ATTACHMENT

A N TSCHAECHE
1693 CLAREMONT LANE
[DAHO FALLS IDAHO 83404

10 June, 1996

US Nuclear Regulatory Commission
Attn: Noel Dudley

ACRS M/ST-2E 25

2 White Flint North

11545 Rockville Pike

Rockville MD 20852-2738

Dear Mr. Dudley:

Enclosed is a copy of a presentation that Mr James B. Muckerheide made recently to the
Massachusetts’ Governor's Advisory Council on Radiation Protection. This presentation contains
information that bears directly on the subject of the health effects of low-levels of ionizing radiation.
I understand that subject will be discussed during the June 14, 1996 meeting of the ACRS. 1 offer

this document as testimony providing evidence that the effects of low-levels of ionizing radiation are
not harmful to humans.

Mr Muckerheide gave me permission to provide this document with the caveat that distribution is
as “a prelimunary summary of a partial list of significant data” produced without clerical or editorial
report-writing support " Mr. Muckerheide is currently seeking government or private support to
prepare a more complete and adequately edited and summarized report. If, as a result of perusing
this document, the ACRS is inclined to provide such support, it can contact Mr. Muckerheide at the
Massachusetts Emergency Management Agency, 400 Worcester Road, P O Box 1496, Framingham
MA 01701-0317, phone 508-820-2039

, as a heaith physicist certified by the American Board of Health Physics, have studied and worked
in the field of radiation protection for over 40 years [ find the information in Mr Muckerheide's
document persuasive in demonstrating that the costly work performed by NRC licensees in reducing
ionizing radiation exposures to their employees and to the environment is providing no benefit to the
American people, to the workers, or to the environment. Moreover, the design requirements for
decommuissioning and decontamination work and waste disposal facilities (both high and low levei)
that require reducing exposure to ionizing radiation to natural background levels are, to me, far too
stringent. The Commission’s regulations in 10 CFR 20 are too stringent when they demand no
exposure of the public outside of restncted or controlled areas above 100 mrem per vear and impose
costly evaluations and actions to keep doses as low as reasonably achievable below applicable limuts
to both workers and the environment
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The National Council on Radiation Protection and Measurements (NCRP) has established a
subcommuittee chaired by Arthur Upton to examine the current state of knowledge about the effects
of low levels of ionizing radiation. This work is funded by the NRC. [ trust that the ACRS will take
whatever action it can to ensure information such as that in Mr. Muckerheide’s document is included
in the deliberations of the NCRP in this matter [t appears to me that the NCRP has become
somewhat one sided in its insistence on adhe:.nce to the linear no-threshold hypothesis as the basis
for setting radiation protection standards in light of current information on the effects of low-levels
of exposure to ionizing radiation. ALL of the currently-available information on the effects of low-
levels of ionizing radiation must be taken into account by the NCRP, including information that
demonstrates no harmful effect and that indicates a beneficial effect if the United States is to have a
rational and efficient radiation protection program.

[ trust that this information will be useful to the ACRS and will be happy to provide additional
information if necessary (Phone 208-524-3800)

Sincerely,
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Al N Tschaeche, CHP
cc. M Goldman w enclosure

J. B. Muckerheide w/o enclosure
A Upton w enclosure
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SOURCES OF Low LEVEL RADIATION EXPOSURE DATA

Human Populations Exposed to Low Level Radiation

1.0 Japanese Atomic Bomb Survivors
2.0 Occupationally Exposed (Radiologists, Military, & Industry)

3.0 Medically Exposed (l131, X-rays, etc.)
4.0 Radium Ingestion (Dial Painters, Medical, Nostrums)

5.0 Weapons/Facilities Releases
6.0 Natural Background Radiation Sources

Radiobiology Research Duta

7.1 Non-human Biological Populations
7.2 Cellular, Molecular Biology and Genetics Research
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EXECUTIVE SUMMARY

ACTUAL DATA SHOW NO ADVERSE HEALTH EFFECTS

Compiled data on low to moderate radiation health effects confirms no
adverse health effects at doses <10s of rem (<10,000s of mrem).

Radiation “protection” assumptions of low-dosc health effects apphes
dosc-response at very lugh doses projected over orders of magnitude to very low
doscs Such projections are scientifically invalid, and contrary to actual radiation
health effccts data Public fear 1s the result of misrepresenting scientific data,
ipnonng actual data, suppressing the pubhication of valid contrary data, chiminating
programs that document actual data, and supporting scientifically invalid programs
that enhance pubhic fears

Such government and industry costs are passed through to the pubic

Health effects data exst for the following significantly exposed human
population groups 1. Japanese atomic bomb survivors; 2. Occupationally
exposed; 3. Medically exposed; 4. Internal radium exposed; S. Weapons
and facility releases; and 6. Natural background radiation.

In addition, rescarch data comes from non-human  biological
populations, and from cellular and molecular biology and genetics research.

SIGNIFICANTLY EXPOSED POPULATIONS

Sigmficant actual data quantifying low to moderate radiation health
cifects, e, radiation doscs below about 50 rem (05 Gy, 50,000 mrem), with
chronic doses to 500 rem (S Gy, 500,000 mrem) are identificd in the following

significantly exposed populations
I. Japanese atomic bomb survivors

A population of ~75 000 persons exposed to the atoric bombings of
Hioshima and Nagasaki m 1945, compnising the “exposed group™ of persons,
estimated to have receved >1 rem (001 Gy, 1000 mrem), exposed to mican
radiation doses of 16-18 rem, and the “uncxposed group™ of ~15 000 persons m
the arca exposed to < 1 rem also carrving the health cards of the survivors

LOW LEVEL RADIATION HEALTH EFFECTS

DRAFT REV. O MAarC 10, 1995

In this population there is:
# No excess total mortality at <200 rad (<200,000 mrad) in 20,777 deaths from
1950- 1985, for radsation exposures <200 rad Excess mortality nisk from 200-400
rad 1s ~15%, statisucally non-sigmficant! Further, 15% cxcess risk 1s not normally
considered to have eprdemiological health cffects consequence The excess risk at
>400 rad 1s 38%
# No excess cancer mortality <20 rad (<20,000 mrad) Fxcess cancer 1s on'
above 20 rad At 20-50 rem, for “all cancers except leukema™ there 1s a 12%
mcrease, not statistically sigmficant and of no eprdemiological consequence, and
for leukemia a 79% increase From 50-200 rem, “all cancers except lcukemia™
have increases of limited consequence, and double at >200 rem For leukenua,
there are conscquential increascs of 4 times control rates at 50-100 rem, 8 times
at 100-200 rem, and 18 times at >200 rem
# Lower cancer rates then controls at | - 9 rem (1,000 - 9,000 mrem) 1otal
cancer mortahity s > 100 fewer cancer deaths m the 0 5-5 0 rem population. Semlar
analyses finds lower cancer than controls i the 1-5 and 1-9 rem range, and lower
rates n specific radiogemc cancers, cspecially leukerma, with a significant
reduction in colon cancer.
# Actual cancer data vs. arbitrary models, reduced effects at low doses When
models are not artificially constramned to lincar/hnear quadratic, apphed only to
hgh dose effects, polynomial relatonships are generally found to be the “best fit ™

#Note: BEIR V (p.242) stuies: “For the combined data (Hiroshima and
Nagasaki), the rate of mortality is significantly elevated at 0.4 Gy (40 Rad)
and above, but not at lesser dose.” However, BEIR then uses lngh-dose data to
arbitranly quantify effects as “per-person-year-Sv”', which projects dose effects
hincarly to zero dosc, contrary to (and misrepresenting) the actual data

#No teratogenic effects <10 rem, no significant effects <50 rem. Mental
retardation from cffects on the fetus was hmited to doses > 50 rem i Hiroshima,
and greater than 300 rem i Nagasaki. Mental retardation was most sigmficant for
fetuses exposed at 8-15 wecks gestation. A threshold for severe mental retardation
1s 55 rem, with 1Q or school performance reduced for exposures > 10 rem

# No genetic effects in children of Japanese survivors. There is no difference
in genetic cffects chuldren of exposed survivors and the control pop-lation (with
parcntal doscs that average 36-60 rem)

# Fxposed survivor population is outliving non exposed population. [ onpevity
of the exposcd survivors 1s greater than the controls (hypothesized to be affected
by the loss of weaker members at the time of the bombine, but refuted by the data)
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2. Occupationally exposed workers

This group mcludes vanous populations generally identified and
monittored as “radiation vorkers”, with a wide range of doscs

Prmanly radwlogssts (1o an cstimated SO0 rem hifctine), carly nuciear
matenials faclity workers, with doses > 10 rom with moderate dosimetry, and
10,6005 of workers have later experience at low doscs with good dosimetry

Thus group i1s re~resented by
# Marie Curie, at 1000s of rem, died at age 66, pos  ble aplastic anemia. From
1R9% 4 years m a shed, from her carly 30s, to scparate radium, with “a warm glow
in the evenng”, sufficent to read by, continuing for 12 years, she then developed
and apphicd radiology in WW I, working often 16-18 hour days, days at a time,
mamally manipulating the x-ray devices, “with the apparatus in action surrounded
by a mysterious halo” She fitted 20 “radiologic cars”™, started 200 ficld hospitai
x-ray rooms, and tramed 100s of technicians, receiving 1000s rem After the war
<he then contimued her work at the Curie Insitute of Radwm, til her death in 1934
# No excess cancers in British radiologists, est. 500 rem (500,000 mrem).
Hrtish radiologists before 1921 had 75% cxcess cancers vs other physicians (in
2 1950s study), but radiologists that started practice after 1921, with enhanced
radiation protection practices, had no excess cancer vs other medical professionals
(ma 1981 study)
# No excess cancer in US Army radiologic technicians, est. S0 rem dose. In
WW Il 6,500 radiological technicians received an estimated 50 rem dose in
traming (practicing x-rays on cach other) have no excess cancer at a 29-year
follow-up vs other Army medical, laboratory, and pharmacy technicians
# Mortality and cancer lower in shipyard nuclear workers. In a $10M study,
1478-1987, 70,000 of 700,000 US nuclear shipyard workers were studied The
28 542 workers at >S5 rem dosc had 24% less total age-adjusted mortahity
(statistically significant) than the 33,352 non-nuclcar workers, with the nuclcar
workers at <S rem dose at 19% less mortality(statistically sigmificant)
# Mortality and cancer is lower in US nuclear weapons plant workers
# Cancer and leukemia are lower in British nuclear weapons plant workers
# Cancer is lower in Canadian nuclear plant workers vs thermal plant workers

Low LEVEL RADIATION HEALTH EFFECTS
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3. Medical patient exposures

Medical patient groups can be followed to assess radiation health cffects
to populations at moderate doses far exceeding normal exposures of the public, or
cven radiation workers Medical radiation includes x-rays and radhoisotopes, m
diagnostic and therapeutic apphcations, with internal and external exposures Uses
include relatively hugh doses to relairvely young and otherwisc healthy patients, vs
the much higher radiation therapy doscs for cancer i hife-threateming conditions,
with significant doses to older patients. Early use exposcd large populations to
doscs that are relatively high compared to current acceptable practices

These groups include
#No excess leukemia at 10-15 rem WB/bone from 1'"" hyperthyroid therapy.
In 36,000 hyperthyroid patients, 22,000 treated with I'"'| and most others with
surgery, at 7-ycar and 10-ycar follow-ups, sulficient to sce the peak excess
lcukemua, the I'"-exposed population had lower (13 + 3, vs 16 + 4, not statisically
significant) incidence, with BEIR predicting a large mcrease, to 36 leukenmas at 10
rem (46 at 15 rem) In a stmlar study in Sweden, another 10,000 patients were
followed for 15 years, also demonstrating no leubcnua increase
#No excess thyroid cancer in S0 rem 1" diagnosis, not for potential cancer.
Mean thyroid doscs of ~50 rem (est 1-3 million US patients before 1968, with no
follow-up) In Swoden, a 20-year follow-up of 35,000 patients, ~5% <20 ycars old,
finds less thyroid cancer (0.62 of normal, statistically sigmificant, a much more
scientifically valid “protective effect” vs no data indicating an adverse health
effect), in patients not diagnosed for possible thyrond cancer,.
o excess leukemia from 360 rad of x-rays from normal medical care. Ina
case-control study of 138 leukemias in patients of Mayo Clinic and another small
clinic for Olmstead County, MN, with accurate x-ray cxposure records, no cxcess
lcukema for small doscs admimistered over long time penods from medical care
¥ luoroscopy doses below 30 rem (30,000 mrem) suppress breast cancer in
Canadian women with high doses from fluotoscopy for tuberculoss, with lower
cancer rates at 15 and 25 rem. Lincar extrapolation per BEIR, predicts 900 excess
cancers in 1,000,000 women exposed to 15 rem at age 30, contradicting the actual
data (highly statistically significant, p=< 01, >16 standard deviations below
normal) of 066 SMR, ' less than normal breast cancer mortality, refiecting *
10,000 fewer breast cancer deaths m 1,000 000 women exposed to 15 rem
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4. Internal radium from ingestion and injection

After the discovery of radwm and its scparation 1 1902, its usc and its
stmwlative propertics, led to substantial internal body burdens from industrial and
medical vos Bone necrosis was recogmzed early, and long term effects, cspecially
hone sarcomas and head carcmomas were known m the 1920s From 19305 human
studiesa conservative body burden of 0 1 uCi was set in 1941 Threshold evidence
was ignored by BEIR (1972), and a hncar assumption imposed on the data

Dr Robley Evans, MIT radwm program 1932-1970, proved BEIR and
othey Imear no-theeshold maodeds saientifically wvahid, from SO8 MIT cascs < 1000
racl, and constant 28% cancers m 108 cases at 1000-50,000 rad US radwm cascs
fhefore 1950) were consoldated at the Center for Human Radiobiology at Argonne
m 1970, eventually >4000 cases, finding no change i these conclusions (1983),
the program was defunded and termenated with > 1000 cases suill alive

lin thus population there 1s
# No radiogenic cancer at <1000 rad bene dose in >S50 years Gofman-Tampin
Tmcar model “goodness-of -fit” to MIT data <1/200,000,000, and “full-range™
madcl 17220000, with BEIR i between, all data (>4000 cascs) “has continued to
show no rachogeme tumors, or other effects, i hundreds of persons whose
clicctive mtial body burden was less than about 50 uCi of Ra™5, and whose
cmmlative skeletal average dose is less than zbout 1000 rad * These conclusions
are agam confumed with updated data another decade later
¢ Log normal projection to a minimum —400 rad threshold (65 tumors in 1545
cases, m 154 at ~1000 rad) i the homogencous proup of young women
b zers/hal pamters, demonstrated to be “best-fit” to log-normal distributions
# 5 feantly lower mortality from all causes in young US and UK whte,
fermale dhal pamters with very lugh radiation doses. Only breast cancer 1s mimmally
clevated, noting large miternal body burdens and radiation doses, and work at
benches wath radnum compounds with substanhial extemmal exposure te the chest,
nech and head arcas. Without breast cancer there 1s no increase i cancer for this
bl dose poputation Reduced orculatory/cerebrovascular discases are the most
stemlicant cffects
b Lo lower non cancer mortality in the high-dose group than the gencral
population, especially for the first 20 years following mitial exposure, indicating
the weed 1o assess the benelits of radmm as a dictary supplement, and/or the effect
ol a “hoosta ™ to contimue the documented beneficral effects

LOW LEVEL RADIATION HEALTH EVFECTS
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# Radium cancers have identical dose-response form, latency, and threshold
for peoplc, dogs, and mice

# Radithor, | wCi Ra™ + 1 oCi R¥ |, 35 uGi (3.5 million pCiYRa
cquivalent. Eben Byers died from from domking 3-4 vials/day for 3 years (- 10
Balhon pCi) vs US dnnking water et of - 2000 pCyr, (-2 Mithion uC'y sy stennc
uptake vs SO uCa'/ 1000 rad threshold in radmm-cxposed population)

5. Nuclear weapons »nd facility releases

# “Atomic veterans” of above ground tests have no adverse effects in 46,186
US persons cxposed to nuclear weapons tests Operation Smoky, had 3200
participants, 10 leukenua deaths, vs 3 97 statistically expected, only one >3 rem,
no dosc cffect, Operation Greenhouse, 3000 participants, | leukemia death vs
4 43 expected; both are typical in applying statistics to small numbers

# No increased cancers or all causes mortality in 22,347 British participants
n weapons tests and experimental programs i Austraha and the Pacific Occan

# No difference in mortality nor trends by dose in 954 Canadian nulitary
personnel involved in clean-up operations aficr nuclear reactor accidents at Chalk
River or observed weapons tests

# Utah popuiation downwind of above-ground tests show no adverse effects
Co “ties with higher health cffects were not the countics with lugher radiation

doses

6. Natural backy. ound

# Cancer mortality —15% less than US average at -3 times US averape doses
mn 7 US Colorado Platcau siates

# No cffect in stable, equivalent, Chinese populations at 3 times higher doses
Eqmyvalent, 60,000-70,000 Han peasant populations to 6 pencrations Usanim,
and radwim (plus 14 @ and B decay chan radionuclides) are >4 times (-2 vpm vs
~& ppm), ~»d thormum (and 17 @ and P decay cham radionuchdes) is >6 tmes (- 8
ppm vs 50 ppm) Arca radation momtoring and personnel dosmctry were
conducted for over © years Shightly lower mortality m lueh dose arca for all
cancers (ncluding leukenma) Equivalent hereditary discases and conpenstal defects
except ngher Down's syndrome, largely from absormally low merdence i low
dose arca vs the region and China, plus < amificantly lueh buth rate to women 35
years ofd i the ligh dose area (a b v association to Down'’s syndronie)
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# No discermible health effects in Kerala India, 4 times normal in 12 918
ui Kezala vs a neighbormg town with a control population of 5938, with no

