JWLWHELIT SSNOSI(
*INENTOL 40 *O4NI NNONDMOVE IHL MIIATY AT431Ng

0L (EANIINI SI NOTLVINISIYY

AQNLS aNanTo|

374



ONITIID "Wdd (OZ
C AL TWdd O] CQUVONVLS GEANZMWNOOTY HSOIN

ONITIID 'Wdd
CYUR'L TWdd JQIVANVLS YHSO LNZa)

¥Y3A/* ST NOITIE §  33LVY NOLLONAOY

710 ¥V1-W0D ¥h
WNTTOMLId 495 WO¥d a3oNaoy]

¥0Jo MPIT-INIZad
V HLIM QINDIT SSTRO0I0) NOILJINISTH

Q3% VN0 TYIIWIH)
J0T70L INFZNIEIAHLE{  : SWANONAS

NOTLVWHOAN] TVaNGY
AQNLS aNanTof

375



00T

hZ  "OSIW QN 1004 INITOSWY
[ “TWNIH{
S SALYNVAOS]
6 S3AISOTdX]
0t SIN3ATI0G
15 INTZNI
JLERER|

S3S[) 40 NOLLNGIYLSI(] JAILVLIING

AONLS 3N3NT0|

376



AYUNIY3LIA - DIINIWTIHLINY

YINVID WLINW

YIAONTY LTVHASY

YINNIHL INIVd ONV SINIVd

JZ33Y4 1INV WILSAS T13nd

SUDAIVWW LNINVWIAd - SHNI

SIHSITI0d TIWVN

SHINVITO AUA ANV SHIAOWIY NIVIS

SYIAGNTY HSINYVA ANV INIVd

JAISTHAV NOILINYISNOD 7INGW3D WNIHD ANV T1300W - SIAISIHAV

‘NI IN3S34d SI ININTI0]

ATIULS 3NANTO|

377



NN

QOIFNERH] * gEIN,(
NENILLZ) NOA
.%_om.:z Hdz_z_zbmm M_z_jmmé

¢ NNVWHET |
—SYOHITY

NOTLONNASAJ ¥3AIT

3ISVaSI[ NTY
WALSAS SNOAYZ TYHINT)
¢ WALSAG J11310dOLWEH

SIS AT
WALSAG SNOANTN TVAINT)
TITATS TN

3ANSOdX] ININT0J 40 S19344] 3HL 4O S3IANUS

378



30| OGNV INTZNIG 40 TALNULG TVOIKEH)

379



ILL 40

doI'd3d 9NOT ¥V ¥3A0 ININTOL OL 3HNSOdXI 1FATTMOT

WOHA SNWWNH NI $L33443 DINOYHD NO NOTLWWHOANT O
INIZNFE  : NI9ONIOYYD NMONM OL ALIYVIIWIS *Q
dA/*STT NOITHE T ¢ ISV WINFWNOHIANG  *D
NOITIIW G : SO SNOSHId 40 YINN ‘b
¥A/'SE1 NOITIId G ¢ FWNTOA NOILONGONd *V

Y3HLINA @3Ianls 39 INaNT0L

QIANN003Y \S] 40 FILLIWNG) ONILSI| ADNIVUIUN]

*INGZNIF HLIM QALWNIWVINGD ONI3d
INTNTOL A @ELYIINOO N33 JAVH SIIALS SNOIARY

NIOONTOYVD NMONA V “INTZNIE OL W WIS ATIWVOIWIH)

6103447 HLW3H FHL ONILYOILSIAN] 04 SNOSVaY
AU INEINTI0|

380



"AQLS JI90T0IW3AId3 ¥O4 @LINS TIIM AULSNAN]

