atmospheric  sciences.  Applications
might include verifying air-mass trajec-
tories on scales at which they cannot be
otherwise verified and evaluating large-
scale diffusion. A particularly valuable
application of elemental tracers should
be in determining the source areas of
contaminants in precipitation, which is
important in the field of acid deposition.

References and Notes

1. P. J. Samson, J. Appl. Meteorol. 19, 1382
(1980); K. A. Rahn and R. J. McCaffrey, Ann.
N.Y. Acad. Sci. 338, 486 (1980); R. D. Borys
and K. A. Rahn, Atmos. Environ. 15, 1491
(1981); L. A. Barrie, R. M. Hoff, S. M. Daggu-
paty, ibid., p. 1407; C. Brosset, Ambio 5, 157
(1976).

2. J. M. Miller, Atmos. Environ. 15, 1401 (1981); E.
R. Reiter, ibid., p. 1465; D. E. Patterson and R.
B. Husar, ibid., p. 1479.

3. G. E. Gordon, Environ. Sci. Technol. 14, 792
(1980).

4. K. A. Rahn, ‘“The chemical composition of the
atmospheric aerosol,”’ Technical Report, Grad-
uate School of Oceanography, Unversity of
Rhode Island (1976).

. , Atmos. Environ. 15, 1457 (1981). The
noncrustal component of an element is used
here to mean the mass present in excess of that
calculated from a crustal reference element like
Al, Si, Fe, or Ti, assumed to be totally crustal in
the aerosol (a), and a crustal reference material
such as bulk rock or soil (r). The formula
typically used to calculate the noncrustal com-
ponent of element X is

X
Noncrustal X, = total X, — Al, (E)r

In most cases, global mean crustal rock or soil is
satisfactory; occasionally, local rock or soil
must be used as reference material.

6. The dividing line between fine and coarse aero-
sol is usually taken to be radius ~ 1 pm. This
corresponds to the approximate breakpoint be-

tween (i) particles which penetrate to the lung
and those which do not, (ii) coarser particles
formed by mechanical subdivision (of soil and
seawater, for example) and finer particles
formed by coagulation or nucleation, and (iii)
the original German ‘‘large’ and ‘‘giant’’ ranges
of particles.

7. Instrumental neutron activation normally allows
As, Sb, Se, Zn, and noncrustal V to be deter-
mined in replicate aerosol samples to uncertain-
ties of 5 to 15 percent, and In and noncrustal Mn
to 10 to 40 percent. Differences between ele-
ments in simultaneous samples are usually less
than 10 percent; for ratios, most of this differ-
ence disappears.

8. K. A. Rahn, N. F. Lewis, D. H. Lowenthal, in
Identification and Quantification of the Sources
of Ambient Particulate Matter by Receptor-
oriented Techniques, S. Dattner, Ed. (Air Pollu-
tion Control Association, Pittsburgh, Pa., in
press).

9. B. W. Mosher and R. A. Duce, J. Geophys. Res.
88, 6761 (1983).

10. Seventy-nine Narragansett samples taken semi-
weekly during February—April and June-August
1978 and January-March and June-September
1979; 43 Underhill samples taken daily during
July-August 1982; 76 Rorvik samples taken for 1
to 3 days each during fall and winter 1981-1982;
31 Kecskemét samples taken daily during fall
and winter 1981-1982; 66 Bear Island samples
taken for 2 to 3 days each during winter 1977-
1978; 54 Barrow samples taken semiweekly
from October 1977 to May 1978.

11. K. A. Rahn, D. H. Lowenthal, and N. F. Lewis
[““Elemental tracers and source areas of pollu-
tion aerosol in Narragansett, Rhode Island,”
Technical Report, Graduate School of Oceanog-
raphy, University of Rhode Island (1982)] show
that noncrustal V in both New York City and
Narragansett decreases from winter to summer
by 50 percent relative to other pollution-derived
elements.