Ith differences, except 12 cases of Down's syndrome in the Kerala

md nonc i the control population However, Down's syndrome n

i SR 125 hive buths, cquivalent to (hipher than) the rate i Kerala

¢ Guarapan Branld, 6 times backpround, no adverse health effects. A small

lation in Guarapan Brazd has 6 tunes the radiation exposure of other areas

poy
No dilference m ircalth effects 1s demonstrated associ=’ ~d wath this very larpe
ncrcase m environmental radwactivity and human radiation doses
# No adverse health effects from indoor radon. Base non-smoker lung cancer
100 000 In 1985, males were 75/100 000, and females 27/100 000 In
lung cancer was 4/100 000 male, and 27100 000 female, with male lung
from mcrcased simoking after WWI (with 20 year lag) Lung cancer data
whets FPA clams that 15% of lung cancer 1s from radon (20,000 of 140 000

15 no lung cancer in non-smoking uranium nuncrs at <1000 times 70-year

radon levels. EPA crroncously predicts  1000-5000 Jung  cancer

100 000 (1-5 deaths/100) so C\[‘n‘"(‘«'

1 /100 000 lung cancer deaths in the lugh dose area e China: and

100 000 mn the low dose arca

# Uranum muners and smokers have different prevalent lung cancer type than in

Y
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Lung cancer in non-smokers can not be associated vath radon
projected from radon exposure in uramuum miners
# Sonls and rock

hicher elsewhere), with detectable health effects if EPA [Vl:‘dlL‘lerH were vahd

have a lugh vanation i radon (to 10 times in Massachusctis

Much lugher concentrations exist, with no detectable health effects  EPA proposes
1O B/l hmuts, whale 100,000s of people seck radon waters in health spas with

tadon to 12 000 Bg/l, with competent mdependent medical literature confirm np

posttive long term effects, and workers in these lugh radon environments with

npational exposure studics that confirm no adverse health cffects

# Lung cancer by US county has negative correlation with radon. From
12,000 home radon mcasurements, in 1601 US counties (covering >90% of the
'S population, climmating retirement states) a strong ncgative correlation of lung

cancer with radon s demonstrated (for males and females, with and without a

correchionfor smoking), and resolving all potential confounding factors, contrary

to and disproving BEIR and EPA projected health effects

# Raden Spa meas confirm lower health effects with higher doses from

ts studics of the Misasa Japan radon spa arca and others

TION HHEALTH EFFECTS
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NON-HTUMAN RADIATION EFFECTS DATA

A century of research on plant and animai species demonstrates
positive biological responses to low- to moderate-doses in anmimal, plant and
micro-ergamsin populations. No adverse health effects have been consistently
demonstrated ; with substantial siprsficant evidence, and extensive non-sipnificant

indication, of beneficial, hormetic, effects in biotopical populations and bolog

7.1 NON-HUMAN BI1OLOGICAL POPULATIONS

# Mice and guinea pigs exposed to .11, 1.1, 4.4, and 8.8 rad/day, show 0 11
and 1.1 rad/day, had normal life spans, litters, health conditions (with lonper
mean lifespans in the 0.11 rad/day group) over S to 6 generations

# Organisms in lead-shielded space, high altitude space, deep mine space, and
other experimental radiation-response conditions, with controlled radiation
above and below ambient conditions, shows improved health and growth
conditions with moderate radiation dose (puttng plants under a “prow-hght )
# Plant and small animal organisms tudies show that radiation plays an
essential role to bislogical life

# Replecement of natural potassium, including K*, with K results in
negative health effects in small organisms. (K* contributes a sipnificant fraction
of the natural radiation dosc to biological orgamisms, and s in substantial
homcostasis in mammals to mamtam an essential cffective potassium level

possibly cssential to biological functionming)
7.2 CELLULAR, MOLECULAR B1OLOGY AND GENETICS

Work on rancer research and genetics has established (hat radiation

can not initiate cancer as a stochastic, linear, process. Radiation 1s not
cmogenic m accordance with current knowledece of multi-stape timoneencsis

Radatron stimulates DNA repair mechamisms New rescarch confirms vaderlyme
biological mechanisms of radiation stimulation of repawr of the lugh rate of natural
DNA damage events (improving repar of ~240 000 events/cell/day, whale 1 rad
produces 20 damage events/cell), explammg the beneficial effects of fow- to
maoderate-radiation doscs on essentially all biolopical orgamisms, ncludme
humans  Such work is also showmg positive effects of low-level radiation n

treating and preventing cancer, and treating other immune syster
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L0 Japanese Survivors

Dr RC. von Borste! states n his review (1995), “"Kondo (1993) presents the
¢ m detand of the apparemtly beneficial efjects of low-level atomic bomb radiation on
espan, mutation induction, and mortahity from most types of cancer for survivors. |le
pomts oot that a hormesis-like effect may have been induced by the radiation that lasted
for 20 vears ™

L L Japanese Survivors/Cancer - BEIR V

BEIR V., p 242 states “In the atomic bomb survivors of the Life Span Study
Cohort, a total of 202 deaths from leukemia were recorded for the period from 1950 to
1985, during which there were an estimated 2,185,135 person-; ars of follow-up. For
the combined (Hiroshima and Nagasaki) data, the rate « - mortality is signifigantly
clevated m 0 4 Gy and above but not at lesser doses (Figure 5-1)"
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EUKEMIA CEAT™S per 10* PERSON YEARS

MARROW DOSE EQUIVALENT (Sv
FIGURE 51 Cumulstive leukemla mortality in Hiroshima and Nagasaki s 2 function of

mmmmewnkmwmm-mmbsu By 1985, there were 51

cases In the O Sv category and 31 cases in the 00101 Sv stratum.
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Japanese Survivers‘Cancer - Jaworowski 1995}

Prof Emeritus, and Member of the UN Scientific Committee on the [ fiects of
Atomic Radiation (1 INSCEAR), of *he Central Laboratory for Radwilugical Pratection,
Zbignicew Jaworowski states (1995b) that,

"The UNSCEAR (1994) report states that among survivors from Hiroshima
and Nagasaki who received doses of <200 mSy (<200 times higher than the proposed
EPA annual limit) there was no incrense in the n: 1ber of total cancer deaths. in fact,
mortality caused by leukemia was less in this population at doses <100 mSy than
among the nonirradiated inhabitants of these Japanese cities, which is not statistically
significant *

Japanese Survivors/Cancer - Hattori 1994

Sadao Hattori, Vice President of CRIEP! reports (1994) that, “The follow up data
of people who received radiation from the Atomic Bomb show us an inferesting feature
especiaily in the low dose range. Figs 1 and 2 show that about 8 cGy, is the optimum
dose for the suppression of leukemia through the surveys cf the people of Hiroshima
and Nagasaki exposed to the radiation of the Atomic Bomb "
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Japanese Survivors/Cancers - Kondo 1993

I'rofessor Emerttus Dr Sohei Kondo reports on apparently beneficial effects
of low doses of atomic bomb radiation with regard to induction of cancer.

Professor Emeritus Dr. Sohei Kondo (Kondo 1993, Section 3.2) reports that
“When tumor incidence (1950 85) among survivors of the atomic bomt in Hiroshima
and Nagasaki is classified by dose {Shimizu et al , 1989: Table 3.5), people who were
cxposed to 1 9 rad appear to have lower death rates from leukemia and from all other
cancers than unexposed people, indicating that radiation at these doses has no harmful
ellect (Kondo, 1990)

LOW LEVEL RADIATION HEALTH EFFECTS
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Table 3.5 Numbers of subjects and cancer deaths, 1950-85.
among atomic bomb survivors classified by DSB6 dose

Leukemia All other cancers
Number of ---------  LeeloiLiao...
Dose (rad)a Subjects No. Frequency (%) No. Frequency (%
0 34,272 58 0.17 2,443 7.13
1-9 23,321 s 0.16 1,65% 7.10
100-199 1,946 23 1 221 11 4

(constructed from data of Shimizu et al ., 1989)

Estimates of excess cancer deaths (%) at low doses of radiation
by no-threshold linear extrapolation from data on high doses

Dose {rad)a All cancers Leukemia Other cancers
1 0.035 0.007 0.029
S 0.17 0.03 0.14

a Shielded kerma values

"The dose response curves for most cancers seen after exposure to atomic
bomb radiation at Nagasaki, which consisted muinly of gamma rays, have troughs at the
low-dose intervals 1-5, 6-19 and 20-49 rad (Fig !-updated). In other words, low doses
of gamma rays apparently reduce cancer incidence —an indication of beneficial effects.
Whether low doses of radiation really did have beneficial effects on atomic bomb
survivors cannot be concluded from the epidemiological data alone, because of the large
statistical uncertainty at each trough. With this reservation in mind, apparently
beneficial effects are expressed in Table 3.6 in terms of apparent threshold dose Dih
(see also footnote a to Table 3 6)."
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Table 1.6 Characteristics of dose response relationships for
T T —— s cancer mortality among peonle exposed to the atomic bombings at
-~ h
S Nagasaki and Hiroshima
!N e lee Inducod rate at 100 rad/
Spontaneous rate/ Apparent threshold

K Cancer site 1074 person-years 10°4 person-years Dth (rad)a
Nagasaki
Leukemia 0.4 € 36
Colon 0.8 0.7 sS4
Stomach 6.3 8.5 Nonexistent
Breast 1 (2)b 50
Lung 2.6 (11b 28

Hiroshima

Leukemia 0.8 12.5 12
 Lohere
5 i Colon . 7 3
et e 5 o Stomach 10 S 12
Rreast 1.0 1.5 Honexistent
- Lung 2.4 2.5 Nonexistent
N Extracted from Shimizu et al. (1987, 1989); see Kondo (1990} for
details
N < SR ol IR S S -
© o 100 e o 10 o8 e . 00 eam .
st ondlls-t e Japancse Survivers/Cancer - Pollycove 1994
Tig | Do irsponse fov deoth rases lrom five types of cancer i boemb servivors st Hiroshims fsolld ne) end Negessb! ) B
y thoxl\m!lﬂd.»ub—hdc-b'-m-nﬂl-h--d-hl-n Prof Emeritus, Myron Pollycove, MD, reports (Pollycove 1994) that, “A
el F) e recent article by Shimizu, et al (1992) concerning the effects of low level radiation in

atomic bomb survivors concluded that analysis of dose response “in the less-than-0 SSv
region fails to indicate the presence of hormesis ' They did not observe any sigmificant
decrease in the relative risks (RR) of (a) leukemia, (b) all cancers except leukemia, (¢)
tung cancer, (d) thyroid cancer, or (¢) noncancer mortality. 1his conclusion s
agreement with the data shown for the thre. cancer groups (b,c.d), but appears incon-
sistent with the data presented for the RR of the leukemia and noncancer moriality

groups.
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“The upper half of Figure 11 | shows the data for these two groups as analyzed
by the authors with a vanety of models  The discussion of leukemia states that though
the RR is less than 1 for the three groups with doses less than 0.1 Sv, since all had
p 0 10 they did not differ statistically from unity and thus, were within the range of
random variation  In clear contradiction to least square fits, the quadratic model for
<0 5 Sy was considercd to better fit ihe data than the linear-quadratic model for <0 5 Sv
that demonsirated a RR of 0 78 at 6 11 Sv. The lower half of Figure 11 1 shows analysis
of the data with models that provide a better fit. The five data points for leukemia are
fitted by an empirical polynomial function. The RR for the 0 010 10 0019, 0020 10
0019, and 0 050 to O 099 Sv dose categories appear consistently related to one another,
not varying randomly. The RR of 0.6 plotted at 0.075 Sv is 1.5 SD less than | (p<0.15).
Ihis study of atomic bomb survivors is in agreement with the decreased leukemia
mortality seen in the nuclear shipyard worker study. In both studies the very low
mcidence of leukemia makes it difficult to obtain sufTicient numbers for high statistical
'N)\\'('l

“Diesued statistical power is present, however, for mortality rates. In the upper
fralf of Figure 111 the RR data for nencancer mortality afler low-level radiation are
ipnored and fitted with a threshold model derived from a prior study of survivers in the
<405y high level dose range, assuming the threshold dose is 1.5. Though the mortality
R of 0 83 in the € 200 to 0 499 Sv dose category is 3 2 SD below | (p = 0.001) and
15 the most statistically significant daia point of the entire study, nevertheless, this
highly significant decreased RR is rejected with the statement, “The RRs for the sub-
groups within the low dose group (<0 5Sv) when compared with the 0-Sv group did not
ditter and were close to unit- * If the only mathematical models used for analysis are
those that a priori exclude a U-shaped dose-response relationship, it is not surprising
that such analysis *fails to indicate the presence of hormesis ' The lower half of Figure
111 fits a hinear mode! down to, but no farther than, the noncancer mortality RR of
083 This decreased mortality risk associated with acute low-level radiation is
consistent with the highly significant (-16SD and -8SD) decreased standardized
mortality rates observed in prolonged very low leve! exposures of the nuclear groups
ol shipyard workers (Camcron 1992)."

e 0t
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Japanese Survivors/Cancer - Brodsky 1996

D Alan Brodsky reports (1996) that, “The Shimizu analysis (Shimizu et al.
18K) was indicated to be based on $,930 total cancer deaths occuring in the years
1950-85 m the "DS86 sub-cohort (then denoted as the 75,991 persons for whom
done data was available)

" The summary table of measures of dose-response for shielded kerma is shown
w Lable 2-33 The numbers in parentheses in the cohunns for estimated relative risk
at b Gy (100 rad), excess risk per 10,000 person-y Gy, and atiributable risk, are
estmated 90 %6 confidence intervals about the indicated respective values. It is
apparent that of 9°°% confidence mtervals had been used, only the bladder cases, and
possibly the liver cases (which also included cancers = other primary sites), would
have been considered sigmificant in providing a trend with increasing dose. This
mumber of sipmibicant subcatepories could itself have easily appeared by chance for
cleven subcategory tests Smce the statistical precision of estimation is so poor,
cven TGy, o can be seen that estimation of risks from this data at levels “elow 0 01
Gy (1 rad) based on hinear dose-response assumption cannot be supported on the

basis of the Japanese data alone.
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“In Table 2-34, brain tumors and CNS tumors other than bran are regressed
versus dose groupings. Although the relative risks (RR) are indicated 1o be above one
for all positive doses, it should be noted that this is so because of the fittig of the lmex
model to all of the data. It can be seen that the observed numbers of cases are below the

expected numbers for the lowest dose groups, below 0 09 Gy (9 rad, or 9,000 millirad)

Also, the expected totals were inappropriately constrained to equal observed totals (see
parenthetical totals). This constraint could cause some of the excess of Rits of higher

dose ranges, and invalidate the entire analysis

Table 234 “yﬁ-(lﬁmhm'-ﬂnoad. 1988 Tabie 3

DU duee (shiekded herma, Gy)
7@_. L] l.ﬂ‘.l! tise 0S8 Test'
Bram Tumor:
Observed L} 1] 13 n 1
Expecied “n U 13% 149 on
RR 100 1« N 097 p 010
NS Tumors other than brasm

Obse.ved it 4 3 4 3
Expeceed (14 612 an 10 19
RR 100 108 163 136 005<p<o 10

! Tew for exreming vend @ e dose

“The last two exhibits abstracted here from Shimizu er of (1988) are shown in
Tables 2-36 and 2-37. These tables show the variations of all malignant neoplasms,
and leukemia only, versus dose groupings in shielded kerma  For the total time
period, and for doses in the range less than about 0 5 ¢ 1y (50 rad) #t can be seen that
there 1s no statistically significant increase of total cancer i each table, for the
exposed groups compared to controls. In fact, the actual numbers of cases of cancer
and leukemia are below the expected numbers in the dose groups below 006 Gy (6
rad) for all cancers, and below 0 2 Gy (20 rad), tor Tables 236 and 217, respectively



IONTUC R RETE EDE LOow LEVEL RaptattoNn HeaL TR EFFECTS Prears e v, D Maraon 29, 199

Moreover, if the observed and expecied numbers of cascs are totalled

Table 1 16 AY mobpnae woplasms wertes dos growp for warowt wwe penads of RERF soudy Pom Shoman ¢ o horizontally for all dose groups, then i each table, the cxpected numbers of cases s

P82 Tadle I 2

exactly equal to the given observed numbers, 5 936 for all cancers and 202 cases for

leukemias. As in Table 2-34, the total of expected numbers ia each dose group were

AUL MALICNANT KEOPUASA: MIROSHIMA - NAGASARE - MALES - FEMALES, AL AGES AT 4 improperly normalized to the total observed numbers of cancer deaths. [ xpected

numbers should be calculated independently for each pepulation dose group from

T a————

SHEIDED LERMA DOSE IV CRAY

natural cancer data; i e | by using the age and sex distributions, and nateral risks, ol

the control populations to calculate the expected cases of each disease category for

each dose grouping in the exposed populations. Thus, the total excess number ol
cases cannot be obtained from this daia. Worse yet, the indicated excess cancers and

higher relative risks at the higher dose groups can be, at feast in part, attributed to the

wou o | mo oo | | e

o e | et i ol ovm fact that, when normalizing the total sizes of cancer deaths to be equal between
i 1 i - H

O &1 o3 | ol fages l L R l ! observed and expected groups, the numbers of expected cases m each of the higher
' . !

