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• Expoaurea In aouthweatern Ut•h to r•dlo.ctlve f•llout (1951 through 
1SNS2) from •tmoaphertc nuclHr deton•tlona •t the Nevmd• Teat Site (NTS) 
were followed by •m•ll•r expoaurea (1982 through 1979) from venting of 
underground nucle•r deton•tlona. The c•ncer Incidence In • 1951 cohort 
(4, 125) of Mormon f•millea In aouthweatem Ut.h ne•r the NTS w•• comp•red 
wtth th•t of •II Ut.h Mormon• (1SNS7 through 1975). There were 109 more 
c .... of c•ncer th•n expected (288(ob••rved]/ 179(expected]). Leukeml• 
w .. moat prominent ••rly (1958 through 1988), with 19 c••••, flve tlm•• 
more than expected (3.8). Th• exc••• of leukeml• peralated Into th• l•t•r 
period (1972 through 1980), with 12 c•M• obaerved, 3.4 expected. There 
w .. •n lncre•M In lymphom•. Exe•.. c•••• of thyroid c•ncer •PP••red 
••riY •nd • not.bl• exc• .. •PP••r•d l•t•r (14/ 1.7). An exce .. of br•••t 
cmncer w .. noted l•t•r (27I14). There were more c•ncel8 of the g .. trolnt ... 
tin• tr.ct th•n expected. There w•• •n exce .. of mel•nom• (12/4.5), bone 
c•ncer (810.7), •nd br•ln tumor• (9/3.9). A aubgroup with hlatory of •cut• 
t•llout effects hed • higher c•ncer Incidence. Thmt theM c•M• c•n be 
•uocimted with rmdl•tlon expoaur" la aupported by • comp•rtaon betw"n 
group• of the r•tlo of c•ncel'9 of more radioMn81tlve org•n• with all other 
typn of c•ncer. 

(JAMA 1984;251:230-238) 

LONG-TERM worldwide effects of 
nuclear weapons testing may cause 
29,000 to 72,000 deaths from cancer 
(whole-body exposure) and 168,000 
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genetic effects (all generations) (Rob
ert E. Alexander, Office of Standards 
Development, Nuclear Regulatory 
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Commission, Washington, DC, writ
ten communication, Feb 26, 1979). 
There have been few studies of such 
health effects in local civilian popula
tions downwind from nuclear test 
sites and subject to greater exposures 
to fallout. An extensive study of can
cer deaths in Hiroshima and Nagasa
ki survivors assumed exposures to 
direct radiation from the nuclear det
onation and only minimal exposure to 
radioactive fallout.' After a peak in 
leukemia deaths in the first five 
years, there was a persistent increase 
in other cancer deaths. In the last 
five-year period (2'1 to 32 years after 
the bombs), the excess cancer death 
rate increased by 2.4 times, caused by 
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cancer of the esophagus, stomach, 
colon, lung, breast, and urinary tract, 
lymphoma, and multiple myeloma.' 
There was an increase in cancel'. of the 
thyroid gland and benign tumors as 
well. 

Detonation of a 15-megaton hydro
gen bomb at the Bikini Atoll (March 
1, 1954) caused radioactive fallout 
arriving at Rongelap, 180-km distant, 
in four to six hours and at Utirik, 
440-km distant, in about 22 hours. 
The Rongelap islanders received 175 
rad of gamma radiation and Utirik 
islanders received 14 rad before evac
uation. About 90% of those exposed 
had skin burns and hair loss at 
Rongelap. Many had superficial skin 
lesions (14/16{observed/exposed]) and 
three had hair loss at Ailinginae 
Atoll (75 rad), and no one had skin 
lesions or hair loss on Utirik. The 
Rongelap islanders received a thyroid 
dose of 300 rad from '111, "but about 
4,200 additional rad in llll equiva
lents" from the short-lived iodine 
isotopes ('121, m1, and m1).1 Children 
received a larger dose, up to 2,000 or 
more rad for a I-year-old child. Esti
mated thyroid doses at Utirik ranged 
from 30 to 90 rad.' Primary hypothy
roidism and thyroid nodules were 
first recognized in 1964, about ten 
years after exposure, and were earlier 
and more severe in children. A bout 
77% of Rongelap children younger 
than 10 years at the time required 
surgery later for benign and malig
nant thyroid nodules.' 

