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134 The Leukemias: Epidemiologic Aspects

excess childhood leukemia mortality reported by Lyon et al.” [27]. Land
et al. used childhood cancer mortality data from the National Center for
Health Statistics 1950-78 and examined geographic and temporal varia-

‘, tion for leukemia and childhood cancer other than jeukemia mortality,
’ comparing northern and southern Utah (using the same geographic par-
3&' i titioning as Lyon et al.), eastern Oregon, lowa, and the entire U.S. They
~'ﬁ§ f tound no statistically significant geographic or temporal differences, but an
o apparent downward trend over time in childhood leukemia mortality.
L They concluded that their data did not support the Lyon et al. conclusion
' of increased risk associated with exposure 0 fallout in southern Utah and
=1 that, most likely, Lyon et al. had based their conclusion on “an anoma-
lously low leukemia rate in southern Utah during the period 1944 1o

. 19497 [28].
oy Caldwell et al. showed a significant increase in leukemia (9 cases
... observed while 3.5 were expected) among 3,224 men who participated in
-~ military maneuvers during the 1957 nuclear detonation of a 44-kiloton
il bomb called “Smoky” in Nevada [27]. Nine cases (4 AML, 3 CML, 1
paiity ALL, and one with hairy cell leukemia) occurred when 3.5 were expected.
P The only exposure data available were in the form of film badges showing
oaiad an average whole-body gamma dose of 466.2 mrem for the entire cohort
z, and a mean dose of 1,167 mrem for cases. However, as the authors indi-
Ml cated, there are several problems with the exposure data including; a sig-

nificant number of badge dose readings of zero, the badge dose represent-
ing 3 cumulatve dose received Trom the entire series of tests with no
specific i Gt the individual doses comprising the cumulative
dose that may have come from other sources of radiation exposure; badge
doses reflecting only external radiation eXposures from gamma and beta
radiation; and no Tnformation about neutron exposurc or internal cggo-x
sur ere was no monitoring for internal exposures Wr
~Fhaled radioactive material. The cases or their next-of-kin were ques-
tioned as to other possible Jeukemogenic exposures. Three of the cases may
have had additional exposures (from pesticides, chloramphenicol, and
cosmic radiation in the case of a commerical airline pilot). The latent
period between exposure and onset of leukemia averaged 14.4 years, longer
than that of the Japanese atomic-bomb survivors for whom minimal
latency was approximately four years and maximum latency was 10-12
years. Follow-up of the Smoky cohort was incomplete (76%) and hence
conclusions must be interpreted with caution (see Table 6-5).

b 2

V_.
g o

Leukemia in Radiologists

Seltser and Sartwell (28] and Matanoski et al. {29, 30} examined the mor-
wality experience of American radiologists (members of the Radiological
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ble 6-5

Studies examining the relationship between leukemia and exposure to nudear weapons, fallout, or nudlear facilities

Type of radiation

Amit. of radiation Findings with respect 10 |

Hiroshima: gamma
rays and
neutrons

Nagasaki: gamma
rays primanly

0-400+ rads Leukemia (including ALL, Al
CML, but not CLL) was ic
late mortality effect of nucle
There was a stronger radial

carcinogenic effect for Hiro:

Children in Utah
under 15 years of
age from 1944-75
including 378
children who died
{rom leukemia or
other cancers.

Gamma rays from
nuclear tests
carried out in
Nevada during
the 1950's.

Unknown Observed leukemia mortality i
2.44-fold for the high-expos
children living in high fallot
southern Utah compared wi
exposure cohort of children
fallout counties. Leukemia ¢
available on most death cert




Operation Hardtack I
1958 - Pacific Proving Grounds

During Operation Hardtack 1 and 2 (1958) there were 62 US atomic weapons fired
into the atmosphere, fifteen other devices were detonated underground. The Soviet Union
also fired 34 atomic weapons above ground in 1958. The British exploded 5 weapons at
Christmas Island. There were 16,000 DOD personnel involved in the US tests.

Hardtack I included 35 tests, the largest test series so far (1958 in fact saw a total of 77
U.S. tests, more than the three previous record setting years combined). Partly this burst
of testing activity was due to building pressure for an imminent test moratorium, leading
the weapons labs to rush as many device types to the test range as possible. A total of
35.6 megatons were shot during this series.

The lab tests centered on ICBM and SLBM missile warheads and high yield strategic
bombs. The DOD conducted high altitude multi-megaton tests to study their usefulness
for ABM (anti-ballistic missile) warheads, and discovered the high-altitude EMP
(electromagnetic pulse) effect in the process. Effects tests of underwater explosions were
also conducted.

The extensive test schedule required the use not only of both atolls (Bikini and Enewetak)
but Johnston Island also. This series was the last to conduct atmospheric testing at Bikini
and Enewetak atolls. Test names were taken from North American trees and shrubs.