MO B l'sv,‘.‘ { ' [ ™

dose proupings would be constrained to be smaller for the expected cases to make up

for the higher expected number in the lower dose goupings of expected cases This
type of tabular presentation of the basic Hiwroshima/Nagasaki data 15 grossly

misieading in <" nving the higher relative risks for the higher dose group:

“Ron er af . (1994, 1995a, 1995b) have carried out a further analysis of the
Tl 219 1 . .
Tabe 117 Lkrmaas vi dove prowp for verions e perods of RERF sl frome Shomize o . 1988 Tk 1) RERF data, and have again found no increase in cancer at doses less than 0.2 Gy (20

rad) They also have evidently computed expected cases in an appropriate manner

11 LEUREMEA: HIROSHIMA - NAGASARD - MALES - FEMALES ALL AGES ATS they did not fix the total number of expected cases to equal the total number of

observed cases within each group comparison, as in Shimizu, ef o/ 1988

Japanese Survivors/Cance. - Luckey 1994

Professor Fmerntus Dr. Don Luckey reports (Luckey 1994) that “Japancese
survivors of atomic-bomb explosions at Hiroshima and Nagasaki provide the best
available data for cancer mortality rates following acute exposures in human

(Shimizu et al , 1992) When dissociated from cancer and blood diseases, the death

"M { 1
0N ' 1 y TREL
e | %) 3| u My nn | e
1D W) » | ‘ i | | ‘ " ne

rates of exposed and control groups were comparable

“When exposed to 1-1.9 ¢Sy, the total cances mortality rate of sunvors ol

atomi-bombs in Hiroshima and Nagasaki appeared to be lower than that of the contiol

group, estimated to be 0.2 ¢Sy (Figure 4) (Shamizu et al | 1992) The difference was

not statistically significant. However, if ten times more people had been mvolved, a)
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“ie total cancer mortality rate of the 74,000 survivors exposed to less than 2 ¢Sy
would be lower than that of the 450,000 controls, p < 0 001, b) the total cancer
mortality rate of 179,000 survivors exposed te 1-4 9 ¢Sv would be the same as the
controls, and ¢) only when those exposed to 1-50 c¢Sv were considered would the
exposed population have a higher total cancer mortality rate than controls, p <
001 The data of Figure 4 suggest that the ZEP for wotal cancer mortahity from
acuie exposures was o'« 3 ¢Sv.  This defines an acute dose for tiage
conswierations m nucle. s 1S

“The levkemia monalhity rate of Japanese bomb survivors who received
less than SO ¢Sv was not statistically different from that of controls (Figure §)
(Shamizu ot al | 1992). However, if ten times more people had been exposed, the
decreased leukemia mortality rates for survivors at doses less than 20 ¢Sv would
be lower than controls, p = 006 10 0 01 For acuie eposures the 7P for leukemia
mortality was about 25 ¢Sv

“The decreased leukemia and total cancer montality rates observed in
Japanese bomb survivors were echoed by the cancer and leukemia montality rates
ol 46,425 United States army observers of atmosphieric nuclear explosions (Figure
6) (Robinette et al |, 1985) Note that the lowest dose of Shimizuetal, 1 0-19
«Sv, 15 near the highest dose noted for anny ebservers, 2.5 ¢Sv. These results were
comparable with those found in 22 325 British observers and a similar number of
Canadian obses vers (Luckey, 1991).

“Cumulative lung cancer mortality rates for Japanese atomic-bomb
survivors exposed to less than 20 ¢Sv was not greater than that of controls (Figure
7)(Shizn et al | 1992) I ten tunes more people had been involved, there would
be no difference for those receiving less than 2 ¢Sv; persons exposed to greater
than 2 ¢Sv would have a higher rate than controls, p<0 001 The ZEP for lung
coancer mortality vas about | 4 ¢Sy

“Stomach cancer, endemic in Japanese people, was not increased by low-
dose wradhation (Figore B) (Shimize et al | 1992)  Cemulative stomach cancer
martality ates of exposed and control persons vere comparable from | 1o 99 ¢Sy,
p NS i the population were ten tumes larger, exposure to 1-1.9 ¢Sy would have
resitlied in a lower cancer mortality rate than the controls, p=0.001. The 280,000
who received less than 20 ¢Sv would show no increased stomach cancer rate.

“A summary of the lapanese data {Table 1) shows the effects of acute,
whole-body exposure to low-dose rradiation.  Exposures to greater than 2 ¢Sv
reduce cancer mortahity rates. Dxcepting fung cancer, cancer mortality in persons
cxposed to 149 ¢Svas neghgible ™
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1.2 Japanese Survivors/Non-« ncer Mort. ity and Morbidity - Korde 1994

Professor Emeritus Dr. Sohei Kondo reports {(1994) that, © shght but magmifigam
decreases in noncancer deaths in bomb survivors exposed to 6 1o 192, 20 to 49 30 10
99, and 100 to 199 cGy occurred as early as 1950-1955, these scemmgly beneficial
effects of radiation were greater in men than i woman (Table 1) 7

TABLE |
Reintive Risk for Nomcancer Mortality in Bomb Sorvivers'
hate Relative Risk ot Doses Gyl 4 ‘
ofDesths | 18 | &0 [ 1019 | 2049 | 3099 | 100199 | 200299 | 30998 | 140
tod | 2 [ 1onlow| om | ow | 115 | ose s | e | am
-
Mader | 9% | rosooe! oes | oo | o | oM s | 1 | e
Fowwles | 10433 | 108 |00 0% | o8 | 1ov | O® | o | e
ted
088 | 200t [ iovjem|on lom [ow | on | ow | 1o | e
W60 | 10% [ow [om|os | joe [on | oM | ose | o8 | 1w
81 | jom 1nnjos! 101 100 12 om ”m (&) n
1870 | 2950 | iosfom o | o | om | 1w | 123 | om | im
- 2088 esT o] o | om e 102 113 1 1
e | 38 jos|idn] 10 [om | o%e ! om 1% | 10 | 1w
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1.3 Japancse Survivers/Health Effects on the Unborn Fetus - Kende 1994
Professor Emeritus Dr Sohei Kondo reports (1994) in Section 3 of the repont
“turth defects: children with small head size, mental retardation, and reduc-tion
in 1Q) scores and school performance were born to pregnant mothers exposed to ngh
doses, there were threshold doses of -50 and 10 ¢Gy, respectively, for severe mental

rrsrdation and reduction of 1) scores and school performances

Proars v AT o 29 1996+
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Sl Head Seze
“The frequency of small head size among children exposed prenataily to
stomic bomb radiation i Hiroshwna ncreased with doses above 10-19 rad,
whereas n Nagasaki an increased prevalence of small head size was found only
among children exposed ot utero to more than 150 rad of atomic bomb radiation
it should be noted that when exposure occurred later than 17 weeks after
tertilization, the mcidence of small head size was low even after high doses of

radhation

“Mental Retardation

“The frequency of severe mental retardation afler prenatal exposure to atomic
bomb radiation at Hiroshima increased significantly with increasing doses above
5099 rad, whereas in Nagasaki severe mental retardation occurred or'y at doses
over 300 rad

“When the 1Q scores and school performances of prenatally exposed survivors
of the Hiroshima atomic bomb were compared with those of suitable comparison
proups, the period 8-15 weeks after fertilization was again the period of greatest
vulnerability 1o mental injury after exposure to bomb radiation.  The threshold
doce for a reduction in esther 10 or school performance, after exposure to radiation
8 15 weeks after fertilization, was estimated to be > 10 rad ™

Japanese Survivors/Hcalth Effects of the Unborn Fetus - Jaworowski - 1995b

Prof Emeritus, and Member of the UN Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological
Proteciion, Dr. Zbigniew Jaworowski states (1995b) that,

“Part of the mformation on (unexpected) positive genetic effects of ionizing
doses of radiatio . smes from Hiroshima and Nagasaki.. (where data) shows that
acute irvadiation with moderate doses does not produce any major negative effect
on the health of the following gencration

“What can be demenstrated, on the other hand, are the positive effects
Among the chitdien of parents who survived the atomic bombings in Hiroshima
and Nagasaki there were about 4% fewer deaths between 1946 and 1958 than
among the children of parents unexposed to radiation from atomic bombs, 28%
less aneuploidy, 29%% fewer chromosomal aberrations, and 30% fewer mutations

m blood proteins ™
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1.4 Japamese Survivors/Genetic Fffects - Kondo 1993
Genetic effects

Prafessor Emeritus Dr Sohei Kondo reports {(Kondo 1923, Section 3 4) that “the
indicators of genetic effects in the children of survivors that have so far been studhed
are: congenital defects, stillbirth, death among liveborn children through 1985, sex
ratio, growih and development during childhood, sex chromosomal ancuplordy and
reciprocal translocations of chromosomes, cancer occurrence prios to the age of 20,
and mutations affecting the character of erythrocyte and serum protemns (Neel et al,
1990) The essential results of the 40 year follow -up studies are summarnized n Table

3 9 "
Table 19 Genetic effects of radiation i children of atomic bomb survivors
Hiroshima and Nagasaki

Frequency Parental References
Indicator {no . abnormal /no. studied) dose " a
--------------------- - (rem)

Control Exposed
Untoward pregnanc L. 99% S .00% 36 Unto Otake et al.
outcome b (2,257745,234) (503710 _069) (1990
Deaths of |iveborn 7.35% 7.08% &0 Yoshimoto et atl.
children ¢ (2,451/733,3s1) (989/13,969) (e
Steble chromosomal 0.3 0.22% &0 Awa et al.
aberrations (25/7,976) (18/8,322) (1989
Aneuplcidy 0.30% 0.2 60 Awa et al .

(264/7,976) (19/8,.322) (198%)
Mutations in blrod 6.6 x 10-4 4.5 =10 -8 @« Neel 27 &',
proteins (374.7 n WY) (3/6.7 = 10%) ¢ rony;
Leukemia 0.05% 0.05% 43 Yoshimoto et al.

121741,069) (16/31,159) (1991

a Sum of average doses to mothers and to f{athers

b Congenital malformations, stillbirths and deaths in the first
14 days of life

¢ PRirth years from 1946 to 1958
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“As seen in Table 19 afier the long-range project, carried out over nearly
hail a century, Neel and his coworkers (1988, 1990) found no statistically
srpmificant effect of parental exposure to radiation on any of the indicators ”

“Tumor modence durng the first 20 years of life among 31,150 children of
atowmie bomb survivors exposed to an average total gonadal dose of 43 rem was
compared with that among 41 066 controls The incidence of all malignant tumors
was 0 14% (43/31,150) for the offspring of the exposed people and 0 12%
(19741 066} Tor controls; the n._adences of leukemia plus malignant lymphoma
were 005% (16/31,150) for the offspring of the exposed people and 005%
(21741 ,066) for controls. There was thus no significant difference in tumor
mcidence between the two groups (Yoshimoto et al | 1991) "

D Konde states: ™1 like the simple (and at the same time somewhat
sophisticated) statement of Necl et al (1990)

“The children of the most highly irradiated population in the world's history
provide no statistically sigmificant evidence that mutations were produced in their
parents. Absence of statistically significant findings does not deny the possibitity
that exposed survivors sustained an increased mutation rate undetecied by the
method employed On a more positive note, these studies have produced an
extensive body of data aganst which to evaluate empirically both past and future
anmises concerning the genetic consequences of exposure to ionizing radiation.
In particular, the studies should prove reassuring to that considerable group of
exposed Japanese and their children, withowt whose magnificent cooperation these
stnchies woull have been unpossibie and who have over the years been subjected
to a barrage of exaggerations concerning the genetic risks involved ™

1.5 Japanese Survivors/Longevity - Hattori 1994

Japanese Survivors/Lengevily Sadao Hattori, Vice President of Research at

CRIEPL, states “The exposed groups are showing longer lives through the
companson of the death rate of each age between exposed group and non-exposed

group (Fig. 2.7).7
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Japanese Survivors/Longevity - Kondo 1993

Professor Emeritus Dr Sohei Kendo reports on the finding of “apparentiy beneficial
effects of atomic bomb radiation on life span”

Professor Emeritus Dr_. Sohei Kondo reports (Kondo 1993, Section 1 1) reports,
“A total of 7782 deaths that occurred during 1970-76 among the bomb survivors
registered in Nagasaki City were analyzed as seen in Table 3.1 7
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Pable 11 Observed and expected annual rates of deaths (1970 76) from all causes

among atomic bomb survivors in Nagasaki

Age ranqge
{years)

Men

2%-29
30-34
15-39
40 14
50-54
55-5%9
60-64
£5 69
7074
75%-719
>R0

Women
:" 2"
i0-34
15-39
a0 44
45 49
50-54
55-%9
€0 €4
£5-69
70-74
75-79
»RO

sFrom Mine et al se _pc0.01

149
113

87
184
299
508
816
B25
869

26
50
87
119
166
191
276
416
591
753
1,067

(1981)

143
201
267
416
456
770
1,327
1.896
3,004
5,006
7,796
12,677

50

75
146
219
259
410
n44
946
1.614
2,800
5,307
10,202

*,p<0.05;

23

42

77
112
129
S0
164
146
578
1,140
1,416
2,264

11

s

39

72
130
164
185
3es
482
806
1,137
2,057
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“The age-specific rates of death from all causes {observed deaths) m people over
60 years of age were significantly lower than those for people without the health
handbook (expected death: nresumed to be unexposed (see also Fig 27) The age-
specific death rates for all malignant cancers were, however, not signeficantly different
between the two proups (probably because of the small size of the sampies) (Mme ¢t
al , 1981)

“The unexpected finding of a lower death rate n the exposed people was
interpreted by Mine et al {1981) as a ‘healthy survivor' effect (Section 23 2) To
exclude any such effect, Mine et al (1990) compared montality rates among
svbgroupsofheahhwmschssiﬁedbydmeofexpomwb(mb
radiation. Since 1970, data on 100,000 atomic bomb survivors with the health
handbook have been maintained at the Scientific Data Center for the Atomic Bomb
Disaster at Nagasaki University School of Medicine Information was selected from
this data base on 3,456 people who had been exposed to known doses, and mortaliy
during 1970-88 in this selected group {observed) was compared with that of an age-
matched control group (expected) who were given the health handbook but lived far
from the hypocenter of the Nagasaki bombing (see footnote b to Table 3.2)

“The ratio of observed expected numbers of deaths show that the mortality of
exposed people was shightly lower than or equal to that of unexposed people at all
four low to intermediate doses, 1-49, 50-99, 100-149 and 150-199 rad, and that a
significant increase in deaths occurred only n the high dose range, 200-599 rad
(Table 1.2).

“The apparent absence of harmful effects of low doses of radiation was analyzed
by determmning the observed expected numbers of people classified according 1o cause
of death, sex and dose. As shown in Figure 3.1 and Table 3 3, doses of 56-99 rad
significantly reduced the number of deaths from all causes except cancer, fo 65% of
the control value. On the other hand, the ~umber of deaths from cancer mcreased at
all dose levels except 1-49 rad, although the increase was not staistically significant
Thus, low doses of radiation had two opposite effects--beneficial and harmful--on the
human life span in Nagasaki after the stomic bombmg *

Table 12 Initial numbers of subjects (1970), observed (O} and expected (r)
numbers of deaths from all causes and relative risk during 1970 88 among atomic
bomb survivors in Nagasaki classified by dose and sex
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165D a Initial no. Total deaths b Relative risk
dose of subjects I (0:6)
Obser ved Expected
(,M, ................................
L] ¥ ~ ¥ L] ¥ L F
149 562 938 162 202 160.7 209 1.0 097
50 99 182 68 56 39 63.3 3.7 0.8 1.2
100149 108 158 36 39 9.7 3.7 0.9 1.2
150199 196 267 59 48 S8.7 4«8 1.0 1.06
200-599 460 437 72 m 149.7 59.3 1.1 1.33

(Mine et al., 6 1990, Copynﬂat Taylor & frencis Ltd, London. Reproduced with

gn-rmsnon)
a 165D, tentative dosimetry proposed in 1965 (see Section 3.5)

b The exposed group, shown in colums 2 5, onsisted of health handbook
holders who were exposed tn the indicated dosr. ‘till alivn in 1970 and did
not move out of Nagasaki City before 1988. The control group L ero exposure)
consisted of handbook holders who were 8gt; 3 km from the hyr. ~nter at the
time of the bombing. fach group was divided into 10 subgroups by dose and
sex, and each exposed subgroup was matched with three control groups of the
same age and sex.

¢ Expected numbers estimated from deaths in age-matched controls divided
by 3.