Construction of the Nevada Test 
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Site (NTS) began in January 1951, 
and the first nuclear weapon was 
detonated then: Of more than 600 
detonations, 183 were in the atmo
sphere (1951 through 1962). Tests 
were usually conducted when winds 
were not blowing toward Las Vegas 
and Los Angeles, which were 140 km 
and 420 km from ground zero (GZ), 
respectively. At least 87 of the 121 
atmospheric tests between 1951 and 
1958 caused offsite contamination, 
and 28 (>620 kilotons [kt1 totally) lay 
down , a swath of radioactive fallout 
over Utah.' Exact patterns were 
unpredictable and depended on the 
presence of functioning monitoring 
devices in local areas. The nuclear 
bomb "Small Boy" of about 1 kt was 
detonated on a tower 3 m high (July 
14, 1962) and produced a "hot spot" of 
100 rad/hr 540 km downwind (48.5°) 
from GZ in the Orem, Utah, area.' 
Within a radius of 8 to 16 km around 
this spot, the radiation dosage rate 
increased by 25 times. There may 
have been many other such areas that 
were not detected. An infinite dose of 
100 rad was calculated for an area on 
the highway between St George, 
Utah, and Cedar City, Utah (228 km 
and .276 km from GZ, respectively), 
after the detonation of "Harry," and 
offsite doses of similar magnitude 
were reported for detonations of 
"Nancy," "Simon," "Badger," and 
"Boltzman" (Harold A. Knapp, PhD, 
US Defense Communications Agency, 
oral communication, Nov 5, 1982). 
High explosive tests were later made 
to study the dispersion of plutonium 
or uranium from nuclear weapons, 
measurably contaminating over 
250,000 sq km, with most contamina
tion occurring in northern Nevada and 
Utah. The highest offsite plutonium 
concentration reported was 9.6 pico
curies per square centimeter (pCi/sq 
cm), two orders of magnitude greater 
than that produced by weapons fall
out for nearby states downwind from 
the NTS and three orders greater 
than for states more distant from the 
NTS.' (A picocurie of a radioactive 
isotope of an element is a quantity 
sufficient to produce 2.2 disintegra
tions per minute. Each disintegration 
releases ionizing radiation. There are 
eight important isotopes of plutoni
um, but ui>u is the predominant 
isot.i:>pe and has a half-life of 24,390 
years.') Radioactive plumes and 
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clouds from 40 subsurface blasts trav
eled beyond site boundaries, contami
nating Utah, including the 100-kt "Se
dan" in 1962 and "Coulomniers" in 
1977. Official monitoring of fallout 
was compromised by failure to acti
vate radiation monitoring apparatus 
during nuclear tests (Deseret News, 
Dec 4, 1979, p 8-B). 

After a test on May 19, 1953, more 
than 300 mR per hour (mR/hr) were 
observed "in and out of cars" in St 
George. Former Atomic Energy Com
mission Chairman, Lewis -Strauss 
noted that "East they got over Pioche 
and over St George which they appar
ently always plaster."' "Estimates of 
dosage delivered by radioactive iodine 
to the thyroids of children in St 
George, Utah, who were less than five 
years old in 1953, vary between 500 
and 2,500 '-.ads" (Michael May, PhD, 
Lawrence Radiation Laboratory, 
Berkeley, Calif, written communica
tion, Nov 29, 1965). These doses are of 
the same order of magnitude as those 
sustained by the Rongelap children, 
who also received 175 rad of whole
body radiation.3 Livestock received 
much higher doses, and deaths of 
more than 4,000 sheep in 1953 were 
associated with the passage of ra
dioactive plumes or clouds. Harold 
Knapp, PhD, reported fetal lambs had 
received doses of 20,000 to 40,000 rad 
to the thyroid gland and sheep had 
received 1,500 to 6,000 rad to the 
gastrointestinal (GI) tract, where the 
external doses were estimated to be 
only 4 rad (oral communication, Nov 
5, 1982). Sheep near Cedar City 
received 38 to 169 rad of external 
gamma radiation.'0 Despite reports of 
high levels of radiation in Utah and 
Nevada, and in Salt Lake City, Den
ver, and points more distant, there 
have been few investigations. Impor
tant exposures of the Los Angeles 
population went virtually unnoticed.'' 
An increase in leukemia mortality in 
southwestern Utah (1950 through 
1964) was reported in 1965 (Edward S. 
Weiss, MSPH, Public Health Ser
vice, written communication) and cor
roborated in a follow-up study of 
leukemia deaths in children 14 years 
later.12 

More than 30 years have now 
passed since the first exposure of 
people in southwestern Utah to 
radioactive fallout. There have been 
external exposures to radioactive 

gases and particulates in the air. ar 
from contaminated soil, and intern 
exposures to radioactive isotopes i 
gested in food and water, or inhale 
and stored in the body. Many perso1 
in this area milk cows and raise the 
own produce and meat and a; 
exposed to resuspended dust fro 
agricultural activities. Of some 2~ 

longer-lived radionuclides released r 
the fissioning of uranium and pluti 
nium, there are radioactive isotopE 
of every trace element and othf 
elements important in human nutr 
tion.'·" Most are cumulative an 
become concentrated in the foo 
chain.'' The molecular, cellular, an 
developmental effects of these radic 
nuclides have been poorly studiec 
This is especially true of long-terr 
effects on human reproduction. Be 
cause of the possibility of an effect 01 

residents of the high-fallout areas ii 
the United States, an empirical inves 
tigation of the incidence of all cance 
in Mormons was conducted in com 
munities in southwestern Utah. 

