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MORTALITY AMONG FEMALES EMPLOYED BY 

THE LOS ALAMOS NATIONAL LABORATORY: 

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 atanic bcmb. 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 atanic banb. 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 fran a few scientists in 
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early 1943 to a ccmnunity of more than 5000 scientists and supp::>rt 

personnel in 1945 (Kunetka, 1979). 

D.lring those two years, Project Y, under the direction of 

Dr. J. Robert Oppenheimer, designed and built two types of atanic 

l:x::rnbs. The uranium gun banb functioned by firing one subcritical piece 

of uranium into another, resulting in an explosion. The uranium banb 

was nicknamed "Little Boy". The other type of bomb, nicknamed "Fat 

Man", was a plutonium implosion banb. This banb functioned by 

surrounding a subcritical mass of plutonium with high explosives, which 

when detonated canpressed the plutonium into a critical mass that 

exploded. 

Project Y fulfilled its mission with the detonation of the "Fat 

Man" banb 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 weap::>ns developnent 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 (Deparbnent of 

Energy, 1979). 

This reports a study of mortality among female employees of the 

Los Alamos National Laboratory fran 1943 to 1981. This study examined 

the p::>ssible relationship between radiation exp::>sure 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 atanic 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 OOE facilities of 

Hanford, Rocky Flats, Lawrence Livennore, and oak Ridge, and results of 

studies among two cohorts of British nuclear workers. 

Studies of cancer mortality and incidence among atanic banb 

survivors, among persons exposed to clinical and therapeutic radiation, 

among occupationally exposed workers in the nuclear industry, and 

previously canpleted studies of Los Alamos workers will be reviewed. 

Studies of Atanic Baub Survivors 

Survivors of the atanic bombs dropped on Hiroshima and 

Nagasaki, Japan in 1945, have been extensively followed since 

3 
.I 
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approximately 1950, when the life span study (LSS) was initiated. In 

1978, Beebe et al. (1978) reported on the mortality experience of 

atanic banb survivors fran 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, stanach, and urinary 

organs, and the lymphomas, should be included among the forms of cancer 

caused by ionizing radiation from the 1945 atanic explosions." 

Leukemia appeared much earlier in the atanic banb survivors than other 

malignant neoplasms. Leukemia incidence has declined with continued 

follow-up, while incidence at other malignant neoplasms has increased. 

Minirnl.IlTI 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 fran the Nagasaki Tumor Registry. Statistically significant 

dose response relationships were observed for "all cancers, leukemia, 

all cancers except leukemia, and cancers of the stanach, colon, liver, 

lung, thyroid, breast (females only), prostate, urinary tract, and 

multiple rnyelama." 

Excess breast cancer has been reported among female atanic banb 

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 wanen irradiated before age 20, when breast tissue was 

rrost 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 



5 

irradiation did not shorten the latency period for the develoµnent of 

breast cancer. Latency periods were canparable for irradiated wanen 

and their nonexposed controls. Latency periods for the developnent of 

breast cancer were estimated to be at least 10 years (Tokunaga et al., 

1979). 

Another interesting finding in the studies of atomic banb 

survivors was the determination that thyroid cancer was more coomon 

among female than male survivors (Parker et al., 1974). The other 

notable finding fran 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 atanic banb 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 atanic banb survivors. In general, the new 

dose estimates decreased canpared with the T65 doses, that have been 

used in the health effects studies in the past. For Nagasaki, the 

ganma and neutron doses decreased by approximately the same amount. 

For Hiroshima, the neutron doses decreased considerably, while a 

crossover was observed for the garrma doses. The new Hiroshima garrma 

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. Ix,ses 

received by these individuals were often quite large. Sometimes 

exposures consisted of a single course of treatment and sanetimes 

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. In 

addition, studies of cancer among persons treated with the internal 

emitters of radilllTI and thorotrast will be described. 

Breast Cancer Among X-radiated Individuals 

Elevated rates of breast cancer have been reported in many 

studies of wanen exposed for clinical or therapeutic reasons to high 

doses of ionizing radiation. Shore et al. (1977) reported that wanen 

whose breasts were irradiated to treat postpartlllTI rnastitis 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 wanen receiving unilateral 

irradiation, the excess was observed only in the breast that was 

irradiated. 

Subsequent follow-up of the wanen irradiated for acute 

postpartlllTI rnastitis was reported in 1986 (Shore et al., 1986). A 

statistically significant relative risk of 3.2 (90% CI= 2.3, 4.3) was 



7 

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 perio::1 for the 

development of breast cancer due to radiation in this group. 

An excess of breast cancer incidence has also been reported for 

wanen 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 canparison 

subjects (15 observed and 14.1 expected). The crude incidence rate for 

breast cancer was 15.1/1000 wanen-years for the exposed and 0.8/1000 

wanen-years for the nonexposed. 

Thyroid Neoplasms Among X-radiated Individuals 

Ron and Mooan (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 wanen canpared with irradiated men. 

authors suggested that a multiplicative mooel describes the 

The 

relationship between sex and radiation exposure in the developuent 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 fran 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 canpared 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 canpared 

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 adenanas. 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 fran the crippling disease, 

ankylosing spondylitis. Court Brown and Doll (1965) reported that 

patients treated with x-rays experienced excess mortality fran 

leukemia, aplastic anemia, and cancers of sites that were "heavily 
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irradiated" when canpared with expected values based on rates for 

England and Wales. Cancers of "lightly irradiated" sites were not 

significantly increased. Subsequent follow-up (Smith and Ibll, 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 

rrost 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 wanen with benign gynecological 

conditions who were treated with x-rays or radium implants fran 1935 

through 1966 was identified. Among these wanen, 12 incident uterine 

sarcanas were identified canpared 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 sarcanas 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 canpared with 54.9 

expected), cancers of the kidney and bladder (17 observed canpared with 

8.5 expected) and lymphatic and hematopoietic cancers (27 observed 
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canpared with 11.9 expected). Twelve leukemias canpared 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 sarcanas with 53 observed canpared to an expected number of 0.2 

based on the general population (Mays and Speiss, 1984). 

Cancer Among Patients Administered Thorotrast 

'Ihorotrast, 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 

cooroon. 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 

Denmark have been followed epidemiologically. A series of 2434 

Portuguese administered thorotrast fran 1930 to 1950, demonstrated 

elevated rates for cancers of the liver, bone, lung, and leukemias when 

canpared 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 

canpared 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. Sane 

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 canpared 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 canpared to 4.2 expected 

(p <0.01). A smaller excess of all malignant neoplasms (30 observed 

canpared 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 canpared with 153 . 2 

expected), all cancers (41 observed canpared with 21.3 expected), all 

respiratory cancer (22 observed canpared with 5.7 expected) and all 

injury deaths (95 observed canpared 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 ct.nnulative radiation 

exposure and the occurrence of respiratory cancer. 

A recent paper (Sacccmanno 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 

nornniners. The risk of lung cancer among uranit.nn miners was three 

times that of SIOC>kers 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 uranit.nn miners. A total of 44 lung cancer deaths, 

39 coded as lung cancer and 5 originally coded as carcinanatosis, 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 observed 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 canpared 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 canpared 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 fran specific cancers was observed, leukemia 

was elevated among radiologists first practicing before 1940 canpared 

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, 

lymphana death rates were also significantly greater than expected 

based on US rates for radiologists first practicing between 1930 and 

1949 (Matanoski et al., 1975b). 

RadililTI Dial Painters and Luminisers 

During the 1920's a newly discovered form of "occupational 

poisoning" was described among individuals ingesting radililTI and 

mesothorililTI while painting llilUinous watch dials (Martland et al., 1925; 

Martland et al., 1929). The material was intrcxiuced into the J:xxjy when 

workers "pointed" the brush with their lips. 

Tcxiay, studies of US female radililTI dial painters are ongoing at 

the Center for HlllUan Radiobiology at Argonne National Laboratory. In 

1978, Polednak et al. (1978) reported mortality among a cohort of 634 

wanen first employed between 1915 and 1929 in the US radililTI dial 

painting industry. Among these 634 wanen, a significant excess of 
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mortality due to all causes of death (SMR = 127, p <0.001) was 

observed. Mortality fran 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-fonning organs (SMR = 391), and injuries (SMR = 308) was 

significantly elevated among these wanen. 

[X)se-response analyses were conducted for 300 wanen alive in 

1954 and subsequently monitored to detennine their radium exposure . 

W:)men 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 wanen in the high-dose 

category. 

Only cancer of the colon was significantly elevated among 

wanen in the low-dose category (<50 uCi). No bone cancers were 

observed among low-dose wanen (Polednak et al., 1978). Although not 

calculated, direct estimates canparing the rates of disease among 

high-dose and low-dose wanen would be high. For example, a crude 

estimate of the ratio of all cancer mortality in high-dose wanen 

canpared with low-dose wanen 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 

lCM-dose wanen. 
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Adams and Brues (1980) reported excess breast cancers (36 

observed canpared 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 whan no estimate of dosimetry was available 

(unmeasured), only the unmeasured 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 wanen must have survived until at least 1954 to have been 

measured. When the measured wanen were examined, wanen 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 canpared with 9.2 expected) among male and female radium 

dial painters. When analyses were conducted for individuals for whan 

dosimetry was available, again no excess of leukemia incidence (2 

observed canpared 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 

~anpared 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 canparison 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 myelana was observed than 

expected among these dial painters. Because mortality fran multiple 

myelana 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 

radii.nn. 

A similar investigation (Baverstock et al., 1981) of British 

li.nninisers reported an excess of breast cancer among wanen receiving 

absorbed doses of at least 20 rads. This excess was statistically 

significant among wanen first employed before the age of 30. Although 

the excess occurred among wanen working with radium-containing 

paint, the authors stated that the excess of breast cancer was due to 

the external radiation exposure received by these wanen. 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 

al., 1981). 

Nuclear Industry Workers 

Numerous studies of workers in the nuclear industry have 

recently been conducted. These studies focus on workers, sane 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 Kingdan Atanic 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 tLUTIOrs 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 fran limited 

statistical power due to the small number of brain tLUTIOr cases (n=l6) . 

Results of the mortality study (Wilkinson et al., 1987) also 

demonstrated elevated rate ratios for all causes and lyrnphopoietic 

cancers when plutonium exposed (>2 nCi) and unexposed (<2 nCi) workers 

were canpared. 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 lyrnphopoietic 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 Liverroc>re workers. Nearly a threefold increase in 

malignant melanana was reported among Lawrence Liverroc>re National 

Laboratory employees canpared with expected values based on the 

population residing near the Liverroc>re Laboratory (Austin et al., 

1981). Malignant melanana was the most catrn0n cancer diagnosed among 

Livermore employees fran 1972 through 1977. A later case-control study 

(Austin and Reynolds, 1984) of melanana cases diagnosed fran 1969 

through 1980 reported a relative risk of 3.7 for exposure to 

radioactive 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 (garmna radiation). Nevertheless, researchers 

concluded that exposure to radioactive materials was the most cacrnon 

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 melanana 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. (sul:rnitted) continued to observe a 

correlation between radiation exposure level and multiple myelana in 

the Hanford population. This dose response for multiple myelana had 

been previously reported (Gilbert and Marks, 1979). Gilbert et al. 

(sutmitted) 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., sul:rnitted). 

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 canpleted studies are described 

below. 

A mortality study (Polednak and Frane, 1981) of 18~869 white 

males employed between 1943 and 1947 in a uranium processing plant 

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

cancer was borderline significant at 1.09 (95% CI= 0.97, 1.22) but 

this ratio increased to 1.22 (95% CI= 1.10, 1.36) when a correction 

was made for underascertainment of death records. Likewise, when 

corrected for underascertainment, 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 srroking and exposures to 

other chemical agents were not considered in these analyses. 

Another study of Oak Ridge workers (Checkaway et al., 1985) 

examined mortality among 8,375 white males employed by the Oak Ridge 

National Laboratory fran 1943 through 1972. SMRs comparing mortali t y 

rates for the cohort with expected values based on US mortality rates 

were calculated. The SMR for mortality fran 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=l4) 

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 obser✓ed 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 Kingdan Atanic 

Energy Authority (UKAEA) at one or more of its many establishments. In 

general, as observed among most workforces, mortality was less than 

general population rates (in this case rates for England and Wales). 
r 

SMRs for all causes (SMR = 74), all cancers (SMR = 79), stanach 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, gigestive system and for deaths fran 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 hernatopoietic neoplasms 

(SMR = 102, 95% CI= 80, 128), and the subcategories non-Hodgkin's 

lymphana (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. Arrong 
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wanen, the SMR for uterine/ovarian cancer was 183 for women with a 

radiation record and 68 for wanen without a radiation record. When 

examined by specific cancer site, SMRs for cancers of the uterus were 

significantly high (p <0.05) among wanen 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 myelana. At Harwell and adjacent facilities, the relationship 

between non-Hodgkin's lymphana 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 Ibuglas, 

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 wanen (229 deaths). 

For all cancers, the SMRs were 96 and 87 for men and wanen, 

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 myelana 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 relationships with cumulative radiation dose were 

observed for multiple myelanas, 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 Atanic Energy Carmission. 

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, l fran an accident and 

the other fran 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 SM.Rs for cancers 

of the lung (SMR = 20, 95% CI= 0, 110) and lyrnphopoietic 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 

Iepartrnent of Energy (OOE) 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 canpared with New Mexico cancer 

incidence rates. Although no significantly elevated standardized 

incidence rates (SIRs) were observed, the SIR for lyrnphosarcana was 

suggestively elevated (SIR= 2.49, 95% CI= 0.81, 5.81). 

Among non-Hispanic females employed by the Los Alamos National 

Laboratory (1969-1978), elevated standardized incidence ratios for all 

cancers, melanana, 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 (Comnittee 

on the BiolCXJical 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. In 
' 

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 

tennination. 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 developnent 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 1.21 0.162 
Melanana (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) 1 0.08 12.50 0.077+ 
Brain cancer (191-192) 2 0.41 4.88 0.064+ 
Thyroid cancer (193) 3 0.75 4.00 0.040++ 
Other lymphatic cancer 

(202,203,208) 2 0.35 5.71 0. 049++ 

Acquavella, et al. (1983a) 

** Rothman and Boice (1979) 

*** 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 is 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 melanana observed among 

anployees of the closely related Lawrence Livermore Laboratory (Austin 

et al., 1981). 

In the melanoma incidence study (Acquavella et al., 1982), no 

excess incidence of melanoma was observed among white males employed by 

the Los Alamos National Laooratory (6 cases observed compared with 5.69 

expected). In the case-control study, Acquavella et al. (1983b) found 

no association between melanoma 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. 



CHAPI'ER III 

PURPOSE AND SCOPE 

A historical cohort study was conducted to examine mortality 

among 6790 wanen 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 detennine whether cancer 

mortality among radiation exposed workers differed significantly £ran 

nonexposed workers. Exposures to external ionizing radiation and 

plutonit.nn 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 

Corrmittee on the Effects of Atanic Radiation, 1977). In fact, the 

Ccrrmittee on the Biological Effects of Ionizing Radiations (1980) 

"considers cancer induction the most important sanatic effect of 

lCM-dose ionizing radiation." 

There were several reasons that justified c~nducting 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 among wanen. At this time, there have been very few studies 

of health of wanen in the workforce and even fewer of wanen exposed to 

radiation in thei r jobs. Since this study was originally proposed, at 

least two studies have demonstrated health effects in female nuclear 

industry workers. Gilbert et al. (subnitted) 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 wanen need to 

be examined because there has been sane evidence of a sex difference in 

physiolo;1ical 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 wanen 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 wanen in this cohort may experience elevated rates of 

sane 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 canplete study. 

The currently reported mortality study of Los Alamos wanen was more 

canplete 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 Laooratory. 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 

PrCXJram began coding and entering the Los Alamos personnel records into 

a computerized data base (NEW-IA-PEOPLE) according to a detailed coding 

protocol (Appendix A). The following variables were coded and entered 

fran 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 

32 
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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 canpleted, 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 canplete 

information on the individual. The resulting data base contained 

23,218 records. 

After the review effort, a 10% randan sample of the records in 

the canputer data base was selected for an internal consistency check. 

The purpose of this activity was to assess the accuracy of the 

canputerized 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 wanen in the Los Alamos population was 

begun, a new data base (IA-FEMALES) containing the subcohort of the 

( ) · 1 t · ted The term "cohort" has wanen n=6790 1n the popu a 1On was crea • 
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TABLE 2 

RESULTS OF AN INTERNAL CONSISTENCY CHECK OF 
LOS AIAMOS CODED PERSONNEL DA.TA 

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 

Frequency 

2 
5 
4 
1 
0 
4 
6 
3 
7 

32 
9 
4 
9 

10 
12 
10 

6 
4 

Percent 

0.1 
0.2 
0.2 
o.o 
o.o 
0. 2 
0.3 
0.1 
0.3 
1.4 
0.4 
0.2 
0.4 
0.4 
0.5 
0.4 
0.3 
0.2 
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been used fran this point forward to describe these wanen. The 

IA-FEMALES data base included the following fields fran 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, termination date, 

z-nurnber, first job title, and last or most recent job title. 

After existing information was canpiled, an effort was 

undertaken to add additional variables needed for the analyses and to 

llTlprove the coverage for variables in the data base. For example, at 

that time race was only identified for 72.0% of the wanen in the 

NEW-LA-PEOPLE data base. Fields were added to IA-FEMALES to allow the 

entry of information on race fran a variety of Los Alamos record 

sources. Information on race and ethnicity was obtained from four 

different sources of personnel data and fran the canputerized medical 

records. The additional data base fields included data on ethnicity 

fran Laboratory personnel records that matched the cohort. These data 

were then recooed to match the cooes used during the cooing of race and 

ethnicity from the personnel records. When this was canpleted, 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 fran the canputerized medical 

records. This information was then recooed and cross-loaded into the 
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fields race and ethnicity. In 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%) 

llmerican 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. In 

addition, because race was available from most death certificates, race 

for deceased members of the cohort should have been classified 

correctly. 

DJration of employment was also calculated and entered into 

I.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 still employed as of a certain date, 

this information was entered into a new field, DATE-I.AST-IDRKED (DLW). 
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Oriental 
llrnerican 
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TABLE 3 

A COMPARISON OF INFORMATION ON RACE IDENTIFIED 
FROM THE PERSONNEL MICROFICHE AND AFTER 

EXTENSIVE FOLLCW-UP FROM MANY SOURCES 

Personnel Microfiche Canplete Follow-up 

Race Frequency Percent Frequency Percent 

4815 70 . 9 6448 95.0 
16 0 . 2 28 0.4 

Indian 51 0.8 103 1.5 
4 0. 1 14 0 . 2 

Unknown/not specified 1904 28.0 197 2.9 
Total 6790 100.0 6790 100.0 
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Only actual termination dates were entered into the termination date 

field and this was only done when the termination date had been 

previously unknown. Medical records provided actual termination dates 

for sane 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 ooth 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. These variables were more than 90% 

complete as a result of the efforts undertaken to improve the coverage 

of variables needed for analyses. 

Vital Status Ascertainment and Death Certificate 
Retrieval and Coding 

Vital status ascertainment for this cohort included a number of 

follow-up methods. First, the cohort was sul::Initted to the Social 

Security Administration (SSA) for searches of vital status. Rosters of 

wanen employed by the Los Alamos Laboratory have been sul::Initted to the 
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TABLE 4 

COMPLETENESS OF MAJOR PERSONNEL VARIABLES 

Frequency Percent 

Study Nt.nnber 6790 100.0 
Sex 6790 100.0 
Race 6593 97.l 
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 sutxnissions 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), "nonmatched" (name and SSN did not 

match on SSA records), and "impossible" (SSN was not valid). In each 

sutxnission a small percentage of individuals were not sutmitted because 

of missing or incanplete SSNs. For the two 1984 sutxnissions (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 sutxnissions (Table 5) served as the primary 

source of vital status infonnation, the end of study must correspond to 

this date, December 31, 1981. 

The SSA checked the 1980 earnings records for the 1982 

sul:mission (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 whan 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 ind1vidual 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 



Alive 
Dead 
Unknown 
Nonrnatch 
Impossible 
Not sent 

Total 
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TABLE 5 

RESULTS OF THE 'IWO 1984 SSA SUBMISSIONS 
SSA842 AND SSA843 

SSA842 

Frequency Percent Frequency 

3435 50.6 3735 
360 5.3 389 

2260 33.3 1909 
286 4.2 271 

9 0.1 8 
440 6.5 478 

6790 100.0 6790 

SSA843 

Percent 

55.0 
5.7 

28.1 
4.0 
0.1 
7.0 

100.0 
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still be alive as of that date. This field was used to record DIA for 

all of the vital status follow-up activities. 

In 1985, a roster of the cohort was sul::xnitted to the National 

Death Index (NDI). The NDI matches the rosters it receives against 

death tapes fran all 50 of the United States. At the time this roster 

was sutmitted, the NDI was able to match against the death tapes for 

the years 1979 through 1983. The NDI canpared persons sul::xnitted 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 sutmitted 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 sane 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 fran 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" ir,i the corresponding field and their DIA date was entered. 
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Persons with vital status remaining unknown after the SSA and 

NDI sutmissions and the review of existing Los Alamos Laboratory 

records, were submitted to the New Mexico ~partment of Motor Vehicles 

(rwl). The I1-1V matched the roster against their records and identified 

persons with active New Mexico drivers licenses. The CMV 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 DIA 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 canpleted 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 anit 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, sanetimes 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. 



44 

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) hane 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 hane 

town of the former employee. This was especially useful for locating 

employees fran small ta,.ms. 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 sane 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 women, 

and 93.1% of the white wanen 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 canpared 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 canbination of the SSA and tracing. 

Of these 18 deaths, all of whan were included in the roster 

sutrnitted 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 incanplete 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 whan death 

certificates could not be obtained had been identified as deceased by 

the SSA. In the past, the SSA has occasionally reported individuals 

who were living as deceased. These instances often resulted fran 

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 

wanen (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 wanen 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 l (5.6%) was hired in the 1970's. Only 2 (13.3%) of 
) 

the deaths confinned by death certificates were due to cancer. One 
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death was the result of breast cancer (IOCA-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 canpared 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 

detennine their vital status. Of the 17 deaths not identified as 

deceased through SSA follow-up, 5 (29.4%) were not sul:::mitted due to 

missing or incanplete 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 sul:::mitted 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 wanen 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 wanen not identified as deceased by the NDI. Among these wanen, 50% 

were first employed in the 1940's. This probably results fran the 

tendency for workers hired in the 1940's to have been older, and older 

wanen 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=l), lung cancer (n=l), and 

ill-defined/unspecified cancer (n=2). 

The conclusion drawn fran this exercise was that a canbination 

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 

fran the state department of vital records in the state in which death 

occurred. Occasionally, certificates were obtained fran 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 sane instances, the family provided a copy of the 

certificate when the state health department had repeatedly failed to 

provide the certificate. Deaths occurring outside the United States 

provided an additional challenge. These foreign death certificates 

were requested fran the us embassy in the country of death or fran 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 fran the American Consulate in Munich, 

West Germany and the other was obtained fran the goverrnnent of the 

Canal Zone (Panama). 

Deaths identified through tracing had to be obtained in the 

same fashion. These certificates were first requested fran the state 

or city health department or fran the embassy for foreign deaths. 

Often family members had to be recontacted to provide clarification or 

additional infonnation. 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 sanewhat different because 

the NDI provided not only the date and place of death but also the 

certificate number. Nevertheless, sane 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 fran 

the certificates and these certificates were sutmitted 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, }968). When death 



50 

certificates were returned fran the nosologist, the ICD.l\-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. The 18 death certificates that were not obtained 

were traced and requested fran 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 wanen for whan death certificates were not obtained, 

16 were white and 2 had race unknown. Five of these wanen 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 sane of 

the unlocated certificates, although it was impossible to estimate that 

percentage. 
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Radiation Exposure Records 

Almost fran its inception in 1943, sane operations at the Los 

Alamos Laboratory have included work with various types of radiation. 

'!he two major forms of radiation exposure include exposure to 

penetrating ionizing radiation primarily fran x-rays and gamna 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. Canplete records for pocket 

ionization chambers no longer exist. Sane pocket chamber data are 

contained in the individual's personal medical record. Medical records 

for wanen employed at any time during the period April 1943 through 
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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 canputerized by the Los Alamos 

Laboratory !x)simetry Group. The earliest data were "evaluated" to 

estimate the radiation dose in rems and make it more canparable 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. Quality factors are used to standardize 

the dose against the equivalent dose fran garnna 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, TLTh:. 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 

canputerized 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 canputerized radiation records 

were the film badge measurements for personnel monitored at the Trinity 

Test, when the first atanic banb was detonated (Littlejohn, 1987). 

The canputerized external radiation data were obtained fran the 

Los Alamos Laboratory's Dosimetry Group and a large effort was 

undertaken to match these data against the cohort of wanen employed by 

the Los Alamos Laboratory. Many problems related to the limited 

identifying data on the radiation record were encountered. 

Canputerized matches on z-nt.nnber were made first, followed by name and 

date matches. All discrepancies or questionable matches were resolved 

by hand, through review of the personnel records to detennine if the 

individual in the radiation record was the sc1T1.e as in the cohort. 

Because the canputerized radiation records contained annual 

exposure surrmaries, 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 
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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 fran 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 fran 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 fran 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 shCMer 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 canputer code, PUQFUA, originally developed at Los Alamos in 

1959, was used to estimate plutonium body burden fran 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 bioassay for every individual (n >9500) monitored 

at IDs Alamos since 1945 are entered into the PUQFUA III program which 

calculates a current est imate 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 bioassayed, 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 

bioassay 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 CCllltlission 

on Radiation Protection, 1959). 

A first positive sample date was hand calculated for each 

bioassayed study subject. Detailed records containing each bioassay 

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, uranitnn-235, and uranium-238. In addition to radioactive 

exposures, the potential for exposure to chemical hazards has existed. 

Unfortunately, detailed industrial hygiene records for individuals do 

oot exist prior to the 1970s. Traditionally, monitoring has been done 

in work areas on an "as needed" basis. Furthermore, because only area 

rronitoring is usually perfonned, 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 

Develoµnent of the Analytic File 

An analytic file was created using information fran the data 

base, IA-FEMALES, the medical records, and the plutonium and external 

radiation records described above. Fran the IA-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, tennination date, date last alive, date last worked, death date, 

and ICJ:lZ\-8 code. When all matching activities were canpleted, the 

following identifying infonnation was anitted fran 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 fran the 

external radiation records: first sample date-external, first positive 

date-external, dates of 1, 5, and 10 rem, and cumulative radiation 

exposure (dose). An additional flag field, tested-external, was 

calculated. All persons monitored for external radiation using film or 

TLD badge, as detennined by the first sample date, were flagged as "y". 

All individuals employed at any time fran 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 fran the plutonium exposure 

data: the isotope of plutonium, number of plutonium bioassay _samples, 

the number of valid plutonium bioassay 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 fran 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 "y" all 

persons with a first bioassay date for plutonium or a mention of 

plutonium exposure in their medical records (for those persons employed 

at sane time between April 1, 1943 and February 1, 1945). In 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=l0) were assigned an unknown last-tenn-date. The 

second variable, duration, was then calculated using the difference 

between hire date and last-term-date. Only 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 Bianedical Data Processing Software 

(BMDP) (BMDP, 1985). 

