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MORTALITY AMONG FEMALES EMPLOYED BY
THE LOS ALAMOS NATTIONAL L[ABORATORY:

AN EPIDEMIOLOGIC INVESTIGATION
CHAPTER I
INTRODUCTION

The Los Alamos National Laboratory, formerly the Los Alamos
Scientific Laboratory, began operations in 1943 as part of the
Manhattan Engineering District (MED) Project.

The purpose of the World War II MED was to develop the world's
first atomic bomb. The Manhattan Project included nuclear research
facilities at the Crocker Radiation Laboratory (Berkeley, California),
the Clinton Laboratory (Oak Ridge, Tennessee), the Chicago
Metallurgical Laboratory (Chicago, Illinois), the Dayton Laboratory
(Dayton, Ohio), the Hanford Works (Richland, Washington), and Project Y
(Los Alamos, New Mexico) (Department of Energy, 1979). The purpose of
Project Y, the wartime predecessor of the Los Alamos National
Laboratory, was to design and build the first atomic bomb. This secret
laboratory was established in New Mexico at the site of a private boys
school, the Los Alamos Ranch School, which was condemned by the War

Department for this project. Project Y grew from a few scientists in



2
early 1943 to a community of more than 5000 scientists and support
personnel in 1945 (Kunetka, 1979).

During those two years, Project Y, under the direction of
Dr. J. Robert Oppenheimer, designed and built two types of atamic
bombs. The uranium gun bamb functioned by firing one subcritical piece
of uranium into another, resulting in an explosion. The uranium bomb
was nicknamed "Little Boy". The other type of bomb, nicknamed "Fat
Man", was a plutonium implosion bomb. This bomb functioned by
surrounding a subcritical mass of plutonium with high explosives, which
when detonated campressed the plutonium into a critical mass that
exploded.

Project Y fulfilled its mission with the detonation of the "Fat
Man" bomb at the Trinity Test Site,‘near Alamorgordo, New Mexico, on
July 16, 1945 (Kunetka, 1979).

After World War II, the Los Alamos Laboratory continued
research in the areas of nuclear weapons development and the peaceful
uses of nuclear energy. Research areas eventually expanded to include
a variety of areas including mathematics, physical science,
environmental and health sciences, and energy research (Department of
Energy, 1979).

This reports a study of mortality among female employees of the
Los Alamos National Laboratory from 1943 to 1981. This study examined
the possible relationship between radiation exposure and cancer

mortality.



CHAPTER II
LITERATURE REVIEW

Studies of persons exposed to external ionizing radiation have
suggested that there are observable health effects at high doses of
radiation exposure. Examples of these health effects include studies
of the atamic bomb survivors and studies of individuals exposed to
clinical or therapeutic radiation. Recently, studies of workers in the
nuclear industry have examined individuals exposed to much lower levels
of radiation exposure, which have usually been received over a
protracted period of time in the work setting. Studies of these
nuclear workers include recently published results among nuclear
shipyard workers, results among workers at the DOE facilities of
Hanford, Rocky Flats, Lawrencé Livermore, and Oak Ridge, and results of
studies among two cohorts of British nuclear workers.

Studies of cancer mortality and incidence among atomic bomb
survivors, among persons exposed to clinical and therapeutic radiation,
among occupationally exposed workers in the nuclear industry, and
previously completed studies of Los Alamos workers will be reviewed.

studies of Atomic Bomb Survivors

Survivors of the atomic bombs dropped on Hiroshima and

Nagasaki, Japan in 1945, have been extensively followed since
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approximately 1950, when the life span study (LSS) was initiated. 1In
1978, Beebe et al. (1978) reported on the mortality experience of
atomic bomb survivors from 1950 through 1974. Beebe et al. (1978)
reported that "in addition to leukemia and cancer of the thyroid,
breast, and lung, now cancer of the esophagus, stomach, and urinary
organs, and the lymphomas, should be included among the forms of cancer
caused by ionizing radiation from the 1945 atomic explosions."
Leukemia appeared much earlier in the atamic bomb survivors than other
malignant neoplasms. Leukemia incidence has declined with continued
follow-up, while incidence at other malignant neoplasms has increased.
Minimum latent periods for the development of cancer have been
estimated to be less than 15 years, although these latent periods are
influenced by the site of cancer under study (Beebe et al., 1978).

Wakabayashi et al. (1983) examined cancer incidence based on
the data from the Nagasaki Tumor Registry. Statistically significant
dose response relationships were observed for "all cancers, leukemia,
all cancers except leukemia, and cancers of the stomach, colon; liver,
lung, thyroid, breast (females only), prostate, urinary tract, and
multiple myeloma."

Excess breast cancer has been reported among female atomic bomb
survivors (McGregor et al., 1977; Tokunaga et al., 1979). Studies by
McGregor et al. (1977) and Tokunaga et al. (1979) indicated that risk
was highest for women irradiated before age 20, when breast tissue was
most likely to be growing. A premenarche versus post menarche
difference was not verified by the later study (Tokunaga et al., 1979).

Both McGregor et al. (1977) and Tokunaga et al. (1979) reported that
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irradiation did not shorten the latency period for the development of
breast cancer. Latency periods were camparable for irradiated wamen
and their nonexposed controls. Latency periods for the development of
breast cancer were estimated to be at least 10 years (Tokunaga et al.,
1979).

Another interesting finding in the studies of atomic bamb
survivors was the determination that thyroid cancer was more common
among female than male survivors (Parker et al., 1974). The other
notable finding from this study was that cancers of the thyroid were
observed in persons up to the age of 50 at the time of irradiation,
contrary to other evidence suggesting risk primarily during childhood.

It should be noted that the atomic bomb radiation dose
estimates have been questioned and recalculated (Kopecky, 1987).

A presentation (Kopecky, 1987) at the Society for Epidemiologic
Research's Twentieth Annual Meeting described the new radiation dose
estimates (DS86) for the atomic bomb survivors. In general, the new
dose estimates decreased compared with the T65 doses, that have been
used in thé health effects studies in the past. For Nagasaki, the
gamma and neutron doses decreased by approximately the same amount.
For Hiroshima, the neutron doses decreased considerably, while a
crossover was observed for the gamma doses. The new Hiroshima gamma
doses are higher than the T65 doses at higher dose levels and lower
than the T65 doses at lower dose levels. With these changes in dose
estimates, the differences between the cities have "largely"

disappeared. Calculations made with an interim set of dose estimates
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(I85D) suggest that the estimates of relative risk will increase when
the new dose estimates are incorporated into the epidemiologic studies.

Studies of Persons Receiving Clinical/Therapeutic Radiation

A number of studies have been conducted among individuals
exposed to radiation for diagnostic or therapeutic reasons. Doses
received by these individuals were often quite large. Sometimes
exposures consisted of a single course of treatment and sametimes
included a number of treatments delivered over a prolonged time.
Studies of persons given x-radiation treatments resulting in excess
breast cancer, thyroid cancer, gynecological cancer, and cancer of
heavily irradiated sites (ankylosing spondylitis) are described. 1In
addition, studies of cancer among persons treated with the internal
emitters of radium and thorotrast will be described.

Breast Cancer Among X-radiated Individuals

Elevated rates of breast cancer have been reported in many
studies of women exposed for clinical or therapeutic reasons to high
doses of ionizing radiation. Shore et al. (1977) reported that wamen
whose breasts were irradiated to treat postpartum mastitis demonstrated
an excess breast cancer incidence. This excess could not be accounted
for by genetic factors, the presence of known breast cancer risk
factors, or existing disease state. In wamen receiving unilateral
irradiation, the excess was observed only in the breast that was
irradiated.

Subsequent follow-up of the women irradiated for acute
postpartum mastitis was reported in 1986 (Shore et al., 1986). A

statistically significant relative risk of 3.2 (90% CI = 2.3, 4.3) was
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observed for irradiated breasts. Although a linear dose response
relationship was observed, the risk decreased at very high doses. This
may suggest a cell-killing effect at these high doses. Excess breast
cancer was observed beginning at approximately 15 years after
radiation, suggesting this was the minimal latent period for the
development of breast cancer due to radiation in this group.

An excess of breast cancer incidence has also been reported for
women who were exposed to fluoroscopic chest examinations during
treatment for tuberculosis between 1930 and 1954 in two Massachusetts
tuberculosis sanatoria. Boice and Monson (1977) observed 41 cases of
breast cancer compared with 23.3 expected (p=0.0006). No significant
excess of breast cancer cases was observed for nonirradiated camparison
subjects (15 observed and 14.1 expected). The crude incidence rate for
breast cancer was 15.1/1000 women-years for the exposed and 0.8/1000
women-years for the nonexposed.

Thyroid Neoplasms Among X-radiated Individuals

Ron and Modan (1980) have reported a significant excess of
benign and malignant thyroid neoplasms among a cohort of 10,842 persons
exposed in childhood to an average x-radiation dose of 9 rads for the
treatment of tinea capitis. Incidence of thyroid tumors was three
times higher in irradiated women compared with irradiated men. The
authors suggested that a multiplicative model describes the
relationship between sex and radiation exposure in the development of
thyroid cancer.

Shore et al. (1976) reported a similar excess incidence of

cancer of the thyroid among 2215 persons treated for tinea capititis
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with x-ray therapy during childhood. Estimated dose to the thyroid
among members of the exposed group ranged from 4 to 8 rads. They
reported that the crude incidence rate for cancer of the thyroid was
7.0/1000 among females and 2.1/1000 among males. In addition, Shore
et al. (1976) reported an excess incidence of cancer of the brain among
these irradiated subjects. They observed six brain tumors among the
irradiated group while none were observed among the nonexposed controls
(p=0.07).

Excess thyroid tumors have also been observed in a group of
persons treated with x-rays for enlarged thymus glands during infancy
(Shore et al., 1980; Shore et al., 1985). In the recent follow-up
(Shore et al., 1985), irradiated subjects were compared with their
nonirradiated sibling controls and the relative risk observed for
malignant thyroid tumors was 49 (90% CI = 10.7, 225.0). A significant
excess was also observed when the cases of thyroid cancer were compared
with an expected value based on the rates for upstate New York. A
relative risk of 15 (90% CI = 8.1, 27.7) was observed for benign
thyroid adencmas. Among females, the risk of thyroid cancer was two to
three times higher than among males (Shore et al., 1985).

Cancer Among Persons X-radiated for the
Treatment of Ankylosing Spondylitis

Another large group of individuals treated with therapeutic
radiation included patients suffering from the crippling disease,
ankylosing spondylitis. Court Brown and Doll (1965) reported that
patients treated with x-rays experienced excess mortality from

leukemia, aplastic anemia, and cancers of sites that were "heavily
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irradiated" when compared with expected values based on rates for
England and Wales. Cancers of "lightly irradiated" sites were not
significantly increased. Subsequent follow-up (Smith and Doll, 1978)
of these patients irradiated for the treatment of ankylosing
spondylitis reported that the greatest increase in leukemia deaths
occurred 3 to 5 years after irradiation, while the excess of cancers of
the "heavily irradiated" sites peaked at approximately 10 years after
irradiation. Overall mortality was 66% greater than expected based on
rates for England and Wales. When the "heavily irradiated sites" were
examined separately, the only significantly elevated cause-specific
cancer was cancer of the central nervous system (spinal cord and
nerves). The authors felt that an observed excess of colon cancer was
most likely due to the effects of the disease (ankylosing spondylitis)
rather than the treatment (radiation).

Cancer Among Women Receiving Gynecological Irradiation

A cohort of Connecticut women with benign gynecological
conditions who were treated with x-rays or radium implants fram 1935
through 1966 was identified. Among these women, 12 incident uterine
sarcomas were identified campared with an expected incidence of 1.5
cases based on Connecticut Tumor Registry incidence data. Although
observed in both the x-ray and radium treatment group, the excess of
uterine sarcomas was greatest among the patients treated with radium
implants. In addition, cancers of irradiated sites were observed for
cancers of the female genital organs (109 observed compared with 54.9
expected), cancers of the kidney and bladder (17 observed compared with

8.5 expected) and lymphatic and hematopoietic cancers (27 observed
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compared with 11.9 expected). Twelve leukemias compared with 5.3
expected were also observed (Wagoner, 1984).
Bone Cancer Among Patients Treated With Radium

Radium, an alpha emitter similar to plutonium, has been used to
treat patients for a variety of conditions including ankylosing
spondylitis, bone tuberculosis, and other diseases. A cohort of 898
German patients treated with radium—224 demonstrated a large excess of
bone sarcamas with 53 observed campared to an expected number of 0.2
based on the general population (Mays and Speiss,‘l984).

Cancer Among Patients Administered Thorotrast

Thorotrast, thorium dioxide, was injected into patients to
serve as an radiological contrast medium. Thorotrast was injected both
systemically and locally, although local usage was considerably less
common. Thorotrast is an internal emitter which is permanently
retained in the human body (da Silva Horta et al., 1974).

Patients administered thorotrast in Portugal, Germany, and
Dermark have been followed epidemiologically. A series of 2434
Portuguese administered thorotrast from 1930 to 1950, demonstrated
elevated rates for cancers of the liver, bone, lung, and leukemias when
compared both with a control series given a nonradioactive contrast
medium and with expected values based on the Portuguese population
(da Silva Horta et al., 1978).

A series of 6000 thorotrast-injected patients and 6000 hospital

controls have been studied in Germany. Among deceased members of the
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study, 88 liver cancers were observed for thorotrast injected patients
compared with 6 among members of the control group. Among thorotrast
patients entered into a clinical examination program, high incidences
of liver cancer and leukemias have been observed (van Kaick et al.,
1978).

Among Danish thorotrast patients followed since 1949, clear
excesses of liver cancers and leukemias have been observed. Some
evidence of elevated rates for cancers of the bone and lung has been
observed, although additional follow-up will be required to determine
whether bone and lung cancer have been induced by the injection of
thorotrast in this series of patients (Faber, 1978).

studies of Persons Exposed to Radiation
in the Occupational Setting

Uranium Miners and Millers

In 1964, Wagoner et al. (1964) reported excess mortality among
white uranium miners working on the Colorado Plateau. They observed
218 deaths compared with 148.7 (p <0.01) expected based on rates for
male residents of the Colorado Plateau. A large excess of respiratory
cancer was also observed with 15 cases coampared to 4.2 expected
(p <0.01). A smaller excess of all malignant neoplasms (30 observed
campared with 18.7 expected, p <0.05) was observed among miners.
Furthermore, these miners demonstrated high rates of injury deaths,
many of which were associated with mining activities. When the cohort
was divided into above-ground and underground miners, the significant

excesses of deaths due to all cancers and respiratory cancers were
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observed only among underground miners. Excess injury deaths were
observed for both subcohorts.

A subsequent study (Wagoner et al., 1965) examined mortality
among 3415 underground uranium miners., Significant excesses were
observed for all causes of death (249 observed campared with 153.2
expected), all cancers (4i observed compared with 21.3 expected), all
respiratory cancer (22 observed campared with 5.7 expected) and all
injury deaths (95 observed compared with 33.9 expected). Approximately
57% of the injury deaths occurred in the mines. Perhaps the most
important result of this investigation was that Wagoner et al. (1965)
demonstrated a strong dose-response between cumulative radiation
exposure and the occurrence of respiratory cancer.

A recent paper (Saccomanno et al., 1986) reported results of
studies of uranium miners on the Colorado Plateau. When the authors
matched on smoking history and age, the risk of lung cancer in miners
employed 11 or more years was 8.5 times the risk of lung cancer among
norminers. The risk of lung cancer among uranium miners was three
times that of smokers in the general population.

Additional studies of uranium miners are also under way. In
1981, Chovil (1981) reported a "strong dose-response” between radiation
and lung cancer incidence among Ontario uranium miners.

New Mexico uranium miners are currently being studied by
researchers at the University of New Mexico. In a status report, Samet
et al. (1983) stated that 276 deaths had been identified among a cohort
of 3055 underground uranium miners. A total of 44 lung cancer deaths,

39 coded as lung cancer and 5 originally coded as carcinamatosis, were
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identified. Based on the 39 cases, the lung cancer proportional
mortality among New Mexico miners (14%) was similar to the lung cancer
proportional mortality (16%) among Colorado Plateau miners. Studies of
this cohort are continuing. In 1986, Morgan and Samet (1986) published
a detailed report describing the nature and level of cumulative
radon-222 daughter exposures among the New Mexico miners.

A case-control study of Navajo men, who developed lung cancer,
determined that 72% of the lung cancer cases in this group were
attributable to employment as uranium miners. Navajos traditionally
smoke less than whites and among Navajo lung cancer cases who smoked,
 the average consumption was only 2.3 cigarettes per day. The lower
bound for the relative risk of lung cancer associated with uranium
mining was 14.4. The point estimate for the relative risk could not be
calculated because none of the controls had worked as uranium miners.
This investigation demonstrated that uranium mining alone, without
smoking, can increase the risk of lung cancer (Samet et al., 1984).

Wagoner et al. (1964) examined a cohort of uranium millers
working on the Colorado Plateau and observéd no excess mortality among
these millers. A later study (Archer et al., 1973) of uranium millers,
however, demonstrated an excess of deaths due to cancers of the
lymphatic and hematopoietic system, excluding leukemias. Archer et al.
(1973) observed 4 cases of lymphatic cancers campared with 1.02
expected (p <0.05).

Radiologists
When mortality was examined for radiologists and other

physician specialists, radiologists first employed before 1940 had an
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excess of all cause and all cancer mortality when compared with
physicians practicing other medical specialties. A "dose-response"
relationship was observed, whereby mortality rates paralleled
theoretical radiation exposure levels for various physician
specialties. Radiologists ranked first followed by internists,
otolaryngologist and, finally, opthamalogists (Matanoski et al.,
1975a)., When mortality from specific cancers was observed, leukemia
was elevated among radiologists first practicing before 1940 campared
with physicians in other specialties. Leukemia rates for these
radiologists first practicing before 1940 were also significantly
greater than those expected based on US death rates. In addition,
lymphama death rates were also significantly greater than expected
based on US rates for radiologists first practicing between 1930 and
1949 (Matanoski et al., 1975b).

Radium Dial Painters and Luminisers

During the 1920's a newly discovered form of "occupational
poisoning” was described among individuals ingesting radium and
mesothorium while painting luminous watch dials (Martland et al., 1925;
Martland et al., 1929). The material was introduced into the body when
workers "pointed" the brush with their lips.

Today, studies of US female radium dial painters are ongoing at
the Center for Human Radiobiology at Argonne National Laboratory. In
1978, Polednak et al. (1978) reported mortality among a cohort of 634
wamen first employed between 1915 and 1929 in the US radium dial

painting industry. Among these 634 wamen, a significant excess of
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mortality due to all causes of death (SMR = 127, p <0.001) was
observed. Mortality from all cancers (SMR = 193), cancers of the colon
(SMR = 202), cancers of the bone and mastoid cavity (SMR = 8179), other
and unspecified cancer sites (SMR = 716), diseases of the blood and
blood-forming organs (SMR = 391), and injuries (SMR = 308) was
significantly elevated among these wamen.

Dose-response analyses were conducted for 300 women alive in
1954 and subsequently monitored to determine their radium exposure.
Women who were monitored at autopsy or after exhumation were not
included in these dose-response analyses. Significant excesses of
mortality were observed in the high-dose category (>50 uCi) for all
causes (SMR = 191), all cancers (SMR = 397), and other and unspecified
neoplasms (SMR = 2273). Cancers of the bone and mastoid cavity were
more than 225 times greater than expected among women in the high-dose
category.