12. G. S. Kowalczyk, G. E. Gordon, S. W. Rhein-
grover, Environ. Sci. Technol. 16, 79 (1982).

13. K. A. Rahn, thesis, University of Michigan
(1971).

14. C. Brosset, in (/).

15. Linear discriminant analysis is used to define
groups from observations with known attributes
and then classify other observations into one of

Childhood Leukemia and Fallout
from the Nevada Nuclear Tests

Charles E. Land, Frank W. McKay, Stella G. Machado
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mortality from childhood leukemia and
residence in the southern 17 counties of
Utah between 1951 and 1958, the major
period of aboveground nuclear weapons
testing at the Nevada Test Site. They
observed different patterns of risk with
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children from 17 rural counties in south-
ern Utah, which they designated as the
“‘high-fallout’’ area on the basis of maps
of estimated fallout distribution, and
those from the remaining 12 northern
counties of Utah, which they called the
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tality ratios used to compare the high-
exposure and low-exposure cohorts
within each area. That is, the ratio of
observed deaths in the high-exposure
cohort to the number expected on the
basis of the observed number in the low-
exposure cohort was higher in southern
Utah than in northern Utah.

The mortality rate for the high-expo-
sure cohort in southern Utah was not
extraordinarily high but was comparable
to the corresponding rate in northern
Utah. But the rate for the low-exposure
cohort, for the period 1944 through 1950
and for children born after 1958, was
lower in southern Utah than in northern
Utah (Table 1). Presumably, leukemia
mortality among children (ages 0 to 14
years) in an area of normally low risk
was increased, after their exposure to
fallout,. to a level comparable to that in
the northern part of the state. In con-
trast, for children born after the testing
period, the level of risk was substantially
lower, as it had been before testing be-

Charles E. Land and Stella G. Machado are with
the Environmental Epidemiology Branch of the Na-
tional Cancer Institute, National Institutes of
Health, Bethesda, Maryland 20205. Frank W, Mc-
Kay is with the Clinical Epidemiology Branch of the
National Cancer Institute.
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“Low fallout”

Border

Interior

fallout”

gan. Although it was not asserted by
Lyon et al. (I) that an etiologic relation
had been shown, alternative explana-
tions such as ‘‘an unknown factor’’ that
““could have depressed leukemia mortal-
ity in the high-fallout counties’’ before
testing began or in children born after
1958, or ‘‘a chance clustering of leuke-
mia deaths in a short time,”” were de-
clared unlikely.

Recently, Beck and Krey (2) reported
that average exposures to fallout from
the 1951 through 1958 test series were, if
anything, somewhat higher in northern
than in southern Utah. These results
indicate that there would be no reason
for radiation-induced leukemia to be
more frequent in southern than in north-

Period covered by NCHS data
Period covered by Lyon et al.

Low
exposur

Age at death

L L L L

1975 1978

o
1944

1951

1959

Fig. 1 (left). Geographic regions designated by
Lyon et al. (1, 3) as experiencing high and low
levels of fallout from weapons tests at the
Nevada Test Site between 1951 and
1958. Fig. 2 (right). Definition of ‘‘high-
exposure’’ and ‘‘low-exposure’’ categories in
terms of calendar time and age.

National Center for Health Statistics
(NCHS), where they are used to prepare
yearly vital statistics reports for the en-
tire country. Yearly listings of cancer
deaths, coded as to cause as well as the
sex, race (white and nonwhite), and
county of residence of the deceased,
were available from the NCHS for the
period 1950 through 1978, but not earlier.

We attempted to confirm the findings
of Lyon et al. (I) by using childhood
cancer mortality data from the NCHS.
We also used these data to compare
southern Utah with several areas outside
Utah that were relatively unaffected by
radioactive fallout from the Nevada Test
Site, using the same method as that used
to compare southern and northern Utah.

