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Caret? uno* Lor Alarnus County. N e w  M e m o .  rnrk rrrrdcntr. dl of uhom h a t e  
worked in 01 have Lrtd within r few kibmeters of r mrpr plutonlum plant and other n u c k u  
Irctbtres. hrs k e n  r t v ~ e r r d  wtih nspscr IO monrlrty k t w t e n  1950 and 1969rnd tncidcntr 
k r w t r n  1969 rnd I974 A posrtblc t i c r s s  of ncoplasmi of the nt~cubenUothclir1 r)sltrn 
was dritrtcd. but the tncidrnce 6 r r  s u ~ r r r  t t u i  th lr  r w o .  if nrl. i s  no lon#er occumnc 
Seven1 poirnrrrUy c r u d  O C C U ~ ~ I I O M ~  rrporunr  h r v e  rrrstrd Higher ihrn c:pccfcd inti- 

&me. cunently. of crncen of the c o b n  m d  rectum r p p u r  to be erplatned btrin by 
)octoIcunomtc rhrn acuplitonal facron Neither mmrlity nor incidence data tu#(crt an 
ercess of lun8 c 8 ~ 1 r  in Lob Alunos ma&$ Hcrlrhy worker and hrrhhy r n i l ~ i u y  rfleci#. 
w h i r  rthntcity. and frupriion arc drscus~d as ~ntcrrenrn# vrnrblrs rrkvrnr to inttrprcfm( 
mmrltty data in counties domrnrted by r m g l c  mJ0f Ircrlny me urrlity of count) urtr 
brwr 8n the study of stn* locrl area monaltry nits 1% n w w e d .  

- 

. 

INTR OD UCT ON 
"he hedth of residents of communities which have developed with the nuclear 

industry i s  of cuncnl intenst  as society considers rhc rok of nuclear power in the 
worlds cncriy future. Lor Alunos County. New Mexico. is such a community, 
8nd one in which exposures to plutonium. as well as 10 external ionizing radiation, 
have occurred. 

Lot Alamor Was selected during World W u  11 as the site for the labontory to 
deve!op rk first atomic bomb. The population has since grown continuously. to 
over I5.W persons in the 1970s. The pnnciprl employer remrinr the Lor Alamos 
Scientific Laboratory, and ihe great majority of the employed population work in 
the nucfeu industry. %me rCSidCntid areas of  the town are located within a few 
hundred meters of chemical Irbomorics and ndiaiion areas, including major 
plutonium facilities. Reridenrid development km very WIT the onginid tcchni- 
Cal8rc8 rnd has since spinled outward. 

Tbe Htrtth Division of the Lor Alamor Scientific Laboratory initiated rhere 
studies of cancer incidence rnd monrbty in Lor Alunos County in rhe h o p  of 
grinin# lcrdr 10 m y  health effects rrrociarcd with radiation or chcrnirrir. As one 
of the first tasks for the scientists, technltlrnr, and craftsmen at Lo5 Alamor u a5  
to develop methods 10 process and fabricate the newly discovered clement. 
plutonium, and since hundreds of pcrsonr have continued io work with pluion~um 

' Address nqwsts for npnntr IO H-14, Mf 404. Loi Alrmoc k i r n t l f i c  t r b e n r o q  Lo$ Alrmos. 
N W. 8845. 
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r h r o ~ f h  the years, a major emphasis in these studies is on plutonium VoeIr tr rr l  
have published clinical (19f9) and preliminary epidemiologic (1978) rcrults on 
subjects occupationally exposed to plutonium 

T h i s  paper presents some preliminary results on the monaiity experience of the 
Los Alamos County male population. and prcrrnrs in detail the methodological 
aspects of rhe county monality s t u d y  both to prepare the groundwork for fu tu re  
substantive contributions concerning the Lor AIamos County  population a n d  be- 
cause methodology is central IO the concern o f  this "Workshop on Health Sur .  
y.  :It  .. L t around F,:+I! C:,;;,s of POliL; , .d;1 . '  

10s Alamor County i s  at one extreme of communities affected by a "poinr 
murce." I t  has no past, no comparable nciahborinb populations, and nearly the 
entire male population (and a l a rp  fracrlon of rhe females) has been e m p l o ) d  a! 
the "point source." 

The ideal situation for monitorin8 healih eflccts in residents around a point 
source i s  where ;he employees of the source ate I very small fraction of the 
resident population. where prior health data for the area can be developed. and 
where thc pollutin~ facility i s  introduced info a physically large. homogeneous 
nu ion  (a Midwesrcrn apncultural county, or a residential neighborhood in a large 
urban area, as examples). In this latter situation the study u t a  can be compared 
with 8 large. comparrbk. contiguous region both before and rficr the pollutant 
source becomes opcrationrl. 

LO5 Alrmos. however, arose dc now. the residentially exposed an mostly the 
occupationally exposed, rnd  the nti8hboring Indian and Spanish populations are 
in no wry comparable IO the hithly educated Anglo newcomers of Lor Alamor 
County. This paper 1s an  investigation of what can k done under ruch cir- 
cumrrmccs. 

'- 

METHODS 
In this paper we repon cancer monrlity and preliminary cancer incidence data 

for males, and include bmrtcd results for females only for methodologic purporero 
Cancer monaltty rates are from Mason and McKry'r (1374) "U.S. Cancer 

bfonality by County: 1950- 1969" and some data on conesponding staristical 
significance !eveJs u c  taken from Mason I I  d . ' ~  (1973) "Atlas of Cancer Monality 
for U.S. counties: 1930- 1969." 

