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ABSTRACT

The topic "of health effects of radium has recently been

considerably broadened by the identification of multiple myeloma

as a specific outcome of bone-seeking radionuclides, and by

evidence that the incidence of breast cancer may be significantly

increased by radium exposure. All soft-tissue tumors are now

suspect, especially leukemias. Concepts of dose-response need to

be broadened to include the co.icept of risk factors, or, if one

prefers, of susceptible subgroups. Biological factors relating

to radium uptake and retention require study, as do risk factors

modifying risk of both the classical tumors, osteosarcoma and

nasal sinus/mastoid, and the more recently suspect soft-tissue

tumors. The history, organization, and current research

activities in epidemiology at Argonne National Laboratory are

described, and findings of the last decade and a half,reviewed.

Plans for future research are briefly discussed.

INTRODUCTION

Radium studies, human and animal, have been the foundation

of radiobiological research on alpha-emitting radionuclides. The

radium dial painter studies have furnished the human data crucial

to occupational exposure standards for plutonium and other alpha-

emitters. This duality of pure and applied, of radiobiology and

health physics, remains characteristic of current and planned

research in the Center for Human Radiobiology (CHR). The



scientific questions, however, are becoming less predictable.

The classic chronic health effects of radium have been

osteosarcoma and nasal sinus/mastoid tumors. The etiologic

relationships have been established; derivation of the dose-

response relationships has occupied researchers for two

decades. It is no longer true, however, that these are the only

etiologic relationships of interest. And it is not true that the

dose-response relationships are all one would wish to have for

human health risk assessments.

Multiple myeloma (Cuzick, 1981) appears to be a specific

outcome of internal radionuclide exposure. There is some

published evidence that breast cancer may be caused by radium

(Adams and Brues, 1980). Any soft-tissue cancers are suspect; in

particular, questions of leukemia induction, because of direct

irradiation of bone marrow by bone-seeking radionuclides, need to

be investigated. Further, cancers are no longer the only

endpoints of concern: preliminary work by Polednak (1980)

suggests reproductive effects of radium exposure, with the

implication of mutagenic or teratogenic effects. Public concern

relative to 'reproductive effects has been present for some time.

Dose-response relationships are no longer sufficient for

health risk assessments: susceptible subgroups are assumed to

occur and require definition. The identification of biological

risk factors for radium-induced cancers has not been attempted,

either for the classic cancer outcomes or the more recently

suggested soft-tissue tumors. Even less attention has been paid

to defining the biological factors affecting variability in



radium uptake and retention.

Why are these questions arising now? At least two answers

are evident. The radium dial workers have now accumulated

sufficient mortality that useful analyses of at least the common

soft-tissue cancers are possible. And the social concerns of the

1960's and 1970*s with respect to occupational and environmental

health have clarified our understanding of what is required to

intelligently set standards for the protection of the worker and

the public.

The magnitude of social concern is difficult to over-

estimate. Potential health effects of alpha-emitters on workers

in the nuclear defense industry, and in nuclear fuel reprocessing

and nuclear waste storage, are of serious concern to workers,

management, and the public. Possible health effects of low

environmental levels of radionuclides, whether naturally

occurring, as in drinking water supplies, or in the ambient

environment of nuclear facilities, are also of serious concern to

a large, educated segment of society.

This paper describes the current intents of the Epidemiology

Group in CHR in addressing these issues. The past is prologue,

however, and neither our current scientific goals, nor our

current resources and methods, are comprehensible without an

understanding of the history of research on the radium dial

painters and of the institutional origins of the Center for Human

Radiobiology.

HISTORY



Blum (1924) published the first suggestion that work in the

radium dial industry was hazardous, describing cases of

osteomyelitis. Martland, a county medical examiner, took up the

investigation, demonstrated radioactivity in the bones and breath

of the victims, and firmly ascribed to radium its role as the

etiologic agent (1925). Martland continued his investigations

over the next decades: osteosarcoma as an endpoint was described

in 1929 (Martland, 1929; Hartland and Humphries, 1929); nasal

cancer was described in 1939 (Martland, 1939). Cancer of the

nasal sinuses and mastoid air cells was firmly linked to radium

by Aub .et__al." (1952).

R. D. Evans in 1943 published the crucial dose-response

observations which had led to the establishment in 1941 of the

radiation protection guide of 0.1 nicrocurie of "radium in the

adult human. This was established for workers in the' World Ward

II dial industry. The 1943 paper historically formed the basis

of health protection standards in plutonium operations for the

Manhattan Project (Healy, 1975). Evans and his coworkers at the

Radioactivity Center at MIT continued active research and

publication 'through the 1960's on the dose-response relationships

of radium to osteosarcoma (Evans, 1966; Evans et a1•, 1969;

1972). A retrospective view of standard setting for internal

emitters was recently published by Evans (1981).

The events of World War II stimulated interest on radium

effects in humans as an analogue of possible effects of bone-

seeking fission products and transuranic elements. Animal

experiments were not adequate to supply numerical toxicity values



for man, and had clearly shown that physical calculations were

misleading.

