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Cancer among Los Alamos County. New Meaico. male residents. all of whom have
worked in or have lived within a few kilometers of a major plutonium plant and other nuclear
facilities. has deen reviewed with respect 10 mortality between 1950 and 1969 and incidence
between 1969 and 1974 A posubie excess of neoplasms of the reticutoendothelia) system
was detected. but the incidence data suggess that this excess. f real. 13 no longer occurnmng.
Sevenn! poientially causal occupational exposures have existed. Higher than expected inci-
dence. currently, of cancers of the colon and rectum appears to de explained detier by
socioeconomic than occupational factors, Neiher mortslity nor incidence data suggest an
excess of lung cancer in Los Alamos males. Mealihy worker and heshthy mulitary effects.
white ethnicity, and mugration are discussed as intervening vanables relevant 1o interprenng
mortality data in counties dominated by a ningle major facility. The utility of county data
bases in the study of single local ares monality rates 1s reviewed.

INTRODUCTION

The health of residents of communities which have developed with the nuclear
industry is of current interest as society considers the role of nuclear powerin the
world’s energy future. Los Alamos County, New Mexico. is such a community,
and one in which exposures to plutonium. as well as to external ionizing radiation,
have occurred.

Los Alamos was selected during World War 11 as the site for the laboratory to
develop the first atomic bomb. The population has since grown continuously. to
over 15,000 persons in the 1970s. The principal employer remains the Los Alamos
Scientific Laboratory, and the great majority of the employed population work in
the nuclear indusiry. Some residential areas of the town are located within a few
hundred meters of chemical laboratories and radiation areas, including major
plutonium facilities. Residential development began very aear the original techni-
cal area and has since spiraled outward.

The Health Division of the Los Alamos Scientific Laboratory initiated these
studies of cancer incidence and mortality in Los Alamos County in the hope of
gaining leads to any health effects associated with radiation or chemicals. As one
of the first tasks for the scientists, technicians, and craftsmen at Los Alamos was
to develop methods to process and fabricate the newly discovered element.
plutonium, and since hundreds of persons have continued to work with plutonium

' Address requests for reprints 10 H-(4, MS 404, Los Alamos S<ienufic Laboratory. Loy Alamos.
N.M. §7545.
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CANCER IN LOS ALAMOS CO 87

through the years, a major emphasis in these studies is on plutonium Voelz er al
have published clinical (1979) and preliminary epidemiclogic (1978) results on
subjects occupationally exposed to plutonium.

This paper presents some preliminary results on the mortality expenence of the
Los Alamos County male population, and presents in detail the methodological
aspects of the county monality study both te prepare the groundwork for future
substantive contributions concerning the Los Alamos County population and be-
cause methodology is central 1o the concern of this "Workshop on Health Sur-
vaitt~=ze ground Foint Colisos of Polivi.un.

Los Alamos County is at one extreme of communities afTected by a ““point
source.” It has no past. no comparable neighboning populations. and nearly the
entire male population (and a large fraction of the females) has been employed at
the “‘point source.””

The ideal situation for monitoring health effects in residents around s pont
source is where the employees of the source are a very small fraction of the
resident population. where prior health data for the area can be developed. and
where the polluting facility is introduced into a physically large. homogeneous
region (a Midwestern agncultural county, or a residential neighborhood in a large
urban area. as examples). In this {atter situation the study area can be compared
with a Jarge, comparable, contiguous region both before and after the pollutant
source becomes operational.

Los Alamos. however, arose de novo. the residentially exposed are mostly the
occupationally exposed. and the neighboring Indian and Spanish populations are
in no way comparable to the highly educated Anglo newcomers of Los Alamos
County. This paper is an investigation of what can be done under such cir-
cumsiances.

METHODS

In this paper we repont cancer mortality and preliminary cancer incidence data
for males, and include Lmited results for females only for methodologic purposes.

Cancer monality rates are from Mason and McKay's (1974) **U.S. Cancer
Monality by County: 1950-1969"" and some data on corvesponding statisucal
significance levels are taken from Mason es a/.'s (1975) " Atlas of Cancer Monality
for U.S. Counties: 1950-19659.""

These cancer rates for white males in Los Alamos County are compared with
rates from both the state of New Mexico and from the United States as a whole. In
addition, white male cancer rates in five socioeconomic and occupational control
counties and in five high education Western counties are compared with the rates
in Los Alamos County. :

The 1wo counties most closely bracketing Los Alamos County with respect to
four criteria, median education. median family income. percent professional and
managerial, and percent government employees, were selected from among all
counties meeting the preliminary eligibility criteria of a population above $000 and
8 median income rank less than 1000. Because of correlation among attnbutes.
this process yielded five rather than eight counties: Pitkin, Colorado. Montgom-
ery. Maryland, Mineral, Nevada. Toocie. Liah. and Fairfax. Virginia.
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L STEBBINGS AND VOELZ

From the remaining eligible counties all Western counties with a median educa-
tion greater than or equal to 12.8 years for persons aged 25 and above were
selected. These were: Marin, California; Boulder, Colorado: Benton, Oregon:
Whitman, Waskingion; and Albany, Wyoming.