These cancer ntcs for whire males in 10s Alunor County we compvrd  with 
rates from both the state of s e w  Mexico and from ~ h c  United States a t  8 w.hoie$ In 
addition, white male cancer rates in five socioeconomic and acupationrl control 
counties and in f ivt  high education Western counties we compared with the tares 
in Lot Alamor County. 

The IWO counties most closely bracketin8 Lor Alamor County with respect IO 
four criteria, median education. median family rncomc. percent professional and 
mrnqcrirl, and pcrcent government employees, were selected from among all 
counties meeting the preliminary eligibility cntcria of a popuhtron above So00 and 
8 median income rank less than IOOO. Becruse of conelation among arrnbutes. 
this process yielded five rather than cighi counties: PItkin. Colorado. Montgorn- 
c y ,  Maryland. Mineral, Nevada. Toocle. L ' u h .  and Farfax.  Virginia. 

- 
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From the nmlinin8 eligible counties all U'estcrn counties with a median educa. 
uon greater h n  or equal IO 12.8 yearr for perrons Wed 23 and above w e r e  
r e k a e d .  Thew wen:  Marin, California; Boulder. Colorado; k n i o n ,  Oregon; 
Whitman, Warkingon; and Albany, WyomIn=.  

I)tmognph!c pad sociecconomic chmcttrirtiCS Of CWntieS Were from the 1970 
United S w c s  census, published in the Bureau of the C m u i ' s  (1973) "City rnd  
County Data Book, 1972." Altitudes of the county scats (of the Iargcsi city for 
Fairiax) were from tk "Commertirl Atht  rnd Mukciitq Guide" (1977). 

L ~ t a  on CIIICC~ incidence in Lor Alamor County were obtained from the New 
Mexico Tumor Registy of the Cancer Research and Treatment Center 81 the 
University of N e w  Mexico. M e r  for Lor Alamor County UI compared to rater 
from BcmliUo Couniy (Albuquerque) rnd for the entire state of New Mexico: 
drlr for Anglo-white males only king utilized for ail w a s .  
Tests O f  ri$nilicrntc for cancer monaliiy yr e h k r  from Mason t t  a\. (197s) 

bawd on a method of Chian( (1WI) for age-rdjunrd rates, or, since observed 
n u m k n  for Lor Alunoc County u e  i n w i a b l y  smrII, on I method #hen b y  
H a c n s r d  PI ut. (1W2) based on the Poisson distribution. 
h this series ofprpcrs describing county-kvcl statistics, we have nor atternpied 

to quantify either tht occupational or the residential cxposwcr to which the 
couaty residents h v e  been cxpowd. In pnnciplc, umpler from nsidcniiri lirrr 
could k rnriched with health physics nco rd r ,  or ambient populrrron exposures 
crtimried for part y e w .  However, we h a v e  ongoirq r wries of crwtontrol 
studies of cincer  in b Alunor County residents in which individual occupa- 
Gom! exposures m d  nei8hborhood of residence are investigated for b t h  cincer  
cases and irrdividurlly m r t c k d  controls. l l r s e  are in addition IO our mrjor study.  
r n  occupational cohon study of pluioniurn Y otkcrs at 10s Alunos and other s m s .  
The fonnJdrble task of 8enentin# counry.lcvc1 estimates for 8 D y e a t  period 
would defeat the purpose of county4cvcl studies. which i s  IO wwe as simple 
w e e n s  for won hwhifr hypotheses for more intenrive invettartions. 
Rcpons VI rvrilrblr concernin8 radioactive air pollution (lordan and Black. 

19S1) rnd soi1 contrmimtion by pluronium (Kennedy and Punymun, 197lr. b; 
Johnson. 1972). A recent ndiologicrl s u w y  of the former main technical area. 
new which nsidentid development k g r n  ?us also been published (Ahfquist cr 
01.. 1977). 

RESULTS 
7he  churctc~su'cs of Lor Alrmo, County md control cwntics VI shewn in 

- 'Table 1. &s AIunor County, on the 1970 census. hrd the second hi8hert r v c n 8 e  
k v e ~ s  oftducation rnd income in t h ~  United States and was top in percent profee 
rional and m a n ~ e n r l  and perceni government employees. The Ltier two vrn- 
rbltr vt hot well autchcd by the control counties. The hi#h.tducation control 
counties do not closely rpprorch L o r  Alunos in income or characteristics of 
employment. 

11 rhsuld 8 l ~  be observed that erch set of control couniics is  ma& up of I 
minority of very large cwnrics  thcmselwr pan of much larger Standard Met- 
ropolitan Su~istical Arms, and a m*nty of mal l  to very mall counires. 
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White malt mortality rates for major cancer sites for Lor Alamos County and 
the two groups of control counties are given in Tables 2 and 3. A high degree of 
vatiability in mer, due in pan to small population rites. i s  evident in these 
presumably well-matched sets of counties. 

It  is difficult to draw inferences from such large tabulations tnd these data are 
rurnman'rcd in Table 4, which gives magniludc. and Table 5, which gives stttisri- 
cil ilgriificoncc. R a m  fa K e w  Mexico in Table 4 have a large Hispanic compo- 
nent and arc consequently not used for significance Icsting in Table 5. Although 
some probability levels are given for the control county componsons. thesecorn. 
pansons essentially contribute consistency to the statistical ~ c s t s  against national 
rates. The problems in utilirina control counties for significance testing * i l l  be 
discussed k l o w .  