Two new efforts, in addition to the Radioactivity Center at

MIT, were initiated in the 1950's. At the Argonne National

Laboratory (ANL) a survey of radium cases was initiated in 1951,

concentrating upon dial workers at an Illinois plant* A project

of the New Jersey State Department of Health was initiated in

1957, directed toward dial workers from Orange, New Jersey, who

had been employed between 1914 and 1925. During this period the

Radioactivity Center at MIT obtained lists and concentrated upon

dial worker populations in Connecticut and Massachusetts.

-Reports and publications too numerous to cite here resulted

from these projects. Brues (1980) has reviewed the history of

this radium research in some detail, and references may be found

in that work.

The three projects collected generally similar medical

information, and it was proposed by R. D. Evans in 1967 that the

three studies be combined. The Center for Human Radiobiology,

established in 1969 at Argonne National Laboratory, resulted, and

it became the repository of medical and other records of projects

at Argonne, MIT, and New Jersey. Until this fiscal year, the

Radioactivity Center at MIT remained in operation as a satellite

laboratory of the Center.

For epidemiologists it must be emphasized that none of these

studies was epidemiologic, even though population-based in

varying degrees. The emphasis at Argonne and MIT was on

measurement of radium body burdens through radon breath and whole



body counting techniques. Likewise there was great interest in

bone changes, and numerous x—rays were taken. Interest in New

Jersey seems to have been more related to public health, and very

good standardized medical histories/ unfortunately few in number,

are available from that site. In general, the data base

resulting from these projects is a population-based clinical and

health physics deta base. This has a major effect on day-to-day

operations of epidemiology in the Center.

RESOURCES AND METHODS

The realizable goals of an epidemiology program are governed

by extrinsic resources: numbers of available endpoints, such as

deaths, and numbers and quality of exposure or dose estimates

relating to the agent of interest. From this perspective the

radium study is rich in potential despite the relatively small

number of subjects. Deaths are frequent; doses are high

(relative to background); and many body burdens have been

measured. The structure of the available data is extraordinarily

complex, and requires detailed description. A full overview of

the study wa"s last published by Rowland et al. (1978a). In what

follows we review the resources, operations, and methods for

epidemiologic research at CHR.

Populations and radium exposures.

The CHR data base is more like a radium registry than a

study cohort. Excluding the variety of americium, thorium,

plutonium, and other or mixed alpha-emitting radionuclide cases



whi^h it contains, there remain a large number of radium cases

exposed in various ways (dial work, medical usage, chemical

operations). These are of both sexes and span, by exposure date,

nearly the whole of this century.

Of over 5600 subjects in the data base, approximately 5100

are radium cases. (Of the remaining 500, about 300 are

individuals exposed to other nuclides, and about 150 are controls

or offspring.)

In describing our population below, we retain the convention

of dividing study subjects into pre- and post-1930 cohorts.

Workers through 1925 were exposed to high intakes of radium and,

despite control measures instituted at that time, some high

radium burdens were attained through 1929.. During the Depression

there was very little recruitment of new workers into the

industry. The post-1930 cohort is almost entirely a J940*s

cohort, and radium burdens average much lower than for the

earlier cohort.

Table I describes the radium subjects according to vital

status and decade of exposure. A large number of endpoints,

deaths, are 'currently available in the pre-1930 cohort: over 50%

of those individuals are now deceased, and mortality rates in the

remaining elderly are high and accelerating.

In the post-1930 cohort of females, over 1200 (nearly all of

the World War II cohort) are still living. These remain

important and informative with respect to risk of certain soft-

tissue cancer outcomes. They will also validate the low end of

dose-response estimates for osteosarcoma and nasal sinus/mastoid



tumors derived from the pre-1930 cohort. We also need to ensure

that no unexpected outcomes of radium exposure occur in

populations with life styles and living standards more clearly

approximating those of the current population* This might be

considered "epidemiologic surveillance." At least one additional

World War II cohort (about 1000 persons) is available for

tracing, and at least one other is known to exist.

The male subjects are a reservoir of unanalysed data. There

are hints of sex differences in susceptibility to osteosarcoma

(Rowland et al., 1982), and one very rare type of leukemia may

result from chronic irradiation, in males predominantly

(Stebbings, 1982). No thorough analyses of mortality and

morbidity on the males have been made. The population, although

small, was still subjected to internal irradiation at very high

closes which will never be replicated. ..

The miscellaneous subjects have a variety of uses: the dose-

response model for osteosarcoma is validated in part against data

on these subjects. Some injection cases have been used to derive

the radium retention function (Morris et al., 1955; Miller and

Finkel, 1968). The miscellaneous subjects do contribute deaths

of interest when the focus is on one specific cause of death.

A characteristic of the data base, the geographic and

temporal heterogeneity of study subjects, hitherto considered a

weakness of the study, has turned out to be a significant

strength. In epidemiologic investigation, replication of results

is even more important than in laboratory research.

The pre-1930 female cohort is composed of three major (and
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several minor) Industrial populations: the New Jersey, the

Connecticut/ and the Illinois. The Illinois site also has a

significant post-1930 cohort, while several other work sites make

up the remainder of the post-1930 group. In analyses of cancers

of soft-tissue sites, specifically breast cancer, we have found

(Stebbings, in preparation) that inconsistencies among sites, and

unexpected consistencies over decades (since *JW II exposures were

much lower), are informative regarding the interpretation of

apparent associations between cancers and radium exposures.