Demographic and socioeconomic characteristics of counties were from the 1970
United States census, published in the Bureau of the Census’s (1973) **City and
County Data Book, 1972."* Altitudes of the county seats (of the largest city for
Fairfax) were from the **Commercial Atlas and Marketing Guide®' (1977).

Lita on cancer incidence in Los Alamos County were obtained from the New
Mexico Tumor Registry of the Cancer Research and Treatment Center at the
University of New Mexico. Rates for Los Alamos County are compared 10 rates
from Bernalillo County (Albuquerque) and for the entire state of New Mexico.
data for Anglo-white males only being utilized for all areas.

Tests of significance for cancer monality are either from Mason er af. (1975)
based on a method of Chiang (1961) for age-adjusied rates, or, since observed
numbers for Los Alamos County are invariably small, on a method given by
Haenszel er al. (1962) based on the Poissor distribution.

In this series of papers descriding county-ievel statistics, we have not attempted
to quantify either the occupational or the residential exposures to which the
county residents have been exposed. In pninciple, samples from residential lists
could be matched with health physics records, or ambient population exposures
estimated for past years. However, we have ongoing a series of case-control
studies of cancer in Los Alamos County residents in which individual occupa-
tiona! exposures and neighborhood of residence are investigated for both cancer
cases and individually matched controls. These are in addition 10 our major study.
an occupational cohort study of plutonium workers at Los Alamos and other sites.
The formidable task of generating county.-level estimates for a 30-year perod
would defeat the purpose of county-level studies, which is 1o serve as simple
screens for wonthwhile hypotheses for more intensive investigations.

Reports are available concerning radioactive air pollution (Jordan and Black.
19358) and soil contamination by plutonium (Kennedy and Purtymun, 197]a. b:
Johnson, 1972). A recent radiological survey of the former main technical area.
nlear ;%icb residential development began has also been published (Ahlquist e/
al., 1977).

RESULTS

The characteristics of Los Alamos County and control counties are shown in
- Table 1. Los Alamos County, on the 1970 census, had the second highest average
levels of education and income in the United States and was 10p in percent profes-
sional and managerial and percent government employees. The latter two varni-
ables are not well matched by the control counties. The high-education control
counties do not closely approach Los Alamos in income or characteristics of
employment.
It should also be observed that each set of control counties is made up of a
minority of very large counties themselves part of much larger Standard Met.
ropolitan Siatistical Areas, and & majonty of small to very small counties.
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90 STEBBINGS AND VOELZ

White male mortality rates for major cancer sites for Los Alamos County and
the two groups of control counties are given in Tables 2 and 3. A high degree of
variability in rates. due in part 1o small population sizes. is evident in these
presumably well-matched sets of counties.

It is difficult to draw inferences from such large tabulations and these data are
summarized in Table 4, which gives magnitude. and Table 5, which gives statisu-
czl significance. Rates for New Mexico in Table 4 have a large Hispanic compo-
nent and are consequently not used for significance testing in Table 5. Although
some probability levels are given for the control county compansons. these-com-
parisons essentially contribute consistency to the staustical tests against national
rates. The problems in utilizing control counties for significance testing will be
discussed below.

Table S most clearly summarizes the findings concerning cancer in Los Alamos
males. Los Alamos clearly is a county of extremes, being the extreme or next 10
extreme case in all comparisons except with respect to brain and total neoplasms.
It is also clear that Los Alamos is low as ofien as high. and that a higher level of
statistical significance attaches to the low values than to the high.

Cancers of the digestive sysiem. except liver, are consistently low: expected
values for stomach and for large intesune/rectum are sufliciently large that these
results are statistically significant.

Lung cancer has been notably and statistically significantly low during this
period. despite the fact that the highest index of suspicion would attach 1o this site
in plutonium-exposed workers or populations.

Prostatic and bladder cancer were high, but not statistically significantly high.
due. in part, to the small numbers of deaths.

Lymphosarcoma and leukemia looked at separately were high. but not statisti-
cally significantly high. Because the total number of deaths involved. 10. was
sizable, we decided to consider all cancers of lymphatic and hematopoietic tissue.
We observed 15: 2 Hodgkin's, 4 lymphosarcoma. 3 multiple myeloma. and 6
leukemia. A total expected was computed from available published data. sum-
ming: (the observed cause-specific deaths) x ( (The U.S. age-adjusted rate}/ (the
Los Alamos County age-adjusted rate) ). This yielded 9.2 expected cases and a
standard mortality ratio of 163. By the method of Haenszel er al. (1962} the lower
limit of the 95% confidence interval is 0.913. Although not statistically significant,
this excess of cancers of the lymphatic and hematopoietic system must be consid-
ered a suspect, borderline finding. N

Although significance levels for “"all malignant neoplasms’ are presented in
Table §, it is clear that extreme heterogeneity among cancers exists and that
significance testing or discussions of rates of all cancers combined have no sub-
stantive scientific meaning.