Only cancer of the colon was significantly elevated among
women in the low-dose category (<50 uCi). No bone cancers were
observed among low-dose women (Polednak et al., 1978). Although not
calculated, direct estimates comparing the rates of disease among
high-dose and low-dose women would be high. For example, a crude
estimate of the ratio of all cancer mortality in high-dose wamen
compared with low-dose wamen results in an unadjusted crude mortality
density ratio of 3.36, while a crude mortality ratio of 22.42 would
result for other and unspecified neoplasms. The estimate of the ratio
for bone tumors would be undefined due to an absence of cases among the

low-dose women.
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Adams and Brues (1980) reported excess breast cancers (36
observed campared with 23.77 expected, p <0.05) among radium dial
painters first employed before 1930. When the cohort was divided into
two groups, those for which an estimate of dosimetry was available
(measured) and those for wham no estimate of dosimetry was available
(unmeasured), only the urmmeasured group demonstrated an excess of
breast cancer mortality (mortality ratio = 3.38, p <0.001). This
result was not surprising and was most likely due to differential
survival among measured and unmeasured members of the cohort because
measured women must have survived until at least 1954 to have been
measured. When the measured wamen were examined, women with intake
doses of >50 uCi demonstrated significantly more breast cancer
(mortality ratio = 5.8, p <0.001) than expected.

Spiers et al. (1983) reported no excess of leukemia incidence
(10 observed compared with 9.2 expected) among male and female radium
dial painters. When analyses were conducted for individuals for whom
dosimetry was available, again no excess of leukemia incidence (2
observed campared with 2.04 expected) was observed.

Throughout the studies of US radium dial painters, the excess
of bone and head (mastoid) cancers has persisted. A more recent study
(Stebbings et al., 1984) of 1285 females employed before 1930 in the US
radium dial painting industry examined cancer mortality for sites other
than bone and head. When mortality rates among the dial painters were
compared with US mortality rates, the SMRs for breast (SMR = 144,

95% CI = 101-199) and colon (SMR = 156, 95% CI = 100-232) cancers were

borderline significantly elevated. When the comparison rates were
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adjusted for regional differences, SMRs for colon and breast cancers
were no longer significantly elevated. The SMR for lung cancer,
although not statistically significant, remained constantly elevated
with and without adjustment for regional rates at 145 and 146,
respectively. Three times more multiple myelcma was observed than
expected among these dial painters. Because mortality from multiple
myeloma was strongly related to duration of employment, the authors
(Stebbings et al., 1984) suggested that this excess might be better
explained by exposure to external radiation rather than exposure to
radium.

A similar investigation (Baverstock et al., 1981) of British
luminisers reported an excess of breast cancer among women receiving
absorbed doses of at least 20 rads. This excess was statistically
significant among women first employed beforerthe age of 30. Although
the excess occurred among women working with radium-containing
paint, the authors stated that the excess of breast cancer was due to
the external radiation exposure received by these wamen. This
assertion was repeated in a follow-up article published in 1983
(Baverstock and Vennart, 1983).

Shipyard Workers

Najarian and Colton (1978) reported greater than a five-fold
excess of leukemia (6 observed and 1.1 expected) among nuclear workers
employed by the Portsmouth Naval Shipyard. They also reported an
observed to expected ratio of 1.78 for all cancers. Expected values

were generated using proportional mortality data for US white males.
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A subsequent retrospective cohort mortality study of the
Portsmouth Naval Shipyard workers reported no excess of leukemia among
radiation workers (SMR = 84, 95% CI = 34-174). SMRs for all causes,
all cancers and hematopoietic cancers were less than 100. This study,
unlike the earlier study, had access to radiation monitoring records,
thereby reducing the misclassification of exposure status (Rinsky et
a1 2981 )«

Nuclear Industry Workers

Numerous studies of workers in the nuclear industry have
recently been conducted. These studies focus on workers, same of which
have been exposed to low levels of radiation over a long period of
time. Although exposures were generally low, exceptions do exist and
these include persons receiving large exposures in a single event, such
as an accident (e.g. a glove box explosion).

Because the nuclear industry generally began in the 1940's with
the experimental research programs of the Manhattan Project and the
naval nuclear shipyards, sufficient follow-up time for the study of
cancer among nuclear workers has only recently elapsed; therefore, many
of the investigations of nuclear workers have only recently been
published, For example, new studies among workers at the US facilities
of Rocky Flats and Hanford, and the British nuclear establishments of
the UKAEA (United Kingdom Atamic Energy Authority) and Sellafield, have
only recently been released.

Rocky Flats workers. A new study of mortality among employees

of the Rocky Flats plutonium weapons facility has been reported

recently (Wilkinson et al., 1987). In this report, excess brain tumors
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were observed among white males employed at least two years. A
nonsignificant positive dose-response was observed for brain tumors and
external ionizing radiation. This finding is contrary to the results
of an earlier case control study of brain tumors among Rocky Flats
workers which found no association between brain tumors and radiation
exposure, plutonium exposure or job title (Reyes et al., 1984). It
should be noted that the case-control study suffered fram limited
statistical power due to the small number of brain tumor cases (n=16).

Results of the mortality study (Wilkinson et al., 1987) also
demonstrated elevated rate ratios for all causes and lymphopoietic
cancers when plutonium exposed (>2 nCi) and unexposed (<2 nCi) workers
were campared. Rate ratios of 7.69 (90% CI = 0.99, 72.93), 9.86
(90% CI = 1.26, 94.03), and 5.22 (90% CI = 0.57, 38.80) were observed
for lymphopoietic cancers at 2, 5, and 10 years induction periods,

respectively. Rate ratios for all causes of death were 1.14

(90% CI = 0.91, 1.43), 1.33 (90% CI = 1.05, 1.68), and 1.39

(90% CI

1.04, 1.87) at 2, 5, and 10 years induction.

Lawrence Livermore workers. Nearly a threefold increase in

malignant melanoma was reported among Lawrence Livermore National
Laboratory employees campared with expected values based on the
population residing near the Livermore Laboratory (Austin et al.,
1981). Malignant melancma was the most common cancer diagnosed among
Livermore employees from 1972 through 1977. A later case-control study
(Austin and Reynolds, 1984) of melanama cases diagnosed fram 1969
through 1980 reported a relative risk of 3.7 for exposure to

radicactive materials. This excess risk remained present when
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investigators adjusted for other occupational risk factors. No
association, however, was found when investigators relied on radiation
monitoring badge data (gamma radiation). Nevertheless, researchers
concluded that exposure to radiocactive materials‘was the most ccmmon
occupational risk factor among the cases (65% exposed). They also
reported that this exposure, although important, was not sufficient to
cause all of the excess of malignant melanoma among these employees.
Other occupational risk factors, such as employment as a chemist
(RR = 12.9), were also implicated in this study.

Hanford workers. Controversy has surrounded studies of

employees at the Hanford Reservation near Richland, Washington. In the
most recent report, Gilbert et al. (submitted) continued to observe a
correlation between radiation exposure level and multiple myeloma in
the Hanford population. This dose response for multiple myeloma had
been previously reported (Gilbert and Marks, 1979). Gilbert et al.
(submitted) also observed a correlation between radiation dose and
female genital cancers. The authors, however, felt that this finding
was probably due to chance alone (Gilbert et al., submitted).

Oak Ridge workers. Like Los Alamos and Hanford, the Oak Ridge

facility was originally begun in the early 1940's as part of the
Manhattan Engineering District. Numerous epidemiologic studies of Oak
Ridge workers are under way. Two completed studies are described
below,

A mortality study (Polednak and Frame, 1981) of 18,869 white
males employed between 1943 and 1947 in a uranium processing plant

(Y-12) has been completed. Generally, mortality among the cohort did
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not differ significantly from the US population. The SMR for lung

cancer was borderline significant at 1.09 (95% CI

0197 , 1 132294 bt
this ratio increased to 1.22 (95% CI = 1.10, 1.36) when a correction
was made for underascertainmment of death records. Likewise, when
corrected for underascertaimment, the SMR for leukemia was 1.22

(95% CI = 1.11, 1.35). Both leukemia and lung cancer were among the
cancer types hypothesized by the authors to be related to exposure to
uranium. SMRs among workers employed in areas suspected to have the
highest uranium exposure potential were not remarkable. An elevated
SMR for lung cancer among uranium chemistry workers hired at age 45 or
older was not adequately explained. Cigarette smoking and exposures to
other chemical agents were not considered in these analyses.

Another study of Oak Ridge workers (Checkoway et al., 1985)
examined mortality among 8,375 white males employed by the Oak Ridge
National Laboratory from 1943 through 1972. SMRs comparing mortality
rates for the cohort with expected values based on US mortality rates
were calculated. The SMR for mortality from all causes of death was
significantly low (SMR = 0.73, p <0.01). SMRs for heart disease
(SMR = 0.75), all cancers (SMR = 0.78), lung cancer (SMR = 0.75),
digestive diseases (SMR = 0.36), and motor vehicle accidents
(SMR = 0.60) were significantly less than expected. SMRs for leukemia
(n=6), Hodgkin's disease (n=5), and cancer of the prostate (n=14)
nonsignificantly exceeded 1.00 at 1.48, 1.10, and 1.16, respectively.
Standardized rate ratios were used to examine dose-response among four
"causes" of death, all causes, all cancers, leukemias, and cancers of

the prostate. Although nonsignificant, a dose~response was suggested
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for leukemia at 10 years induction. SRRs were 1.00 for the unexposed,
1.38 for the 0.001-0.999 rem category, and 2.70 for the 1.000-4.999 rem
category. No cases were observed among persons receiving >5 rems of
exposure.

British nuclear workers. Beral et al. (1985) reported on

mortality among 39,546 persons employed by the United Kingdam Atamic
Energy Authority (UKAEA) at one or more of its many establishments. 1In
general, as observed among most workforces, mortality was less than
general population rates (in this case rates for England and Wales).
SMRs for all causes (SMR = 74), all cancers (SMR = 79), stamach cancer
(SMR = 70), lung cancer (SMR = 72), bladder cancer (SMR = 70) and brain
cancer (SMR = 60) were significantly less than 100. In addition, SMRs
for diseases of the nervous system, circulatory system, respiratory
system, digestive system and for deaths fram injuries were
significantly less than 100. While no cause significantly exceeded
100, six cause-specific cancers demonstrated SMRs equal to or in excess
of 100: prostate cancer (SMR = 100, 95% CI = 67, 145), testicular
cancer (SMR = 153, 95% CI = 73, 281), thyroid cancer (SMR = 122,
95% CI = 25, 356), all lymphatic and hematopoietic neoplasms
(SMR = 102, 95% CI = 80, 128), and the subcategories non-Hodgkin's
lymphoma (SMR = 107, 95% CI = 66, 166) and leukemia
(SMR = 123, 95% CI = 86, 171). All 10 of the testicular cancers
occurred at Harwell resulting in an SMR for testicular cancer of 232
(95% CI = 111, 427) for that facility alone.

When workers were considered on the basis of whether or not

they had a radiation record, few differences were observed. Among
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women, the SMR for uterine/ovarian cancer was 183 for women with a
radiation record and 68 for wamen without a radiation record. When
examined by specific cancer site, SMRs for cancers of the uterus were
significantly high (p <0.05) among wamen with a radiation record.

When radiation dose was considered, mortality from cancer of
the prostate was found to be significantly related to cumulative
radiation exposure. Although not significant, a trend of increasing
mortality with increasing radiation dose was observed for leukemia and
multiple myeloma. At Harwell and adjacent facilities, the relationship
between non-Hodgkin's lymphama and radiation exposure was significant.
Likewise, when the Winfrith facility was considered alone, intestinal
cancer was significantly related to radiation exposure level,

Another study of British nuclear workers (Smith and Douglas,
1986) examined mortality among 14,327 workers (1947-1975) employed at
the Sellafield plant of British Nuclear Fuels. SMRs for all causes of
death were 98 for men (2048 deaths) and 102 for wamen (229 deaths).
For all cancers, the SMRs were 96 and 87 for men and wamen,
respectively. Among radiation workers, no cancer-specific SMRs
significantly exceeded 100. SMRs for cancers of the lung, liver, and
Hodgkin's disease were significantly less than expected. Although not
statistically significant, among radiation workers the SMRs for
multiple myelama and thyroid cancers were 165 and 241, respectively.
When dose-response analyses were conducted, a significant negative
association was identified for all causes of death and cumulative
radiation exposure. A nonsignificant positive dose-response was

observed for leukemia and cumulative radiation dose. When a
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15-year lag period was employed in the analyses, significant positive
dose response relationégiés with cunulative radiation dose were
observed for multiple myelamas, all lymphatic and hematopoietic
neoplasms, and bladder cancers. A nonsignficant positive dose response
was observed for leukemia.

Los Alamos workers. In 1953, a clinical follow-up study of 29

men thought to have large plutonium body burdens was begun at Los
Alamos, under the sponsorship of the Atamic Energy Commission.
Eventually, 3 of the subjects were dropped resulting in a group of 26
men believed to be heavily exposed during plutonium operations at Los
Alamos during World War II (Hempelmann et al., 1973). The most
recently reported results of the clinical studies of Los Alamos workers
were published in 1985 (Voelz et al., 1985). This clinical
investigation, incorporating 37 years of follow-up, did not reveal any
unusual clinical findings for men in this age group. The only cancers
observed during the 37 years have been skin cancers among 3 of the
subjects. At the time of the 1981-1982 medical examination of the
workers only 2 of the 26 workers were deceased, 1 from an accident and
the other from a myocardial infarction. Clinical follow-up of these
men has continued through the present, with the 22 survivors (2
additional deaths occurred between 1982 and 1986) returning to Los
Alamos in 1986-1987 for another round of clinical examinations.

In 1974, the program was expanded to include a cohort mortality
study of 241 Los Alamos workers with estimated plutonium body burdens
of at least 10 nCi. Of the 241, 224 (92.9%) were white males (Voelz

et al., 1978). These individuals have been followed since 1974 with
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the most recent results reported in 1983 (Voelz et al., 1983). These

results indicated a strong healthy worker effect with SMRs for all

causes (SMR = 56, 95% CI = 40, 75) and diseases of the circulatory

system (SMR = 45, 95% CI = 27, 71) significantly less than expected.
The SMR for all cancers was 54 (95% CI = 23, 106) and SMRs for cancers
of the lung (SMR = 20, 95% CI = 0, 110) and lymphopoietic cancers

(SMR = 67, 95% CI = 1, 370) were quite low. No cancer-specific SMR was
significantly elevated.

In approximately 1975, the program was expanded to include
epidemiologic studies of plutonium and other radiation workers at six
Department of Energy (DOE) contractor facilities: Los Alamos, Rocky
Flats, Mound, Hanford, Oak Ridge, and Savannah River. Studies have
included ongoing cohort mortality studies and case-control studies of
workers at these six facilities. A study of morbidity among plutonium
workers is planned and should begin shortly.

Another study (Acquavella et al., 1983a) examined cancer
incidence (1969-1978) among Los Alamos employees and reported
significantly lower cancer incidence (SIR = 60, 95% CI = 0.46, 0.78)
among non-Hispanic white males compared with New Mexico cancer
incidence rates. Although no significantly elevated standardized
incidence rates (SIRs) were observed, the SIR for lymphosarccoma was
suggestively elevated (SIR = 2.49, 95% CI = 0.81, 5:81)3

Among non-Hispanic females employed by the Los Alamos National
Laboratory (1969-1978), elevated standardized incidence ratios for all

cancers, melanoma, cancers of the breast, uterus, eye, thyroid, and

brain, other genital cancers, and other lymphatic cancers were
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observed. For the purpose of generating hypotheses, one-tailed
probabilities were calculated and are presented in Table 1. The
findings of this study are of special importance because tissues of the
breast and thyroid are known to be very radiosensitive, while brain and
lymphatic tissues are considered to be less radiosensitive (Committee
on the Biological Effects of Ionizing Radiations, 1980).

The investigation of cancer incidence (Acquavella et al.,
1983a) had several important limitations. First, the study included
only a subset of the population and a very short follow-up period. 1In
addition, the incidence study was restricted to persons employed from
1969 through 1978 (the period covered by the records of the New Mexico
Tumor Registry (NMTR)). Cancers included in the study were those
diagnosed during employment or during the first six months after
termination. Because the incidence study was restricted to a subset of
the work force and a limited follow-up period for these subjects, it
may not have reflected the true disease rate in the population as a
whole. A potential result of these limitations was that cancer cases
diagnosed outside New Mexico were missed in the incidence analyses.

The major limitation of the incidence study (Acquavella et al.,
1983a) was that exposure data were unavailable and the authors were,
therefore, unable to determine whether the observed rates were
associated with occupational radiation exposure. The limited follow-up
time may not be sufficient to allow for the long latency period
required for the development of most tumors. As a result, the tumors
diagnosed and included in the incidence study may not have been related

to a Laboratory work-place exposure, while health effects related to
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TABLE 1

CANCER INCIDENCE AMONG ANGLO FEMALE EMPLOYEES (1969-1978)

Standardized
Incidence P-value**

Cause* (ICDA-8)*** Observed Expected Ratio** (One-Tailed)
All cancers (140-209) 32 26,44 Y2l 0.162
Melanama (172) 2 1.09 1,83 0.297
Breast cancer (174) 14 9,34 1.50 0.092+
Cervical cancer (180) 1 1.50 0.67 0.558
Uterine cancer (181-182) 2 0.25 8.00 0.026++
Other genital cancers

(183-184) 3 1.47 2.04 0.184
Cancer of the eye (190) 13 0.08 12.50 0.077+
Brain cancer (191-192) 2 0.41 4,88 0.064+
Thyroid cancer (193) 3 Qs 5 4,00 0.040++
Other lymphatic cancer

(202,203,208) 2 0.35 Sy del 0,049++

*
Acquavella, et al. (1983a)

**

Rothman and Boice (1979)

* k% .
ICDA-8 is the Eighth Revision of the International

Classification of Diseases, Adapted for use in the United

States
+Significant p = 0.10
++Significant p = 0.05
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Laboratory work-place exposures may have gone undetected. Finally, the
incidence study was limited by the small number of person-years and
observed cases.

Currently, another study of cancer incidence among Laboratory
employees 1s underway. This investigation will incorporate radiation
records and will extend follow-up through 1983. Results of this study
are anticipated in 1988,

Two studies have examined malignant melanoma among Los Alamos
workers, an incidence study (Acquavella et al., 1982) and a case
control study (Acquavella et al., 1983b). These studies were conducted
in response to the high incidence of malignant melancma observed among
employees of the closely related Lawrence Livermore Laboratory (Austin
et al., 1981).

In the melanoma incidence study (Acquavella et al., 1982), no
excess incidence of melanocma was observed among white males employed by
the Los Alamos National Laboratory (6 cases observed campared with 5.69
expected), In the case-control study, Acquavella et al. (1983b) found
no association between melanocma and external radiation exposure,
plutonium body burden, or a history of employment as a chemist or as a
physicist. Education was, however, positively associated with

melanoma.



CHAPTER III
PURPOSE AND SCOPE

A historical cohort study was conducted to examine mortality
among 6790 women employed by the Los Alamos Laboratory from 1943-1981.
The study addressed two questions. First, it sought to determine
whether overall mortality among Los Alamos Laboratory female employees
differed significantly from mortality in the US population.

Second, this investigation sought to determine whether cancer
mortality among radiation exposed workers differed significantly from
nonexposed workers. Exposures to external ionizing radiation and
plutonium were considered. These investigations were limited to cancer
mortality because experience in populations exposed to low radiation
doses indicates that cancer is the primary nongenetic effect expected
when an individual is exposed to radiation (United Nations Scientific
Committee on the Effects of Atomic Radiation, 1977). 1In fact, the
Camittee on the Biological Effects of Ionizing Radiations (1980)
"considers cancer induction the most important somatic effect of
low-dose ionizing radiation.”

There were several reasons that justified conducting the
investigation of mortality among LOS Alamos female employees. First,

there is a need for more investigations of occupational radiation

29
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exposure amoﬁg wamen. At this time, there have been very few studies
of health of women in the workforce and even fewer of wamen exposed to
radiation in their jobs. Since this study was originally proposed, at
least two studies have demonstrated health effects in female nuclear
industry workers., Gilbert et al. (submitted) has observed a positive
relationship between cumulative radiation and all female genital
cancers among female Hanford employees. Beral et al. (1985) reported
elevated SMRs for genital cancers, especially uterine cancers, among
British female radiation workers.

In addition, health effects in radiation exposed women need to
be examined because there has been same evidence of a sex difference in
physiological responses to radiation exposure. One example of these
sex differences was observed in the studies of individuals exposed to
x-ray therapy for the treatment of tinea capitis. Exposed women were
three times more likely to develop cancer of the thyroid than the
treated men (Shore et al., 1976; Ron and Modan, 1980).