Standardized Mortality Analyses 

Overall. The next phase of the analyses consisted of 

standardized mortality analyses for the cohort. In these analyses, 

standardized mortality ratios (SMRs) were calculated. The SMR is a 

measure canparing 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 canputer program (Monson, 1974) was used to 

generate sex- and race-specific SMRs which 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 

Demograhpic Variables 

Social security number 
Sex 
Race 
Education 
SSA82 
CVS-EOS-81 
Ethnicity 
First job title 
Last job title 
Birthdate 
Hire date 
Term date 
Date-last-alive date 
Date-last-worked date 
Calculated duration 
~ath date 
ICIY\-8 
~ath date 
ICIY\-8 

Radiation Variables 

Radiation-flag 
Tested-Pu (flag) 
Pu isotope 
Number of Pu samples 
Number of valid Pu samples 
First-sample-date-Pu 
First-positive-date-Pu 
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-ex.ternal 
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 fran the analyses because they constituted only a small 

percentage (2.9%) of the cohort and because the United States mortality 

rates used for canparison were limited to white females. Including 

nonwhite females potentially could have biased the results because many 

rrortality 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 carmon 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 fran 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, 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 perioo 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 wanen with less than a college degree, wanen with 

at least a college degree, and wanen for whan education was unknown. 

The category "less than college" included wanen with little or no 
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education through those who had attended college but had not earned a 

degree. This category included wanen with two year associate degrees. 

The majority of the wanen in this category were high school graduates. 

The category of "at least a college degree" included wanen with 

bachelor's level degrees and graduate and professional degrees. The 

unknown education category included wanen for whan 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 wanen. These analyses were also limited to 

white wanen, for the same reasons as above. 

l)Jration of employment. Because tracing was limited to persons 

anployed 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 dichotanized on the basis 

of duration of employment (calculated as described above) into two 

subcohorts. Person-years were calculated fran hire date for persons 

anployed less than six months and hire date plus six months for persons 

anployed 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 autanatically 

anitted fran 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 autanatically anitted fran 

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 dichotanized 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 "ever 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 "imnortal". That is, because a person was required to 

~rk at least six months after hire date and, therefore, live through 

those six months, no deaths could occur in this interval. Therefore, 

persons were irrrnortal 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 knCMn 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 develoµnent of cancer, a variety of 

induction periods were employed in these analyses. The shortest 

reported induction time for exposure to radiation, reported among the 

"atanic banb survivors", is two years for the develoµnent of leukemia 

(Ccmnittee on the Biological Effects of Ionizing Radiations, 1980). 

Therefore, induction times of O (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 O years induction analyses, entered the study 

at hire year plus induction time. For the O 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 anitted. Only persons known to be 

alive at hire date plus induction were allowed to enter the analyses. 

The next analyses consisted of directly canparing 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 canparing two subcohorts within the same 

population was that the impact of the Healthy W:)rker Effect (HWE) was 

removed or at least minimized. The Healthy Worker Effect is a type of 

confounding or selection bias when working populations are canpared 

with the general population. When SMR's are calculated canparing 

working populations to general populations, the SMR is often below 100. 

W)rking 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 canparing within the 

same cohort was that it controlled for many socioeconanic and regional 

differences which could not otherwise be controlled. 

Ever/never monitored for external radiation. The next analyses 

were more specific and canpared 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 anitted fran 

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 

"nornnonitored" 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 ms date. 

Persons who achieved the criteria of first sample date plus induction 

remained in the study until the greatest of the ' following: death date, 

tennination 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 

tenninated 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 nonrnonitored 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, 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 

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 canparing mortality rates for monitored and 

nonmonitored study subjects and 95% confidence intervals for these rate 

ratios were calculated in the manner described aoove (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). 

Canparison of persons with cumulative external radiation 

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

a.nnulative exposure less than 1 rem. The next analyses, the mst 

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 canpared 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 perioo). 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 foll0,,.1-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 canparisons between persons 

with at least 1 rem and persons with less than 1 rem were conducted. 

Maximum likelihooo 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. 

Canparison of persons bioassayed for plutonium with those never 

bioassayed for plutonium. Analyses of potential health effects of 

plutonium were conducted next. Analyses were limited to persons 

enployed 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 canparisons examined SMRs for 

persons "ever bioassayed" for plutonium and SMRs for persons "never 

bioassayed", including person-years for persons eventually monitored 

until the date of their first bioassay (plus induction). Persons were 

considered monitored fran 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 bioassayed 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 bioassay date plus induction before entering the 

"monitored" category. As before, no one was allowed to leave the study 

after the EOS. Induction periods of O, 2, 5, 10, 15, 20, and 25 years 

were employed in these analyses. 

Maximum likelihood estimates of the rate ratio were calculated 

to canpare rates in the plutonium "monitored" directly with rates for 
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the "nonmonitored". Person-years and deaths in these analyses were 

allocated in the identical fashion as in the SMR analyses described 

above. 

Ccmparison 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 EOS, 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 O, 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 canpare survival distributions for the 

radiation-exposed and unexposed subcohorts. BMDP program PlL 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 wanen 

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 wanen 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 canputed. In addition, two 

statistics canparing the survival distributions between these two 

groups were canputed. The first statistic was a generalized 
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Kruskal-Wallis test described by Breslow (Breslow, 1970). The second 

statistic canparing the distributions was a Mantel-Cox statistic (BMDP, 

1985). 

Survival among white female employees monitored for external 

ionizing radiation was canpared with survival for white wanen never 

ronitored for external ionizing radiation. This canparison was limited 

to wanen 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 atx:>ve, except 

that entry to the analyses was not pennitted 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 wanen monitored 

for plutonium body burden with bioassay and for white wanen never 

rronitored for plutonium body burden. These analyses were limited to 

wanen employed at least six months. wanen had to be employed on or 

after March 1, 1945, when plutonium bioassays were begun at Los Alamos. 

Survival times were calculated fran 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 wanen, 6448 

(95.0%) were known to be white. Only 197 (2.9%) persons had race 

unknown. Because 97.8% of the persons with race known (n=6593) were 

white, it was decided that persons with unknown race would be 

considered white in the later analyses. Misclassification resulting 

fran this decision should be small. Among the 410 death certificates 

obtained for wanen dying before the end of study, race was identified 

on 409. Race was identified fran personnel sources for the wanan whose 

race was not specified on her death certificate. In addition, a 

canparison was made between race on the death certificate and in the 

LA-FEMALES data base. All records in question belonged to wanen 

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, sane of the wanen were born on Indian Pueblos or 
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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 imp::>rtant characteristic of 

the cohort (Table 7). The majority of the wanen (75.5%) in the cohort 

had no more education than a high school diplana, 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 canprised the majority of 

the cohort. Among nonwhite wanen, the percentages were similar, but 

reflected a higher level of education. Higher percentages of the 

nonwhite wanen finished high school, graduated fran college, or 

possessed an advanced degree, than among the white wanen. 

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 hire 

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 wanen 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. While white wanen closely 

resembled the total cohort, nonwhite wanen displayed a very different 

pattern of hire dates. Over half (52.4%) of the nonwhite wanen in the 

cohort were originally hired in 1970 or later. This canpares to only 

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

ECUCATION 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 17.2 

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 15.9 24 16.6 

Post graduate 
degree 303 4.5 296 4.5 7 4.8 

Unknown 50 0.7 50 0.8 0 o.o 

Total 6790 100.0 6645 100.0 145 100.0 
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TABLE 8 

HIRE DATES BY PERIOD FOR IDS ALAMOS WOMEN 

Period of Hire All Women White Wanen Nonwhite Wanen 

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 5 3.5 

1965-1969 561 8.3 553 8.3 8 5.5 

1970-1974 677 10.0 641 9.7 36 24.8 

1975-1979 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 



77 

When missing termination dates (n=l0, 0.1%) and termination 

dates for employees active at the EOS (n=l254, 18.5%) were anitted, the 

median termination date was 56.34 or approximately May 4, 1956. 

A more meaningful indication of employment periods of these 

wcrnen 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=l254, 18.5%). Persons who were not active at 

the ms whose true termination date was unknown (n=l0, 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 wanen. 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 warren did not show the same pattern of 

termination because, as described earlier, the majority of the wanen 

were hired in 1970 or later. Therefore, the majority of terminations 

in nonwhite wanen 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 termination date (or active date for persons still 

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



Time Period 

1943-1944 
1945-1949 
1950-1954 
1955-1959 
1960-1964 
1965-1969 
1970-1974 
1975-1979 
1980-1981 

Total 

78 

TABLE 9 

IAST-TERMINATION-DATE BY PERIOD BY RACE 
FOR LOS ALAMOS w:11.EN 

All Women White Women NonWhite Women 

Frequency Percent Frequency Percent Frequency Percent 

301 4.4 297 4.5 4 2.8 
1448 21.4 1441 21.7 7 4.8 
849 12.5 830 12.5 19 13.1 
570 8.4 557 8.4 13 9.0 
440 6.5 433 6.5 7 4.8 
527 7.8 524 7.9 3 2.1 
465 6.9 442 6.7 23 15.9 
597 8.8 574 8.7 23 15.9 

1583 23.3 1537 23.2 46 31. 7 

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 duratio0 of 5.74 years and a median duration of 2.26 years. Over 

81% were employed less than 10 years. The longest duration of 

E!Tlployment recorded was 38.75 years. All of the nonwhites employed at 

least 20 years were l'lmerican 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%) wanen 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 canpared 

(Table 12), a steadily increasing proportion of the wanen hiring became 

radiation workers. Only 12.5% of the wanen hired in 1943-1945 became 

radiation workers canpared with 40.4% in the period 1975-1979. Twenty 

wanen with unknown hire dates were anitted, as were 16 wanen first 

hired after December 31, 1979. 

There were 1519 wanen 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 

OORATION OF F.MPIDYMENT BY RACE FOR LOS AIAMOS i-o-tEN 

Duration All Woolen White wanen NonWhite W::men 

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.l 36 24.8 (X) 

0 

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 o.o 
25.00-29.99 years 182 2.7 180 2.7 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 



Alive 
Dead 
Unknown 

Total 

81 

TABLE 11 

VITAL STATUS 'AS OF DECEMBER 31, 1981 FOR FEMALES EMPIDYED 

BY THE LOS ALAMOS NATIONAL LABORATORY 
FROM 1943 THROUGH 1981 

White Females Employed 

Everyone White FE!Ilales at Least 6 mos 

Frequency Percent Frequency Percent Frequency Percent 

5468 80.5 5349 80.5 4558 86.6 

430 6.3 426 6.4 342 6.5 

892 13.1 870 13.13 361 6.9 

6790 100.0 6645 100.0 5261 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 1539 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 

*20 cases had missing hire dates and were anitted. 
**16 cases hired after December 31, 1979 were anitted. 
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Table 13 presents the distribution by first monitoring date for wanen 

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%) 

perioos. 

STANDARDIZED MORTALITY ANALYSES 

overall SMRs 

Standardized mortality ratios (SMRs) were generated for all of 

the white females in the cohort. 'As explained earlier, persons 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 autanobile 

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 incanplete microfilming of personnel record updates. 



84 

TABLE 13 

DISTRIBITTION OF FIRST MONITORING DATE FOR vK»1EN EVER 
MONITORED FOR EXPOSURE TO EXTERNAL RADIATION' 

Period of First Monitoring 

1943-1944 
1945-1949 
1950-1954 
1955-1959 
1960-1964 
1965-1969 
1970-1974 
1975-1979 
1980-1981 
Total 

Frequency 

0 
81 

181 
192 
170 
158 
151 
474 
112 

1519 

Percent 

o.o 
5.3 

11.9 
12.6 
11. 2 
10.4 
9.9 

31.2 
7.4 

100.0 
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TABLE 14 

DISTRIBUTION OF FIRST PLUTONIUM BIOASSAY D..I\TE 
FOR vo-tEN IN THE LOS AIAMOS COHORT 

Time Period of First 
Plutonium Bioassay 

1943-1944 
1945-1949 
1950-1954 
1955-1959 
1960-1964 
1965-1969 
1970-1974 
1975-1979 
1980-1981 

Total 

Frequency 

0 
ll0 
63 
53 
35 
34 
41 

152 
50 

538 

Percent 

o.o 
20.4 
11. 7 
9.9 
6.5 
6.3 
7.6 

28.3 
9.3 

100.0 
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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 preferc;lble 

to include only years for which the ascertainment of employment records 

was more canplete. 

Another group of 32 individuals, anitted fran the analyses, 

were wanen 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 FF.MALES 
EMPLOYED BE'IWEEN 1943 AND 1979 

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 (years) 
Crude mortality rate 

(per 100,000 person-years) 

6573 
132670. 8 

403 
27.80 

1957.69 
57.21 

1972.23 
20.18 

303.76 
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TABLE 16 

STNm\RDIZED MORTALITY RATIOS FOR 6573 WHITE FD1ALES 
™Pl.DYED BY lHE I.OS AUJ,OS NATIONAL IABORA'.IDRY 

FR>1 1943 'IO 1979 

cause (ICD) ():)served Expected SMR 

All causes (001-998) 403 530.33 76 
All cancers ( 140-209) 133 171.11 78 
Oral cancer (140-149) 2 2.40 83 
All digestive (150-159) 17 36.47 47 

Fsq:,hagus (150) 1 1.32 76 
Stanach (151) 1 4.64 22 
Large intestine (153) 9 15.98 56 
Rectum (154) 2 3.75 53 
Liver aoo gallbladder (155-156) 1 3.21 31 
Pancreas (157) 3 6.48 46 

All respiratory (160-163) 19 20.99 91 
Larynx (161) 0 0.52 0 
WT¥] (162) 19 20.12 94 

Bone (170) 0 0.67 0 
Skin (172,173) 5 2. 71 185 
Breast (174) 36 42.31 85 
All genital organs ( 180-184) 20 29.63 68 

Cervix uteri (180) 2 9.56 21 
Corpus uteri (181-182) 6 5.33 113 
All uterus (180-182) 8 15.63 . 51 
Other genital organs (183-184) 12 13.89 86 

Bladder (188) 1 1.47 68 
Kidney (189) 6 2.44 246 
Eye (190) 0 0.15 0 
Brain/CNS (191-192) 5 5.25 95 
'1'1yroi d (19 3 ) 0 0.52 0 
All lymphopoietic (200-209) 10 14.53 69 

Lymphosarcana (200) 2 3.17 63 

Hodgkins (201) 1 1.89 53 

Leukemia (204-207) 4 5.65 71 

Other lymphatic (202,203,208) 3 3.63 83 

Benign (210-239) 2 3.24 62 

Mental disorders (290-317) 5 2.44 205 

All circulatory (390-458) 130 197.27 66 

All respiratory (460-519) 28 23.35 120 

All digestive (520-577) 23 29.54 78 

All genito-urinary (580-629) 5 9.09 55 

Senility and ill defined (780-799) 6 5.89 102 

All injuries (E800-998) 51 44.92 114 

All accidents (ES00-949) 32 27.81 115 

Motor vehicle accidents (E810-827) 18 15.26 118 

Suicide (E950-959) 14 12.s5 112 

Cancer residual 12 11.57 104 

95% CI 

69, 84 
65, 92 
9, 301 

27, 75 
1, 422 
o, 120 

26, 107 
6, 193 
o, 173 
9, 135 

54, 141 
o, 704 

57, 148 
o, 547 

60, 431 
60, 118 
41, 104 

2, 76 
41, 245 
22, 101 
45, 151 

1, 378 
90, 536 

0,2389 
31, 222 
o, 701 

33, 127 
7, 228 
1, 294 

19, 181 
17, 241 
7, 223 

66, 479 
55, 78 
80, 173 
49, 117 
18, 128 
37, 222 
85, 149 
79, 162 
70, 186 
61, 187 
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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 wanen with almost no 

education through wanen who attended college but did not graduate. 

Wcrnen 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 wanen with at least a college 

education. To be included in this group, wanen had to have at least a 

college degree and sane possessed advanced degrees. Among college 

educated wanen 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 

Everyone Graduate Graduate 

Persons 6573 5196 1338 

Person-years 132670.8 106029.3 26019.1 

~aths 403 315 85 

Cancer deaths 133 98 33 

Average age of entry 27.80 27.33 29.32 

Average year or entry 1957.69 1957.27 1959.27 

Average age of death 57.21 57.87 54.34 

Average year of death 1972.23 1972.46 1971.38 

Average length of 
follow-up (years) 20.18 20.41 19.45 

Crude mortality rate 
(per 100,000 person-years) 303.76 297.09 326.68 

Education 
Unknown 

39 
622.2 

3 
2 

38.17 
1958.91 

69.51 
1971.50 

15.95 

482.16 
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TABLE 18 

STANDARDIZED MORI'ALITY ~TIOO FOR WHITE F01ALES 
EMPLOYED BY niE I.OS ALNla3 NATICNAL IAOORATOR'f 

FRCt-1 1943 nffiOlJGH 1979 wrra EilJCATIOO 
LE.SS 'IliAN COLLEGE OEX;REE 

Cause ct,served Expected SMR 

All causes 315 425.09 74 
All cancers 98 136. 38 72 
Oral cancer 2 1.91 105 
All digestive 12 29.22 41 

Es~US 1 1.05 95 
Stanach 1 3.72 27 
Large intestine 5 12.80 39 
Rectl.ln 2 3.00 67 
Liver and gallbladder l 2.58 39 
Pancreas 2 5.19 39 

All respiratory 16 16.66 96 

Lu~ 16 15.97 100 

Bone 0 0.54 0 

Skin 3 2.15 139 

Breast 24 33.62 71 

All genital organs 16 23.59 68 

Cervix uteri 1 7.60 13 

Corpus uteri 5 4.27 117 

All uterus 6 12.45 48 

Other genital organs 10 11.06 90 

BlaMer 1 1.18 84 

Kidney 3 1.95 154 

Eye 0 0.12 0 

Brain/CNS 5 4.17 120 

'Jllyroid 0 0.42 0 

All lymphopoietic 8 11.62 69 

L~arcana 2 2.53 79 

H~kins l 1.51 66 

~ukernia 3 4.52 66 

Other lynphatic 2 2.90 69 

Benign 2 2.58 78 

Mental disorders 2 1.94 103 

All circulatory 110 159.21 69 

All respiratory 24 18.70 128 

All digestive 19 23.53 81 

All oenito-urinary 3 7.28 41 

Senility and ill defined 6 4.70 85 

All injuries 37 35.93 103 

All accidents 23 ~2.33 103 

Motor vehicle accidents 11 12.29 89 

Suicide 10 9.97 100 

cancer residual 8 9.23 87 

951 CI 

66, 83 
58, 88 
12, 378 
21, 72 
l, 529 
o, 149 

13, 91 
7, 240 
1, 216 
4, 139 

55, 156 
57, 163 
o, 679 

28, 407 
46, 106 
39, 110 
o, 73 

38, 273 
18, 105 
43, 166 
1, 470 

31, 450 
0,2982 

39, 280 
o, 873 

30, 136 
9, 285 
1, 368 

13, 194 
8, 249 
9, 280 

12, 373 
57, 83 
82, 191 
49, 126 
8, 120 

23, 218 
72, 142 
65, 155 
45, 160 
48, 185 
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TABLE 19 

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES 

EMPLOYED BY THE LOS ALAMOS NATIONAL LABORATORY 

FR01 1943 THROUGH 1979 WITH AT LEAST 
A COLLEGE DEGREE 

Cause (ICD) Cbserved Expected SMR 

All causes 85 98.77 86 

All cancers 33 33.05 100 

Oral cancer 0 0.47 0 

All digestive 5 6.80 74 

Escphagus 0 0.25 0 

Stanach 0 0.88' 0 

Large intestine 4 2.99 134 

Rectum 0 0.70 0 

Liver and gallbladder 0 0.59 0 

Pancreas 1 1.21 83 

All respiratory 2 4.14 48 

Lung 2 3.97 50 

Bone 0 0.12 0 

Skin 2 0.53 375 

Breast 12 8.34 144 

All genital organs 4 5.76 69 

Cervix uteri 1 1.89 53 

Corpus uteri 1 1.00 100 

All uterus 2 3.04 66 

Other genital organs 2 2. 71 74 

Bladder 0 0.26 0 

Kidney 3 0.46 646 

Eye 0 0.03 0 

Brain/CNS 0 1.03 0 

Thyroid 
0 0.10 0 

All lymphopoietic 1 2.77 36 

Lymphosarcana 0 0.61 0 

Hodgkins 0 0.37 0 

Leukemia 
1 1.08 93 

Other lymphatic 0 0.69 0 

Benign 
0 0.63 0 

Mental disorders 3 0.48 629 

All circulatory 19 34.74 55 

All respiratory 
4 4.35 92 

All digestive 
4 5.74 70 

All genito-urinary 2 1.70 117 

Senility and ill defined 2 1.13 177 

All injuries 
14 8. 71 161 

All accidents 
9 5.29 170 

Motor vehicle accidents 7 2.89 242 

Suicide 
4 2.52 159 

cancer residual 
4 2.22 180 

95% CI 

69, 106 
69, 140 
o, 784 

24, 172 
o, 1460 
o, 427 

36, 343 
o, 524 
o, 622 
1, 459 
5, 174 
6, 182 
o, 2941 

42, 1352 
74, 251 
19, 178 
1, 295 
1, 555 
7, 238 
8, 267 
o, 1389 

130, 1889 
0,12736 
o, 355 
o, 3793 
o, 201 
o, 605 
o, 997 
1, 517 
o, 533 
o, 579 

126, 1838 
33, 85 
25, 235 
19, 178 
13, 424 
20, 639 
88, 270 
78, 323 
97, 499 
43, 406 
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Table 20 presents SMRs for the 39 individuals for whan 

education could not be determined fran 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 

Irn.1ltiple myelana (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 

'file 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 fran the analyses. 

Therefore, persons with missing durations of employment were 

autanatically excluded fran 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. 



All causes 
All cancers 
Lung 
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TABLE 20 

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES 
EMPLOYED BY THE LOS ALAMOS NATIONAL IABORA'IDRY 

FROM 1943 THROUGH 1979 WITH EDUCATIONAL 
ATTAINMENT UNKNOON 

Cause (ICD) Observed Expected SMR 

3 6.47 46 
2 1.68 119 
1 0.17 584 

Other lymphatic cancers 1 0.04 2413 

All circulatory 1 3.32 30 

95% CI 

9, 135 
13, 430 
8, 3249 

32,13423 
0, 168 
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TABLE 21 

CHARACTERISTICS OF 'IHE WHITE FEMALES 
EMPLOYED LESS THAN SIX MONTHS 

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

(per 100,000 person-years) 

1339 
23369.2 

76 
26.15 

1953 . 47 
59.16 

1970.60 
17.45 

325.21 
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Standardized mortality ratios for individuals €~ployed less 

than six months are presented in Table 22. As with the overall cohort, 

significant deficits of mortality fran 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= 1, 

576), lymphosarcana (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 £ran 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 irrmortal. 

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 

STANIY1.RDIZED MORTALITY RATIOS FOR 1339 WHITE 
FF.MALES EMPLOYED LESS THAN SIX MCNrnS 

Cause (ICD) ct>served Expected SMR 

All causes 76 104.83 73 
All cancers 21 32.62 64 
Oral cancer 0 0.46 0 
All digestive 2 7.24 28 

Esophagus 0 0.26 0 
Stanach 0 0.93 0 
Large intestine 0 3.15 0 
Rectum 1 0.75 133 
Liver and gallbladder 0 0.65 0 
Pancreas 1 1.28 78 

All respiratory 5 3.90 128 
Larynx 0 0.10 0 

LurYJ 5 3.73 134 
Bone 0 0.13 0 
Skin 0 0.49 0 
Breast 3 7.88 38 

All genital organs 3 5.68 53 
Cervix uteri 0 1.78 0 

Corpus uteri 1 1.05 95 
All uterus 1 3.03 33 

other genital organs 2 2.63 76 

Bladder 0 0.30 0 

Kidney 1 0.47 213 

Eye 0 0.03 0 

Brain/CNS 1 0.97 104 

'lhyroid 0 0.10 0 

All lymphopoietic 2 2.75 73 

Lyrnphosarcana 1 0.60 165 

Hodgkins 0 0.35 0 

Leukemia 0 1.07 0 

other lymphatic 1 0.70 144 

Benign 0 0.63 0 

Mental disorders 0 0.45 0 

All circulatory 26 41.32 63 

All respiratory 6 4.65 129 

All digestive 6 5.62 107 

All genito-urinary 1 1.84 54 

Senility and ill defined 0 1.09 0 

All injuries 10 7.96 126 

All accidents 5 5.05 99 

flbtor vehicle accidents 4 2.70 148 

Suicide 3 2.16 139 

Cancer residual 4 2.22 180 

95% CI 

57, 91 
40, 98 
o, 794 
3, 100 
o, 1412 
o, 394 
o, 116 
2, 741 
o, 568 
1, 436 

41, 299 
o, 3680 

43, 313 
o, 2813 
o, 753 
8, 111 

11, 154 
o, 206 
1, 530 
o, 184 
9, 275 
o, 1212 
3, 1187 
0,12285 
1, 576 
o, 3572 
8, 263 
2, 920 
o, 1061 
o, 343 
2, 800 
o, 585 
o, 820 

41, 92 
47, 281 
39, 232 

1, 302 
o, 338 

60, 231 
32, 231 
40, 380 
28, 407 
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TABLE 23 

CHARACTERISTICS OF THE WHITE FEMALES 
EMPLOYED AT LEAST SIX MONTHS 

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 (years) 
Crude mortality rate 

(per 100,000 person-years) 

5234 
106684.3 

327 
28.72 

1959.27 
56.76 

1972.6 
20.38 

306.51 
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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. 