‘SWATH0Yd HLTVAH 40 SW¥3L NI @@IANLS TI13M 10N AYLSNAN] |

"YONIW 34V3ddV SINI9V Y3HLIO OL FuNSOdX]
‘aN3NT0L ONISN ATINO SV IT4IINIAI AYISNANI O}

AMLSAN] NTMNLOVANNY]] JOHG 40 NOLLDFTHG ¥04 SNOSV3Y
AGNLS INEN0|

381



[)~SINIATIOS ONINVIT) 3 SIAIST
3 % w_.r_om._& YAl
MOTI3A JLND\-3ATHOTHOVILI| INTIALIDY

Y3MI0SIC ONM~([G) SALYNVAIOS
m_:%mzbow.m,__ﬁw_z.z ‘490 :sRNS0dX] IWIIWIH)

SSOT ONTYVIH ANV 3SVISIA NOILWVMAIA
@30NA04d IAVH SISSI0Ud qALVWOLNY 3 SANIHOWY NOILWYEIA B 3ISION

SYI@OSIA TWII90T003NAD
@@sSNY) JAVH SIUNLSOd ONILLIS 3 ONIANVLS :SHOLOV{ JIWONO9Y]

MIONV) TYSY)  :iSn( ¥3HIVE

AYLSOAN] ¥VAMLOOJ B 30HG FHL ¥od
FUNLVEILIT JHL NI QALH0dTY SWATH0Y] HLTVE)]

AQNLS INANTO|

382



ONIddIHS
NDIVd
ONDIV
WOLLOY
SNILSYT
J10S
ONILLIH
SNLLLD
INIAIDH

H0 SS3Id-
FULLOVANNVY FOHS

AGLLS 3NANTI0|

383



R &

q/ - 0/

S -0

INFWLHVAI(]
ONILLI{ - S¥3ddN INW3D ONVH

INIWLYVLE(f LT3
~ INIHOWW ONIMINVHS D11

INFAUHYAI] ONINVY -~ STIIH INIWE)

Eyﬁ%n_umcm._SE
- (SNLIN3WZD N
TVINVW) T0SNI INFW3D NIIMLIG

INFWLNVAA]
TIOSN] - STTOSLNO INFWT)

INJWlL¥vd3
JI0SN] - (J1OSNI OL 3INI
AJ0S) — ONIINTWID FIOSN]

INIWLYVYCT
FIOSN] - STT0SLNO INTW

INFWLNYAI(]
ONDIVJ - STIIH INGWR)

._.zm!._.x<n_mm.._omz
- SNOILWVY3dO FIOSNI INI3

(Wdd) ONIQvY
3an| ¥393wy] aNaNT0]

NOLLYIOT] T1dWvg

HITAN INFNBUSYF,

6/-8¢-TT (S38N] ¥0LIALI] ANV dWnd YI9IVY(])

SIINSTY NITdWYS H1y
AQNLS 3NANTO|

384



0°'00T 828 V10|

¢ 8L d)-MOTIO4 OL 1507
17,9 oz_Q,E._.m._.:_.%
SAUWVOI4ILYT) V(]
9/TI aaNIVLE()
SAUVIIAILYT) HLVY(
Bl 9TeT ([@sv303] qEOY]
C'%G Y5/ IAITY @aovd|
7 W

AMLSAAN] ONI¥NLIVANNY]] J0HG FHL NI L¥OHO) 40 SNLVLS TWLIA

385



DR. WEISBURGER: There is one important difference between benzene
and toluene, that is, toluene has that nice side chain which can be oxidized
to a carbocylic acid and then conjugated with glycene and so forth. So, you
know, to compare them just on the basis of structure isn't exactly cricket.

DR. STERN: Right, they metabolize differently.

SPEAKER: Have you thought of looking at reproductive effects?