Table 6 presents recent cancer morbidity data for Los Alamos County Anglo
males, obtained from the New Mexico Tumor Registry.

Cancers of the digestive tract are high compared 10 rates in either Albuguerque
or the entire state. contrary 10 the mortality findings presented above. The sian-
dardized morbidity ratios for cancer of the large intestine are 2.3S relative 10 New
Mexico, 2.02 relative 1o Albuquerque Statisticaily sigmificant elevation s
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CANCER IN LOS ALAMOS CO, . ' 93

TABLE ¢
MORTALITY RaTrs rox Masor Cancir Sites in LOS ALaMOS WHITE MaLl)
CoupaneDd 7O RaTes INn CONTROL AREAS. 1950-1969¢

High-
Socioeconomic educstion,
and occupathionsl Western Laos
controls controls Alamos New United
(range) (rynge’ Counry  Mexico  States
Stomach 7.0-1)7 109-1)8 33 17 96 18.22
Large intestine 64-248 10.2-16 4 42 91$ “16.54
Rectum 00-6.5 4784 28 19 768
Bilary passages and liver 00-42 17-43 6.3 533 516
Pancreas £9-105 70-120 1.0 [/ ] 96
Trachea. bronchus. and lung 3 8-450 18.6-37.5% 120 2471 .5t
Prostate 172-258 168-228 302 15.87 17 84
Bladder 00-~-12.7 5.5-8.0 157 s R-2) 6.78
Brain and other parts 00-58 2.3-19 «9 b o) 442
of nervous system
Lymphosarcoma and 16-60 1.3-62 71 ) 64 489
retcuiosarcoma. elc. :
Leukemia 38-92 90-114 16.3 727 $ 81
All malignant neoplasms 159 4-1750 13¢.7-173 9 142.6 136 30 174.04

* Direct age-adjusted average annusi rates per 100.000 population. 19501969 from Mason and
McKay {1574),

suggested by the corresponding lower 957% confidence limits, 1.17and 1.01 (based
on the method of Haenszeler al.. 1962). The corresponding standardized morbid-
ity ratios for all cancer of the digestive tract are 2.33 and 2.02 (lower 957 confi-
dence limits 1.48 and 1.28).

Incidence rates for lung cancer during this 1969~ 1974 period were not low. as
mortality rates had been through 1969, but there is no suggestion that they are

. elevated during this period.

Leukemia and lymphoma incidence rates were clearly not above expected dur-
ing this period, even though mornality results had suggested excesses in the
1950 - 1969 period.

Rates of cancer in Los Alamos females. who are occupationally exposed 10
a much lesser degree than males. assist in interpreting the preceding findings.
Table 7 presents cancer morbidity and monality data for females for sites of
parucular interest in the male analyses.

It can be seen that cancers of the digestive system have been occurring in Los
Alamos County females from the beginning at the expected rates. although the
males were significantly low dunng this 1950- 1969 period. Both sexes currently
show an excess incidence of cancer of the large intestine.

Females showed a slight excess of lung cancer dunng the 1950~ 1969 period. but
incidence rates are currently low. Males had been low during the 1950- 1969
period, but current lung cancer rates are average.

Leukemias and lymphosarcomas were low in females in the 1950- 1969 penod.
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v STEBBINGS AND “CELZ

TABLE ¢
RANK AND STATISTICAL SIGNIFICANCE OF WwiTE MaLL MORTALITY RaTts
I~ Los ALamos County. 19501969

Rank* of rates 1n Loy Alamos Co. relative 10

, High- Probatility
Socioeconomic educauon of rank
tn¢ cecupational Western Comtined n s 1)
controis controls controls
(n=§ in»8) ne 1 High Low
Stomach 6 6 1 0.051
Large intestine S 6 10 c.182
Recium s 6 10 0.182
Biliary passages and liver l l { 0.091
Pancreas 6 6 i 0.091
Trachea. bronchus. and lung 1] 6 1) 0.05!
Prostate 1 ! 1 0.091
Blagcer } 1 i 0.09!
BA.:n and other pans of 2 2 ) 0.273
nervous sysiem
Lymphosarcoma and 1 ) 1 0.09)
reticvlosarcoma, etc.
Leukemia ) } 1 0091
All malignant neoplasms é 4 7 0.48¢
Significance® of difference between Los Alames County
and U.S. white cancer raies
Direction Mason and McKay' Porsson"
Stomach Low P <008 P < 0.08
Large intestine Low P < 0.0 NS
Recium Low P <0.08 NS
Biliary passages and hver High N§ NS
Pancreas Low P < 0.0¢ P <00t
Traches. bronchus. and lung Low P <008 P <008
Prostate High - NS
Bladder High NS N§
Brain and other pans of Migh NS§ N§
nervous system
Lymphosarcoma and High NT NS
reticulosarcoma. eic.
Leukemia High NT NS
All malignant neopiasms Low NS - 9% NS

* Rank | is lughest rate in group. 6 or 11 lowest.