Source: puclearweapgnarchive.org

Hardtack I consisted of three portions; the first was the development of nuclear weapons.
This was a continuation of the type of testing conducted at Enewetak and Bikini during
the early and mid-1950s. In these tests, the weapons development laboratories, Los
Alamos Scientific Laboratory and the University of California Radiation Laboratory,
detonated their experimental devices, while the Department of Defense (DoD) provided
support and conducted experiments that did not interfere with Atomic Energy
Commission activities.

The second portion, sponsored by DoD, consisted of the underwater tests WAHOO and
UMBRELLA. WAHOO was detonated in the open ocean and UMBRELLA in the lagoon
at Enewetak. The purpose of these tests was to improve the understanding of the effects
of underwater explosions on Navy ships and material. These were continuations of earlier
underwater testing that included BAKER in Crossroads at Bikini in 1946 and WIGWAM
off the U.S. West Coast in 1955.

The DoD also sponsored the third portion, addressing the military problems of air-borne
nuclear weapon defense. Three high-altitude tests featured rocket-borne TEAK and
ORANGE at Johnston Island and balloon-hoisted YUCCA between Enewetak and
Bikini.



Two major aspects of Hardtack I’s experimental program were the development of the
weapons themselves and the measurement of the explosive and radiation effects. Also,
since the development of a nuclear armed fleet ballistic missile was on a fast track, a
portion of Hardtack I was devoted to testing the warhead for the Polaris missile.

The tests comprising the 1958 Operation- Hardtack I were as follows:

YUCCA, April 28, Pacific (between Enewetak and Bikini), balloon, weapons
effects, 1.7 kilotons (kt)

CACTUS, May 5, Enewetak, surface, weapons related, 18 kt

FIR, May 11, near Bikini, barge, weapons related, 1.36 megatons (Mt)
BUTTERNUT, May 11, near Enewetak, barge, weapons related, 81 kt
KOA, May 12, Enewetak, surface, weapons related, 1.37 Mt

WAHOO, May 16, near Enewetak, underwater, weapons effects, 9 kt
HOLLY, May 20, near Enewetak, barge, weapons related, 5.9 kt
NUTMEG, May 21, near Bikini, barge, weapons related, 25.1 kt
YELLOWWOOD, May 26, near Enewetak, barge, weapons related, 330 kt
MAGNOLIA, May 26, near Enewetak, barge, weapons related, 57 kt
TOBACCO, May 30, near Enewetak, barge, weapons related, 11.6 kt
SYCAMORE, May 31, near Bikini, barge, weapons related, 92 kt

ROSE, June 2, near Enewetak, barge, weapons related, 15 kt
UMBRELLA, June 8, near Enewetak, underwater, weapons effects, 8 kt
MAPLE, June 10, near Bikini, barge, weapons related, 213 kt

ASPEN, June 14, near Bikini, barge, weapons related, 319 kt

WALNUT, June 14, near Enewetak, barge, weapons related, 1.45 Mt
LINDEN, June 18, near Enewetak, barge, weapons related, 11 kt
REDWOOD, June 27, near Bikini, barge, weapons related, 412 kt
ELDER, June 27, near Enewetak, barge, weapons related, 880 kt

OAK, June 28, near Enewetak, barge, weapons related, 8.9 Mt
HICKORY, June 29, near Bikini, barge, weapons related, 14 kt
SEQUOIA, July 1, near Enewetak, barge, weapons related, 5.2 kt
CEDAR, July 2, near Bikini, barge, weapons related, 220 kt

DOGWOOD, July 5, near Enewetak, barge, weapons related, 397 kt
POPLAR, July 12, near Bikini, barge, weapons related, 9.3 Mt
SCAEVOLA, July 14, near Enewetak, barge, safety experiment, zero yield
PISONIA, July 17, near Enewetak, barge, weapons related, 255 kt
JUNIPER, July 22, near Bikini, barge, weapons related, 65 kt

OLIVE, July 22, near Enewetak, barge, weapons related, 202 kt

PINE, July 26, near Enewetak, barge, weapons related, 2 Mt

TEAK, August 1, off Johnston Island area, rocket, weapons effects, 3.8 Mt
QUINCE, August 6, Enewetak, surface, weapons related, zero yield
ORANGE, August 12, off Johnston Island area, rocket, weapons effects, 3.8 Mt
FIG, August 18, Enewetak, surface, weapons related, 20 tons
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ATTACHMENT : To be inserted in F.1 in my petition #

There were several incidents at ENEWETAK ATOLL :

Scientists gathered in areas where boxes were discovered to leak radiation
®

Swimming in potentially contaminated waters from radioactive fallout
No monitoring for internal exposures due to ingested or inhaled radioactive material

7as part of a group gathered when a box used as a seat
was discovered to leak radiation. He expressed concern in later years about swimming in

areas that were potentially contaminated with radioactive fallout and also about ingesting
and inhaling radioactive material.
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