METHODS 

Selection of the study group require< 
that religion be considered as a potentia 
confounding factor. Utah has the !owes 
cancer incidence of any state, attributed tc 
the life-style of members of the Church o 
Jesus Christ of Latter Day Saints, 01 

Mormons." Utah Mormons (72% of thi 
population) have a cancer incidence 23% 
less than the national average. Utah non· 
Mormons have a cancer incidence 163 
greater than that of Mormons. Church 
members are urged to abstain from tobac
co, alcohol, tea, and coffee, avoid extra· 
marital sexual activity, conform to certain 
family customs, and pursue higher ectuca· 
tion. Furthermore, the Mormon popula· 
tion in Utah seems to have greater stabili
ty. The beneficial effects of the Mormon 
life-style were also reported in California. 
Because of these considerations, the can
cer incidence in Mormons in the high
fallout area in southwestern Utah (4,125) 
was compared with the cancer incidence in 
all Utah Mormons (population, 781,735 in 
July 1971). 

Towns with heavy fallout exposure 
included the St George area, Parowan, 
Paragonah, and Kanab, Utah; Fredonia, 
Ariz; and Bunkerville, Nev. A high-risk 
population was defined as those Mormon 
families or persons listed in 1951 tele
phone directories in these towns still listed 
in the 1962 directories and who could be 
located in 1981. This roster was cheeked 
against church records. "Family" included 
all persons related by blood or marriage in 
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Table 1.-Cancer Incidence in a Mormon Population Reaiding in Southwestern Utah Expoaecl to Radioactive Fallout Compared 
With Cancer Incidence for All Utah Mormons• 

Cina Ut8h 
High-Fallout Al'N" F allout-Effecta GrOUP 

(lntemaU-1 Mormons 1958-1986 1972-1980 1958-1988 1972-1980 
Cl...itlc:atlon of UM17-
DIM-•No., 19°75, Ob- Ex- Ob- Ex- Ob- Ex- Ob- .Ex· 

Typet Aevtalon 8) _ Rat•* Rate Mnred§ peeled§ Rate Mrved peeled Rate .. ,.,,.d pact.cl Rate Mrved pected 

A+8 AU •ilea 228 354 118'll 76.0 377 170'll 102.8 1,322 31'll 5.3 1,064 33'll 7.1 
(140-207) 

A: C.ncer of Lung, rupit•· 16.5 20.0 7 5.8 12.8 8 7.7 21 1 0.8 22 , 0.8 
more radiO- tory (182, 
sensitive 180. 183) 
organs Upper Gt trlle1 4.4 11.4 4 1.5 8.9 4 2.0 0 .. 28 1 0.2 

(141-150) 

Stomach (151) 7.0 34.5 II! 1.8 12.5 5 2.8 138 31 0.2 38 2 0.4 

Colon (153) 19.7 14.0 5 7.0 34.1 14 8.1 88 2 0.6 87 3 0.7 

BrNat (174) 31.11 29.1 8 8.8 60.7 27! 14.2 116 2 0.7 347 at 0.7 

Thyroid ( 193) 3.7 16.3 8'll 1.4 30.8 14! 1.7 . . . 0 ... 26 1 0.1 

Leukemia 7.9 41.7 19! 3.8 28.1 121 3.4 307 11! 0.2 70 1 0.1 

Lymphoma 10.7 10.1 4 4.2 20.7 10 5.2 48 1 0.2. 199 5! 0.3 

Tot.I 101.8 177.1 82! 34.1 208.8 92! 45.1 878 181 2.7 813 22! 3.3 

8:0ther Melanoma ( 172) 5.7 9.0 3 1.9 19.5 9! 2.e 85 2! 0.1 13 1 0.4 
cancer Brain, CNS 4.7 15.0 5# 1.8 8.2 4 2.3 131 2! 0.1 70 1 0.1 

(191, 192) 

Bone. joint (170) 0.8 8.3 3'1 0.3 10.1 5'1 0.4 . . . 0 ... . .. 0 0.1 

Other 115.0 144.8 45 35.8 130.8 80 152.8 4SO 9' 2.4 188 9 8.2 

Tot.I 128.2 178.9 58# 39.8 188.4 78 58.1 Mii 13'1 2.8 251 11 8.8 

A/8 0.807 1.001 . . . . . . 1.239 . . . . .. 1.048 . . . ... 3.2311 - ·- ... 
( A/8 (mubpopulationJ _ 1)x100 

AIB (Utah) 
. . . +24% . . . . . . +53.5% . . . . .. +29.8% . . . . . . +301.4% . . . ... 