Table S most clearly summarizes the findings concerning cancer in Los Alamos 
mates. Los AImos clearly i s  a county of extremes, being the extreme or next to 
extreme case in all comparisons except with respect IO brzin and total neoplasms.  
It is also clear that Lo, Alarnos is low as often as high. and that a higher lewl of 
rratisticnl significance attaches to the low values than to the high. 
. Cancers of the digestive system. except liver, are consistently low: expected 
va!ucr for stomach and for larBe intcstine!recturn are suff~ciently large that there 
tcsutts otc stttiaically significant. 

Luna cancer has been notably and statistically significantly low during rhir 
period, despite the fact that the highest index of suspicion would attach to thi5 site 
in plutonium-exposed workers or populations. 

Prostatic t n d  bfoddcr cancer were high, but not statistically significantly high. 
due. in pan, to the small numbers of deaths. 

Lymphosarcoma and leukemia looked at separately were high. but not statistI- 
colly significantly high. Because the total number of deaths involved. IO. u a s  
sizable, we decided IO consider all cancers of lymphatic and hematopoicric tissue. 
We observed IS: 2 Hodgkin's. 4 lymphosucoma, 3 multiple myduma. and 6 
leukemia. A total expected was computed from available published data. sum- 
ming: (the observed crusc=spccific deaths) x ( (The US. ageadjusted r a t e )  / (the 
Lor Alamos County age-adjusted rate) ). This yielded 9.2 expected cases and Q 
standard mortality ratio of 163. By the method of Haensrel t r  ul. t 1963 the lower 
limit of the 9% confidence interval i s  0.913. Although not statistically significant. 
this excess of cancers of the lymphatic and hematopoietic system must bc consid- 
cred a suspect, borderline finding. 

Although ri#nificmcc kvcls for "all malignant neoplasms" we presented in 
Table 5, i t  is clear that extreme heterogeneity among cancers exists and that 
significance tot ing or discussions of rates of all cancers combined have no sub- 
stantive scientific meaning 

Table 6 presents recent cancer morbidity data for Lot Alamos Couniy Anglo 
mates, obtained from the New Mexico Tumor Registry. 

Cancers of the digestive tnct art  high compared to rates in either Albuquerque 
Or the entire state, contrary 10 the monolity findings p r o e n i d  above. The sian- 
dardizcd morbidity ratios for cancer of the  large intestine are 2.35 re lat r~e i o  New 
Mexico, 2.02 relative to Albuquerque Starisricaily significant elebaiion I S  

. *  . 

00130021005 

F 



91 

, 

I 

P c 

00130021.006 



92 

,.". , 

LANL 
8 

00130021 007 
J 



93 

TABLE 4 
MORT*LTTY R A T [ $  f 0 R  MUOR C I Y C E #  SITE5 Ih AL6.101 WWlTt MhLLl  

C O i I P r R t D  TO RATE)  IN C O W t r O L  ARE41 19JO- 1969’ 

High- 
Socioeconomic education. 

rnd  orcupalionrl Wrstt*n La1 
conwols conirols Alalnor N e w  United 
(rrnlt I (rantr’ Cwnrv Mtrico States 

k o m a c h  7 0-13 7 IO 9- 13 8 .JJ 17 W 1322  
Latic tnlesunt 6 4 - 2 5  5 I O  2- I6 4 d b  9 IS -16 J4 

Ctecrum 0 0-6.5 4 7-8 4 2 8  3 39 7 6S 
3 1-4  3 6 J  s 33 S I6 E i h r y  priwtc And h*t? 

Rncrrr i  I 9- 10 I 7 0 - 1 2 0  1 0  I 7 9  9 b3 
Tnchcr. bronchus. rnd l u ~  M 8-43 0 18 6- 57 3 I f  0 24 71 37 98 
Rosrrrr I7 2-33 8 16 8-22 8 30 I IS tf I7M 
Bkdder 0 0-12 7 5.3-8 0 I J  7 3 9 7  6 7 8  

- 
0 0-4 2 

Bran and other pur, 0 0-3 8 2.3-7 9 4 9  3.30 4 42 

Lymphorrrcomr And 16-6 0 1 3 - b 2  7 1  3 6 J  4 69 
of nervous system 

rrriculorrrcomr. t i c  
L8uktmlA 3 8-9 2 90-11 6 16 J 7 71 8 81 
AI1 mlIi(nrnt ntoplrsms 139 4- 173 0 134 7- I73 9 I42 6 136 50 114 Cy 

’ brtct  bW.rdJurred rvrwr annual ntri pcr 1 0 0 . ~  populriion. 1950- I969 from Mason and 
MCKAY 119%) 

suue r red  by the corresponding lower 9S5 confidence limits, 1.17 and 1.01 (bared 
on the method of Haenstel ti al. ,  19621. The corresponding standardized morbid- 
ity ntios for a11 cancer of  the  diaestive tnct are 2.33 and 2.02 (lower 93Cir confi= 
dence limits 1.48 and 1.28). 

Incidence rates for lung cancer during this 1969- 1974 period were nor low. as 
rnonabiy rates had been through 1969, but there is no suuestion that they are 

Leukemia and lymphoma incidence n t e s  were clearly not above expected dur- 
inq this period, even though monrlity results had suggested CXCCSKS in the 
1930- 1969 pcriod. 