1he 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 Canpared 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 bioassay 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 

STAN~IZED MORTALITY RATIOS FOR WHITE FEMALES 
EMPIDYED AT LEAST SIX MONTHS 

Cause (ICD) ct:>served Expected SMR 

All causes 327 422.02 77 
All cancers 112 137.69 81 
Oral cancer 2 1.93 103 
All digestive 15 29.10 52 

Esophagus 1 1.06 95 
Stanach 1 3.68 27 
Large intestine 9 12.77 70 
Pectum 1 2.98 34 
Liver and gallbladder 1 2.55 39 
Pancreas 2 5.19 39 

All respiratory 14 17.04 82 
Larynx 0 0.42 0 

I..l.ln;i 14 16.34 86 
Bone 0 0.53 0 

Skin 5 2.20 227 

Breast 33 34.24 96 

All genital organs 17 23.77 72 

Cervix uteri 2 7.72 26 

Corpus uteri 5 4.26 117 

All uterus 7 12.48 56 

Other genital organs 10 11.20 89 

Bladder 1 1.16 86 

Kidney 5 1.96 255 

Eye 0 0.12 0 

Brain/CNS 4 4.24 94 

Thyroid 0 0.42 0 

All lymphopoietic 8 11.67 69 

Lymphosarcana 1 2.55 39 

Hodgkins 1 1.52 66 

Leukemia 4 4.53 88 

Other lymphatic 2 2.93 68 

Benign 2 2.57 78 

Mental disorders 5 1.97 253 

All circulatory 104 155.28 67 

All respiratory 22 18.55 119 

All digestive 17 23.71 72 

All genito-urinary 4 7.11 56 

Senility and ill defined 6 4. 77 126 

All injuries 41 36.25 113 

All accidents 27 22.27 121 

Motor vehicle accidents 14 12.24 114 

Suicide 11 10.24 107 

Cancer residual 8 9.29 86 

95% CI 

69, 86 
67, 98 
12, 374 
29, 85 
1, 527 
o, 151 

32, 134 
o, 187 
1, 218 
4, 139 

45, 138 
o, 872 

47, 144 
o, 693 

73, 530 
66, 135 
42, 115 

3, 94 
38, 274 
22, 116 
43, 164 
1, 478 

82, 595 
0,2981 

25, 241 
o, 875 

30, 135 
1, 218 
1, 367 

24, 226 
8, 247 
9, 281 

82, 591 
55, 81 
74, 180 
42, 115 
15, 144 
46, 274 
81, 153 
80, 176 
62, 192 
54, 192 
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contributed after the EOS. The categories of "ever radiation" and 

"never 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 canpared with 1.46 expected resulting in an SMR of 343 

(95% CI= 111, 801). Among radiation workers (Table 26) mortality fran 

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 overcane the Healthy Worker Effect inherent in 

standardized mortality analyses, maximlllTI likelihood estimates of the 

rate ratio were calculated to canpare 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 O 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 follCM-up 
Crude mortality rate 

(per 100,000 person-years) 

Ever 
Radiation WJrker 

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 
21.12 

319.80 
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TABLE 26 

ST~IZED MORTALITY RATIOS FOR WHITE F™ALES 
El1PI..OYED AT LEAST SIX MONTI-IS WHO WERE EVER 

EXPOSED OR MOOITORED FOR RADIATIOO: 
1943-1981, 0 YEARS INOOCTION 

Cause (ICD) ct>served Expected SMR 

All causes 81 105.68 77 
All cancers 24 36.01 67 
oral cancer 0 0.51 0 
All digestive 2 7.24 28 

Esophagus 0 0.27 0 
Stanach 0 0.90 0 
Large intestine 1 3.19 31 
Rectum 0 0.74 0 
Liver and gallbladder 0 0.62 0 
Pancreas 1 1.30 77 

All respiratory 3 4.60 65 
Larynx 0 0.11 0 
u.mg 3 4.42 68 

Bone 0 0.14 0 
Skin l 0.60 167 
Breast 7 9.20 76 
All genital organs 5 6.22 80 

Cervix uteri 0 2.07 0 
Corpus uteri 1 1.07 93 
All uterus 1 3.24 31 
Other genital organs 4 2.96 135 

Bladder 0 0.28 0 
Kidney 0 0.50 0 
Eye 0 0.03 0 
Brain/CNS 1 1.15 87 
1hyroid 0 0.10 0 
All lymphopoietic 2 3.04 66 

Lymphosarcana 0 0.66 0 
Hodgkins 0 0.41 0 
Leukemia 2 1.18 169 
Other lymphatic 0 0.75 0 

Benign 1 0.67 149 
Mental disorders 2 0.53 374 
All circulatory 23 35.94 64 

All respiratory 3 4.63 65 
All digestive 5 6.25 80 

All genito-urinary 0 1.75 0 

Senility and ill defined 3 1.27 236 

All injuries 16 10.05 159 

All accidents 6 6.06 99 

l-1:>tor vehicle accidents 3 3.40 88 

Suicide 8 2.91 275 

Cancer residual 3 2.40 125 

95% CI 

61, 95 
43, 99 
o, 721 
3, 100 
o, 1362 
o, 406 
o, 174 
o, 497 
o, 592 
1, 429 

13, 190 
o, 3281 

14, 198 
o, 2710 
2, 928 

30, 157 
26, 188 
o, 177 
1, 520 
o, 172 

36, 346 
o, 1331 
o, 727 
0,11779 
1, 485 
o, 3532 
7, 238 
o, 554 
o, 900 

19, 611 
o, 488 
2, 832 

42, 1350 
41, 96 
13, 189 
26, 187 
o, 210 

47, 689 
91, 259 
36, 216 
18, 258 

118, 542 
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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 
EMPIDYED AT LEAST SIX MONTHS, 

0 YEARS INDUCTION 

Ever Never 
Radiation Radiation 
Worker Worker 

Cause (2976.2 Pyrs) (76922.0 Pyrs) RR 95% CI 

All causes 81 246 0.99 0.76, 1.27 
All cancers 24 88 0.77 0.49, 1.21 
Oral cancer 0 2 o.oo 0.00, 8.97 
All digestive 2 13 0.41 0.09, 1.83 

Esophagus 0 1 0.00 0.00,49.11 
Stanach 0 1 0.00 0.00,49.11 
Large intestine 1 8 0.33 0.04, 2.64 
Rectlllil 0 1 0.00 0.00,49.11 
Liver and gallbladder 0 1 o.oo 0.00,49.11 
Pancreas 1 1 2.59 0.16,41.38 

All respiratory 3 11 0.77 0.21, 2.76 
Lung 3 11 0.77 0.21, 2.76 

Skin 1 4 0.72 0.08, 6.53 
Breast 7 26 0.74 0.32, 1.71 

All genital · organs 5 12 1.19 0.42, 3.40 

Cervix uteri 0 2 o.oo o.oo, 8.97 

Corpus uteri 1 4 o. 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 0.00 o.oo, 2.12 

Brain/CNS 1 3 0.96 0.10, 9.36 

All lymphopoietic 2 6 0.96 0.19, 4.81 

Lymphosarcana 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 

Other lymphatic 0 2 o.oo o.oo, 8.97 

Benign 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, 

95% CI= 0.55, 7.14), cancers of the genital organs (RR= 1.19, 

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 ca~cer (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, . 

95% CI= 0.32, 1.71), uterine cancer (RR= 0.71, 95% CI= 0.08, 6.43), 

and cancers of the cervix and corpus uteri canbined (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= 0.42, 

95% CI= 0.09, 1.84), cancer of the colon (RR= 0.33, 95% CI= 0.04, 

2.64), cancer 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 OORKERS Ca1PARED WITH NONRADIATION 

OORKERS, 1943-1981, LIMITED 'ID OORKERS 
EMPLOYED AT LEAST SIX MONTHS, 

2 YEARS INOOCTION 

Observed 

Ever Never 
Radiation Radiation 

Worker worker 
Cause (2976.2 Pyrs) (76922.0 Pyrs) RR - 95% CI 

All causes 81 241 1.01 0.78, 1.31 

All cancers 24 87 0.78 0.49, 1.22 

Oral cancer 0 2 o.oo 0.00, 9.08 

All digestive 2 13 0.42 0.09, 1.84 

Esophagus 0 1 0.00 0.00,49.70 

Stanach 0 1 o.oo 0.00,49.70 

Large intestine 1 8 0.33 0.04, 2.64 

Rectum 0 1 o.oo 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 11 o. 77 0.21, 2.76 

Lung 3 11 o. 77 0.21, 2.76 

Skin 1 4 o. 72 0.08, 6.54 

Breast . 7 26 0.74 0.32, 1.71 

All genital organs 5 12 1.20 0.42, 3.43 

Cervix uteri 0 2 0.00 0.00, 9.08 

Corpus uteri 1 4 o. 71 0.08, 6.43 

All uterus 1 6 0.45 0.05, 3.75 

Ovary 4 6 2.02 0.56, 7.24 

Bladder 0 1 o.oo 0.00,49.70 

Kidney 0 4 o.oo o.oo, 2.92 

Brain/CNS 1 3 0.98 0.10, 9.57 

All lymphopoietic 2 6 o. 96 0.19, 4.83 

Lymphosarcana 0 1 0.00 0.00,49.70 

Hodgkins 0 1 o.oo 0.00,49.70 

Leukania 2 2 2.97 0.40,21.89 

Other lymphatic 0 2 0.00 0.00, 9.08 

Benign · 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 significantl y 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 nonradiation 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 CCMPARED WITH NONRADIATION 

WORKERS, 1943-1981, LIMITED 'ID WORKERS 
EMPLOYED AT LEAST SIX MONTHS, 

5 YEARS INDUCTION 

Observed 

Ever Never 
Radiation Radiation 

Worker Worker 
Cause (22776.7 Pyrs) (61518.4 Pyrs) RR 

All causes 79 230 1.05 

All cancers 22 83 0.76 

Oral cancer 0 1 o.oo 
All digestive 2 13 0.42 

Esophagus 0 1 o.oo 
Stanach 0 1 0.00 

Large intestine 1 8 0.33 

Rectlllll 0 1 0.00 

Liver and gallbladder 0 1 o.oo 
Pancreas 1 1 2.60 

All respiratory 3 11 0.77 

Lung 3 11 0.77 

Skin 1 4 0.72 

Breast 7 25 0.78 

All genital organs 5 11 1.36 

Cervix uteri 0 1 o.oo 
Corpus uteri 1 4 o. 71 

All uterus 1 5 0.55 

ovary 4 6 2.10 

Bladder 0 1 0.00 

Kidney 0 3 o.oo 
Brain/CNS 0 3 o.oo 
All lyrnphopoietic 1 6 0.52 

Lymphosarcana 0 1 o.oo 
Hodgkins 0 1 o.oo 
Leukania 1 2 1.76 

Other lymphatic 0 2 o.oo 
Benign 1 1 2.64 

95% CI 

0.81, 1.36 
0.47, 1.22 
0.00,51.32 
0.09, 1.86 
0.00,51.32 
0.00,51.32 
0.04, 2.67 
o.oo, 51. 32 
0.00,51.32 
0.16,41. 48 
0.21, 2.77 
0.21, 2.77 
0.08, 6.54 
0.34, 1.82 
0.47, 3.95 
0.00,51.32 
0.08, 6.43 
0.06, 4.76 
0.59, 7.55 
0.00,51.32 
o.oo, 4.63 
o.oo, 4.63 
0.06, 4.34 
0.00,51.32 
0.00,51.32 
0.16,19.81 
0.00, 9.38 
0.17,42.32 
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TABLE 30 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR 
RADIATION ~RKERS 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 o.oo 0.00,53.56 

All digestive 2 12 0.47 0.10, 2.08 

Esophagus 0 1 o.oo 0.00,53.56 

Stanach 0 1 0.00 0.00,53.56 

Large intestine 1 7 0.39 0.05, 3.14 

Rectt.nn 0 1 0.00 0.00,53.56 

Liver and gallbladder 0 1 o.oo 0.00,53.56 

Pancreas 1 1 2.62 0.16,41.93 

All respiratory 3 11 o. 77 0.21, 2.78 

Lung 3 11 o. 77 0.21, 2.78 

Skin 1 4 0.99 0.10, 9.65 

Breast 7 20 1.03 0.43, 2.45 

All genital organs 4 8 3.34 0.66,16.93 

Cervix uteri 0 1 o.oo 0.00,53.56 

Corpus uteri 1 4 0.72 0.08, 6.48 

All uterus 1 5 0.56 0.07, 4.81 

Ovary 3 3 3.34 0.66,16.93 

Bladder 0 1 0.00 0.00,53.56 

Kidney 0 2 o.oo o.oo, 9.79 

Brain/CNS 0 2 0.00 0.00, 9.79 

All lyrnphopoietic 1 6 0.53 0.06, 4.46 

Lyrnphosarcana 0 1 0.00 0.00,53.56 

Hodgkins 0 1 o.oo 0.00,53.56 

Leukemia 1 2 1.90 0.17,21.43 

other lymphatic 0 2 o.oo 0.00, 9.79 

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 CCT1PARED 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 o. 88, 1. 56 

All cancers 19 67 0.85 0.51, 1.42 

Oral cancer 0 1 0.00 0.00,55.85 

All digestive 2 10 0.57 0.13, 2.61 

Esophagus 0 1 o.oo 0.00,55.85 

Large intestine 1 7 0.40 0.05, 3.26 

RectlllTI 0 1 o.oo 0.00,55.85 

Pancreas 1 1 2.75 0.17,44.03 

All respiratory 3 11 0.80 0.22, 2.87 

Lung 3 11 0.80 0.22, 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 0.45, 5.03 

Cervix uteri 0 1 o.oo 0.00,55.85 

Corpus uteri 1 4 0.70 o. 08, 6. 29 

All uterus 1 5 0.55 0.06, 4.76 

Ovary 3 3 3.30 0.65,16.71 

Bladder 0 1 o.oo 0.00,55.85 

Kidney 0 2 o.oo 0.00,10.21 

Brain/CNS 0 2 o.oo 0.00,10.21 

All Lymphopoietic 1 6 0.55 0.07, 4.58 

Lymphosarcana 0 1 o.oo 0.00,55.85 

Hodgkins 0 1 0.00 0.00,55.85 

Leukemia 1 2 1.99 0.18,22.45 

other lymphatic 0 2 0.00 0.00,10.21 

Benign 1 1 3.04 0.19,48.65 
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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) renained 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 fran 1.00. 

At 25 years induction (Table 33), there were 37 deaths, 

including 12 fran 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 Canpared 
With Never Monitored 

Cause-specific standardized mortality ratios were canputed for 

white females ever monitored for external radiation. This subcohort 

included wanen employed at least six months who ever wore a film badge 

or a TLD. Because film badges were not used until 1944, persons 

tenninating before May 18, 1944, were eliminated fran 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 l"DRKERS CCMPARED WITH NONRADIATION 

WORKERS, 1943-1981, LIMITED TO WORKERS 
EMPIDYED AT LEAST SIX MONTHS, 

20 YEARS INDUCTION 

Observed 

Ever Never 
Radiation Radiation 

Worker Worker 
Cause (7447.6 Pyrs) (23135.6 Pyrs) RR 95% CI 

All causes 52 151 1.16 0.85, 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 0.37 o.os, 2.92 

Esophagus 0 1 o.oo 0.00,59.03 

Large intestine 0 6 o.oo o.oo, 2.01 

Pancreas 1 1 3.03 0.19,48.49 

All respiratory 2 9 o. 71 0.15, 3.30 

Lung 2 9 o. 71 0.15, 3.30 

Skin 1 4 1.05 0.11,10.25 

Breast 5 15 1.10 0.40, 3.04 

All genital organs 4 8 1.67 a.so, s.60 

Cervix uteri 0 1 0.00 0.00,59.03 

Corpus uteri 1 4 0.80 0.09, 7.28 

All uterus 1 5 0.63 0.07, 5.47 

Ovary 3 3 3.51 0.70,17.68 

Bladder 0 1 o.oo 0.00,59.03 

Kidney 0 1 0.00 0.00,59.03 

Brain/CNS 0 2 0.00 0.00,10.79 

All lyrnphopoietic 0 4 0.00 0.00, 3.46 

Lyrnphosarcana 0 l o.oo 0.00,59.03 

Hodgkins 0 1 o.oo 0.00,59.03 

Leukemia 0 1 o.oo 0.00,59.03 

Other lymphatic 0 1 o.oo 0.00,59.03 

Benign 0 0 
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TABLE 33 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR 
RADIATION WORKERS CCMPARED WITH NONRADIATION 

WORKERS, 1943-1981, LIMITED TO WJRKERS 
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 1.30 0.89, 1.89 

All cancers 12 46 0.92 0.49, 1. 75 

Oral cancer 0 1 o.oo 0.00,64.09 

All digestive 1 8 0.41 0.05, 3.28 

Esophagus 0 1 o.oo 0.00,64.09 

Large intestine 0 6 o.oo o.oo, 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 0.12, 11. 91 

Breast 5 11 1.79 0.61, 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 0.11, 9. 75 

Ovary 2 3 3.02 0.49,18.49 

Bladder 0 1 o.oo 0.00,64.09 

Kidney 0 1 0.00 0.00,64.09 

Brain/CNS 0 2 0.00 0.00,11.71 

All lymphopoietic 0 4 0.00 0.00, 3.76 

Lymphosarcana 0 1 o.oo 0.00,64.09 

Hodgkins 0 1 0.00 0.00,64.09 

Leukemia 0 1 o.oo 0.00,64.09 

Other lymphatic 0 1 0.00 0.00,64.09 

Benign 0 0 
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TABLE 34 

CHARACTERISTICS OF WHITE FEMALES EMPLOYED AT LEAST SIX MONTHS 

BEIWEEN 1944 AND 1981, EVER MONITORED AND 
NEVER MONITORED FOR EXPOSURE TO EXTERNAL 

IONIZING RADIATION, 0 YEARS INDUCTION 

Ever Monitored Never Monitored 

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) 

1412 
19554.5 

65 
33.17 
54.40 

1974.01 
13.85 

332.40 

4750 
85977.5 

257 
28.66 
57.37 

1972.38 
18.10 

298.9 
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TABLE 35 

STANDARDIZED MORTALITY RATIOS FOR WHITE FEMALES EMPLDYED AT LEAST 
SIX MOOTHS AND EVER MOOITORED FOR EXTERNAL IONIZING 

RADIATION: 1944-1981, 0 YEARS INOOCTION 

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 o, 974 
All digestive 2 5.31 38 4, 136 

Es~hagus 0 0.20 0 o, 1817 
Stanach 0 0.65 0 o, 567 
Large intestine 1 2.35 43 1, 237 
Rectum 0 0.53 0 o, 689 
Liver and gallbladder 0 0.45 0 o, 815 
Pancreas 1 0.97 103 1, 573 

All respiratory 3 3. 47 86 17, 253 
Larynx 0 0.08 0 o, 4385 
Lung 3 3.33 90 18, 263 

Bone 0 0.09 0 o, 4002 
Skin 1 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 o, 258 
Corpus uteri 1 o. 77 129 2, 719 
All uterus 1 2.23 45 1, 250 
Other genital organs 4 2.15 186 so, 476 

Bladder 0 0.20 0 o, 1800 
Kidney 0 0.37 0 o, 983 

Eye 0 0.02 0 0,16391 

Brain/CNS 0 0.82 0 o, 449 

Thyroid O· 0.08 0 o, 4861 

All lymph~ietic 1 2.17 46 1, 257 

Lymphosarcana 0 0.48 0 o, 770 

Hodgkins 0 0.27 0 o, 1374 

Leukemia 1 0.83 121 2,. 671 

Other lymphatic 0 0.56 0 o, 650 

Benign 1 0. 45 225 3, 1250 

Mental disorders 1 0.38 261 3, 1451 

All circulatocy 17 26.31 65 38, 103 

All respiratory 3 3.34 90 18, 263 

All digestive 5 4.44 113 36, 263 

All genito-urinacy 0 1.15 0 o, 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 

libtor vehicle accidents 3 2.26 133 27, 389 

Suicide 7 2.00 350 140, 720 

Cancer residual 2 1. 75 114 
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nonrnonitored workers the kidney cancer (SMR = 321, 95% CI= 103, 748) 

was borderline significant. None of five kidney cancer deaths had been 

mnitored for external ionizing radiation exposure. 

When mortality rates for the monitored subcohort were canpared 

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, 



117 

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 

All causes 65 257 1.12 

All cancers 21 90 0.96 

Oral cancer 0 2 o.oo 
All digestive 2 12 0.67 

Esophagus 0 1 o.oo 
Stanach 0 1 o.oo 
Large intestine 1 7 0.54 

Rectum 0 1 0.00 

Liver and gallbladder 0 1 0.00 

Pancreas 1 1 3. 71 

All respiratory 3 11 1.06 

Lung 3 11 1.06 

Skin 1 4 1.04 

Breast 7 26 1.07 

All genital organs 5 12 1.84 

Cervix uteri 0 2 0.00 

Corpus uteri 1 4 o. 96 

All uterus 1 6 0.66 

Ovary 4 6 3.19 

Bladder 0 1 o.oo 
Kidney 0 5 0.00 

Brain/CNS 0 4 0.00 

All lymphopoietic 1 7 0.55 

Lymphosarcana 0 1 o.oo 
Hodgkins 0 1 o.oo 
Leukemia 1 3 1.32 

Other lymphatic 0 2 0.00 

Benign 1 1 4.12 

95% CI 

0.85, 1.47 
0.60, 1.55 
0.00,15.27 
0.15, 2.98 
0.00,83.54 
0.00,83.54 
0.07, 4.37 
0.00,83.54 
0.00,83.54 
0.23,59.39 
0.30, 3.82 
0.30, 3.82 
0.12, 9.39 
0.46, 2.48 
0.64, 5.27 
0.00,15.27 
o. 11, 8. 79 
0.08, 5.53 
0.89, 11. 46 
0.00,83.54 
o.oo, 3.61 
0.00, 4.90 
0.07, 4.53 
0.00,83.54 
0.00,83.54 
0.13,13.23 
0.00,15.27 
0.26,65.84 
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TABLE 37 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO 
FOR WHITE FEMALES EMPWYED AT LEAST SIX 

MONTHS COOPARING 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 

All causes 62 260 1.13 

All cancers 20 91 0.96 

Oral cancer 0 2 o.oo 
All digestive 2 12 0.70 

Esophagus 0 1 o.oo 
Stanach 0 1 0.00 

Large intestine 1 7 0.56 

Rectum 0 l 0.00 

Liver and gallbladder 0 1 o.oo 
Pancreas 1 1 3.87 

All respiratory 3 11 1.09 

Lung 3 11 1.09 

Skin 1 4 1.06 

Breast 7 26 1.14 

All genital organs 
,. 12 2.01 
:) 

Cervix uteri 0 2 0.00 

Corpus uteri 1 4 1.00 

All uterus 1 6 0.69 

ovary 4 6 3.62 

Bladder 0 1 0.00 

Kidney 0 5 o.oo 
Brain/CNS 0 4 0.00 

All lyrnphopoietic 0 8 0.00 

Lymphosarcana 0 l o.oo 
Hodgkins 0 1 o.oo 
Leukemia 0 4 0.00 

Other lymphatic 0 2 o.oo 
Benign 1 1 4.26 

95% CI 

0.85, 1.49 
0.59, 1.56 
0.00,18.14 
0.16, 3.14 
0.00,99.25 
0.00,99.25 
0.07, 4.56 
0.00,99.25 
0.00,99.25 
0.24,61.87 
0.30, 3.93 
0.30, 3.93 
0.12, 9.51 
0.49, 2.63 
0.70, 5.79 
0.00,18.14 
o. 11, 9.08 
0.08, 5.81 
o. 99, 13. 20 
0.00,99.25 
0.00, 4.29 
0.00, 5.82 
o.oo, 2.37 
0.00,99.25 
0.00,99.25 
0.00, 5.82 
0.00,18.14 
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 

All causes 60· 262 1.20 

All cancers 20 91 1.06 

Oral cancer 0 2 o.oo 
All digestive 2 12 0.76 

Esophagus 0 1 0.00 

Stanach 0 1 o.oo 
Large intestine 1 7 0.60 

Recti..nn 0 1 0.00 

Liver and gallbladder 0 1 0.00 

Pancreas 1 1 4.13 

All respiratory 3 11 1.14 

Lung 3 11 . 1.14 

Skin 1 4 1.07 

Breast 7 26 1.26 

All genital organs 5 12 2.33 

Cervix uteri 0 2 0.00 

Corpus uteri 1 4 1.05 

All uterus 1 6 0.76 

Ovary 4 6 4.52 

Bladder 0 1 o.oo 
Kidney 0 5 o.oo 
Brain/CNS 0 4 o.oo 
All lymphopoietic 0 8 0.00 

Lymphosarcana 0 1 0.00 

Hodgkins 0 1 o.oo 
Leukemia 0 4 0.00 

Other lymphatic 0 2 o.oo 
Benign 1 1 4.90 

95% CI 

0.90, 1.60 
0.65, 1.73 
0.00, 23.62 
0.17, 3.43 
0.00,129.23 
0.00,129.23 
0.07, 4.89 
0.00,129.23 
0.00,129.23 
0.26, 66.13 
0.32, 4.11 
0.32, 4.11 
0.12, 9.68 
0.54, 2.92 
0.80, 6.81 
0.00, 23.62 
0.12, 9.59 
0.09, 6.40 
1.18, 17.28 
0.00,129.23 
o.oo, 5.58 
o.oo, 7.58 
o.oo, 3.09 
0.00,129.23 
0.00,129.23 
o.oo, 7.58 
0.00, 23.62 
0.31, 78.30 
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TABLE 39 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
FEMALES EMPIDYED 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) RR 95% CI 

All causes 56 266 1.35 1.00, 1.81 

All cancers 19 92 1.19 0.72, 1.97 

Oral cancer 0 2 o.oo o.oo, 35.88 

All digestive 2 12 0.93 0.21, 4.23 

Esophagus 0 1 0.00 0.00,196.32 

Stanach 0 1 o.oo 0.00,196.32 

Large intestine 1 7 0.69 0.08, 5.64 

Rectum 0 1 0.00 0.00,196.32 

Liver and gallbladder 0 1 o.oo 0.00,196.32 

Pancreas 1 1 4.78 0.30, 76.51 

All respiratory 3 11 1.27 0.35, 4.60 

Lung 3 11 1.27 0.35, 4.60 

Skin 1 4 1.15 0.13, 10.32 

Breast 7 26 1.52 0.65, 3.54 

All genital organs 4 13 2.11 0.66, 6.80 

Cervix uteri 0 2 0.00 o.oo, 35.88 

Corpus uteri 1 4 1.18 0.13, 10.79 

All uterus 1 6 0.93 0.11, 8.05 

Ovary 3 7 3.52 0.83, 14.97 

Bladder 0 1 0.00 0.00,196.32 

Kidney 0 5 o.oo o.oo, 8.48 

Brain/CNS 0 4 o.oo 0.00, 11.52 

All lymphopoietic 0 8 o.oo 0.00, 4.69 

Lymphosarcana 0 1 o.oo 0.00,196.32 

Hodgkins 0 1 o.oo 0.00,196.32 

Leukemia 0 4 o.oo 0.00, 11.52 

Other lymphatic 0 2 o.oo o.oo, 35.88 

Benign 1 1 6.91 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= o.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 fran 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. In 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 Ca1PARING 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 1.34 0.97, 1.87 

All cancers 15 96 1.16 0.67, 2.03 

Oral cancer 0 2 o.oo o.oo, 58.99 

All digestive 2 12 1.22 0.26, 5.63 

Esophagus 0 1 0.00 0.00,322.82 

Stanach 0 1 o.oo 0.00,322.82 

Large intestine 1 7 0.84 0.10, 6. 96 

Rectum 0 1 o.oo 0.00,322.82 

Liver and gallbladder 0 1 o.oo 0.00,322.82 

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, 5.90 

Skin 1 4 1.40 0.16, 12. 71 

Breast 4 29 1.03 0.36, 2.96 

All genital organs 3 14 1.86 0.51, 6.85 

Cervix uteri 0 2 o.oo 0.00, 58.99 

Corpus uteri 1 4 1.43 0.15, 13. 36 

All uterus 1 6 1.19 0.14, 10.52 

ovary 2 8 2.54 0.49, 13.08 

Bladder 0 1 0.00 0.00,322.82 

Kidney 0 5 o.oo 0.00, 13. 94 

Brain/CNS 0 4 o.oo o.oo, 18.94 

All lymphopoietic 0 8 o.oo o.oo, 7.72 

Lyrnphosarcana 0 1 0.00 0.00,322.82 

Hodgkins 0 1 0.00 0.00,322.82 

Leukemia 0 4 0.00 o.oo, 18.94 

other lymphatic 0 2 o.oo 0.00, 58.99 

Benign 0 2 o.oo o.oo, 58.99 
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TABLE 41 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
FEMALES EMPLOYED AT LEAST SIX MONTHS COOPARING 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) RR 95% CI 