* Tuo-tided probadility (P): NS means not significant. NT means not tested.

* From Mason er al. (1975). The 953 conlidence intervals of local and national rates do ho! overlap

° Nationa! rate outside 9%% confidence hmits for estimate of & Porsson-disinbuted vanatie (Haenszel
el al . 19862).

* Reference sppears to be in error.
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CANCER IN LOS ALAVOS CO. §s

TABLE ¢
Anclo-WhiTt Matt Canctn Incipenct Ravrs s Niw Mexico, 1949- 197

Bernalilio Co.

Los Alames Co (Albuquerque) New Menco
Neoplasm (1CDA & Cares Rate Cases Rate Cases Rate
Stomach (151 b} b X » $) 13 te
Large intestine (1538 ! &0 136 300 w 28
Pomeym (1 84) 3 182 ¢y 1% 175 117
Piiaty passages and hiver b4 39 26 6.2 n £6
(185, 156 .
Pancreas (157 4 2% 58 138 150 10 0
Trachea. dbronchus. and lung s T4 32 5.7 97 639
(16)
Prostate (185) ¢ 4% 2 3% 807 $60 &« 0
Bladder (188 ] 619 162 2.2 38 207
Brain ang other parts of 2 1 40 7.7 104 (X
nervous tystem (19, 1901
Lymphosarcoms and 3 6.8 32 6.6 110 kB
reuculosarcoms. eic.
200, 202»
Leukemia (204, 208, 206, 207) s 127 N ye.2 19¢ 1
All mahignant neoplasms | ¥ 4202° 1738 o 4656 3.0

* Rates are per 100.000. age-adiusied o L' S 1970 population Source 1s New Merico Tumor Regis-
1ry of October, 1976 for years 1969-197¢ Rares may be compared to raies based on ICDA-6 clasufe
cation. slihough in JCDA-8S necplasms of the pleura are no longer included with lung. and neoplasms
of urachus ang urethra are no longer ingluded with blagdder

¢+ State rate falls outnide 957 confidence interval of this county rate

the period of excess monality in males. Current incidence rates in females are
elevated, although based on small numbers.

DISCUSSION

Because of pudlic concern over potential health hazards of ionizing radiation.
discussion of the preliminary substantive results presented sbove is warranied.
The findings remain consistent with the previous report (Voelz er ol.. 1978).
Analyses of more up-10-date cancer morbidity and moriality daia are currently
under way.

The major thrust of this paper, however, with respect 1o this “Workshop on
Health Surveillance around Point Sources of Pollution'” ivin regard to the meth.
odological issues arising during 1he course of the study. In the main. these issues
are not resolved. So following discussion of actual cancer risks in Los Alamos
County, we discuss some relevant intervening variables and then some potential
approaches 10 county-based ecological studies of health efTects about point
sources of poliution.

Cancer among Los Alumus Residents

Preliminary conclusions about cancer in Los Alamos County are considerably
strengihened by two factors: (1) the very high correlation of maleness with an

00130021.010
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) STEBBINGS AND VOEL2

TABLE? i
WHITE FEMALE CANCIR MORTALITY AND MORBIDITY tn LOS ALan03 COUNTY FOR SELECTED SiTes”
|
Monalily rates Mortidity rates (Angio) ‘
1950- 1969 1965~ 1974
Los Alamos United Los Alamos  Bermalillo New
County* Staies’ County* County Merico
Stomach 13,73 707 94N L | 64
Large intesuine 17.5(%) 1€ 38 eR &l 410 312
Rectum 383 LN H; 7.2 1.9 11.4
Trachea. bronchus. 1.1 ($) 6.29 0.0(0 230 - 19.3
and lung
Lymphosarcoms and 0.7( 32 289 8.4 70
reticulosarcoma, eic.
Levkemia £2(8) 1% 148 10.8 94
All malignant 1272.3 (63) 130.10 422780 3.7 006
neoplasms

* Average annuval age-adjusied rates per 100,000 Sources as for corresponding maie rates :n preced-
ing tadles.

* Number of cases in parentheses.