Table 33 Observed () and expected (E)a numbers of deaths during 1970
88 i Nagasaki among atormic bomb survivors classified by cause of death, sex and
dose iable33 Observed (O) and expected (E)a numbers of deaths during 1976-
88 m Nagasaki among atomic bomb survivors classified by cause of death, sex and

dose

Low LEVEL RAptarioNn Heat i Ersscrs

Dose Non-cancerous diseases b Cancer
"“) ....................................
4] 0:€ 0 O:E
Men
1-49 126 1.09 35 0.8
S0-99 30 0.65* 26 1.56
100- 49 23 0.7 13 1.3
153-199 I8 0.8 2t 1.58
200-599 ) i 1.07 56 1.%2
Vomen
1-49 144 0.89 56 1.24
50-99 10 LR E] 8 1.1
100- 149 26 0.96 13 1.86
150- 199 n 0.8¢ % 1.60
200-599 50 . 28 2.119e

(Mine et al., 1990, Copyrights Taylor & Francis Ltd, London. Reproduced with

permission)
@ Expected mumbers estimated from deaths among age matched, unexposed groups

(see footnotes to Table 3. 2 for details)
b Excluding sccidents, violence snd other external causes *, p «0.05 (1 2 test;

e, p 0.0 (X2 test)

“If we were to take the observed expected ratios for mortality from all causes
given in Table 5 . at face value, we would be forced to conclude that whole-body
irragiation with 50-159 rad (actually 40-110 rad afler correction for the systematic
error in the T65D dosimetry had a beneficial effect on the survival only of men--a
decrease in overall mortality of about 10%. This level of radiation, however, caused
about a 40% {nonsignificant) increase in deaths from cancer in men {Table and higher
levels had harmful effects on both men and women

“The shight but nonsignificant decrease in mortaiity among bomb survivors
exposed to low and mtermediate doses (6-19, 20-49, S0-99 and 100199 rad) of
radiation was seen as early as 1950-55 (Table 3 4) Tabie 3 4 is taken from a recent
report by Shimizu et al (1992), which is based on the follow-up studies that have
been conducted sivce 1950 by the Atomic Bomb Casvalty Commyission (1950-74) and
the Radiation Lifects Research Foundation (RERF) (1975 ) on a fixed cohort of about
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75000 atoonc bomb survivors in Hivoshima and Nagasaki and 35,000 suitable
contiols (referred 1o i this book as the RERF population) it is interesting to note
trome e Table that the seemmngly beneficial effects of low to intenmediate doses
of radiation are Targer m men than in women  This finding is in agreement with
the conclusion of Mine et al (1990), and reflects the experimental finding that
darly whole-body wradition of mice at 0.1 rad significantly increased the mean
survival time of males, despite sigmificant increases m the incidence of cancers,
from 684 414 days m controls to 78 +- 14 days afler uradiation, whereas females
mebuted m the same way showed a slight but msignificant increase in mean
survival from 803 416 days in controls to 820 +-18 days aflter irradiation (Lorenz
etal  1955) Thus, the males in thns experiment appeared to be more sensitive 1o
the ‘henelicial” effects of low-level radiation than females *

Table 3.4 Relative risk for mortality from all diseases e« opt neoplasms and
hematological conditions among atomic bomb survivors, 1950 55 by sex, age at

Nommber Relative risk at doses (rad in DSBA) of

o 2| 0900 sdsdassdesasncdddascabes b el e deaths

1 & 10 20- S0 100- 200- 300-
- 9 19 9 99 199 299 399 »40D0

Total 20,777 1.03 0.97 ©0.97 097 1.15 0.9 1.13 1.6 1.38
Sex
Males 9 344 1.03 0.9 0.9 0.9 098 095 1.05 17 1.60
Female 11,433 1.03 0.99 0.99 0.97 1.06 097 .20 1.13 107
Age (yrs) at time of bombings
<10 32¢ 080 0.78 1.20 1.25 0.7%5 046 1.46 1.29 1.35
10 19 814 1.06 1.03 073 0D.9% 10’ 1.7 62 081 2.
20-29 99 0.97 0.80 0.9 0.98 0 .4 1.07 0.9 0.722 2.03
30-39 2,441 1.2 109 105 0.5« 1.26 .94 1.87 147 1.8
W49 5,995 1.07 097 099 105 107 107 122 0.9 1.28

»S0 10,274 1.00 0.9 095 0.95 0.9 089 095 1.4 1.1
Period
1950-55 2,901 1.07 0.95 0.91 0.92 0.99 0.74 0.97 149 1.48
195660 2,999 0.97 0.93 0.93 1.06 0.7 094 088 1.08 1.%0
1961 65 2,969 1.12 €96 1.01 1.00 1.20 0.87 1.07 1.2¢ 1.5
1966 70 2,958 1,03 086 0.97 1.06 0.9 1.8 1.23 09 1.1
1971-75 2,988 06.97 0.95 0.95 0.92 1.6 1.02 1.13 .06 1.45
1976-80 3,057 0.9¢ 1.0 1.05 0.8 096 098 1.3& 1.00 .34
1981-85 2,905 1.1 1.y 0.9 1.03 1.7 097 130 1.27 1.%9

(from Shimizu et al., 1972, Copyright Academic Press, Orlando. Reproduced
with permission)
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"Between two and 18 months after the atomic bombmg, Nakashima and 23
coworkers at Kyushu University School of Medicine made a follow-up study of
penipheral leukocyte counts m 280 residents of Niskiyama, located 3 bm from the site
of the atomic bomb explosion in Nagasaki  The majority of the residents had a
prolonged increase in leukocyte count throughout tne period of measurement, but did
not have overt infectious disease (Nakashima et al | 1953)  This population had net
been cxposed to ihe atomic bomb radiation, as  Nishuyama was shuelded by a
mountam (Mt Konpira), however, they were exposed to radwactive fall out, at a
cunlative dose of about 20 rad, from external pamma rays and to an unknows: dose
from continued exposure to radiation by ing  1on of radwactive materials  The
percentages of males and females who had leukocyte counts over 30,000 at least once
were 19 and 15% aged 1-10 years, 29 and i6% aged 11-20 years, 33 and 7% aged 21-
50 years and 35 and 6% aged S1-73 years  The mean leukocyte counts of adult males
{aged 21-50 and >50 years), but not young and adult females and young males,
showed a sharp, high maximum during the S & nonth period after exposure

“These fragmentary data indicate that males may be more sensitive to stimulation
by low-level radiation than females I this sexually different response to low-level
radiation was real, it might have reflected a sexual difference in the charactenistics of
homeaostasis in that after exposure to moderate exiernal stress (inchading wradiation),
males responded more sensitively 1o up- or down-repulation of homeostaus than
females

"Stewart and Kneale (1984, 1988) onigmnaily noted the U-shaped dose respon .«
relation for non-cancer deaths i the RERF population. They proposed a selection
hypothesis, as follows ‘The dose response curve has oppositely directed slopes at
high and low dose levels as a result of survivors with high and low doses having
different reactions to, say, infections--selection elfects of early mfection deaths and
residual effects of marrow damage  Low dose survivors were at high nisk of an
infection death during the fall and winter of 1945 and for an unknown penod
thereafter  This general hazard was dose related and obviously greates for people with
low an high levels of immunilogical competence On the assumption that it took at
least two years for hiving conditions in the two citics to revert to normal, we

“This sign ™ nt difference in gender response to low and mtermediate acute
doses of radiation parallels the observations of Lorenz et al {1955) and Congdon
(1987) regarding companison of the survival of male and female mice exposed to
0 0011 Gy delivered in 8 hours daily from age 2 months to death  The longevity of
radiated male nuce was significantly increased to 115% of wradiated controls (783
days vs 0B3 days). However, the longevity of female mice did pot increase
significantly above theii control fevel of 803 days that was nearly matched by the

1-12
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extended hifespan of the wradiasted male mice  Human populations also
demonsteate that female longevity is greater than that of the male. These results
supeest that low level wradiation of men and mice may stimulate a physiologic
process m the male, relatively unenhanced in the female, that enables male
fongevity to approximate that of the female ™

Lapanese Survivors/longevity - Pollycove 1994
I gevin y

Prof Emeritus, Myron Pollycove, MD, reports (Pellycove 1794) thay,
“The (reported) decreased mortality risk reported by the US-Japan Radiation
I tects Rescarch Foundation (RERF) study of Hiroshima and Nagasaki (Shimizu
1992) 4s also consistent with the recent article on Nazgasaki survivors from
Nagasaky Umiversity and the Atomic Energy Research Institute, Kinki University,
Japan Mine et al teport (1990) upon the ‘apparently beneficial effect of low to
mtermediate doses of A-bomb radiation on human lifespan’. The decreased RR of
noncancer male deaths to 0 65 (p<0 05) in the 0 50-0 99Gy dose range was to a
large extent offset by the RI increase to | 56 in cancer deaths (Table 11.2B) The
male RR for total deaths m this dose range was 0 88 (Table 11.2A), with low
statistical power (p=034) Fiting of a U-shaped dose-response relationship
confiumed the sipmficantly lower male RR for noncancerous diseases with
maamim reduction 10 0 76 (p<0 02) in the 1 00 10 1 49, average | 08 Gy dose
range (Lable 11 2C) Female survivors, on the other hand, showed no significant
change m RR of death from all cavuses until the 2 00 1o § 99 Gy dose range was
reached, m which there was a rise of the RR of both cancer deaths (p<001)and
total deaths

LOW LEVEL RADIATION HEAL TR EREs O TS
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Teble 11.2. Yotai Desths snd Reiative Risks of Male and Female A Bomb Survivors in .
Negesshi During 1970 1988 Classitied by 185 Dose
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2.0 Qccupational Exposure

Prof Emeritus, and Member of the UN Scientific Committee on the Effects of
Atomic Radiation (NSCEAR), of the Central Laboratory for Radiological Protection,
Zhipgniew Jaworowski states (1995b) that

"From several studies of people occupationally exposed to low radiation doses
discussed in UNSCEAR (1994), data on mortality of 13,491 employees of the Atomic
Encrgy of Canada Limited, (Gribbin et al | 1992), 5504 were not exposed to radiation.
The mean ~wdiation dose of exposed persons was 49 mSv for men and 5.5 mSv for
women. As shown i Table 6 the mortality die to all leukemias in the exposed group was
only 32% of that in the general Canadian population. The observed mortality among
employees of AECL from all cancers and from all noncancer diseases was aiso less than

expected ”

2.1 Occupational Exposure/Radiologists - * alow 1994

Noevcess cancers were found in I ritish radiologists, with estimated 100-500cGy

hfetime doses

Nobel Laureate Dr. Rosalyn /alow states (1994) that, "British radiologists before
1921 Gincluding much extreme V W exposures) had 75% excess cancer-related deaths
compared to other physicians 1l wever, those siarting after 1921 (with general improved
radiation protection practices) h: d no excess cancer deaths, with typical excess exposures
estunated at 100 to SO0 rem_ " { Smith and Dol! 1987)

No excess cancers were ound in US Army radiologic technicians, with estimated
SOy doses

Nobel Laureate Dr. ".osalyn Yalow states (1794) that, “In WWII, 6500 ra'nlogic
techmecians had an est’.nated 50 rem in training, with 24 months median service A 29-
vear follow-up four .« no increased malignancies compared to army medical, laboratory,
andd pharmacy “cchnicians ™

1.2 Occupational Exposure/Nuclear Shipyard Workers - Cameron 1994

Prof Emeritus Di. John Cameron reports (Cameron 1994) that “the Nuclear
Shipyard Workers Study (NSWS 1991) . gronps were selected from a database of almost

Low LEVEL RADIATION HEALTIE ESFECTS
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700,000 shipyard workers, including about 108,000 nuclear workers The *heee study
groups consisted of 28 542 nuclear work~rs with a working lifetime dose equivalent (DI)
equal to or greater than S mS (0.5 rem), referred (o here as NW >5. 10 462 nuclear
workers with a working lifetime DE <5 mSy, rcferred to here as NW <S5 and 13 3152
nonnuclear workers, referred to as NNW

TABLE 1

of Mertality SMR. and 9% Confidence Intervsl
for NW > 5. NW < 5 and NNW Shipyerd Warkers

MABIATION EXPOSURE: "y et o
CAUSE OF DRATH: ¥ = 28,842 10,482 11,3182
ALL cavses v 2,97 1,168 TS
" v 0,06 B N T 1.00
(988 C.1.) 1{0.73, 0.79) {0.76, 0.86) (0.97, 1.0}
Lrveena T T I
) r o 0.42 0.9
{988 c.1.) 110,36, 1.39) (0.11, 1.07) (0.68, 1.39)
et ' $0 1 (1)
e N 0.5 1.1
(9% ©.1.) 110.461, 1.08) (0.28, 9.91} (0.88, 1.37)
ETSOTHEL 10MA ' 1t s 10
(L ' N (RS 7.85¢
(5% c.1.) 113.03, 9.08) [2.49, 11.13) (1.1, €40
LUWC CARCER T M " 108
[T ] r Lo .1 1.1%
(9% c.1.) {0.94, 1.21) (0.90, 1.3%) (1.02, 1.2%)
“Statigtically
'LN:WM
“Associsted with ssbestos e1posure

“Bown nuclear worker groups had a lower death rate from leukemia and lymphatic
and hematopoietic cancers than the nonnuclear group Al three groups had lower L 11C
death rates than the general population. Table | summarizes the data

“The most significant and surprising finding of the NSWS rescarch was that the
nuclear workers with the greatest radiation exposure, a cumulativ,e lifetime occupational
dose equivalent of S mSv or more, had a standardized mortality rate (SMR) of deaths
from all causes of only 0 76 that for their age and sex i the peneral population, while the
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nonnnclear workers had an SMR of | 0. The standard deviation of the SMR was ~0 015,
1o the mortality rate for the nuclear workers was 16 standard deviations below that of
the nonnuclear worker group!

“ The occupational exposure to the nuclear shipvard workers was comparable to
the cumulated effective dose equivalent theyreceived from natural radiation. Their total
rachation, occupational plus natural, 15 comparable to natural radiation exposures in some
parts of the world

“This study is probably the best scientific evidence, oi many scientific data
sources, to show that low levels of ionizing radiation exposure are without health hazard.
the resolts clearly contiadict the conclusions ~f BEIR that even small amounts of
radiation have risk (in BEIR V and earlier reports), which have been largely based on the
data trom the Japanese atomic bomb survivors, who largely reccived their radiation
cxposures i very brief, high dose rate conditions and who are also now demonstrating
that effective radiation health effects thresholds exist in the range of 20 to 200 rem

Occupational Exposure/Nuc! rar Shipyard Workers - Pollycove 1994

D Myron Pollycove reports {i794) that “A ten-year study by the Johns Hopkins
Department of Epidemiology, School of Public Health and Hygiene of nuclear shipyard
wotkers was concluded recently. The Technical Advisory Panel (TAP), chaired by Arthur
€ Upton, advised on the research and reviewed results. John Cameron, a member of the
FAT, summarized the study and stated, “This study is probably the best evidence that low
levels of wonizing radiation are without health hazard '

“The results contradict the conclusions of the BEIR V report that small amounts
of radiation have risk -- the linear risk hypothesis. The database of almost 700,000
shipyard workers included almost 108,000 nuclear workers witli exposures beginning in
tire 1960s until the end of 1981 Three study groups were selected: 33,352 non-nuclear
workers (NNW), 10,462 nuclear workers with a working lifetime dose equivalent (DE)
of less than 5 mSv (NW<5), and 28,542 nuclear workers with a DE greater than or equal
to S mSv (NW>5) where 5 mSv (0 5Srem) is approximately equal to the sea-level
background radiation (340 mr/yr) one would receive in | 172 years. Deaths ir each
group were classified as due to: all causes, leukemia, lymphatic and hematopoietic
cancers (LHC), mesothielioma, and lung cancer. The only cancer that showed a
significantly increased incidence in the exposed groups as weil as the NNW was the rare
malignancy mesothehioma (16 deaths), a marker for asbestos exposure that is also
assoctted with lung cancer. The data are summarized in Cameron 1994 Table | above.

LOow LEVEL RADIATION HEALTH EFFECTS
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“The nuclear worker groups had a lower death rate from all causes, leukemia, and
LHC than the non-nuclear workers. These apparently beneficial effects of low dose
irradiation are consistent with the increased longevity and 1570 lower montality and
cancer death rates seen in the seven western states with high natural background radiation
averaging about | mGy per year above that of the other states

“The non-nuclear workers' death rates exactly matched those of the external non-
shipyard matched control population  This demonstrates absence of the external healthy
worker effect ascribed to adequate income, better health care, and the presence of Health
sufficient to allow mamtenance of a reliable work schedule  There remains the question
of an intermal Healthy worker effect resulting from the possible selection of more active
individuals to be nuclear workers. The NW>5 group with the greater exposure had a
death r_te from all causes of 0.76 the standardized mortality rate (SMR), 16 standard
deviations below that of the non-nuclear worker group (NNW) The NW<S with lesser
exposure had 0 81 SMR_ about 85D below the NNW. While a possible internal healihy
work: : effect could contribuie to the lowered SMR of nuclear workers, companison of the
NW>5 group with the NW<5 group demonstrates that the group with the greater dose had
the lower SMR with even greater statistical power. This provides very strong evidence
that low levels of ionizing radiation are without health hazard ™ See Table |, p 2.1

2.3 Occupational Exposure/High-Dose Workers - Berry 1994

Dr. Roger Berry reports (Berry 1994) that in a study “of morbidity and mostality
data in a cohort of 542 male workers, who had accumulated individual doses in excess
of 500 mSv and up to -2 S%, by the end of 1983. and an overlapping cohort of 470
workers who were involved in fighting the Windscale pile fire in 1957 or in subsequent
cleanup operations, having a collective occupational radiation dose of 180 person-Sy

“A clear correfation was seen between recorded cumulative external radiation dose
and the incidence in peripheral blood lymphocyte chromosomes of translocations scored
by banding, but as expected, no correlation was seen between total dese and the incidence
of unstable aberrations such as dicentrics, rings, and acentric frapments

“In the >500-mSv, cohort, overall mortality to date s not significantly differemt
from the U K. national average, corrected for age, sex and social class, and the shight
excess of observed over expected deaths is due not o cancer but to diseases of the
circulatory, system. There is actually- a slight dcficit overall against expectation to date
of deaths from malignant disease, due in part to a large deficit against expectation of lung
cancer deaths. However there is a nonsignificant increase against expectation in cancer
deaths from haemopoictic and lymphatic issues . Comparable data for the Windscale fire
cohort show a similar deficit of cancer deaths against expectation

2-2
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“Up-to-date cancer incidence data for these cohorts are reviewed and continue to
show 1ates below those expected in the general population. Thus, in a population of
worhers exposed during their occupation over many years to radiation doses that would
be considered unacceptable today, and studied as a “beliwether™ for predicting risks to
current workers, there is evidence at a cellular level of their having received that
exposure, but as yet no evidence of unpredicted harm ™

LOow LEVEL RADIATION HEALTH EFFECTS
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to detec! an increased risk for all cancers combined that was three times that estimated for
low levels of radiation based on studies of the A-bomb survivors and other high-dose,
high-dose-rate pepulations. From this perspective, the study was able to address
aliegations that the risks of radiation-induced cancers to those derived from

TAasLE '
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Occupationa! Exposure/High Dose Workers - Fry 1995

Dr. Shirley Fry reports (1995) that, “In a population of 3145 current and former
civilian cmiployees at DOE facilities and the U.S. Navy's Nuciear Reactor Propulsion
Plants [exposed to > 50 mSv (5 rem) in a year] for the years 1943 through 1978, follow-
up doses for the totai cohort are presented in Table 11

This popuiation comprises individuals who were among the most highly exposed
to radiation in the modemn nuclear industry. We estimated that the study would be able

Radiation Heslth Etects: Dats and Programs §
TABLER
Distribution of the >59-mSr Cobert (N = J145) by Cameulative Whole-Body Peaetrrting Radistios Dese*
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underestimated “high-dose™ populations exposed to radiation at high dose rates are

underestimated.
Mortality due to

white males in the coh.