All causes 29 293 1.30 0.88, 1.93 

All cancers 8 103 0.87 0.42, 1.81 

Oral cancer 0 2 o.oo o. 00, 112. 56 

All digestive 1 13 0.82 0.11, 6.47 

Esophagus 0 1 0.00 0.00,615.92 

Stanach 0 1 0.00 0.00,615.92 

Large intestine 0 8 o.oo o.oo, 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 10.61 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 0.35, 3.89 

All genital organs 2 15 1.78 0.38, 8.21 

Cervix uteri 0 2 0.00 0.00,112.56 

Corpus uteri 1 4 2.17 0.23, 20.97 

All uterus 1 6 1.89 0.21, 17.26 

OJary 1 9 1.68 0.20, 14.09 

Bladder 0 1 o.oo 0.00,615.92 

Kidney 0 5 o.oo o.oo, 26.60 

Brain/CNS 0 4 o.oo o.oo, 36.14 

All lymphopoietic 0 8 o.oo o.oo, 14.72 

Lymphosarcana 0 1 o.oo 0.00,615.92 

Hodgkins 0 1 o.oo 0.00,615.92 

Leukemia 0 4 o.oo 0.00, 36.14 

other lymphatic 0 2 0.00 0. 00, 112. 56 

Benign 0 2 o.oo 0.00,112.56 
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TABLE 42 

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

MONITORED FOR EXTERNAL RADIATION WITH NEVER 
MONITORED: 1944-1981, 25 YEARS INDUCTION 

Cause 

All causes 
All cancers 
Oral cancer 
All digestive 

Esophagus 
Stanach 
Large intestine 
Rectum 
Liver and gallbladder 
Pancreas 

All respiratory 
Lung 

Skin 
Breast 
All genital organs 

Cervix uteri 
Corpus uteri 
All uterus 
Ovary 

Bladder 
Kidney 
Brain/CNS 
All lymphopoietic 

Lymphosarcana 
Hodgkins 
Leukemia 
other lymphatic 

Benign 

Observed 

Ever 
Radiation 

Worker 
(1311. 2 Pyrs) 

16 
5 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
2 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Never 
Radiation 

Worker 
(104220.7 Pyrs) 

306 
106 

2 
13 

1 
1 
8 
1 
1 
1 

13 
13 

5 
31 
16 

2 
4 
6 

10 
1 
5 
4 
8 
1 
1 
4 
2 
2 

RR 95% CI 

1.40 0.84, 2.36 
1.09 0.44, 2.73 
o.oo o.oo, 276.02 
1.59 0.20, 12.82 
o.oo 0.00,1510.43 
0.00 0.00,1510.43 
0.00 o.oo, 36.11 
0.00 0.00,1510.43 
0.00 0.00,1510.43 

36.59 1.68, 795.25 
1.38 0.18, 10.89 
1.38 0.18, 10.89 
o.oo o.oo, 65.23 
1.73 0.40, 7.49 
1.92 0.23, 15.83 
o.oo o.oo, 276.02 
4.50 0.42, 48.44 
4.33 0.41, 45.52 
0.00 o.oo, 27.77 
0.00 0.00,1510.43 
0.00 0.00, 65.23 
o.oo o.oo, 88.62 
o.oo 0.00, 36.11 
0.00 0.00,1510.43 
0.00 0.00,1510.43 
0.00 0.00, 88.62 
0.00 0.00, 276.02 
0.00 0.00, 276.02 
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Cumulative External Radiation D:::>se: At Least 1 Rem 
Canpared With Less Than 1 Rem 

The next analyses concerned wanen with cumulative radiation 

doses of at least 1 rem, between 1944 and 1981. Again, because 

external radiation monitoring did not begin until May 18, 1944, persons 

terminating before this date were anitted. Analyses were limited to 

white wanen employed at least six months. Table 43 presents the 

characteristics of wanen with cumulative radiation exposures of at 

least 1 rem and those for wanen monitored but with cumulative exposures 

of less than 1 rem. 

Table 44 presents standardized mortality ratios for wanen with 

cumulative radiation doses of at least 1 rem. Only 12 deaths were 

observed among these wanen, with only 4 deaths due to cancer. These 

cancer deaths included: one breast cancer (SMR = 119, 95% CI= 2, 

663), one ovarian cancer (SMR = 366, 95% CI= 5, 2039), one leukemia 

(SMR = 1043, 95% CI= 14, 5805), and one residual cancer (SMR = 466). 

'!he residual cancer was an ICDA-8 171, which is a malignant neoplasm of 

connective soft tissue. The death certificate stated the cause of 

death as "metastatic hemangiopericytana". Although the SMRs for the 

site-specific cancers exceeded 100, the confidence intervals were wide 

and included 100; therefore, these SMRs were not significantly 

elevated. SMRs for all causes (SMR = 135, 95% CI= 69, 235) and all 

cancers (SMR = 123, 95% CI= 33, 315) were not significantly elevated. 

Only the SMR for suicide at 928 (95% CI= 104, 3352) was significantly 

elevated. No significantly elevated SMRs were observed for workers 

with cumulative exposures of less than 1 rem. 
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TABLE 43 

CHARACTERISTICS OF THE WHITE FEMALES MONITORED FOR 

EXTERNAL RADIATION WITH CUMUIATIVE RADIATION 
OOSES OF >l REM AND <l REM 

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 (years) 
Crude mortality rate 

(per 100,000 person-years) 

>1 REM 

120 
2056.2 

12 
35.51 

1963.93 
56.38 

1974.95 
17.13 

583.60 

<1 REM 

1404 
17498.3 

53 
33.17 

1967.43 
53.95 

1973.80 
12.46 

302.89 
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TABLE 44 

STANDt\RDIZED P«>RTALITY RATia; POR WHITE~ &IPI.DYED 
AT LEAST SIX KNraS wrni Ct.JitlJLATIVE RADIATIOO IOSES 

OF 1.1 REM BE'IWEEN 1943 AND 1981, 0 YEARS INIXOIOO 

cause Ct>served Expected SMR 951 CI -
All causes 12 8.92 135 69, 235 
All cancers 4 3.25 123 33, 315 
Oral cancer 0 0.05 0 o, 7507 
All digestive 0 0.65 0 o, 564 

Esophagus 0 0.03 0 o, 14123 
Stanach 0 0.08 0 o, 4622 
Large intestine 0 0.29 0 o, 1283 
Rect1.1n 0 0.07 0 o, 5498 
Liver aoo gallbladder 0 0.05 0 o, 6739 
Pancreas 0 0.12 0 o, 3084 

All respiratory 0 0.44 0 o, 834 
Larynx 0 0.01 0 o, 33162 

w~ 0 0.42 0 o, 868 
Bone 0 0.01 0 o, 34142 
Skin 0 0.05 0 o, 7507 
Breast 1 0.84 119 2, 663 
All genital organs 1 0.56 178 2, 993 

Cervix uteri 0 0.18 0 o, 2008 
Corpus uteri 0 0.10 0 o, 3766 
All uterus 0 0.29 0 o, 1284 

Other genital organs l 0.27 366 5, 2039 

Bladder 0 0.02 0 o, 15312 
JCidney 0 0.05 0 o, 8038 

Eye 0 o.oo 0 0,134249 

Brain/~ 0 0.10 0 o, 3669 

'fflyroid 0 0.01 0 o, 40707 

All lyraphopoietic l 0.25 392 s, 2183 

Lyraphosarcana 0 0.06 0 o, 6201 

~kins 0 0.03 0 o, 12173 

X.ukmia l 0.10 1043 14, 5805 

Other l~tic 0 0.07 0 o, 5441 

Benign 0 0.06 0 o, 6589 

Mental disorders 0 0.04 0 o, 8186 

All circulatory 5 2.99 167 54, 391 

All respiratory 0 0.39 0 o, 931 

All digestive · o 0.55 0 o, 667 

All oenito-urinary 0 0.14 0 o, 2629 

Senility and ill defined 0 0.10 0 o, 3546 

All injuries 3 0.72 418 84, 1222 

All accidents 0 0.43 0 o, 848 

flt)tor vehicle accidents 0 0.23 0 o, 1600 

suicide 2 0.22 928 104, 3352 

CAncer residual 1 0.21 466 
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Maxirm.nn likelihood estirnates of the rate ratio, canparing rates 

for workers with cumulative radiation doses of at least 1 rem with 

'M'.)rkers with cumulative radiation doses of less than 1 rem, were 

calculated. The calculations were limited to white females employed 

between 1944 and 1979 and exposed between 1944 and 1981. Persons 

tenninating before May 18, 1944 were excluded. Only workers employed 

at least six months were included in the analyses. 

Rate ratios were calculated for all causes and cancer-specific 

causes for 0, 2, 5, 10, 15, and 20 years induction. The 25-year 

induction pericx:l contained too few deaths (n=4) to justify calculating 

rate ratios. 

As stated above, only 12 deaths, 4 fran cancer, were observed 

among workers with cumulative radiation doses of at least 1 rem at 0 

years induction. A total of 53 deaths, 17 fran cancer, were observed 

among workers with cumulative radiation doses of less than 1 rem. 

Analyses were restricted to individuals actually monitored for external 

radiation exposure. Table 45 presents cancer-specific rate ratios 

canparing workers with cumulative doses of at least 1 rem with workers 

with doses of less than 1 rem. The rate ratios for all causes 

(RR= 1.81, 95% CI= 0.95, 3.45) and all cancers (RR= 1.54, 

95% CI= 0.51, 4.62) were nonsignificantly elevated. Rate ratios were 

only calculated for cancers of the breast (RR= 1.06, 95% CI= 0.13, 

8.95) and cancers of the ovary (RR= 1.82, 95% CI= 0.19, 17.51). No 

unexposed deaths were observed for leukemia; therefore, the rate ratio 

could not be calculated. The 95% confidence interval indicated a lower 

bound of 0.45 for leukemia. 
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TABLE 45 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO Ca1PARING 

½DRKERS WITH CUMULATIVE RADIATION [()SES OF >l REM WITH 

WORKERS WITH CUMULATIVE OOSES <l REM, 1944-1981, 
LIMITED TO WORKERS EMPLOYED AT LEAST 

SIX MONTHS, 0 YEARS INDUCTION 

· Observed 

Not 
Exposed Exposed 

Cause (2056.2 Pyrs) (17498.3 Pyrs) RR 95% CI 

All causes 12 53 1.81 0.95, 3.45 

All cancers 4 17 1.54 0.51, 4.62 

All digestive 0 2 o.oo 0.00, 29.55 

Large intestine 0 1 o.oo 0.00,161. 70 

Pancreas 0 1 o.oo 0.00,161. 70 

All respiratory 0 3 0.00 o.oo, 14.59 

Lung 0 3 o.oo o.oo, 14.59 

Skin 0 1 o.oo 0.00,161. 70 

Breast 1 6 1.06 0.13, 8.95 

All genital organs 1 4 1.34 0.15, 11.99 

Corpus uteri 0 1 o.oo 0.00,161.70 

All uterus • • . ,,a 0 1 o.oo o. 00, 161. 70 

Ovary 1 3 1.82 0.19, 17.51 

All lymphopoietic 1 0 0.45, ---
Leukemia 1 0 0.45, ---

Benign 0 1 o.oo 0.00,161 . 70 
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At two years induction (Table 46), rate ratios for all causes 

and all cancers were 1.73 (95% CI= 0.89, 3.37) and 1.13 (95% 

CI= 0.33, 3.86), respectively. Ratios for cancer of the breast 

(RR= 1.12, 95% CI= 0.13, 9.39) and ovary (RR= 1.88, 95% CI= 0.20, 

18.17) exceeded 1.00, but the associated 95% confidence intervals were 

wide and included 1.00. The rate ratio for leukemia could not be 

calculated, but the upper bound of the confidence limit was 183.8. 

At five years induction (Table 47), rate ratios for all causes 

(RR= 1.69, 95% CI= 0.85, 3.38) and all cancers (RR= 0.76, 

95% CI= 0.18, 3.28) declined canpared with those observed at two years 

induction (Table 46). Conversely, rate ratios for cancers of the 

breast (RR= 1.19, 95% CI= 0.14, 10.04) and ovary (RR= 2.13, 95% 

CI= 0.22, 20.60) increased, but were not statistically significant. 

The upper bound of the confidence interval for leukemia was 220.58. 

When rate ratios for 10 years induction (Table 48) were 

calculated, the ratio for all causes (RR= 1.98, 95% CI= 0.99, 3.97) 

was borderline significant. The rate ratio for all cancers (RR= 0.85, 

95% CI= 0.20, 3.70) was less than expected, but this deficit was not 

statistically significant. Rate ratios for cancers of the breast 

(RR= 1.27, 95% CI= 0.15, 10.65) and ovary (RR= 2.69, 95% CI= 0.27, 

27.06) were not significantly elevated. 

Table 49 presents maximum likelihood estimates for the rate 

ratio for selected causes of death at 15 years induction. The rate 

ratio for all causes of death was significantly elevated at 2.14 (95% 

CI= 1.03, 4.45). The rate ratio for all cancers was very close to the 

expected value at 0.99 (95% CI= 0.23, 4.30). Rate ratios for cancers 



131 

TABLE 46 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO Ca.tPARING 

vl:>RKERS WITH CUMULATIVE RADIATION IX)SES OF >l REM 
WITH v-K:>RKERS WITH CUMUIATIVE OOSES OF <l REM, 

1944-1981, LIMITED TO V'DRKERS EMPLOYED AT 
LEAST SIX MONTHS, 2 YEARS INDUCTION 

Not 
Exposed Exposed 

Cause (1832.3 Pyrs) (17722. 2 Pyrs) RR 95% CI 

All causes 11 54 1.73 0.89, 3.37 

All cancers 3 18 1.13 0.33, 3.86 

All digestive 0 2 o.oo o.oo, 33.59 

Large intestine 0 1 0.00 0.00,183.80 

Pancreas 0 1 o.oo 0.00,183.80 

All respiratory 0 3 o.oo o.oo, 16.58 

Lung 0 3 o.oo 0.00, 16.58 

Skin 0 1 o.oo 0.00,183.80 

Breast 1 6 1.12 0.13, 9.39 

All genital organs 1 4 1.38 0.15, 12.41 

Corpus uteri 0 1 0.00 0.00,183.80 

All uterus 0 1 o.oo 0.00,183.80 

Ovary 1 3 1.88 0.20, 18.17 

All lymphopoietic 0 1 o.oo 0.00,183.80 

Leukemia 0 1 0.00 0.00,183.80 

Benign 0 1 o.oo 0.00,183.80 
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TABLE 47 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO COMPARING 
~RKERS WITH CUMUIATIVE RADIATION OOSES OF > 1 REM . 

WITH WORKERS WITH CUMUIATIVE OOSES OF <l REM, 
1944-1981, LIMITED TO WORKERS EMPI.DYED AT 

LEAST SIX MONTHS, 5 YEARS INDUCTION 

Observed 

Not 
Exposed Exposed 

Cause ( 1551. 8 Pyrs) (18006 . 1 Pyrs) RR 

All causes 10 55 1.69 
All cancers 2 19 0.76 
All digestive 0 2 o.oo 

Large intestine 0 1 o.oo 
Pancreas 0 1 o.oo 

All respiratory 0 3 0.00 
Lung 0 3 0.00 

Skin 0 1 o.oo 
Breast 1 6 1.19 

All genital organs 1 4 1.54 

Corpus uteri 0 1 o.oo 
All uterus 0 1 0.00 

Ovary 1 3 2.13 

All lymphopoietic 0 1 0.00 

Leukemia 0 1 o.oo 
Benign 0 1 0.00 

95% CI 

0.85, 3.38 
0.18, 3.28 
o.oo, 40 .31 
0.00,220 . 58 
0.00,220.58 
o.oo, 19.90 
o.oo, 19.90 
0.00,220.58 
0.14, 10.04 
0.17, 13.82 
0.00,220.58 
0.00,220 . 58 
0.22, 20.60 
0.00,220.58 
0.00,220.58 
0.00,220.58 
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TABLE 48 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO COOPARING 
WJRKERS WITH CUMULATIVE RADIATION DJSES OF >l REM WITH 

OORKERS WITH CUMULATIVE DJSES OF <l REM, 1944-1981, 
LIMITED TO IDRKERS EMPLOYED AT LEAST SIX MONTHS, . 

10 YEARS INDUCTION 

Observed 

Not 
Exposed Exposed 

Cause (1147.7 Pyrs) (18406.8 Pyrs) RR 95% CI 

All causes 10 55 1.98 0.99, 3.97 

All cancers 2 19 0.85 0.20, 3.70 

All digestive 0 2 o.oo o.oo, 55. 72 

Large intestine 0 1 0.00 0.00,304.89 

Pancreas 0 1 o.oo 0.00,304.89 

All respiratory 0 3 o.oo o.oo, 27.51 

Lung 0 3 o.oo o.oo, 27.51 

Skin 0 1 o.oo 0.00,304.89 

Breast 1 6 1.27 0.15, 10.65 

All genital organs 1 4 1.86 0.20, 17.17 

Corpus uteri 0 1 o.oo 0.00,304.89 

All uterus 0 1 o.oo 0.00,304.89 

ovary 1 3 2.69 0.27, 27.06 

All lymphopoietic 0 1 o.oo 0.00,304.89 

Leukemia 0 1 o.oo 0.00,304.89 

Benign 0 1 o.oo 0.00,304.89 
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TABLE 49 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO Ca1PARING 

IDRKERS WITH CUMUI.ATIVE RADIATION OOSES OF >l REM WITH 

IDRKERS WITH CUMUIATIVE OOSES OF <l REM, 1944-1981, 

LIMITED TO vK>RKERS EMPLOYED AT LEAST SIX MONTHS, 
15 YEARS INDUCTION 

Observed 

Not 
Exposed Exposed 

Cause (820.4 Pyrs) (18753.6 Pyrs) RR 95% CI 

All causes 9 56 2.14 1.03, 4.45 

All cancers 2 19 0.99 0.23, 4.30 

All digestive 0 2 o.oo o.oo, 79.41 

Large intestine 0 1 o.oo 0.00,434.52 

Pancreas 0 1 o.oo 0.00,434.52 

All respiratory 0 3 0.00 o.oo, 39.21 

Lung 0 3 o.oo o.oo, 39.21 

Skin 0 1 o.oo 0.00,434.52 

Breast 1 6 1.38 0.17, 11. 56 

All genital organs 1 4 2.19 0.23, 20.89 

Corpus uteri 0 1 o.oo 0.00,434.52 

All uterus 0 1 0.00 0.00,434.52 

ovary 1 3 3.38 0.31, 36.42 

All lymphopoietic 0 1 o.oo 0.00,434.52 

Leukemia 0 1 o.oo 0.00,434.52 

Benign 0 1 o.oo 0.00,434.52 
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of the breast (RR= 1.38, 95% CI= 0.17, 11.56) and ovary (RR= 3.38, 

95% CI= 0.31, 36.42) exceeded 1.00, but were not significantly greater 

than 1.00. The upper bound for leukenia was 434.52. 

The rate ratio for all causes of death (RR= 2.74, 

95% CI= 1.26, 5.95) remained significantly elevated at 20 years 

induction (Table 50). The ratio for all cancers (RR= 1.46, 

95% CI= 0.33, 6.41) exceeded 1.00, but was not significantly elevated. 

Rate ratios for cancers of the breast (RR= 2.12, 95% CI= 0.25, 18.00) 

and ovary (RR= 5.66, 95% CI= 0.51, 62.73) exceeded 1.00, but the 

confidence intervals were wide and these ratios were not statistically 

significant. 

At 25 years induction, insufficient numbers of deaths (n=4) and 

deaths due to cancer (n=l) and person-years (n=241.9) existed for the 

white fenales amployed at least six months with cumulative radiation 

doses of at least 1 rem; therefore, rate ratios were not calculated for 

this subset. The only cancer death was due to breast cancer 

(SMR = 534, 95% CI= 7, 2969). 

Ever Bioassayed for Plutonium Canpared With 
Never Bioassayed for Plutonium 

Analyses were conducted of all white wanen hired between 1943 

and 1979 and ever-bioassayed for plutonium between March 1, 1945, and 

December 31, 1981. Persons terminating before March 1, 1945, were 

anitted, because that date represents the start of the plutonium 

bioassay program at Los Alamos. Persons were considered monitored fran 

the date of their first bioassay (plus induction) until death (if 

deceased before the EO.S), termination (if lost to follCM-up), 1980 (if 
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TABLE 50 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO Ca1PARING 

~RKERS WI'IH CUMUIATIVE RADIATION OOSES OF >l REM WITH 

~RKERS WITH CUMULATIVE DJSES OF <l REM, 1944-1981, 
LIMITED TO ~RKERS EMPLOYED AT LEAST SIX MONTHS, 

20 YEARS INDUCTION 

Observed 

Not 
Exposed Exposed 

Cause (504.3 Pyrs) (19072.5 Pyrs) RR 95% CI 

All causes 8 57 2.74 1.26, 5.95 

All cancers 2 19 1.46 0.33, 6.41 

All digestive 0 2 o.oo o. 00, 131. 39 

Large intestine 0 1 0.00 0.00,718.98 

Pancreas 0 1 0.00 0.00,718.98 

All respiratory 0 3 o.oo o.oo, 64.88 

Lung 0 3 0.00 o.oo, 64.88 

Skin 0 1 o.oo 0.00,718.98 

Breast 1 6 2.12 0.25, 18.00 

All genital organs 1 4 3.41 0.35, 33.10 

Corpus uteri 0 1 o.oo 0.00,718.98 

All uterus 0 1 0.00 0.00,718 . 98 

Ovary 1 3 5.66 0.51, 62.73 

All lymphopoietic 0 1 o.oo 0.00,718.98 

Leukemia 0 1 o.oo 0.00,718.98 

Benign 0 1 0.00 0.00,718.98 
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lost to follow-up but known to be alive in the 1982 SSA return), or 

EOS. Persons who were not bioassayed before death or EOS remained 

"never monitored" and left the study at death, termination, 1980, or 

EOS as described above. If an induction time was employed in the 

specific analyses, a person must achieve their bioassay 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. 

Table 51 presents the characteristics for plutonit.nn bioassayed 

and nonbioassayed workers. Table 52 presents standardized mortality 

ratios for the subcohort monitored for plutonium with a urine bioassay 

between 1945 and 1981 . This analysis included no restriction for 

induction time. No SMR was significantly elevated over 100. SMRS for 

all causes (SMR = 82, 95% CI= 54, 120) and all cancers (SMR = 54, 

95% CI= 20, 117) indicated less mortality than expected based on US 

death rates. Interesting SMRs for cancer-specific sites included 

corpus uterus (SMR = 293, 95% CI= 4, 1628), brain (SMR = 291, 

95% CI= 4, 1618), and leukemia (SMR = 284, 95% CI= 4, 1580). 

Confidence intervals for all three of these sites were very wide and 

included 100; therefore, these SMRs were not statistically elevated. 

other interesting SMRs were observed for benign neoplasms (SMR = 505, 

95% CI= 7, 2812) and mental disorders (SMR = 631, 95% CI= 8, 3509). 

Again, the confidence intervals were very wide and included 100. No 

significantly elevated or deficit SMRs were observed in this analysis . 
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TABLE 51 

CHARACTERISTICS OF THE WHITE FEMALES EMPLOYED AT LEAST 
SIX MON'IHS EVER BIOASSAYED AND NEVER BIOASSAYED 

FOR PLUTONIUM: 1945-1981 

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 (years) 
Crude mortality rate 

(per 100,000 person-years) 

Ever 
Bioassayed 

479 
7965.7 

27 
31.81 

1964.10 
57.63 

1972.73 
16.63 

338.95 

Never 
Bioassayed 

4985 
95253.9 

285 
28. 77 

1959.49 
56.36 

1972.60 
19.11 

299.20 
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TABLE 52 

STA.NDARDIZED MORTALITY RATIOS FOR WHITE FEMALES EMPLOYED AT 
LEAST SIX MONTHS EVER BIO.ASSAYED FOR PLUTONIUM: 1945-1981, 

0 YEARS INOOCTION 

Cause ():)served Expected SMR 95% CI 

All causes 27 32.74 82 54, 120 
All cancers 6 11.19 54 20, 117 
Oral cancer 0 0.16 0 o, 2268 
All digestive 0 2.32 0 o, 158 

Esophagus 0 0.09 0 o, 4186 
Stanach 0 0.29 0 o, 1281 
Large intestine 0 1.02 0 o, 360 
Rectl.Jll 0 0.24 0 o, 1556 
Liver and gallbladder 0 0. 20 0 o, 1845 
Pancreas 0 0.42 0 o, 874 

All respiratory 1 1.45 69 1, 384 
Larynx 0 0.04 0 0,10239 
wng 1 1.39 72 1, 400 

Bone 0 0.04 0 o, 9117 

Skin 0 0.17 0 o, 2103 

Breast 0 2.82 0 o, 130 

All genital organs 1 1.91 52 1, 291 

Cervix uteri 0 0.62 0 o, 592 

Corpus uteri 1 0.34 293 4, 1628 

All uterus 1 0.98 102 1, 565 

Other genital organs 0 0.92 0 o, 397 

Bladder 0 0.09 0 o, 4097 

Kidney 0 0.16 0 o, 2299 

Eye 0 0.01 0 0,37492 

Brain/CNS 1 0.34 291 4, 1618 

ttlyroid 0 0.03 0 0, 11131 

All lymphopoietic 1 0.92 109 1, 605 

Lymphosarccma 0 0.21 0 o, 1784 

H<:lo;kins 0 0.11 0 o, 3240 

Leukemia 1 0.35 284 4, 1580 

Other lymphatic 0 0.24 0 o, 1535 

Benign 1 0.20 505 7, 2812 

Mental disorders 1 0.16 631 8, 3509 

All circulatory 11 11.63 95 47, 169 

All respiratory 1 1.44 70 1, 387 

All digestive 1 1.90 53 1, 292 

All geni to-urinary 0 0.52 0 o, 699 

Senility and ill defined l 0.38 266 3, 1478 

All injuries 3 2.75 109 22, 319 

All .accidents 2 1.67 119 13, 431 

Motor vehicle accidents 0 0.91 0 o, 403 

Suicide 1 0.79 126 2, 701 

cancer residual 2 0.75 266 
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No significantly elevated SMRs were observed, when the 

subcohort never bioassayed for plutonium was examined. The SMRs for 

all causes (77, 95% CI= 69, 87) and circulatory diseases (66, 

95% CI= 53, 81) were significantly less than expected. 