"Radioactive fallout occurring from atmospheric detonations of nuclear-pons at the Nevada Teet Site be._ 1951 and 11162. Data have bMrl adjusted for age 
end Hx; age adjustment for the three populations by the direct method with the 1970 US white population H the atandard (JNCI 1980;85:1189). 

t"A" Cle-• of cancer (of the more raclioaenaitive organs) are those found in exceee among the aunrivors of the nuclear bomb detonatione at Hiroehirnll and 
NagaHki: leukemia, lymphoma, cancer of thyroid gland. lung, esophagus (included here are other cancers of the upper gaatrointeatinal [GI) traci 141·150), atomaeh, 
colon. and breast. 

*All ratea are average annual age-adiueted incidence of cancer p9r 100.000. 
§The number of ca ... observed ill compared with the number elqMICted. ElqMICted case numbers -re calculated by the following approaeh: the number of ca- in 

each clau timea the average annual age-adjuated cancer incidence rate for Utah Mormon& divided by the average age-adjueted cancer incidence rate tor the atudy 
population CEnwon RN 1981;25:86). 

llHigh-fallout areas conaiat of the SI George area. Parowan. Paragonah, and Kanab, Utah: Fredonia, Ariz; and BunkeMlle, Nev. For 90ITltl ca-. datea of 
diagnoaia of cancer were not recalled with cenainty. Theae -e allocated to the broad time periods indicated in the table above. Thoae not clearly taUing in a lime periOd-• assigned to a time periOd in the sequence in which they appeared, with conservative effee1, ie, aaaigned equaUy to the early (1958 through 1Q88), interim 
(1987 lhrough 1971). and intermediate (1972 through 1980) time periods. The interim period was not studied because the design ia to compare an early period with a 
later period. 

!Indicate• significant at P•.01. 
#Indicates aignificant at P•.05 (two·t•iled teat"). 

each household, including children born to 
these families during the period 1951 
through 1962 and those who died in 1962 or 
after. The period 1951 through 1962 was 
chosen to define the study population 
because the major exposures to fallout 
occurred in this time. However, the choice 
of 1962 as the end of this period is not 
intended to imply that fallout-induced 
neoplastic diseases of short latency such 
as leukemia could not have appeared 
before 1962. 

Volunteers were trained in the smaller 
towns to carry out a survey of this popula
tion between April and December 1981. In 
St George, trained volunteers were aug
mented with persons hired for this pur
pose. The survey form was completed by 
the surveyor and the head of the family 
and included an inquiry about church 
membership. Other questions concerned 
effects felt immediately after fallout (skin 
burns, eye burns, hair loss, change in hair 

coloration, nausea, and diarrhea), smoking 
experience, employment, and diagnosis of 
cancer. Those who had a medical diagnosis 
of cancer were asked to supply informa
tion for a supplementary form: diagnosis, 
date of diagnosis, date of death if 
deceased, hospital where last treated, 
name of physician, and current address of 
the cancer patient or surviving relative. 
Cancer is a major life-threatening event 
that will be remembered by a person and 
by members of the family. The treating 
physician will inform the patient and/or 
the family of the diagnosis of the disease. 
A recent study reports that diagnosis in 
life correlated with death certificate cause 
and with unpublished data from the Utah 
Cancer Registry more than 90% of the 
time." 

Information was also requested about 
spontaneous abortions, stillbirths, and 
malformations, to be included in later 
reports. When necessary, telephone inter· 
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views were conducted. Telephone compa
nies reported that about 2.5% of residents 
in this area did not have telephones. About 
40% of the defined population could not be 
located in 1981. Loss of this portion of the 
population was thought to have a conserv· 
ative effect on the data, ie, to be more 
likely to understate any association pres
ent. Less than 1 % refused to cooperate. 
The year of diagnosis of cancer could not 
be recalled with certainty in about 18% of 
cases occurring between 1958 through 
1980. These were assigned at random to 
periods 1958 through 1966, 1967 through 
1971, or 1972 through 1980. Skin cancers 
not melanoma and benign tumors were not 
considered, although a high rate of the 
former was reported, and an increase of 
benign tumors could be expected in a 
population with radiation effects.' 

The 1951 cohort at high risk was identi
fied by 1962 telephone directories and 
availability for this study in 1981. The 
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Table 2.-Age Diatribution by Sex in 1982 of Members of Latter Day Saints Families Compared Wlttl Age Distribution 
of Utah Mormons in 1971 • 

lllllecA ... JI' F...-A ... rr 

~" 
, ... 4aoM u.M .. 74 75+ Tot.I ~14 15-"4 ~ 5 .... 15-74 75+ Tot.I 

Ublh Mormona. 
X1,000, 1971 122.1 175.6 32.2 26.2 14.5 10.0 380.e 123.4 181.0 35.1 28.5 19.8 13.3 400.9 

91111 • ..... 
llM; 1982 583 1156 250 187 110 54 2, 131 5'1 937 248 145 87 38 1,994 