Rater of cancer in b s  Afunos femrles. who am occuparionaIly exposed 10 
a much lesser degree than rnaler. assist in interpretin$ the preceding findings. 
Table 7 pmsents cancer morbidity and rnonality data for females for sites of 
prnrcuter interest in the male analyses. 

It can be seen that cancers of rhe digestive system have been occurring in 10s 
Alamor County femakr from the beginning at the expected rates, although t h e  
males were 8ignificrntIy low dunng this 1950- 1969 period. Both sexes currently 
show an CXCCSI incidence of cancer of the l u g e  intestine. 

Females showed a sli8hr excess of lunu cancer dunng the 19SO- 1969 period. bur 
incidence rates are currently low. Moles had been low during the 1950-1969 
period. but current lunB cancer n t e s  are avenue 

Leukemias and lymphosarcomas were low in females in the 1930- 1969 period. 

- elevated durin8 this period. 

00130021 008 LAL “i 



TABLE J 
R A N K  4 U D  S t ~ l l S f l C ~ L  S i C b l t l C 4 h C t  OF W * l T t  MALI MO~TALIIY b T t S  

w tor A L ~ M O S  C O L ~ T V  1950- 1969 

Rank" of rate l  In Lo5 ALImOS c o  f t b l r c c  IO 

Prabbilit) 
of fan k S O C I O C C O ~ O ~ I L  cducalion 

1-1s cccupationrl Wcsicm Ccmtincd (,, I )  

n18b 

conrtols controls conlrols 
( n  - 61 ( r )  - 4) (n - 11) Hteh Lou 

.I 

6 6 1 1  0 0991 
5 6 IO 0 182 
5 6 10 0 18: 
I 1 1 0.091 
6 6 I I  0 091 
6 6 I I  0 W I  
1 I 1 0091 
I 1 1 0 031 
2 2 3 0.273 

1 1 t 0.091 

Lcrukcmi8 I I I 0 # I  
6 4 7 0 4!! 

Stomach 
Lrr#e inirsunr 
Rectum 
Biliry pat8wt8 and h e r  
Panr re 1s 
Tnchcr. bronchut. and lung 
Rostalt  
Bladder 
Bhrn and other pans of 

netvoui system 
Lymphowrroma and 

nticulourromr. etc. 

All Nirgnbnt neoplasms 
Significrnct' of dilTctrnct k t w r t n  L o 8  Alrmoc Count) 

and L'.S vhirr crnctr nlrs 

Direction Matan and MrKry' Poiiion" 

Stomrc h 
Large rntrsttnr 
Rectum 
Biliary p8tU8tt  and hwf 
Pancreas 
Tncher. bronchus. 8nd lun# 
hostrtr 
BIaddcr 
h n  ud orher prns of 

ncrvouc ryrrrm 
Lymphowcoma and 

mc~culourcomr. t i c .  

P c 0.05 
P c 0.05 
? < 0.05 

NS 
P c 0.0: 
P c 0.03 

NS 
NS 

-' 

P e 0.05 
h'f 
NS 
hS 

P e 005 
P C O O . (  

NS 
NS 
NS 

Nf NS 

Leukcmu Wi#h Nf NS 
All mrli8nrnl nopbsmr Lou ws * *. NS 

Rrnk I IS h#krt nrr in group. 6 01 1 I bvesc. 

' From Mamnrtd. (IQIJ). The 9JQ conf&nce intervals of local m d  rui~olul nrtc bo not ovrrlap 
National m e  Girrde 9m confrdcnct limns for tst imte o l r  Poirron-dir~nbured banrtrk rH.tnrtcl 

* Relcrrnc~t r p p r r s  to be in MOT. 

Tuwrded pobrbrbfy V): NS mans nor signlbcani. Nf means not tested. 
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the period of excess rnonrliiy in males. Cunent inctdencc rates in femrtcs arc 
elevated. al!hough bared on small numbers. 

OISCUSSION 
Because of public concern over potential health hazards of ionitin# radiation. 

discussion of  the preliminary subsontrve results presented abow i s  umrnied. 
The f indinp remain consislent with rhc previous repon (Voclr tf 01.. 19%). 
Analyses of more upto-date cancer morbidity and monality dair arc cunently 
undct way. 

The major thrust of this paper, however, with respect to this "Workshop on 
Health Surveillance around Point Sources of Pollution" i t i n  regard to the m c h  
odologicrl issuer arising durinl the course of the study. In the main. these issuer 
art not resolved. So followin8 discussion of refurl  cancet risks in Lor Alamos 
County. we discuss some rclevrn~ intervening variables and then some potential 
rpprorchcr to county-based ecological studies of health effects about point 
sources of pollution. 

Reliminrr) concfurionq rbour cancer in Los Alamor County arc consldrrabl) 
rtrenphencd by two factors: ( 1 )  the r e ?  high conclorlon of matentrs w i t h  an 

k 4 N l  
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TABLE 7 

Monrhiy rater Morbdity ntcs cAn#ror 
1930- 1969 1%9- 1974 

Lo, ~ l u n o r  Unitre Lor Alamor lkrndillo h e *  
Counwb Siarer' County' County bf C A IC 0 

occupaiion in the nuclear industry, while females are much less likely to be 
employed. or radiation exposed if employed. than males, and ( 2 )  cancer morbidity 
and monaliry data spanning a 2S-year period. data for the last 5 years being cancer 
morbidity data from the New Mexico Slate Tumor Registry. These factors allow 
a! lean suggesrive separation of occuprr~onrl  from residcn~hl risks through: ( 1 1  
hSpeCti0n of sex differences, rnd (2) inspection of tcmponf consistency as evi= 
dencc of preexisting versus recently acquired risks. 