DR. STERN: There is some possibility of looking at some of the
medical effects. 1 think it is possibly going to depend on what results we

find in this study. There are other studies that are being conducted though
on reproductive effects of various solvents.
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COMPILATION OF 1972 MORTALITY DATA

My remarks are more of an announcement than a report. As many of you
know, back when the National Center for Health Statistics was processing the

death certificates for the 1972 national mortality file we ran into very

serious budgetary and personnel problems. At the time, we processed only a 50
npe~cent sample of the death certificates for 1972,

This presented a number of problems for Ton Mason at the National
Cancer Institute and several other people at NCI and the EPA, particularly
with their county mapping studies and also with the follow-up studies that
were based on these studies. ’

A year or so ago they negotiated a raimbursement agreement with the

National Cancer for Health Statistics to have us go back and process the
remaining 50 percent of the 1972 file.

We have completed the coding and keying of the remaining 50 percent
of the records. We are now in the process of editing and verifying the
results. We expect to be able to deliver a computer tape on the second 50
percent of the mortality file to the National Cancer Institute in October.
This file will be available to others who would be interested in using the
remaining 50 percent of the 1972 mortality file.

If any of you would be interested in obtaining copies of this tape,

you can get in touch with me at the Division of Vital Statistics at the
National Center for Health Statistics.
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DR. MARLAND: I am Richard Marland and we will convene a combination of
plenary session, plus, concurrent discussion of the day's papers.

We will try and arrange this in a manner to provide you with a good
overview, with those ideas that are perceived as being most useful for future
directions for research, and at the same time, provide you with some views of
the persons here who have chaired these various sessions.

Let me speak extremely briefly because I want this whole thing to last no
more than 30 minutes, if possible, let me speak only in terms of how
epidemiology is viewed by a regulatory agency. I think I can speak in terms
of the OSHA needs. I can certainly speak in terms of EPA's needs.

When it comes to the enforcement of some kind of an environmental standard
or an industrial standard for the protection of 1ife, the highest quality data
is alleged to be that which comes from epidemiolgical studies. Therefore, we
constantly seek the highest quality data to support the standards which we are
required to enforce.

It has been my perception today, as it has been for many years, that the
problems of conducting epidemiological studies that are without flaws have not
yet been solved. I hope that we can be concerned with this because more and
more we need unflawed epidemiology.

To open up this session I would like to call on the afternoon concurrent
discussants to accomplish their summary of the afternoon, together with
pointing toward future directions. And I will call first on Ralph Yodaiken
from NIOSH in terms of the epidemiology part from Group A.

DR. YODAIKEN: I am actually not going to be able to summarize the papers
for two reasons: First of all, I have not had the time and, secondly, I am
not a particularly good note taker. So I am going to make some comments that
are not all necessarily pertinent to the afternoon's presentations but cover
both aspects that I am interested in and facts that came out in the morning's
papers.

One is the obvious necessity of correlating some of the studies that are
being carried out, with the nutritional status of the people who are
collaborating in the studies, namely the workers and the controls,

I was particularly struck by Dr. Mason's attempt to relate Vitamin A and D
to carcinogenicity. I have a criticism of that study, and I am sorry he is
not here to talk about it. If we are going to look at the nutritional status,
I think it is important to recognize that there is a latent period when it
comes to cancer. To look at nutritional studies in terms of Vitamin A and D
levels in the blood today and try to relate those to cancer incidence, mav he
fallacious.

I think it would be appropriate in studies of this kind to try and back
track and determine nutritional status ten years or 15 years ago where there
may have been some deprivation or some starvation period which perhaps would
be more significant than current blood levels.
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I was also very impressed with the study that was presented, and I
think we all agree, with Dr. Peters. Dr. Peters' study on the epidemiology of
populations previously exposed to hexachlorobenzene was both beautifully
presented and was an excellent example of how epidemiology should be done.

But one of the suggested remedies put forward was that perhaps it
might be a good idea to stop breast feeding because of the presence of
hexachlorobenzene in breast milk. Now, although this is not NIOSH's
particular field, I think it would be a mistake for us as scientists to ignore
the social implications of making suggestions of that kind.