Maximum likelihocx:1 estimates of the rate ratio were calculated 

which canpared mortality rates for the plutonium "bioassayed" directly 

with rates for the "nonbioassayed". Person-years and deaths in these 

analyses were allocated in the identical fashion as in the SMR analyses 

described above. 

Table 53 presents rate ratios for bioassayed canpared with 

nonbioassayed wanen, with zero years induction. The rate ratio for all 

causes was 1.06 (95% CI= 0.71, 1.57) and for all cancers was 0.63 

(95% CI= 0.27, 1.44). No rate ratio was significantly more or less 

than expected. Rate ratios in excess of 2.00 included corpus uterus 

(RR= 2.39, 95% CI= 0.27, 21.39), brain/ens (RR= 3.89, 95% CI= 0.40, 

37.57), leukemia (RR= 4.31, 95% CI= 0.44, 41.96), and benign 

neoplasms (RR= 9.76, 95% CI= 0.61, 156.13). Although the point 

estimates appeared large, confidence intervals were very wide and 

included the null value of 1.00 in all instances. None of these rate 

ratios represent a significant increase in deaths in the bioassayed 

workers canpared with the nonbioassayed workers. No bone or thyroid 

cancers were observed. 

At two years induction (Table 54), no significantly elevated or 

deficit rate ratios were observed. The all causes SMR was right at 

expected 1.02 (95% CI= o.68, 1.54) while the all cancer rate ratio was 

less than half of expected at 0.43 (95% CI= 0.16, 1.17). The rate 
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TABLE 53 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
FEMALES EMPI.DYED AT LEAST SIX MCNTHS EVER BIOASSAYED 

FOR PLUTONIUM CCT-1PARED WITH FEMALES NEVER 
BIOASSAYED: 1945-1981, 0 YEARS INOOCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (7965.7 Pyrs) (95253.8 Pyrs) RR 95% CI 

All causes 27 285 1.06 o. 71, 1.57 

All cancers 6 100 0.63 0.28, 1.44 

Oral cancer 0 2 o.oo o.oo, 41.52 

All digestive 0 12 o.oo o.oo, 3.39 

Stanach 0 1 o.oo 0.00,227.22 

Large intestine 0 7 0.00 0.00, 6.39 

Rectum 0 1 o.oo 0.00,227.22 

Liver and gallbladder 0 1 o.oo 0.00,227.22 

Pancreas 0 2 0.00 o.oo, 41.52 

All respiratory 1 13 0.83 0.11, 6.35 

Lung 1 13 0.83 0.11, 6.35 

Skin 0 3 0.00 o.oo, 20.50 

Breast 0 32 o.oo o.oo, 1.17 

All genital organs 1 16 0.64 0.09, 4.83 

Cervix uteri Q 2 o.oo o.oo, 41.52 

Corpus uteri 1 4 2.39 0.27, 21.39 

All uterus 1 6 1.62 o. 20, 13. 46 

Ovary 0 10 o.oo o.oo, 4.18 

Bladder 0 1 o.oo 0.00,227.22 

Kidney 0 5 o.oo 0.00, 9.81 

Brain/CNS 1 3 3.89 0.40, 37.57 

All lymphopoietic 1 7 1.63 0.20, 13.36 

Lymphosarcana 0 1 o.oo 0.00,227.22 

Hodgkins 0 1 o.oo 0.00,227.22 

Leukemia 1 3 4.31 0.44, 41.96 

Other lymphatic 0 2 0.00 o.oo, 41.52 

Benign 1 1 9.76 0.61,156.13 
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TABLE 54 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
FEMALES EMPIDYED AT LEAST SIX MONTHS EVER BIOASSAYED 

FOR PWTONIUM COMPARED WITH FEMALES NEVER 
BIOASSAYED: 1945-1981, 2 YEARS INOOCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (7086.2 Pyrs) ( 96133. 2 Pyrs) RR 95% CI 

All causes 25 287 1.02 0.68, 1.54 

All cancers 4 102 0.43 0.16, 1.17 

Oral cancer 0 2 0.00 o.oo, 47.11 

All digestive 0 12 o.oo o.oo, 3.85 

Stanach 0 1 o.oo 0.00,257.77 

Large intestine 0 7 o.oo o.oo, 7.25 

Rectum 0 1 o.oo 0.00,257.77 

Liver and gallbladder 0 1 o.oo 0.00,257.77 

Pancreas 0 2 o.oo o. 00, 47 .11 

All respiratory 1 13 0.85 0.11, 6.47 

Lung 1 13 0.85 0.11, 6.47 

Skin 0 3 o.oo 0.00, 23.26 

Breast 0 32 o.oo o.oo, 1.33 

All genital organs 1 16 0.67 0.05, 4.32 

Cervix uteri 0 2 o.oo o. 00, 47 .11 

Corpus uteri 1 4 2.42 0.27, 21.72 

All uterus 1 6 1.66 0.10, 13.69 

Ovary 0 10 o.oo o.oo, 4.74 

Bladder 0 1 0.00 0.00,257.77 

Kidney 0 5 0.00 o.oo, 11.13 

Brain/CNS 0 4 o.oo o.oo, 15.12 

All lymphopoietic 0 8 0.00 0.00, 6.16 

Lymphosarcana 0 1 o.oo 0.00,257.77 

Hodgkins 0 1 0.00 0.00,257.77 

Leukemia 0 4 o.oo o.oo, 15.12 

Other lymphatic 0 2 0.00 o.oo, 47. 11 

Benign · 1 1 9.94 0.62,159.02 
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ratio for benign neoplasms was still very large at 9.94 (95% CI= 0.62, 

159.02) but this was based on one case in each category (bioassayed and 

nonbioassayed). This rate ratio for benign neoplasms was not 

statistically significant. 

No significantly elevated or deficit rate ratios were observed 

at five years induction (Table 55). The rate ratio was 1.11 (95% 

CI= 0.74, 1.67) for all causes and 0.46 (95% CI= 0.17, 1.25) for all 

cancers. The rate ratio for benign neoplasms at 10.51 (95% CI= 0.66, 

168.08) was large but not significant. 

At 10 years induction (Table 56), the rate ratio for all causes 

was 1.10 (95% CI= 0.71, 1.70). The all cancers rate ratio was 0.52 

(95% CI= 0.19, 1.40). No significant elevated or deficit rate ratios 

were observed, although the point estimate for benign neoplasms 

(RR= 12.71, 95% CI= 0.80, 203.27) was again quite large. 

A significantly elevated rate ratio of 17.36 (95% CI= 1.09, 

277.61) was observed for benign neoplasms at 15 years induction. This 

observation was based on one bioassayed and one nonbioassayed benign 

neoplasm. The ICDA-8 code for the bioassayed death was 2381, which is 

a benign neoplasm of the brain. The ICDA-8 code for the nonbioassayed 

death was 218X, which is a uterine fibroma. Rate ratios were not 

significantly elevated or reduced for any other cause of death. See 

Table 57 for the rate ratios at 15 years induction. 

No significantly elevated rate ratios were observed at 20 years 

induction (Table 58). There was no longer a bioassayed death fran 

benign neoplasms. The rate ratio for all causes was 1.17 

(95% CI= 0.70, 1.99), while the rate ratio for all cancers remained 
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TABLE 55 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
E'EMALES EMPLOYED AT LF...J\ST SIX MONTHS EVER BIOASSAYED 

FOR PLUTONIUM COMPARED WITH FEMALES NEVER 
BIOASSAYED: 1945-1981, 5 YEARS INDUCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (5868.2 Pyrs) (97351.3 Pyrs) RR 95% CI 

All causes 25 287 1.11 0.74, 1.67 

All cancers 4 102 0.46 0.17, 1.25 

Oral cancer 0 2 o.oo 0.00, 57.60 

All digestive 0 12 o.oo 0.00, 4.70 

Stanach 0 1 o.oo 0.00,315.21 

Large intestine 0 7 o.oo 0.00, 8.86 

Rectum 0 1 o.oo 0.00,315.21 

Liver and gallbladder 0 1 0.00 0.00,315.21 

Pancreas 0 2 o.oo o.oo, 57.60 

All respiratory 1 13 0.87 O.ll, 6.69 

Lung 1 13 0.87 0.11, 6.69 

Skin 0 3 o.oo o.oo, 28.44 

Breast 0 32 o.oo o.oo, 1.63 

All genital organs 1 16 0.74 0.05, 4.84 

Cervix uteri 0 2 o.oo o.oo, 57.60 

Corpus uteri 1 4 2.49 0.28, 22.35 

All uterus 1 6 1.75 0.11, 14.51 

Ovary 0 10 o.oo o.oo, 5.79 

Bladder 0 1 o.oo 0.00,315.21 

Kidney 0 5 o.oo o.oo, 13.61 

Brain/CNS 0 4 o.oo o.oo, 18.49 

All lymphopoietic 0 8 o.oo o.oo, 7.54 

Lymphosarcorna 0 1 o.oo 0.00,315.21 

Hodgkins 0 1 o.oo 0.00,315.21 

Leukemia 0 4 o.oo o.oo, 18.49 

Other lymphatic 0 2 o.oo o.oo, 57.60 

Benign 1 1 10.51 0.66,168.08 
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TABLE 56 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 

EMPLDYED AT LEAST SIX MONTHS EVER BIOASSAYED FOR PLUIDNIUM 

COMPARED WITH FEMALES NEVER BIOASSAYED: 1945-1981, . 
10 YEARS INOOCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (4394.5 Pyrs) (98825.0 Pyrs) RR 95% CI 

All causes 22 290 1.10 o. 71, 1.70 

All cancers 4 102 0.52 0.19, 1.40 

Oral cancer 0 2 o.oo o.oo, 78.09 

All digestive 0 12 0.00 0.00, 6.38 

Stanach 0 l o.oo 0.00,427.33 

Large intestine 0 7 0.00 o.oo, 12.01 

Rectum 0 l o.oo 0.00,427.33 

Liver and gallbladder 0 l 0.00 0.00,427.33 

Pancreas 0 2 o.oo 0.00, 78.09 

All respiratory l 13 0.92 0.12, 7. 02 

Lung l 13 0.92 0.12, 7.02 

Skin 0 3 o.oo o.oo, 38.56 

Breast 0 32 o.oo 0.00, 2.21 

All genital organs l 16 0.87 0.17, 7.90 

Cervix uteri 0 2 o.oo o.oo, 78.09 

Corpus uteri 1 4 2.62 0.29, 23.49 

All uterus 1 6 2.01 0.12, 17.16 

Ovary 0 10 o.oo o.oo, 7.86 

Bladder 0 1 o.oo 0.00,427.33 

Kidney 0 5 o.oo 0.00, 18.46 

Brain/CNS 0 4 o.oo 0.00, 25.07 

All lymphopoietic 0 8 0.00 o.oo, 10. 22 

Lymphosarcana 0 1 o.oo 0.00,427.33 

Hodgkins 0 1 0.00 0.00,427.33 

Leukemia 0 4 o.oo 0.00, 25.07 

Other lymphatic 0 2 o.oo o.oo, 78.09 

Benign 1 l 12.71 0.80,203.27 
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TABLE 57 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 

EMPLOYED AT LEAST SIX MCNI'HS EVER BIOASSAYED FOR PLUTONIUM 
CCX'1PARED WITH FEMALES NEVER BIOASSAYED: 1945-1981, 

15 YEARS INOOCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (3117.4 Pyrs) (100102.1 Pyrs) RR 95% CI 

All causes 20 292 1.20 0.76, 1.89 

All cancers 4 102 0.61 0.22, 1.67 

Oral cancer 0 2 o.oo o. 00, 111. 51 

All digestive 0 12 o.oo o.oo, 9.11 

Stanach 0 1 o.oo 0.00,610.18 

Large intestine 0 7 o.oo o.oo, 17.15 

Rectt.nn 0 1 o.oo 0.00,610.18 

Liver and gallbladder 0 1 0.00 0.00,610.18 

Pancreas 0 2 o.oo 0.00,111.51 

All respiratory 1 13 1.01 0.13, 7.76 

Lung 1 13 1.01 0.13, 7.76 

Skin 0 3 o.oo o.oo, 55.06 

Breast 0 32 o.oo 0.00, 3.15 

All genital organs 1 16 1.05 0.20, 11.14 

Cervix uteri 0 2 o.oo 0.00,111.51 

Corpus uteri 1 4 3.06 0.34, 27.43 

All uterus 1 6 2.50 0.43, 28.00 

Ovary 0 10 o.oo 0.00, 11.22 

Bladder 0 1 o.oo 0.00,610.18 

Kidney 0 5 o.oo 0.00, 26.35 

Brain/CNS 0 4 o.oo o.oo, 35.80 

All lymphopoietic 0 8 o.oo 0.00, 14.59 

Lymphosarcana 0 1 o.oo 0.00,610.18 

Hodgkins 0 1 o.oo 0.00,610.18 

Leukemia 0 4 o.oo o.oo, 35.80 

Other lymphatic 0 2 o.oo 0.00,111.51 

Benign 1 1 17.36 1.09 ,277 .61 
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TABLE 58 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 

EMPLOYED AT LEAST SIX MONTHS EVER BIOASSAYED FOR PLUI'ONIUM 

COMPARED WITH FEMALES NEVER BIOASSAYED: 1945-1981, 
20 YEARS INIXJCTION 

Observed 

Ever Never 
Bioassayed Bioassayed 

Cause (2001.2 Pyrs) (101218.3 Pyrs) RR 95% CI 

All causes 15 297 1.17 0.70, 1.99 

All cancers 3 103 0.59 0.19, 1.87 

Oral cancer 0 2 o.oo 0.00,175.63 

All digestive 0 12 o.oo o.oo, 14.34 

Stanach 0 1 o.oo 0.00,961.09 

Large intestine 0 7 o.oo o.oo, 27.02 

Rectum 0 1 o.oo 0.00,961.09 

Liver and gallbladder 0 1 o.oo o. 00, 961. 09 

Pancreas 0 2 o.oo 0.00,175.63 

All respiratory 1 13 1.30 0. 17, 9.97 

Lung 1 13 1.30 0.17, 9.97 

Skin 0 3 o.oo 0.00, 86.72 

Breast 0 32 o.oo o.oo, 4.96 

All genital organs 1 16 1.46 0.28, 16.95 

Cervix uteri 0 2 0.00 0.00,175.63 

Corpus uteri 1 4 4.78 0.49, 46.16 

All uterus 1 6 3.75 0.62, 50.54 

Ovary 0 10 o.oo o.oo, 17 . 67 

Bladder 0 1 o.oo 0.00,961.09 

Kidney 0 5 o.oo o.oo, 41.51 

Brain/CNS 0 4 0.00 0.00, 56.39 

All lymphopoietic 0 8 o.oo o.oo, 22.98 

Lyrnphosarcana 0 1 o.oo o. 00 ,961. 09 

Hodgkins 0 1 o.oo o. 00, 961. 09 

Leukemia 0 4 o.oo o.oo, 56.39 

Other lymphatic 0 2 o.oo 0.00,175.63 

Benign 0 2 0.00 0.00,175.63 
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low at 0.59 (95% CI= 0.19, 1.87). The ratio for cancer s of the ut er us 

was 4.77 (95% CI= 0.49, 46.16), but the confidence interval was wide 

and this ratio was not significant. 

At 25 years induction (Table 59), the all causes rate ratio was 

0.84 (95% CI= 0.40, 1.80) and the all cancers rate ratio was 0. 92 (95% 

CI= 0.29, 2.92). Only three cancers were observed among the 

bioassayed group, one lung (RR= 2.08, 95% CI= 0.27, 16.26), one 

uterine (RR= 6.67, 95% CI= 0.67, 66.65) and one unspecified malignant 

neoplasm ( ICDA-8 199) • 

Positive Plutonium Uptake Canpared With No Positive 

Plutonium Uptake 

The next series of plutonium analyses 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 sample date plus induction contributed to the category 

"positive uptake." Persons left the study at death, termination, 1980, 

or EOS, 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 bioassay date plus 

induction but before EOS, her death was counted in the category of 



149 

TABLE 59 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 

EMPLOYED AT LEAST SIX MONTHS EVER BIOASSAYED FOR PLUIONIUM 

COMPARED WITH FEMALES NEVER BIOASSAYED: 1945-1981, 
25 YEARS INOOCTION 

Ever Never 
Bioassayed Bioassayed 

Cause (1083. 7 Pyrs) (102135. 8 Pyrs) RR 95% CI 

All causes 7 305 0.84 0.40, 1.80 

All cancers 3 103 0.92 0.29, 2.92 

Oral cancer 0 2 o.oo 0.00, 327.45 

All digestive 0 12 o.oo 0.00, 26.74 

Stanach 0 1 o.oo 0.00,1791.84 

Large intestine 0 7 o.oo 0.00, 50.37 

Rectum 0 1 o.oo 0.00,1791.84 

Liver and gallbladder 0 1 o.oo 0.00,1791.84 

Pancreas 0 2 o.oo 0.00, 327.45 

All respiratory 1 13 2.08 0.27, 16.26 

Lung 1 13 2.08 0.27, 16. 26 

Skin 0 3 o.oo o.oo, 161.68 

Breast 0 32 0.00 0.00, 9.26 

All genital organs 1 16 2.31 0.43, 27.28 

Cervix uteri 0 2 o.oo o.oo, 327.45 

Corpus uteri 1 4 6.67 0.67, 66.65 

All uterus 1 6 5.66 0.91, 79.51 

Ovary 0 10 0.00 o.oo, 32.94 

Bladder 0 1 o.oo 0.00,1791.84 

Kidney 0 5 0.00 0.00, 77.39 

Brain/CNS 0 4 o.oo o.oo, 105.13 

All lymphopoietic 0 8 o.oo o.oo, 42.84 

Lymphosarcana 0 1 o.oo 0.00,1791.84 

Hodgkins 0 1 0.00 0.00,1791.84 

Leukemia 0 4 o.oo o.oo, 105.13 

Other lymphatic 0 2 . o.oo 0.00, 327.45 

Benign 0 2 o.oo o.oo, 327.45 
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"positive uptake". No deaths or person-years were counted after the EOS 

date. Induction times of O, 2, 5, 10, 15, 20, and 25 years were 

calculated. Table 60 presents the characteristics for both white 

females with a positive plutonium uptake at bioassay and those with no 

positive plutonium uptake at O years induction. 

Among those with a positive plutonium uptake (Table 61), 23 

deaths were observed compared with 22.29 expected (SMR = 103, 

95% CI= 65, 155). Six cancer deaths (SMR = 79, 95% CI= 29, 172) were 

observed. None of the SMRs were significantly greater or less than 100. 

SMRs observed for cancer-specific sites were: 105 (95% CI= 1, 584) for 

lung cancer, 428 (95% CI= 6, 2382) for cancer of the uterus, 439 

(95% CI= 6, 2443), and 426 (95% CI= 6, 2371) for leukemia. Confidence 

intervals for SMRs for all these cancer sites were very wide and 

included 100. Three of these deaths were due to cardiovascular disease 

and one was due to digestive disease. 

CA.le to the limited number of observed events, only a few rate 

ratios were calculated comparing women with a positive bioassay with 

wan.en with a no positive bioassay. Table 62 presents the rate ratio for 

all causes of deaths at zero years induction. The rate ratio was 2.67 

(95% CI= 0.90, 7.92). Although there were six cancer deaths among 

those with a positive bioassay, there were none among those with no 

positive bioassay; therefore, no cancer-specific rate ratios were 

calculated. 

Tables 63 through 67 present the all causes and all cancers rate 

ratios for 2, 5, 10, 15, 20, and 25 years induction. At two years 

induction (Table 63), the all causes rate ratio was 1.90 (95% CI= 0.74, 

4.91) and the all cancer rate ratio was 1.33 (95% CI= 0.23, 7.74). 
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TABLE 60 

CHARACTERISTICS OF THE WHITE FEMALES WITH FQSITIVE 

PLlJI'ONIUM UPTAKE AT BIOASSAY CCMPARED TO THOSE 

WITH NO POSITIVE PLUTONIUM UPTAKE 

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 (years) 
Crude mortality rate 

(per 100,000 person-years) 

Positive 
Uptake 

358 
4985.4 

23 
34.03 

1967 . 21 
58.21 

1973.3 
13.93 

461.35 

No Positive 
Uptake 

413 
2980.30 

4 
32.52 

1963 . 08 
54.29 

1969.49 
7.22 

134.21 
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TABLE 61 

STANDAADIZED MORTALITY RATIOS FOR WHITE FEMALES WITH A 
POSITIVE PWTONIUM UPTAKE AT BIOASSAY: 1945-1981, 

0 YEARS INOOCTION 

Cause Observed Expected SMR 

All causes 23 22.29 103 
All cancers 6 7.57 79 
Oral cancer 0 0.11 0 

All digestive 0 1.60 0 
Esq:,hagus 0 0.06 0 

Stanach 0 0.20 0 

Large intestine 0 0.71 0 

Rectum 0 0.16 0 

Liver and gallbladder 0 0.14 0 

Pancreas 0 0.29 0 

All respiratory 1 0.99 101 

Larynx 0 0.02 0 

wng 1 0.95 105 

Bone 0 0.03 0 

Skin 0 0.12 0 

Breast 0 1.89 0 

All genital organs 1 1.27 79 

Cervix uteri 0 0.40 0 

Corpus uteri 1 0.23 428 

All uterus 1 0.64 155 

Other genital organs 0 0.62 -0 

Bladder 0 0.06 0 

Kidney 0 0.11 0 

Eye 0 0.01 0 

Brain/CNS 1 0.23 439 

Thyroid 0 0.02 0 

All lymphopoietic 1 0.62 162 

Lymphosarcana 0 0.14 0 

Hodgkins 0 0.07 0 

Leukemia 1 0.23 426 

Other lymphatic 0 0.17 0 

Benign 1 0.13 791 

Mental disorders 1 0.11 946 

All circulatory 8 8.21 97 

All respiratory 1 0.98 102 

All digestive 0 1.27 0 

All genito-urinary 0 0.34 0 

Senility and ill defined 1 0.25 393 

All injuries 3 1.78 169 

All accidents 2 1.08 185 

fibtor vehicle accidents 0 0.58 0 

Suicide 1 0.51 196 

Cancer residual 2 0.51 391 

95% CI 

65, 155 
29, 172 
o, 3318 
o, 229 
o, 6022 
o, 1876 
o, 520 
o, 2269 
o, 2667 
o, 1249 
1, 561 
0,14956 
1, 584 
0,13850 
0, 3188 
o, 194 
1, 437 
o, 919 
6, 2382 
2, 864 
o, 589 
o, 5780 
o, 3338 
0,55214 
6, 2443 
0,16162 
2, 900 
o, 2645 
o, 5169 
6, 2371 
o, 2196 

10, 4398 
12, 5262 
42, 192 
1, 566 
o, 290 
0, 1079 
5, 2189 

34, 493 
21, 667 
o, 632 
3, 1092 
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TABLE 62 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 

WITH A POSITIVE PLUTONIUM UPTAKE Ca1PARED TO THOSE WITH NO 

roSITIVE PLUTONIUM UPTAKE, BIOASSAYED ONLY: 1945-1981, 

Cause 

All causes 
All cancers 
All respiratory 

Lung 
All genital organs 

Corpus uteri 
All uterus 

Brain/CNS 
All lymphopoietic 

Leukemia 
Benign 

0 YEARS INDUCTION 

Observed 

. Ever 
Positive 
Bioassay 

(4985.4 Pyrs) 

23 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Never 
Positive 
Bioassay 

(2980.3 Pyrs) RR 95% CI 

4 2.67 0.90,7.92 
0 0.92, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
0 0.03, 
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TABLE 63 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 

FEMALES WITH A POSITIVE PLUTONIUM UPTAKE COMPARED 10 
THOSE WITH NO POSITIVE PLUTONIUM UPTAKE, 

BIOASSAYED ONLY: 1945-1981, 
2 YEARS INOOCTION 

Observed 

Ever Positive Never Positive 
Bioassay Bioassay 

Cause (4322.2 Pyrs) (3643.45 Pyrs) RR 95% CI 

All causes 21 6 1.90 0.74, 4.91 

All cancers 4 2 1.33 0.23, 7.44 

All respiratory 1 0 0.04, 

Lung 1 0 0.04, 

All genital organs 1 0 0.04, 

Corpus uteri l 0 0.04, 

All uterus 1 0 0.04, 

Brain/CNS 0 l 0.00 0.00,16.02 

All lyrnphopoietic 0 1 0.00 0.00,16.02 

Leukemia 0 1 0.00 0.00,16.02 

Benign 1 0 0.04, 
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The rate ratio for all causes (RR= 2.63, 95% CI= 0.99, 7.00) 

was borderline significant at five years induction (Table 64). This 

finding was based on 21 deaths with positive bioassay and 6 deaths with 

no positive bioassay. The all cancers rate ratio was 2.11 

(95% CI= 0.34, 13.34), but this was not significantly elevated. 

Table 65 presents the rate ratios for 10 years induction. The 

all causes rate ratio was 2.11 (95% CI= 0.83, 5.34) and the all 

cancers rate ratio was 3.58 (95% CI= 0.46, 27.58). Neither of these 

rate ratios were significantly elevated. 

At 15 years induction (Table 66), the rate ratio for all causes 

of death was borderline significant at 2.54 (95% CI= 0.99, 6.51). 

This finding was based on 16 positive bioassay deaths and 11 

nonpositive bioassay deaths. The rate ratio for all cancers at 8.05 

(95% CI= 0.65, 99.27) was quite large, but because the confidence 

interval was wide and included 1.00 this finding was not statistically 

significant. 