. and selected site-specific cancers for the total cohort and for all
are piven in Table I11.

Occupational Exposure/lHligh Dose Workers - Luckey 1995

Cancer mortality was shown to be less in workers exposed to 5 ¢Sv per year
compared to control workers who were unexposed

Professor Emeritus Dr. T.D. Luckey (Luckey, 1995)) agrees with studies that

show "__. that over 96,000 workers, exposed to about § ¢Sv (5 rem) above background
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levels per year, have significantly lower cancer mortality rates than 212 000 control
wotkers in the same plants, p< 001, In each study, the standard mortality rate (SMR) for
cancer deaths m all the workers was significantly less than that of the general population,
p< 01" Tabie 1 is a review of these major studies. It shows "total cancer mortality in
over 300 000 nuclear workers, {mostly white males) ... The data was corrected for age
and lageed 10 years for cancer deathis and 2 years for leukemia deaths. The chi square
statistic was used to estimate probabilities ™

Table 1 Toral Cancer Mortality in Nuclear Workers (Luckey, 1991)
Plant Shipyard Weapons Weapons Weapons
Mant anosk i Gilbert Kendall Abbatt

Number of workers

Control 111,757b 20,619 58, 945¢c 21,0¢0

Exposed 40, 7744 15,318 316,272« 4,000
Years Observed

Total 16 33 30 20

Mean (f) 8 17 15 10
Lifet ime Exposure

Man Sv 1,09% 1,140 1,066 280

mSv/Workey 27 74 85 70

mSv /y (£} 1.4 4.3 5.7 7.0
Cancer Mortality

Contr1ol Dead 1,086 718 584 463

Control Ratelq) 27.6 34.8 2.9 22

Exposed Dead 968 318 96 8

Exposed Ratelg) 2).7 20.8 2.6 2

Rat o (h) .84 .60 .27 .09

pValue <.001 <.001 <.001 <.001

a) More that 95% white male adults. Death were age

corrected and lagged 10 years in all except the Abbatt data.
) All workers exposed to <5 mSv, 1984.

c) All workers exposed to <10 mSv,
d) Workers exposed to >or equal 5; charts 55 and 56, 1984.

) All workers exposed to > or equal 10 mSv.
f) Estimated at one half the total cobservation years.
q) Cancer mortality per 1000 workers.

h) Mortality ratio = Exposed/Control
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2.4 Occupational Exposure/Plant Workers - Luckey 1994

Professor Emeritus Dr. T.D. Luckey finds (1994) that, “A totai of 15 913 white male
workers (5,546 deaths) from three United States nuclear weapons plants with fifetime
exposures of 2 to 20 ¢Sv had lower total cancer mortality rates than nternal controls, p
<0001 (Figure 15) (Gilbert et al_, 1989) The continuously decreased rate, shown in the
cumulative curve, and the fact that *-ase exposed to 25 cSv had less cancer mortahity than
those exposed to 13 cSv, p < 0.uo, strongly suggest that the optimum hifetime exposure
for decreased cancer mortality is greater than 25 ¢Sv.  Since the follow-up period
averaged 19 years, the optimum exposure appeared to be more than | ¢Sv per year The
combined workers had a lower cancer mortality rate than that of the United States
population; the SMR was 0.79."

. ALL CANCER MORTALITY RATES - WHITE MALES
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FIGURE 1S. Effect of lifetime exposere wpon cancer mortality rates in male nuclear weapons
workers (Gilbert et al, 1989). The number of workers and p values are cxpressed within . figare

When the leukemia mortality rate of exposed workers from three United States
nuclear weapons plants were compared with that of unexposed workers, no statisticatly
significant differences were found (Gilbert et al | 1989). When compared with the
respective local populations, the mean SMR for leukemia mortality in all male workers .
of the three plants was 092
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levels per vear, have sipnificantly lower cancer mortality rates than 212 000 control
workers in the same plams, p< 001, In each study, the standard mortality rate (SMR) for
cancer deaths in all the workers was significantly less than that of the general population,
p- 017 Table 115 a review of these major studies. It shows "total cancer mortality in
over 300 000 nuclear workers, (mostly white males) .. The data was corrected for age
and lagged 10 years for cancer deaths and 2 years for leukemia deaths. The chi square
statistic was used to estimate probabilities *

Total Cancer Mortality in Nuclear Workers (Luckey, 1991)

Table 1
Plant Shipyard Weapons Weapons Weapons
Mant anosk { Giibert Kendall Abbatt

Humber of workers

Cont rol 111,757b 20,619 58, 945c 21,000

Exposed 40,774d 15,318 36,272e 4,000
Years Obscerved

Total i6 33 3o 20

Mean (f) 8 17 15 10
Lifet ime Expesure

Man Sv 1,095 1,140 3,0€€ 220

mSv/Workey 27 74 as 70

mSv/y (f) .4 %3 S.7 7.0
Cancer Mortality

Control Dead 3,086 718 S84 461

Control Ratelq) 27.8 34.8 5.9 22

Exposed Dead 968 318 %6 8

Exposed Rate (g) 237 20.8 2.6 2

Ratio (h) R .60 27 .09

pValue <.001 <.001 <.001 «.001

al More that 95%Y white male adults. Death were age

corrected and lagged 10 years in all except the Abbatt data.
b)  All workers exposed to <5 mSv, 1984.

<)} All workers exposed to <19 mSv.

4} Workers exposed to >or equal 5; charts 55 and 56,
e} All werkers exposed to > or equal 10 mSv.

f}] Estimated at one half the total observation years.
9} Cancer mortality per 1000 workers.

h) Mortality ratio = Exposed/Control

1984 .
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2.4 Occupational Exposure/Piant Workers - Luckey 1994 "

Professor Emeritus Dr. T.D. Luckey finds (1994) that, “A total of 35,913 white male
workers (5,546 deaths) from three United States nuclear wezpons plants with hictime
exposures of 2 to 20 cSv had lower total cancer mortality rates than intern... controls, P
< 0.001 (Figure 15) (Gilbert et al , 1989). The continuously decreased rate, shown in the
cumulative curve, and the fact that those exposed to 25 ¢Sv had less cancer mortality than
those exposed to 13 cSv, p < 0.05, strongly suggest that the optimum hifetime exposure
for decreased cancer mortality is greater than 25 ¢Sv. Since the follow-up period

averaged 19 years, the optimum exposure appeaied 10 be more than | cSv per year. The
combined workers had a lower cancer mortality rate than that of the United States

popuiation; the SMR was 079"

. ALL CANCER MORTALITY RATES - WMITE MALES
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FIGURE 15. Effect of lifetime exposere wpon cancer moriality rates in male nuclcar weapons
workers (Gilbert et a1, 1937) The number of workers and P alues are expressed within the figure

When the leukemia mortality rate of exposed workers from thiee United States
nuclear weapons plants were compared with that of unexposed workers, no statistically
significant differences were found (Gilbert et al | 1989) When compared with the
respective local populations, the mean SMR for leukemia mortality in al! male workers

of the three plants was 0 92
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Comulative lung cancer mortality of male workers in three United States nuclear
weapens plants appeared to decrease as the dose increased (Figure 16) (Gilbert et al,
1989). Only m those with jifetime exposures of greater than 2u cSv was the decrease
statistically significant, p < 0.001. The SMR for lung cancer mortality in all workers was
076
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FICURE 16. Pifect of liletime expocure vpon lung cancer mortslily retes in mele nuciear weeapon
workers (Githert et ol | 1989)

Luckey, 1994, Intl. J. of Occ. Med. and Toxicology

During 20 years in a Canadian energy plant, 4,000 nuclear workers with an average
exposure of 70 mSv had a lower cancer mortality rate than 21,000 unexposed workers,
p < 0001 (Figure 17) (Abbatt et al, 1983). The cancer mortality rate of thermal workers
i the plant was comparable with that of the general population of Ontario; the SMR was
0.97. There were ne leukemia deaths in exposed workers during this study.
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FIGURE 17. Comparison of cancer standard mortality rates of 4.000 males in nuclear energ
work with 21.000 m.ics in thermal energy work in a single Canadian plant (Abbait et al ., 198))
The SMR of each worker cobort is taken from the population of Ontario

Deaths in another Canadian energy plant were followed from 1956 1o 1985
(Gribbin et al, 1993) A comparison of over 4,000 exposed workers with 4,000 other
workers in the same plant showed no significant differences in cancer mortality rates.
The authors made an age adjustment without giving enough data to make an age
correction. Comparison of all cancer deaths in all workers with the general population
gave the following SMRs: all cancer, 0 prostaie, 1.21; alimentary, 1.02; lcukemia,
0.62; and lung, 0.86. Non. of these differences were statistically significant.

A study of 95,000 predominantly male workers in several British nuclear weapons
plants from 1955 to 1988 involved 6,660 deaths; only 2 7% of the deaths were female
(Kendall et al, 1992). The total cancer mortality rate decreased inversely with exposure,
p <0.001 (Figure 18). Since workers exposed to a mean of 7 ¢Sy bad a lower cancer
mortality rate than those exposed 1o 2.4 ¢Sv and had about the same rate as those who
received 25 ¢Sy, the optimum lifctime exposure for the 33 years appears to be at least 20
€Sv, about 0.6 cSv per year. When compared with the population of England and Wales,
the SMR for all cancer deaths in nuclear weapons plants was 0 8¢, p < 0 001
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AGE ADJUSTED CANCER IN NUCLEAR WORKERS
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FIGURE 18. Effect of lifetime exposwres upon sge-corrected cancer mortality rates In severs!
Britith nuclear weapons plants (Kendall et ol 1992). The numbers of workers and p values are

given for cach dose.

Leukemia mortality followed the pattem of total cancer mortality in the British study
(Figure 19). Leukemia mortality in exposed workers wes less than that of unexposed

controls in the same plants, p < 0.001. The optimum sppeared to be 10-10 ¢Sy per 33
years. When compared with the general population, the SMR for leukemia mortality in

all workers was 0.91, p = NS.
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Conclusions about chronic exposure of humans to low-dose irradiation are based
upon almost eight million person-years (Table 2). These studies predominate over those
studies which report increased cancer mortality in small pockets of workers, which are
included in the larger surveys. Intemal comparison with control and exposed workers in
the same plant give irrefutable evidence that low-dose irradiation is beneficial The
“healthy worker effect” cannot sccount for the decreased cancer mortality rates in nuclear
workers. The consistently decreased cancer mortality rates of exposed nuclear workers
when compared with unexposed workers in the same plants are compeliling evidence that
the difTerences observed are pot due to a “healthy worker effect.” Both groups entered
the plants under the same condilions and received comparable medical care. When
compared with the general population, the longer average life span of workers shouid
result in 2 higher cancer mortality rate. It does not. Thus, the “healthy worker effect”
helps to validate 1adiation hormesis in cancer mortality.
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Major Studies of Cancer Mortality in Nuclear Workers

TABLE 2

Plant Workers Person-Yr Reference
Shiphuilders 70,730 1,591,832 Matanoski, 1991
Hantord 44,100 1,675,800 Giibert et al, 198%
vak Ridqge 6,318 291,130 Gilbert et al, 1989
Pocky Flats 5,897 165,116 Gilbert et al, i989%
Canada 8,944 268,320 Gribbin et al, 1991
Canada 25,000 500,000 Abbatt et al, 1983
Britain 95,100 3,237,378 Kendall et al, 1992
Total 258,089 7.729,57¢

2.6 Occupational Exposure/IARC Radiation Worker Study - Pollycove 1995

Professor t meritus Dr. Myron Pollycove reports (1995) that a recent report by the
International Association for Research on Cancer (IARC) (Cardis et ai 1995) similarly
“mistepresents dose response data to report a ‘linear model’ result. The !ARC report
chooses to ignore data that shows lower risk, i.e, arisk decrement.

“First, in this combined occupational exposure group it ~hooses to ignore the most
accurate data, the Nuclear Shipyard Worker Study compared to the early weapons facility
workers with their questionable dosimetry and confounding factors.

“Then, in a population of 15,825 total deaths, IARC reports on 119 leukemia
deaths, excluding non-radiogenic leukemia. The data show that there are 60 deaths
observed with 620 expected for doses of less than | cSv, and there are 59 deaths
observed with 57.0 expected for doses greater than 1.0 cSv (applicable data extracted in
Table 2). Clearly, there is no excess leukemia found in this data ™

Dr. Pollycove notes that: “The JARC report states explicitly in the Statistical
Mcthods section that they applied (they presumed) the linear model across 11 dose
categories, and that ‘As there was no reason to suspect that exposure to radiation would
be associated with a decrease in risk ., one-sided tests are presented throughout.” This
states that they effectively discount and ignore all negative data.

“For the table, the eleven dose categories were collapsed to seven, resulting in
preater-than-exy ==*=d leukemias in three of the seven dose groups (the * groups in Table
7} Swnce only positive data are allowed 1o be considered, only the data from the three
preater-than-expected dose groups are used, even though these dose groups are not even
contipuous. Since the selected data are not significant, the IARC reports that it performs
a Monte Carlo calculation on 5,000 trials (effectively multiplying the data by roughly a
factor of 100) to ‘find’ that the results show a ‘significant” lincar dose-response “trend’.

Low LEVEL RADIATION HEALTH EFFECTS
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“This ‘result’ was then the subject of a world-wide media campaign, reasonably
reported even in Nuclear News, that the “lincar model’ is confirmed. This report was
widely distributed and accepted long before the data and analysis were published and
available for review.

“JARC alse reports that the 44 multiple myeloma deaths are similarly found
‘significant’, noting that this is ‘attributable primanily to the associations reported
previously . in the Hanford and Sellafield cohorts.’ This note indicates that they are
aware, without so stating, that this ‘association’ is not ..und in other cohorts and 15
generally considered to be eroneous in the referenced studies, consistent with the
weakness in the dosimetry and the confounding effects (The study reports that cancer
relative risk is 0.99 and leukemia is 1 22 at 10 ¢Sv )"

Clearly, if all data were considered by IARC without arbitrarily excluding contrary
data, the mortality data in these combined populations do not support the “linear model *
As Dr_ Luckey has found, objectively examining all the data in cach of the cohorts
indicate positive/beneficial effects for the exposed popuiations, a result which would be
reasonably expected to result in a positive (beneficial) effect in the combined populations
The IARC, consistent with BEIR, NCRP and other government data presentation,
capriciously misrepresents the data to conform to the costly radiation protection policy
mandate

In an April 1996 report to the NCRF on this study, Dr. Ethyl Gilbert did not report
that the study found support for the “linear model” in the data. However, the NCRP
summary of the meeting explicitly sttributed to Dr_ Gilbert the conclusion that the IARC
study had found confrming evidence of the “linear model.”

Tsbie 11. JARC Observed-Expected Leukemia (Except Chronic Lymphocytic

Leukemis 119 Deaths in 1S 225 Total Desths

Cumulative dose (cSv) Deaths (Observed/Expected)

0-1 60/62.0

-3 19/17.2¢

2-5 14/17.4

$-10 8/%9.0

10-20 8/6.4*

20-40 4/4.7

>40 6/2 .3+

*Greater than expected leukemias. HNote, for this table,

11 dose categories were collapsed to seven

2.6 Plutenium Workers
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1.0 Medical Patients

i Sadao Hattori, Vice President of CRIEP! reports (BELLE 1994) that, “Professor
Sakamoto 1s using radiation hormesis to cure and to suppress the reappearance of cancer
i the hospital of Tohoku University. For example, he apphed 10 cGy twice weekly for
ceveral weeks successfully against liver cancer and lymphatic tumors. He is successfully
applyine whole body, or half body low level dose combined with local high dose
weadiation to treat non-hodgkin's lymphoma  The low survival rate of 36% in patients
with non-hodgkin's lymphoma after five years of the therapy improved to a 90% survival
rate with a low dose treatment schema. Some analytical results demonstrate an increase
of the ratio of the helper T cells to suppressor T cells.™

1.1 Medical Patients/Thyroid Cancer - Pollycove 1990

Dr Myron Pollycove finds (Pollycove, 1995) that "ICRP (1990) agrees with
UNSCEAR 1988 and BEIR V that the most current estimates of the risk to the thyroid are
presented in the NCRP Report 80 (NCRP, 1985). ICRP 1990 states that the
carcinogenicity of external radiation is estimated for the high dose range and extrapolated
to low doses ©  because of the presumed linear nature of the thyroid response to external
radiation 1-131 was estimated to be about one-fourth to one-third as effective as external
radustion (NCRP, 1985, L. sCEAR 1988b)."