In a case like that, the suggested remedy may be more drastic than
the disease itself. And, in any case, this question has arisen in other
studies of the effects of pesticides on reproduction., How do we know that the
breast milk is the factor and how do we exclude the possibility that the fetus
has not already acquired a body burden that produces the disease in the first
year of life, or early in life?

So some of the studies that I would like to see initiated in Turkey
wherever similar pesticide investigations are being carried out in the United
States, would be to determine body burdens in stillborn fetuses and in
products of conception where there are abortions.

Finally, I would be erring in my own particular dedication if I
didn't draw attention to the fact that in the Washington Post yesterday there
appeared an announcement that the Reagan administration was considering doing
away to a large extent with warning foreign countries who buy toxic products
from the United States. They are going to modify the policy that regulates
chemicals, such as PCB's, chlorofluorocarbons, banned pesticides, DDT, and so
forth; these are no longer going to be exported with an appropriate warning.
I think that this flies in the face of both our obligations as scientists and
also the fact that the United States is reducing itself in status from a
leader in the field of environmental control to that of a follower.

The statement that appeared in the Post stated that the United
States' exports are at a competitive disadvantage since other people don't
warn Third World countries or underdeveloped countries of the hazards of the
products which they buy, and therefore, we should do the same. It is our
obligation as a scientific community to express wherever we can, the dismay
that we feel about that kind of policy. I think it is entirely inappropriate
for the United States to also export those consequences of hazardous
substances, that Dr. Peters demonstrated are possible, to other countries.

DR. MARLAND: Thank you. In terms of keeping the presentations
consistent, Tom Mason had the epidemiology portion of the first part this
morning and has left me his notes. With your permission, I will provide you
with the six recommendations which Dr. Mason has prepared for this
conference. They are quite simple., I think some of them are quite good and
provocative in terms of our thinking.

One: "The collaborative programs should be utilized to pursue

population-based studies in areas of the United States with cancer registries
to identify high risk groups.”

391



Number two: "The collaborative programs are reasonable resources to

fund a multi-disciplinary team to evaluate and assess emergent health
problems."

This is somewhat -- not off the wall exactly -- but it is an
unprecedented use of a resource of this nature in my opinion -- a ready team,
ready to lunge at incidents and accidents and provide the benefit of several

kinds of skills, including monitoring, as well as epidemiological analyses.
Quite an interesting recommendation.

Here is number three: "Studies funded by the collaborative programs
should not focus solely on cancer, but rather on a broad base of diseases."
On the basis of today's papers I think that recommendation is being fulfilled
and, of course, there are many of us who welcome and appreciate that.

Recommendation number four: "Projects should be funded to develop

methodologies such as developing an appropriate set of comparison rates for
spontaneous abortions among working women.,"

This one, combined with another one, makes me want to make a comment
as well, But number five first: "Projects should be funded to develop
dose-response data." That one is fairly straight forward.

Number six: "More rapid laboratory methods should be developed to
measure health effects of environmental exposures." This could be combined
with number four. I would have consolidated them. From these points made by .
Dr. Mason, and my own observation, it appears to me that the methods used for
environmental epidemiology should not and need not be substantially the same
as those that we use for industrial or occupational, and certainly not similar
to those which we are using for traditional, communicable disease type of
epidemiology. I am afraid that looking at it as an administrator and not as a
participant in the studies, there is a lack of common agreement among
environmental epidemiologists as to what does constitute rules of good,
acceptable epidemiologic studies for environmental measurements, particularly
at the low doses and the chronic exposures that we have to deal with.

I would, therefore, suggest if I could amend Tom's comment it would
be to address the need for more highly defined criteria for assessing good
environmental epidemiology at chronic exposure low dose rates.

Now let's move to the two persons who have been responsible for the
Group B sessions and I will again start with the afternoon participant. John?