Fallout-elf9cta 
Qr"OUI), 1982 15 47 35 20 14 3 134 16 43 25 13 8 0 105 

'Lahr Dey Salm familiee conaia11nQ of tllOaa li8tad in both 1961 and 1982 dftctoriee of communitiea in eouth-t9m Utah. Some of the familiee COUid not be 
located in thia 1981 ~and ar. not inCluded in thia table or in the eurvey of cancer incidence. The study arH inciudaa St Gaofoe, Kanab, Parowan. P1ragon1h, 
Gunloctt, Humcane, Nina, l.Mda, Santa a.re, Walllington, and Vr,o, Utah; Fl'9donil. Ari%; and Bunlcarville. Nev. In some ca-. reepondenta -. uncertain of exact 
1119 ot - family mamberl, and t""8 _. placed In the broad 1119 cataQoriu above by poaitlon in the family. Age distribution of Utah Mormona from Lyon JL. 
Gardner JM, WHI OW: Cancer incidence in Mormons and non·Momione In Utah during 1967·1975 (JNCI 1960;65: 1055). 

population was too small to follow annual 
cancer incidence rates. Cancer incidence 
data for all Utah Mormons were available 
for a nine-year period (1967 through 1975), 
and 2 nine-year periods were selected for 
study of the cohort. Assuming that sub
stantial radiation doses from fallout 
might have been sustained by the major 
part of the study population by 1953, an 
increase in leukemia incidence could be 
evident by 1958, and so an early period 
(1958 through 1966) was selected. Other 
cancers of more radiosensitive organs 
have longer latency periods, and the latest 
nine-year period available for study was 
selected (1972 through 1980). This design 
provided internal as well as external con
trols. Cancer incidence in the early period 
may be compared with cancer incidence in 
the later period, as well as with the control 
population (all Utah Mormons). Cancer 
incidence in the early period for the sub
group complaining of fallout effects may 
be compared with that for the subgroup in 
the later period, with the study population 
as a whole, and with all Utah Mormons. 
Furthermore, the ratios of cancer of more 
radiosensitive organs to all other cancer 
may be compared between the study and 
control populations. 

Cancer incidence in the study popula
tion, the fallout-effects group, and the 
comparison group (all Utah Mormons) 
were age adjusted by the direct method, 
with the 1970 US white population as a 
standard. Expected case numbers were 
calculated for each category by the aver
age annual age-adjusted cancer incidence 
rate for Utah Mormons divided by the 
average annual age-adjusted cancer inci
dence rate for the study population, times 
the number of cases of cancer in the study 
population (Table 1). Although the hy
pothesis to be evaluated is that there may 
be an excess of cancer of the more radio
sensitive organs in a population exposed to 
radioactive fallout, a more conservative 
two-tailed test of significance was selected 
(Table 1). 

Cancer registry data could not be used 
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in this cohort study (1951 through 1980) 
because the registry was not established 
until 1966, fifteen years after the testing 
of nuclear weapons began. The registry 
could not be used to establish a specific 
high-risk cohort in 1951 and follow it 
through time. Registry data include larger 
populations that have immigrated into the 
area in recent years with smaller, more 
recent exposures to fallout and insuffi
cient time to permit any latent cancers to 
appear. Many early residents would have 
left the area and had cancer develop 
elsewhere. 

RESULTS 

The age and sex distribution of the 
study population in 1962 is compared 
with that for all Utah Mormons in 
1971 (Table 2). Although 59.3% of 
women in the study group were of 
childbearing age in 1962 or the decade 
before (1,183/1,994), compared with 
53.8% for all Mormon women in 
Utah, only 27.5% of the study popula
tion are children, compared with 31 % 
for the state, an apparent deficit in 
the fallout area for 1948 through 1962 
of about 20%. 

Average annual age-adjusted can
cer incidence rates in Mormons in 
southwestern Utah in 1958 through 
1966 and in 1972 through 1980 are 
compared with all Utah Mormons in 
1967 through 1975 (Table 1). The ratio 
of cancers of the more radiosensitive 
organs (identified in studies of Japa
nese survivors) to other cancer in the 
study population in 1958 through 1966 
is compared with that ratio in the 
same population in 1972 through 1980 
and to that for all Utah Mormons in 
1967 through 1975. In addition, cancer 
of certain other organs thought to be 
sensitive to radiation are considered 
separately. These are cancer of bone 
and brain and malignant melanoma. 