Summary. Cancer mortality data from the National Center for Health Statistics,
covering the period 1950 through 1978, were used to test a reported association
between childhood leukemia and exposure to radioactive fallout from nuclear
weapons tests in Nevada between 1951 and 1958. No pattern of temporal and
geographic variation in risk supportive of the reported association was found.
Comparison of these results with those presented in support of an association of risk
with fallout suggests that the purported association merely reflects an anomalously
low leukemia rate in southern Utah during the period 1944 to 1949.

ern Utah. Thus the Beck and Krey (2)
report and, if not the results of Lyon et
al. (1), at least the implication of a causal
association between fallout and leukemia
mortality, are contradictory.

Data Sources and Partitions

The study by Lyon ez al. (I) was based
on death certificates obtained from the
Utah state registrar of vital statistics.
Death certificates from all states, includ-
ing Utah, are routinely forwarded to the
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We constructed frequency tables for
all cancer deaths of children between
1950 and 1978 by cause of death (leuke-
mia or other cancer), age, year, race, and
county of residence. These frequencies
were consolidated by geographic region
and age-time categories as specified by
Lyon et al. (I). The ‘‘high-fallout area”
of 17 southern counties was subdivided
into five border and 12 interior counties
(3); the ““low-fallout area’’ consisted of
the 12 remaining counties in the north
(Fig. 1). As shown in Fig. 2, the high-

exposure age-time category [the ‘‘co-

Table 1. Childhood leukemia mortality rates
reported by Lyon et al. (1, 3) in Utah between
1944 and 1975, by year of birth, year of death,
and geographic region. Rates are per 100,000
population per year, directly adjusted for age

. and sex to the 1960 U.S. white population.

Mortality rate

Year of Year of
birth death Southern  Northern
Utah Utah
1958 or 1944 to 2.10 3.84
earlier 1950
1951 to 4.39 4.21
1972
1959 or 1959 to 1.96 3.28
later 1975

hort’’ of Lyon et al. (1)] included deaths
before age 1 for the years 1951 through
1958, deaths at age 1 for the years 1951
through 1959, and so on up to deaths at
age 14 for the years 1951 through 1972.
All remaining deaths—that is, all in 1950
and all subsequent to the high-exposure
years for each age at death—were as-
signed to the low-exposure category.
The low-exposure category of Lyon et
al. included the years 1944 through 1949,
which were not covered by the NCHS
data; on the other hand, the NCHS data
include the years 1976 through 1978,
which were not covered by Lyon ez al.

Two more geographic regions were
selected for comparison with the Utah
regions: eastern Oregon, defined as most
of the state east of the crest of the
Cascade Range (Klamath County was
omitted because it contains a metropoli-
tan area larger than any in southern
Utah), and the state of Iowa. Eastern
Oregon was selected because it is a rural
and largely desert area near Utah that
was virtually unaffected by fallout from
the Nevada Test Site. Iowa is a more
populous but largely rural state and was
included to provide a contrast more typi-
cal of the United States as a whole.
High- and low-exposure age-time catego-
ries were defined for eastern Oregon and
Iowa in exactly the same way as those
for northern and southern Utah.

Regional differences throughout the
United States with respect to the ethnic
and racial composition of the nonwhite
population led us initially to base the
comparison solely on mortality among
white residents. Later, however, it ap-
peared that several of the leukemia
deaths reported by Lyon et al. in the
southern counties were from the non-
white population, and it seemed appro-
priate to include an additional analysis of
leukemia mortality based on the com-
bined white and nonwhite populations of
the Utah areas.

Person-year values corresponding to
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the age-time categories for deaths were
obtained from county-specific data in 5-
year age intervals (0 to 4, 5to 9, and 10 to
14 years) from national U.S. Census
figures for 1950, 1960, 1970, and (esti-
mated) 1975 (4-6) and interpolated lin-
early by calendar year. Approximate
person-year values corresponding to sin-
gle years of age were estimated as 1/5the
interpolated values for the appropriate 5-
year age intervals.