DR. COOPER: I find it difficult to summarize the discussion. I have
two reactions to what was presented in this group of papers which probably

address future’ needs of our program. Perhaps by commenting on them I can
stimulate some discussion,

The first point that struck me very strongly was the importance and
utility of the data base generation which was described in New Jersey. If,
indeed, such data base generation efforts can be stimulated in other states in
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some sort of a uniform format, there is a tremendous potential for epidemiolo-
gic rapid response to emerging questions. I think it is a dramatic develop-
ment within the program area, and I would think one of our future directions
might be to attempt to stimulate more work in this area.

The other thing that impressed me -- I have no answer -- but in
looking at the studies that were presented to us today, I noticed the
remarkably large loss to follow-up in all of the cohort studies. I really
think that we have to find some way to resolve this problem because when one
looks at a study with a 26 percent loss to follow-up it is very unlikely that
worst case analysis will allow us to draw any conclusions unless the relative
risks were so dramatic, as have been seen with vinyl chloride.

So I am very disturbed with that and it seems to me one of our future
directions has got to be to attempt to find ways to reduce this level of loss
to follow-up. Those are my comments, I believe, on the paper I heard in the
second session. Perhaps we will have some more discussion on them.

DR. MARLAND: Thank you. The fourth presentor speaking for Group B
this morning, of course, is Tom Cameron from the Cancer Institute. Tom?

DR. CAMERON: Well, 1 am more fortunate than John was. I had a
discussion. My problem was, I was so interested in the discussion I didn't
make good notes. However, I think I have crystalized our half-hour
discussion. I remember I initiated it by sticking my neck out and suggesting
that some of the major epidemiologic studies that we have been exposed to
might better have been preceded by some lab work. I did get some reaction.

From there we went into a general discussion and I have about four
points on that situation. We did decide that a Tot more work should be
devoted to metabolic pathways. The compound of discussion was styrene,

Then there was some discussion of identifying biological markers and
using them during the course of study to identify cohorts and possibly new
cohorts.

We spent quite a bit of time discussing the needed development of
short-term tests, whole animal tests, as well as others. I know we have the
dominant lethal and the strain A mouse assays, but they all have their
limitations and perhaps we haven't followed them long enough or intensively
enough. I know that there is an undercurrent of uneasiness with those tests.

Perhaps we can make a concerted effort to aid in developing further
whole animal tests. Incidentally, along that line, John Couch is with us now
and he will be tomorrow presenting his efforts with the fish, which I find
personally very, very interesting. We have been supporting that activity for
three years and John now tells me that he is ready to give us the word,

With the other short-term in vitro tests, as we all know, there are
certain weaknesses in detecting metals and dusts and other classes of
compounds.
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We sort of summed up this whole situation of the effort or
collaboration between epidemiology and Tab tests by suggesting that perhaps we
should put them in parallel. I think that is a good idea. I don't think any
extensive epidemiological study should be initiated without a fair background
in lab activities.

We recognized the fact that we had in our audience a few people from
industry and we welcomed them and we very quickly suggested that we work for
more ways to encourage industry cooperation.

One point was made that processess are changing very rapidly in
industry and it is only industry that can keep us apprised and current,.

After we broke up I discussed one point with our industrial
representatives and we had hoped to get to it in the discussion this afternoon
and that was, "the hazards of collaborating with the U.S. Government."

To put it in football terms, for those of you who do follow foothall,
I think what they had in mind was something about outlawing again the
crack-back block. Is that what you had in mind? I hope to get to that
tomorrow. I think it is very, very important. And if we can increase the
cooperation we are receiving from industry now I think we are all qoing to
profit.

Very quickly then, someone suggested that we take a look at the
industrial hygiene practices. The thing that struck several of us this
morning was the statement about washing the arms with acetone. 1 just wonder
how many other practices like that are out there that we haven't detected.

The last point that we discussed was really sort of a little nudge at
the Cancer Institute and I have to admit that I am probably one of the major
offenders; that is, our tendency to focus so sharply on the cancer end point
that we really eliminate everything else.