Radium exposures. The very high radium exposures to the

early workers is the major strength of the CHR radium study. The

second major strength is that concurrent body burdens of radium

can be measured in the living, and reasonable extrapo- lations

back to initial intake made.

Measurement not only establishes dose, but defines a more

objective cohort for analyses of future mortality. Bias of

ascertainment of identity or location will be considerably

reduced when analysis is restricted to subjects well enough to be

examined and measured. Such analyses of health events are

restricted to those appearing at least two years after date of

first examination.

A large fraction of the study subjects located living have

been measured, as shown in Table II. The percentage of

occupationally exposed subjects who have been measured ranges

from 63% or 86% among the living , being 77% for the cohort of

greatest interest, the pre-1930 female cohort.

Over 160 living subjects have estimated initial intakes over



5 ug, an intake 50x higher than the body burden proposed as the

limit for industrial exposures in the 1940's.

Even in the post-1930 cohort approximately one-third of the

subjects have detectable body burdens of radium, that is, they

have higher levels of internal alpha-emitters .than society will

permit to occur in the future. This is a sufficiently rich yield

of subjects that continued study of these World War II cohorts is

warranted. ;

Field procedures and their functions.

There are four key field operations ongoing in the study:

(1) measurement and clinical examination of new subjects? (2)

remeasurement and reexamination of previously studied subjects;

(3) a brief, self-administered medical history, sent annually

(previously) or every 18 months (currently); and (4) .contact to

update vital status of otherwise uncooperative subjects. Tha

functions of this last operation are immediately obvious, but it

is worth reviewing precisely what is accomplished by the more

complex operations.
«

In the first measurement/examination: (a) the subject

transits to a dose-response cohort from an exposure response

cohort; (b) non-objectively ascertained subjects are scheduled

into a more objective cohort at time of measurement; (c)

morbidity accumulated from exposure time to examination time is

ascertained; and, (d) personal risk factors affecting expected

mortality experience are recorded. Tn the remeasurement/

reexamination process: (a) serial morbidity endpoints are
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created, and are defined over precise intervals; (b) accumulated

morbidity is updated to later ages; (c) remeasurement reduces

variance of individual dose estimates; (d) personal risk factors

are updated to a more relevant interval before mortality; and,

(e) individual variability in radionuclide excretion becomes

analysable. Finally, the brief periodic mediual history: (a)

periodically ascertains serious illness for disease incidence

analyses, and (b) updates location and marital status of study

subjects to ease future follow-up activities.

The greater portion of the resources of the Epidemiology

Group is devoted to these field operations. There are two

"medical assistants" at Argonne and one in the New Jersey Field

Office (NJFO), who maintain contact with study subjects through

the yearly questionnaire, and by Christmas (ANL) or birthday

(NJFO) greetings. The medical assistants schedule the

examinations and reexaminations (150-200 per year). The medical

assistant staff at ANL makes travel arrangements and acts as

escort to the examinees as they proceed through the medical

examination (by the nurse and physician from the Medical Group of

CHR, and by 'Health Division) and the measurement of radium body

burden by whole body counting and radon breath tests administered

by the Radioactivity Measurements Group. The burden of tracing

was much heavier in previous years: the remaining untraced

subjects are the difficult cases, and a hold has been placed on

this work. Maintaining contact and tracing previously located

subjects is becoming an increasingly important part of the field

vrork.
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Calendar year 1982 field operations may be summarized as

follows: for measurement and remeasurement subject: (a)

unmeasured Ra subjects are to be measured, (about 42 of 141 are

expected to come, half from Illinois); (b) recently located

unmeasured cases (13, 1980-1981) will remain high priority. Re-

invitation of unmeasured cases located some years previously will

be done in low-priority batches; (c) remeasurement subjects

(other than priority cases requested by medical group, or others)

will be invited solely according to length of time since last

examination. About 600 subjects have not been seen for 5 (age

70+) or 10 (<70) years, of whom we expect about 200 to respond.

Of these, about 60% live in Illinois. The advanced age of these

subjects is in large part responsible for the relatively low

response rate expected. For medical history subjects contact

frequency is being reduced from 12 to 18 months.

Staffing. The Epidemiology Group staff consists of one

epidemiologist, the three medical assistants (one in New Jersey)

who maintain the field operation, one scientific assistant whose

primary assignment is diagnostic coding (SNOP) of all medical

information, and one programmer. Biostatistics input is

informally available from the School of Public Health of the

University of Illinois.

Health endpoints.

Mortality. All located subjects are followed for vital

status, death certificates are obtained as soon as we have

knowledge of the death, and are coded (8th ICD) by the National
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Center for Health Statistics.

Cancer Incidence. Since all diagnoses from any source,

aeath certificates/ clinical examination, yearly questionnaire,

hospitalization records, are coded into a computer file usiny

SNOP (Systematized Nomenclature of Pathology).. We have in one

instance (for breast cancer) analysed incident cases of cancer.

The completeness of- our cancer incidence data requires formal

review, since our procedures were not in fact established with

this (explicitly) in mind.