Another reason for conducting this study was that the study of
cancer incidence among Los Alamos employees (Acquavella et al., 1983a)
suggested that women in this cohort may experience elevated rates of
some types of radiation-induced cancer. Because of the limitations of
this earlier cancer incidence study (Acquavella et al., 1983a), already
described, it was important to follow it with a more complete study.
The currently reported mortality study of Los Alamos women was more
complete because it included all female Laboratory employees hired from
1943-1979 and followed them over a much longer time period. All deaths

that occurred in the cohort were considered regardless of the cause,
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place or date of death (within the study period). As a result, this
investigation had more power to detect an effect, if one existed, and
was able to take into consideration the important time factors that
influence the exposure-disease relationship. A very important
advantage of the current mortality investigation was that it considered
radiation exposure (external ionizing radiation and plutonium) among

members of the cohort and examined the exposure-disease relationship.



CHAPTER IV

METHODS

Acquisition and Computerization of Personnel Data

In 1978, the Health Study of Nuclear Workers acquired
microfilmed personnel records for current and former employees of the
University of California's Los Alamos Laboratory. Updates for these
records, which were obtained in early 1980, were filed with the
microfilmed personnel records.

In 1982, trained data analysts employed by the Epidemiology
Program began coding and entering the Los Alamos personnel records into
a computerized data base (NEW-LA-PEOPLE) according to a detailed coding
protocol (Appendix A). The following variables were coded and entered
from the personnel records: last name, first name, middle initial(s),
title, social security number (SSN), birthdate, birthplace, sex, race,
ethnicity, education, z-number (a unique Los Alamos identifier), first
job title, date of hire, date of termination, and last or most recent
job title. After data entry was completed, each record was randomly
assigned a unique study number which insured the confidentiality of
study subjects. Due to the difficulties encountered in coding these
very long and detailed records, all records were double-entered to

improve accuracy. A prompting subroutine in the data entry program
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signalled the data analyst that the initial entry disagreed with the
current entry. The program allowed the analyst to review the initial
entry and the personnel record and then enter a corrected entry into
the data base.

When the data entry was completed, an extensive review of the
data base was conducted. Duplicate records were merged and an effort
was made to insure that the resulting record contained the camplete
information on the individual. The resulting data base contained
23,218 records.

After the review effort, a 10% random sample of the records in
the computer data base was selected for an internal consistency check.
The purpbse of this activity was to assess the accuracy of the
camputerized data. The 2320 records selected for this check were
reedited and errors identified were tabulated. A total of 128 errors
were identified, an overall average of 0.78% of the fields or 5.52% of
the records displayed errors. Table 2 presents a breakdown of the
errors per field (Los Alamos Log, 1983). All but one of the fields
contained error rates of <0.5%. The exception was the field containing
education., This variable was difficult to code due to the vast
geographical and historical differences in educational systems in this
country. On the basis of the results of the internal consistency
check, it was judged that the data in the data base were satisfactory
for analyses.

When the study of the women in the Los Alamos population was
begun, a new data base (LA-FEMALES) containing thé subcohort of the

women (n=6790) in the population was created. The term "cohort" has



RESULTS OF AN INTERNAL CONSISTENCY CHECK OF
LOS ALAMOS CODED PERSONNEL DATA
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TABLE 2

Field

Last Name

First Name

First Middle Initial
Second Middle Initial
Third Middle Initial
Title

Social Security Number
Sex

Race

Education

Birthdate

Birthplace

Hire date

Termination Date
First Job Title

Last Job Title
Z-number

Ethnicity
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been used from this point forward to describe these women. The
[A-FEMALES data base included the following fields from the overall Los
Alamos data base (NEW-LA-PEOPLE) described earlier: study number, last
name, title, first name, middle initial(s), SSN, sex, race, ethnicity,
education, birthplace, birthdate, hire date, temmination date,
z-number, first job title, and last or most recent job title.

After existing information was compiled, an effort was
undertaken to add additional variables needed for the analyses and to
improve the coverage for variables in the data base. For example, at
that time race was only identified for 72.0% of the women in the
NEW-LA-PEOPLE data base. Fields were added to LA-FEMALES to allow the
entry of information on race from a variety of Los Alamos record
sources., Information on race and ethnicity was obtained from four
different sources of personnel data and from the computerized medical
records. The additional data base fields included data on ethnicity
from Laboratory personnel records that matched the cohort. These data
were then recoded to match the codes used during the coding of race and
ethnicity from the personnel records. When this was completed, the
information was cross—loaded into the race and ethnicity fields in the
data base. For example, race for persons listed as white or Hispanic
was coded as white. Numerical codes also had to be recoded to obtain
consistency when these records were cross-loaded. A similar process
was used for information on race obtained from the Laboratory medical
records. A field was added to the LA-FEMALES data base and information
on race was loaded into this field from the computerized medical

records. This information was then recoded and cross—loaded into the
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fields race and ethnicity. 1In no case was the information originally
coded from the personnel records overwritten by these additional
personnel and medical data sources. The personnel and medical records
were only used to supplement the data when the information was missing.

When this process was completed, race had been identified for
97.1% of the cohort (Table 3). The remaining 2.9% of the cohort for
whom race was still unknown were considered white for these analyses.
This assumption was justified because 97.8% of the cohort (with race
known) was white. Furthermore, 1980 US census data (Bureau of the
Census, 1982a) indicated that there were 73 (0.4%) Blacks, 99 (0.6%)
American Indians, and 191 (1.1%) Asians residing in Los Alamos County
in 1980. Of the Blacks, only 32 were females and only 16 were between
the ages of 20 and 65 (Bureau of the Census, 1982b). Accordingly,
misclassification from this assumption should have been small. 1In
addition, because race was available from most death certificates, race
for deceased members of the cohort should have been classified
correctly.

Duration of employment was also calculated and entered into
[A-FEMALES. A flag indicating whether a person worked at least six
months was also entered into the data base.

Additional efforts were undertaken to locate missing
birthdates, hire dates, and termination dates from personnel and
medical records. When an actual hire or termination date was located,
this information was entered into the appropriate field. When evidence
was located that an individual was stili employed as of a certain date,

this information was entered into a new field, DATE-LAST-WORKED (DLW) .
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TABLE 3

A COMPARISON OF INFORMATION ON RACE IDENTIFIED
FROM THE PERSONNEL MICROFICHE AND AFTER
EXTENSIVE FOLLOW-UP FROM MANY SOURCES

Personnel Microfiche Complete Follow-up

Race Frequency Percent Frequency Percent
White 4815 7079 6448 95.0
Oriental 16 0.2 28 0.4
American Indian 51 0.8 103 1.5
Black 4 0l 14 0.2
Unknown/not specified 1904 2830 197 2.9
Total 6790 100.0 6790 100.0
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Only actual termination dates were entered inﬁo the termination date
field and this was only done when the termination date had been
previously unknown. Medical records provided actual termination dates
for same persons, but for many individuals the medical records provided
evidence that a person was still employed after the end of study.
(Definition of the end of study will be discussed later.) Persons
having a physical examination after December 31, 1981, were assigned a
DLW date of December 31, 1981, indicating they were still actively
employed as of that date.

Finally, consistency checks were performed to insure that hire
dates preceded termination dates, birthdates preceded both hire and
termination dates, and that death dates followed termination dates.

All discrepancies were identified and the personnel microfiche were
reviewed. Incorrect dates were then corrected based on the results of
this review.

Table 4 presents the major personnel variables required for
standardized mortality analyses. lThese variables were more than 90%
complete as a result of the efforts undertaken to improve the coverage

of variables needed for analyses.

Vital Status Ascertaimment and Death Certificate
Retrieval and Coding

Vital status ascertainment for this cohort included a number of
follow-up methods. First, the cohort was submitted to the Social
; Security Administration (ssa) for searches of vital status. Rosters of

women employed by the Los Alamos Laboratory have been submitted to the
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TABLE 4

COMPLETENESS OF MAJOR PERSONNEL VARIABLES

Frequency Percent
Study Number 6790 100.0
Sex 6790 100.0
Race 6593 97.1
Birthdate 6781 99.9
Hire Date 6770 99.7
Termination Date* 6780 99.9
Education 6740 99,3

*The end-of-study date, December 31, 1981, was assigned to 1254
persons still actively employed on December 31, 1981. Only 10

individuals had unknown termination dates.
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SSA on many occasions, the most recent submissions were in 1982 and
twice in 1984. The SSA reviewed its earnings, benefits and death
records and identified individuals as "alive", "dead", "unknown" (valid
SSN and name, but status unknown), "nommatched" (name and SSN did not
match on SSA records), and "impossible" (SSN was not valid). 1In each
submission a small percentage of individuals were not submitted because
of missing or incomplete SSNs. For the two 1984 submissions (SSA842,
SSA843), the SSA reviewed its 1982 earnings records; therefore, the
"alives" were assumed to be alive on or after January 1, 1982.
Therefore, an end-of-study (EOS) date of December 31, 1981 was selected
because the "alives" were known to still be alive as of that date.
Because the two 1984 SSA submissions (Table 5) served as the primary
source of vital status information, the end of study must correspond to
this date, December 31, 1981.

The SSA checked the 1980 earnings records for the 1982
submission (SSA82). Because this preceded the end of study of December
31, 1981, this information was only used to establish follow-up through
December 31, 1979 for persons for whom later vital status information
was not available. Results of the three SSA submissions were matched
with the data base and entered into a field corresponding with the
appropriate SSA return (SSA82, SSA842, SSA843). A new field,
DATE-LAST-ALIVE (DIA), corresponding to the last date an individual was
known to be alive was established. For example, individuals denoted as
"alive" in either of the 1984 SSA returns (SSA842, SSA843) were

assigned a DIA date of December 31, 1981, because they were known to
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TABLE 5

RESULTS OF THE TWO 1984 SSA SUBMISSIONS
SSA842 AND SSA843

SSA842 SSA843
Frequency Percent Frequency Percent
Alive 3435 50,6 3735 55.0
Dead 360 5.3 389 57
Unknown 2260 33.3 1909 28.1
Nonmatch 286 4.2 271 4.0
Impossible 9 0.1 8 0:1
Not sent 440 6.5 478 7.0
Total 6790 100.0 6790 100.0
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still be alive as of that date. This field was used to record DLA for
all of the vital status follow-up activities.

In 1985, a roster of the cohort was submitted to the National
Death Index (NDI). The NDI matches the rosters it receives against
death tapes from all 50 of the United States. At the time this roster
was submitted, the NDI was able to match against the death tapes for
the years 1979 through 1983. The NDI compared persons submitted with
the persons listed on the death tapes on the basis of a number of
variables including the last name, first name, SSN, birthdate, state of
birth, and father's surname. If a deceased match or matches (based on
a predetermined score) was/were identified for a submitted individual,
the NDI returned the list of potential matches for each individual.
The investigator then determined matches which were reasonable. This
required reviewing the personnel records and ordering the death
certificates for same of the potential matches to determine which
matches were in fact accurate. Only matches determined to be accurate
were recorded as deceased in the NDI field in the data base.

The next procedure matched Los Alamos Laboratory records
against the IA-FEMALES data base and entered additional vital status
information obtained from the personnel records into the data base.
New fields were added for each record source checked. Personnel
records were checked and individuals who were still actively employed
after the EOS date were recorded as "alive" in the corresponding field
and their DIA date was entered. Medical records were also reviewed and
persons receiving a physical examination after the EOS were denoted as

"alive" in the corresponding field and their DLA date was entered.
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Persons with vital status remaining unknown after the SSA and
NDI submissions and the review of existing Los Alamos Laboratory
records, were submitted to the New Mexico Department of Motor Vehicles
(DMV). The DMV matched the roster against their records and identified
persons with active New Mexico drivers licenses. The DMV provided the
person's address, date of last license renewal, and dates of recent
citations. Persons were assumed to be alive on the date their drivers
license was last renewed or the last date they were issued a citation
and these dates were entered into the DLA field. Persons with renewal
dates or citations after the EOS were designated as "alive". Addresses
for persons last renewing their license prior to the EOS were used in
the tracing efforts which will be described next.

Finally, persons with vital status still unknown after the
above efforts were completed were traced using telephone and mail
techniques. Tracing efforts had to be limited to persons employed at
least six months due to severe financial constraints. It was felt that
if tracing must be limited due to budgetary concerns, it would be best
to omit persons employed for shorter periods of time, because these
individuals were less likely to be exposed and would probably
contribute little to the investigation.

Tracing former workers provided a challenge because they had to
be located, sometimes as much as 40 years after the last known contact.
The actual steps used to locate former employees differed for each
individual and were influenced by numerous factors such as the length
of time passed since termination and the types of information available

about the individual.
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Los Alamos Laboratory personnel and security records were the
initial sources of the information used to locate these former workers.
These records contained helpful information which could include 1)
current, last known, or forwarding addresses, 2) lists of family
members and personal references, 3) schools attended/degrees granted,
4) professional society memberships, 5) religious, social and fraternal
organization memberships, 6) hame towns, and 7) other valuable clues
for locating these individuals.

In general, the search began with the last known addresses and
forwarding addresses contained in the personnel and security records.
These were especially useful in locating recently terminated employees.
When possible, using these addresses, a telephone number was obtained
through the telephone operator or through searches of telephone
directories in the area.

In this study, many of the subjects' husbands had been employed
by the Los Alamos Laboratory. The husband's personnel records were
also consulted to provide clues to locating the individual. When
located, references and especially relatives could often identify the
vital status and location of the former worker. When a relative or
reference reported that the study subject was alive, a current address
and telephone number was requested. If the study subject was reported
to be deceased, a date and place of death was requested. Relatives and
references were very helpful in these efforts. Spouses, including
those divorced, were also very helpful in locating study subjects.

Another extremely valuable source of information was the

college/university attended by the individual. Often the
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college/university or the alumni association was able to provide the
current address for a former student. This was especially true for
individuals who had earned a degree at the institution. Some
universities were unwilling to release a former student's address due
to privacy concerns, but were willing to forward a letter to their
former student. Several individuals were located in this manner.
Another valuable piece of information that was utilized was the home
town of the former employee. This was especially useful for locating
employees from small towns. Churches, schools, the post office,
newspapers, and other local organizations were contacted. Tribal
councils and pueblo governments were also helpful in locating American
Indians. These local sources could often help locate a relative or
former neighbor who knew the whereabouts of the ex-employee.

Persons for whom an address was located, who could not be
reached by telephone, were sent a letter. In same instances, letters
requesting information on a former employee were sent to relatives or
references.

After all vital status and follow-up activities were completed,
information was cross-loaded into a single field, CVS_EOS81, which
contained a vital status of "alive", "dead" or "unknown" for all
persons as of December 31, 1981. Vital status as of December 31, 1981,
was located for 86.9% of the total cohort, 86.9% of the white wamen,
and 93.1% of the white women employed at least six months.

During vital status follow-up, a methodological question arose

regarding the adequacy of the NDI for ascertaining vital status.
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Deaths identified by the NDI for 1979-1981 were compared with deaths
identified by the SSA and tracing for the same period. A total of 130
deaths were identified using all methods for the period 1979-1981.
Eighteen (13.8%) deaths not identified by the NDI were identified by
the combination of the SSA and tracing.

Of these 18 deaths, all of whom were included in the roster
submitted to the NDI, 9 were identified as deceased by the SSA. An
additional 9 were identified through tracing. Seven of the 9
identified through tracing had not been submitted to the SSA due to
missing or incomplete SSN. The remaining 2 were identified as "unknown
vital status" by the SSA. Fifteen (83.3%) of the 18 deaths were
confirmed by death certificates. The 3 individuals for whom death
certificates could not be obtained had been identified as deceased by
the SSA. 1In the past, the SSA has occasionally reported individuals
who were living as deceased. These instances often resulted from
persons using a spouse or other relative's SSN. Therefore, at this
time it was difficult to say for certain that the 3 unverified deaths
were definately deceased. All 18 were white. The majority of these
wamen (10, 55.6%) died in 1979, while 5 (27.8%) died in 1980, and 3
(16.7) died in 1981. This suggests that the NDI may be more efficient
for the later years it searches; however, this cannot be conclusively
stated. Nine (50.0%) of the waomen were originally hired during the
1940's, while 3 (16.7%) were hired in the 1950's, 5 (27.8%) were hired
in the 1960's and 1 (5.6%) was hired in the 1970's. Only 2 (13.3%) of

the deaths confirmed by death certificates were due to cancer. One
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death was the result of breast cancer (IDCA-8 174X) while the other was
due to cancer of the uterus (ICDA-8 182).

Seventeen deaths identified by NDI were not identified by the
SSA. These deaths could not be compared with the results of tracing
because the tracing was conducted after the NDI results were received.
Individuals identified as deceased by the NDI were not traced to
determine their vital status. Of the 17 deaths not identified as
deceased through SSA follow-up, 5 (29.4%) were not submitted due to
missing or incomplete SSNs. Of the remaining 12, 11 (91.7%) were
reported as unknown or nonmatched by the SSA, and 1 (8.3%) was reported
to be alive, All 17 deaths were white and were verified by death
certificates. Three of the 17 (17.6%) died in 1979, 3 (17.6%) died in
1980, and 11 (64.7%) died in 1981. Of those not submitted to the SSA,
1 died in 1980 and 4 died in 1981. When the percentages were adjusted
for this, 25% (n=3) died in 1979, 16.7% (n=2) died in 1980, and 58.3%
(n=7) died in 1981. This may suggest that the SSA is less reliable in
ascertaining deaths closer to the end of the period it reviews.
Thirteen (76.5%) of the women were first hired in the 1940's, while 3
(17.6%) were hired in the 1950's, 1 (5.9%) was hired in the 1960's, and
none were hired in the 1970's. Similar results were observed among the
18 women not identified as deceased by the NDI. Among these wamen, 50%
were first employed in the 1940's. This probably results fram the
tendency for workers hired in the 1940's to have been older, and older
wamen were more likely to be deceased. Finally, 6 (35.3%) of these 17

died from cancer. The cause-specific cancers represented were breast
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cancer (n=2), colon cancer (n=1), lung cancer (n=1), and
ill-defined/unspecified cancer (n=2).

The conclusion drawn from this exercise was that a cambination
of follow-up techniques was required to accurately ascertain deaths in
a study population; therefore, EOS for this investigation was not
extended to include the period 1982-1983, during which the NDI was the
primary source of vital status follow-up.

Once an individual was identified as deceased by one of the
above follow-up methods, a death certificate had to be located. When
the SSA reported an individual deceased, they provided month and year
of death and one of the following: the state of last residence, the
state in which the death benefit claim was filed, or the zip code of
the funeral director. None of these provided the exact place of death,
but they did give a place to begin the search. Death certificates were
traced in a similar manner to the vital status tracing. When a date
and place of death was obtained, the death certificate was requested
from the state department of vital records in the state in which death
occurred. Occasionally, certificates were obtained from the city or
county health departments. Often, certificates had to be traced a
second time because the state or city was unable to locate the
certificate. In same instances, the family provided a copy of the
certificate when the state health department had repeatedly failed to
provide the certificate. Deaths ocqurring outside the United States
provided an additional challenge. These foreign death certificates
were requested from the US embassy in the country of death or from the

foreign country's consulate in the United States. In this
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investigation, two deaths occurred outside of the United States. One
death certificate was obtained fram the American Consulate in Munich,
West Germany and the other was obtained from the govermnment of the
Canal Zone (Panama).

Deaths identified through tracing had to be obtained in the
same fashion. These certificates were first requested from the state
or city health department or from the embassy for foreign deaths.
Often family members had to be recontacted to provide clarification or
additional information. Occasionally, the family had to provide a copy
of the death certificate when it could not be located elsewhere.

Deaths identified by the NDI were samewhat different because
the NDI provided not only the date and place of death but also the
certificate number. Nevertheless, same of these certificates required
additional follow-up when the state failed to locate them.