Statistical Comparisons

For each geographic area, a standard-
ized rate ratio was calculated as the
(standardized) mortality rate for the
high-exposure category divided by the

corresponding low-exposure rate. Ap-
proximate 90 percent confidence limits
were obtained by the Taylor series meth-
od applied to the logarithms of the stan-
dardized rate ratios (7). Standardization
was with respect to the age distribution
of the 1960 U.S. white population and,
for comparisons involving whites and
nonwhites, the distribution of whites
and nonwhites within Utah. Single-year
age strata were used because the high-
and low-exposure time periods vary sys-
tematically with age at death (Fig. 2),
causing the age distribution within any
multiyear age stratum to be older for the
high-exposure category than for the cor-
responding low-exposure category. The
analysis was not stratified by sex be-
cause, although leukemia mortality is

known to vary by sex, there is little
variation in the population sex ratio
among children by geographic region,
age, or calendar time. Comparable rates
and rate ratios for the United States as a
whole were calculated from cancer mor-
tality rates for 5-year age intervals and
single calendar years (8).

This analysis was supplemented by an
age-adjusted contingency table analysis
(results not shown), for which an internal
standard of adjustment was used (9).
Although the contingency table analysis
gave results very similar to those ob-
tained by the standardized rate ratio
method, the latter approach was pre-
ferred because it is more straightforward
to compare ratios obtained by using the
same standard age distribution.

Table 2. Childhood leukemia deaths between 1950 and 1978 by age, geographic region, ‘‘exposure’’ category, and race (Utah only, with nonwhite

values in parentheses).

Leukemia deaths

Age Southern Utah (border) Southern Utah (interior) Northern Utah Eastern Oregon Iowa

High Low High Low High Low High Low High Low
exposure exposure exposure exposure exposure  exposure  exposure  exposure exposure exposure

0 0 1 1 0 4 9 1 1 14 23
1 0 0 0 0 2 13 2 2 19 24
2 1 0 1 1 10 14 3 4 28 30
3 0 0 2(1) 1 22 15 1 0 38 49
4 2 1 1 2 17 13(1) 4 2 50 52
5 0 1 1 0 12 14 3 3 35 30
6 0 0 1() 1() 10 16 1 0 30 26
7 1 0 1 3 11 18 0 0 40 30
8 1 1 1 0 10 4 6 2 29 21
9 1 2 1 0 7 3(1) 1 0 31 18
10 1 0 0 0 9 1 3 1 25 10
11 1 1 2 0 7 3 1 0 17 10
12 1 0 1 0 19 3 2 0 22 10
13 1 0 1 0 2(1) 1 0 0 22 6
14 3 0 3 1 8 0 0 1 15 9
Total 13 7 17 2) 9 (1) 150 (1) 127 (2) 28 16 415 348

Table 3. Estimated person-years at observation for risk of leukemia between 1950 and 1978 by age, geographic region, ‘‘exposure’’ category, and
race (Utah only, with nonwhite values in parentheses).

Person-years (in hundreds)

Southern Utah (border) Southern Utah (interior) Northern Utah Eastern Oregon Towa