Morbidity. An attempt is made co contact all living

subjects annually by mail, with a single personal history form to

update the clinical reT->rd. Subjects are contacted by telephone

if they do not respond. The form requests the respondent to note

any health problems or hospitalizations. In the latter case, we

attempt to acquire a copy of the hospital record. A1J. diagnoses

are entered into the SNOP file. The SNOP file is an

irreplaceable guide to all pathology referred to in our hard copy

files (Littman jet̂  _a_l_. , 1973). It has, to use epidemiologic

terminology,- very low false negative rates, with the false

positive rates one would therefore expect.

Clinical examination. At time of radium body burden

measurement, all subjects receive a complete clinical

examination, and electrocardiography, blood chemistries, and

urine tests are done. This data is comparable, except for

changes in laboratory methods over time, for all measured

subjects. Data on two or more clinical examinations are

available for many subjects, especially those with the higher
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body burdens. This introduces a problem in the comparability of

morbidity data ,on the more highly burdenet subjects with that on

subjects with low burdens. It is currently clear that data are

directly comparable only for first examinations. Statistical

approaches to handling the remaining data are under

consideration. In this calendar year, criteria for reexamination

were changed so that all measured subjects will be reexmlned

every 6 years (or 3 years if over 70), thus generating true

longitudinal data on all study subjects.

X-ray findings. Because of the interest in bone changes due

to radium, extensive sets of x-rays emphasizing the skeleton are

completed at each examination, and x-ray films from related past

illnesses obtained.

Family and reproductive histories. As part of the clinical

records, which include both clinical interviews and various

personal and medical history forms used over the years, we have

available extensive family and reproductive history information

on most study subjects. Successful reproductive events seem to

be well recorded; terms used to describe unsuccessful events seem

to have varied more. The problem that depth of information is

confounded with dose is equally applicable here.

Data processing.

CHRIS, the Center for Human Radiobiology Information System

is a relational data base designed and implemented in 1972. at

that time, the Argonne National Laboratory central computing

facility was so heavily loaded that long delays were common for
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both the interactive and batch computing systems. Following a

pilot study, a'system was developed in which the data-

manipulation language was embedded in the PL/1 host language at

execution time. With this simplification it was quite easy to

use the interactive system to write error-free computer programs

for execution by the batch system. Response times were as little

as one hour, which was quite acceptable, especially since there

was only a modest limitation to the amount of printed output.

Three data types are supported: (1) alpha-numeric or

character with the length limited to 255; (2) single precision

floating point real numbers with seven significant digits; and,

(3) fixed decimal with precision limited to 15 significant

digits. All variables in a data record are initialized to a

"missing value" so that data entry errors are easily detected.

In addition, any number of variables in a file may be. marked as

password protected. If a user does not provide the proper

password than all reports containing these variables will have

their values replaced by "missing values."

Three file types are supported: (1) direct: a single fixed

length record for each key (case identification number)s (2) PDS,

with a variable number of fixed length records for each key; and

(3) SEQ, a variable number of fixed length records. In all

files, the number of variables and their cumulative length is

limited by the installation defined block size which generally

exceeds 4000 bytes. The number of files which may be open for

query at any one time is limited by core requirements and not by

the system. As each key is processed, all data for that key are
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brought into core, and thus any required relationship is

evaluated at execution.

File update and modification is centralized in the small

da a processing staff, and executed at defined intervals, so that

the research data base is relatively stable. A transaction file

is maintained of all modifications. Any file or the entire data

base may be restored at any time from a carefully designed file-

backup system.

Data analyses may use the full power and features of the

Statistical Analysis System (SAS). A SAS procedure was developed

which reads CHRIS files, which may then be processed by the very

extensive collection of statistical, report, graphical and other

procedures. In addition, the analysis of mortality with the

program developed by Monson (1974) is available as a SAS

procedure. The Marsh (1980) occupational cohort mortality

program was recently obtained, and will be made operational.

The CHRIS system is stable and has executed without error

for several years, with only slight modifications currently under

development.- The system has successfully answered all queries

since its inception, more than 95% having been measured within

one day. It is in continuous use by both programmers and non-

programmers alike.

The epidemiologic environment.

The environment in which epidemiology is carried out iit the

radium dial painters' study differs radically from those of most

studies funded by the Department of Energy. The historical depth
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of the study, the longitudinal nature of the clinical and health

physics data, and the extent of the health data available, are,

in combination, unique.

Since Argonne has become the repository of data from MIT and

New Jersey, we routinely access clinical notes and early

measurements from the 1920's and 1930's. We also have data

sources like the investigative notes of a Department of Labor

field investigation of the late 1920*o. The volume of interview,

questionnaire, clinical record, and clinical examination data

rose exponentially beginning in the 1950*s.

Secondly, although population-based and (for highly burdened

subjects) longitudinal, the study has been a clinical and health

physics study, not an epidemiologic study. The content of

records and tsst results reflects the current practice of the

time, and the level of concern for consistency or comparability

was that characteristic of good clinical and laboratory practice,

not that which has been characteristic of epidemiologic

studies. In data processing an attempt has been made from the

beginning to deal with this problem in a computer file by

cataloguing 'the stated normal ranges of each laboratory test.

Lastly, of course, the sheer breadth of clinical,

laboratory, x-ray, and medical history data available is

unusual.