Once death certificates were obtained, they were verified to
insure that the certificate was the correct individual. Dates of birth
and death, social security number, names, and other available
information were checked. Once verified, the date of death and the
death certificate's sex and race were entered into the data base.
Next, all previous cause of death coding information was deleted from
the certificates and these certificates were submitted for cause of
death coding by a National Center for Health Statistics trained
nosologist hired by the Los Alamos Epidemiology Group. All death
certificates were coded to the Eighth Revision of the International
Classification of Diseases adapted for use in the United States

(ICDA-8) (National Center for Health Statistics, 1968). When death
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certificates were returned fraom the nosologist, the ICDA-8 for the
underlying cause of death was entered into the data base.

A total of 525 deaths were identified, with 428 deaths
occurring on or before December 31, 1981, Of the 428 deaths occurring
before the end of study, it was possible to obtain 410 (95.8%) of the
death certificates. Thé 18 death certificates that were not obtained
were traced and réquested fram the vital records departments of the
states of death. Unfortunately, these certificates could not be
located by the states' vital record departments. Only deaths verified
by a death certificate were considered as deceased in the analyses.
Deaths for which death certificates were not obtained were treated as
lost to follow-up, because it was impossible to confirm the report of
death.,

Of the 18 women for whom death certificates were not obtained,
16 were white and 2 had race unknown. Five of these wamen worked less
than six months. Fourteen (77.8%) were first hired in the 1940's with
the remaining 4 (22.2%) hired in the 1950's. Two (11.1%) were reported
to have died in the 1950's, 9 (50%) died in the 1960's, 6 (33.3%) died
in the 1970's, and 1 (5.6%) died in 1981. All of these deaths were
identified through the SSA. As mentioned earlier, past experience
indicated that the SSA has on occasion reported incorrectly that a
person was deceased. This might have been the situation with same of
the unlocated certificates, although it was impossible to estimate that

percentage.
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Radiation Exposure Records

Almost from its inception in 1943, some operations at the Los
Alamos Laboratory have included work with various types of radiation.
The two major forms of radiation exposure include exposure to
penetrating ionizing radiation primarily from x-rays and gamma rays and
exposure to isotopes of plutonium. Collectively, the penetrating
ionizing radiation has been called "external ionizing radiation"
because it is capable of penetrating the skin into the body. The
plutonium has been referred to as "internal radiation" because it gives
off alpha rays that are only capable of traveling short distances and
do not normally penetrate the skin. Therefore, plutonium is most
hazardous when it is taken into the body via inhalation, ingestion, or
a wound.

External Radiation

In 1943, the only technology available for measuring external
radiation exposures was the Victoreen pocket ionization chamber which
was a personal monitoring device worn by persons working in areas
thought to have the potential for exposure to radiation (Hemplemann,
1987; Wiggs, 1987c). These pocket chambers were supplemented with and
eventually replaced by film badges for the measurement of external
ionizing radiation. When used as personnel monitoring devices, film
badges were worn on the body and were used to estimate the radiation
absorbed or passing into the body. Camplete records for pocket
ionization chambers no longer exist. Some pocket chamber data are
contained in the individual's personal medical record. Medical records

for women employed at any time during the period April 1943 through



52
February 1945 (a date originally thought to represent the beginning of
film badge measurements) were reviewed and any mention of radiation
exposure including pocket ionization chamber measurements was
abstracted. These data have been used in conjunction with other data
to designate radiation workers.,

All of the film badge data beginning in 1944 (when film badges
were first used) through 1981 have been computerized by the Los Alamos
Laboratory Dosimetry Group. The earliest data were "evaluated" to
estimate the radiation dose in rems and make it more camparable to
later dosimetry data (Littlejohn, 1987; Wiggs, 1987b). The external
radiation data are in units known as rem, roentgen equivalent man,
which is a "unit of dose equivalent" (Casarett, 1968). This unit is
used to convert absorbed dose, measured in rads, into a unit that takes
into account the fact that different types of radiation produce
different degrees of biological response at the same level of energy
deposition in living tissue. OQuality factors are used to standardize
the dose against the equivalent dose from gamma rays produced by
cobalt-60. The rem is a measure used widely for radiation protection
activities (Casarett, 1968).

In 1980, the Los Alamos Laboratory switched to the
thermoluminescent dosimeter (TLD) to measure external radiation data.
These TLDs contain lithium flouride crystals which store energy when
exposed to radiation. When heated, these crystals give off light, a
measure of which is used to quantify radiation exposure (Casarett,

1968). Like film badges, TIDs are shielded to allow different types of
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radiations to be measured. These monitors are especially good for
measuring exposures to neutrons.

In addition to exposures received at Los Alamos, the
computerized dosimetry data included information on previous exposures
and exposures received at other facilities and test sites visited by
Laboratory employees. These values were included in the lifetime
exposures of persons employed by the Los Alamos Laboratory. As with
many things, this procedure was not always followed in the earliest
days of monitoring, but has been strictly and consistently followed
since the 1950's. Also included in the camputerized radiation records
were the film badge measurements for personnel monitored at the Trinity
Test, when the first ataomic bomb was detonated (Littlejohn, 1987).

The computerized external radiation data were obtained from the
Los Alamos Laboratory's Dosimetry Group and a large effort was
undertaken to match these data against the cohort of women employed by
the Los Alamos Laboratory. Many problems related to the limited
identifying data on the radiation record were encountered.

Camputerized matches on z-number were made first, followed by name and
date matches. All discrepancies or questionable matches were resolved
by hand, thrbugh review of the personnel records to determine if the
individual in the radiation record was the same as in the cohort.

Because the computerized radiation records contained annual
exposure summaries, important dates, such as the first sample date, had
to be estimated. For example, if an individual was first monitored in
the same year she was hired, the first sample date was established as

the midpoint between the hire date and the end of the hire year. If an



54
individual was first monitored in her termination year, the first
sample date was established as the midpoint between the first day of
the termination year and the actual termination date. If the first
sample date occurred during a nonhire/nontermination year of the
individual's employment, the first sample date was established as the
midpoint of the year. Persons with radiation exposures from previous
employments were assigned a first sample date equivalent to their hire
date. Dates on which an individual attained her first positive sample
and cumulative radiation doses of 1, 5, and 10 rem were also
calculated. These dates were estimated from the annual exposure
records in the same fashion as the first sample date. Persons with
previous positive radiation exposures or exposures of at least 1 rem, 5
rems or 10 rems were assigned their hire date for the corresponding
dose category. Cumulative radiation dose for an individual from hire
date through termination or the EOS, December 31, 1981, was also
calculated for monitored study subjects.
Plutonium

In the spring of 1944, the first milligram quantities of
plutonium arrived at Los Alamos. Because plutonium was considered to
be potentially hazardous, safety regulations were instituted when
plutonium chemistry work began at Los Alamos. For example, workers
wore coveralls, "booties" (shoe covers), and surgical caps while in the
work place., Workers were required to shower and turn in their work
coveralls when leaving "D Building", the wooden building in which all
plutonium work was originally conducted. Nevertheless, work place

exposures to plutonium were inevitable (Hempelmann et al., 1973).
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Personal monitoring initially consisted of nose swipes which
were counted to reveal alpha activity. In 1944, monitoring was
expanded to include a program to collect urine samples after the worker
had his/her decontamination shower. By March of 1945, Wright Langham
had developed a urine bioassay technique that allowed crude estimates
of plutonium body burden (Hempelmann et al., 1973). March of 1945
represented the initiation of the formal urine bioassay program at Los
Alamos.

A computer code, PUQFUA, originally developed at Los Alamos in
1959, was used to estimate plutonium body burden from the urine
bioassay data (Lawrence, 1978). These plutonium body burdens, which
are a measure of plutonium deposited in the body, are calculated at Los
Alamos annually using the latest version of the PUQFUA code (III).

Data for each urine bicassay for every individual (n >9500) monitored
at Los Alamos since 1945 are entered into the PUQFUA III program which
calculates a current estimate of plutonium body burden based on the
latest excretion model (Wiggs, 1987a).

The 1986 plutonium body burden data were obtained and matched
to the cohort. For each individual biocassayed, the following variables
were abstracted: first bioassay date, the isotope of plutonium, the
number of valid bioassay samples (samples that do not meet the
stringent validity checks in the model are considered not valid), last
bicassay date for plutonium, the current estimate of nanocurie-years,
the nanocurie-years at the last sample, the previous body burden
estimate, and the current body burden estimate. Plutonium body burden

estimates are measured in nanocuries (nCi), with the current maximum
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permissible body burden (MPBB) set at 40 nCi (International Cammission
~ on Radiation Protection, 1959).

A first positive sample date was hand calculated for each
bioassayed study subject. Detailed records containing each biocassay
for an individual were reviewed. These detailed records contain a
urine activity value in counts or disintegrations per minute (depending
on the historical time period). Correction factors for background
activity were applied to each measurement for the individual. The
correction factors differed across three time periods. Each sample was
reviewed and the appropriate correction factor for the date of the
sample was subtracted. If the value was still a positive number, this
was determined to be a positive uptake. The date of the first positive
uptake was recorded for the individual.

For additional details on the history of radiation monitoring

at Los Alamos, see Appendix B.

Confounding Exposures

Another difficult problem in analyses such as these is the
control of confounding exposures. Operations at Los Alamos have
included the potential for exposure to other types of radiation such as
polonium-210, uranium-235, and uranium-238. In addition to radiocactive
exposures, the potential for exposure to chemical hazards has existed.
Unfortunately, detailed industrial hygiene records for individuals do
not exist prior to the 1970s. Traditionally, monitoring has been done
in work areas on an "as needed" basis. Furthermore, because only area

monitoring is usually performed, it is difficult, if not impossible, to

equate a chemical exposure with an individual. For these reasons,
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confounding exposures were addressed only in the event of significantly
elevated causes of death for which associations with chemicals or
radiation exposures have been reported.
Analyses
Development of the Analytic File
An analytic file was created using information from the data
base, LA-FEMALES, the medical records, and the plutonium and external
radiation records described above. From the LA-FEMALES data base the
following variables were obtained: study number, last name, first
name, middle initial(s), SSN, z-number, sex, race, education, SSA82
result, CVS EOS 81 (current vital status as of the EOS date December
31, 1981), ethnicity, first job title, last job title, birthdate, hire
date, termination date, date last alive, date last worked, death date,
and ICDA-8 code. When all matching activities were completed, the
following identifying information was omitted from the file: last
name, first name, middle initial(s), SSN, and z—number. The only
personal identifier remaining was the unique study number assigned for
this study. This technique protected the identity of the study subject
and saved valuable space in a very long data record for each
individual. The following variables were calculated and added from the
external radiation records: first sample date-external, first positive
date-external, dates of 1, 5, and 10 rem, and cunulative radiation
exposure (dose). An additional flag field, tested—-external, was
calculated. All persons monitored for external radiation using film or
TLD badge, as determined by the first sample date, were flagged as "y".

All individuals employed at any time from April 1, 1943 through
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February 1, 1945 designated as working or exposed to external radiation
exposure in their medical records, were also flagged as "y". All
others were assumed to have not worked with external radiation.

The following fields were added from the plutonium exposure
data: the isotope of plutonium, number of plutonium bioassay sample;,
the number of valid plutonium biocassay samples, the first sample date
for plutonium, the first positive sample date for plutonium (calculated
as described above), the last sample date for plutonium, the
nanocurie-years from the last sample, the previous body burden (in
nCi), and the current body burden. As with the external radiation flag
field, a plutonium flag field was calculated flagging as a ylsall
persons with a first bioassay date for plutonium or a mention of
plutonium exposure in their medical records (for those persons employed
at same time between April 1, 1943 and February 1, 1945). 1In addition
to these flag fields, another radiation flag field was entered into the
data base. This field denotes ever-radiation worker ("y") or
never-radiation worker ("n"). Persons were designated as radiation
workers if any of the following conditions were true: 1) they had a
first sample date for external radiation, 2) they had a first sample
date for plutonium, or 3) if employed at any time between April 1, 1943
and February 1, 1945, they had any mention of radiation exposure in
their Los Alamos Laboratory medical records. Two additional fields
were calculated for the analytic file. The first variable,
last-term—date, was calculated using the actual termination date and

the date last worked. Individuals were assigned the latest of the
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following: termination date, date-last-worked or EOS date (for persons
still employed on or after December 31, 1981). On this basis, only a
very few persons (n=10) were assigned an unknown last-term-date. The
second variable, duration, was then calculated using the difference
between hire date and last-term—date. FOnly a very few individuals
(n=25) had an unknown duration due to a missing hire or last-term—date.

The resulting analytic file contained 6790 records, each
containing 38 variables. Table 6 contains a list of the variables.

Descriptive Analysis

The first phase of the analyses consisted of describing the
cohort. Frequencies, cross tabulations, and means and medians, where
appropriate, were calculated using Biomedical Data Processing Software
(BMDP) (BMDP, 1985).

Standardized Mortality Analyses

Overall. The next phase of the analyses consisted of
standardized mortality analyses for the cohort. 1In these analyses,
standardized mortality ratios (SMRs) were calculated. The SMR is a
measure comparing observed mortality events in the cohort with expected
events generated under the assumption that mortality rates for a
standard population prevailed in the cohort. The SMR is 100 times the
ratio of the observed events divided by the expected events. In these
analyses, the MONSON camputer program (Monson, 1974) was used to
generate sex—- and race-specific SMRs4which were stratified on age and
calendar year (grouped in five-year intervals). The expected values

used in these analyses were based on US mortality rates.
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TABLE 6

VARIABLES IN THE ANALYTIC FILE

Radiation Variables

Demograhpic Variables

Social security number Radiation-flag

Sex Tested-Pu (flag)

Race Pu isotope

Education Number of Pu samples

SSA82 Number of valid Pu samples
CVS-EOS-81 First-sample—-date-Pu
Ethnicity First-positive-date-Pu

First job title

Last job title
Birthdate

Hire date

Term date
Date-last-alive date
Date-last-worked date
Calculated duration
Death date

ICDA-8

Death date

ICDA-8

Last-sample-date—Pu
nCi-years

nCi-last-sample
nCi-years-at-last-sample
Previous Pu body burden (PBB)
Current Pu body burden (CBB)
Tested external (flag)
First-sample-date—external
First-positive-date-external
Date of 1 rem

Date of 5 rems

Date of 10 rems

Calculated cumulative rem
Calculated-last-term—date
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These analyses were limited to all white females employed at
any time between April 1, 1943 and January 1, 1979. Nonwhite females
were omitted from the analyses because they constituted only a small
percentage (2.9%) of the cohort and because the United States mortality
rates used for comparison were limited to white females. Including
nonwhite females potentially could have biased the results because many
mortality rates, especially for cancer, vary between racial groups.

For example, in the United States cancer of the cervix is two and a
half times more common among black females than among white females.
Conversely, white females contract cancer of the uterus twice as often,
and cancer of the ovary one and one-half times as often as black
females (Young and Pollack, 1982).

Person-years were counted from the hire date, the date on which
an individual entered these analyses, until the greatest of the
following: death date, termination date (for persons lost to
follow-up), 1980 (for persons lost to follow-up but known to be alive
in the 1982 SSA return), date last alive, or EOS. For persons with
death dates, termmination dates, or dates last alive beyond the EOS
date, person-years were terminaﬁed at EOS date. Deaths were only
counted if the individual died in the same period as their follow-up.
For example, persons dying after the EOS date were not considered to be
deceased in this analysis.

Education. The cohort was stratified on education and SMRs
were calculated for wamen with less than a college degree, wamen with
at least a college degree, and women for whom education was unknown.

The category "less than college" included women with little or no
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education through those who had attended college but had not earned a
degree. This category included wamen with two year associate degrees.
The majority of the wamen in this category were high school graduates.
The category of "at least a college degree" included wamen with
bachelor's level degrees and graduate and professional degrees. The
unknown education category included wamen for whom education could not
be obtained.

Person years and deaths were counted and SMRs were calculated
for the analyses stratified on education in the identical fashion as
analyses for all white women. These analyses were also limited to
white wamen, for the same reasons as above.

Duration of employment. Because tracing was limited to persons

employed at least six months, vital status follow-up rates differed
greatly between those employed six months or more and those employed
less than six months. For this reason, standardized mortality analyses
were conducted to determine whether differences in mortality existed
between persons employed less than six months and those employed six
months or more. Persons employed between 1943 and 1979 were included
in the analyses. Members of the cohort were dichotamized on the basis
of duration of employment (calculated as described above) into two
subcohorts. Person-years were calculated from hire date for persons
employed less than six months and hire date plus six months for persons
employed at least six months to the greater of the following: death
date, termination date (for persons lost to follow-up), 1980 (for
persons lost to follow-up but known to be alive in the 1982 SSA

return), date last alive, or EOS date. FOr persons with death dates,
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termination dates, or dates last alive beyond the EOS date,
person-years were terminated at EOS date. Deaths were counted only if
the individual died in the same period as their person-years were
counted.

Persons with unknown durations of employment were autamatically
anitted from the analyses because they lacked a hire date, a last
termination date, or both. Both a hire date and last termination date
were required for entry into the MONSON analytic program, and persons
with either of these variables missing were autamatically omitted fram
the analyses.

Analyses of Radiation Exposure

Ever/never a radiation worker. The first subcategory includes

analyses of "ever a radiation worker" versus "never a radiation
worker". Individuals were dichotamized into two subcohorts, "ever
radiation worker" and "never radiation worker", on the basis of
rad-worker flag described above. Individuals meeting any one of the
following conditions were considered "over radiation worker™: 1) they
had a first sample date for external radiation, 2) they had a first
sample date for plutonium, or 3) if employed at any time between April
1, 1943 and February 1, 1945, they had any mention of radiation
exposure in their Los Alamos Laboratory medical records.

These analyses were limited to white females employed at least
six months between 1943 and 1979. Because the dates of first radiation
exposure were not available for all of these individuals, both
subcohorts entered the analyses at their hire date plus six months (0.5

years) to account for the work restriction. If individuals had been
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allowed to enter the study (that is begin contributing person-years)
prior to achieving the six month work restriction, then person time
contributed in the interval between hire date and hire date plus six
months would be "immortal". That is, because a person was required to
work at least six months after hire date and, therefore, live through
those six months, no deaths could occur in this interval. Therefore,
persons were immortal because they were not at risk of dying in this
interval. The only person-years that should be counted in an analyses
such as this are person-years—at-risk. "Immortal" person-years are not
"person-years—-at-risk".

Person-years were counted through the greatest of the
following: death date, termination date (for persons lost to
follow-up), 1980 (for persons lost to follow-up but known to be alive
in the 1982 SSA return), date last alive, or EOS date. For persons
with death dates, termination dates or dates last alive beyond the EOS
date, person-years were terminated at EOS date. Deaths were only
counted if the individual died in the same period as their follow-up.

Because long, although variable, induction times (Rothman,
1986) are required for the development of cancer, a variety of
induction periods were employed in these analyses. The shortest
reported induction time for exposure to radiation, reported among the
"atomic bamb survivors", is two years for the development of leukemia
(Committee on the Biological Effects of Ionizing Radiations, 1980).
Therefore, induction times of 0 (to serve as a base line), 2, 5, 10,
15, 20, and 25 years were employed in these analyses. The induction

periods were additional restriction placed on entry into the cohort.
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Persons, in all but the 0 years induction analyses, entered the study
at hire year plus induction time. For the 0 years induction time,
persons entered the study at hire date plus 0.5 years. Both
person-years and deaths occurring in the interval between hire date and
hire date plus induction time were omitted. Only persons known to be
alive at hire date plus induction were allowed to enter the analyses.

The next analyses consisted of directly comparing rates for the
"ever-radiation" subcohort and with the "never-radiation" subcohort.
Person-years and deaths were calculated as described above for each of
the induction times. A sex- and race-specific and age and
calendar-year stratified maximum likelihood estimate of the rate ratio
was then calculated using a technique described by Rothman and Boice
(1979). Ninety-five per cent approximate confidence limits were
calculated. For causes of death with cases only in one of the exposure
categories, exposed or unexposed, Program 12 of Rothman and Boice
(1979) was used to calculate one-sided confidence limits.