There was an excess of 42 cases 
(P=.01)" of all cancer in the early 
period (1958 through 1966) and an 
excess of 67 cases (P•.01 )1

• in the 
later period (1972 through 1980). The 
excess cases reflected principally an 
increase in the incidence of cancer of 
more radiosensitive organs. Most no
tably, there were 19 cases of leukemia 
(P=.01)" (3.6 expected) in the early 
period, and this persisted into the 
later period, with 12 cases observed 
(P•.01)" (3.4 expected). An early 
excess of cancer of the thyroid gland 
(6/1.4, P•.01)16 was followed by a 
sharp increase later (1411.7, P=.01)." 
There was a borderline increase in 
lymphoma in 1972 through 1980 (10/ 
5.2, P•.040). The incidence of cancer 
of the breast was unremarkable in 
1958 through 1966 (8/8.8), but a sharp 
increase was noted in 1972 through 
1980 (27/14.2, P•.01)." There was a 
persistent excess of cancer of the 
upper GI tract (411.5 and 4/2.0) that 
was not significant. The incidence of 
cancer of the stomach showed an 
early increase (9/1.8, P•.01)" that 
persisted later (5/2.8). An excess 
number of cases of cancer of colon 
occurred later (1418.1, P= .037). No 
increase in incidence of cancer of the 
lung was observed. There were more 
brain tumors, cancer of bone, and 
melanoma than expected in the early 
period (5/1.6, P:z.05; 3/0.3, P=.01••; 
and 3/1.9, respectively) and this per
sisted (4/2.3; 5/0.4, P=.01 1

•; and 9/2.6, 
P= .01 1

•, respectively). 
The subgroup of 239 persons (134 

males and 105 females) who reported 
effects from fallout had a much high
er incidence of cancer (Table 1). In the 
early period (1958 through 1966), can
cer developed in 31 (P=.01)16 (only five 
cases expected) and cancer developed 
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in 38 (P•.01)" later (1972 through 
1980), when seven cases were ex
pected. Leukemia was most important 
in the early period (9/0.2, P•.01).16 

The classes of cancer in excess in the 
early period also included cancer of 
the stomach (3/0.2, P•.01),16 melano
ma (211.0, P•.01)," and brain tumor 
(210.1, P•.01)." In the later period, 
cancer of the breast (8/0.7, P•.01)" 
and lymphoma (5/0.3, P=.01)" were 
most important. Cancer of the colon 
was also higher (3/0.7, P=.034). 

The ratio of cancer of more radio
sensitive organs (Table 1) to all other 
cancers in the high-fallout area was 
24.0% higher in the period 1958 
through 1966 than that for all Utah 
Mormons, and for the later period, 
1972 through 1980, the ratio was 
53.5% higher. Among the fallout
effects group, this ratio was 29.6% 
higher than for Utah Mormons in the 
early period and about 300% higher 
in the later period. 

Differences in the incidence of can
cer by sex are given in Table 3. 
Although both sexes had an excess of 
leukemia, males had more cases. 
Males did not have an excess of 
lymphoma, as females did later (6/ 
1.9, · P• .05). Females had a larger 
excess of cancer of the thyroid gland 
(6/1.0 [P=.01]'6 early and 9/1.3 
[P=.OlJ" later) than males, who had 
no cases in the early study period but 
had an excess (5/0.4, P•.01)" later. 
Females had a greater excess of stom
ach cancer early (6/0.6, P=.01)" that 
did not persist later (210.9). There 
were an excessive number of cases of 
cancer of the colon later among 
females (11/3.7, P•.01)," but not 
among males. Both males and females 
had an excess of melanoma later 
(4/1.2, P•.34; and 5/1.4, P•.05; 
respectively). Females had more 
brain tumors (3/0.7, P=.34, early; and 
3/1.1 later), and males had more bone 
cancer (210.2 [P•.05) early and 4/0.3 
[P•.05] later). Females had two more 
cases of bone cancer than expeeted 
throughout the study periods. 

COMMENT 

There was an excess of 109 cases of 
cancer (288 cases observed [P•.01)", 
179 expected) in this southwestern 
Utah population of 4,125 during the 
period of the study in this report 
(1958 through 1966 and 1972 through 
1980), a total of about 72,000 person-

years. Leukemia was preponderant 
early and persisted later, compatible 
with a prolonged period of exposure 
to radioactive fallout during 1951 
through 1962 and afterward from the 
venting of 11 of the underground 
nuclear bomb tests (1962 through 
1979). This is in contrast to the peak 
of leukemia deaths in about five years 
among the Hiroshima-Nagasaki sur
vivors after one exposure in 19'5. 
There was an increase of lymphoma 
in females of marginal significance 
(P=.05) in 1972 through 1980. There 
was only one case identified as multi
ple myeloma, in a 15-year-old boy. 
One person was reported to have had 
aplastic anemia (woman, aged 23 
years), another was reported to have 
polycythemia (man, aged 73 years), 
and one death was attributed to 
radiation sickness. Major classes of 
cancer (chiefly breast, colon, and 
lung) in the early period (1958 
through 1966) had virtually the same 
incidence as that for all Utah Mor
mons, consistent with the longer 
latency period for these cancers. 

Cancer of the thyroid gland was 
prominent in the exposed group. A 
significant (P•.01) excess was noted 
early in females, and a notable excess 
was found in both sexes in 1972 
through 1980. Many others in the 
study group complained of thyroid 
problems. 