There exists a countervailing disadvantage to this richness

however: careful review and receding of data is required for

complex epidemiological analyses. The mechanism of epidemiologic

research is a superstructure over the hard copy files and



computer data base, and significant expenditure of staff

resources is required to convert data into epidemiologic files

suitable for scientific analysis* Thus, epidemiology at Argonne

functions, on a day-to-day basis, rather like epidemiology at a

large clinical center, and not as a typical industrial

occupational epidemiology group.

RESULTS PAST AND CURRENT

Numerous research results have been published over the past

decades from the Argonne radium studies. Here we will review

on'.y results which might be considered epidemiology; whole areas

of measurement technology, microdosimetry, and theory of

oncogenesis will not be touched. Results will be discussed under

two headings, "Health and Biological Effects of Radium," and

"Dose-Response Relationships and Risk Assessment." This

classification of dose-response studies reflects the current

importance of this work, as low-dose extrapolation is crucial to

standard setting. There do remain unresolved questions

concerning high dose effects which are of theoretical interest to

radiobiologists, but which have few public health implications.

Health and Biological Effects of Radium.

Cancers specific to radium. Radium is deposited mostly in

bone, and the principal effects are associated with bone and

tissues adjacent to bone. These include bone sarcomas and

carcinomas of the paranasal sinuses and mastoids. Among the

measured radium cases, 60 bone sarcomas (2 since 1969) and 30
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sinus and mastoid carcinomas (8 since 1969) have been

diagnosed. In -addition, 24 cases of bone sarcoma and 5 cases of

sinus or stastoid tuaior in unmeasured radium-exposed persons have

been found from search of death certificates and medical

records* Littman et aA. (1978) have reviewed the nasal

sinus/mastoid tumors.

The incidence ,of bone sarcomas among female radium—dial

workers who .entered the dial industry before 1950 was reanalysed

to study the dose-response relationships for the induction of

bone sarcomas by radium (Rowland et al., 1983). A total of 3055

women were identified who entered the industry before 1950. Two

subpopulations of women with measured body burdens were

analysed: the first comprised all measured cases who survived at

least five years after start of employment. These cases

constitute a group based on year of entry into the industry and

contained 1468 women expeiiencing 42 bone sarcomas in 58,701

person-years at risk; the expected number was 0.4. The second

comprised all cases surviving at least two years after first

measurement.. This group contained 1257 women who experienced 13

bone sarcoma's in 11,770 person-years at risk; the expected number

was 0c2. The mean year of start of employment was 1931 for the

first group, and the mean year of first measurement was 1967 for

the second group.

Polednak (1978a) made a preliminary analysis of effects of

age at first exposure and intake dose upon the latency and risk

of osteosarcoma, and. found little evidence for such

relationships.
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Rowland et al. (1983) compared the bone sarcoma incidence in

a group containing all other measured pre-1950 radium cases, both

male and female, with the predictions of the dose-squared

exponential equation fit to the female dial workers. Fewer bone

sarcomas were observed than were predicted among these cases,

especially among ma'le cases. A sex interaction with age-

dependence of risk is suspected. Risk factors for osteosarcoma

and nasal sinus/mastoid tumors, either those known from the

literature or possible factors for which the dia] painter study

may yield information, have not been studied with respect to the

interactions with radiation.

Radium as a risk factor for other cancers. Among

individuals exposed to internal alpha-emitters, an excess of

multiple m/elcnta has recently been demonstrated "(Cuzick, 1981),

the data on the radium dial painters being part of that

analysis. We have recently (Stehney et al., 1983) reviewed our

data, including autopsy and medical history reports, and have

concluded that five cases have occurred, where 2.00 are expected

{risk ratio 2.5, two-sided p = .106). This is not quite

statistically significant in our data, but the evidence compiled

by Cuzick across a number of studies is highly convincing.

The 1285 identified, located radium dial painters employed

before 1930 have now experienced significant mortality from

cancers of sites other than those (bone and head) known to be

radium induced. We have recently analysed (Stehney et al., 1983)

the relationships of radium exposure to fatal cancers of common

soft-tissue sites: stomach, colon, rectum, liver, pancreas.
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lung, breast, cervix, and corpus uteri. The incidence of breast

cancer was also studied (Stebbings, 1982b). Analyses were done

comparing dial painter mortality rates with U.S. white female

rates, with and without adjustment for local area mortality, and

examining dose-response relationships of cancer to systemic

intake of radium in the 693 women measured since 1955.

Table III gives an overview of the results. Cancers of the

liver, pancreas, cervix, and uterus were clearly not directly

related to radium; stomach, colon, rectum, lung, and breast

cancers were possibly directly related in the sense that a risk

(ratio of observed number to baseline expectation) higher than

unity occurred. For various reasons, inconsistent observations

and unexamined major risk factors, none of these except breast

cancer is highly suspect. Extended analyses of 'the breast cancer

data (Stebbings, 1982b) yielded several observations weighing

against a causal nature for the observed relationship:

geographic inconstancy; reduction of excess risk after adjustment

for county rates; continuation of excess risk in a 1940's cohort

despite much lower exposures; lack of age-dependence of the

effect; and'similar findings for control diseases. Adams and

Brues (1980) first suggested that radium causes breast cancer in

this population, and implicated internal rather than external

irradiation. Baverstock et al. (1981) find excess breast cancer

in the World War II cohort of English luminizers, but implicate

the external gamma irradiation.