An advantage of camparing two subcohorts within the same
population was that the impact of the Healthy Worker Effect (HWE) was
removed or at least minimized. The Healthy Worker Effect is a type of
confounding or selection bias when working populations are campared
with the general population. When SMR's are calculated comparing
working populations to general populations, the SMR is often below 100.
Working populations have been estimated to have mortality rates that
are 60-90% of those in the general population. This is due to the fact
that working populations must be healthy enough to get and maintain a

job, while the general population includes individuals who are too sick
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to work (McMichael, 1976). Another advantage of comparing within the
same cohort was that it controlled for many socioeconamic and regional
differences which could not otherwise be controlled.

Ever/never monitored for external radiation. The next analyses

were more specific and campared individuals monitored for exposure to
external ionizing radiation with those never monitored. The monitored
individuals were defined as individuals who wore film badges
(1944-1979) or TLDs (1980-1981). No pocket chamber data or qualitative
data on radiation exposure were included in these analyses. As with
the analyses of "ever radiation" and "never radiation", analyses were
limited to white females hired between 1943 and 1979 and employed for
at least six months prior to the end of study (December 31, 1981). In
addition, persons terminated prior to May 18, 1944 were omitted from
the analyses because no film badge monitoring was conducted prior to
this date.

Because first sample date for persons monitored for radiation
was available, person-years were allocated in a more sophisticated
manner, All persons entered the study at hire date plus 0.5 years (to
allow for the work restriction). Person-years were counted as
"nommonitored" until the person's first sample date plus appropriate
induction period, at which time person-years begin to be counted as
"monitored", provided this point in time occurred before the EOS date.
Persons who achieved the criteria of first sample date plus induction
remained in the study until the greatest of the following: death date,
termmination date (for persons lost to follow-up), 1980 (for persons

lost to follow-up but known to be alive in the 1982 SSA return), date
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last alive, or EOS date. For persons with death dates, termination
dates, or dates last alive beyond the EOS date, person-years were
terminated at EOS date. Deaths were only counted if the individual
died in the same period as their person-years were counted. If these
individuals died after meeting the criteria of first sample date plus
induction and before the EOS, their deaths were considered in the
"monitored" category. Persons who were never monitored or who achieved
the criteria of their "first sample date plus induction" after the EOS,
their death date, or the date they were lost to follow-up, remained in
the nonmonitored category and only contributed person-years and deaths
to that category. These nonmonitored individuals left the study at the
greatest of the following: death date, temination date (for persons
lost to follow-up), 1980 (for persons lost to follow-up but known to be
alive in the 1982 SSA return), date-last-alive, or EOS date. For
persons with death dates, termmination dates, or dates last alive beyond
the EOS date, person-years were terminated at EOS date. Deaths were
only counted if the individual died in the same period as their
person-years were counted. Deaths occurring among individuals in this
category before the EOS were considered as "nonmonitored".

Age and calendar year stratified maximum likelihood estimates
of the rate ratio comparing mortality rates for monitored and
normonitored study subjects and 95% confidence intervals for these rate
ratios were calculated in the manner described above (Rothman and
Boice, 1979). As in the earlier analyses, induction times of 0, 2, 5,
10, 15, 20, and 25 years were employed in the analyses. Rate ratios

were calculated for all causes of death, all malignant neoplasms, and
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cause-specific causes of cancer for which at least one death was
present in each category (monitored and never-monitored).

Comparison of persons with cumulative external radiation

exposure greater than or equal to 1 rem compared with those with

cunulative exposure less than 1 rem. The next analyses, the most

specific examination of external radiation, were limited to persons
ever monitored for external radiation between 1944 and 1981. As
before, these analyses were also limited to white females hired between
1943 and 1979 and employed at least six months before the EOS. These
analyses compared persons with cumulative radiation dose of at least 1
rem with those with less than 1 rem. Persons entered the study at the
greatest of first sample date or hire year plus six months (to account
for the work restriction). Person-years were counted as "unexposed"
until the date an individual achieved 1 rem (plus the appropriate
induction period). At this time, the individual began to contribute
"exposed" person-years. Exposed persons left the study at death date
(if deceased before the EOS), termination date (if lost to follow-up),
1980 (if lost to follow-up but alive in the 1982 SSA return), or EOS.
Persons who failed to achieve 1 rem (plus induction) before the death
or EOS, left the study at death (if before EOS), termination (if lost
to follow-up), 1980 (if lost to follow-up but alive in the 1982 SSA
return), or EOS. No individual, exposed or unexposed, contributed
person-years or deaths after the EOS.

Among monitored individuals, direct caomparisons between persons
with at least 1 rem and persons with less than 1 rem were conducted.

Maximum 1ikelihood estimates of the rate ratio and 95% confidence
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limits were calculated as described above. These estimates were sex-
and race-specific and adjusted for age and calendar time. Induction
times of 0, 2, 5, 10, 15, 20, and 25 years were employed.

Comparison of persons biocassayed for plutonium with those never

bicassayed for plutonium. Analyses of potential health effects of

plutonium were conducted next. Analyses were limited to persons
amployed on or after March 1, 1945, the date thought to represent the
start of plutonium bioassays. No one entered the study until at least
March 1, 1945. The first series of comparisons examined SMRs for
persons "ever bicassayed" for plutonium and SMRs for persons "never
bioassayed", including person-years for persons eventually monitored
until the date of their first biocassay (plus induction). Persons were
considered monitored fram the date of their bioassay (plus induction)
until death (if deceased before the EOS), termination (if lost to
follow-up), 1980 (if lost to follow-up but known to be alive in the
1982 SSA return), or EOS. Persons who were not biocassayed before death
or EOS, entered the study at hire year plus six months or March 1,
1945, whichever was latest, remained "never monitored" and left the
study at death, termination, 1980, or EOS, as described above. When an
induction time was employed in the analysis, the person must have
achieved their biocassay date plus induction before entering the
"monitored" category. As before, no one was allowed to leave the study
after the EOS. Induction periods of 0, 2, 5, 10, 15, 20, and 25 years
were employed in these analyses.

Maximum likelihood estimates of the rate ratio were calculated

to compare rates in the plutonium "monitored" directly with rates for
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the "normonitored"., Person-years and deaths in these analyses were
allocated in the identical fashion as in the SMR analyses described
above.,

Comparison of those with ever a positive plutonium uptake with

those with never a positive plutonium uptake (bioassayed only). The

next series of plutonium analyses were more specific and examined the
bioassayed subcohort and calculated SMRs for persons monitored for
plutonium with a "positive uptake" and those persons monitored for
plutonium with "no positive uptake". Persons entered the study at
their first bioassay date or hire year plus six months, whichever was
latest. Person-years and deaths occurring up to the first positive
sample date plus induction were considered as "no positive uptake",
while person-years after the first positive sample date plus induction
contributed to the category "positive uptake". Persons left the study
at death, termination, 1980, or ECS, as described before. Persons who
did not achieve first bioassay date plus induction before death, loss
to follow-up, or EOS, only contributed person-years to the "no positive
uptake" category. Deaths were counted in an identical fashion as
person-years. For example, if an individual died after achieving first
positive bioassay date plus induction but before EOS, their death was
counted in the category of "positive uptake", or EOS, only contributed
person-years to the "no positive uptake". No deaths or person-years
were counted after the EOS date. Induction times of 0, 2, 5, 10, 15,

20, and 25 years were calculated.
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Survival Analyses

A goal of this study was to describe survival among members of
the cohort and to compare survival distributions for the
radiation-exposed and unexposed subcohorts. BMDP program P1L was used
to calculate survival distributions (BMDP, 1985).

To correspond with the stratified analyses of radiation
exposure, survival was calculated for the subcohort of white wamen
employed at least six months. For members of this subcohort, survival
time was defined as the time between the first date of hire plus six
months and date of death (for deceased before the EOS) or the
end-of-study date for censored (alive at EOS) observations. Survival
times for observations censored due to loss to follow-up were truncated
at date of termination or the last date they were known to be alive.
Average survival time was calculated and a plot of the survival
distribution calculated by Kaplan-Meier product limit method was
generated (BMDP, 1985).

The next analyses considered white wamen employed at least six
months and hired between 1943 and 1979. This subcohort was_then
divided into two groups, radiation and nonradiation workers, based on
the criteria described earlier. Survival times for these mutually
exclusive groups were calculated in an identical fashion to the
survival times described above. Kaplan-Meier product limit estimates
of the survival times for radiation and nonradiation workers were
plotted, Average survival times were camputed. In addition, two
statistics comparing the survival distributions between these two

groups were camputed. The first statistic was a generalized



72
Kruskal-Wallis test described by Breslow (Breslow, 1970). The second
statistic comparing the distributions was a Mantel-Cox statistic (BMDP,
1985).

Survival among white female employees monitored for external
ionizing radiation was compared with survival for white women never
monitored for external ionizing radiation. This camparison was limited
to wamen employed at least six months on or after May 18, 1944, the
date believed to represent the initiation of monitoring for external
ionizing radiation (with film badges). Survival times for these
mutually exclusive groups were calculated as described above, except
that entry to the analyses was not permitted prior to May 18; 1944,
Average survival time, Breslow and Mantel-Cox statistics were
calculated. A Kaplan-Meier plot of the survival distributions was
generated.

Finally, survival time was calculated for white women monitored
for plutonium body burden with bicassay and for white wamen never
monitored for plutonium body burden. These analyses were limited to
wamen employed at least six months. Wamen had to be employed on or
after March 1, 1945, when plutonium bioassays were begun at Los Alamos.
Survival times were calculated from hire date plus six months or
March 1, 1945, whichever was latest, until death date (if deceased
before EOS), EOS date (if alive at EOS), or the date lost to follow-up.
Average survival time was calculated and a Kaplan-Meier plot generated.

In addition, Breslow and Mantel-Cox statistics were generated.



CHAPTER V

RESULTS

Descriptive Analyses

Race

The cohort included 6790 females ever employed by the Los
Alamos Laboratory between 1943 and 1981. Of these 6790 women, 6448
(95.0%) were known to be white. Only 197 (2.9%) persons had race
unknown. Because 97.8% of the persons with racé known (n=6593) were
white, it was decided that persons with unknown race would be
considered white in the later analyses. Misclassification resulting
from this decision should be small. Among the 410 death certificates
obtained for women dying before the end of study, race was identified
on 409. Race was identified fram personnel sources for the woman whose
race was not specified on her death certificate. In addition, a
comparison was made between race on the death certificate and in the
LA-FEMALES data base. All records in question belonged to wamen
classified as white on one source and as American Indian on the other.
Personnel records were searched and proof was located that indicated
that all of the records in question (n=7) belonged to American Indians.
For example, same of the wamen were born on Indian Pueblos or

73
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attended Indian schools. As a result of these checks, race has been
correctly classified for all deceased members of the cohort.
Education

Educational status was another very important characteristic of
the cohort (Table 7). The majority of the women (75.5%) in the cohort
had no more education than a high school diploma, while 3.4% held
associate degrees, 15.9% were college graduates and 4.5% held an
advanced degree. The percentages were almost identical for white
women, which was not surprising because they comprised the majority of
the cohort. Among nonwhite women, the percentages were similar, but
reflected a higher level of education. Higher percentages of the
nonwhite women finished high school, graduated fram college, or
possessed an advanced degree, than among the white women.

Employment

Only 20 (0.3%) members of the cohort were missing a valid hire
date. For the remaining 6770 (99.7%) of the cohort, the median ﬁire
date was 1954.44, approximately May 9, 1944. Table 8 presents the
distribution by period of hire. The 1943-1949 period, although only
seven years long, was responsible for the largest number of wamen hired
(n=2467, 36.4%). This peak employment was most likely due to the
wartime staffing required by the Manhattan Engineering District's
Project Y operations at Los Alamos. Wwhile white women closely
resembled the total cohort, nonwhite wamen displayed a very different
pattern of hire dates. Over half (52.4%) of the nonwhite women in the
cohort were originally hired in 1970 or later. This compares to only

22.9% of the white women who were originally hired in 1970 or later.
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TABLE 7

EDUCATION FOR THE COHORT OF LOS ALAMOS

Education All Women White Women Nonwhite Women

Frequency Percent Frequency Percent Frequency Percent

Less than

high school 1402 20:7 1377 20,7 25 172
High school

graduate 3725 54.9 3641 54.8 84 57:9
Associate

degree 232 3.4 227 3.4 5 3¢5
College

graduate 1078 15«9 1054 159 24 16.6
Post graduate

degree 303 4.5 296 4.5 7 4,8
Unknown 50 0,7 50 0.8 0 0.0

Total 6790 100.0 6645 100.0 145 100.0
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TABLE 8

HIRE DATES BY PERIOD FOR LOS ALAMOS WOMEN

Period of Hire All Women white Women Nonwhite Women

Frequency Percent Frequency Percent Frequency Percent

1943-1944 655 9.7 642 9.7 13 9.0
1945-1949 1812 26.8 1794 27-1 18 12.4
1950-1954 1000 14.8 985 14.9 15 10.3
1955~1959 647 9.6 637 9.6 10 6.9
1960-1964 505 7.5 500 7.6 9 3.5
1965-1969 561 8.3 553 8.3 8 5¢5
1970-1974 677 10.0 641 87 36 24.8
19751979 897 13:2 857 12.9 40 27.6
1980-1981 16 0.2 16 0.2 0 0.0

Total 6770 100.0 6625 100.0 145 100.0
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when missing termination dates (n=10, 0.1%) and termination
dates for employees active at the EOS (n=1254, 18.5%) were amitted, the
median termination date was 56.34 or approximately May 4, 1956.

A more meaningful indication of employment periods of these
women was obtained by examining the last-termination-date (Table 9).
This variable included valid termination dates for terminated employees
and assigned the EOS date (December 31, 1981) for persons actively
employed at the EOS (n=1254, 18.5%). Persons who were not active at
the EOS whose true termination date was unknown (n=10, 0.1%) were
treated as missing values. The median last-termination-date was 62.53
or approximately July 12, 1962. The large number of terminations in
the period 1980 and later is due to the assignment of December 31,
1981, to employees active at the EOS. When this period was
disregarded, the 1945-1949 period represented the highest percentage of
terminations for the cohort and for the subcohort of white women. This
was due to the large number of persons terminating at the end of World
War II, when the future of the Los Alamos Laboratory appeared
uncertain. The nonwhite wamen did not show the same pattern of
termination because, as described earlier, the majority of the wamen
were hired in 1970 or later. Therefore, the majority of terminations
in nonwhite women must have occurred in 1970 or later.

Duration of employment was calculated for all members of the
cohort., Duration of employment consisted of the difference between
hire date and temmination date (or active date for persons still

employed on December 31, 1981). Only 25 persons had unknown durations
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TABLE 9

LAST-TERMINATION-DATE BY PERIOD BY RACE
FOR LOS ALAMOS WOMEN

Time Period All Women White Women Nonwhite Women

Frequency Percent Frequency Percent Frequency Percent

1943-1944 301 4.4 297 4.5 4 2.8
1945-1949 1448 21.4 1441 21.7 1 4.8
1950-1954 849 12.5 830 12.5 19 13.1
1955-1959 570 8.4 557 8.4 13 9.0
1960-1964 440 6.5 433 6.5 i 4.8
1965-1969 527 7.8 524 7.9 3 2.1
1970-1974 465 6.9 442 6.7 23 15.9
H95=-1979 597 8.8 574 8.7 23 15.9
1980-1981 1583 23+3 1537 23..2 46 31,7

Total 6780 100.0 6635 100.0 145 100.0
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of employment. The distribution of duration was highly skewed with a
mean duration of 5.74 years and a median duration of 2.26 years. Over
81% were employed less than 10 years. The longest duration of
employment recorded was 38.75 years. All of the nonwhites employed at
least 20 years were American Indians. Table 10 presents a breakdown of
the cohort by duration of employment.
Vital Status

Vital status (Table 11) as of December 31, 1981, was identified
for 86.9% of the cohort. Because tracing efforts were limited to white
females who were employed at least six months, the proportion of this
subcohort with known vital status was much higher (93.1%).

Radiation Exposure

A total of 1714 (25.2%) women were identified as ever being a
radiation worker by the process described in the Methods Chapter. Of
these 1714, 1683 (98.2%) were white. When the percentages of radiation
workers and nonradiation workers hiring per time period were campared
(Table 12), a steadily increasing proportion of the wamen hiring became
radiation workers. Only 12.5% of the women hired in 1943-1945 became
radiation workers campared with 40.4% in the period 1975-1979. Twenty
women with unknown hire dates were amitted, as were 16 women first
hired after December 31, 1979.

There were 1519 women monitored for exposure to external
radiation betweeen 1945 and 1981 using either a film badge or a TLD

(beginning in 1980). Only 29 (1.9%) of those monitored were nonwhite.



TABLE 10

DURATION OF EMPLOYMENT BY RACE FOR LOS ALAMOS WOMEN

Duration All Women White Women NonWhite Women
Frequency Percent Frequency Percent Frequency Percent

< 1.00 year 2162 32.0 2114 31,9 48 33.1
1.00- 4.99 years 2269 33.5 2227 33.6 42 29.0
5.00-.9.99 years 1102 16.3 1066 16.1 36 24.8
10.00-14.99 years 396 5.9 385 5.8 11 7.6
15.00-19.99 years 295 4.4 294 4.4 1 0.7
20.00-24.99 years 211 3.1 211 3.2 0 0.0
25,00-29.99 years 182 2.7 180 27 2 1.4
30.00-34.99 years 111 1.6 108 1.6 3 2.1
35,00+-39.99 years 37 0.5 35 0.5 2 1.4
Total 6765 100.0 6620 99.8 145 100.0

08



81

TABLE 11

VITAL STATUS AS OF DECEMBER 31, 1981 FOR FEMALES EMPLOYED
BY THE LOS ALAMOS NATIONAL LABORATORY
FROM 1943 THROUGH 1981

White Females Employed
Everyone White Females at Least 6 mos

Frequency Percent Frequency Percent Frequency Percent

Alive 5468 80.5 5349 80.5 4558 86.6
Dead 430 643 426 6.4 342 6.5
Unknown 892 13.1 870 13.13 361 659

Total 6790 100.0 6645 100.0 526k 100.0
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TABLE 12

HIRE DATES* FOR RADIATION/NONRADIATION WORKERS: 1943-1979**

Time
Period Radiation Workers Nonradiation Workers Total
Frequency Percent  Frequency Percent Frequency Percent

1943-1944 82 12,5 573 87.5 655 100.0
1945-1949 273 15.1 1532 84.9 1812 100.0
1950-1954 241 24.1 759 75.9 1000 100.0
1955=1959 197 30.4 450 69.6 647 100.0
1960-1964 158 31.3 347 68.7 505 100.0
1965-1969 170 30.3 391 69.7 561 100.0
1970-1974 227 33.5 450 66.5 677 100.0
1975-1979 362 40.4 535 59.6 897 100.0

¥30 cases had missing hire dates and were omittgd.
**16 cases hired after December 31, 1979 were amitted.
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Table 13 presents the distribution by first monitoring date for waomen
ever monitored for external radiation and demonstrates a clear increase
in frequency for the period 1975-1979. Because the 1980-1981 category
contains data for only two years, it is difficult to assess the true
frequency for the post 1979 period.

only 538 (7.9%) members of the cohort were bioassayed for
plutonium exposure. Only 10 (1.9%) of the bioassayed group were
nonwhite. The frequency distribution of first bioassay dates (Table
14) reveals peaks in the 1945-1949 (20.8%) and the 1975-1979 (28.3%)
periods.

STANDARDIZED MORTALITY ANALYSES

Overall SMRs

Standardized mortality ratios (SMRs) were generated for all of
the white females in the cohort. As explained earlier, persbns with
race "unknown" were considered white in the analyses. Only four deaths
occurred among nonwhites in the cohort. All four deaths were American
Indians, two died of alcoholic cirrhosis of the liver (ICDA-8 5710),
one died of sclerosis (ICDA-8 7340) and one died in an automobile
collision (ICDA-8 8120).