Ihe UNSCEAR report states that for A combined analysis of nearly 47,000
Swedish patients given 1-131 for thyroid cancer, for hyperthyroidism or for diagnostic
purposes [Holm 1989, 1991} _no clear association of cancer induction by radiation was
evident in the analysis.” The NCRP 1985 report analyses the earlier studies by Holm
(1980, 1981 1984) of 14,690 1-131 administrations, including 10,133 patients (494 unde:
age 20) with diagnostic doses and 4,557 patients with therapeutic doses for hyper-
thyroidism and con concludes,” . 1-131 has not been shown to be carcinogenic in
people ™ This ‘problem’ was circumvented by assuming the largest number of thyroid
cancer cases compatible with the data at the upper limit value of one-third is the relative
cllectiveness of 1-131 compared to external radiation for the induction of thyroid
carcmoma A decade later the above mentioned reports by Holm continue to demonstrate
no excess cancer or leukemia  These reports include a cohort of 35,074 patients given
diagnostic doses, including 2000 under the age of 20, and another 12,000 patients given
therapeutic doses of 1131 This much larger number of patients has reduced the upper
limit of relative effective carcinogenicity of 1-131 compared to external radiation from
1110 117 1o reach zero in this manner, and infinite number of patients is required "

Medical Patients/Thyroid Cancer - Yalow 1994

No excess lewkemia is found with doses of 10-15 cGy 1o the whole body dose from 113
invperthyrowd therapy

Nobe! Laureate Dr. Rosalyn Yalow states (1994) that, "Before 1968, 1 10 3
million US patients received 1-131 thyroid diagnosis A Swedish 20-yr follow-up of about
35,000 patients, 5% exposed at < 20 yr old, with a mean thyrod dose of S0 rem, found
that patients diagnosed for reasons other than a suspected tumor, had thyroid cancers at
62% of contrels (significant) ™

1.2 Medical Patients/I-131 Leukemia - Yalow 1994

No excess leukemia is fownd with doses of 10-15 cGy to the whole-body dose from 1131
hyperthyrowd therapy

Nobel Laureate Dr. Rosalyn Yalow states (1994) that, “Hiyperthyrowd patients treated
with 1-131 have about 10 rem whole-body (bone marrow} iradiation. In a study of 16,000
patients, 22 000 received 1-131, with 14,000 mostly receiving surgical treatinent. At 7-
and 10-yr follow-ups, sufficient for leukemia effects, no difference exists i the two

groups
“Another study of 10,000 patients followed for 15 yr is also negative

3.3 Medical Patients/X-ray Leukemia

3.4 Medical Patients/Fluoroscopy Breast Cancer - Pollycove 1994

Prof. Emeritus, Myron Pollycove, MD, reports {Pollycove 1994) that, “The Canadian
study of fluoroscoped women includes 31,710 patients admitted to national sanatormms
between 1930 and 1952 and alive on January 1, 1950 (Miller 1989) The results relate
deaths from breast cancer between 1950 and 1980 that occurred 10 or more years after
first exposure to fluoroscopic radiation. Flu.. oscopic examination in Nova Scotia was
petformed AP (anterior-posterior), with the patient facing the fluoroscope This position
increased the breast dose to 50 mGy per exposure compared to 2 mGy per exposure in all
the other provinces in which the examination was performed PA (posterior-anterior ), with
the patisnt's back against *' ~ fluoroscope. The standardized mortality rates from breast
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cancer for various dose ranges is shown in Table 11.4 with the high dose, high dose rate
data of Nova Scotia separated from the low dose rate data of the other provinces.

“Linear and litiear-quadratic dose-response models were compared w  h respect
to data fit. The authors concluded ‘that the most appropriate form of dose response
relation is a simple linear one, with different slopes for Nova Scotia and the other
provinces ' On the basis of this iinear model, Table 11.5 predicts the lifetime excess risk
of death from breast cancer after a single exposure to | cGy, an amount approximately
three times the average annual background radiation.

“The epidemiologic data listed in Tabie 114 and the associated fitted models
were not presented graphically. The omitted graph is shown in Figure 4, together with
an empirical polynomial function fitted to the data. The linear model for 2 mGy
exposures discards the data at 0.15 Gy and at 0.75 Gy, the data with the best confidence
limits. Compared to the controls receiving 0 to 0.09 Gy, 0.15 Gy and 0.25 Gy
demonstrate relative risks (RR) of 0 66 (p<.01) 0.85 (p<38), respectively. While the P”
of 0 85 is not statistically significant, it is consistent with the significant RR of 0.66 and
the zero equivalent point of 0.31 Gy indicated by the fitted polynomial function. For
exposures above the zero equivalent point, the RR becomes positive after being negative
in the tange of 0 to 031 Gy. The /'~creased RR of breast cancer produced by low dose,
low dose rate radiation were rejected a priori by the choice of mathematical models that
extrapolate the dose risk relation from high dose exposures to low dose exposures. The
risks associated with low dose exposures cannot be measured, the authors state, “because
the expected small excess of breast cancers would be obscured by the much higher
background rate of breat cancer.” Consequently, the unexpected was rejected since the
possibility of a measural le decreased risk associated with low exposures sppeared to be
inconceivable. The hig ly significant decreased RR of 0.66 at 0.15 Gy and the RR of
0 85 at 0.25 Gy, both wit 1 the highest confidence limits of the entire study, are not shown
graphi-ally, not even dis :ussed. Instead, the linear model for 0.002 Gy exposures is used
in Table 11.5 to predict tie lifetime excess risk of deaih from breast cancer lo be
approximately 60 per millier vomen after a single exposure to ! ¢Gy at the age of 30.
Nine hundred excess deaths fium breast cancer are predicted theoretically from the
exposure of onc million women to 0. 15Gy. However, the quantified low dose data
predicts with better than 99%% confidence limits that instead of causing 900 deaths, a dose
of 015Gy would prevent 10,000 deaths in these million women.
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Fivoroscopic Exsminations
Dose Gy Stendscdized Rata Per 10° Parson Yeers
Novs Scotie Other Provinces Al Provinces
0-009 45586 585 8 578 8
(13n
0.10-0.19 -y oy
(Fal)
020-029 «are s(e?r
24)
030-029 1709 6305 s‘s?’o
(n an (18)
‘8- €32 1 6100
1
070-099 . ";:’z
100-299 2060 “;:,2
(14) (n
300-599 2811 8731 233
(13) 14
8.00-10 00 7582 e ,{:},
8 9
21000 21 810 20 620
(12 (13

*The number of deaths is shown in pareniheses The caiculations exclude the values for 10
years afler the first exposure and hevs been standardized according 0 sge 8! first
exposurs (1010 14, 1510 24, 25 10 34, and 2 35 years) and time sincs first exposure (10 10

14, 1510 24 2510 4, and 2 35 years) 1o the distribution lor ihe entire cohort

Tabls 11.5. Predicted Litetime Excese Riak of Desth from Breast Cancer per Milllon

Women sfier 8 Singie Exposure 1o 1 cGy

Age at Additive-Risk Relstive-Risk
Exposure Yr. Mode! Model
10 125 108
20 95 89
30 67 55
40 « 27
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CONCLUSION

“Significant positive health effects associated with low level radiation have been
demonstrated in a review of five epidemiologic studies: decreased mortality of nuclear
shipyard workers, decreased noncancer mortality of atomic bomb survivors in both
Hiroshima and Nagasaki and Nagasaki alone, decreased lung cancer mortality associated
with incressed radon exposure of the US. population, and decreased breast cancer
mortality of women in Canada afler having received multiple fluoroscopic examinations.
The tendency to neglect or reject data that contradicts the linear-no threshold theory of
radiation carcinogenesis is supported by confidence that chromosome aberration and gene
mutation can be produced by a single particle of ionizing radiation and so initiate a
malignancy. The number of such interactions with cell nuclei is both logically and
demonstrably proportional to the dose. However, no consideration is given to biological
defense mechanisms that could be stimulated further by low level increments of radiation
above the background level  Such stimulated defense mechanisms could also decrease
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carcinogenesis by chemical and other non-ionizing agents as well as high level onizing
radiation. Multiple defenise mechanisms at molecular, cetiular, organ, and systemic fevels
involving enzymatic, hormonal, immunologic, and stress protein interactions are currently
being demonstrated 2nd confirmed by numerous investigators 10-31 Recently 2 human
radiation repair gene has been cloned and transfected into a mutant Chinese hamster with
sensitivity to both 1onizing radiation and certain alkylating agents resulting from defective
repair of DNA strand breaks. These traiisfected mutants demonstrate overexpression of
the human DNA repair minigene with repair capacity increased above that of the wild-
type Chinese hamsters.*

Mounting reproducible evidence of the operation of various defense mechanisms
and their stimulation by low dose ionizing radiation will provide further details of how
biological defense mechanisms, nonoperative at high doses, are stimulated and enhanced
by low level radiation damage so as to overcorrect and predominate. These investigations
have clarified why the negative health effects observed at high levels of radiation that
efTectively overwheim these defense mechanisms cannot be extrapolated to the low levels
in which these stimulated defense mechnanisms predominate with decreased cancer
induction, decreased mortality, and other observed positive health effects.

3.5 Medice! Patients/Thorotrast Patients
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4.0 Radium -burden Population
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41 Randium-burden Population/Bone and Head Cancer - Evans 1974

Professor Fmesitus Dr. Robley Evans states (1974) that, “We have tested a number
of mathematical relationships (Evans 1966, 1967) (Evans 1969) and have found no
smooth function which gives an acceptably close [it over the entire range of desage, for
eher a pharmacological end point such as the so called classical and reduced X-ray
scores (Bvans 1966, 1967) or for an epidemiological end point such as comulative tumor

widence  Rather, the data of Fig 3 scem to divide into two domains, characterized in
the tow-dose domam by negligible radivbiological effects where body repair mechanisms
presumably keep pace with the rate of radiation injury, and i the low-dose domain by
neglipible radiobiological effects where body repair mechanisms presumably keep pace
with the rate of radiation injury, and in the high-dose domain by a highly signilicant
occunence ol osteoporosis, dense bone necrosis, spontaneous fracture, life-span
shortening and 1adiopenic malignancy
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Table 2, and in classes ¢ through ¢ of Table
L The shaded segion correrponds to the

smiemis occurrence 28 4 6% Lictween 1000 and
50,000 rmcls.

“We do adbere to the principles fist clearly enunciated by Chamberdam (F C
Chamberlain 1965) in 1890 of the “Method of Multiple Working Hypotheses ™ Several
authors who like to select and massage portions of other people’s data, including ilems
(Hems 1968), Gofiman and Tamplin, Goss (L.ans 1972) (Goss 1970), Sayder (Snyder)
and others have assarted that in their hands our data are in satisfactory agreement with a
linear nonthreshold model. None of these authors has bothered to apply any statistical
tests for goodness of fit or 1o offer any critique of the detailed statistical evaluations of the
<ata in our previous publications {(vans 1969, 1972)

Gofman-Tamplin linear nonthreshold model

“Figure 4 shows our data plotied on a linear scale of cumulative rads from 0 to 50,000
rads. The dashed line labeled G-1 is the linear nonthreshold relationship proposcd by
Golman and Tamplin (Gofiman 1971) for sarcoma occmrence. When the chi-syuare test
for goeduess of it is applicd to the portion of our data which they have sclected as proof
of their linear nonthneshold thesis ene fimds that the probability, P, that ditlerences
from the G-T linear model as large or larger than those observed couhd be due to chance
15 less than | in 200,000,000 These mathematical odds aganst this linear model are
astronomical. Their claim that they can represent the radivm and mesothorium data by
their linear model is therelore quantitatively nnsupportable
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REIR commutice 's lin. wr nonthe eshold meodel
“In s consideration of the radivn and mesothorium cases, the BEIR repori (1972)
seems briel and tightly written, treats the subject as “highly controversial,” and involves
what appear 1o be internal contradichions, omissions, and other doubtinl matters. First:
it discusses only bone sarcomas, snd does not recognize the existence of the well-
stablished occurrence of head carcinomas; second: it uses exclusively the CHIR data
1 Rowland) but does not recopnize that more than half of the sarcoma cases in the
ST and ANL-ATRI series which are blended in the CHR datz are symptom-selected
ases and are epidemiclogically vnsuitable for constructing dose vs. response
clationships; third: it compresses the C1IR dosages cohots by lumping more than SO0
ases with dosages less than 500 rads into a smgle point plotted at zero rads on an
withmetic scale graph, and fumps 80 cases with dosages from 5000 1o 44,000 rads into

csnple point plotted at 12000 rads

LOow LEVEL Ramiation Heavn Evsecrs
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“Fourth: the DEIR report notes that the resulting graph is ‘more consistent with a
curvilinear relationship” and that “there appears to be a lower limit of dose at which wo
significant cancer elfects have yet been observed,' and yet proceeds to evaluaie an
“absolute risk” on a linear nonthreshold model By introducing an assumed RUE of 10
for alpha rays, and a 40-yr burden-time for all twmor cases, i clects 10 represent the
regrouped data by a lincar nonthreshold model with a slope of 0.11 bone sarcomas per
year per million person-tems. It is inadvisable to use the rem as a wnit 1o relate sheleral

certainty and the RI: of slpha particles for twmor induction in humans is with rown
Converting back 10 rads with their asswmed 1 rad 1 10- rem, and o cwmlative incidence
with the 40-yr burden time which they apparently introduced ad fin feads to a slope for
cumulative incidence or ocourrence of 4 4 x 10 sarcomas per person rad  In Fig 4 this
would be a line about midway beiween the two dashed lines marked 'G-T" and ‘Full
Range * Application of the chi-square test indicates that differences from this DEIR tinear
nonthreshold model as large or larger thau thuse obser ved could be due to chance is less
than | in 1,000,000 repetitions. Clealy this model is unsupportable, especially m the
low-dose domain.

“Fifth: this ‘absolute risk” appears io have been extrapolated, along with other risk s,
to the domain of 5 remn per 30 yr (0.17 rem/yr), and treated in the BEIR repott as an
absolute basis prediction, rather than as an upper limit of risk, a caveat which has been
so oflen emphasizea by the UNSCEAR, ICRP and NCRP | xtrapolations which extend
from the dosage region above 1000 rads 1o the region of S rads (a factor of more than
200) may be very much in error and must be viewed with substantial reservations ™

Radium-burden Population/Bone and Head ancer - Rowland 1983

R.E. Rowland et al_ report ( 1983) that, “In Table 1 all the known cases of potential
exposure fo radivm before 1950 in the US. are summarized. Of the 4076 known cases,
body burden measurcments have been made for 1953, Of these measured cases, 632
(32.4%) had died by the end of follow-up. (Dec. 1979)

4.2



JOATUE R

-

2

9

=

3

-

i

il

E

g

.- -

-

s 1§
b )
L3
-~
-
a
>
-3
-
 ~
©
=
-
el
-~
=
o

© -

R -

- l’
~

- w

- -

.~ -~

€15

K.} >
=y
e
L2
»~
-
[ S

Averame
.ot

ivecaem

e at

Sean

aer
o!

aone
razmzas

tead

wrpossre uaer
‘t §.3.)

firse

expoiwry
s 5.0

rear of

waper llrst
of

JATCOBAS  CAREN

hunde ©

of
Waber bome
dead

weesare
it $.8.)

firse

wwar of
oy
(s $.3.)

ticae

Tuader
ot fumper
cases  of
inowe

casen

m a w1 MW S : %t g

Wil S

"3 g 10

j04% ase

Jual

variery

- k- =
g | = =
. - -
o e =
- &
< -~ -
- - -
= s @
- . 5
- el -
- - -
~ -~ -~
- ! -
s - -~
- =
- - -
< 2 =
- PR
- -~ -
s =
- . .
- - -
a Lol -
2 =2
Rad - -
- - -
= - -
-~ -~
- e =
L 4 e S
o
o 3 <
[ 2 =
- - -
i <

2.3 18 1

e

1y 41

.

LR

’

ameratory

worrery

0.9 W o

"

bt |

" N WA Ly 08

- -
- -
. =
- -~
- -
—~ -
- -

—
- -
- .
-~ L od
£ =
~ -
- -
- -
- Lo d
- o
- Rad
- -
= =
- -~
Ll ..
— -
-~ -
e =
- ”~
: -

2
o~ -

AL muaer
canas

Low LEvEL Ramanton Hieat i Enrecas

LA

m

194)

“wn

Touals

Daeart Revo | Aanron 29, 19%

“Female dial workers

“Female dial workers constitute the Lugest ol the groups OF the 2545 located
women, body brrden measmements have been performed on 1468 ol these, 1117 ware
alive at the end of follow-up

“Medical exposures

“The only other group in which bone sarcomas have been cbscrved among the
measured cases are those who acquired radium for medical reasons. These mdividuals
either received radinm by intravenous injection or orally. Evans (Evans 1966), wm an
informative description ol the medical uses of radiom, esiimaied that several housand
persons acquited radivm via these rontes. There are few mechanisms by which these who
acquired 1adinm medically can be identificd  Most of the 18 bone sarcoma cases among
the measured medical cases were identified as radinm cases onlv afler signs of bone
sarcoma

“Laboratory workers

“Some relatively large radiom mtakes have been measured for the laboratory
workers, but only one bone sarcoma has been recorded, and that one occurred m an
unmeasured case. Evans (Evans 1966) has estimated that there might have been between
S00 and several thousand laboratory woikers exposed to radium. Thus, bke the medical
cases, the sample of these cases available is only a small fraction of the total

“Muale dial wewkers
“Relatively few men, compared to women, were employed in the dial industry ™
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SYSTEMIC INTAKE

“The systennic intake is the quantity (Ci) of radium that entered the blood during
the period of exposre This quantity is estimated from meassement of the body content
at later tunes 1t has been shown (Rowland 1978) that, for the induction of done sarcomas
m lwsmans, each microcurie of (Ra-226) appears to be about 2' times as effective as a
wCiol (Ra-228) Therefore in this report the systemic intake for each case is given, in
p1 as the sum of 1 Ci (Ra-228) intake pius 2 Sx uCi (Ra-226) miake

“1he best group for a duse-response analysis is the femate dial woiker poptlation
In this case the measured population contains 1,468 cases who experienced 42 bone
smcomas, age- and tune-specilic rates for white fe-ales indicate that 0 5 bone sarcoma
was expected in this group (R R Monson 1974)

“To eliminate cases possibly measured as s consequence of their symploms, any case
of death or diagnosis of bone sarcoma that occurred within 2 years of first measurement
was temoved. Using these critenia, 1,257 female dial workers are in the measured
population, but only 11 bone sarcomas remain, the expected number for this group was
0 2 bone sarcoma

“Various logical forms of a general dose-incidence expression were fitted 1o the data,
and subsequently tested by a x” statistic. Each equation was fitted 1o the 13 data points
by a general weiglited least-squares procedure for arbitrary functions (A 1 Barr) (A R
Gallant) - Acceptable fits implies that the coefficients a, p, and y were positive and the
1’ amalysis resubted in a p-value equal 10 or greater than 005, The fitting procedure
yickded an excellent it for the linear-quadeatic-exponential (1.QT) function for the data
devived from year of fist eniry into the industry, but the coefficient for a was negative.