* No site-specific rates outside the 957 conlidence interval of the corresponding county rates.

occupation in the nuclear industry, while females are much less likely 10 be
employed, or radiation exposed if employed. than males, and (2) cancer morbidity
and monality data spanning a 25-year period. data for the last § years being cancer
morbidity data from the New Mexico State Tumor Registry. These factors allow
at Jeast suggestive separation of occupational from residential risks through: (1)
inspection of sex differences. and (2) inspection of temporal consistency as evi-
dence of preexisting versus recently acquired risks.

Only lung cancer, digestive tract cancers. especially of the colon. and leukemia
and allied disorders (LAD) are sufficiently frequent to warrant discussion in this
preliminary analysis. Discussion of cancers of other sites will be deferred to later
publications.

Lung cancer among males was clearly statistically significantly low for the
1950~ 1969 period. This result is consistent with findings on 224 highly
plutonium-burdened male workers (Voelz er a/., 1978). During the 1969~1974
period male lung cancer increased (based on five incident cases) to the state level
for Anglo males. Females showed a very slight (five observed, about three ex-
pected) excess in the 1950~ 1969 period. and a slight deficit of incident cases (zero
observed, about three expected) in the 19691974 period. The latter observation.
a recent deficit, combined with lack of evidence in the occupationally exposed
males, suggests that residential, and very limned occupational, exposures to
plutonium have not affected lung cancer rates in Los Alamos females. The slight
early excess is best ascribed either to chance or to the smoking habits of the oider
generation of university-educated women. Among males there is no evidence 10
date of an excess of lung cancer.

Lung cancer has been cited as a major health hazard resulting from inhalation

00130021.011
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CANCER IN LOS 2 .aMOS CC 8"

.xposures to plutonium. Deceased. nonoc: Jpationally exposed residents of Los
Alamos do Rave tissue burdens. specifically including lung burdens. of plutonium
higher than those found eisewhere in the general population (Mcinroy er al..
1979). Likewise plutonium in soil and vegetation in poriions of Los Alamos
County is elevated measurably above background levels due to worldwide fallout
(Johnson, 1972).

Deaths due to neoplasms of the reticuloendothelial system, hereafter referred 10
as leukemia and allied disorders (LAD), were present in borderline excess (SMR
163)in Los ~'emcs County male residents dunng 1950~ 1969. However, incidence
rates in males {rom 1969 1o 1974 were not elevated relative to rates in Anglo males
in New Mexico. Monality rates for females dunng 1950~ 1969 were Iow. These
observations. if not due 1o chance. suggest possible effects of occupational expo-
sures prior to employment at Los Alamos or during the early years of the nuclear
industry when controls of all hazards. including chemicals in the workplace. were
not up to current standards. The lack of excess monality early among females.
and the lack of a current efTect among thus aging cohont of males, specifically
suggest an early occupational effect.

Environmental factors implicated as causal for levkemia have been ionizing
radiation and organic solvents, specifically benzene (Kinlen, 1977). Less is known
concerning environments! agents responsidle for lymphomas. Some evidence
exists (Beebe er al.. 1978, Matanoski er a/.. 19752, b) for an euoclogic role of
radiation for lymphomas, including multiple myeloma.

At Los Alamos the excess of LAD was composed of small excesses across
several tumor types: Hodgkin's. lymphosarcoma. multiple myeloma. and ieu-
kemia. This pattern resembles that in the rubber industry where an excess of
both leukemia and lymphosarcoma (and possibly Hodgkin's) are thought to be
related 1o solvent. especially benzene. exposure (Goldsmith and Guidotti, 1977).
Exposure o solvents and laboratory reagents has been common at Los Alamos.
Voelz er al. (1979) in a clinica! study published occupational exposure histories of
26 pluronium workers: 10 had specifically noted solvent, hydrocarbon, or labora-
tory reagent exposures and several other subjects were chemists. :

Goldsmith and Guidotti (1977) also reporied an excess of lymphosarcoma
among engineers in California and electincal workers in Washington State. and
suggested soldering fumes, actinic radiation, and polychlorinated biphenyls
(PCBs) as potential causes. These occupations would be expected to be important
in the occupational histories of individuals working at Los Alamos.

Further, military service in the wet tropics has been associated with excess
LAD in Australian servicemen (Davies, 1978). This 2.5x excess of LAD in Aus-
tralian servicemen with overseas and tropical service (mostly wet tropicall. rela.
tive to LAD rates in servicemen with only temperate Australian service. was
consistent across diagnostic categories including leukemias. lymphosarcoma. and
multiple myeloma. Malana, antimalanal drugs, and aitntes in canned meats were
factors suggesied for further investigation. Persons employed at Los Alamos fo!-
lowing World War 1] had frequently seen service in that war. Some Los Alamos
employees, of course. spent time in the South Pacific during test activities.