Standardized mortality analyses were limited to persons hired
between 1943 and 1979. A review of the records showed only 40 eligible
cohort members hired between January 1, 1979 and December 31, 1981.
This poor coverage of persons hired after the first of 1979 was

obviously due to incamplete microfilming of personnel record updates.
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TABLE 13

DISTRIBUTION OF FIRST MONITORING DATE FOR WOMEN EVER
MONITORED FOR EXPOSURE TO EXTERNAL RADIATION

Period of First Monitoring Frequency Percent
1943-1944 0 0.0
1945-1949 81 5.8
1950-1954 181 1139
1955=1959 192 1216
1960-1964 170 11.2
1965-1969 158 10.4
1970-1974 151 9.9
1975~-19%79 474 31.2
1980-1981 112 7.4
Total 1519 100.0
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TABLE 14

DISTRIBUTION OF FIRST PLUTONIUM BIOASSAY DATE
FOR WOMEN IN THE LOS ALAMOS COHORT

Time Period of First

Plutonium Bioassay Frequen Percent
1943-1944 0 0.0
1945-1949 110 20.4
1950-1954 63 11.7
1955-1959 53 9.9
1960-1964 35 6.5
1965-1969 34 6.3
1970-1974 41 7.6
1975-1979 152 2833
1980-1981 50 9.3

-
o
(@)
L]

o

Total 538
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These 40 individuals only contributed 78.3 (0.06%) out of 132749.1
person-years and no deaths. It was decided that it would be preferable
to include only years for which the ascertainment of employment records
was more camplete.

Another group of 32 individuals, omitted from the analyses,
were women missing a hire date, termination date, or birthdate, because
the Monson Program requires this information to calculate SMRs.

The remaining cohort included 6573 persons or 98.9 of the white
females in the original cohort. The EOS date was December 31, 1981 for
these analyses. Characteristics of the cohort are presented in Table
15,

Standardized mortality ratios for the cohort are presented in
Table 16. In most cases, SMRs indicated mortality less than expected
based on US death rates. In no case was mortality significantly more
than expected. SMRs exceeding 100 included cancers of the skin,
uterus, kidney, mental disorders, respiratory illnesses, senility and
ill-defined conditions, all injuries, all accidents, motor vehicle
accidents and suicides. Ninety-five percent confidence intervals
included 100 for each of these causes. Mortality was significantly
low for many causes of death, including all causes, all cancers,
cancers of the digestive system, cervix, and diseases of the
circulatory system. Mortality was only 76% of that expected, based on
US death rates. The remaining causes of death were less than expected,
although their 95% confidence intervals included 100. No cases of

cancers of the larynx, bone, eye Or thyroid were observed.
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TABLE 15

CHARACTERISTICS OF THE WHITE FEMALES
EMPLOYED BETWEEN 1943 AND 1979

Total persons 6573
Total person-years 132670.8
Total number deceased 403
Average age of entry 27.80
Average year of entry 1957.69
Average age of death 57 21
Average year of death 1972.23
Average length of follow-up (years) 20,18
Crude mortality rate 303.76

(per 100,000 person-years)
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TABLE 16

STANDARDIZED MORTALITY RATIOS FOR 6573 WHITE FEMALES
EMPLOYED BY THE LOS ALAMOS NATIONAL LABORATORY
FROM 1943 TO 1979

Cause (ICD) Observed Expected SMR 95% CI
All causes (001-998) 403 530.33 76 69, 84
All cancers (140-209) 133 171414 78 65, 92
Oral cancer (140-149) 2 2.40 83 9, 301
All digestive (150-159) 17 36.47 47 " 2%, 15
Esophagus (150) 1 1.32 76 1, 422
Stamach (151) 1 4.64 22 0, 120
Large intestine (153) 9 15,98 56 26, 107
Rectum (154) 2 3.5 53 6, 193
Liver and gallbladder (155-156) 1 3.21 31 0, 173
Pancreas (157) 3 6.48 46 9, 135
All respiratory (160-163) 19 20.99 91 54, 141
Larynx (161) 0 052 0 0, 704
Lung (162) 19 20.12 94 57, 148
Bone (170) 0 0.67 0 0, 547
Skin (172,173) 5 2.7 185 60, 431
Breast (174) 36 42.31 85 60, 118
All genital organs (180-184) 20 29.63 68 41, 104
Cervix uteri (180) 2 9.56 21 2,16
Corpus uteri (181-182) 6 5.33 113 41, 245
All uterus (180-182) 8 15.63 51 22, 101
Other genital organs (183-184) 12 13.89 86 45, 151
Bladder (188) 1 1.47 68 1, 378
Kidney (189) 6 2.44 246 90, 536
Eye (190) 0 0.15 0 0,2389
Brain/CNS (191-192) 5 5.25 95 3); 222
Thyroid (193) 0 0.52 0 0, 701
All lymphopoietic (200-209) 10 14.53 69 33, 127
Lymphosarcama (200) 2 3.17 63 7, 228
Hodgkins (201) 1 1.89 53 1, 294
Leukemia (204-207) 4 5.65 ! 19, 181
Other lymphatic (202,203,208) 3 3.63 83 17, 241
Benign (210-239) 2 3.24 62 o223
Mental disorders (290-317) 5 2.44 205 66, 479
All circulatory (390-458) 130 197.27 66 55, 18
All respiratory (460-519) 28 23,35 120 80, 173
All digestive (520-577) 23 29.54 78 49, 117
All genito-urinary (580-629) 5 9.09 55 18, 128
Senility and ill defined (780-799) 6 5.89 102 37, 222
All injuries (E800-998) 51 44.92 114 85, 149
All accidents (EB00-949) 32 27.81 115 79, 162
Motor vehicle accidents (E810-827) 18 15.26 118 70, 186
Suicide (E950-959) 14 12,55 112 61, 187
Cancer residual 12 11.57 104
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Education

The cohort was divided into three educational categories,
persons with less than a college degree, persons with at least a
college degree, and persons with unknown education. Out of the 6573
white females eligible for MONSON, 5196 had less than a college degree,
1338 had at least a college degree, and 39 had education unknown.
Table 17 gives the breakdown of the persons, person-years, and deaths
by educational category.

Table 18 presents a standardized mortality ratios for the 5196
wanen who did not have a college degree or a graduate degree. This
group includes a range of education including wamen with almost no
education through women who attended college but did not graduate.
Women with associate degrees are included in this group.

No cause of death was significantly elevated among this group.
SMRs for all causes, all cancers, cancers of the digestive tract,
cancers of the colon, cancers of the cervix, and circulatory diseases
were significantly less than 100.

Table 19 presents SMRs for white wamen with at least a college
education. To be included in this group, wamen had to have at least a
college degree and same possessed advanced degrees. Among college

educated wamen the SMR for cancer of the kidney (SMR = 646, 95%

CI = 130, 1889) and the SMR for mental disorders (SMR = 629, 95%

CI = 126, 1838) were significantly elevated. The SMR for all

circulatory diseases (SMR = 55, 95% CI = 33, 85) was significantly less

than 100. Ninety-five percent confidence intervals for the remaining

SMRs included 100.
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TABLE 17

CHARACTERISTICS OF THE WHITE FEMALES
BY EDUCATIONAL STATUS

Less than At least

College College Education
Everyone Graduate Graduate Unknown
Persons 6573 5196 1338 39
Person-years 132670.8 106029.3  26019.1 6222
Deaths 403 315 85 3
Cancer deaths 133 98 a3 2
Average age of entry 27.80 27.33 29.32 38pls/
Average year or entry 1957.69 1957.27 1959.27  1958.91
Average age of death 57.21 57.87 54.34 69.51
Average year of death 1972.23 1972.46  1971.38  1971.50
Average length of
follow-up (years) 20.18 20.41 19.45 15.95
Crude mortality rate
(per 100,000 person-years) 303.76 297.09 326.68 482.16
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TABLE 18

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES
EMPLOYED BY THE LOS ALAMOS NATIONAL LABORATORY
FROM 1943 THROUGH 1979 WITH EDUCATION
LESS THAN COLLEGE DEGREE

Cause Observed Expected SMR  95% CI
All causes 315 425.09 74 66, 83
All cancers 98 136.38 72 58, 88
Oral cancer 2 1.91 105 12, 378
All digestive 12 29.22 41 21;7272
Esophagus 1 1.05 95 1, 529
Stamach 1 3.72 27 0, 149
large intestine 5 12.80 39 13, 91
Rectum 2 3.00 67 7, 240
Liver and gallbladder 1 2,58 39 1, 216
o 2 ok oA
i 16 16. ]
Aliu;;spxratozy 16 15.97 100 57,7163
Bone 0 0.54 0 0, 679
Skin 3 2,15 139 28, 407
Breast 24 33.62 71 46, 106
All genital organs 16 23.59 68 39, 110
Cervix uteri 1 7.60 13 0, 73
Corpus uteri 5 4327 1347 38, 273
All uterus 6 12.45 48 18, 105
Other genital organs 10 11.06 90 43, 166
Bladder 1 1.18 84 1, 470
Kidney 3 1.95 154 31, 450
= e 8T
i 5 4.17 '
2:;;;2{?5 0 0.42 0 0, 873
All lymphopoietic 8 11.62 69 30, 136
Lymphosarcama 2 2.53 79 9, 285
Hodgkins 1 1351 66 1, 368
Leukemia 3 4.52 66 13, 194
Other lymphatic 2 2.90 69 8, 249
Benign i 2 2.58 78 9, 280
Hentgl disorders 2 lgg 12; ;3, 3;3
110 159. .
:lli circx;i:tgry 24 18.70 128 82, 191
1 diccarive 19 2.5 81 4, 126
2 3 ° ’
All genito-urinary
Senility and ill defined §, 3;-;2 lgg 33 ﬁg
All injuries 3 s ’ 155
All accidents 23 22.33 103 65, -+44
Motor vehicle accidents 11 12.29 89 45,
i 10 9.97 100 48, 185
ficlde 8 9.23 87

Cancer residual
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TABLE 19

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES
EMPLOYED BY THE LOS ALAMOS NATIONAL LABORATORY
FROM 1943 THROUGH 1979 WITH AT LEAST
A COLLEGE DEGREE

Cause (ICD) Observed Expected SMR 95% CI
All causes 85 98.77 86 69, 106
All cancers 33 33.05 100 69, 140
Oral cancer 0 0.47 0 0, 784
All digestive 5 6.80 74 24, 172
Esophagus 0 0.25 0 0, 1460
Stamach 0 0.86 0 0, 427
Large intestine 4 2,99 134 36, 343
Rectum 0 0.70 0 0, 524
Liver and gallbladder 0 0.59 0 0, 622
Pancreas 1 1.21 83 1, 459
All respiratory 2 4.14 48 5, 174
Lung 2 3+97 50 62182
Bone 0 0.12 0 0, 2941
skin 2 0:58. 1375, @2, 1352
Breast 12 8,34 144 74, 251
All genital organs 4 5.76 69 19, 178
Cervix uteri 1 1.89 53 1, *285
Corpus uteri 1 1.00 100 1, 555
All uterus 2 3.04 66 e
Other genital organs 2 2,71 74 8, 267
Bladder 0 0.26 0 0, 1389
Kidney 3 0.46 646 130, 1889
Eye 0 0.03 0 0,12736
Brain/CNS 0 1.03 0 0, 355
AL} Iym B e & 4, 20

i i 1 o ’

Aliyégﬁgggfgéizlc 0 0.61 0 0, 605
Hodgkins 0 0+37 0 0, 997
Leukemia 1 1.08 93 ling 517
Other lymphatic 0 0.69 0 0, 533
Benign 0 0.63 0 Dy - 579
Mental disorders 3 0.48 629 126, 1838
All circulatory 19 34.;; gg 32, 232
All respiratory 4 4. it

All digestive 4 5.74 70 19, 1
All genito-urinary 2 0> IT7 23, 4§g

Senility and ill defined 2 1.13. 177 20y .6
All injuries 14 g.71 161 88, 270
All accidents 3 g'gg ézg gg: igg
:3§2§d:eh1cle ST 4 2,52 159 43, 406

4 2,22 180

Cancer residual
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Table 20 presents SMRs for the 39 individuals for whom
education could not be determined from the personnel records. Only
three deaths were observed among this group. Two of these deaths were
due to cancer. A lung cancer (SMR = 584, 95% CI = 8, 3249) and a
multiple myeloma (SMR = 2413, 95% CI = 32, 13423) were observed. The
noncancer death, which was due to circulatory disease (arteriosclerotic
heart disease), had an SMR of 30 (95% CI = 0, 168).

SMRs by Duration of Employment

The next standardized mortality analyses examined the question
of duration of employment. Because tracing had to be limited to
persons employed at least six months due to financial constraints,
follow-up was, therefore, much more limited among those employed less
than six months. For this reason, it was decided to limit the
remainder of the analyses to persons employed at least six months.

In order to better understand the characteristics of persons
employed less than six months, an SMR analysis of these individuals was
conducted. This analysis included white females first employed between
1943 and 1979 who had worked less than six months before the EOS. As
with the earlier MONSON run, persons with missing hire dates,
termination dates, or birthdates were excluded from the analyses.
Therefore, persons with missing durations of employment were
automatically excluded from the analyses. There were 1339 persons
meeting these criteria who were employed less than six months.
Seventy-six of these individuals were deceased. Table 21 presents the

characteristics of the persons employed less than six months.
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TABLE 20

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES
EMPLOYED BY THE LOS ALAMOS NATIONAL LABORATORY
FROM 1943 THROUGH 1979 WITH EDUCATIONAL
ATTAINMENT UNKNOWN

Cause (ICD) Observed Expected SMR 95% CI
All causes 3 6.47 46 9, 135
All cancers 2 1.68 119 ..13,.-430
Lung 1 0.17 584 8, 3249
Other lymphatic cancers 1 0.04 2413 32,13423
All circulatory 1 3.32 30 0, .« 168
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TABLE 21

CHARACTERISTICS OF THE WHITE FEMALES
EMPLOYED LESS THAN SIX MONTHS

Total persons 1339
Total person-years 23369.2
Total number deceased 76
Average age of entry 26,15
Average year of entry 1953.47
Average age of death 59.16
Average year of death 1970.60
Average length of follow-up (years) 17.45

Crude mortality rate
(per 100,000 person-years) 325.21
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Standardized mortality ratios for individuals employed less
than six months are presented in Table 22. As with the overall cohort,
significant deficits of mortality from all causes, all malignant
neoplasms, and all circulatory diseases were observed. None of the
SMRs were significantly elevated. SMRs greater than 100 were observed
for lung cancer (SMR = 134, 95% CI = 43, 313), kidney cancer
(SMR = 213, 95% CI = 3, 1187), brain cancer (SMR = 104, 945% CI = 17
576), lymphosarcama (SMR = 165, 95% CI = 2, 920), and lymphatic cancers
(SMR = 144, 95% CI = 2, 800). These standardized mortality ratios were
based on few cases and their confidence intervals were wide. As with
the overall cohort, deaths from injuries were nonsignificantly elevated
with an overall injury SMR of 126 (95% CI = 60, 231), an SMR of 148
(95% CI = 30, 380) for motor vehicle accidents, and an SMR for suicide
of 139 (95% CI = 28, 407).

When standardized mortality ratios were calculated for persons
employed at least six months, person-years were not counted until hire
date plus six months to account for the six month work restriction. If
person-years had been counted in the interval between hire date and
hire date plus six months, these person-years would have been immortal.
Future standardized mortality ratios and rate ratio analyses will
employ the work restriction and, therefore, this analyses defines the
cohort for the future analyses considering exposure. Table 23 presents

the characteristics of this subcohort.
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TABLE 22

STANDARDIZED MORTALITY RATIOS FOR 1339 WHITE

FEMALES EMPLOYED LESS THAN SIX MONTHS

Cause (ICD) Observed Expected SMR _95% CI
All causes 76 104.83 73 57, 91
All cancers 21 32.62 64 40, 98
Oral cancer 0 0.46 0 0, 794
All digestive 2 7.24 28 3, 100
Esophagus 0 0.26 0 0, 1412
Stamach 0 0.93 0 0, 394
Large intestine 0 3.15 0 0, 116
Rectum 1 0.75 133 2, 741
Liver and gallbladder 0 0.65 0 0, 568
Pancreas 1 1.28 78 1, 436
All respiratory 5 3.90 128....41,-..299
Larynx 0 0.10 0 0, 3680
Lung 5 3:73 134 43, 313
Bone 0 0:13 0 0, 2813
Skin 0 0.49 0 0, 753
Breast 3 7.88 38 8, 111
All genital organs 3 5.68 53 11, 154
Cervix uteri 0 1.78 0 0, 206
Corpus uteri 1 1.05 95 1, 530
All uterus 1 3.03 33 0, 184
Other genital organs 2 2,63 76 9, 275
Bladder 0 0.30 0 0, 1212
Kidney 1 0.47 213 3, 1187
Eye 0 0.03 2 2,12%32
Brai i 0.97 10 4
T;;;g{gns 0 0.10 0 0, 3572
All lymphopoietic 2 2.75 73 8, 263
Lymphosarcama 1 0.60 165 2, 920
Hodgkins 0 0.35 0 0, 1061
Leukemia 0 1.07 0 0, 343
Other lymphatic 1 0.70 144 2, 800
Benign 0 0.63 0 0, 585
Mental disorders 0 0.45 0 0, 820
All circulatory 26 41,32 63 41, 92
All respiratory 6 4.65 129 47, 281
All digestive 6 5,62 107 -39, '232
All genito-urinary 1 1.84 58 é' ggg
Senility and ill defined 0 1.09 g
All injuries 10 7.96 126 60, 231
All accidents 5 5.05 99 32, 231
Motor vehicle accidents 4 2.70 148 40, 383
Suicide 3 2.16 139 28, 40
Cancer residual 4 2.22 180
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TABLE 23

CHARACTERISTICS OF THE WHITE FEMALES
EMPLOYED AT LEAST SIX MONTHS

Total persons 5234
Total person-years 106684.3
Total number deceased 327
Average age of entry 28.72
Average year of entry 1959.27
Average age of death 56.76
Average year of death 1972.6
Average length of follow-up (years) 20.38
Crude mortality rate 306.51

(per 100,000 person-years)
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Table 24 presents standardized mortality ratios for the
subcohort of white females employed at least six months. Significant
deficits in mortality were observed for all causes (SMR = 77, 95%
cI = 69, 86), all cancers (SMR = 81, 95% CI = 67, 98), digestive
cancers (SMR = 52, 95% CI = 29, 85), cancers of the cervix (SMR = 26,
95¢ CI = 3, 94), and diseases of the circulatory system. No
significantly elevated SMRs were observed. Of the standardized
mortality ratios elevated over 100, cancers of the skin (SMR = 227,
95% CI = 73, 530), and cancers of the kidney (SMR = 255, 95% CI = 82,
595), and mental illnesses (SMR = 253, 95% CI = 82, 591) stood out.
The 95% intervals for these standardized mortality ratios all included
100. Elevated standardized mortality ratios for injuries and
cause-specific types of injury death were also observed.