At 20 years induction (Table 67), the rate ratio was not 

significant for either all causes (RR= 1.72, 95% CI= 0.64, 4.63) or 

all cancers (RR= 4.11, 95% CI= 0.43, 39.39). At 25 years induction 

(Table 68), the rate ratio for all causes (RR= 0.58, 95% CI= 0.15, 

2.18) no longer exceeded 1.00. Although still greater than 1.00, the 

rate ratio for all cancers (RR= 2.72, 95% CI= 0.37, 20.11) was not 

significantly different fran 1.00. 
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TABLE 64 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 
WITH A roSITIVE PLUI'ONIUM UPTAKE Ca.1PARED TO THOSE WITH NO 

roSITIVE PLUI'ONIUM UPTAKE,BIOASSAYED ONLY: 1945-1981, 
5 YEARS INOOCTION 

Observed 

Ever Never 
Positive Positive 
Bioassay Bioassay 

Cause (3455.3 Pyrs) (4510.4 Pyrs) RR 95% CI 

All causes 21 6 2.63 0.99, 7.00 
All cancers 4 2 2.11 0.34,13.34 
All respiratory 1 0 0.07, 

Lung 1 0 0.07, 
All genital organs 1 0 0.07, 

Corpus uteri 1 0 0.07, 
All uterus 1 0 0.07, 

Brain/CNS 0 1 o.oo 0.00,24.80 
All lymphopoietic 0 1 o.oo 0.00,24.80 

Leukemia 0 1 o.oo 0.00,24.80 

Benign 1 0 0.07, --
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TABLE 65 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE 
FEMALES WITH A POSITIVE PLUTONIUM UPTAKE Ca1PARED 'IO 

THOSE WITH NO POSITIVE PLUTONIUM UPTAKE, 
BIOASSAYED ONLY: 1945-1981, 

10 YEARS INDUCTION 

Observed 

Ever Never 
Positive Positive 
Bioassay Bioassay 

Cause (2446.3 Pyrs) (5519.4 Pyrs) RR 95% CI 

All causes 18 9 2.11 0.83, 5.34 
All cancers 4 2 3.58 0.46,27.58 
All respiratory 1 0 0.12, 

Lung 1 0 0.12, 
All genital organs 1 0 0.12, 

Corpus uteri 1 0 0.12, 
All uterus 1 0 0.12, 

Brain/CNS 0 1 o.oo 0.00,42.87 
All lymphopoietic 0 1 o.oo 0.00,42.87 

Leukemia 0 1 o.oo 0.00,42.87 
Benign 1 0 0.12, 
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TABLE 66 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO FOR WHITE FEMALES 
WITH A FQSITIVE PLlITONIUM UPTAKE Ca1PARED TO THOSE WITH 

NO POSITIVE PLlITONIUM UPTAKE, BIOASSAYED 
ONLY: 1945-1981, 15 YEARS INDUCTION 

Observed 

Ever Never 
Positive Positive 
Bioassay Bioassay 

Cause (1627.0 Pyrs) (6338.7 Pyrs) RR 95% CI 

All causes 16 11 2.54 0.99, 6.51 
All cancers 4 2 8.05 0.65,99.27 
All respiratory 1 0 0.21, 

Lung l 0 0.21, 
All genital organs 1 0 0.21, 

Corpus uteri l 0 0.21, 

All uterus 1 0 0.21, 

Brain/CNS 0 1 0.00 0.00,74.01 

All lymphopoietic 0 1 o.oo 0.00,74.01 

Leukemia 0 1 o.oo 0.00,74.01 

Benign l 0 0.21, 
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All causes 
All cancers 
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TABLE 67 

MAXIMUM LIKELIH<;X)D ESTIMATES OF THE RATE RATIO 
FOR WHITE FEMALES WITH A Po.SITIVE PLU'IDNIUM 

UPI'AKE COOPARED TO THOSE WITH NO ro8ITIVE 
PLlITONIUM UPI'AKE, BIOASSAYED ONLY: 

1945-1981, 20 YEARS INDUCTION 

Observed 

Ever Never 
Positive Positive 
Bioassay Bioassay 

(961.0 Pyrs) (7004.7 Pyrs) RR 

10 17 1.72 
3 3 4.11 

All respiratory 1 0 
Lung 1 0 

All genital organs 1 0 
Corpus uteri 1 0 
All uterus 1 0 

Brain/CNS 0 1 o.oo 
All lymphopoietic 0 1 o.oo 

¼ukemia 0 1 o.oo 
Benign 0 1 o.oo 

95% CI 

0.64, 4.63 
0.43, 39.39 
0.38, 
0.38, 
0.38, 
0.38, 
0.38, 
0.00,138.48 
0.00,138.48 
0.00,138.48 
0.00,138.48 
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All causes 
All cancers 
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TABLE 68 

MAXIMUM LIKELIHOOD ESTIMATES OF THE RATE RATIO 
FOR WHITE FEMALES WITH A POSITIVE PWI'ONIUM 

UPTAKE COOPARED TO THOSE WITH NO :FOSITIVE 
PLlITONIUM UPTAKE, BIOASSAYED ONLY: 

1945-1981, 25 YEARS INDUCTION 

Observed 

Ever Never 
Positive Positive 
Bioassay Bioassay 

(445.1 Pyrs) (7520.6 Pyrs) RR 

3 24 0.57 
2 4 2.72 

All respiratory 1 0 
Lung 1 0 

All genital organs 1 0 
Corpus uteri 1 0 
All uterus 1 0 

Brain/CNS 0 1 o.oo 
All lymphopoietic 0 1 o.oo 

Leukemia 0 1 o.oo 
Benign 0 1 o.oo 

95% CI 

0.15, 2.18 
0.37, 20.11 
0.89, 
0.89, 
0.89, 
0.89, 
0.89, 
o. 00, 321. 08 
0.00,321.08 
o. 00 ,321. 08 
0.00,321.08 
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Survival Analyses 

The results of the survival analyses were severely limited by 

the large proportion of the cohort with censored survival times 

(93.5%). As a result of this high proportion of censored observations, 

estimates of the mean survival time are probably not meaningful. 

Figure 1 presents the survival curve for all white females employed at 

least six months. 

Probably more meaningful are the canparisons of survival 

distributions for wanen in the radiation categories. Figure 2 presents 

a canparison of survival curves for radiation and nonradiation workers. 

Both of these subcohorts had high proportions of censored observations 

with 94.8% of the survival times for the nonradiation workers censored. 

As would be expected fran the graphical display of the data, both the 

Breslow statistic (1.309, 1 d.f., p = 0.2526) and the Mantel-Cox 

statistic (0.296, 1 d.f., p = 0.5864) indicated no significant 

difference in survival for the two groups. Figure 3 shows the 

canparison for wanen monitored for external ionizing radiation canpared 

with survival for wanen never monitored for external ionizing 

radiation. These canparisons were limited to white wanen employed at 

least six months and anployed on or after May 18, 1944. Both visual 

and statistical examination of these subcohorts revealed no difference 

in survival for the monitored and nonmonitored wanen. The values for 

the Breslow (1.902, 1 ·d.f., p = 0.1679) and the Mantel-Cox (0.161, 

1 d.f., p = 0.6885) were not statistically significant. Finally, 

Figure 4 presents a canparison of survival for wanen bioassayed for 

plutonium canpared with wanen never bioassayed for plutonium. 



FIGURE 1 

CUMULATIVE PROPORTION SURVIVING FOR WHITE FEMALES 
EMPLOYED AT LEAST SIX MONTHS 
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FIGURE 2 

A COMPARISON OF THE CUMULATIVE PROPORTION SURVIVING FOR WHITE FEMALE 
RADIATION ANO NONRADIATION WORKERS 
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FIGURE 3 

A COMPARISON OF THE CUMULATIVE PROPORTION SURVIVING FOR 
WHITE FEMALES MONITORED FOR EXTERNAL IONIZING AND 

NOT MONITORED FOR EXTERNAL IONIZING RADIATION 

CUMULATIVE PROPORTION SURVIVING 
.• .... • .... • ....• ....•....•. .. .•....•... -·· ...•....•....•....•....•....•....•....•....•....•....•....•. 

I . 0 - • 'f •• ••••• W • • ••• W. 'fY ••••••.. 'f . YY . 'f . . 'f\' • 
♦ ..... , ........ , ..... ,.,,,,, _.,_.,., _. _,,., 

........... W. WY . YYW. _.,., .. , .... .,., .. ,,_. 

·"········-· •....•. .... 
. .... 

••• • 
. .. • 

.IO • • 

.... • 

.JO • Y • MONITORED • 

H • NONMONITORED 

••• • • .. . . . .. . . . ... . . . . . . . .. . . . . . . . . .. . . . . . . . . .. . . . .. . . . .. . . . . • .. ..•... .•....•....•....•.. ..•....•. ...•....•. 
1. I. 10 a• II 11 JI H 34 H 

o. •• •• u •• 10 ,. II H M .. 
SURVIVAL TIME (YEARS) 

.... 
0\ 
~ 



FIGURE 4 

A COMPARISON OF THE CUMULATIVE PROPORTION SURVIVING FOR WHITE FEMALES 
BIOASSAYED FOR PLUTONIUM AND THOSE NEVER BIOASSAYED FOR PLUTONIUM 
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Approximately 94% of the survival times were censored in ooth groups. 

The survival curves for these two groups were not statistically 

different based on either the Breslow (0.146, 1 d.f., 

p = 0.7020) or the Mantel-Cox (0.193, 1 d.f., p = 0.6602) statistics. 



CHAPTER VI 

DISCUSSION 

This investigation addressed two questions . First, it sought 

to detennine whether mortality among -wanen employed by the Laboratory 

resembled that among wanen in the US population . Second, it sought to 

detennine whether wanen exposed to radiation during their employment at 

the Laboratory experienced higher cancer mortality rates than female 

Laboratory employees not exposed to radiation. Survival between 

radiation and nonradiation workers was also canpared. Due to the 

limited number of nonwhites in the cohort, analyses were limited to 

white females. 

Canparison of Mortality Among Los Alamos White 
Females With Mortality Among US White Females 

To address the first question, standardized mortality analyses 

were conducted. Mortality observed among white wanen employed by the 

Laooratory was canpared to expected values based on mortality among 

white wanen in the us population. In general, mortality among the 

white female cohort was less than expected, and no cause significantly 

exceeded expectation. Among these white wanen, mortality fran all 

causes and all cancers was 76% and 78% of expected. These SMRs were 

significantly low and probably represent the impact of the healthy 

worker effect decribed earlier (McMichael, 1976). Numerous selection 
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factors were in operation among members of this cohort. Not only did 

these wanen meet the requirements described by McMichael (1976) of 

being healthy enough to be employed, but many of these wanen held 

government security clearances. Although difficult to quantify, the 

additional restrictions involved in obtaining a government clearance 

should result in an "extra" healthy worker effect. For example, 

persons with detrimental health practices such as drug and alcohol 

abuse might not be granted or might hesitate to apply for a clearance. 

Also significantly low were cancers of the digestive system, cervical 

cancers, and deaths fran circulatory diseases. 

Education 

Because education was hypothesized to influence the mortality 

among wanen in this cohort, the cohort was stratified on the basis of 

education and SMRs were calculated for the educational subcohorts. 

Mortality among wanen with less education than a college degree closely 

resembled that of the overall cohort. This, of course, was not 

surprising due to the fact that 79.5% of the cohort fell into this 

category. 

Results for the subcohort of wanen with a college degree held 

sane surprises. only the SMR for diseases of the circulatory system 

was significantly less than 100. SMRs for cancers of the kidney and 

mental disorders significantly exceeded 100, and the SMR for motor 

vehicle accidents among college educated Laboratory employees was 

borderline significant. The finding of elevated rates of deaths due to 

rrotor vehicle accidents has been reported previously (Wiggs et al., 

1987). Explanations for the elevated SMRs among the college educated 
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subcohort are not readily forthcaning. One possibility is that it is 

fallacious to canpare a college educated cohort with the general 

p::>pulation, most of which are not college educated. This may explain 

why results among the noncollege educated subcohort were not 

remarkable. 

If one considers it acceptable to canpare a college educated 

cohort with the general population, explanations for the high rates of 

kidney cancer and mental disorders must be sought. 

Cigarette smoking has been implicated as a risk factor for 

kidney cancer (McLaughlin et al., 1984; Morrison and Cole, 1982). 

Unfortunately, infonnation on smoking was not available for these cases 

of kidney cancer. Likewise, data on other nonoccupational risk factors 

associated with the develoµnent of kidney cancer (McLaughlin et al., 

1984), such as obesity, use of phenacetin analgesics, and meat and tea 

consumption, were unavailable. 

The occupational exposures potentially implicated in the 

develoµnent of kidney cancer include exposure to petroleum, tar and 

pitch products (McLaughlin et al., 1984) . In addition, elevated rates 

of kidney cancer have been observed among coke oven workers (Redrrond et 

al., 1972), and asbestos insulation workers (Selikoff et al., 1979). 

Unfortunately, because industrial hygiene data were not 

available to pennit direct assessment of these potential occupational 

factors, indirect methods were employed. The three deaths fran kidney 

cancer were employed in jobs not readily indicative of other 

occupational exposures. Two of these wanen were employed in 
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secretarial/clerical job titles, while one was employed as a junior 

scientist/canputer. Furthermore, insignificant latency existed between 

hire date and death date c~19 months) for the wanan employed as junior 

scientist for an occupational exposure encountered at the Laboratory to 

explain this cancer occurrence. 

As a result of this information, it is impossible to explain 

the high SMR for kidney cancer among this subcohort, but it appears 

unlikely that a work place exposure was involved in the develoµnent of 

disease among these wanen. 

Regarding the high SMR for the three deaths due to mental 

disorders, more detailed examination of the cases was required because 

this is a pooled ICl)_l\ category including many diverse causes of death. 

Two of these deaths were coded as "other and unspecified alcoholism" 

(rem-a 303.9). A careful review of the death certificates revealed 

one of these deaths was attributed to natural causes and changed based 

on an autopsy to "acute alcoholism". The other death was recorded as 

"consistent with accidental death, alcohol intoxication". Because the 

portion of the certificate designating an accident was labelled 

"undetennined", this death was assigned a code of 303.9. One must 

question whether this death should have been coded as an unspecified 

injury death by the nosol(XJist. Finally, the third certificate was 

eoded 309.9, which was consistent with the cause of death stated on the 

death certificate, "senile danentia, organic brain disease 

prcgressi ve". 
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Duration of Employment 

Another area examined in the SMR analyses was the question of 

duration of employment. Occupational studies often employ a work 

restriction of varying lengths for various reasons (Wilkinson et al., 

1987; Gilbert and Marks, 1979; Checkoway et al . , 1985). Gilbert and 

Marks (1979) argued that short tenn workers should be excluded fran 

these analyses because they generally have less radiation exposure and 

are less influenced by the healthy worker effect. 

The impact of using a six-month work restriction, imposed on 

this current study due to financial constraints, was assessed by 

calculatirg SMRs for the subcohort employed less than six months and 

the subcohort employed more than six months. Mortality was 

unremarkable for the 1339 persons employed less than six months. 

Significantly fewer deaths than expected were observed for all causes, 

all cancers and all circulatory diseases. No causes were significantly 

elevated. Mortality among those employed greater than six months 

closely resembled mortality for the cohort overall. Limitirg the 

radiation exposure and survival analyses to persons employed at least 

six months should have no noticible impact on the results of these 

analyses. 

Radiation Exposure 

Finally, SMRs were used to canpare each of the five radiation 

exposed or monitored subcohorts with expected mortality based on US 

death rates. The only remarkable finding observed fran these 

canparisons was an excess of suicide mortality among three of these 

subcohorts canpared with expected s~icide deaths based on US rates. 

Table 69 presents the suicide SMRs. 
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TABLE 69 

STANDARDIZED MORTALITY RATIOS FOR SUICIDES AMONG 
WHITE FEMALES EMPLOYED BY THE LOS ALAMOS 

NATIONAL IABORATORY 

Grou;e Observed Expected SMR 95% CI 

All white females (N = 6573) 14 12.55 112 61, 187 
All white fanales employed at 

least six months (N = 5234) 11 10 . 24 107 62, 192 
Radiation workers (N = 1591) 8 2.91 275 118, 542 
Monitored external (N = 1412) 7 2.00 350 140, 720 
Cumulative dose at least 1 rem 

(N = 120) 2 0.22 928 104,3352 
Ever bioassayed for plutonium 

(N = 479) 1 0.79 126 2, 701 
Positive plutonium uptake 

(N = 358) 1 0.51 196 3,1092 
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The significantly elevated SMRs were observed in the "ever 

radiation worker" subcohort (SMR = 275, 95% CI= 118, 542), the "ever 

rronitored for external radiation" subcohort (SMR = 350, 95% CI= 140, 

720) and the subcohort of wanen with cumulative radiation exposures in 

excess of 1 rem (SMR = 928, 95% CI= 104, 3352). No significant excess 

of suicide was observed among the "plutonium monitored" or "positive 

plutonium uptake11 subcohorts. Only one suicide death was observed 

among plutonium monitored or l:x)dy burdened wanen. 

A possible explanation for this phenanenon was that the 

elevated rates of suicide among radiation and external radiation 

v.()rkers was in fact due to a socioeconanic bias. The only indication 

of socioeconanic status available for this cohort was education. 

F.ducation has been related to suicide with wanen in well educated 

positions such as physicians (Carlson and Miller, 1981; Steppacher and 

Mausner, 1974) and chemists (Li, 1969; Gleiser, 1987) demonstrating a 

higher rate of suicide than wanen in the general population. 

Furthennore, the suicide rates among wanen physicians and wanen 

chemists were higher than the rates for men in the same profession 

(Steppacher and Mausner, 1974; Li, 1969; Gleiser, 1987). 

In this cohort, becaning a radiation worker was strongly 

related to education. This is most likely due to the fact that among 

wanen the job titles where radiation exposures are more probable 

(technician and scientist) are also job titles requiring higher levels 

of education. secretarial and clerical job titles, cannonly held by 

~en, have little chance of radiation exposure and do not require 
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higher levels of education. Tables 70 through 72 present the 

relationship between education and becaning a radiation worker, being 

roonitored for external radiation, or being monitored for plutonium. 

Chi-square tests of the association were performed and odds ratios and 

their associated 95% confidence intervals were calculated to measure 

the strength of the association (Rothman and Boice, 1979). 

lwong radiation workers, 30.2% were at least college graduates 

canpared with 17 . 9% among the nonradiation workers. The chi-square 

test of the association was statistically significant and the odds 

ratios, using "less than high school" as the baseline category, 

demonstrated a clear linear trend. Similarly, when workers monitored 

for external radiation were canpared with those not monitored, 31.1% of 

the monitored were college graduates canpared with only 18.1% of the 

nonmonitored. The chi-square test demonstrated a significant 

association between education and whether or not an individual had been 

monitored. The odds ratios were also statistically significant and 

increased with increasing education. Persons with a post graduate 

degree were three and a half times more likely to be monitored for 

external radiation than were wanen who did not finish high school. 

Finally, 33.0% of the plutoniurn bioassayed workers held college or 

advanced degrees canpared with 20.4% of the workers never bioassayed 

for plutoniurn. This association did not appear to be as strong as for 

the other radiation categories. The odds ratio for post graduate 

education was only 1.6. These canparisons were all limited to white 

wanen employed at least six months. 



Not radiation 
Radiation 

-Total 
Odds ratio 
95% CI 

TABLE 70 

CCMPARISON OF EIXJCATION AMONG WHITE FEMALE RADIATION AND 
NONRADIATION IDRKERS EMPLOYED AT LEAST SIX MCtmiS 

Education 

Less than High School College Post 
High School Graduate Associates Graduate Graduate 

769 2105 119 524 130 
238 807 64 357 123 

1007 2912 183 881 253 
1.24 1.74 2.20 3.06 

{ 1.05,1.46) {1.24,2.43) { 1. 81, 2. 68) (2.31,4.04) 

2 
= 115.98, 4 d.f., p <0.001 X 

Total 

3647 
1589 
5236 I-' 

---.J 

1.77 Ul 

( 1. 58,1. 98) 



TABLE 71 

EDUCATION AMG1G WHITE FEMALES EMPLOYED AT LEAST SIX M<NmS: IDRKER.5 MONITORED 
FOR EXTERNAL RADIATION Ca-tPARED WIIB 001' MONITORED FOR EXTERNAL RADIATION 

Education 

Less than High School College Post 
Hi_gh School Graduate Associates Graduate Graduate Total 

Not monitored 813 2176 124 550 138 3801 
Monitored 194 736 59 331 115 1435 

Total 1007 2912 183 881 253 5236 
Odds Ratio 1.42 1.99 2.52 3.49 2.05 

(1.18, 169) (1.42,2.18) (2.05,3.10) (2.63,4.64) ( 1.82,2. 30) 

2 
= 129.52, 4 d.f., p <0.001 X 

I-' 
-.J 
O'\ 



TABLE 72 

cntPARISOO OF EIXJCATIOO FOR Plll'IONIUM BIOASSAYED AND NONBIOASSAYED ~RKERS AMONG 
WHITE FF.MALES F.MPLOYED AT LFAST SIX r-omIS 

F.ducation 

Less than High School College Post 
High school Graduat e Associates Graduate Graduate Total 

Never Bioassayed 913 2686 159 747 218 4723 

Bioassayed 94 226 23 134 35 512 

Total 1007 2912 182 881 253 5235 

Qjds Ratios 0.82 1.41 1.74 1.56 1.24 

95% CI (0.64,1.05) (0.87,2.28) (1. 32, 2. 30 )· ( 1.03, 2. 36) ( 1. 05, 1. 4 7) 

2 
= 49.51, 4 d.f., p <0.001 X 

I---' 
--J 
--J 
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The relationship between suicide and education was examined 

among white females employed at least six months. When suicide deaths 

were canpared with members of the cohort deceased fran causes other 

than suicide, a difference in educational attainment was observed for 

the two groups. Among suicides, 35.7% were college or advanced degree 

holders, while only 22.9% of the deaths fran nonsuicide causes were 

college or advance degree holders. Although the differences in 

proportions were substantial, the chi-square test was nonsignificant 

2 (x = 1.24, 1 d.f., p = 0.2654). The odds ratio was 1.87 

(95% CI= 0.62, 5.64). Nevertheless, a different pattern of education 

was observed for suicide and nonsuicide deaths. 

The results suggest that female radiation workers, like female 

physicians and chemists, may experience high rates of suicide. 

Socioeconanic or psychosocial factors rather than exposure to radiation 

appear more likely related to this association, although it was not 

possible to prove this conclusively. This investigation has 

demonstrated an association between education and both employment as a 

radiation worker and suicide, although the association between 

education and suicide was nonsignificant. Extensive mortality 

follow-up among atanic banb survivors (Beebe et al., 1978) has not 

demonstrated increased rates of suicide. In fact, Beebe et al. (1978) 

reported an inverse relationship between radiation dose and suicide 

among male atanic banb survivors. Female atanic banb survivors in the 

highest dose category (400+ rem), however, did demonstrate an excess of 

all injury deaths, but this excess did not appear to be due to suicide 

(2.0 observed canpared with 1.9 expected). Beebe et al. (1978) 

concluded "analysis disclosed no association with radiation dose that 
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would suggest that the behavior of survivors is so deviant as to 

influence the likelihood that they may be involved in fatal accidents, 

suicides, etc. " • 

An additional check was made to determine whether the suicides 

observed among these workers were possibly due to an underlying 

diagnoses of cancer, which could possibly be associated with their 

radiation exposure. None of the death certificates for any of the 

\«Xllen dying fran suicide in the cohort contained any mention of cancer. 

Previous cancer diagnoses, although impossible to rule out canpletely, 

appears unlikely to explain the observed pattern of suicides. 

Additional studies of suicide among radiation workers, 

especially females, should be conducted . These future investigations 

should be expanded to examine both psychosocial factors previously 

related to suicide rates, such as alcohol abuse (Murphy and Robins, 

1967; Kessel and Grossman , 1961), as well as the biological 

plausibility of an association between radiation exposure and suicide. 

Canparison of Mortality Among Radiation Exposed 
and Unexposed workers 

The goal of these analyses was to determine whether or not 

wanen occupationally exposed to radiation experienced higher cancer 

rrortality rates than wanen not exposed to occupational radiation . The 

measure employed in these analyses was the rate ratio which directly 

canpared rates among exposed and unexposed members of the cohort. An 

advantage of this technique was that by canparing rates within the 

cohort, the bias of the healthy worker effect was minimized or 

eliminated. 
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Radiation Canpared with Nonradiation workers 

The first canparisons were between radiation and nonradiation 

workers. None of the rate ratios at any of the seven induction perioos 

considered revealed significant differences between the radiation and 

nonradiation workers for any cause-specific cancer site. Rate ratios 

for cancers of the following sites were nonsignificantly elevated: 

cancers of the pancreas, ovary, and benign neoplasms. Each of these 

cancer sites was found to be statistically significant in one of the 

subcohorts (external radiation monitored or plutonium bioassayed) 

described later. 

External Radiation Monitored Workers Canpared 
with Nonmonitored Workers 

Ovarian cancer. For canparisons between workers monitored for 

external radiation and those not monitored for external radiation, an 

excess of ovarian cancer was observed at two (RR= 3.62, 95% CI= 0.99, 

13.20) and five (RR= 4.52, 95% CI= 1.18, 17.28) years induction. 

These rate ratios were based on four monitored and six nonmonitored 

cases of ovarian cancer at these induction periods. Table 73 presents 

the ovarian cancer rate ratios canparing external radiation monitored 

workers with nornnonitored workers. 

These findings are not inconsistent with the findings of the 

Carmittee on the Biological Effects of Ionizing Radiations (1980) which 

stated that "the radiation risk of ovarian-tumor induction is low, but 

identifiable". Palmer and Spratt (1956) observed 8.0 cases of ovarian 

cancer canpared with 2.6 expected among a group of wanen treated with 



TABLE 73 

RATE RATIOS FOR OVARIAN CANCER AMONG ~EN ~ITORED FOR EXTERNAL IONIZING 
RADIATIOO EXroSURE ca-tPARED Wllli ~ NCYf ~ITORED FOR EXTERNAL 

IOOIZING RADIATIOO EXPOSURE AT SELECTED INIXJCTION PERIOOO 

Monitored Not Monitored 

Induction Tilre 
(years) Deaths Person-Years Deaths Person-Years RR 

0 4 19554.5 6 85977.4 3.19 
2 4 16957.5 6 88574.4 3.62 
5 4 13527.4 6 92004.5 4.52 

10 3 9312.5 7 96219.4 3.52 
15 2 5866.1 8 99665.9 2.54 
20 1 3158.4 9 102373.5 1.68 
25 0 1311.2 10 104220.7 o.oo 

95% CI 

0.89,11.46 
0.99,13.20 I-' 
1.18,17.28 co 

I-' 
0.83,14.97 
0.49,13.08 
0.20,14.09 
0.00,27.77 
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radiation for benign gynecologic conditions • .Among these wanen, the 

average interval between irradiation and tt.rrnor diagnosis was 10.1 

years. This differs sane fran the pattern of induction times observed 

in this study, where rate ratios increased through 5 years induction 

and began to decline starting with 10 years induction (RR= 3.52, 95% 

CI= 0.83, 14.97). 

Ibll and Smith (1968) also observed more deaths fran ovarian 

cancer than expected (7 observed canpared with 3.75 expected) among 

wanen whose ovaries were irradiated with x-rays for the treatment of 

metropathia haemorrhagica and other gynecological conditions. Only 

deaths occurring five or more years after radiation were considered. 

In a case-control study of ovarian cancer, Annegers et al. 

(1979) reported a nonsignificant oods ratio of 1.8 (95% CI= 0.9, 3.5) 

for prior pelvic radiation for the treatment of miscellaneous 

gynecologic conditions. The authors of this study stated that prior 

pelvic radiation exposure was not a "significant risk factor" in the 

developnent of ovarian cancer. 

Among the Hiroshima survivors of the atanic bcrnb, there is 

sane evidence of an association between radiation exposure and cancers 

of the ovary (Beebe, 1978). New studies of mortality among atanic bcrnb 

survivors report that among Hiroshima survivors "the risk of neoplasm 

of the ovary is 50% higher among the survivors canbined than the 

non-exposed with the difference being significant" (Kurihara et al., 

1981). Tokuoka (1986) reported a statistically significant dose 

response for ovarian cancer and radiation dose among atanic banb 

survivors. Although not statistically significant, a linear 
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relationship with radiaton dose was also observed for benign ovarian 

tumors. Recently, Preston et al. (1987) reported an increased risk of 

ovarian cancer among survivors but concluded that "it is premature to 

conclude that these data provide convincing evidence for a 

radiation-related excess risk of ovarian cancers". 