Age
g High Low . High Low High Low High Low High Low
expo- expo- expo- expo- expo- ~ expo- expo- expo- expo- expo-
sure sure sure sure sure sure sure sure sure sure
0 82 (1) 201 (5) 193 (13) 411 (44 1,421 (20) 4,450 (82) 345 745 4,628 10,092
1 92 (1) 191 (5) 217 (15) 387 (42) 1,629 (23) 4,242 (79) 388 701 5,229 9,491
2 101 (1) 182 (4) 240 (17) 364 (40) 1,844 (26) 4,028 (76) 431 658 5,835 8,885
3 110 (1) 173 4) 262 (19) 341 (38) 2,056 (30) 3,815 (73) 473 616 6,426 8,294
4 119 (2) 164 (4) 283 (21) 320 (36) 2,267 (33) 3,605 (69) 514 576 7,002 7,717
5 126 (1) 137 (3) 283 (18) 292 (35) 2,153 (31) 3,052 (58) 535 593 6,905 7,980
6 136 (2) 128 (3) 303 (20) 272 (33) 2,348 (34) 2,857 (54) 577 551 7,471 7,414
7 145 (2) 118 (2) 323 (22) 252 (31 2,545 (38) 2,660 (51) 619 510 8,034 6,851
8 154 (2) 110 (2) 342 (24) 233 (29) 2,743 (41) 2,462 (47) 659 469 8,595 6,291
9 163 (2) 101 (2) 360 (26) 215 (27) 2,942 (45) 2,263 (44) 700 429 9,153 5,733
10 157 (2) 100 (2) 362 (22) 220 (25) 2,734 (47) 2,202 (46) 688 456 8,925 5,964
11 166 (2) 90 () 381 (24) 200 (23) 2,940 (51) 1,996 (42) 730 414 9,496 5,393
12 175 (3) 81 (1) 401 (26) 181 (21) 3,147 (55) 1,789 (37) 773 371 10,064 4,825
13 184 (3) 72 (1) 421 (28) 161 (19) 3,355 (60) 1,580 (33) 816 328 10,628 4,260
14 193 (3) 63 (1) 440 (31) 141 (16) 3,565 (64) 1,371 (29) 858 285 11,190 3,699
Total 2,103 (27) 1,911 (41) 4,810 (324) 3,990 (461) 37,688 (599) 42,370 (819) 9,107 7,704 119,581 102,888
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Table 4. Comparison of NCHS data and studies of Lyon et al. (I, 3) for numbers of childhood

Mortality: Leukemia and Other Cancers
leukemia deaths in Utah between 1944 and 1978, by year of birth, year of death, and geographic

region. Most analyses described here can be

Number of deaths recreated from the numbers of childhood

Year of Year of : leukemia deaths and estimated person-

birth death Southern Utah Northern Utah years given in Tables 2 and 3.

Lyon NCHS Lyon NCHS When Utah leukemia deaths were

1958 or carlier 1944 to 1949 3+ 38+ compared with those reported by Lyon

1950 4+ 4 6* 6 et al. (1), a reasonable agreement was

1951 to 1972 32 32 152 151 obtained for the years covered by both

1959 or later 1959 to 1975 10 9 112 105 studies (Table 4). Standardized rate ra-
1976 to 1978 4 18

tios for the white populations of all areas
considered (Table 5) and for Utah whites
and nonwhites combined (Table 6), show
that, although all the ratios exceeded
unity, there were no statistically signifi-
cant differences in mortality figures be-
tween northern and southern Utah; with-

*Agreement with NCHS assumed for 1950.

Table 5. Childhood leukemia mortality among whites, 1950 through 1978, with the ‘‘high-
exposure’”’ category compared to the ‘‘low-éxposure’ category by geographic region and
adjusted for age.

Number of deaths Mortality rate*

) Standard- 90 Percent  in southern Utah, the small observed

Region High Low High Low izedrate  confidence gifference between the border and interi-
exposure  exposure  €xposure  exposure ratiof interval or counties was opposite in direction to

Utah that reported by Lyon et al. (3). The rate
" Southern ratio for eastern Oregon was (nonsignifi-
Border 13 7 5.46 3.83 1.42 0.64, 3.15 cantly) larger than that for any of the
}rnterlior ;g lg Zf(l) %gg iig 8;; 31% Utah regions, while that for Iowa was
Northern 150 127 425 2.79 1.52 1.24, 14 (again, nonsignificantly) less than that
Eastern Oregon 28 16 3.52 1.94 1.81 1.07,3.07  for any of the western areas. The rate
Towa 415 348 3.79 3.28 1.16 1.02, 1.31 ratio for the United States as a whole fell
United States 3.99 2.96 1.35 1.13, 1.61 between that for Iowa and those for the