We are not suggesting that radiation may not have been a factor in LAD inci-
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dence in the 1940~ 1969 period at Los Alamos. but rather that prior 10 and during
Los Alamos employment some workers could be expected to have been exposed
1o a variety of hazards of modern technology, including chemical and elecincal
hazards, each responsible for some excess LAD.

An excess of LAD does not currently appear in males. suggesting that more
recent exposures are not inducing 8 measurable effect. The elevated recent inci-
dence in females in the 1969~ 1974 period is based on few cases, but should be

" reconsidered as additional data become available.

0006280

Fatal cancers of the stomach, colon. and rectum were significantly infrequent in
Los Alamos males in the 1950~ 1969 time period. but by the 1969- 1974 period
incidence rates for these cancers had become high relative to New Mexico Anglo
rates. significantly so for colon cancer. Incidence rates for digestive tract cancers.
at least stomach and colon, were also elevaied in Los Alamos femaies during the
1565~ 1974 period.

AN occupational or environmental explanation of these findings related to the
nuclear industry is unlikely. because the Los Alamos females. not occupationally
exposed 1o hazards in the nuclear industry, did not share the low monalty rates of
males during the 1950~ 1969 period. Their rates were quite average.

A reasonable explanation for the observed pattern of rates is that both Los
Alamos males and fernales share underlying high nisks of digestive tract ¢ancer.
parucularly of the colon and rectum, but that these risk factors were counteracted
in the first two decades among the males by s healthy worker effect (possibly
combined with healthy military and healthy regional migrant effects).

High social class and urban residence are very sirong risk factors in colon and
rectum cancer (Hoovereral., 1975. Lyncheral.. 1975). The risks attached 10 high
social class observed by Hooverer al. are consistent with the twofold excess risks
observed in Los Alamos residents. Los Alamos County averages among the high-
est counties in the nation with respect 1o social class. 11 is also likely that Los
Alamos residents were more urban during early Life than the Anglo New Mexico
population as a whole.

Males in Los Alamos. however, were almost universally selected for employ.
ment in a demanding industry and often for regional geographic mobility. Females
in most cases have been subject 10 selection only by marriage 10 such males.
Healthy worker efTects dissipate over decades (McMichael. 197§). as wou!d other
similar selective pressures, one assumes. o
" Meore extended discussion of general selective factors, employment. migration.
ethnicity (white), and military status is desirable. as these are all factors which at
Los Alamos or elsewhere. are likely 10 comphcate explanation of obsersed mor-
1ality patterns in small areas.

Miscellaneous Intervening Variables

Employment. ethnicity. military service. and migration may singly or in combi-
nation be relevant to the interpretation of disease rates in small areas. including
Los Alamos County. We present here only a somewhat arbitrary introduction 10
the relevant brerature. :

That employment. which leads to the “"healthy worker effect” may be relerant
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to interpretation of monality rates in small areas is not immediately obvious. Itis
discussed here only to emphasize the relevance, and the observauon that its
effects may be observed into the third decade if our interpretation of lung and
colon cancer rates in Los Alamos County is correct. An even stronger effect on
cardiovascular monality in Los Alamos County males exists and will be described
in 3 paper now in preparation.

A “'healthy worker effect’” may be assumed to be observable in a county or
community developing around a new industry or facility. McMichael (1976) and
the other authors contniduting to the special issue (March 1976) of the Journal of
Occupational Medicine present exceptionally thorough discussions of the
**healthy worker efTect.”

Ethnicity is most conveniently thought of as two variables. *"country of birth”
and '‘national origin. or surname.”’ The latter variable represents an attenuated
“country of birth™* but could be generally useful across the United States. Sur-
name classification was used by Cook ¢/ al. (1972) in Ontario. With the develop-
ment of computerized surname classification programs. and their application to
state tumor registry and death certificate files. adjustment for any peculianties of
locally relevant national-origin subgroups could be readily carmed out. At least
one such program exists.

Until that time, **country of birth'* may be relevant 10 the interpretation of some
Northeastern, Northern Midwest. and urban monality rates. Polish, falian. and
French Canadian subgroups have been studied (Graham er al.. 1963 Cook cr al..
1972). Haenszel (1961) presented nationw ide cancer mortality rates for the foreign
born from twelve countries.

It should be noted that the Anglo population of Los Alamos County may not be
perfectly comparable with the remainder of the New Mexico Anglo population.
There are present not only representatives of the white ethnic subgroups charac-
teristic of the large urban centers of the East and Midwest. but individuals from
the Upper Midwest of German and Scandinavian ongin.