Analyses of Radiation Exposure

Radiation Workers Compared with Nonradiation Workers

Workers were characterized as "ever radiation worker" or "never
radiation worker" on the basis of the external radiation monitoring
records, the plutonium biocassay records, and the medical records.
Analyses included all white females first employed between April 1,
1943 and December 31, 1978. These females had to have been employed at
least six months prior to the EOS date of December 31, 1981. Persons
entered the study at hire year plus six months (or induction period

when that exceeded six months) and remained in the same exposure

category throughout these analyses. persons left the analyses at the

greater of death date, termination, or 1980 (if lost to follow-up), or

EOS (if alive at end of study). NO person-years Or deaths were
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TABLE 24

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES
EMPLOYED AT LEAST SIX MONTHS

Cause (ICD) Observed Expected SMR 95% CI

All causes 327 422.02 77 69, 86

All cancers 112 137.69 81 67, 98

Oral cancer 2 1.93 103 12, 374

All digestive 15 29,10 52 29, 85
Esophagus i 1.06 95 1, 527
Stamach ; 1 3.68 27 054 151
Large intestine 9 12.77 70 32, 134
Rectum 1. 2.98 34 0, 187
Liver and gallbladder 1 2.55 39 1,218
Pancreas 2 5.19 39 4, 139

All respiratory 14 17.04 82 45, 138
Larynx 0 0.42 0 0, 872
Lung 14 16.34 86 47, 144

Bone 0 0.53 0 0, 693

Skin 5 2.20 227 73, 530

Breast 33 34.24 96 66, 135

All genital organs 17 23,77 72 42, 115
Cervix uteri 2 7.72 26 3, 94
Corpus uteri 5 4,26 107 38, 274
All uterus 7 12.48 56 22, 116
Other genital organs 10 11.20 89 43, 164

Bladder 1 1.16 86 1, 478

Kidney 5 1.96 255 82, 595

Eye 0 0.12 0 0,2981

Brain/CNS 4 4,24 94 25, 241

Thyroid 0 0.42 0 0, 875

All lymphopoietic 8 11.67 69 30, 135
Lymphosarcama 1 2,55 39 1, 218
Hodgkins 1 152 66 1, 367
Leukemia 4 4,53 88 24, 226
Other lymphatic 2 2.93 68 8, 247

Benign 2 2.57 78 9, 281

Mental disorders 5 1.97 253 82, 591

All circulatory 104 155.28 67 55, 81

All respiratory 22 18,55, .. 119 74, 180

All digestive : 17 23.71 72 42715

Senility and ill defined 6 4,77 7+ 126 4§, igg

All injuries 41 36.25 113 81,

All accidents 27 22.27 121 80, 176
Motor vehicle accidents 14 12.24 114 62, 192
Suicide 11 16.24 107 54, 192

Cancer residual 8 9.29 86
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contributed after the EOS. The categories of "ever radiation" and
nnever radiation” are mutually exclusive and collectively exhaustive.

Table 25 presents the characteristics for persons who were ever
a radiation worker and those who were never a radiation worker between
1943 and 1981. A significantly elevated SMR for kidney cancer was
observed among the subcohort never working with radiation. Five cases
were observed campared with 1.46 expected resulting in an SMR of 343
(95% CI = 111, 801). Among radiation workers (Table 26) mortality from
all causes, all cancers, all digestive cancers (borderline), all
circulatory diseases was significantly less than expected based on US
death rates. SMRs for many causes of death such as digestive cancers,
colon cancer, lymphopoietic cancers, and lung cancers were less than
100, although 95% confidence intervals were wide and included 100.
Only one standardized mortality ratio, deaths due to suicide,
significantly exceeded 100. Standardized mortality ratios for skin
cancer, ovarian cancer, leukemia, benign neoplasms, mental disorders,
and senility/ill defined conditions exceeded 100, although these
standardized mortality ratios were nonsignificant.

In order to overcome the Healthy Worker Effect inherent in
standardized mortality analyses, maximum likelihood estimates of the
rate ratio were calculated to compare cancer mortality among radiation
workers with cancer mortality among nonradiation workers within the

same cohort. Rate ratios were calculated for 0, 2, 5, 10, 15, 20, and

25 years induction. Table 27 presents rate ratios for the 0 year
induction period. No cancer specific rate ratio was significantly

elevated, but the following ratios exceeded 1.00: pancreatic cancer
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TABLE 25

CHARACTERISTICS OF RADIATION AND NONRADIATION WORKERS:
0 YEARS INDUCTION

Total persons
Total person-years
Total number deceased
Average age of entry
Average year of entry
Average age of death
Average year of death
Average length of follow-up
Crude mortality rate

(per 100,000 person-years)

Ever
Radiation Worker

1591
29762.2
81
29.31
1962.24
54.78
1973.3
18.71
272.16

Never

Radiation Worker -

3643
76922.1
246
28.47
1957.96
57.41
1972.38
21712
319.80
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TABLE 26

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES
EMPLOYED AT LEAST SIX MONTHS WHO WERE EVER
EXPOSED OR MONITORED FOR RADIATION:
1943-1981, 0 YEARS INDUCTION

Cause (ICD) Observed Expected SMR 95% CI
All causes 81 105.68 77 61, 95
All cancers 24 36.01 67 43, 99
Oral cancer 0 0.51 0 0, 721
All digestive 2 7.24 28 322 108
Esophagus 0 0.27 0 0, 1362
Stamach 0 0.90 0 0, 406
Large intestine 1 3.19 31 0, 174
Rectum 0 0.74 0 0, 497
Liver and gallbladder 0 0.62 0 0% . 592
Pancreas 1 1.30 7 1, 429
All respiratory 3 4.60 65 (135,490
Larynx 0 0:11 0 0, 3281
Lung 3 4.42 68 14, 198
Bone 0 0.14 0 0, 2710
Skin 1 0.60 167 2, 928
Breast 7 9.20 76 w30, 157
All genital organs 5 6.22 80 26, 188
Cervix uteri 0 2.07 0 0, 177
Corpus uteri 1 1.07 93 L 520
All uterus 1 3.24 31 O 21372
Other genital organs 4 2.96 135 36, 346
Bladder 0 0.28 0 05-4331
Kidney 0 0.50 0 057 727
Eye 0 0.03 0 0,11779
Brain/CNS 1 1.15 87 1%« 485
Thyroid 0 0.10 0 0, 3532
All lymphopoietic 2 3.04 66 7, 238
Lymphosarcama 0 0.66 0 0,2, 554
Hodgkins 0 0.41 0 0, 900
Leukemia 2 1.18 ¢.169 (190,631
Other lymphatic 0 075 0 0, 488
Benign ~ 1 0.67 149 250 . 832
Mental disorders 2 0.53 374 42, 1350
All circulatory 23 35.94 64 41, 96
All respiratory 3 4.63 65 13, 189
All digestive 5 6.25 80 26, 187
All genito-urinary 0 1.75 Ok 005, 7210
Senility and ill defined 3 1.27 - 236 47, 1689
All injuries 16 10.05 159 91, 259
All accidents 6 6.06 99 36, 216
Motor vehicle accidents 3 3.40 88 18, 258
Suicide 8 2,91 275 118, 542
Cancer residual 3 2.40 125
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TABLE 27

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

0 YEARS INDUCTION

Ever Never
Radiation Radiation
Worker Worker
Cause (2976.2 Pyrs) (76922.0 Pyrs) RR CI
All causes 81 246 0.99 0.76, 1.27
All cancers 24 88 Q.77 0.49, 1.21
Oral cancer 0 2 0.00 0.00, 8.97
All digestive 2 13 0,41 0,09, 1.83
Esophagus 0 1 0.00 " 0.00,49.11
Stamach 0 1 0.00 0.00,49.11
Large intestine 1 8 0.33 0.04, 2.64
Rectum 0 1 0.00 0.00,49.11
Liver and gallbladder 0 1 0.00 0.00,49.11
Pancreas 1 i 2,59 0.16,41.38
All respiratory 3 11 0.77 © 0.2Y,7.2:76
Lung 3 11 0,77 0:21; 2.76
Skin 1 4 0.72 ~ 0508, 6.53
Breast 7 26 0,74 ;:.0532,; 1471
All genital organs 5 12 1.19 0.42, 3.40
Cervix uteri 0 2 0.00 0.00, 8.97
Corpus uteri 1 4 0,71 0,08, 6.43
All uterus 1 6 0.45 .0:05; 3«74
Ovary 4 6 1.99 0.55, 7.14
Bladder 0 1 0.00 0.00,49.11
Kidney 0 5 0700 % "0500; 2512
Brain/CNS 1 3 0:96 5.0:10, 9.36
All lymphopoietic 2 6 0.96 0.19, 4.81
Lymphosarcama 0 1, 0.00 0.00,49.11
Hodgkins 0 1 0.00 " 0.00,49.11
Leukemia 2 2 2.95 0.40,21.75
Oth : 0 2 0, 0070500, 897
Benigir L e 1 1 2,59 0.16,41.58
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(RR = 2.59, 95% CI = 0.16, 41.38), ovarian cancer (RR = 1,99,

0.55, 7.14), cancers of the genital organs (RR = 1.19,

95% CI

95% CI = 0.42, 3.40), and leukemia (RR = 2,95, 95% CI = 0.40, 21.75).
No rate ratios were significantly less than expected but ratios for all
cancer (RR = 0.77, 95% CI = 0.49, 1.21), all digestive cancer

(RR = 0,41, 95% CI

0.09, 1.83), colon cancer (RR = 0,33, 95%
CI = 0.04, 2.64), lung cancer (RR = 0.77, 95% CI = 0.21, 2.76), skin
cancer (RR = 0.72, 95% CI = 0.08, 6.53), breast cancer (RR = 0.74,

0.08, 6.43),

95% CI = 0.32, 1.71), uterine cancer (RR = 0.71, 95% CI

and cancers of the cervix and corpus uteri cambined (RR = 0.45,
95% CI = 0.05, 3.74) were less than 1.00. Rate ratios for all causes
(RR = 0.99, 95% CI = 0.76, 1.27), brain cancers (RR = 0.96,
95% CI = 0.10, 9.36), and all lymphopoietic cancers (RR = 0.96,
95% CI = 0.19, 4.81) were very close to 1.00. No cases of cancers of
the bone or thyroid were observed.

Results of the rate ratio analyses at two years induction
(Table 28) were very similar to those with no restriction for induction
time. No rate ratio was significantly elevated. Rate ratios for
cancer of the pancreas (RR = 2.59, 95% CI = 0.16, 41.36), cancer of the
ovary (RR = 2,02, 95% CI = 0.56, 7.24), leukemia (RR = 2.97,
95% CI = 0.40, 21.89), and benign neoplasms (RR = 2.60, 95% CI = 0.16,
41.75) exceeded two, but the confidence intervals were wide and
included 1.00. Rate ratios for digestive cancer (RR=20:42,
958 CI = 0.09, 1.84), cancer of the colon (RR = 0.33, 95% CI = 0.04,
2.64), céncer of the cervix or uterus (RR = 0.45, 95% CI = 0.05, 3.75)

were quite low, although these deficits were not significant. The rate
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TABLE 28

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

2 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (2976.2 Pyrs) (76922.0 Pyrs) RR 95% CI

All causes 81 241 X O~ 0578y 131
All cancers 24 87 0.78 0.49, 1.22
Oral cancer 0 2 0.00 0.00, 9.08
All digestive 2 13 0.42 0.09, 1.84
Esophagus 0 1 0.00 0.00,49.70
Stamach 0 1 0.00 0.00,49.70
Large intestine 1 8 0.33 0.04, 2.64
Rectum 0 1 0.00 0.00,49.70
Liver and gallbladder 0 1 0.00 0.00,49.70
Pancreas 1 1 2.59 0.16,41.36
All respiratory 3 i 0,77 0%21, 2.76
Lung 3 il 0.77 J0.21, 2.76
Skin 1 4 0.72 0.08, 6.54
Breast 7 26 0:74 " 0532, L7040
All genital organs 5 12 1. 20740, 42, " 3.43
Cervix uteri 0 2 0.00 0.00, 9.08
Corpus uteri 1 4 0.71 0.08, 6.43
All uterus 1 6 0,45 0,05, 3:75
Ovary 4 6 2902'"™0.96, 7.24
Bladder 0 1 0.00 0.00,49.70
Kidney 0 4 0%00* 0,007 2.92
Brain/CNS 1 3 0.98 0,10, 9.5
All lymphopoietic 2 6 0.96 0.19, 4.83
Lymphosarcama 0 1 0.00 0.00,49.70
Hodgkins 0 1 0.00 0.00,49.70
Leukemia ) 2 2.97 0.40,21.39

; 0 2 0,00 70.00; 9.08

Beﬁigir e phatTe 1 1 2.60 0.16,41.75
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ratio for all causes of death was right at expected (RR = 1.01,
95% CI = 0.78, 1.31). Rate ratios for other sites were not remarkable.

At five years induction (Table 29), the rate ratio for all
causes was 1.05 (95% CI = 0.81, 1.36) and the ratio for all cancers was
0.76 (95% CI = 0.47, 1.22). No rate ratios were significantly elevated.
Rate ratios for cancer of the pancreas (RR = 2.60, 95% CI = 0.16,
41.48), ovary (RR = 2.10, 95% CI = 0.59, 7.55), leukemia (RR = 1.76,
95% CI = 0.16, 19.81) and benign neoplasms (RR = 2.64, 95% CI = 0.17,
42.32) were elevated, but these results were not significant.

At 10 years induction (Table 30), none of the cancer-specific
rate ratios were significantly elevated. As with five years induction,
cancer of the pancreas, cancer of the ovary, leukemias, and benign
neoplasms were nonsignificantly elevated.

No rate ratio was elevated when rate ratios canparing radiation
and nonradiatioﬁ workers were calculated for 15 years induction
(Table 31). Rate ratios for cancer of the pancreas (RR = 2.75,

95% CI = 0.17, 44.03), cancer of the ovary (RR = 3.30, 95% CI = 0.65,
16.71), leukemias (RR = 1.99, 95% CI = 0.18, 22.45) and benign neoplasms
(RR = 3,04, 95% CI = 0.19, 48.65) were near Or exceeded 2.00.

Confidence intervals for these rate ratios were wide and included 1.00.
Ratios for digestive cancer (RR = 0.57, 95% CI = 0.13, 2.61), colon
cancer (RR = 0.40, 95% CI= 0.05, 3.26), cancer of the cervix and corpus
uteri (RR = 0.55, 95% CI = 0.06, 4.76), and all lymphopoietic cancer

(RR = 0,55, 95% CI = 0.07, 4.58) were considerably below 1.00 but these

deficits were nonsignificant.
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TABLE 29

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

5 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (22776.7 Pyrs) (61518.4 Pyrs) RR 95% CI
All causes 79 230 P05~ 0a815-1:36
All cancers 22 83 026 44 087 ¢y 1522
Oral cancer 0 1 0.00 0.00,51.32
All digestive 2 13 0.42 0.09, 1.86
Esophagus 0 1 0.00 , 0,00,51.32
Stamach 0 1 000 -0+00,51:32
Large intestine 1 8 0.33 .0.04,,2.67
Rectum 0 1 0.00 0.00,51.32
Liver and gallbladder 0 1 0:00 »0.00,51532
Pancreas 1 1 2.60 0.16,41.48
All respiratory 3 1] 0:77 202104 2477
Lung 3 11 Ol 7 80621 yry 254l 7
Skin 1 4 0,72 0.08, 6.54
Breast 7 25 0.78 0.34, 1.82
All genital organs 5 19 136 047 15 3:35
Cervix uteri 0 il 0,00 ,0,00,51.32
Corpus uteri 1 4 0.71 0.08, 6.43
All uterus 1 5 0.55 0.06, 4.76
Ovary 4 6 2410 <059, 755
Bladder 0 1 0.00 0.00,51.32
Kidney 0 3 0.00 0.00, 4.63
Brain/CNS 0 3 0.00 0.00, 4.63
All lyrnphopoietic 1 6 0:52 10606, 4,34
Lymphosarcana 0 il 0200 #0:00,51:32
Hodgkins 0 1 0.00 0.00,51.32
Leukemia - : 1.78 8-%8,13.3%
] 0 2! 0.0 .00, 9.
Begﬁgir i Tatc 1 1 2464 ~0nil 7;42:32
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TABLE 30

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

10 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (16671.4 Pyrs) (46995.4 Pyrs) _RR 95% CI
All causes 75 208 1.13 0.86, 1.47
All cancers 21 72 0.86 0.52, 1.40
Oral cancer 0 1 0.00 0.00,53.56
All digestive 2 12 0.47 0.10, 2.08
Esophagus 0 1 0.00 0.00,53.56
Stamach 0 1 0.00 0.00,53.56
Large intestine 1 7 0.39 0.05, 3.14
Rectum 0 1 0.00 0.00,53.56
Liver and gallbladder 0 1 0.00 0.00,53.56
Pancreas 1 1 2.62 0.16,41.93
All respirato 3 1k 0.7%  0.2%, 2.78
Lung . v 3 11 0.77 0,20, 52,78
Skin 1 4 0.99 0.10, 9.65
Breast 7 20 .03 0.43, 2.45
All genital organs 4 8 3.34 0.66,16.93
Corpus uteri 31 4 0.72 0.08, 6.48
Ovary 3 3 3,34 0.66,16.93
Bladder 0 1 0.00 0.00,53.56
Brain/CNS 0 2 0.00 0.00, 9.79
All lymphopoietic 1 6 0.53 0.06, 4.46
Lynlphosarcana 0 g 0. 00 0. 00 7 53 . 56
Hodgkins 0 1 0.00 0.00,53.56
Leukemia 1 2 1.90 0.17,21.43
Other lymphatic 0 2 0.00 '0.00,!19:79
Benign 1 1 2.72 0.17,43:55
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TABLE 31

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

15 YEARS INDUCTION

Observed
Ever Never
Radiation  Radiation
Worker Worker
Cause (11665.9 Pyrs) (34291.4 Pyrs) _RR 95% CI
All causes 66 181 1.17 0.88, 1.56
All cancers 19 67 0.85 0.51, 1.42
Oral cancer 0 1 0.00 "0700,55:85
All digestive 2 10 0.57 0.13; 2.6l
Esophagus 0 1 0.00 0.00,55.85
Large intestine 1 7 0,40. 0.05; 326
Rectum 0 ] 0,00 0.00,55.85
Pancreas 1 1l 2.75 0.17,44.03
All respiratory 3 11 080 :0:22 4287
Lung 3 BLi 080" 0522y 2.87
Skin 1 4 0.73 0.08, 6.60
Breast 5 17 0.90 0.33, 2.44
All genital organs 4 8 1,50, 045,503
Cervix uteri 0 1 0.00 0.00,55.85
Corpus uteri 1 4 070, 0.08; 6.29
All uterus I 5 0.55 0.06, 4.76
Ovary 3 3 3.30 .. 0.65,16.71
Bladder 0 1 0.00 0.00,55.85
Kidney 0 2 000, 0,00,10,21
Brain/CNS 0 2 0.00 0.00,10.21
All Lymphopoietic it 6 0.55 0.07, 4.58
Lymphosarcama 0 1 0.00 0.00,55.85
Hodgkins 0 1 0.00 0.00,55.85
Leukemia T . 1.99 0.18,22.45
ot i 0 2 0,00 _ 04,00,10.21
Benigir HFehatis 1 I 3.04 0.19,48.65




111

At 20 years induction (Table 32), no significantly elevated or
deficit rate ratios were observed. Ratios for cancer of the pancreas
(RR = 3.03, 95% CI = 0.19, 48.49) and ovary (RR = 3.51,
95¢ CI = 0.70, 17.68) remained high, while the ratio for digestive
cancer (RR = 0.37, 95% CI = 0.05, 2.92) remained low. None of these
ratios were significantly different from 1.00.

At 25 years induction (Table 33), there were 37 deaths,
including 12 fram cancer, observed among radiation workers. The
overall rate ratio for all causes of death was 1.30 (95% CI = 0.89,
1.89). No significantly elevated or deficit rate ratios were observed.
The ratio for all cancers (RR = 0.92, 95% CI = 0.49, 1.75) approached
1.00,

Ever Monitored for External Radiation Compared
With Never Monitored

Cause-specific standardized mortality ratios were camputed for
white females ever monitored for external radiation. This subcohort
included wamen employed at least six months who ever wore a film badge
or a TLD. Because film badges were not used until 1944, persons
terminating before May 18, 1944, were eliminated from the analyses.
Table 34 presents the characteristics.of both the monitored and
nonmonitored subcohort.