*Rates are deaths per 100,000 per year, standardized to the age distribution of the 1960 U.S. white ~ Western areas. These results are consist-

population. +The standardized rate ratio is the high-exposure rate divided by the low-exposure rate. ent with a downward trend over time in
childhood leukemia mortality—a trend
7 White males apparent in all geographic areas covered

in our analysis and characteristic of the
United States as a whole (8) (Fig. 3).
Results for childhood cancer other
than leukemia among whites (Table 7),
as with leukemia, showed no statistically
significant differences by geographic
area suggestive of increased risk associ-
ated with exposure to fallout in southern
Utah. The data clearly suggest a decreas-
ing temporal trend in mortality for most
of these areas, if not for the United
States as a whole. The most striking
finding was a high rate ratio for eastern
Oregon, for which no explanation in
terms of fallout exposure seems possible.

Age
@ 0-4 years
A 5-9 years
L] 10-14 years

w

-
I

! -~ Fig. 3. Temporal patterns in

childhood leukemia mortality,
United States, 1950 to 1977,
I~ by age and sex (8).

White females
Discussion

Clearly, the NCHS data provide no
support for the conclusion of Lyon et al.
(1, 3) that increased mortality from child-
hood leukemia was associated with resi-
dence in southern Utah during the period
of aboveground atomic weapons testing
at the Nevada Test Site.

There is much to criticize in their
statistical approach, but the differences
between their results and ours do not for
the most part depend on differences in
methodology. The most important meth-
odological criticism is that Lyon et al.
did not in fact find a statistically signifi-

Deaths per year per 100,000 people
[4,]
T
>

19560 1960 1970 1980

Year
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cant difference in standardized mortality
ratios between northern and southern
Utah by an appropriate method: a Man-
tel-Haenszel comparison was not statis-
tically significant (3); and the statistically
significant difference that was reported
in 1979 (I) resulted from the use of a
method that incorrectly assumed known
expected frequencies for the high-expo-
sure categories. The Bailar-Ederer meth-
od (10) used by Lyon et al. (3) tests the
ratio of two Poisson variates after scaling
by an arbitrary constant, such as the
ratio of two (known) expected frequen-
cies. This method would be appropriate,
for example, for testing two standardized
mortality ratios each defined as the ratio
of the number of childhood leukemia
deaths in the high-exposure category for
a given geographical area to the corre-
sponding number expected according to
U.S. population rates. The standardized
mortality ratios compared by Lyon et al.
(1, 3) were each defined as the ratio of
the leukemia frequency in the high-expo-
sure category to the expected frequency
estimated from the observed leukemia
deaths in the corresponding low-éxpo-
sure category. Since each (estimated)
expected frequency was subject to fully
as much random variation as the corre-
sponding observed frequency, a test in-
corporating the assumption of constant
expected frequencies was clearly inap-
propriate.

Regardless of their appropriateness,
the methods used by Lyon et al., like
those that we used, fail to discriminate
between northern and southern Utah
when applied to the NCHS data for 1950
through 1978: standardized mortality ra-
tios comparing high- and low-exposure
mortality, computed by their method,
were 1.61 for northern Utah and 1.58 for
southern Utah (all races). The difference
between the two is extremely small and
in the opposite direction to that found in
the original study of Lyon et al. (I).

Since the NCHS data agreed reason-
ably well with those used by Lyon et al.
(1, 3) for the high-exposure categories in
both northern and southern Utah, and
their statistical methods gave approxi-
mately the same result with the NCHS
data as the methods that we used, the
difference between the two studies must
depend. on the different low-exposure
groups used. Deleting the years 1976
through 1978 from the NCHS data did
not change the standardized rate ratios in
Tables 5 and 6 enough to suggest a
difference between northern and south-
ern Utah. On the other hand, Table 4
indicates that between 1944 and 1949
there were only three childhood leuke-
mia deaths in southern Utah and 38 in

13 JANUARY 1984

northern Utah, a remarkable discrepan-
cy even given the difference in popula-
tion size.