I will say that we are comfortable with mutagenicity but we do to
date have been very uncomfortable with teratogenicity, as an example. Our
discussion ended really with people suggesting, or urging strongly, that we
expand the toxicologic end points in our studies, both in the lahoratory and
in epidemiology. I think that is about what I got out of it.

DR. MARLAND: Thank you, Dr. Cameron. 1 want to comment favorably
and thank the three of you for what I find to be excellent summaries and
useful recommendations.

I have a couple more chores that I would like to perform, one, Ken
Bridbord and Joe Fraumeni have been laboring faithfully as your general
chairmen and I am going to give them a minute or two at least to cogitate on
whatever wrap-up remarks they would Tike to make. In the meantime, are there
comments from the floor that are ~appropriate to the summaries prepared by the
four group chairmen?
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DR. KRAYBILL: I think Tom touched on it, but one thing that we did
emphasize this moring in that session was the need for a system whereby the
technical reports from bioassa¥ are screened. I think that movement is
underfoot. here is one chap that is looking over the bioassay reports now to
exploit the findings; from those studies to, in turn, go to the

epidemiologists and say, here, we've got something good. I think you ought to
look at it.

That is to say, ever since I have been at NCI, I have had the feeling
the experimentalists work over in their world, I have never seen an ideal
situation where there is enough interfacing. I think the ideal situation
would be to have the experimentalists talk to the epidemiologists and tell
them about some of the findings that are coming out of the laboratory with the
experimental animals. So I think we need to do more of this.

Then mention was made of using clinical parameters and, Dr. Cameron I
think, touched on that, the bio-chemical markers so the epidemiologists can
use this tool to sophisticate their studies.

DR. MARLAND: Thank you.

DR, GAFFEY: I am William Gaffey from Monsanto. One of the things
that struck me in the presentations that were given today, particularly the
cohort mortality studies, was that many of them are unfinished and always will
be in the sense that the populations are small. Again and again we come to a
report in progress in which it is clear that when the study is finished,
unless there are rather spectacular findings, we will find ourselves saying we
need a bigger population, or we need a longer period of observation.

It seems to me that the only solution to this kind of problem is to
push the kind of operation that was mentioned briefly, that industry-wide
studies are possible. It is possible to get larger cohorts if one can induce
the industries concerned to contribute data.

The second problem allied to this is that we probably will find
ourselves in the future going back to the same populations, following them
longer. Again and again study recommendations say in effect, yes, we've done
this but we recommend that we come back in ten years and do it again.

This means that more and more often in the future we are going to be
doing cohort mortality studies in which 90 percent of the population has
died. This is going to create real methodological problems. There is no
point in going into them in great detail, except, for example, the business of
competitive risk which is now a 1ittle thing that we give 1ip service to but
which will become a great big problem when we go back to a cohort 40 years
from now and find that 90 percent of them have died.

DR. MARLAND: Thank you. I sense a consensus arising from the group
which I welcome and think is a great idea in terms of a closer relationship
between industry's participation in these studies and government's paying

attention to industry's participation. I think this is a very healthy sign
personally.
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Dr. Fraumeni, have you some summary words as chairman of this
morning's session?

DR. FRAUMENI: I have about three points to make. One is that some
of our summary speakers on the platform have been apologetic that we focus too
much on cancer and that we should pay attention to other end points. I would
like to counter that by saying that the emphasis of this program should be on
environmental and occupational cancer studies. Needless to say, we should
keep our eyes open to other health effects, including other chronic diseases,
mutagenicity, teratogenicity, and so forth. But we stili have pienty of
problems to settle in the field of cancer, and I think we should keep in mind
that this is the primary focus of the collaborative program.