Only lung cancer, digestive I ~ C I  cancers. especially of rhc colon. and leukemia 
and allied disorders (LAD) are sufficiently frequent to wanant discussion in this 
preliminary analysis. Discussion of cancers of other rites will be deferred IO J a w  
publications. 

tun8  cancer among males was clearly statistically significantly low. for rhc 
1950-1969 period. This result i s  consistent with findinBs on  224  highly 
pluronium-burdened male workers (Voclz tf a/.,  1978). During the 1969- 1974 
pcnod ma& lung cancer i ncn r scd  (bawd on five incident cases) to rhe state level 
for Anglo males. F c m r k r  showed a very slight (five o&servtd, about three ex- 
pected) excess in the 1930- 1969 period. and I r l i ~ h t  deficit of incident cases (zero 
observed, rbour three cxpccled) in the 1%9- 1974 period. The latter obsenation. 
I recent deficit, combined with lack of evidence in the occuparionally exposed 
males, suggcrrt that residential. and very limiitd occupational. exposures to 
plutonium have nor affected lung catrcet ntes in Lor Afomos females. The slight 
w t y  CxCCss is  best ascribtd either IO chance or 10 the rmokin# habits of the older 
gcncrarion of university.educrted women. Among rnalcs rherc is no evidence 10 

date of an excess of lung cancer. 
Lung cancer has k e n  cited as a major health hazard resulting from inhalalion 
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. xposums to plutonium. Deceased. nonoc: Jpationalcy exposed tqsidcntr of Lor 
Alamor do have tissue burdens. specifically i n c l u d k g  luna burdcnr. of plutonium 
higher than those found c l s c ~ h e r c  in the general population (Mclnroy t r  41.. 
1979). Likewise plutonium in soil and vtgctalion in ponions of LOS Alamos 
County is  elevated meaiurably above background le\ cis due IO worldwide fallout 
(Johnson, 1972). 

Deaths d u t  to neoplasms of the reticuloendothelial system, hereafter nfeerred 10 
I S  leukemia and allied disorders (LAD), were present in borderline excess  ( S M R  
163) in Los .'.!tr;lcs County male residenrs d u m 8  1930- 1969. Howtver.  incidence 
rates in mates from 1969 to 1974 were not elebatcd relarive to rates in Anglo d e r  
in New Mexico. Monality rates for females dunng 1930- 1969 were Idw. These 
observations, if not due to chance. suggest possible effects of occupational expo- 
sures prior IO employment a! Lor Alamor or during the early )cars of the nuclear 
industry when controls of a11 hazards. including chemicals in the workplace. were 
not up to curnn t  standards. The lack of excess monality early among females. 
and the lack of 8 cuneni  e f l t c t  among L%S aging cohon of males, rpeclfically 
s u u e s t  an early occupational effect. 

Environmenlrl factors implicated as causal for leukemia have been ionizing 
radiation and organic solvents, specifically benzene (Kinlen. 1977). Less i s  known 
concerning cnvironmcntrf auentt rcsponsi ble for lymphomas. Some evidence 
exists (Beebt ti 01.. 1978; Mawnoski 0 1 . .  19731. b) for a n  etiologic role of  
radiation for lymphomas, including multiple myelomr. 

At Los Afunos the excess of 1 A D  was composed of small excesses across 
several tumor types; Hodgkin's, lymphosarcoma. multiple myeloma. and Ieu- 
kcmia. This pattern rcscmblca that in the mbkr industry where an excess of 
both leukemia and lymphorucoma (and possibly Hodgkin's) are thought to be 
related to solvent. rspccially benzene. e xporurc (Goldsmith and Cuidotti. 19771. 
Exposure LO solvents and labontory rcaaents has been common at Lor Alunos. 
Voclt t f  ol. (1979) in a clinical study published occupational exposure histories of 
25 pfv*onium workers: 10 had specifically noted soh ent, h},drocarbon, or iabora- 
tory reagent exposures and several other subjects were chemists. 

Goldsmith rnd Guidotti (i977) also reponed an excess of lymphosarcoma 
amon8 cnllinecrt in California and elccrncal workers in Washington State. and 
ruirgerted soldering fumes, actinic radiation, and polychlorinated biphenyls 
(KBs) as potential causes. These occupalions would be expected to be imponant 
in the occupational histories of individuals working at 10s Alamo,. 

Funhcr, militvy struicc in the wet tropics has been associated with excess 
LAD in Australian servicemen (Davies, 1978). fhis 2.5 x excess of LAD in Aus- 
tralian sewictrntn with overseas and tropical s e m c t  (mostly w e t  tropicail. rela- 
tive 10 LAD n t c s  in servicemen with only temperate Australian service. b a s  
consirttnt rctoss direnostic caregonet including feukcmias, lymphosarcoma. and 
multiple myeloma. Malaria, anrimafvial drugs. and niinrct in canned meats Y ere 
facrors suggested for further investigaiion. Persons employed at Lor Alamos To!= 
lowing World War 11 had frcquenlly reen service in that war. Some Lor Alamos 
employees. of course. rpenl lime in the Souih Pacific d u n n i  rest activities. 