Figure 4 presents standardized rate
ratios comparing southern and northern
Utah for each of the five consecutive
calendar time-birth cohort divisions
shown in Fig. 2: 1944 to 1949, 1950, the

high-exposure categories (1951 to 1972
and born in 1958 or earlier), and, for
persons born after 1958, the time inter-
vals 1959 to 1975 and 1976 to 1978.
Unlike the ratios in Tables S through 7,
the ratios in Fig. 4 represent comipari-
sons between geographic regions within
age-time categories rather than compari-

Table 6. Childhood leukemia mortality in Utah, all races; 1950 through 1978, with the ‘‘high-
exposure’’ category compared to the ‘‘low-exposure’ category by geographic region and

adjusted fpr age and race.

Number of deaths Mortality rate* Stan-
. dard- 90 Percent
Region of High Low High Low ized confidence
Utah expo- expo- expo- expo- rate interval
sure sure sure sure ratiot
Southern
Border 13 7 5.33 3.74 1.42 0.64, 3.15
Interior 19 10 3.60 2.26 1.60 0.81, 3:15
Total 32 ) 17 4.16 2:74 1.52 0.91, 2.55
Northern 151 129 4.17 2.78 1.50 1.23, 1.84

*Rates are deaths per 100,000 per year, standardized to the 1960 U.S. population age distribution and to the
distribution of whites and nonwhites in Utah between 1950 and 1978.
high-exposure rate divided by the low-exposure rate.

1The standardized rate ratio is the

Table 7. Mortality from childhood cancers other than leukemia among whites, 1950 through
1978, with the ‘‘high-exposure’’ category compared to the ‘‘low-exposure’ category by

geographic region and adjusted for ages.

Number of deaths

Mortality rate*

Standard- 90 Percent
Region High Low High Low ized rate confidence
expo- expo- expo- expo- ratiot interval
sure sure sure sure
Utah
Southern . )
Border 9 10 4.93 6.17 0.80 0.36, 1.77
Interior 18 15 4.65 3.40 1.37 0.75, 2.48
Total 27 25 4.74 4.26 1.11 0.69, 1.79
Northern 173 141 4.90 3.13 1.56 1.29, 1.90
Eastern Oregon 63 22 7.90 2.88 2.74 1.80, 4.17
Iowa 508 388 4.53 3.68 1.23 1.10, 1.38
United States 4.47 4.22 1.06 0.90, 1.24

*Rates are deaths per 100,000 per year, standardized to the age distribution of the 1960 U.S. white

population.

1The standardized rate ratio is the high-exposure rate divided by the low-exposure rate.
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sons by age-time categories within geo-
graphic regions. The data for 1944 to
1949 were derived from 1944 to 1950
figures stratified by S-year age intervals
(/1) and with assumed agreement with
the NCHS data for 1950.

The pattern of rate ratios does not
suggest a relative increase in risk among
southern Utah residents after 1950, fol-
lowed by a return to a previously low
level of risk, although it is easy to see
how such an interpretation might be con-
sidered plausible with only ratios for
1944 to 1950, the high-exposure category
and the remaining low-exposure data
through 1975 available. The five ratios in
Fig. 4 are markedly nonhomogeneous. A
statistical test based on the logarithms of
these ratios and their standard errors
gave a nonhomogeneity chi-square of 8.7
with 4 degrees of freedom (P = 0.069). It
is the 1944 to 1949 ratio, however, and
not the high-exposure value, that seems
out of place: chi-square was 8.1 with 3
degrees of freedom (P = 0.044) without
the high-exposure point, but only 4.1
with 3 degrees of freedom (P = 0.25)
without the 1944 to 1949 value.