The second point is that many of the projects that have been
presented seem rather limited to single agency involvement. I think that as
the program matures, we should take advantage of the strengths and the
expertise of individuals in different agencies, not only NIOSH and EPA, but
also agencies 1like NCHS and CDC, outside of NIOSH. Particularly as we get
into multi-disciplinary investigations that require expertise in industrial
hy?iene, environmental health, laboratory investigations and epidemiology, it
will become essential to combine the talents of investigators in different
institutes and agencies.

The third point I would like to make is that whenever possible we
should continue to utilize national data resources, and that we should combine
our efforts to protect them and develop their application for epidemioiogic
studies. I am thinking of resources like the Social Security Administration,
the Bureau of the Census, the Internal Revenue Service and the National Center
for Health Statistics. Right down the Tine we have plenty of national data
systems that can be valuable in developing, generating and evaluating
etiological hypotheses. The National Death Index is now finally off the

ground, but for its survival it will need to be supported and nourished by the
different agencies.

DR. MARLAND: Thank you. I particularly appreciate your putting in
good perspective the relationship between cancer as a major thrust of our
activities in addition to the other health effects.

Dr. Bridbord will provide us with his recommendations.

DR. BRIDBORD: Thank you. There are a number of points I would like
to make. I know that time is getting late. I think the decade of the 1980's
is a very important decade for environmental epidemiology in general and for
occupational epidemiology in particular. One reason I say that is, if one is
somewhat familiar with chemical production in this country, one recognizes the
fact that there have been major, major increases for many chemicals,
particularly since about 1960. Because of the latency aspects, at least in
terms of cancer, one may first begin to see effects through epidemiology in
studies that begin to Took at this point in 1980 and later.

I think in this regard one has to pay very, very close attention to

cancer trends, to cancer trends for specific sites and specific age groups.
In this regard, because of the Tatency situations, I think it is unlikely to
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‘find much evidence of occupational or environmental cancer in populations
under age 45.

[ think, though I firmly agree with the point made by Dr. Gaffey that
we are going to have to go back and update all the cohorts and be careful
about methodology in doing that, there will still be a need to more completely
ascertain what happens to cohorts.

Many of the studies presented at the meeting, although preliminary
reports, still, apart from the ascertainment and vital status issue, included
at best 25 percent of the people, in the deceased category, and we still have
to wonder what is going to happen to the other 75 percent,

I think one possible clue to occupational etiology may lie in a
closer look in the differences in cancer rates for non-hormone dependent
tumors, particularly between men and women, recognizing the fact that at least
up ti11 now the tendency has been for men to be employed more traditionally in
jobs involving toxic exposures. I think that probably will be the trend in

the future although employment patterns have changed in the recent past
somewhat.

I think we also need to spend more time looking at what happens to
minority workers in this regard, at least in certain industries it may be the
minority workers who have the highest degree of exposure.

I think we also have to pay very, very close attention to which
control groups we are using in our studies and to recognize that with the
proliferation of chemical exposure and with the understanding that occupations
may be more important contributors to cancer than previously recognized, the
general population becomes a less satisfactory control group. We thus end up
doing studies much akin to the following, looking at lung cancer rates in
smokers and comparing them to the lung cancer rates in the general population,
also including many smokers. While we would still pick up the fact that lung
cancer is related to smoking. We may miss important implications in terms of
the quantitative impact of that risk.

I think it is very, very important in both occupational and
environmental studies to gain more accurate exposure information. We need to
pay more close attention to including occupational histories in routine
medical care and clinical histories. Here perhaps our colleagues at the
Cancer Institute can help to encourage their own cancer centers to more
routinely consider this factor.

We may be missing something by not 1ookin% at children of workers. 1
am particularly struck by recent data that John Peters and colleagues have

generated from California about the possible relationship of occupation to
cancer in children -- occupation of parents and cancer in children.