Finally, in studies of female nuclear workers sane evidence 

suggesting increased ovarian cancer has been observed. For example, 

Beral et al. (1985) observed an SMR of 183 for the canbined category of 

cervical/uterine/ovarian cancer among female radiation workers employed 

by the United Kingdan Atanic Energy Authority. When examined as 

separate categories, SMRs for cervical, ovarian, and uterine cancers 

were each elevated; however, only the SMR for uterine cancer was 

statistically significant. 

Among female Hanford workers (Gilbert et al., sutmitted), a 

borderline significant dose response was observed for radiation and the 

collective category of all female genital cancers. This category 

included cervical, uterine, and ovarian tt.nnors. 

A careful review of the Los Alamos ovarian cancer cases 

revealed that only one of the four monitored cases had a cumulative 

radiation exposure of at least 1 rem. This was a physicist employed by 

the Laboratory fran 1943 until her death in 1972. This wanan had been 

monitored for radiation exposure since 1947 and had a ct.nnulative 

radiation dose in excess of 16 rems. Her cumulative exposure exceeded 

10 rems in 1952; therefore, a long potential latency for the 

develoµnent of cancer was present. This wanan was never bioassayed for 

plutonium. 
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The rate ratios canparing ovarian cancer among wanen with 

cumulative radiation of at least 1 rem with wanen who were monitored, 

but had cumulative exposures of less than 1 rem, were nonsignificantly 

elevated . Table 74 presents a surrrnary of these rate ratios over six 

induction periods. It is interesting that these rate ratios steadily 

increased with increasing induction time to a rate ratio of 5.66 

(95% CI= 0.51, 62.73) at 20 years induction. However, because ratios 

are based on only one exposed case and a very lLmited number of person 

years, it is very difficult to assess the meaning of these results. 

None of the 10 Los Alamos cases of ovarian cancer were 

monitored for plutonium exposure fran 1945 through 1981. One of the 

cases of ovarian cancer among the Hanford population (Gilbert et al., 

sub:nitted) had a confirmed plutonium t:x:idy burden (3.2 nCi) occurring 22 

years prior to death. This case also had a rather large exposure to 

external radiation (between 5 and 15 rems) . Gilbert et al. (sul:rnitted) 

felt that there was no reason to suspect that this ovarian cancer was 

related to the plutonium deposition. 

Finally, other risk factors for the develoµnent of ovarian 

cancer must be considered. Occupational risk factors implicated in the 

developnent of ovarian cancer include asbestos and talc (Weiss, 1982). 

A discussion with a Los Alamos industrial hygienist confirmed that 

asbestos has been used in Laboratory operations over the years. No 

operations using significant quantities of talc are known to have 

occurred (Talley, 1987). Again, because detailed industrial hygiene 

records are unavailable for individuals, a review of job titles was the 

only available way to assess potential for occupational exposure. 



TABLE 74 

RATE RATIOS FOR OVARIAN CANCER AMONG ¼OMEN MONITORED FOR EXTERNAL RADIATION Ca-1PARING THOSE 
vrnEN WITH CUMULATIVE RADIATION EXroSURES OF >l REM (EXPOSED) WITH vrnEN 

WITH CUMUIATIVE RADIATION EXroSURE OF <l REM (UNEXPOSED) 

Exposed Unexposed 

Induction Time 
(years) Deaths Person-Years Deaths Person-Years RR 95% CI --

0 1 2056.2 3 17498.3 1.82 0.19, 17.51 
2 1 1832.3 3 17722.2 1.88 0.20, 18.17 
5 1 1551.8 3 18O06.l 2.13 0.22, 20.60 

10 l 1147. 7 3 18406.8 2.69 0.27, 27.06 
15 1 820.4 3 18753.6 3.38 0.31, 36.42 
20 l 504.3 3 19072.5 5.66 0.51, 62.73 

I-' 
CX) 

lJl 
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Eight of the 10 cases held secretarial/clerical positions, 1 was a 

school teacher and 1 (as mentioned earlier) was a physicist. Based on 

the job titles among the cases, there is no reason to suspect that any 

of the cases, except perhaps the physicist, might have occupational 

exposure to asbestos. Further review of this wanan's (the physicist) 

occupational record, although not conclusive, revealed no evidence of 

asbestos exposure. 

Other risk factors, such as nulliparity or low parity, may be 

more important among this cohort than exposure to occupational 

carcincx;Jens. Previous studies have demonstrated an inverse 

relationship for ovarian cancer and parity (Beral et al., 1978) and an 

inverse relationship for ovarian cancer with the number of pregnancies 

(Joly et al., 1974; Casagrande et al., 1979). In fact, in the study by -

Joly et al. (1974) the maximLnTI relative risk was observed for the 

category "never pregnant". J~ly et al. (1974) also found that age at 

first pregnancy was associated with ovarian cancer with wanen becaning 

pregnant at older ages experiencing a higher risk of ovarian cancer. 

The study of Casagrande et al. (1979) noted that pregnancy 

suppressed ovulation; therefore, they examined factors related to 

anovulation including pregnancy and use of oral contraceptives. They 

(Casagrande et al., 1979) found that "the risk of ovarian cancer is 

clearly decreased directly by factors which suppress ovulation". 

Positive associations between ovarian cancer and increasing 

education (Joly et al., 1974) and increasing socioeconanic status 

(Graham et al., 1960) have been reported. In the investigation of Los 

Alamos wanen, the only available indicator of socioecananic status was 
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education. Because education has been previously associated with the 

risk of ovarian cancer (Joly et al., 1974) and because education has 

been associated with the chances of being monitored for external 

radiation among Los Alamos female employees, education was considered a 

potential confounding factor in the relationship between developing 

ovarian cancer and being monitored for external radiation observed in 

this cohort. 

In order to examine this, the relationship between ovarian 

cancer and education (Table 75) among the Los Alamos cohort was 

investigated. A test of the association revealed a borderline 

significant result (x2 = 8.551, 4 d.f., p = 0.07), but the directions 

of the differences were confusing. For example, 16.7% of the ovarian 

cancers held post graduate degrees while only 3.5% of the deaths fran 

other causes held graduate degrees. The odds ratio for graduate 

education was borderline significant at 5.48 (95% CI= 1.00, 29.87). 

On the other hand, a higher proportion of the ovarian cancers had no 

college education (83.3%) than the deaths fran other causes (72.9%). 

F.ducation may contribute but does not appear to fully explain the 

results observed for ovarian cancer in this subcohort. 

As a result, the findings of increased ovarian cancer among 

wanen in the external monitored subcohort cannot be adequately 

explained. Radiation exposures for all but one of the monitored wanen 

were trivial and unlikely to contribute to the develoi;xnent of cancers. 

F.ducation alone may account for sane of the effect observed, although 

the effect is probably a result of a number of socioeconanic and 

lifestyle factors which this study ~as unable to evaluate. 



TABLE 75 

COOPARISON OF EDUCATION FOR OVARIAN CANCER DEATHS AND DEATHS FROM orHER CAUSES 
AMONG WHITE FEMALES EMPLOYED AT LEAST SIX MONTHS 

Education 

Less than High School College Post 
High School Graduate Associates Graduate Graduate 

ovarian Cancer 3 ' 7 0 0 2 
Other Causes 115 173 14 79 14 

Total 118 180 14 79 16 

Odds Ratios 1.55 -- - 5.48 

Total 

12 
395 
407 

2.40 
95% CI (0.40,6.07) ( 1. 00, 29. 87) (0.71,8.16) 

2 = 8.55, 4 d.f., p = 0.0734 X 

I--' 
co 
co 
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All causes. At 10 and 15 years induction, rate ratios for the 

collective category of "all causes" were significantly elevated. 

Interpretation of findings of generally increased mortality among a 

group of workers is difficult unless one hypothesizes general life 

shortening as the result of the exposure of interest. 

Sane have discussed such an effect associated with radiation 

exposure. It has been hypothesized that radiation exposed animals die 

at earlier ages than nonexposed animals. Studies in nonhuman animals 

have suggested that this is true. Furthermore, these studies indicate 

that life shortening is increased with larger exposures. Chronic 

exposures, such as those received by members of the Los Alamos cohort, 

result in less life shortening canpared with an acute exposure for the 

same dose, accounting for approximately 1% per 100 rads (Casarett, 

1968). This life shortening has been attributed to an increase in 

deaths due to radiation induced cancers, an increase in the natural 

aging process, and to an early onset of both neoplastic and 

nonneoplastic diseases (Casarett, 1968; Walburg, 1975; International 

Carrnission on Radiation Protection, 1969). 

This theory is controversial and not well supported by the 

studies of man. seltzer and Sartwell (1958) concluded that they 

observed a life shortening effect based on the large number of deaths 

due to cardiovascular diseases among the cohort of American 

radiologists. Their conclusions have been disputed (Walburg, 1975) and 

have not been supported by the studies among British radiologists 

(C 11 1958) Court Brown and Ibll (1965) stated that 
ourt Brown and In , · • 

there was "no evidence that occupational exposure to ionizing 
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radiations has caused a detectable nonspecific shortening of the 

expectation of life" . Later studies among American radiologists, 

ha.-,ever, again concluded that a life shortening effect was observed 

(Matanoski et al., 1975a; Matanoski et al., 1975b). 

Jablon and Kato (1972) did not find evidence to support a 

theory of generalized life shortening among the atanic banb survivors. 

Similarly, Beebe et al. (1978) found no evidence of nonspecific life 

shortening or accelerated aging among atanic banb survivors. Beebe et 

al. ( 1978) concluded that "the evidence fran the studies of A-banb 

survivors is that the late mortality effects of large, single doses of 

ionizing radiation are focal, and largely confined to cancer". They 

concluded that the differences between the atanic banb survivors and 

the radiologists must be due to confounding factors in the radiologist 

studies or the differences between chronic and acute doses. 

A canparison of survival distributions for external monitored 

and nonmonitored workers found no difference in survival time between 

these groups. This finding does not support the hypothesis of 

generalized life shortening among the monitored group. 

A review of the distribution of cancer deaths did not point out 

any cancer-specific cause that could explain this excess of "all 

causes" mortality among the radiation monitored. Rate ratios for 

cancers of the pancreas, ovary, and benign neoplasms were elevated, but 

only the rate ratio for cancers of the ovary was based on more than one 

exposed case. These observations were true for both 10 and 15 years 

induction and were unlikely to explain the elevated "all causes" rate 
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ratios based on 56 and 44 total exposed deaths at 10 and 15 years, 

respectively. 

Because cancer-specific causes did not appear to account for 

the excess of "all causes" mortality, noncancer causes were examined. 

'As noted earlier, the SMR for suicide among the external radiation 

monitored subcohort was elevated (SMR = 350, 95% CI= 140, 720); 

therefore, an analysis was conducted to determine whether the excess of 

suicides noted earlier accounted for the excess rate ratios for "all 

causes" of death among this group. Analyses were repeated excluding 

deaths due to suicide fran both the monitored and nonrnonitored 

subcohorts. Although still greater than 1.00, rate ratios for "all 

causes" were no longer statistically significant for 10 years 

(RR= 119, 95% CI= 0.87, 1.63) and 15 years (RR= 1.24, 95% CI= 0.88, 

1.75) induction. 

Likewise, rate ratios canparing suicide among monitored and 

nonrnonitored wanen were canputed. These rate ratios were significantly 

elevated at both 10 (RR= 11.55, 95% CI= 3.25, 41.06) and 15 

(RR= 6.67, 95% CI= 1.66, 26.85) years induction; therefore, it 

appears that the significantly elevated rate ratios for all causes of 

death for external radiation monitored canpared with nonrnonitored 

workers can be explained at least in part by the high rates of suicide 

among the workers monitored for external radiation. 

Pancreatic cancer. At 25 years induction, an excess of 

pancreatic cancer was observed for external monitored workers canpared 

with workers never monitored for external radiation. Table 76 

summarizes the rate ratio for pancre_atic cancers at the various 



TABLE 76 

RATE RATIOS FOR PANCREATIC CANCER AMONG vO-iEN MONI'IORED FOR EXOOSURE 'IO EXTERNAL RADIATION 
AND THOSE f.\Df MONI'IORED FOR ExrosURE 'IO EXTERNAL RADIATION 

Monitored Not Monitored 

Induction Time 
(years) Deaths Person-Years Deaths Person-Years RR (95% CI 

0 1 19554.5 1 85977.4 3.71 0.23, 59.39 
2 1 16957.5 1 88574.4 3.87 0.24, 61.87 
5 1 13527.4 1 92004.5 4.13 o. 26, 66.13 

10 1 9312.5 1 96219.4 4.78 0.30, 76.51 
15 1 5866.1 1 99665.9 6.43 0.40,104.08 
20 l 3158.4 l 102373.5 10.61 0.65,174.45 
25 l 1311.2 1 104220.7 36.59 1.68, 795.25 

f-' 
\.0 
N 
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induction times. The pancreatic rate ratios increased steadily with 

increasing induction time. The observed rate ratios are based on only 

one case among the monitored and one case among the nonrnonitored. At 

25 years induction, there were only 1311.2 person-years in the 

monitored subcohort. The monitored case had cumulative radiation . 

exposures of less than l rem. 

There has been considerable discussion of pancreatic cancer 

among radiation workers and radiation exposed groups in recent years. 

In 1979, Gilbert and Marks (1979) reported a significant dose response 

for radiation exposure and cancer of the pancreas. In the highest 

exposure category examined (15+ rems), three deaths from pancreatic 

cancer were observed compared with one death expected. 

Subsequently, however, this finding of excess pancreatic cancer 

among Hanford workers has been refuted. Tolley et al. (1983) reported 

that the significant dose response for cancer of the pancreas was no 

longer observable in the Hanford cohort. Furthermore, review of the 

pancreatic cancers revealed that one of the deaths in the high dose 

category was incorrectly recorded as a pancreatic cancer death (Gilbert 

and Marks, 1980). 

other studies of radiation exposure and pancreatic cancer have 

also produced contradictory results. For example, studies of atanic 

banb survivors have estimated the relative risk of pancreatic cancer at 

1.00 (Kato, 1986; Preston et al., 1987). A study of British 

radiologists, on the other hand, reported evidence of excess deaths 

fran pancreatic cancer (6 observed canpared with 1.4 expected) among 
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radiologists joining a professional society before 1921 (when new 

radiation protection recarmendations were proposed). 

A close review of the two Los Alamos cases of pancreatic 

cancer, one monitored for external ionizing radiation and the other not 

ironitored, revealed no evidence of significant exposure to substances 

other than radiation. The nonmonitored wanan's personnel record stated 

that she worked outside the technical area. The only exposure other 

than radiation noted for the monitored wanan was occasional exposure to 

corrosive substances used in decontaminating her equiµnent. This 

wanan's cumulative radiation exposure was 690 mrems; therefore, it is 

highly unlikely that her radiation exposure contributed to the 

develoµnent of her pancreatic cancer. 

Workers With Cumulative Radiation Ibses of at Least 1 Rem 
Compared With Workers With Less Than 1 Rem 

All causes. As observed earlier when external radiation 

monitored workers were canpared with nonrnonitored workers, elevated 

rate ratios were observed for all causes of death for workers exposed 

to at least 1 rem of cumulative radiation exposure canpared with 

workers exposed to less than 1 rem of cumulative radiation exposure. 

These elevated rate ratios (Table 77) were statistically significant at 

15 and 20 years induction. The rate ratio at 10 years was borderline 

significant. As with the earlier canparison, suicide was suspected as 

a possible explanation for these findings. Not only was the suicide 

SMR (SMR = 928, 95% CI= 104, 3352) significantly elevated for the 

subcohort with cumulative radiation doses in excess of 1 rem, but also 

suicide accounted for 2 out of 12 total deaths (16.7%) at O years 

induction and 2 out of 9 total deaths (22.2%) at 15 years induction. 



TABLE 77 
< 

RATE RATIOS FOR ALL CAUSES AMONG ~EN WITH CUMUIATIVE RADIATION OOSES OF >l REM 
COOPARED WITH '!HOSE WITH CUMUIATIVE RADIATION OOSES OF <l REM 

At Least One Rem Less Than One Rem 

Induction Time 
(years) Deaths Person-Years Deaths Person-Years RR 95% CI 

0 12 2056.2 53 17498.3 1.81 0.95,3.45 
2 11 1832.3 54 17722.2 1.73 0.89,3.37 
5 10 1551.8 55 18006.1 1.69 0.85,3.38 

10 10 1147.7 55 18406.8 1.98 0.99,3.97 
15 9 820.4 56 18753.6 2.14 1.03,4.45 
20 8 504.3 57 19072.5 2.74 1.26,5.95 

1--' 
\.0 
u, 
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Stratified analyses were repeated eliminating suicides fran 

both the subcohort with cumulative radiation doses of at least 1 rem 

and the subcohort with radiation doses less than 1 

causes rate ratios are presented in Table 78. 

rem. The new all 

When the suicide deaths were removed fran the "all causes" 

analyses, only the rate ratio for 20 years induction remained 

significant (RR= 2.47, 95% CI= 1.08, 5.63). This might be explained 

by examining the rate ratios for suicide in workers with greater than 1 

rem canpared with those with less than 1 rem. All of these suicide 

rate ratios (Table 79) are significantly elevated except for the ratio 

for 20 years induction (RR= 8.93, 95% CI= 0.82, 96.97). 

At 20 years induction, 5 of the deaths contributing to the "all 

causes" rate ratio were fran diseases of the circulatory system. Only 

two of the deaths were the result of cancer, one breast cancer and one 

ovarian cancer. 

Ever Bioassayed for Plutonium Canpared With Never 
Bioassayed for Plutonium 

The only statistically significant result observed for 

bioassayed canpared with nonbioassayed workers was the rate ratio for 

benign neoplasms at 15 years induction. Table 80 surrrnarizes the rate 

ratios for benign neoplasms among the bioassayed and nonbioassayed 

workers. Because "benign neoplasms" includes a number of different 

tLllllOrs, the death certificates were examined closely. The bioassayed 

death was attributed to a benign brain tumor, while the nonbioassayed 

death was due to a uterine fibrana; therefore, canparing these diverse 

, diseases may be questionable. The significance of the benign brain 



TABLE 78 

RATE RATIOS FOR ALL CAUSES EXCLUDI~ SUICIDES AMONG vO-IBN wrm CUMULATIVE RADIATION OOSES 
OF >l REM Ca-1PARED WIIB TI-JOSE WITI-I CUMULATIVE RADIATION OOSES OF <l RFM 

At Least One Rem Less Than One Rem 

Induction Time 
(years) Deaths Person-Years Deaths Person-Years RR 95% CI 

0 10 2056.2 48 17498.3 1.56 0.78,3.14 
2 9 1832.3 49 17722.2 1.47 0.71,3.02 
5 8 1551.8 50 18006.1 1.40 0.65,2.99 

10 8 1147. 7 50 18406.8 1.62 0.75,3.48 
15 7 820.4 51 18753.6 1.66 1.74,3.74 
20 7 504.3 51 19072.5 2.47 1.08,5.63 

f-' 
~ 
---1 



TABLE 79 

RATE RATIOS COOPARING SUICIDE Ar-K)NG ~N WITH CUMULATIVE RADIATION OOSES OF >l REM 
WI'lli 'lliOSE WITH CUMULATIVE RADIATION OOSES OF <l Rm: 1944-1981 

At Least One Rem Less Than One Rem 

Induction Time 
{years) Deaths Person-Years Deaths Person-Years RR 95% CI 

0 2 2056.2 5 17498.3 6.32 1.12, 35.85 
2 2 1832.3 5 17722.2 7.00 1.19, 41.27 
5 2 1551.8 5 18006.1 7.50 1.28, 44.04 

10 2 1147. 7 5 18406.8 11.11 1.83, 67.60 
15 2 820.4 5 18753.6 19.48 2.87,132.31 
20 1 504.3 6 19072.5 8.93 0.82, 96.97 

f---J 
\.0 
co 



TABLE 80 

RATE RATIOO FOR BENIGN NOOPIASMS AMONG vl)MEN BIOASSAYED FOR PWTONIUM COOPARED WITI-l 
W'.J-1EN Nor BIOASSAYED fDR PWTONIUM AT SELECTED INDUCTION PERIOffi 

Bioassayed Never Bioassayed 

Induction Time 
(years) ~aths Person-Years ~aths Person-Years RR 95% CI 

0 1 7965.7 1 95253.8 9.76 0. 61, 156. 13 
2 1 7086 . 2 1 96133. 2 9. 94 0.62,159.02 
5 1 5868.2 1 97351. 3 10.51 0.66,168.08 

10 1 4394.5 1 98825.0 12. 71 0.80,203.27 
15 1 3117.4 1 100102.1 17.36 1.09, 277 .61 
20 0 2001.2 2 101218.3 0.00 0.00,175.63 
25 0 1083.7 2 102135.8 0.00 o.o~,327.45 

I--' 
<.D 
<.D 
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tumor is that an excess of these tumors has been observed among another 

cohort of nuclear workers. Among workers at the Rocky Flats Plant, a 

significantly elevated SMR was reported for benign tumors, all of which 

were intracranial tumors (Wilkinson et al., 1983). A subsequent case 

control study examined brain tumors among this cohort and found no 

association with external radiation exposure or plutonium body burden 

(Reyes et al., 1984). The most recent follow-up among members of the 

Rocky Flats cohort (Wilkinson et al., 1987) found that the SMR for 

benign tumors was still significantly elevated and still due entirely 

to intracranial tumors. No association was observed between benign 

brain tumors and plutonium body burden in this investigation. Sane 

evidence, although nonsignificant, was observed that would support an 

association between these tumors and external ionizing radiation 

exposure. 

Positive Plutonium Bioassay Canpared With No 
Positive Plutonium Bioassay 

A total of 27 deaths occurred among bioassayed wanen (n=479), 

with 6 deaths due to cancer. All but 4 of the bioassayed deaths and 

358 of the bioassayed wanen had at least one plutonium urinalysis 

result indicating sane positive uptake. Very few, however, 

demonstrated measureable body burdens. For this reason, it is very 

difficult to interpret the results of the analyses canparing positive 

uptake versus no positive uptake. 

None of the rate ratios for the canparisons between positive 

uptake and no positive uptake people were statistically significant; 

however, at 5 and 15 years induction the all causes rate ratios were 
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borderline. No obvious explanation is available for these results, but 

the problems of the statistical variability of results based on such 

small numbers cannot be ruled out. Detailed interpretation of these 

findings is not possible at this time. Perhaps with more follow-up, or 

when the results for Los Alamos males are available, t hese findings 

will be more interpretable. 

Survival Analyses 

The results of the survival analyses are difficult to interpret 

because they are based primarily on censored observations (~95%). 

Canplete survival experience was unknown for most of the cohort because 

most were still alive at the EOS. As a result, the only meaningful 

findings were the canparisons of survival between the radiation 

subgroups. No significant differences in survival were observed for 

radiation workers canpared with nonradiation workers, for workers 

monitored for external radiation canpared with workers not monitored, 

or for plutonit.nn bioassayed workers canpared with workers never 

bioassayed. 

In the future, the usefulness of survival analyses will improve 

as a higher proportion of the cohort is deceased. Furthermore, it may 

be prudent to limit future survival analyses of this type to older 

subcohorts, for example workers hired during the 1940's, for whan a 

smaller proportion of the observations will be censored. 

Strengths and Limitations 

As with any investigation, this study had strengths and 

limitations. The limitations included the small number of radiation 
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exposed workers and the generally low levels of their cumulative 

exposures. This limited the analyses that were possible. Ideally, 

analyses of external radiation would have focussed on the analyses of 

~1 rem canpared with <l rem. Analyses would have also included a 

dose-response approach. The data, however, precluded this and 

required cruder measures of exposure, such as canparisons between 

rronitored and nonmonitored workers. The canparisons of radiation 

workers and nonradiation workers were necessitated by the absence of 

film badge data for the earliest years of operation at Los Alamos. 

Similarly, with the plutonium analyses the preferred approach 'NOuld 

have canpared body burdened individuals with individuals with no body 

burden and would have included dose-response analyses. Unfortunately, 

analyses had to be limited to the canparisons of monitored/nornnonitored 

and positive urinalyses/no positive urinalyses. 

Another limitation was the limited availability of industrial 

hygiene records for use in ascertaining exposures to chemical and other 

potential hazards in the work place. As with any study relying on 

historical data, this study did not have access to information on a 

number of potential confounders, such as smoking and reproductive 

histories. Finally, although good for the cohort overall, the small 

percentage of deceased individuals severely limited the appropriateness 

and use of survival techniques. 

The strengths of the study were that vital status was 

successfully ascertained (93%) for a large cohort of female workers 

enployed over nearly a 40-year period. Average follow-up time exceeded 

20 years. cause of death was obtain~d for over 95% of those thought to 

be deceased. 
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Excellent personnel radiation dosimetry was available for 

individual cohort members beginning in 1944-1945 . These data allowed 

investigators to not only look at the cumulative exposures, but allowed 

the examination of the time patterns associated with the radiation 

exposure. It was possible to include induction time in the analyses 

and to consider whether the exposure plausibly preceded the onset of 

disease. Furthermore, these dosimetry records allowed assignment of an 

exposure history to an individual rather than a work area or job title 

as is often done in occupational studies . 



CHAPTER VII 

SUMMARY 

A historical cohort analyses of 6790 wanen employed by the Los 

Alamos Laboratory has been conducted. This epidemiolcgic investigation 

focussed on two questions. First, it sought to determine whether 

mortality among members of this cohort differed significantly fran 

mortality among females in the United States population . second, it 

sought to determine whether workers exposed to radiation in their jobs 

were at an increased risk of dying fran cancer canpared with workers 

who were never exp::)sed to radiation at work. 

To address the first question, standardized mortality analyses, 

using US death rates to generate expected values, were conducted. In 

general, observed mortality was less than expected, and no cause 

significantly exceeded expectation. The standardized mortality ratios 

(SMRs) were 76 and 78 for all causes and all cancers, respectively. 

Suicide SMRs calculated to canpare mortality rates among the subcohort 

of radiation workers with expected values, were significantly elevated. 

To address the second question, stratified analyses directly 

canparing mortality rates for radiation exposed and nonexposed members 

of the cohort were conducted . Rate ratios for cancers of the ovary and 

pancreas were found to be significantly elevated. Previous 

204 
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epidemiologic evidence indicates that these cancers may be associated 

with radiation exposure, although in this cohort radiation exposure 

appears unlikely to explain these findings. Other cancers, previously 

reported to be associated with radiation exposure, like leukemias, were 

not found to be elevated among this cohort. 

An elevated risk for deaths due to all causes among radiation 

workers was explained by an elevated risk of suicide. This finding, 

while thought unlikely associated with any biologic effects of 

exposure, has not yet been explained by other factors. Additional work 

needs to be conducted to understand this finding. 
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APPENDIX A 

LOS ALAMOS CODING INSTUCTIONS 

Discussion in coding roans must be kept to a minimum. 