“In Fig. 2 the dose-squared exponential function, + S D, is shown on a semi-
togacithmic plot of the data pomts. The range of values shown here ovetlaps the 1O
function except at the lewest intake levels. These two functions differ most markedly at
about 100,Ci imtake; Vig 3 shows the two functions on a semi-logarithmic plot which
mitudes only the eight lowest itak ¢ levels where no bone sarcomas were observed  The
arca between the two cives is hatched, to mdicste that the LOE Tunctions minh:

anywhere i this region with p > 005,
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ot 2 A semd bugaclibanie plot of buone sarcomes per person yr ot shak (7)) ve systesmn

Intake (1Y) Yor femnle el workers employed befure 930 showing the duse squeied

erponential Bt Hhe shnded band lndicates the & cuvered by the funcilon when the

Mted coeficicnts sie atflowed 1o vaey by 25 S I3 The ercoe hare represent the binussiel
standard errure of the observed tncidences

For the data sct based on first measurement, no test of the general equation was
possible, for with iluee fitted parameters there were no degrees of freedom lefi for the a’
test. Hlowever, the siuation was obviously simitar to that above, the least squares fit 1o
the LOE equation yiclded a negative coefficieni for the linear term while with a set equal
1o zero, the dose-squared exponential was found 1o be an acceptable fit

“EFFECT OF ADDITIONAL BONE SARCOMAS

“The question is often asked, if the next bone sarcoma to appear falls in one of the
systemic intake levels in which there are no bone sarcomas, will a linear or linear-
exponential function then adequately fit the data? This effect was examined by addmg
extra sarcomas o the data sct based on entry into the industiry Fits were obtained and
tested with these “extra™ sarcomas placed in the intake ranges where no bone sarcomas
have been obsetved. No additional acceptable fits could be found with ose o wo “extia”
sarcomas, bul when thiee were added, a linear-exponeniial function could be 1it to the

data with p > 005,
“EXTRAPOLATION TO NON-DIAL RADIUM CASFES

“The assumption 1s made that the dose squared exponential function derived Tiom

d -4
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the analysis of female dial workers based on year of employment can be used 1o predict
the mmber of hone sarcomas in various population subgroups

“hable 4 gives the nomber of ubserved aml predicied bone sircomas by 1adwm
witake level tor theee populstion groaps  The medical cases, faboratory workers, male dial
workers, and miscellancows cases have been combined mio two groups, by sex, ler
comparison with the female dial workers
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“"DISCUSSION

“The acommulation of information on persons carrying internally deposiied radmm
isotopes has beew underway in this country since the plonecering studies of the ealy
radivm dial pamters (11.S. Martland 1931) However, not until the U S Atomic Fnergy
Commission funded studies of the effects of tadivm did an intensive scarch for sadim
cases gel under way.

“Smce no bone sarcomas have been observed among the 1680 measured cases
with systemic intakes less than SORCi, it is evident that the life-span probability of bone
sarcoma induction is very small tor simall doses of radivm

“The analysis based on the entire female dial worker population Tound only one
acceptable least-synares fit

“These results are not greatly sensitive 1o the occurrence of new bone sarcomas
among the lower ntake levels, where no samcomas have yet been seen 1t would have
taken three addiional sarcomas strategically located in the lowest intake ranges n vider
for the linear-exponential fi *ion to be considered at the p=0 05 level  With the passage
of time., it is 1o be expecied that a non-radium- induced bone sarcoma will appear in this
population of dial workers. Such a malignancy cannot be distinguished from a radium-
nduced sarcoma. I a naturally occuring sarcoma appears, ii is likely 1o appear i one
of the eight lowest intake levels, for 1110 of the 1137 living cases are m these ranges
Indeed, since only 27 women remain alive in the five highest intake ranges. the nmber
of potential new bove sarcomas in these intake tanges is lmited

“From examination of Fig 3, # might appear that there is litthe ditlerence between
the dose-squared exponential and the LQE at very low intakes, but this is not the case.
At the very tow intakes which correspond 1o curent standards, the predictions of these
two functions appear to be markedly different. Consider the drinking water standad of
SpCVL as proposed by the Environmental Protection Agency, which can be shown to
correspord o an annual mtake of 843pCill of ™ Ra (R . Rowland 1978) Aftera t-y
Intake, the LOE function with a=0 would predict o Lifetinee risk from radivm of § = 10"
bone sarcoma/person yr, while with a=1.3 = 10" the prediction is | = 10° bone
sarcoma/per son-yr, a factor of 2 % § x 1™ meater The mstueal incidence of bone
sac wma s a function of the age and composition of the group considered, but a
reasonable o corall value for adults is 10 *bone sarcoma’person-yr. Of cowrse, neither of
these induced rates could be distinguished from the natwial incidence of bone sarcoma.
even with a population at risk as large as the cumrent population of the U1 S
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THl 3 A semi logsrithmic plat of bone fercomes per person-yr ot tisk (1) vs sysiemic
tminke (12) over the luwer end of the systemic intake range where ne bone sarcomas have
been abtcrved. The cight circulnr pointe show the ohserved tero vabves for ench intake
ttesval, the tlangles indicate where cach point wouid heve been rlotied had cne bone
sarcame heen ohserved in the intske Interval T wo functions sre plotied: the lowes sotd
corve s the dose squared ex wtinl Mt the upper solid curve is the Himiting value of the
VOF function ta = 13510 °, p = 00%) I an LOF function is « propes description of the
dote response relationship, ihe true reiationship would be expected to lie with “he
thaded sren

" The amalysis based on first exposwe to radivm, wherein the binses present might
be expested to over-emphasize the hazads of eacdim, contradicts the generally accepled
hoear relationship between insult and effect ™

adinm burden Population/Bone and Head Cancer - Maletskos 1994
hMaletshos, 1994 reports that, “Over the next live or six decades, about 2000 subjects

vere mveshigated. R 1D Evans (1974) plotted the Massachusetts Institute of fechinology
canlts i tenns of mcudence of cancer (osteopenic sarcomas and carcinomas of the

Low LEVEL Ramiation Hearin Erieces
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paranasal and mastoid smuses) per cumulative average sheletal dose imterval (See Evans
1974, Fig 3. p 4-1) The curve was a step function with incidence st zeto in the tast duve
decades of 0 10 10 Gy and essentially constant at 28%% beyond the 10 Gy up 1o 500 Gy
Evans jomed the two huwizontal lines with a nartow, S shaped dotted cwve 1o indicate a
transition between the two incidences without presunmg the tiue shape  in combination
with the observation that the latemt period for cancer to develop marcased as the
cumulative dose decreased, Evans proposed a “practical threshold™ at a comulative dose,
~10 Gy, below which cancer workd not be obsesved dn ing a person’'s hilctime

TR Rowband (1978) showed the relationship ol incidence to cumulative dose was
quad-multiplicd by an exponential term 1o explam the peak i the tesponse at high dose
due to cell killing  The quadiatic cesponse started ot zero with no unplication of a
threshold

“In all three studies, only Evans faced the 1> that a large fiaciton of the subjects
was symplom fiee below ~10 Gy

“Recently, some new analyses have been conducted usimg new approaches that
minimize or avoid the biases of gronping by dose intervals, that include the more recent
data that have become available, and thai, in clicct, allow the daia to speak fon
themiselves

“The first new analysis by O G. Raabe {1990) is based on the linearity between the
logarithm of time to radiation-induced cancer death and the logarithm of hfctime average
dose rate. By scaling with dimensionless time (expressed as a fraction of life span for
each species), results from differest animal species and haman beings show the same
median tisk. With the use of a three-dimensional loganihmic representation of ihe dose
rate/lime/response relationships, the combined sisk of dying from causes due to natural
lite span, radiation-induced cancer and radiation injury (nonncoplastic injury) can be
determined  The carcinogenic portion indicates that the time 1o tumor occurnence is
longer as the dose 1ate decreases and may exceed the natural life span, yielding a
thieshold of -1 Gy

“The second approach by C 1 Maletskos (1992) uses the hazard Tunction in which
comuliative dose is used as a smrogate Tor time, the independent variable  Comulative
hazandis caleulated 1 both a nonparametric method and an analytical method, the tormes
yielding ndividual values for each subject with cancer and the latter yreldg a
continuous relation with comnulative dose  The result is a straight line that superposes
very well on the points and that intercepts the abscissa at a theeshold of — 11 By

“In the thied analysis by R G Thomas (1994), the nel i idence of cancers per unit
dose interval above 10 Gy, below which no cancers e observed, s plotted agamst

comulative dose. This wet distribution (the natmal bone sie ont hle tone mondence

4-6
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Bavig been subtiacted) is shown to be strongly lognomul, and the intercept of the anve
on the dose scale is finite ot 2 theeshold of —- 4.7 Gy

“Ihiece dilferemt approaches, without signiticant sestiaints, show that the dose
vesponses for exposure to internal radivm do not pass through zero and, in fact, predict

a theeshold of cumulative dose below which cancers are not 1o be expected

Hadinm-burden Population/Bone and Head Cancer - Thomas 1995

“Robert G Thomas reports (1995) that, “Some of the most extensive epidemio-
logical studies of the elfects of ionizing radiation in humans have failed 1o conclude that
there ae health effects below whole-body equivaleni radiation doses of ¢ 2 Gy (20 rads).
1 his has been demonstiated in the study of survivors of the bombings in Japan; in the
cases of tadivm dial painters (lumimnizers) studied in the United States, this value is 10 Gy
{1000 rads)

“Dose tesponse data fiom the 1515 US. female workers who were exposed to
radinm through the painting of luminous dials and who subsequen'ly had their skeletal
burdens measured by whole-body counting and radon breath analysis are lognormally
distributed A lognormal analysis for the 63 cases of radivm-induced bone sarcomas and
head carcinomas allowed caleulation of geometric means and standard deviations tor
segmented dose populations, and these were used for inter-comparisons of dose
responses. The analysis of the radiation dose data from the 65 tumor cases indicates an
extiapolated dose of at least 4 Gy below which no skeletal tmors conld be expected
alitetime. Only 12% of the female radinm dial painters began work afler the age of 20
yr  1he geometric mean age ot begiming of exposwe (18 yr) is lower than would be
expected today, but these exposures occurred in the 1910s to 1930s. The very shong
cotrelation between latent period and age at death or diagnosis is expected.

“Mosi analysis of data like that from the radivm dial painters use logavithmic axes
to express the dose response because the dose range is very lrrge. The data me
lognormally distributed, so this makes log-graphic representation more sensible, even
though fognormal presentations can be deceiving  The lognormal analysis docs not
reflect specific biological processes, but it does verily the existence of a previously
reported threshold dose response for {226, 228} Ra in humans. The term “threshold” in
this paper refers to that dose below which no skeletal tumors have been reported.
Maletskos et al used hazard function analysis on a similar version of these data and
reported a value of 11 Gy as a dose “below which radiogenic tumors are estimated
statistically not to occur, in support of a threshold model * Evans et al. originally pointed
out this no elfect dose as being, - 10 Gy to the skeleton, and he referred 1o it as a “practical

Low Leves Rapiation Hisar i Exvreces
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threshold
“Perhaps more interesting than the cancer cases are those with sadinmn sheletal

burdens that never developed o related iliness. The message is that there me 1391 female
luminizers with average estimated skeletal doses below 10 Gy who have not shown
skeletal tmors. This totals to a mean collective dose of about B850 poerson-Gy, this cobort
would have been expected to reveal at least live cancer deaths ™

4.2 Radinm-hurden Popubation/All-canse Mo tality sud Longevity - Kondo 1993

" there ix an Tapgprarendy beneficud

-

Professor Emeritus Dr. Sohei Kondo reports
effect of low doves of extersal gamma rays on the life span of rades-dia peanier s

Professor Emeritus Dr. Sohei Kondo reports (Kondo 1993, Section 4.3) that, "Data
on women who painted radivm on the dials of waiches early in this century are
maintained at the Center for Human Radiobiclogy, Argonne National Laboratory jLd.
Note. The USDOE has shut down this program and efforts to analyze and repoit on the
health effects of this significamt radiologically exposed population, of which many
hundreds of subjects remain alive | Aller removing 62 cases of malignancics hnows to
have been induced by internally deposited radinm, Rowland et al (1989) surveyed the
health status of the remaining 1261 cases. They were classified to thiee subgroups by
the absorbed dose of tadium gammn rays as shown in Table 4 12 No dose dependent
increase in deaths from varions cancers was scen anong the thice groups exposed 1o
memn doses of 29,23 and 91 vad by chronic gamma innadiation {(Table 4 123"
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Table 4.12 Numbers and rates of cancer deaths amorg 1261 white femele
radium dial polu!en in the USA classified into three dose groups

Dewse lm«“ No of  Total Nn of cancer deaths frate/ 10* person years)
fange Mean il i Total

ycars cwas  mach
010 29 B 11,731 47(40) 16(14) 9!)7) 5104) 403 3103 202
nwso 23 an 495% 38177 816 7014 36 510l 102 06
5% 9N P 1,700 9153 200210 1106) 1106} 0 0
From Iimvlandﬂnl (|98‘)l Copyright ® Dritish Instttute of Radiolngy. London.
Reproduced with permission

“When the nambers of deaths from different causes in the radivm-dic! painters are
compared with those in e control group; the observed: expected ratio for deaths from
all causes is © 78 (p < 0 05 (Table 4.13). This means 13t the study group of radivm-dial
pamters, which excluded the workers died of cancer due to internally deposited radinm,
showed sipniticant reduction in the mortality fiom all causes compared with the control
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"A similar survey of 1203 radumn humiinizers i the UK weire cavoed ot by
Raversiock and Papworth (1989), who also found significantly lower rates of deails rom
alt causes except cancer among limmizers than among controls (Tabic 4 14)  No death
from leukenna was observed among the Botish lommzers, although at least one case of
leekemia would have been expected on the basis ol the wsual merdence rate *

Table 4.14 Observed [O) and expecied [E] numbers of deaths (1060
85) from selected causes among female radivm huwminizers in the UK

Cuusc Obscrved Lupeﬂcd Ratlo p

All causes of dcalh 241 268 74 0 90 0 106
All causes except cancer 148 182 75 081 0ol
All cancers 5 85 99 110 031
ANl cancers except breast cancer 67 65 49 102 0 853
Breast cancer 28 20 50 1237 0 097
Leukemia 0 193 0 0276
Ostensarcoma 1 o\7 583 0158

From l!uvcrslnd: and l‘1pumnh (1959} Cupynght © Bttish fnstitute nl
Radiology . Londan Repraduced with permission

“Mortatity from breast cancer was significantly higher among radiin pamters in
the USA (Table 4.13); however, the excess of breast cancer in the USA cannot be
tbuted to radiation, as no dose-dependent increase in the cidence of breast cancer
was observed in thece subgroups classificd by exposme dose (Table 4 12)  The number
of deaths from breast cancer in British huninizers (Table 4 14) was also higher than the
control fevel, although the increase is not statisticaily signilicant. This excess may s Fact
be real, however, because the observed expected 1atio of deaths fiom bieast cancer
steadily mcreased with time since first exposure and reached a maxmmum of 2 12 (p
<0 023) at Y040 years alier lust exposwme (Baverstock and Papworth, 1989)  ius
temporal trend is different from that in the incidence of vations types of solid tumors m
survivors of exposure to atomic bomb radiation.
“Furthermore, no dose depend< st increase in the observed expecied ratio was seen
The ratios are 1 67 and ! 51 for yorng women (<30 years at the start of hivinizing woil)
with fow (<20 vadd) and high ( 220 1ad) exposure, respectively, - hereas these values e
200 4" V45 for older women (230 years at the stant of Jomnnzing wank ) (Baveisiock
and Papworth 1989)  The observed excess of breast cancer in immmnizers therclore cannet
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Hence, SO-yeur follow-up studies of US and UK radion
low doses of radiation case
tucast cancer ™ [1d Note. The haminizers alse worked with highly radioactive lominous
parnt compounds at their studio work-benches, providing significant, unmonitored, direct
external tadiation 1o the chest, head and neck areas, contributing to the significant dose
recerved by these women relative to what is normally considered “luw-dose”™ radiation
erposwe |

“lable 4 15 smmmarizes the temporal iend after exposure in . ortality of Dritish
padinm luminizers who had worked for two or mote years. Ie the fist 20 years aller
cxpose, the satio of observed expected numbers of non-cancer deaths was 0.31-047,
mdicating a benehicial etfect of radiation on the life span of the workers. The ratio
pradually mereased therealler, indicating dimiinution of the benefit of radiation with time,
veachig 1 02 {dsappearance of benefit) 40-50 years after exposwre.