We arc nor suggestma that ndiorion nay nor have been a factor In LAD mi- 
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dence in the 1950- 1969 period at Los Ahmos. but rather h a t  prior to and during 
Lor Alamor employment some workers could be expected to have been exposed 
to 8 variety of hazards of modern technology, including chemical and eltctnca! 
hazards, tach rrsponsibk for some exccss LAD. 

An eacess of LAD doer not tunently appear in males. suggesting that more 
recent exposures uc not inducing 8 measurrblc cffecl. The elevated recent incl- 
dcnce in females in the 1969-1974 period is based on few casts ,  but should be - 

Fatal cancers of the stomach. colon. and rectum w e n  significantly infrequent in 
Los Alamor males in the 1950- 1969 rime period. but by the 1969- 1974 period 
incidence rates for these cancers had become high relative IO New Mexico Anglo 
rates, significantly so for colon cancet. Incidence rates for digestive t ract  cancers. 
at least stomach and colon, were also clcvalcd in Lor Alrmos females during the 
1969- 1974 period. 

An occupational or environmental explanation of these findin8r rdated to the 
nuclear industry i s  unlikely. because the Los Alamor females. not occupa~ionall! 
exposed IO hazards in the nuclear industry, did not share the IOU monolit) ra te r  of 
males during the 1930- 1969 period. Their rates were quire average. 

A reasonable explanation for the observed pattern of rates i s  that both Lor 
Alan?or males and females share underlying high risks of diqestivc irat! cancer. 
pantculorly of the colon and rectum, but that rhesc risk factors were coun te rwed  
in the first two decades among the males by B healthy worker cffecr (porsibl) 
combined with healthy military rnd healthy regional rnignnl effects). 

HiBh social class and urban residence arc very siren8 risk factors in colon and 
rectum cancer (Hooverrr nl.,  1975; Lynch t f  ol.. 1975). The risks attached to hrgh 
social class observed by Hoovcrcr a/ .  arc conrirtcnr with the twofold c ~ c c s s  risks 
observed in Lor Alamos rcsidcnrr. Lo5 Alamor County averages among the high- 
est counties in the nation with respect to social class. It  i s  also likely that Los 
Alamor residents were more urban during early life than the Anglo h'cu Irlctico 
popuhtion 8s 8 Y, hole. 

Mater in Los Alamor. however. were almor~ univttsally u b e r c d  for crnpfo!. 
ment in a demanding industry and often for regional geographic mobili!). Females 
in most cases have been SubjCCl 10 selection only by marriage to such males. 
Healthy worker effects dissipate over decades tMcMxhrcf. 1976). . .  as would oihrr 
similar selective prersurcr, one assumes. 
More eriendcd discussion of#eneral selective factors. employment, m i p t r o n .  

cthniciry White). and military status i s  dcsinblc. as these are all factors u hlch at 
Lor Alamor or elrewhere. are likely 10 complicate explanation of obrcrt cd mor. 
irlity patterns in small m a s .  

. reconride red as additional data become available. 

Miscrllnnraur Intrnwtirtg \'orinblrr 
Emplo~mcnr ,  cthniciry, military scmJcc. rnd milrarion may sinel! or in c o m b  

narion be relevant to the interpretation of disease rates in small arras. including 
Los Alrmos County. U'c present here onl) a somrw,hat arbitrary introduction (0 
the reJe\rnt ltrcrarurc. 

That employment. which leads to the - ' h e a l i h j  uorkrr effect" ma! be rele\ant 
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to interpretation of monaliry ntes  in rmaU areas is not immcdirrcly obvious. I t  is 
discussed here only to emphasize the relevance, and the obscvatton that 11s 
effects may be observed into the third decade i f  our interpretation of lung and  
c d o n  cancer ratcs i r r  Los Alamos County i s  c o m e t .  An even stronger effect on 
cardiovascular monality in Los AIunor County males exists and will be described 
in a paper now in preparation. 

A "healthy worker effect" may be assumed to be observable in I county  or 
community developing around a new industry or facility. McMichacl( 1976, and 
the o t h e r  authors conrributhg 10 the spacial issue (March 1976) of the J u l ~ r w I  (J! 

Uc c rip u r ir, r i d  Medic in r p re se n f e ace pt io n a 11 y I ho I oug h di sc u s s ion s 0 f t h e 
"healthy worker c f k t . "  

Ethnicity i s  most conveniently though t  of as two variables. "countr). of binh" 
and "national origin, or surname." The latter variable represents an attenuated 
"country of bmh" but could be generally useful across the United Sraces. Sur- 
name classification was used by Cook ct al. (1972) in Ontario. With the develop 
ment of computerized surname classification programs. and their application 10 
state tumor registry and death ccnilicarc files. adjustment for any peculranties of 
locally referant national-origin subgroups could be readily canted out. At least 
one such program exists. 

Until that time. "country of binh" may be relevant10 rhe interpretation o f  some 
Vonherrtcrn, Nonhcrn Midwest. and urban rnonality rates. Polish, Iralion. and 
French Canadian rubgroups have been studied (Graham t! ol . .  1963: Cook r i  n l . .  
1972). Hacnstcl ( 1961) presented nationw idc cancer monality rates for the foreign 
born from rwcIve countries. 