Discussion of names or other personal information on these records is 

forbidden. Failure to canply with these rules may result in 

disciplinary action. 

This information is strictly confidential. Discussion of this 

personal material among employees or with non-employees, inside or 

outside study headquarters, is prohibited. Violation of this rule 

canprises grounds for immediate disnissal. 

Each analyst should take a drawer and place a card in the 

front with her name on it. Code the canplete drawer before beginning 

another one. 

Difficulties with the coding instructions or with individual 

records should be brought to the attention of the supervisor. [x) not 

discuss this with other analysts. 

Problems with records will be recorded on a camnent sheet and 

turned into the supervisor on Friday of each week. Limit your 

ccmnents to those that would aid an editor. Record discrepancies such 

as multiple SSNs or z numbers. Note partial dates. [x) not record 

missing information. This sheet replaces the remarks field. 
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Sign on to the canputer according to the DATATRIEVE 

instructions. Each data analyst will sign on with their assigned 

password and three initials. 

For the initial entry, the "enter editor" pranpt will be 

passed by entering a blank and carriage return. The "Enter E" pranpt 

will always be passed by entering a blank and carriage return. 

A microfiche with an incorrect label across the top must have 

a paper clip attached to flag the record as having an error. Print 

the correct spelling (the name on the employee record) on the upper 

right hand corner of the outside fiche envelope. Identify the error 

as "ER Incorrect". 

If duplicate microfiche are present for an individual, they 

should be placed together in one jacket. The record cards must 

clearly belong to the same individual to be considered duplicates. 

When doubt exists as to whether or not these record cards belong to 

the same individual, they should be brought to the supervisor's 

attention. 

When an employee has duplicate employee records on one fiche, 

be sure to read all information available. When coding the date of 

hire and beginning job title, use the earliest information available. 

Use the latest information available to determine the date of 

termination, last job title, and education. See specific coding 

instructions for details. The job title fields must be recorded 

exactly as they appear in the records to avoid unnecessary errors. 

See specific instructions for these fields. 

Personal knowledge of individuals is not to be used as a basis 

for coding decisions. 
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General Rules for Dates 

These rules apply to birthdate, hiredate, termdate, and 

deathdate. 

Record all dates as MM/DD/YYYY. 

Missing dates - i.e. the information does not exist are 

recorded" " (blank). 

Illegible dates are recorded "09-09-9999". 

Partial dates: 

A. If month (or month and day) is missing, enter 11 06/30/YYYY 11
• 

B. If day is missing and month and year are present, enter 

"MM/15/YYYY". 

C. If year is missing, enter "09-09-9999". 

"Blank" means information does not exist, for example, 

termination date for an active employee. 

"09-09-9999" means information exists but is illegible or 

unknown, for example, an unrecorded birthdate. 

STUDY NUMBER (SN) 

Code: Blank, pass this field with a CR 

LAST , NAME {IN) 

Code: Literal, alphabetic 

INSTRUCTIONS: 

Delete hyphens and embedded blanks, truncate if over 15 

characters. 

Where there are two distinct last names, usually Spanish or 

married females (i.e., ortege y Gasset, Moya Villareal, Snith-Jones), 

leave a blank between the two last names and drop hyphens or Y's. 
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Prepositions and/or articles preceding a last name (Von, van 

~r, D', De) are closed up and apostrophes deleted. 

Use the name currently used by the employee. When an employee 

changes his/her name, use the most recent version. Check the label on 

the microfiche, if it is not the most recent version of the name, 

attach a paper clip and print the correct name on the microfiche 

jacket. 

FIRST NAME (FN) 

Code: Literal and alphabetic 

INSTRUCTIONS: 

When only a first initial is given, enter only the initial. Use 

the most canplete form of the first name. 

such. 

Close up spaced first names and consider one name and code as 

Examples include: 

La Verne code "Laverne" 

Lavonne code "Lavonne" 

Le Roy code "Leroy" 

MIDDLE INITIAL (MI-1, MI-2) 

Code: Literal and alphabetic 

INSTRUCTIONS: 

Enter the middle initial literally. When no middle initial is 

given or when "NMN" exits, leave blank. 

In the case where there is more than one middle initial, enter 

each in the proper field. 



TITLE (TI) 

Code: Literal, alphanurneric 

INSTRUCTIONS: 
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Code title if the employee records give one. 

SR= Senior 

JR= Junior 

2D = Second 

3D = Third 

4H = Fourth 

If no title exists, enter a blank. 

SOCIAL SECURITY NUMBER (SS) 

Code: Numeric 

INSTRUCTIONS: 

Enter SSN as found in the employee records. When no canplete 

(nine digits) social security number is present, or the number is 

illegible, enter nine 9 ' s (999999999). Missing SSNs will be recorded 

as "blank". Use SSN on the employment application when multiple SSNs 

exist. If SSN is not on the application, use SSNs fran other records. 

Refer to records in the following order: 

1. Application 

2. PSQ 

3. Other records 

BIRIBDATE (BD) 

Code: Month (two digits), Day (two digits), Year (four digits) . 

09-09-9999 = Unknown 
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INSTRUCTIONS : 

Birthdate will be recorded using two digits each for the month 

and day, and four digits for the year. The month and day, and the day 

and year, will each be separated by a dash. One digit months and days 

will be preceded by a zero (0). 

Example: March will be recorded as 03 

December will be recorded as 12 

Days will be recorded: 

June 5 05 

June 15 15 

In stmnary, a date like May 7, 1946 would be recorded as 

05-07-1946. Incanplete dates: Missing month= "06-30-YYYY", Missing 

day (month present) = "MM/15/YYYY", Missing year= "09-09-9999". 

STATE OF BIR'IH (BP) 

INSTRUCTIONS: 

Code place of birth only when specifically designated as such. 

Do not assume birth place. Check employment application and PSQ. 

City without designation of state is not sufficient for coding 

birthplace. 

Code according to geographic code list that is attached. 

Code U if unknown. 

Alaska 
Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
District of Columbia 
Florida 

AK 
AL 
AZ 
AR 
CA 
co 
CT 
DE 
oc 
FL 
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Georgia GA 
Hawaii HI 
Idaho ID 
Illinois IL 
Indiana IN 
Iowa IA 
Kansas KS 
Kentucky KY 
Louisiana LA 
Maine ME 
Maryland MD 
Massachusetts MA 
Michigan MI 
Minnesota MN 
Mississippi MS 
Missouri MO 
Montana MT 
Nebraska NB 
Nevada NV 
New Hampshire NH 
New Jersey NJ 
New Mexico NM 
New York NY 
North Carolina NC 
North Dakota ND 

Ohio OH 
Oklahana OK 
Oregon OR 
Pennsylvania PA 

Rhode Island RI 
South Carolina SC 
South Dakota SD 
Tennessee TN 

Texas TX 

Utah UT 

Vermont vr 
Virginia VA 

West Virginia WV 

Wisconsin WI 

Wyaning WY 

Foreign Born FB 

SEX (SEX) 

Code: M Male 

F Female 

U Unknown, not able to determine 
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INSTRUCTIONS: 

Use the sex on the employment application, PSQ, or other 

records. Names are not a basis for coding sex. 

RACE (RACE) 

Code: 0 Caucasian/White 

1 Oriental/Asian 

2 American Indian 

3 Black 

U Unknown/Unsure 

INSTRUCTIONS: 

Race can only be coded when positive designation is present. 

Do not code race on the basis of name. Search all available records, 

beginning with the PSQ, for a definite designation of race. If no 

positive designation of race is present, code a "U" (unknown). 

Caucasian/White (0) is only coded when "White", "Caucasian", "W", or 

"H" is present in the records. Oriental (1) can only be coded when 

records state "Chinese", "Korean", "Hawaiian", "Far Eastern", "Asian", 

"Philipino", "Japanese", "East Indian", or "Vietnamese." American 

Indian (2) can only be coded when records specifically designate 

"Indian", "I" or give the name of his or her tribe. Black can only be 

coded when "Black", "Negro", "B" or "Colored", is specifically 

designated. All individuals not coded as 0-3 are to be coded as 

"Unknown/Unsure". Ignore designations of race such as "Light" and 

"Dark" t , e c. "Red" may be coded as two (2); American Indian. 

"Yellow" may be coded as (1); oriental. When race is identified as 

11 
l" ( 1) "Span1· sh", "Mex1· can", or 

A", code the individual "Orienta = • 
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11 • • " ( "H" ) · 11 be od H1span1c w1 c ed as zero (0), Caucasian/White, in this 
field. Spanish surname is not sufficient for the assignment of a race 
cooe, zero "O". In lieu of other designations of race, these 
individuals are coded as "Unknown/Unsure"= "U". 

Place of birth or nationality is not sufficient to code race. 
ETHNICITY (20 CHARACTERS) 

cooe: Literal 

Enter literally any mention of ethnicity on the record. For 
example: "Spanish-American", "H", "Hispanic", "Italian", "SP. AM", 

etc. Individuals with no mention of ethnicity will be left blank. 
Surname is not a basis for coding this field. 

EDUCATION (EC) 

Cooe: u Unkno.-m 

1 Less than high school graduate 

2 High school attendance - graduation not stated: 

Includes individuals with 4 years of high school 

(Example: 1950-1954); canpletion of the 12th 

grade: or sane college attendance in a Jr. college, 

or university. 

3 High school graduate. Includes only individuals 

with proof of graduation diplana or GED/HSE. 

4 Associates degree (AA, AS) - AA/AS degree fran Jr. 

college, college, or university. 

5 College graduate (BS, BA, AB, BSE) (only when 

degree or graduation is specifically stated). 
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6 Graduate degree (Masters or Dxtorate) (only when 

degree or graduation is specifically stated). 

INSTRUCTIONS: 

If education is listed as "None", cooe Unknown "U". cooe 

highest level of academic educational attainment. Refer to the 

anployment applications, transcripts and other educational records. 

"Sane junior high" and "junior high school graduates" are 

coded as (1) less than high school graduate. Individuals who attended 

high school for 4 years (1950-1954), canpleted 12th grade, or attended 

college without proof of high school graduation or proof of higher 

level degree (AA, BA, MA, Ph.D.) will be cooed as "2". Vocational 

training, beauty college, etc. will not be counted as college 

attendance. 

true: 

High school graduate is coded (3) if any of the following are 

A. The word diploma, grad or graduation appear 

B. HSE - high school equivalency exam is recorded 

C. GED - graduate equivalency diplana is noted 

Individuals who hold an Associates degree (AA, AS) fran a 

· · 11 be coded as "4". college, Jr. college or university w1 

Trade/Beauty/Business college certificates do not count. 

Attainment of a college degree is not guaranteed by the 

appearance of the major field of study in the degree box. College 

graduate is cooed (S) only if a degree is recorded or the word 

graduate appears. This must be a Bachelors level degree (BS, BA, BSE, 

(6 ) •sonly coded if the individual has etc. ) • Graduate degree 1 
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canpleted a Masters or Doctoral degree. Graduate school attendance is 

coded a (5) when there is no proof of graduate degree attainment. 

AnytLme doubt exists about the correct code for education, 

enter "U". 

Io not refer to degree lists or college books for the purpose 

of coding. 

Z-NUMBER ( ZN) 

Code: Number 

INSTRUCTIONS: 

Delete the 11 Z11 and enter the m.nnerical portion of the 

Z-Number. Enter only those numbers preceded by a "Z" or denoted in 

the 11 Z-Number 11 field on the record. Handwritten "Z-Numbers" are 

acceptable. Missing or illegible Z-Numbers should be left blank. 

Supply leading zeros for Z-Numbers with less than five digits. 

Example: Z = 123, enter 11 00123 11
• Io not refer to the "Z-Number" 

books. 

DATE OF HIRE (HD) 

Code: Month, Day, Year 

INSTRUCTIONS : 

Use the standard coding rules for dates and code the earliest 

date of hire with the Los Alamos Scientific Laboratory of the 

University of California or "Project Y" or "Los Alamos" regardless of 

duty station. Assume hire date is with "Los Alamos" unless otherwise 

stated. Employment with the University of California at other 

facilities does not count and should not be coded. Employment with 

other contractors such as zia, the Department of Energy (AEC, ERDA, 
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OOE), etc. should not be coded. Hire dates before 1942 should be 

questioned. IX> not use a hire date fran a "letter of offer". Missing 

dates: "09-09-9999". Incanplete dates: missing month= 

11 06-30-YYYY", missing day (month present)= "MM/15/YYYY", missing year 

= "09-09-9999". 

FIRST JOB TITLE (FJT) 

Enter exactly the first job title corresponding with the first 

date of hire for the employee. You may use a job title fran the 

letter of offer. If a job title does not exist, enter a "U" for 

unknown. Take job titles fran the records in the following order: 

1. Change of status 

2. Letter of offer 

3. Other 

Use "job title" including canrnents in parentheses. Example: 

"(trainee)". When job title is unavailable, use classification. 

Example: "Gen III". 

DATE OF LAST TERMINATION (TD) 

Code: Month, Day, Year 

INSTRUCTIONS: 

use the standard coding rules for dates and code the date of 

the last official or effective termination. When that does not exist, 

use the last day worked. If that is not available, use "last day 

paid". (IX> not code the "date sutroitted"). Transfer to other 

University of California facilities including Livermore is considered 

tennination. If terminated employee returns to work and is an active 

anployee, do not code the earlier tennination date. A tennination 
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date is only recorded if it is designated as "terminated", "quit", 

II t • ed" II f • ed" II II II ' 

re 1r , 1r , or severance, r1f" or "reduction in force". 

Individuals on leave of absence or disability on the last date 

entered on their employment records will be considered "active" and 

recorded with a blank. Active employees will be cooed with a "blank". 

If an individual died while employed and a date of death is noted, 

this date will be considered the termination date when no other term 

date exists. 

If it is impossible to determine an individuals status at last 

entry on the employee records, or the last entry is dated earlier than 

12-31-1972, enter "09-09-9999". 

Former Laboratory employees who have becane consultants are 

considered terminated when they leave regular Laboratory employment. 

Illegible term dates are cooed "09-09-9999". 

Partial dates: Missing month 06-30-YYYY 

Missing day MM/15/YYYY 

Missing year 09-09-9999 

I.AST OR MOST RECENT JOB TITLE (WT) 

Enter exactly the last job title which corresponds to the last 

date of termination. When this is unavailable, use the last job title 

you can find. For active employees, cooe the most recent job title 

corresponding to the most recent date on the record. When job title 

is unavailable, code classification. Enter "U" for unkna,m or unsure. 



APPENDIX B 

Radiation Exposure Records and Acquisition of History 

Almost fran its inception in 1943, sane 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 fran x-rays and gamna 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 bcx:iy. 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 nonnally penetrate the skin. Therefore, plutonium is most 

hazardous when it is taken into the booy via inhalation, ingestion, or 

a wound. 

When the Laboratory opened in 1943, the techniques to measure 

radiation exposure were in an embryonic stage and many were not yet 

developed. Many of the techniques were subsequently developed at Los 

Alamos, such as the chemistry needed to detect small a.'t\Ounts of 

plutonium in urine, developed by Wright Langham (Hempelmann, 1987; 

Wiggs, 1987c; Langham, 1947). 

In 1943 the only technology available for measuring external 

radiation exposures was the victoreen pocket ionization chamber which 
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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 ionization chambers consisted of a 

small air ionization chamber generally calibrated with x-rays. These 

meters had a bakelite wall that prevented the meters fran reading lCM 

energy (less than 1 mev) beta radiations (Nickson, 1951). The 

limitations of these meters were that they were highly energy dependent 

and the information on the type of energy an individual was exposed to 

was not available (Littlejohn, 1987; Hempelmann, 1987; Wiggs, 1987a; 

Wiggs, 1987b; Wiggs, 1987c). Furthermore, these chambers were capable 

of giving false readings when dropped on the floor or otherwise treated 

roughly (Littlejohn, 1987; Hempelmann, 1987; Nickson, 1951; Lawrence, 

1987; Wiggs, 1987a; Wiggs, 1987b; Wiggs, 1987c). Therefore, these 

readings could not be interpreted in a quantitative fashion, but could 

be interpreted as representing a potential for radiation exposure. 

Early techniques for measuring exposure to plutonium and other 

internal emitters such as polonium (210) and uranium (235, 238, 

tuballoy) was to take nose swipes of the individual's nostrils and 

count the activity using a stationary alpha counter (Hempelmann et al., 

1973; Hempelmann, 1987; Wiggs, 1987c). These measures indicated 

exposure, but because they were influenced by a number of 

unquantifiable parameters, such as whether an individual breathed 

th h these Were also unreliable for quantitative 
rough the nose or mout, 

measures. be used qualitatively as an indication 
They could, however, 

that an individual worked in an area with potential exposure to 

plutonil.llll or other alpha emitters (Hemplemann, 1987 ). 
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External Radiation 

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 

Jxxjy and were used to estimate the radiation absorbed or passing into 

the :tx:xly. The earliest film badges consisted of photographic film, 

which when developed became dark as a result of exposure to radiation. 

As the technology improved, shielding was placed over areas of the film 

to allow health physicists to separate and qualitatively differentiate 

energies of radiation. In the 1950's, film badge technology advanced 

to include an estimate of exposure to neutrons. These calculations 

were performed by technicians using microscopes to count neutron tracks 

in the film emulsion. 

In January 1944, the medical director at Los Alamos, requested 

"strips of film to check exposure to radiation" fran the Oak Ridge 

facility of the Manhattan Eng i neering District (Hempelmann, 1944a). 

In May 1944, Los Alamos received a limited number of these 

badges which were distributed to personnel working in radiation areas 

(Hempelmann, 1944b). 

In June 1944, the order of additional film fran the Kodak Film 

Canpany was authorized (Warren, 1944); therefore, the use of film 

badges at Los Alamos began in 1944. A report (Dessauer, 1944) dated 

November of 1944 describes these earliest film badges. 

"In order to monitor garrma radiation on the human 
:tx:xly, Mr. R. Wilsey and others developed a~d 
calibrated a standard film badge. It consists of a 
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type_K Kodak x-~ay.dental fiLm pack, surrounded by a 

20 mil. lead foil 1n ~he fonn of a cross folded over 

the edges a~d placed into a badge. The badge walls 

are.of 20 ~11. brass, and slide apart. one is 

equipped with a safety pin and is marked by a letter 

~nd/or.n~r f?r identification. To keep the film 

7n position a p1~ce of 40 mil. cardboard is inserted 

into ~he badge with the film. The proper order of 

the different layers in the badge is then as follows: 

front wall, lead cross, film pack, lead cross ears, 

cardboard, back wall (with safety pin). 
For the calibration of these films Mr. Wilsey 

used a sample of 20 rrg. of Ra mounted in a spherical 

aluminum container" (Dessauer, 1944). 

In August 4, 1947, a letter described the film badges in use 

fran 1944 to that time in this manner: 

"In the past we have used three types of film in each 

badge. One is the Eastman Industrial Type K x-ray 

safety film (. 01 - 6/0 r); the second is the IX.lpont 

D-2 special type x-ray film, which really consists of 

two films, one more sensitive than the other, 

together covering the range .13 to 30 r; and the 

third is the Adlux film made by Dupont also. The 

last is extremely insensitive and is used only in the 

region of large exposures (65 to 1500 r). Recently 

we have been using only the first mentioned Eastman 

film, since it does very well for the kind of 

exposures to which our personnel are subjected. In 

cases where an operation is considered at all 

hazardous, all the above films are used (Evans, 

1947) • II 

As time passed, an increasing number of individuals wore film 

badges to monitor their exposure to external radiation, but it must be 

noted that during the earliest years the monitoring did not include 

everyone with the potential for exposure, a misclassification which 

would bias the results toward the null and reduce the ability to detect 

adverse health effects if they existed. 

Records for pocket ionization chambers no longer exist in a 

centralized location. The only data for these pocket chamber measures 
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are contained in the .individual ' s personal medical record maintained 

orginally by the Laboratory ' s Health Group and currently stored with 

the canplete medical records at the Laboratory's Occupational Medicine 

Group. Medical records for wanen employed at any tLme during the 

period April 1943 through 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 through 1981 have 

been canputerized by the Laboratory Dosimetry Group. The earliest data 

were "evaluated" to estimate the radiation dose in rems and make it 

rrore canparable to later dosimetry data (Littlejohn, 1987). 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. Quality factors are used to standardize 

the dose against the equivalent dose fran ganma 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 

thennoluminescent 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 
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measure of which is used to quantify rad1' at1'on ( exposure Casarett, 

1968). Like film badges, TLDs are shielded to allow different types of 

radiations to be measured. These monitors are especially good for 

measuring exposures to neutrons. 

In addition to exposures received at Los Alamos, the 

canputerized 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 Laboratory. As with many things, 

this procedure was not always followed in the earliest days of 

:rronitoring, but has been strictly and consistently followed since the 

1950's. Also included in the canputerized radiation records were the 

film badge measurements for personnel monitored at the Trinity Test, 

when the first atanic banb was detonated (Littlejohn, 1987). 

The canputerized external radiation data were obtained fran the 

Laboratory's Th:)simetry Group and a large effort was undertaken to match 

these data against the cohort of wanen employed by the Laboratory. 

Many problems, related to the limited identifying data on the radiation 

record, were encountered. Computerized matches on z-number were made 

first followed by name and date matches. All discrepancies or 

questionable matches were resolved by hand, through review of the 

personnel records to detennine if the individual in the radiation 

record was the same as in the cohort. 

Because the canputerized radiation records contained annual 

exposure surrmaries, important dates, such as the first sample date, had 

to be estimated. For example, if an individual was first monitored in 
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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 

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 fran 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 fran 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. Ct.nnulative radiation dose for an individual fran hire 

date through termination or the ros, December 31, 1981, was also 

calculated for monitored study subjects. 

Plutonium 

Plutonit.nn was first discovered in late 1940 by Glenn T. 

Seaborg and his colleagues at Berkeley (Seaborg, 1963). In 1944, Dr. 

Seaborg, recognizing the potential health risks fran plutonium, 

provided 10 milligrams of the first half gram of plutonium in the world 

to the Crocker Radiation Laboratory for biological and metabolic 

.experiments. Dr. Seaborg recognized that plutonium and radium 

· · ~t· ies (H=nPlrnann et al., 1973). 
possessed similar rad1oact1ve propeL ........ ~-
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RadilIDl was already known to cause bone cancer fran the 1920's 

experience of the radilIDl dial painters (Martland et al., 1925; 

Martland et al., 1929). 

In the spring of 1944, the first milligram quantities of 

plutonilIDl arrived at Los Alamos. Because plutonilIDl was considered to 

be potentially hazardous, safety regulations were instituted when 

plutonilIDl chemistry work began at Los Alamos. For example, workers 

wore coveralls, "lxx)ties" (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 plutonilIDl work was originally conducted. Nevertheless, work place 

exposures to plutonilIDl were inevitable (Hempelmann et al., 1973). 

Early surveillance procedures consisted of daily monitoring of 

each laboratory with additional monitoring in the event of an 

accident. Routine monitoring consisted of wiping Laboratory work 

surfaces with "lightly oiled filter paper". The radioactivity of the 

filter papers was then counted in a stationary proportional alpha 

counter. Decontamination procedures were used in areas considered to 

be highly contaminated based on the results of this monitoring 

(Hempelmann et al., 1973) • 

Personal monitoring (in contrast to work area monitoring) 

initially consisted of the nose swipes already mentioned. In 1944, 

monitoring was expanded to include a program to collect urine samples 

after the worker had his/her decontamination shower. The initial 

purpose of these early urine samples was for Wright Langham's use in 
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developing a chemical method for the separation of plutonium fran 

urine (Campbell et al., 1972). 

By March of 1945, 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 fonnal urine bioassay program at Los Alamos. Because 

contamination of the urine samples was a major concern, an elaborate 

monitoring procedure, the "Health-Pass Ward", was established. 

Employees were given a pass and sent out of Los Alamos for two days. 

When the employee returned to Los Alamos, they reported to the 

hospital where they showered and entered a hospital ward. Urine 

output was collected for the next 24 hours after the first urine had 

been discarded (Hempelmann, 1987; Campbell et al., 1972). Eventually, 

the monitoring procedure was changed and the health pass program was 

eliminated due to the great cost in time and money required to give 

employees three days off each time a urine bioassay was required 

(Hempelmann, 1987; Campbell et al., 1972). Today, employees take hane 

four disposable glass bottles and collect four urine outputs. These 

"kits" are then returned to the Laboratory for analyses (Campbell et 

al., 1972). 

As mentioned above, a technique to separate plutonium fran the 

urine and estimate body burden came into use in 1945. Extensive 

experimentation continued to revise and improve the estimation of body 

burden fran urine bioassay. Human experimentation ~ncluded injecting 

known quantities of plutonium citrate into terminally ill individuals 

and measuring the plutonium recovered fran the urine (Langham, 1951). 
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Based on this human experimentation, Langham developed an equation to 

describe the relationship of plutonium in the urine and plutonium in 

the body. Many models have been based on the Langham equation. A 

canputer code, PUQFUA, was developed at Los Alamos in 1959. This code 

uses the Langham equation plus detailed information on the Laboratory 

techniques and error rates during the history of plutonium bioassay 

operations at Los Alamos. Elaborate correction factors and validation 

procedures are incorporated in this code (Lawrence, 1978). The 

version of the code (PUQFUA III) in use today also incorporates 

results of an autopsy study under way at Los Alamos. The autopsy 

study, under the direction of Dr. James Mcinroy, is analyzing human 

tissues to estimate the amount and patterns of deposition of plutoniun 

in human tissues (Mcinroy, 1976: Mcinroy et al., 1979). Sane of the 

individuals autopsied were bioassayed during their lifetime and the 

results of the tissue analyses have been canpared with the urine 

estimates. The PUQFUA III code has been adjusted to increase the 

agreement between urine and autopsy results (Lawrence, 1987). 

Plutonium body burdens, a measure of plutonium deposited in 

the body, are calculated at Los Alamos annually using the current 

PUQFUA III code. Data for each urine bioassay 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 

l:x:>dy burden based on the latest excretion model. 

The 1986 plutonium body burden data were obtained and matched 

to the cohort. For each individual bioassayed, the following 

variables were abstracted: first bioassay date, the isotope of 
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plutonium, the number of valid bioassay samples (samples that do not 

meet the stringent validity checks in the model are considered not 

valid), last bioassay 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). The current 

maximum permissable body burden (MPBB) is set at 40 nCi (International 

Carmittee on Radiation Protection, 1959). Nanocurie-years is a time 

related measure of body burden. This concept is important because due 

to the very long biological half life of plutonium, a person is 

continually exposed to plutonium once it has been taken into the body. 

The nanocurie-year measure is an attempt to consider this biolCX;Jically 

important characteristic of plutonium. The total nanocurie-years for 

an individual are the product of the incremental body burden times the 

nt.nnber of years since the uptake, slll'lllled across all incremental 

measurements (Lawrence, 1978). 

A first positive sample date was hand calculated for each 

bioassayed study subject. Detailed records containing each bioassay 

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 
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still a positive nt.nnber, this was detennined to be a positive uptake. 

The date of the first positive uptake was recorded for the individual. 
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