Some small geographic areas are dominated by mulitary installations: and in-
dustrial facilities developed in the decade after World War |1, including of course
nuclear facilities. may have employee populations made up in considerable pan of
World War 1] veterans. Monality rates within the first few years of discharge were
considerably lower than those in the general population. The effect diminished
with time but still persists 23 years from discharge. The effect extends to malig-
nant neoplasms. The selection process into the military is held pnmarily responsi-
ble (Seltzer and Jablon. 1974) but the medical services of the Veterans Adminis-
tration may play a role (Comstock. 1975). The effect varied by rank over the full
23-year period of follow-up. the monality of privates being very close to expecta-
tion, of noncommissioned officers 237 below expected. and of commissioned
officers about 407 below expected (Seltzer and Jablon, 1977). The latter might be
expecied to be overrepresented among veterans in highly technological industnes.
Ex-prisoners may show excess morality due to tuberculosis. trauma. and cir-
thosnis (Keehn, 1980).

We are not aware of quantitative estimates of the percentages of World War (]
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100 STEBRINGS AND VOELZ

or Korean Conflict veterans among employees of the nuclear industry, but con-
sider that the percentage s likely 10 be sizeable.

A healthy military effect may well not be additive 10 a healthy worker effezt It
seems likely that they, in fact, represent the same underlying charactensucs of the
respondents.

Migration must be dichotomized into internal migration and international mi-
gration. the latrer being dealt with as ethnicity ibove. Internal migration stands for
a set of concepts complex both conceptually and pracucally.

Internal migration effects are of two types. dilutant and selective. The loss of
exposed population or gain of unexposed population in a small study area feads 10
dilution of expected effects. That people who move may or may not differ from
lifetime residents leads 10 possible selective effects.

Dilution effects are very important in studies of mortality in small areas. but
only recently has Polissar (1980) systematically estimated the potential magnitude
of these effects in cancer studies. Losses in sensitivity are a function of cancer
sitg. latent period. and the type (size) of geographic units for which rates are
calculated (towns, counties, or states). Polissar estimates that at the county level,
during a J0-year latent period, 40~ 507 of relative excess nsk may not be reflected
in the estimated risk for most cancers. The reader should refer directly to this
excellent paper if concerned about internal migration.

Dilution effects around point sources are very likely to occur. since the size and
compotsition of the population immediately surrounding the point source ofien
reflect employment at the source or associated installations and are affecied by
activation or inactivauon of the facility.

Selective effects of internal migration are very poorly known. and one can
dissociate them into at least three quite different variadles: residential mobility per
se. or number and type of moves; ¢lass of place specific. rural-to-urban for exam.
pie. and location specific. carrying the risks associated with a given locale along to
a new location. Residential mobility per se is also likely to be a gross oversimplifi-
cation: distance moved and the type of economic gain anticipated are Likely to be
very impornant.

Substantive findings are difficult 10 locate. Despite an impressive beginning
(Haenszeler al.. 1962. Haenszel and Tacuber. 1964 Taeuberewal.. 1968). studies
relating internal migration to cancer montality do not seem to have progressed.
Haenszel er al."s results suggested that individuals living in three or more places
had higher lung cancer risks. as did the farm born who migrated to metropolitan
areas. Lifetime residents had the lowest nisks.

However, in studies of chroni¢ respiratory disease. which is caused by the same
vanable as lung cancer 10 2 large degree. migration effects have not appeared.
Anderson er /. (1965) found no relationship of respiratory sy mptomatologs 10
residential mobility in a British Columbia population. Stebbings (1971) found no
relationship of respiratory sympioms in nonsmohers to geographic mobility as
estimated by contiguity of place of birth (contiguous counties. contiguous states.
other).

The intervening variables discussed above. and many others relating 10 the

00130021.015
boAaML
0006282 “



CANCER IN LOS ALAMOS CO. 101

levels and causes of mortality in geographically defined populations are givenina
recent and iengthy review by Cuniiss and Grahn (1980). .

The Use of County Data Bases

The study of mortality in small areas has been made easier by the publication of
atlases of mortality and compendia of county moriality rates, and by the develop-
mertcft - s-meyterized d2ia bases incorpotating county perulztion. monal-
ity. and socioeconomic data. Methodological and institutional constraints exist.
however. which limit the utility of these publications and data bases to the local
investigator.

The ultimate need is for a service bureau which can furnish a local investigator
not only with the requisite monality, population, and socioeconomic data. but also
epidemiologic and statistical advice concerning the calculation of expected levels
of monality, whether by muitivariate adjustment or by selection of control areas.
and the calculation of the statistical significance of the findings. In our opinion.
further methodological development on these latter two points is required. In this
discussion we would like to elaborate slightly on the methodological issues, and
review briefly some of the existing data bases. especially some lesser-known ones
developed by Depariment of Energy contractors.