And finally, we need to keep in the back of our mind that the disease
we see is very likely to be the result of interactions, interactions of
environmental exposures, interactions of personal factors as well, including
smoking and dietary habits. And we need to be thinking of ways that our
epidemiologic, as well as our laboratory techniques, can pick these up. Thank
you. o
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DR. MARLAND: Thank you, Ken. Are there comments from the
participants in the room regarding either the summary comments of the chairmen
or any other worthwhile comments for the good of all? Yes, Dr. Kraybill?

DR. KRAYBILL: No technical comment, just a logistical comment. I
know that Dr. Adamson will be here tomorrow, and he had given us the
admonition that he would like to have some input, some resource material. I
think what was discussed right up here at the table was excellent. Al11 I am
saying is, if you have your remarks written down on paper, please don't throw
them away. Save them because the front desk out there has offered to get them
typed up. Having them typed up they will serve two purposes: They might be
good for the people tomorrow in concurrent sessions and, particularly, for the
chairman of the plenary session tomorrow afternoon that is Dr. Adamson,
because there are some very good recommendations here. So if vou will please
hand your remarks in at the registration desk, we will get them typed then
tomorrow morning.

DR. MARLAND: Thank you. Yes, Dr. Morris?

DR. MORRIS: Just a reminder, this is a bit of housekeeping, we have
arranged for Dr, Arthur Sober, who was scheduled in the afternoon of
tomorrow's session, to begin tomorrow at 8:45. He has received very short
notice to do this so I hope we have a good turn-out at 8:45. He has problems
in scheduling.

DR. MARLAND: Thank you. That is a good reminder. 8:45 a.m. is our
beginning tomorrow. Let me extend my personal thanks to the persons here who
have served as chairmen and have lent their talents and time to an important
piece of work. Also, my thanks to the excellent speakers. I was personally
very pleased with the level of competence and quality of the papers. And I
look forward to tomorrow, 8:45. Thank you and good night.
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DR YODAIKEN: Good morning early birds. For those of you who
managed to make this early morning presentation, I am Ralph Yodaiken from
NIOSH and I am your chairman for this morning. Our first paper will be
presented by Dr. Sober from Massachusetts General Hospital. The subject is
Dosimetry Studies in Selected Locations where Epidemiology Studies are

Planned. The project officer is Dr. Herbert Wiser and the co-project officer,
Dr. Morris Kelsey. Dr. Sober.

400



PROCEEDINGS OF THE
SECOND NCI/EPA/NIOSH COLLABORATIVE WORKSHOP:
PROGRESS ON JOINT ENVIRONMENTAL AND
OCCUPATIONAL CANCER STUDIES

PRESENTATION AND DISCUSSION:

Dosimetry Studies in Selected Locations Where
Epidemiology Studies Are Planned

Arthur J. Sober, M.D.

Department of Dermatology
Harvard Medical School
Boston, MA 02114

401



ABSTRACT

MASSACHUSETTS GENERAL HOSPITAL
EPA GRANT #R807222-01

UvV-B DOSIMETRY STUDIES UTILIZING AN ELECTRONIC DOSIMETER

A.J. Sober, J.A. Parrish, J. Jarve, and T.B. Fitzpatrick,
Dept. of Dermatology, Harvard Medical School, Boston, Mass.

Origins and Current Status: Six personal ultraviolet B-sensitive electronic
dosimeters developed by Photometrics-Boston College were subjected to a

series of laboratory tests designed to study spectral response, dynamic range,
spatial response, linearity, and effect of three environmental factors--
temperature, humidity, and vibration. These dosimeters, which share the
identical sensor fluor, MgW04, with the worldwide distributed Robertson-
Berger meter had a peak response at approximately 300 nm with the bulk of
response falling in the 280-320 nm range. Linearity of response was
acceptable from 0.1 to 2.0 solar constants. 2/6 units tended to jam at high
flux rates. Less than a 2.5% average variation was detected from 0% to 100%
humidity. An acceptable temperature change of 0.5%/°C was noted from 0°C to
609C. Some evidence of fluor deterioration was noted following vibrational
testing. Absolute calibration differed betw