Among monitored workers the standardized mortality ratios
(Table 35) for all causes and all cancers were 86 (95% CI = 66, 109)
and 80 (95% CI = 50, 123), respectively. Only the SMR for suicide
(SMR = 350, 95% CI = 140, 720) was significantly elevated. No

significant deficits in mortality were observed. Again, among
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TABLE 32

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS

EMPLOYED AT LEAST SIX MONTHS,

20 YEARS INDUCTION

Other lymphatic

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (7447.6 Pyrs) (23135.6 Pyrs) _RR 95% CI

All causes 52 151 1:16+ 0485 1:60
All cancers 15 58 0.82 0.46, 1.46
Oral cancer 0 1 0.00 0.00,59.03
All digestive 1 8 0i 3y 0:05;5 2:92
Esophagus 0 1 0.00 0.00,59.03
Large intestine 0 6 0.00 0.00, 2.01
Pancreas 1 1 3.03 0.19,48.49
All respiratory 2 9 0.71L 0.15, 3.30
Lung 2 9 0:71s 0s155 3530
Skin 1 4 1:054 0s14410525
Breast 5 15 1.10 0.40, 3.04
All genital organs 4 8 1a6dn 0:50; 5:68
Cervix uteri 0 1 0:.00; 0500359203
Corpus uteri 1. 4 0.80 0.09, 7.28
All uterus 1 5 0.63 0.07, 5.47
Ovary 3 3 3254 0:70;17:68
Bladder 0 1 0.00 0.00,59.03
Kidney 0 1 02001 0500;59:03
Brain/CNS 0 2 0500n 0200710279
All lymphopoietic 0 4 0.00 0.00, 3.46
Lymphosarcoma 0 il 0.00 0.00,59.03
Hodgkins 0 i 0.00 0.00,59.03
Leukemia 0 1 0:00/; 04+004;59:03

0 1 0.00 0.00,59.03

0 0

Benign
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TABLE 33

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR
RADIATION WORKERS COMPARED WITH NONRADIATION
WORKERS, 1943-1981, LIMITED TO WORKERS
EMPLOYED AT LEAST SIX MONTHS,

25 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (4017.8 Pyrs) (13551.0 Pyrs) _RR 95% CI
All causes 37 105 307 0589, 5589
All cancers 12 46 0.92 0.49, 1.75
Oral cancer 0 1 0.00 0.00,64.09
All digestive 1 8 0.41 ©0%05," 3.28
Esophagus 0 1 0.00 0.00,64.09
Large intestine 0 6 0.00 " 05005 2.18
Pancreas 1 1 3.48 0.22,55.74
All respiratory 1 6 0.59 0.07, 4.91
Lung 1 6 0.59 0.07, 4.91
Skin 1 3 1.19 0:l2;41.91
Breast 5 14l. 1.79 0561%* 5.23
All genital organs 3 6 1.87 0.46, 7.60
Cervix uteri 0 1 0,00 0.00,64.09
Corpus uteri 1 2 1.44 0.13,15.91
All uterus 1 3 1,01 011 ;9.75
Ovary 2 3 3.02 0.49,18.49
Bladder 0 1 0.00 0.00,64.09
Kidney 0 1 0.00 0.00,64.09
Brain/CNS 0 2 0,00 0.00511,71
All lymphopoj_etlc 0 4 0.00 0.00, 3.76
Lymphosarcama 0 il 0.00 0.00,64.09
Hodgkins 0 i 0.00 0.00,64.09
Leukemia 0 1 0.00 0.00,64.09
Other lymphatic 0 i 0.00 0.00,64.09
Benign 0 0 - o
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TABLE 34

CHARACTERISTICS OF WHITE FEMALES EMPLOYED AT LEAST SIX MONTHS
BETWEEN 1944 AND 1981, EVER MONITORED AND
NEVER MONITORED FOR EXPOSURE TO EXTERNAL

IONIZING RADIATION, O YEARS INDUCTION

Total persons
Total person-years
Total number deceased
Average age of entry
Average age of death
Average year of death
Average length of follow-up (years)
Crude mortality rate
(per 100,000 person-years)

Ever Monitored

Never Monitored

1412
19554.5
65
33.17
54.40
1974.01
13.85

332.40

4750
85977.5
257
28.66
57.34
1972.38
18.10

298.9




115
TABLE 35
STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES EMPLOYED AT LEAST

SIX MONTHS AND EVER MONITORED FOR EXTERNAL IONIZING
RADIATION: 1944-1981, O YEARS INDUCTION

Cause Observed Expected SMR 95% CI
All causes 65 75.68 86 66, 109
All cancers 21 26.13 80 50, 123
Oral cancer 0 0.38 0 0, 974
All digestive 2 5.31 38 4, 136
Esophagus 0 0.20 0 0, 1817
Stamach 0 0.65 0 054567
Large intestine 1 2.35 43 14 2237
Rectum 0 0.53 0 0,:".689
Liver and gallbladder 0 0.45 0 0, 815
Pancreas 1 0.97 103 L, %583
All respiratory 3 3.47 86 157, 253
Larynx 0 0.08 0 0, 4385
Lung 3 3,33 90 18, 263
Bone 0 0.09 0 0, 4002
Skin 3l 0.43 235 3, 1308
Breast 7 6.66 105 42, 217
All genital organs 5 4.39 114 37, 266
Cervix uteri 0 1.42 0 0, 258
Corpus uteri 1 0.77 129 2= 719
All uterus 1 2.23 45 1, 250
Other genital organs 4 2415 186 50, 476
Bladder 0 0.20 0 0, 1800
Kidney 0 0.37 0 0, 983
Eye 0 0.02 0 0,16391
Brain/CNS 0 0.82 0 0, 449
Thyroid 0 0.08 0 0, 4861
All lymphopoietic 1 2,17 46 L.1.:257
Lymphosarcama 0 0.48 0 0,770
Hodgkins 0 0.27 0 0, 1374
Leukemia 1 0.83 121 g, 2;%
' 0 0.56 0 '
Begigir s 1 0.45 225 3, 1250
Mental disorders 1 0.38 261 31451
All circulatory 17 26,::31 65 38, 103
All respiratory 3 3.34 90 18, 263
All digestive 5 4.44 113 36, 263
All genito-urinary 0 1.15 0 0, 319
Senility and ill defined 3 0.92 326 65, 952
All injuries 12 6.85 175 90, 306
All accidents 4 4,09 98 26, 251
Motor vehicle accidents 3 2.26 133 27, 389
Suicide 7 2.00 350 140, 720
Cancer residual 2 1575 114
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nonmonitored workers the kidney cancer (SMR = 321, 95% CI = 103, 748)
was borderline significant. WNone of five kidney cancer deaths had been
monitored for external ionizing radiation exposure.

When mortality rates for the monitored subcohort were compared
with those for the never monitored (Table 36), no rate ratio was
significantly elevated. Ratios for cancer of the pancreas (RR = 3.71,
95% CI = 0.23, 59.39), ovary (RR = 3.19, 95% CI = 0.89, 11.46) and
benign neoplasms (RR = 4.12, 95% CI = 0.26, 65.84) exceeded 3.00, but
the confidence intervals were wide and included 1.00. Ratios for
digestive (RR = 0.67, 95% CI = 0.15, 2.98), colon (RR = 0.54, 95%

CI = 0.07, 4.37), and lymphopoietic (RR = 0.55, 95% CI = 0.07, 4,53)
cancers were low, but these deficits were not significant. Otherwise,
ratios were close to expected. No cases of cancers of the bone or
thyroid were observed.

When a two-year induction period was incorporated, rate ratios
(Table 37) for most causes of death remained the same or increased only
slightly. The ratio for cancer of the ovary (RR = 3.62, 95% CI = 0.99,
13.20) was borderline significant.

When an induction time of 5 years (Table 38) was incorporated
into the analyses, estimates of the rate ratio generally increased.

The rate ratio for cancer of the ovary (RR = 4,52, 95% CI = 1.18,

17.28) significantly exceeded 1.00. Although nonsignificant, ratios
for cancer of the pancreas (RR = 4.13, 95% CI = 0.26, 66.13) and benign
neoplasms (RR = 4.90, 95% CI = 0.31, 78.30) exceeded 4.00.

Rate ratios generally continued to increase at 10 years

induction (Table 39). The ratio for all causes (RR = 1.35,
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TABLE 36

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO
FOR WHITE FEMALES EMPLOYED AT LEAST SIX
MONTHS COMPARING EVER MONITORED FOR
EXTERNAL RADIATION WITH NEVER
MONITORED: 1944-1981,

0 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (19554.5 Pyrs) (85977.4 Pyrs) RR 95% CI
All causes 65 257 1.12 0.85, 1.4%
All cancers 21 90 0.96 0.60, 1.55
Oral cancer 0 2 0.00 0.00,15.27
All digestive 2 12 0.67 0.15, 2.98
Esophagus 0 1 0,00 0.00,83.54
Stamach 0 1 0.00 0.00,83.54
Large intestine il 7 0.54 0.07, 4.37
Rectum 0 1 0.00 0.00,83.54
Liver and gallbladder 0 1 0.00 0.00,83.54
Pancreas 1 X 371 0423,59.39
All respiratory 3 11 1..06 0430, 3.82
Lung 3 11 1.06 0.30, 3.82
Skin 1 4 1.04 0,12, 939
Breast 7 26 1.07 0.46, 2.48
All genital organs 5 12 2.84 0.64, 5.27
Cervix uteri 0 2 0,00 0.00,15.27
Corpus uteri 1 4 0,96 0.k, 8.79
All uterus 1 6 0.66 0.08,; 5.53
Ovary 4 6 3.19 0.89,11.46
Bladder 0 1 0.00 0.00,83.54
Kidney 0 5 0,00 0.00, 3.61
Brain/CNS 0 4 0.00 0.00, 4.90
All lymphopoietic i 7 0.55 .0.07, 4.53
Lymphosarcama 0 b 0.00 0.00,83.54
Hodgkins 0 bl 0.00 0.00,83.54
Leukemia I 3 1,32 . 0L18)13:23
ot : 0 2 0,00 - 0/.:00,:15.27
Benigir e s 1 4,12 0.26,65.84
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TABLE 37

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO
FOR WHITE FEMALES EMPLOYED AT LEAST SIX
MONTHS COMPARING EVER MONITORED FOR
EXTERNAL RADIATION WITH NEVER
MONITORED: 1944-1981,

2 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (16957.5 Pyrs) (85547.4 Pyrs) RR 95% CI
All causes 62 260 1.13 0.85, 1:49
All cancers 20 91 0.96 0.59, 1.56
Oral cancer 0 2 0.00 0.00,18.14
All digestive 2 12 0.70 ©0.16, 3314
Esophagus 0 1 0.00 0.00,99.25
Stamach 0 1 0.00 0.00,99:25
Large intestine 1 7 0.56 0.07, 4.56
Rectum 0 1 0.00 0.00,99.25
Liver and gallbladder 0 1 0.00 0.00,99.25
Pancreas 1 1 3.87. 0.24,61587
All respiratory 3 11 1.99 10,30, 3393
Lung 3 11 1.09 ©.30, 34938
Skin it 4 1,06 0.12, 935k
Breast 7 26 1.14 ©.49, 2363
All genital organs 5 12 2,01 0,70, 572
Cervix uteri 0 2 0.00 0.00,18.14
Corpus uteri 1 4 1.00° 0.11, 9:08
All uterus s 6 0.69 0.08, 5.81
Ovary 4 6 8,62 0.99,18:20
Bladder 0 1 0.00 0.00,99.25
Kidney 0 5 0.00 0.00, 4.29
Brain/CNS 0 4 0,00 0.00, 5:82
All ]_yn\phopoietic 0 8 0.00 0.00, 2837
Lymphosarcama 0 1 0.00 0.00,99.25
Hodgkins 0 1 0.00 10.00,99:25
e : Ry
: 2 % 00,183
Begﬁgir Tt ? 1 4,26 0.27,68:12
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TABLE 38

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO
FOR WHITE FEMALES EMPLOYED AT LEAST SIX
MONTHS COMPARING EVER MONITORED FOR
EXTERNAL RADIATION WITH NEVER
MONITORED: 1944-1981,

5 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (13527.4 Pyrs) (92004.5 Pyrs) RR 95% CI
All causes 60 262 1420 ©0J90, 11360
All cancers 20 - 91 1406 :0U65, 3514%3
Oral cancer 0 2 0.00 0.00, 23.62
All digestive 2 12 0576 C0017,963.443
Esophagus 0 1 RJ00 ©0400,129.23
Stamach 0 1 0.00 0.00,129.23
Large intestine 1 i/ 0460 C0L0O7, 944589
Rectum 0 gl 0400 ¥0700,129.23
Liver and gallbladder 0 1 0,00 ©0:00,129.23
Pancreas 1 1 4,13 0.26, 66.13
All respiratory 3 11 1214 20332, 44011
Lung 3 1% 1:T4 90132, 104511
Skin i3 4 1507 €90612, 39,68
Breast 7 26 1526 90554, 52992
All genital organs 5 12 24183 {0080, 356581
Cervix uteri 0 2 0.00 0.00, 23.62
Corpus uteri it 4 1.505° 00112, 89059
All uterus 1 6 0.76 0.09, 6.40
Ovary 4 6 4052 01018 ,517 .28
Bladder 0 I 0.00 0.00,129.23
Kidney 0 5 0500 (0000,115958
Brain/CNS 0 4 0,00 10,00, +7.58
All lymphopoietic 0 8 0200 00000,983309
Lymphosarcama 0 i 0.00 0.00,129.23
Hodgkins 0 1 08¢0 00800,129523
Leukemia 0 : e o) b
: 0 2 0. .00, .
Begigir JEatas Al 1 4,90 0,31, 78.30
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TABLE 39

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE
FEMALES EMPLOYED AT LEAST SIX MONTHS COMPARING EVER

MONITORED FOR EXTERNAL RADIATION WITH NEVER

MONITORED: 1944-1981, 10 YEARS INDUCTION
Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (9312.5 Pyrs) (96219.4 Pyrs) 95% CI
All causes 56 266 il 1.00, 1.8l
All cancers 19 92 13 0.72, " 1397
Oral cancer 2 0. 0.00, 35.88
All digestive 12 0. 021, ' 4.23
Esophagus 0. 0.00,196.32
Stamach 0, 0.00,196.32
Large intestine 0. 0,08, " 5,64
Rectum 0. 0.00,196.32
Liver and gallbladder 0. 0.00,196.32
Pancreas 4, 0.30,,76.51
All respiratory 1. 0.35, 4.60
Lung 1 0.35, 4.60
Skin . 0.13; 10.32
Breast . 0.65, 3.54
All genital organs 0.66, 6.80

Cervix uteri
Corpus uteri
All uterus
Ovary

Bladder

Kidney

Brain/CNS

All lymphopoietic
Lymphosarcama
Hodgkins
Leukemia
Other lymphatic

Benign

L OO0 OWHEFHORIHWWHOOHOONO
S =
PR HHOBURdABNDWO S

— O N -
L

° °

e e ° ° . o o

e leloleloleoloNeNeNVt el
L]

0.00, 35.88
0:13, 1079
0,11, 8.05
0.83, 14.97
0.00,196.32
0.00, 8.48
0.00, 11.52
0.00, 4.69
0.00,196.32
0.00,196.32
0.00, 11.52
0.00, 35.88
0.43,110.57
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95¢ CI = 1.00, 1.81) was borderline significant. Although still in
excess of 3.00, the ratio for ovarian cancer (RR = 3.52, 95% CI = 0.83,
14.97) was no longer statistically significant at the 95% confidence
level. Ratios for pancreatic cancer (RR = 4.78, 95% CI = 0.30, 76.51)
and benign neoplasms (RR = 6.91, 95% CI = 0.43, 110.57) remained high,
but the confidence intervals were wide and the point estimates were not
significantly different from 1.00.

At 15 years induction (Table 40), the rate ratio for all causes
of death (RR = 1.34, 95% CI = 0.97, 1.87) was borderline significant.
Although not statistically significant, rate ratios exceeded 1.00 for
most causes of death for which both exposed and unexposed deaths were
observed. The exception was the ratio for cancer of the colon
(RR = 0.84, 95% CI = 0.11, 6.96). The ratios for cancer of the
pancreas (RR = 6.43, 95% CI = 0.40, 104.08) and cancer of the ovary
(RR = 2.54, 95% CI = 0.49, 13.08) were the highest, but the confidence
intervals included 1.00.

At 20 years induction (Table 41), no rate ratios were
significantly elevated. NO significant deficits were observed. The
rate ratio for cancer of the pancreas was 10.61 (95% CI = 0.65,

174.45), but the confidence interval was very wide and included 1.00.

At 25 years induction (Table 42), the rate ratio for cancer
of the pancreas (RR = 36.59, 95% CI = 1.68, 795.25) was significantly
elevated. 1In all instances where both exposed and unexposed cases were
observed, the point estimate of the rate ratio exceeded 1.00.

However, confidence intervals were wide and included 1.00; therefore,

these ratios were not significantly elevated.
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TABLE 40

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE
FEMALES EMPLOYED AT LEAST SIX MONTHS COMPARING EVER
MONITORED FOR EXTERNAL RADIATION WITH NEVER

MONITORED: 1944-1981, 15 YEARS INDUCTION
Observed
Ever Never
Radiation Radiation
Worker Worker
Cause (19554.5 Pyrs) (85977.4 Pyrs) RR 95% CI
All causes 44 278 L33 0.94s Ae87
All cancers 15 96 1716 -0+6772+03
Oral cancer 0 2 0.00 0.00, 58.99
All digestive 2 12 U2 .26, Bod
Esophagus 0 1 D00 0.00,322.82
Stamach 0 1 0.00 0.00,322.82
Large intestine 1 7 0.84 0.10,..56.96
Rectum 0 1 0.00 0.00,322.82
Liver and gallbladder 0 1 0500 - 0,00 32282
Pancreas 1 1 6.43 0.40,104.08
All respiratory 3 11 1.63 0.45, 5.90
Lung 3 11 1,63 0,45, 5.30
Skin 1 4 1540 . 05085 12,06
Breast 4 29 1,03 0536, @Z.29
All genital organs 3 14 1.86 0.51, .6.85
Cervix uteri 0 2 0.00 0.00, 58.99
Corpus uteri i) 4 1,43 0,15, 13.36
All uterus h 6 1.9 O.dd,,10.52
Ovary 3 8 2,54 0.49, 13.08
Bladder 0 ol 0.00 0.00,322.82
Kidney 0 5 0.00 0.00, 13.94
Brain/CNS 0 4 0.00 0.00, 18.94
All lymphopoietic 0 8 0’00 000, sl sl
Lymphosarcama 0 1 0.00 0.00,322.82
Hodgkins 0 I 0.00 0.00,322.82
Leukemia 0 4 0.00 0.00, 18.94
Other lymphatic 0 2 0%e0D 000 a8 .9
Benign 0 2 0.00 .0.00, 58.99
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TABLE 41

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE
FEMALES EMPLOYED AT LEAST SIX MONTHS COMPARING EVER

MONITORED FOR EXTERNAL RADIATION WITH NEVER
MONITORED: 1944-1981, 20 YEARS INDUCTION

Observed
Ever Never
Radiation Radiation
Worker Worker

Cause (3158.4 Pyrs) (102373.5 Pyrs) 95% CI
All causes 29 293 1,30 %088, ¥.98
All cancers 8 103 0.87 0842, .81
Oral cancer 0 2 0.00 0.00,112.56
All digestive 1 13 0.82 0.11, 6.47
Esophagus 0 1 0.00 0.00,615.92
Stamach 0 1 0.00 0.00,615.92
Large intestine 0 8 0.00 0,00, 14.72
Rectum 0 1 0.00 0.00,615.,92
Liver and gallbladder 0 1 0.00 0.00,615.92
Pancreas 1 1 0.61 0.65,174.45
All respiratory 1 13 0.70 0.09, 5.42
Lung 1 13 0.70 0.09, 5.42
Skin 0 5 0.00 0.00, 26.60
Breast 3 30 1.17 0385, 3:869
All genital organs 2 15 1.78 10438, +8.21
Cervix uteri 0 2 0.00 0.00,112.56
Corpus uteri 1 4 5.17 10423, 20,97
All uterus 1i 6 .89 ©0:21, 1%:26
Ovary 1 9 1.68 0.20, 14.09
Bladder 0 b 0.00 0.00,615.92
Kidney 0 5 0.00 0.00, 26.60
g : 4 50 some. 1472

All lymphopoietic 0 8 . .00, la.
Lymiggsagzom: 0 1 0.00 0.00,615.92
Hodgkins 0 1 0.00 0.00,615.92
. - 4 5:80 se000. 178,56

: 0 2 0.0 .00, .
Beg?gir e 0 2 0.00 0.00,112.56




12<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>