There are three general approaches 10 the establishment of expected values for
a study area: a multivanate analysis of social. economic. and demographic char-
actenstics of a large number of areas as these predict the corresponding monrality
rates: careful seiection of similar control areas from a regional or national set of
areas (the approach utilized in this Los Alamos County study): and utilization of
rates of neighboring. contiguous geographic areas. Only the latter technique is
readily available 10 the local investigator with Iimited computer experience and
facibities and limited swutistical expertise. Even selection of a number of control
counties, by cniteria as simple as those utilized in the Los Alamos County study. is
extremely tedious done manually. and rather hazardous in the sense that mistakes
can easily occur. On the computer, of course, it is easy: especially so if the data
base is accessible through a true data base management system (DBMS) such as
System 2000,

We have utilized two methods of selecting controls, and also used the siate
population and population of the largest county within the staie as companson
populations, and found the inferences 10 be drawn from nearly all compansons to
be the same (Tadbles 4 and 5). This may be a consequence of looking at a truly
exireme study ares. Some empirical testing of the robustness of conclusions fol-
- lowing upon alternative strategies for control selection needs 1o be done.

The approach 10 significance testing of the study area against conirol counties in
this Los Alamos study deliberately emphasized the geographic heterogeneity of
the control counties selected and did not take into account their population sizes.
In this instance the number of control counties was too small for strong inference
(although the availability of other tests and the consistency of findings makes this
point of little substantive importance in interpreting these Los Alamos findings).

In general, however. the question of whether tests of significance in sumilar
analyses should be based on variance among areas (a3 done above) or on variance
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102 STEBBINGS AND VOELZ

among individuals in the populations (as is most frequently the case). is a question
which has not been given the attention it deserves. The common technique of
summing age- and sex-specific numerators and denominators across control areas
bases the test of significance on variance among individuals. And. given the highly
skewed distribution of population sizes in small areas, the composite conirol area
will most often be dominated by one or two specific areas.

The geographic point of view considers that the appropriate test derives from
the distribution of all possible comparisons between an area and its proper con-
trol(s). This distribution can only be derived empirically. We only raise this issue
here: further work in this area is needed.

The preeminent county data base is thz of the National Cancer Institute (NChi
relating 1o cancer monality. This has been published as county data (Mason and
McKay. 1974) and in atlas form (Mason ¢1 a/.. 1975, 1976). A number of substan:
tive publications have derived from this daia base. Polissar (1980) cites several
of these.

An example of investigations concerning areas of apparent excess risk identified
from the NC1 data base is the investigation of New Jersey cancer rates by Green-
berg ¢ al. (1980) which demonstrate that historical trends at the regional and
national leve] must be 1aken into account. Sauer and Parke (1974} give a useful
guide 10 interpreting extreme county monality levels from a similar data base.

Similar data bases are being developed elsewhere. as for Canada (Stanstics
Canada. 1980). and for other diseases, as for cardiovascular and cerebrovascular
disease (Fabsitz and Feinleib. 1980). An excellent overview of health-related
mapping projects. and of the methodological problems involved is given in the
**Proceedings of the 1976 Workshop on Automated Cartography and Epidemiol-
ogy”  (NCHS. 1979).

Not all data bases of use 1o epidemiolog:sts have been developed under Na-
tional Institutes of Health auspices. A wide variety of daa bases relanng 1o
tnergy. population, environmental quality, economics. and agriculture exist. A
useful introduction to these is given by Mormis and Novak (1979) who published
the proceedings of a computer-based conference on the use of county-level data.

The Depariment of Energy has funded development of health-related county
data bases at Argonne National Laboratory, Brookhaven Nationa! Laboraton.
and Lawrence Berkeley Laboratory. Samuel Morris of Brogkhaven and Susan
Sacks representing Lawrence Berkeley each described the datadase at their home
laboratories at the Workshop on Health Surveillance around Point Sources of
Pollution.

A description of the Brookhaven county data base "MEDABA™ has been pub-
lished (Bozzo 1 al., 1978). MEDABA includes population. net migration of
population. 1976 population estimates, energy use and emissions per square mle.
and 1969~ 1971 monality by cause.

The Lawrence Berkeley Laboratory data base "PARAP’ (Populations-at.
Risk-to- Air-Pollution) has been described by Merrill o1 a/. (1978). The data base
contains socioeconomic and demographic data from the 1970 census of popula-
tion. air quality data for 1974~ 1976. monality data for 1968~ 1972 for 5} causes.
and cancer montality for 1950- 1969 combined. This data base is freely 0130021 017¢
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to outside users for government-funded research purposes. and may be accessed
using System 2000 commands. ’

These county data bases are very powerful tools. An administrative structure
which will make such dats and the required epidemiologic and biostatistical advice
available to the novice user is required. It is unrealistic 10 expect a state
epidemiolopist, & county health officer. a union industral hygienist. ora corporate
medical director 10 be able 1o use such a tool adequately. A service needs to de
provided.
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