It should be noted rhar the Anglo population of Lor Alamos County may not be 
perfectly comparable with the remainder of the New Mexico Anglo population. 
There we present not onty represeniativer of the  white ethnic subgroups charoc- 
lenstic of the large urban centers of the East and Midbest. but indibiduals from 
the Upper Midwart of German and Scandinavian ongin. 
Some small p o y a p h i c  areas are dominated by military inrtalhrions: and in- 

dustrial faciliries devclopcd in the decade after World War I J .  including of course 
nuclear facilities, may have employes populartons made up in considerable pan of 
World War 11 veterans. Monaliiy nter within the first feu years of dirchrrBe were 
considerably rower than those in the general populatign. The effect diminished 
w i t h  time but still persists 23 years from discbrae. The effect extends 10 mrlig- 
nant neoplasms. The sclecrion process into the military is held pnmanly rtsponsi- 
ble (Seltzer and Irblon. 1974) but the medical services or the Veterans Adminis- 
tration may play a role (Cornstock. 1979. The effect varied by rank over the full  
23-ycar period of  follow-up, the monality of privates beins very close 10 txpecrr-  
lion, O f  noncommissioned omccrs 235 below expec!ed. and of commissioned 
oficcrs about r07t below expected iSeltrer and Joblon. 1977). The latter m ~ g h t  be 
cxpcctcd lo be overrepresented among veterans in  highly tcc  hnologicat indusines.  
Ex-pnsoners may show excess monality due to tuberculosis. trauma. and CIP 
rhosir (Kcrhn, 1980). 

ate not aware of quantitative estimates of  the percentages of U'orfJ U ar I I  
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or Korean Conflict veterans among employees of the nuclear industry. b u  con- 
sider that the percentage i s  likely to be sizeable. 

A healthy military effect may well not be additive to a healthy worker cfk:t I t  
seems likely that they, in fact, represent the same underlying chanctenrtrcs of rhe  
responde nt I. 

Mlpntion mu51 be dichotomized into internal migration and international mi- 
gration. the latter bein8 dealt with as cthnicity ilbove. Internal  migration star.ds?or 
a set of concepts complex both conceptually and practically. 

Internal migration effects uc of two types. dilutanr and selective. The loss of 
exposed population or gain of unexposed population in a small study area lead5 10 
dilution of expected effects. That people who mote may or may not differ f rom 
lifetime residents leads to possible selective effects. 

Dilution eCTecir are very imponant in studies of monality in small areas. but 
on ly  recently has Polissar ( 1980) systematically estimated the potenrial magnitude 
of these effects in cancer studies. Losses in sensitivity are a function of  cancer  
r i b  latent period. and the type (size) of 8cographic units for which rarer are 
calculated (towns, counties, or  states). P O l i S $ a ?  estimates that at the counr)’ level,  
during a 3Gycar latent period, ~O-SWC ofrelative excess risk may not be reflected 
in  the estimated risk for most cancers. The reader should refer directly to this 
cxcelltnt paper if concerned about internal migration. 

Dilution effects around point sources a r t  v e v  likely to occur. since the sire and  
composition of the popuhrion imrnrdiarcly surrounding the point source oficn 
reflect emp!oyment at the source or associated inrnllations and are affected b) 
activation or inactivation of the facility. 

selective effects of internal migration are very poorly knoun. and one can 
dissociate them into at least three quite drffetcnt variables: residential mobility per 
se. or number and rype of moves; class of place specific. rural-to-urban for ekam- 
pie; and location specific. canying the risks associated with a given locale along to 
8 new localton. Residential mobility per sc is also likely to be a gross o b  ersimplifr- 
cation: distance moved and the type of economic gain anticipated are l ikely to be 
very imponant. 

Substantive findinis art dificult to locate. Despite an impressive beginnin8 
( h e n s z c l  t t  do. 1962; Hacnsrel and Taeuber. 1964; Taeubcr t ~ d . ,  19681. studies 
relatin8 internal migntion IO cancer monafity do not seem tO’h8vC progressed. 
b c n s z r l  et d . * s  results suggested that inditiduals living in three or more places 
had higher lung cancer risks. as did the farm born Y ho migrated to metropolitan 
8reas. Lifetime residents h d  the lowest risks. 

However. in studies of chronic respiratory disease. which is caused by the same 
vanable 8s luna cancer to a large degree. migra~ion effects have not appeared. 
Anderson et ul. (196s) found no relationship of respiratory s! mptomaiolop IO 
residential mobility in I British Columbia population. Stebbinus (1971) found no 
retat ionship of respiratory rympioms in nonsmohcrs to 8cographIc mohlit! as 
estimated by contiguity of place of brnh (contiguous counties. contrquous s w c s .  
othcrl. 

The intervening variables discussed above. and many others rclat~ng 10 [he  
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levels and causes of rnonatity in #cographically defined populations arc given in a 
recent and lengthy review by Cunisr and C n h n  ( 19801. 

f lrr  Wsr ofCounrj Dam Basts  
The study ofmonality in small areas has k e n  made easier by the publication of 

a~lascs  of monality and compendia of county monality ntts, and by the develop 
r.::: r f ' .  .. 
ity,  and socioeconomic data. Methodological and inrtiturional constmints cx1s1 I 

however, which limit the utility of thew publications and d a ~ r  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. bur also 
epidtrnioIogic and statistical advice concerning the calcu!ation of expected levClS 
of m o n a h y ,  whether by rnultivrritcc rdjustment or by seIcctIon of control m a s .  
and the calculation of the statistical signjficrncc of the findings. In our opinion. 
funher methodological development on these latter two points I 5  required. In  rhlr 
discussion we would like to elaborate slightly on the merhodological issues. and 
review briefly some of the existing data bases. especially some lesser-hown Ones 
developed by Deprnrnen; of Energy contractors. 