It is apparent that the reported associ-
ation between childhood leukemia mor-
tality and residence in southern Utah
during the years of aboveground nuclear
weapons testing at the Nevada Test Site
cannot be supported on the basis of
mortality data since 1950, but depends
rather on the assumption that the ex-
traordinarily low rate observed in south-
ern Utah between 1944 and 1949 is an
accurate representation of the true popu-
lation risk during that period.

A more likely, but nevertheless specu-
lative, suggestion is that the early leuke-
mia deficit was an anomaly related to
underdiagnosis of leukemia or to com-

peting mortality from other childhood
diseases. Enstrom (/2) reported that in
1950 there was only one Board-certified
physician for a population of about
125,000 in the 17 southern counties of
Utah, six in 1961, and four in 1969,
whereas in 1961 there were 345 for a
northern Utah population of 765,000.
The attribution by Lyon et al. (3) of a
relative excess of nonleukemia cancer in
the southern counties, before testing be-
gan, to miscoded benign tumor deaths (3)
is itself an indication that case finding
and diagnostic accuracy may have im-
proved substantially over time in south-
ern Utah. Kneale and Stewart (/3) have
commented on the increase in reported
deaths from childhood leukemia in the
United Kingdom that followed the post-
war introduction of antibiotics for the
treatment of infectious disease, which
was often fatal for children whose im-
mune systems were weakened by (often
still undiagnosed) leukemia. The difficul-
ties of transportation in areas of low
population density, like southern Utah,
were much greater in the 1940’s than
they are now, and this surely had an
influence on access to medical services.
The similarity between northern and
southern Utah with respect to childhood
leukemia mortality among children born
after 1958 also suggests that it is the
experience before 1950, rather than sub-
sequently, that requires explanation.

By themselves, the present compari-
son of northern and southern Utah, and
the findings of Beck and Krey (2) with
respect to the distribution of fallout with-
in Utah, do not preclude a temporary
increase in childhood leukemia risk
shared by residents of northern and
southern Utah. On the other hand, the
very similar result obtained for eastern

Oregon, which was virtually unaffected
by fallout, suggests that if fallout from
the Nevada Test Site did influence leuke-
mia rates over the past 30 years or so,
that influence was small relative to the
effects of other factors.

The caution expressed by Lyon et al.
in their original article (/) and the cave-
ats given in the accompanying editorial
(14) were well taken. The evidence for an
increase in childhood leukemia mortality
in southern Utah as a result of exposure
to radioactive fallout between 1950 and
1958 appears, on closer examination of
available data, to be slight or nonexis-
tent.
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AAAS-Newcomb Cleveland Prize
To Be Awarded for an Article or a Report Published in Science

The AAAS-Newcomb Cleveland Prize has been awarded
to the author of an outstanding paper published in Science
from August through July. This competition year starts with
the 6 August 1982 issue of Science and ends with that of 23
December 1983. The value of the prize is $5000; the winner
also receives a bronze medal.

Reports and Articles that include original research data,
theories, or syntheses and are fundamental contributions to
basic knowledge or technical achievements of far-reaching
consequence are eligible for consideration for the prize. The
paper must be a first-time publication of the author’s own
work. Reference to pertinent earlier work by the author may
be included to give perspective.
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Throughout the year, readers are invited to nominate
papers appearing in the Reports or Articles sections. Nomi-
nations must be typed, and the following information provid-
ed: the title of the paper, issue in which it was published,
author’s name, and a brief statement of justification for
nomination. Nominations should be submitted to AAAS-
Newcomb Cleveland Prize, AAAS, 1515 Massachusetts
Avenue, NW, Washington, D.C. 20005. Final selection will
rest with a panel of distinguished scientists appointed by the
Board of Directors.

The award will be presented at a session of the annual
meeting. In cases of multiple authorship, the prize will be
divided equally between or among the authors.
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