There was not an excess of cancer 
of the breast until the later period 
(1972 through 1980). There was a 
slight excess of cancer of the upper GI 
tract, the stomach, and of the colon 
occurring later in females. The inci
dence of lung cancer was not higher 
in the study population than for all 
Utah Mormons. The low prevalence of 
smoking in this group would decrease 
retention of inhaled radioactive parti
cles of respiratory size. Moreover, 
most Utah Mormons live in urban 
areas with greater air pollution than 
in southwestern Utah, and so lung 
cancer rates here similar to those for 
all Utah Mormons may actually rep
resent an increase. Females seemed to 
have no advantage over males with 
regard to lung cancer risk. Consider
ing the excess incidence of other 
classes of cancer associated with 
radiation in this area, a larger study 
population may demonstrate an ex
cess incidence of lung cancer. 

A significant (P•.01) excess of mel-
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Table 3.-Age·Adiuated cancer Incidence by 

A+B 

A:C.ncerof~ 

radioMneitiYe 
organa 

B: Other cancer 

AIB 

All Mn (140-207) 

Lung, .... tary 
(182, 180, HIS) 

Upper GI net 
(141-150) 

~(151) 

Colon (153) 

ar..t(174) 

Thyroid ( I 93) 

LAuUmla 

Lympnoma 
Total 
Melllnoma (172) 

8raln. ais ( 181, 182) 

Bone. joint (170) 

Olhel' 
Total 

(
AIB (aubpopdationl_1)x100 
AIB (Utah) 

anoma was found in the later period 
(1972 through 1980), about equally in 
males and females. An excess inci
dence of melanoma has been reported 
in plutonium workers, and a possible 
mechanism for induction of melano
ma by actinides has been described." 
The actinides are chemically similar, 
mostly synthetic, radioactive ele
ments such as actinium, thorium, 
uranium, and plutonium. Of the 
radionuclides of potential importance 
in routine releases from nuclear facil
ities, 47 are actinides.• Tests of pluto
nium dispersion devices at the NTS, 
as well as the detonation of weapons 
with plutonium components, have 
scattered plutonium over a wide area 
and this may be related to the excess 
cases of melanoma found there. 

Plutonium workers have been re
ported to have a proportional morbid
ity ratio 'Of brain tumors (gliomas) 
eight times greater than expected," 
and a significant (P•.05) excess of 
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Sex in a Mormon Population Residing in Southwestern Utah Expoeed to Radioactive Fallout Compared With Cancer Incidence tor AU Utah Mormons• 

..... UtM ..... ..._. In the Hleh-Fallout Ar .. u 
,._... 

Fem• McwlftOM In the Hlgh-F.aout Area -- UtM 
1•7· 1958-1 .... 1872-1975 Momlon• 1H&-1988 1872-1980 
1975, 1887-1875 
R.e.$ -- ObMrvedl !xoectedl ..... ObMrved Expeeted Rate Rate ObHrved !xpeeted Rate ObHrved Expected 
253 29' 53 45.8 318 73 58.1 205 410 85'![ 32.5 432 97, 48.0 

28.3 27.4 5 5.2 20.3 5 7.0 5.3 12.8 2 4.4 5.8 0.9 

8.9 23.4 4 1.2 13.9 3 1.5 2.1 0 4.1 0.5 

9.4 11t7 3 1.7 14.0 1 3 2.0 4.8 51.5 8, 0.8 11.0 2 0.9 

21.0 10.1 2 4.2 13.2 3 4.8 18.4 17.7 3 3.1 54.0 111 3.7 

0.7 0 0 0 81.8 58.9 8 8.8 118.5 271 14.0 

1.9 0 0 22.8 5'f 0.4 5.5 31.9 8, 1.0 38.5 9, 1.3 

9.4 43..1 12, 2.8 37.0 8'1 2.0 8.4 ol0.4 7, 1. 1 19.8 4 1.3 

13.8 15.8 3 2.8 18.2 4 3.4 7.6 4.9 1.8 25.0 8# 1.9 

91A 138..3 29 17.5 137.2 31 21.1 111.9 218.1 33, 20.4 278.3 81! 24.5 

5.8 12.8 2 0.9 18.9 4 1.2 5.8 5.3 1.1 20.1 5# 1.4 

4.8 11.7 2 0.8 3.7 1 1.3 4.5 18.2 3 0.7 12.4 3 1.1 

1.1 11.3 2# 0.2 18.8 4'1 0.3 0.5 5.5 0.1 4.0 1 0.1 

150.0 121.9 18 22.1 141.8 33 35.0 82.3 184.lil 271 13.5 119.2 27 18.8 

181.8 187.7 24 24 180.8 42 37.8 93.1 193.lil 32'![ 15.4 155.7 38, 21.2 

0.588 O.IJM 0.758 1.202 1.114 1.775 

+52.8% +34.1% -7.3% +47.7% 

0 R•dioactlve lllllout occurrinQ from atmoepheric detonanon. of nuclear -•pons at the Nevada T"t Site be-. 1951 and 1982. Data have been adjuated for age and 
au; age adjuatment for the three populations by the direct method with the 1970 US white population H !he standard (./NCI 1980:85: 1169). 

t"A" cla- ol Cllnc« (of the m«e radiollenMive organs) are thoH found in axe- a1110nQ the auNNora of the nuclMr bomb detonation& at Hiroshima and Naoaaaki: 
leukemia, lymphoma. cane« of thyroid gland, lung, noptiagua (included here are other canc.ra of the upper gaatrointeatlnal [GI] tract 141·150), stomacll, colon, and 
breeat. 