There are three tenen1 approaches to the estoblishrncnt of expected values for 
8 rrudy area: I: multivariate analysis of social. economic, and dcmognphic char- 
actensrics of a large number of areas as these predict the conerponding morrality 
rates: cucful sckction of similar control areas from a regional or  national set of 
areas (the approach utilized in this 10s Alamor County study): and util~r;rt ion of 
rarcs of neighboring. contiguous geographic meas. Only the 1rt;cr technique i s  
readily available to the local invcstigoror with limited computer experience and 
faciliijrs and limited rutistical cxpcnise. Even selection of a number of control 
counties, by criteria as simple 8s those utilized in the Los Alamor County study. is 
extremely tedious done manually. rnd rather h u u d o u r  in the sense that misiaket 
can easily occur. On the computer, of course, it is easy: especially so if the data 
ba5e is accessible through a true data base managemeni system (DBMS) such as 
System 2000. 

We have utilized two methods of selecting controb, and rlso used !he srate 
populrlion and population of the largest county within the stale as comparison 
populations, and found the inferences IO k drawn from nearly all cornpansons to 
be the same (Tabbs 4 and 3). This may be a consequence of lookifq at a truly 
extreme study -8. Some empirical testing of the robustness of conclusions fob 
iowing upon alternative rmre~ i t s  for control selection needs IO bc done. 

The approach to significance testing of the study area against control counties in 
this Lor Ahmos study deliberately emphasized the g e o ~ n p h i c  heretogencity of 
the control counties rclecled and did nor take into account their population sizes. 
f n  this instance the number of control counties was too small for strong inference 
(although the rvriliibili!y of other tests and the consistency of findings makes this 
point of little substantive imponrncc in interpreting there Lor Alunos findings).  

In general, h o w v e t .  [he question of whether tests of  significance in rmilat 
rnalyrcs should be bared on variance among areas  (3s done above)  or on variance 

---*. ~terizcc! d t t a  bases incorpo-t!irg county  Fc;c!ztion. monal- 

- 
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among individuals in the populations (8s i s  most frequently the case). is a q u t s l i o n  
which has not k e n  given the attention ir deserver. The common technique of 
summing age- rnd sex-specific numerators and dcnominarott across control areas 
bases the test of significance on variance amone individuafs. And. @ r w n  the  h tghly  
skeucd distribution of population sires in small areas, the composite control area 
will most often be 6orninatcd by one or two specific m a s .  

The geographic point of view considers that the appropriate lest derives from 
the distribution of aU possible comparisons between an area and its proper c b -  
trolfs). This distribution can only be derived empirically. u'c only raise this issue 
here: funher work in this area is needed. 

The preeminent couniy darr bare ir th:* of the National Cancer I n n i r u t i  CYc1 I 
relating to cancer monaiiry. This has been published as county data (Mason and 
McKity, 1974) and in a ~ h s  form (Mason CI  nl . ,  1973. 1976). A number of subsran- 
l i ve  publications have denved from this dam base. Polissat (1980) cites rebefa ]  
of these. 

An example of investigations concerning areas of apparent excess risk iden~ificd 
from the NCl data bare i s  the investigation of New Jersey cancer rates bb Green- 
berg t t  01. (1980) which demonstrate that hisIoric8~ trends at the regional and 
national Icvef mu,; be taken into account. Sruer and Parkc (1974) give a useful 
guide to interpreting extreme couniy monality levels from a similar data bare. 

Similar data baser are k i n g  developed elsewhere. as for Canada (Sratiuics 
Canada. 1980). and for other diseases. as for cardiovrsculrt and cerebrovascular 
disease (Fabsitz rnd Fcinlcib. 1980). An excellent oveview of health-related 
mapping projects, and of the methodological problems involved is  liven in the 
"Proceedings of the 1976 Workshop on Automared Canography and Epidemiol- 
ogy" (SCHS. 1979). 

Not all data bares of use to epidemiologists havt been dcvelopcd under No- 
tional Institutcr of Healrh auspices. A utde vu icry  of data bases relaring to 
tncrgy, population, environmental quality, economics. and a~ricul turc  exist.  A 
useful introducrion 10 these is 8ivcn by Moms and Nctvrk (1979) who published 
the proceedinat of a computct~bascd conference on the use of county-lcwl d i u .  

fhc hpanmcnt of Energy has funded development of health-related county 
data bases at Argonne N8rional bbontory, Brookhaven National Labrafop  . 
and k w c n c e  Berkeley IIrbotrrory. Samuel Monir of Btoqkhaven and Susan 
Sacks representing l r w r c n c c  Berkeley each described the database ai their  home 
)aborrtorics ai the Workshop on Health SurvcilIancc around Pom Sources of 
Pollution. 

A dtrcription of the Brookhaven county data base "MEDABA" has been pub- 
lished (Botto PI ol., 1978). MEDABA includes population. net mtgraiion of 
popuhtion. 1976 populr~ion CStimmS. tncrgy use rnd emissions per square mile. 
rnd 1969- 1971 monrlity by cause. 

The Lawrence Berkeley Labonlory data base " P A R A P "  (Popula~ionr-at- 
Rirk.t~Air*Pollurion) has been described by Menill PI nl. (19781. The data base 
contains socioeconomic and demoqnphic d m  from the 1970 census of popula- 
tion. air quality data for 1974- 1976. monaliry data for 1968- 1972 for .(? causes. 
and cancer monaliry for 1930- I969 combined. This data base i s  frcel! O_o!?o!?i o t l t  
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