Other causes of mortality. Stehney et al. (1978) published

a life table analysis of overall survival in the early dial
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painter cohort. Excess mortality from the osteo:;arcomas and

nasal sinus/mastoid cancers was evident, as was a period of

excess mortality due to acute causes in the years immediately

following the exposures. There was no evidence of a general

"accelerated aging" effects, however. Overall survival in later

years indicated no excess force of mortality acting upon the

cohort through causes of death not already clearly identified.

Such an analysis cannot, of course, rule out effects of radium on

rare causes of death, such as multiple myeloma. It is also the

case that comparison with overall U.S. white female mortality is

an excessively general comparison. One variable badly needs to

be investigated: the extent of the healthy worker effect in

female cohorts employed primarily before or early in marriage.

To our knowledge, data on this point are not available.

Biochemistry, physiology, and growth and development. An

extensive series of analyses of the biological effects of radium

on the bone marrow, the liver, and on bone in the dial painters

was carried out by Polednak in the 1970's. Endpoints

investigated were hematologic parameters and blood pressure,

liver function and serum proteins, and bone growth and

development.

Blood variables studied included blood pressure and

hematocrit, and the differential white blood cell count

(Polednak, 1977a; 1978b). Impaired hematocrit levels were

associated with high radium doses in the cohort of women first

employed before 1930. The effect was slight. No clear

indication of an effect of radium on the blood pressure was
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observed. Neither was there clear evidence of an effect of late

effects of radi'um exposure on the differential white blood cell

counts, although suggestive findings appeared restricted to

single age groups.

In the liver function and serum protein studies (Polednak,

1979; 1977b), it was observed that the a-2-globulins were

significantly increased, the P globulins somewhat increased, and

the y globulin levels lower in the high dose subjects. These

findings were consistent with results from animal studies. In

the liver function studies only mean glutamic oxaloacetic

transaminase (SGOT) was significantly higher in the highest

intake dose group, but overall the evidence for a relationship

was not clear. There was little evidence for a relationship

between radium intake dose and serum albumin, bilirubin,

cholesterol, or alkaline phosphatase. Liver disease jjid not

appear to be increased.

Many of the earliest dial painters were exposed at such

early ages (14-17), that analyses of attained adult height and

weight could be done (Polednak, 1977c; Polednak and Farnham,

1980). In t'his analysis skeletal dose in rads to age 21 was

examined for an effect upon adult height and weight in dial

painters aged 14-17 and 18-21 at exposure. There was no evidence

for an effect of the dose, or of age at first exposure, on the

adult height. These findings were in agreement with those in the

Japanese atomic bomb survivors. A later analysis of long bones

of 25 women exposed between the ages of 13 and 19 also suggested

no effect of age at exposure or of large skeletal doses of
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radiation on growth in the adolescent and post-adolescent

periods.

Reproductive effects. Polednak (1980) carried out a

preliminary aalysis of fertility, in the early Illinois cohort of

dial workers. Although the reproductive indices used were not

optimal, and adequate analyses of personal and social variables

affecting fertility were not carried out, the results clearly

suggested a reduction of fertility in the highest radivm intake

dose groups. Other preliminary analyses of live births across

all cohorts support these findings. There was no evidence that

the fertility impairment was due to an increase in fetal

deaths.

Reduced fertility does not necessarily imply a genetic or

teratogenic effects: psychological, physiological, or endocrine

effects in the high fertility years immediately post-employment

would yield fertility impairment. One conclusion of the

preliminary analyses is that all material in the medical records

will need to be reviewed before current contents of the

computerized data base can be relied upon.

Dose-response relationship and risk assessment.

Osteosarcoma dose-response. Rowland, Stehney, and Lucas

(1982) have updated previous research (Rowland et al., 1978;

Polsdnak, 1978a) on the dose-response relationships of

osteosarcoma to radium. Details of this study were given

above.

A generalized dose-response function, I = (C + otD
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+ 3D )e~^D, and simplifications that result when one or two of

the coefficients a, 3, and Y were set to zero, were fitted to

each data set. Here incidence (I) was expressed as bone sarcomas

per person-year, the dose parameter (D) was the quantity

(microcuries) of radium that entered the blood during the period

of exposure, and C, the natural incidence, was dependent upon the

composition of each group. Two functions, I = (C + oD + 3D )e~^1'

and I - (C + 3D )e~^ , fit the group based on year of entry into

the industry (p > 0.05), whereas both these expressions and I =

(C + ctD) fit the group based on date of first measurement.

No bone sarcomas have yet been encountered among the 1680

measured cases with systemic intakes less than 50 i»Ci: the life-

span probability of bone sarcoma induction is very small for

small doses.of radium. That the induction period at low doses

might be longer than the life span, as has been suggested, is

inconsistent with the observed relationship of intake dose to

induction period, which is not clearly inverse (Polednak,

1978a). In the most recent analyses, high doses are associated

with short induction periods, but at lower dose the induction

periods are 'evenly distributed from brief to life span periods.

Among the females, age at exposure shows no association with

osteosarcoma risk, as originally noted by Polednak (1978a).

Males, however, seem less likely to develop csteosarcomas,

especially if first exposed after age 35.