*All ratea are a_..ge annual ao--adiuated incidenea of cancer per 100.000. 
§The number Of ca- obMN9CI ia compared with the number expected. Expected caaa numbers -• calculated by the following approach: the number of ca- in each 

c1aa tlmea the all9tllge annuel aoa-adjuatad cancer incidanca rate for Utah Mormona divided by the average aga-adjuatad cancer incidence rata for the study population 
(Enwan RM 1981:25:88). 

llHigh·lallout araaa conliat of tha St Georo• area. F'arowan, F'araoonah. and Kanab, Utah; Fradonia. Ariz; and Bunk&fVille, Nev. For some caaaa datea of diagnosis of 
cancer_,. not recalled wilh certainty.~-• allocated lo the broad time perioda indicated in the tabla above. Thoaa not clearty falling in a tima pe<iod-• a9111gned 
ro a time period in the sequ.nca in which they aP911Arad, wittl con..,...afiva elfect, ia, asaigned equaHy to the early ( t958 through 1986), interim ( 1987 through 1971), and 
intermedieta ( 1972 through t980) lime pe<ioda. The interim paned-• not studied becauaa the deaign ia lo compare an early period with a later period. 

'lndlcataa significant at P •. o 1. 
#Indicates significant at P• .05 (two-tailed teat''>. 

brain tumors were found in the early 
period of this investigation, slightly 
more in males than females. Females 
had a slight excess of brain tumors in 
the later period. Throughout both 
periods there were five more brain 
tumors than expected. Plutonium and 
other actinides are known to be able 
to induce bone cancer, and a signifi
cant (P•.01) excess of this cancer was 
found both in early and later periods. 
Although females had a slight excess 
of bone cancer, males had the most 
cases, and a larger number of cases in 
the later period than earlier. In total, 
there were eight cases of bone cancer, 
and 0. 7 cases were expected. 

The lower range of whole-body 
radiation associated with fallout 
symptoms is about 50 rad, and the 
subgroup of 134 men and 105 women 
with a history of fallout effects prob
ably had much larger doses of radia
tion than did the rest. That this is 
true is supported by the high age-
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adjusted incidence of cancer found for 
this group. In general, this group has 
excess numbers of cancer in the 
classes found to be in excess for the 
group as a whole, but proportionately 
greater. 

Comparif!(ln of the ratio of cases of 
cancer known to be in excess for the 
survivors of Hiroshima and Nagasaki 
with all other classes of cancer can 
help to confirm that the excess inci
dence of cancer in a population 
exposed to radiation is actually 
related to this exposure." In this 
investigation, this comparison pro
vides assurance that the excess inci
dence of cancer is actually caused by 
the exposures to radioactive fallout. 
No other explanations for these 
effects were discovered in the investi
gation, ie, smoking, occupational his
tory, or industrial point sources of 
carcinogens. 

The temporal trend of excess inci
dence of cancer seems to be consistent 

with the experience of the Japanese 
survivors, considering that the expo
sures to the southwestern Utah group 
began six years later and were sus
tained during a 12-year period and, to 
a lesser extent, during a subsequent 
18-year period. The Japanese survi
vors have had a sudden acceleration 
of the increase in the cancer death 
rate, by about 2.4 times in the period 
1972 to 1976.' It seems probable that 
the largest increment of cancer in 
Utah is yet to come. Additional study 
periods (ie, 1981 through 1990, 1991 
through 2000, and 2001 through 2010) 
are necessary to evaluate this later 
phase of cancer induction. A survey of 
chromosomal aberration rates in per
sons who experienced fallout symp
toms may be useful, and an evalua
tion of effects on reproduction during 
and after fallout exposures is needed. 
There is a need for more basic scien
tific research into the molecular, cel
lular, and developmental effects of 
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the multitude of radioisotopes to 
which people have been exposed. 

The Nuclear Regulatory Commis
sion's memorandum on casualties 
expected from worldwide fallout 
should lead us to anticipate greater 
effects in local populations exposed to 
much higher concentrations of radio
nuclides from fallout in the environ
ment. Mormon populations in south
western Utah and adjacent parts of 
Arizona and Nevada have certain 
statistical advantages for such inves-
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