In the earlier analyses (Rowland et al», 1978b) the

incidence of nasal sinus/mastoid carcinomas per person-year at

risk was found to be a linear function of dose.
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Leukemia risk. Vary little information has been available

on the induction of hematopoietic neoplasms by alpha irradiation

in bone marrow. Spiers et al• (1983) estimated mean alpha

particle dose to the skeletal hematopoietic marrow of the

approximately 1400 female radium cases measured living in the

data base. An expected number of leukemia cases based on the

ICRP risk factor for leukemia and RBE for alpha radiation was

calculated (2.64) and added to the baseline expectation based on

age, sex, and calendar-year specific incidence rates (2.05).

Observed incident leukemias were retrieved by search of all

diagnoses in the death certificate and Standardized Nomenclature

of Pathology (SNOP) files. The observed number of leukemia cases

(2) in the measured dial workers matched closely the baseline

expected (2.05). In the total population of about 2700 dial

workers, nine leukemias wei-e observed? the baseline expectation

was eight. Given the low expected values, this is not a powerful

test of the ICRP model, but clearly no suggestion of a leukemia

excess is present. That conclusion may not extend to males

(Stebbings, 1982b).

*

RESEARCH DIRECTIONS

Epidemiology is a public health discipline, and the

Epidemiology Group will emphasize research issues which are of

public health importance. With respect to internal radium

exposure, this means that research emphasis vvill remain on the

carcinogenic endpoints. Possible reproductive effects are also

of great concern, and research is being instituted. Questions of
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biological factors affecting radium uptake and retention are

beginning to ar-ise, and the epidemiologic approach to these

questions will require resolution of certain long-standing

methodological issues* Lastly, certain management tasks with

respect to the hard-copy and computer-! zed data base are required.

Cancer endpoints.

Breast cancer and erythrocytic leukemia are the first

research topics of the current year. With respect to breast

cancer, the current weight of evidence is against an effect of

radium, but the evidence is far from conclusive.

Recent observations have uncovered unexpected relationships

relating to breast cancer (Stebbings, 1982b). In a search for

control diseases showing similar epidemiologic patterns in this

population, it was discovered that mortality from cardiovascular

diseases, and especially stroke mortality, show dose-response

relationships to systemic radium intake nearly identical to those

shown by breast cancer. A study of breast cancer and

cardiovascular risk fetors, especially obesity and parity (which

are related)', will need to be carried out. This will require

analysis of clinical and laboratory chemistry results.

Current work on erythrccytic leukemia (Stebbings, 1982a)

needs to be reported. This very rare form of myeloid leukemia

may be a specific endpoint of chronic irradiation of bone marrow,

and susceptibility may be very strongly sex-related.

Implications of these findings relating to more general questions

of leukemogenesis by internal alpha emitters are obscure at this
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point.

Next in priority among the cancer studies are analyses of

radium-induced soft-tissue tumors in males. The male subjects in

the data base, although far fewer in numbers than the female,

still lomprisa one of the largest cohorts of males exposed non-

therapeutically to internal alpha-emitters. Males do differ from

females in their susceptibility to various cancers.

Analyses of brain and benign/unspecified tumors will also be

required in v.he not too distant future, since some question has

arisen about these tumors an studies of plutonium-exposed

populations. The possibility of doing this in collaboration with

the English luminize^'s' study is being explored.

Were resources available, further work on osteosarcoma and

sinus/mastoid cancers would be pursued in "two directions: (1) in

relation to biological risk factors modifying the dose-response

relationship, or latency, and (2) the statistical characteristics

of the dose-response data and possible effects of missing

observations.

The reproductive study.

A major effort beginning in 1982 will be the program of

studies of reproductive outcomes. In 1982 we will initiate the

clinical reinterview portion of this study? this will be done

primarily by telephone.

Efforts on the reproductive studies have been hampered by

both scientific and practical considerations. Scientifically,

there is no precedent for an epidemiologic study of reproductive
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events in a cohort where: (a) the offspring now average 50 years

of age and themselves have children; (b) half of the direct

respondents are deceased; and (c) existing files contain

extensive but incomplete data extending back decades. The

practical limitation has been that, until the epidemiologic

review of the current data base is completed, precise definition

of study groups cannot be made. Resource limitations and

methodological considerations (reinterview sequence must be

uncorrelated with analytic variables, in case drifts in methods

occur) demand a clean conception of the study populations.

No decision has yet been made as to whether a physical

examination of children of the dial painters will be warranted.

By clinical interview with family members, we will verify and

complete our current clinical files on all reproductive events in

the life of the subject. These will be subjected to statistical

analysis of intervals between successful events, a technique

recently developed for occupational studies, as well as the

traditional analyses of failure rates (miscarriages, '•tillbirths,

congenital abnormalities, etc.).

Special attention will be given to post-natal mortality in

the offspring, and a cohort mortality analysis of offspring and

of grandchildren will be carried through until the present. Such

a cohort mortality analysis of offspring will yield mortality due

to congenital defects in the first week, and year, of life.

Cancer in childhood, adolescence, and young adult life will also

be ascertained. We are confident of the ability to determine

reproductive effects which seriously affect survival of the



offspring after delivery. Effects occurring before normal terra

may not be rally ascertained, although the interval analysis of

successful reproductive events should be objective and

informative.

Other areas of research.

Another research area for the future, but very important for

the interpretation of soft-tissue cancer and reproductive

effects, relates to factors which may cause, or be associated

with, variation in radium retention. A dose-response

relationship of radium to breast cancer in the post-1930 cohort,

at absolute levels 100x below those in the pre-1930 cohort,

suggests a need to search for correlates of radium body burden

and correlates of deviation from expected burdens predicted from

employment characteristics. The serial measurements of current

radium burden may also be analysed in a sequential fashion, and

correlates of individual trends may be sought.

A preliminary analysis of the relationship of radium body

burden to exposure parameters of work in the radium dial plants

has existed ,for some time. The preliminary results showed that

weak correlations of burden with duration, calendar year, and

place of work hold, but further analyses await recoding of the

data.

Another methodological issue which has long been troublesome

has been the issue of objectivity, or lack of it, in the

ascertainment of the early dial worker populations (Polednak et

al., 1978). Only about half of the dial workers appear on
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objective lists. It has seemed that a statistical approach to

this question might help clarify the issues*

An approach to estimating numbers and characteristics

(especially durations of employment) of workers not ascertained

by our study, either from lists or by personal recollections, was

begun with the Ottawa population. Considerable research on

proper statistical.methods needs to be done, but it is clear from

initial results that the durations of employment of unascertained

subjects will be, on the average, very short. Work is continuing

in this area, at a moderate to low priority level.

Data management tasks.

An epidemiologic review and audit of the entire data base

has been initiated; this will take some months to complete. The

data base having characteristics both of a research data base and

of administrative and clinical data bases, not all information is

coded suitably for research use. This is especially true of

reproductive events. Computer file design has been such that

longitudinal analyses of serial findings have been difficult.

This is bein'g changed.

At least one full post-1930 radium population (~1000

subjects) has been ascertained but not searched for. At least

one other World War II cohort of dial workers is known, but no

efforts have been made to search for plant records.. Although

radium burdens in these cohorts are much lower than those in the

pre-1930 cohorts, they still are among the female cohorts most

highly exposed to internal alpha emitters that it will ever be
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possible to. identify. If past experience holds, one-third of

these subjects vjill have had radium intakes in the 0.5-5 |iCi

range, that is, 5-50x the current permissible occupational

exposure. If resources become availble, we would locate and

uncover these additional first-time subjects. •
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TABLE I

RADIUM SUBJECTS BY SEX, EXPOSURE TYPE AND DATE,
AND BY CURRENT VITAL STATUSa

Exposure types

Females Malesfemales Males
First exposure date: First exposure date:

Vital status tTnk.b <1930 >1930. Unk. <1930 >1930

Occupational Living

Deceased

23

39

624

697

1257

274

15

76

49

278

194

94

Total known

Unknown

62

56

1321

193

1531

381

91

103

327

78

288

74

Miscellaneous Living

Deceased

2

21

15

98

26

35

1

28

10

" 115 .

21

30

Total known

Unknown

23

65

113

31

61

6

29

55

125

24

51

10

Includes only subjects of known sex.

With few exceptions, "unknown" are pre-1930 cases whose precise year of
first exposure is not available.

c These are essentially all dial industry subjects, although approximately
65 subjects with other industrial exposures are included. These exclude
medical occupations (physicians, nurses).

Predominantly medical injection and ingestion cases, but includes medical
occupations, mixed nuclide exposures, and any others.



TABLE II

- ESTIMATED INITIAL RADIOM INTAKE BY SEX,
EXPOSURE DATE AND TYPE, AND CURRENT VITAL

STATUS AMONG OCCUPATIONALLY EXPOSED RADIUM SUBJECTS

Known vital Estimated intake
status dose (Ra226 & 2 2 8)

Females
<1930 >1930

Kales
<1930 >1930

Living > 50- yg

5-49 vg

0.5-4.9 pg

<0.5 Mg

35

107

182

156

0

7

197

593

0

4

18

20

0

9

33

90

Tot. meas. 480 797 42 132

Percent meas. 77% 63% 86% 68%

Deceased > 50 Kg

5-49 pg

0.5-4.9 yg

<0.5 yg

65

57

95

71

0
1

25

25

7
•M

58

29

2

13

7

17

Tot- meas. 288 51 105 39

Percent 41% 19% 38% 42%

Percent nieas. 58% 55% 45% 59%



TABLE III

STANDARDIZED MORTALITY RATIOS AMON3 PRE-1930 FEMALE RADIUM DIAL WORKERS

Cancer

Stomach

Colon

Rectum

Liver

Pancreas

Lung

Breast

Cervix uteri

Corpus uteri

Leukemia

Cases

8

24

4

2

7

12

36

2

3

3

SMR

133

156

96

49

121

146

144

40

64

73

Relative to

U.S. whites

Confidence

limits-95%

57-262

100-232

26-246

06-177

49-249

75-256

101-200

05-144

13-187

15-213

Adjusted for

County rates

1950

SMR

110

125

73

46

111 •

145

120

55

60

66

- 1969

Confidence

limits-95%

47-234

80-186

20-187

06-166

45-229

75-254

84--167 "

07-189

12-175

14-193