“1he temporal trend i reduction of mortality in the luminizers (Table 4.15) is
remmiscent of the observation that mortality from non-cancer deaths among atomic bomb
swvivors exposed to low to intermediate doses of radiation was reduced in the early
perid after the bombings, and therealier gradually increased with time [See 1.2 Kondo
1993 Table 1] The observed expected ratio for non-cancer deaths among women who
worked for less tha - two years as lmninizers, hoever, was 2. 21, with p value of 0.004 for
the period 0-10 years afler lirst exposure although the overall ratio for the period 0-50
years alter first exposure for this group is close to one (Baverstock and Papworth, 1989),
anindication that the women had a shortened their tife span during the first 10 years after

be attnboted o radhation
linimizers sugpest bt fail to provide positive evidence

Tuble 4.15 Observed (O) and expected (E] numbers of deaths
from causes other than cancer in women working as
luminizers for 2 2 years

Years since enyy Observed  Expected  Ratio p liwo.
tailed)
0 10 1 13.02 031 0 008
10 20 6 12.70 047 0.066
20-30 20 25 G4 078 0.32
30-40 32 44.86 071 0.06
A0-50 25 24.46 1.02 084
0 50 87 120.68 0.72 0.001

From Haverstock and Papworth [1989). Copyright © Brdtish
Institnte of Radiolopy, London. Reproduced with permission
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fst exposme. 1 this effect was due to tadiation e must conclinde that o short porsd
(<2 years) of expostire to tadiation has harminl cfteots, whercas long periods (02 yews)
has 2 beneticial etfect (see discussion of Lable 4 15) This conclusion is. however, hadly
compatible with data of bomb survivois (Sce 1 2 Kondo 1993 Table 1), My intespretation
is that most of the women in the group that worked for <2 years retised fiom hnnmizmg
work due 10 iltuess shortly afler they started ad that a considerable number of them died
within 10 years as a result of progression of then illness ”

"1he British radinm luminizer population is unigue in that the women worked for a
limited period under fairly waitorm conditions of exposwe at low exteinal gamma dose
rates (5-20 rad/ycar), resulting in accumulated doses of wp to maore than 100 2 (average,
40 rad) and B0% of them are still alive (Baverstock and Papawvorth, 1989) Radivm-dhal
painters are an ireplaceable resource for elucidating important guestions about the risk
of low-level 1adiation. | hope that the follow-up strveys on the UK and USA study
populations will be continued ~

[Fd. Note: Such programs and this significant data and analysis have been terminated in
the USA ., while >$100 million are being expended on analysis of the populations aronnd
US weapons facilities sites for which small indeierminate doses to mdividuals and no
possible dose response association cm be wdestiticd, while fostcomg public fea |

Radivm-burden Popalation/All-canse Moriality and Longevity - Spicrs (1981)

¥ W._ Spicr s reports (Spicrs 1983) that, “ The number of persons exposes to radum
is known 1o be farpe; some 3500 persons have now been located and the radun burdens
of more than 2000 have been measured  In this context i s clealy important 1o consader
malignancies of the bone marrow both because as much 25 one thud of the sheletal
marrow can be iiadiated by e particles arising from 1adivm in the tabeculae (F W Sprers
1974) and becanse so little information is available on the mduction of feukacmia by a-
particle inadiation of human bone marow.

“In this report the number of pessons with feakacmia has been identiticd w a detined
population of people exposed to radivm and comparisons have been made (g with the
number expected in a comparable population of the same size and age distibution ang
(b) with predictions based on the risk factor and a-particle Quality Factor proposed for
protection purposes by the ICRP ((Istermational Commission on Radiotogical Protection
1977) and the estimaicd bone manow doses.

“The pre-1930 cases were chosen for analysis because in the later cohorts there were”
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no leviacmia cases recorded and only 0 25 expected. These data are presented in Table
5

Tubis 3 | evkaemiba obierved and predicied by dose
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“The sum of the cases expected naturally plus those calculaied from th» bone
martow weadiation 1s 4 7 against the 2 cases observed in the study population and this
dillerence s only marginally significant, p<0.1.

“Some of the assumptions which were required for the above analysis do not nave
1 be made for the group of 1285 located female radivm workers who were exposed
betore 1930 s proup is not totally suttable, i that it may be biased. The follow-up,
however, s from the year of Tist exposure 1o death or (o the end of 1979 The fullow-up
peviod 15 of the order of 60yr so that life-time risks can be used. In this group 4 cases of
levkaemia were observed and 5 44 cases were expected in the comparable population.
1115 a reasonable assumption that the magnitudes and distribution of the a-paticle doses
were at lest approximately the same as those given in Table 5 for the 694 persons whose
v burdens were measured. On this basis it can be shown that about 13 cases of
padiation mduced lewkazmia could be expected in a follow-up period of 60yr (chronic
lymphocytic and chwonic lymphatic exchinded)  That is, on the assumption of a Quality
factor of 20 for a-paticle wiadiation, the total of natweal plos radiation-induced
leuhaemias in 1285 persons wonld be expected to be about 1B, as against 4 observed

“It does pot appea that the low incidence of lenkaemia in this group of 1285
workers can be accounted Tor by the comsbmation of a high, Quality Factor and a low
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value of initial dosc.

“Low Let Rewlwstyon

“Two somces of low LET radiation can huther radiste the bone manow of the
radiom dial workers  They are (1) p paticle 1adiation fom radium  dasghicss
meorporated in bone and (2) extemnal y radiation Brom the lumnazing pamt bemg used by
the dial worker hersell and by those surtounding her i the work room. The 1ishs from
these two sowrces add 1o those calculated for the e-pasticle rahation and must be
evaluated in ielation to the e -particle risk

“The y lrradwation

“1he dose to dial workers in a workroom from the y radiation from the lunimous
paint has been variously estimated by dilferent workers. Finkel et al (A ) Finkel 1969)
gave 4 rad/yr for a mean body exposwe dose raie; Polednak (A P Polednak 1980)
estimated 4 8 ral/yr as the ovary dose, correspending to about 6 rad/yr te bone manew,
Baverstock ef al (K F. Baverstock 1981) have given dose rates based on Hilm badge
measmements on Boitish luminisers which would be equivadent to a vange o bone
marrow dose rates hrom 3 to 13 rad/yr depending on the years when wotking between
1943 and 1952 We have taken an sibittary figme of § 1ad/yr 1o bone maniow as
sufliciently typical for US A workers. Taking this figere (as the bone manow dose) and
using the average duration of employment for the female dial workers ol 145 weeks, the
y-ray dosc amounts to 22 ad

TConclesiony

“Among the total mumber, 2940, of located radimn dial woarkers, 10 cases of
tevkacmia were observed and na groap of tis size and age destobution 9 24 Cases would
be expected in the gencral population.  This does not suggest a signilicant number of
cases induced by the radiation exposure and bears out the earlicr opuions that leukaemia
was not an omstanding featise in the tadium cases.

“tn the smaller group of 693 dial paintess for whom i was thought worthwhile to
camty out an analysis by dose group, 2 cases were observed against 2 04 expected
matmally  On ihe basis of the a-particle doses to bone maniow amd the sk factor
suggested by the ICRP (Internativnal Commission on Radivlogical Proicction 1977) o can
be caleulated that some 2 61 cases would be expected in the exposed popalaiion
additional to the natwal incidence 1 the same analysis 15 apphicd to the total mumber ol
1285 located female radium dial woikers followed up for 60 yr, some 13 cases ol
radiation induced lewkemia would be expected additional to § 4 cases expected natually,
that is a total of about 18 as agamst 4 cases observed ™

4-10
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5.0 Weapons/Facility Releases

S.1 Weapons/Facilty Releases/ “Atomic Veterans™ - Yalow 1994

Weapons tests participants

Nobel [ aureate Dr. Rosalyn Yalow states (1994) that, "Tiic National Academy of
Sciences National Research Council analyzed 46,186 nuclear weapons-test participants,
showing 10 leukenna related deaths (3.97 expected) among the 1957 Operation Smoky
participants However, only 1 of those 10 was exposed to more than 3 rem. There wereno
mcreases in other cancers. Conversely, three thousand 1951 Operation Greenhouse
participants had | leukenna death (4 43 expected). These are typical statistical variations
with small numbers. OF all weapons-test participants, there is no excess cancer.”

5.2 Weapons/Facility Releases/Bikini Bomb Test - Kondo 1993

Professor Emeritus Dr. Sohei Kondo (1993) reports that, "On | March 1954, a
hydrogen bomb t-5t was performed on Bikini Island, ond 2) Japanese fishermen, 18-5)
years old, were exposed to ‘lethal’ radioactive fall-out (about ! mCi’g by a crude
“umate). A bnefl description of the event and its effects is given here because these men
can be regarded as having received a level of radiation intermediate between that of the
Throshuna Nagasaki atonmiic bombings and that of the Chemobyl accident (see Kumatori
et al |, 1980, for details).

“Fstimates of whole-body doses of gamma rays from the external fail-out, which
were receved during the first two weeks up to 14 March when they returned to Japan,
were 200 295 rad for 1 fishermen, 325-395 rad for five, 415-475 for three, 545-575 rad
for three and 670 rad for one. The acute effects of chronic irradiation at these doses were
estimated to be approximately equivalent to those of a single, acute irradiation with half
of the doses, 1.e, total acute doses of 80-320 rad. Additionai doses of radiation in the
thytowd, on the basis of radioactive 1odine nuclides incorporated, were estimated to be
210550 rad.

“One fisherman with hematological disturbanc-s (anemia, leukopenia and
thrombopenia) and hepatitis died 206 days after the accident, and one with ascites caused
by cuthosis died 21 years later No malignant disease has been observed in the remaining
men Follow-up studies of peripheral leukocytes and platelets from the exposed
frshermen were carmied out from the time they returned to Japan. Average leskocyte and
platelet connts were merkedly depressed for about two years after the exposure, recovered
gradually, reaching normal leveis two to five years after the exposure, and then showed
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several excesses for about two years thereafter. More than 20 years alter the exposure,
the average leukocyte counts were shightly depressed. In twe fishermen exposed to high
doses, veutrophil counts were depressed contimuously for 25 years when compared with
the counts on the first day after their return to Japan ™

5.3 Weapons/Facility Releases/Chernobyl Releases - Jaworowski 1995h

Prof Fmeritus, and Member of the UN Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
Zbigniew Jaworowski states (1995b) that "Unexpected results were obtamed i one of
the best studies in human genetics camied out in Hungary before and after the Chemobyl
accident. Several serious congenital anomalies occurred after the Chermobyl accident
with lower frequency than before the accident.”

Weapons/Facllity Releases/Chernobyl Releases - Jaworowski 19952

Professor Emeritus Dr. Zbigniew Jaworowski states 1995a) that, “The 'no-
threshold’ arithmetic was also applied to population exposed to the local Chemobyl
faliout, and lead to a decision of the Supreme Soviet to evacuaie about 200 000
inhabitants of Ukraine and Belarus, which lead to unspeakabie sufferings and a loss of
many billions of dollars, equivalent of about 1.5% of the General National Product of the
former Soviet Union . The intervention level! for evacuation was a lifetime (70 years)
radiation dose 350 mSv, i.e. a level only about twice as high as the global average natural
lifetime dose of 170 mSv. All families with pregnant women and children under age of
12 years were relocated from areas with 137Cs contamination greater than 550 Bq per m2
. 137Cs body burden in children still living in such areas was found to range between 0.04
and 2.25 kBq, which is less than natural amount of 40K in the children's bodies (an adult
body carries about 4000 Bq of 40K). Radiocesium body burdens of several thousands Bq
are now common in Northern Canada and were as high as 100,000 Bq during weapons
tests in the 1960's "

5.4 Weapons/Facility Releases/USSR Releases - Jaworowski 1995b

Prof Emeritus Dr. Zbigniew Jaworowski states (1995b) that, "In September 1957,
inhabitants of 22 villages in the Eastern Urals were wradiated with high radation doses
of up to 1500 mSv, the result of the radicactivity release from thermal explosion in a
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Soviet military nuclear facility. About 10,000 people were evacuated and their cancer
mortality was studhed during the next 30 years.

“I yom this group, 7,852 of the persons studied were divided into three exposure
groups thuse whe received average doses of 496, 120, and 40 mSv. Tumor related
morality m the 496 mSv group was 28% lower than in the nonirradiated control
poputation from the same region; in the 120 mSv group it was 19% lower, and in the 40
mSv group it was 27% lower. In the first two groups the difference from the controls was
ctanistically significant (Kostyuchenko . «d Krestinina, 1994).™
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6.0 i .atural Background

e Alan Brodsky reports (1996) that, “UNSCEAR reports are considered
cawentifically authontative, and are often used by nations in developing their own
radiation protection standards. A rec at article by two United States representatives to
UNSCEAR and other U S scientists provides a concise summary of the conclusions of
the 1986 and 1988 UNSCEAR reports (Mettler et al. 1990; UNSCEAR 1986, 1988)

“UNSCEAR estimates the annual average effective dose equivalent per person in the
world population to be 3 mSv (300 millirem). Most of this (2.4 mSv) comes from natural
sadiation that has always been in the environment, and 0.4 to | mSv is attributable to
miedical exposures. Other sources contribute less than 0 02 mSv (2 millirem) annually.
the worldwide collective effective dose equivalent annually is between 13 and 16 million
person-Sv (13 to 1.6 bithon personrem)  Table 2-43 shows the estimated annual effective
dose equivalents from natural sovrces, as given in the 1988 report (UNSCEAR 1988)

“While many of the natural sources and doses vary among individuals and popula-
tions, independent of human activity (such as cosmic rays), some depend strongly on
human activities. The most obvious source of natural radiation exposure that depends on
human activity is the exposure to radon and thoron and their decay products. The
locations of home and building construction, the amounts of ventilation provided, and the
types of construction, all affect greatly the amounts of radon and thoron exposure to
mdividuals  1he estimated average annual natural radiation effective dose -- the world
population 1s seen from Table 2-43, the current (240 mrem) average of 2 4 mSv.

“in the 1988 repont, the external estimate from cosmic radiation has been increased
by about 0 05 mSv (5 mrem), as a result of taking geographical distribution, as well as
altitude distribution, mnto account. This cosmic ray compoenent of natural exposure, as is
well known, can be raised by a factor of two or more above the average of 355 nillirem
shown in Table 2-43 simply as a result of moving to a high altitude such as that in
Denver, Colorado.™
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“The Chemobyl accident has been estimated in an appendix of the 1988 UNSCEAR
jeport to produce a collective dose equivalent of 0.6 million personSy (60 million person-
rem), mostly i the former Soviet States and Europe. Thirty percent of this collective
dose has been delivered in the first year following this 1986 accident, and the remainder
will be delivered in tens of years after the accident. This collective dose (in the first year)
is about 2 percent of the annual natural background collective dose to the world
population

“The UNSCEAR 1988 report also presents (Table 2, Mettler et al 1990) collective
¢’tective doses from neclear energy generation industries as integrated over 100 years,
2.+ over all time, the 24 person-Sv per GW over the next 100 years capacity of 500 GW
estimated for the year 2000, would amount to a collective dose of 12,000 person-Sv (1.2
million person-rem), compared to the natural background integrated over 100 years,
which would be about 16 million person-Sv (1.6 billion person-rem) per year times 100
years, or | 6 billion person-Sv (160 billion person-rem) over 100 years.”

“Thus, the average annual exposure per person from nuclear power production is
shown in Table 2-44 1o be only 00002 mSv per year (0.02 millirem per year). For
comparison, the BEIR V report estimales that, averaged over the United States
population, the natural background exposure is 3.0 mSv per year, 2.0 mSv of which is
from radon. The annual medical diagnostic exposure is 0.39 mSv, the nuclear medicine
exposure is 0. 14 mSv, consumer product exposure is 0. 19 mSv, the nuclear fuel cycle
exposure is <0 01 mSv, and occupational exposure is (averaged over the total population)
“001 Sv. The totai of natural and artificial (manmade) exposure in the United Statrs is
cstimated 10 be 3 6 mSv (360 mfilirem) per person (NAS 1990, pp. 18-19)"

6.1 Natural Background/U.S. States - Yalow 19942

Nobel Laureate Dr. Rosalyn Yalow states (1994) a "U S. average radiation dose of
0 1 rem/yr (1e, S rem/50 yr), not including radon, varies up to 10-fold locally.

“The seven Colorado plateau states have doses about twice the US average Mean
cancer death rates average 15% less than US rates (considering complicating factors).
s does not prove a protective effect of radiation exposure, but the opposite result
would cause some to uncquivacaly declare radiation the cause "

6.2 Natural Background/China - Kondo 1993
Professor Emeritus Dr. Sohei Kondo (Kendo 1993) notes that "in modemn, civilized

countrics, citizens’ health is in principle aken care of by a ministry .« public health, or
its equivalent, in the povernment of each country If low-level radiation really presents
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a risk to human health, therefore, it will be handled by the ministry of public health This
is not the case, however, in most countries of the world

“A notable exception is China. In 1972, the Chinese Government supported a
national project on research into high background radiation to conduct studies on the
health of people living in Tongyou and Donganling areas of Yangjiang County,
Guangdong Province, in southern China, where the natural level of radiation s about
three times higher than the worid average  The high-background areas are located along
a river system from Mt. Donganling and Mt F-zhang and have the total area of 540 km”2,
including 463 villages and the population of about 80,000 As the control areas,
Wudianmeihua area in Enping County and Sanhe area in Taishan County, were sclected;
these areas have normal level of radiation. The locations of the high-background
radiation areas and the contro! areas are shown in Figure 4. 1.7

Fig 4.1 Locatione of areas in the follow-up study conducted by the High
Background Radistion R ch Group in China

Tongyou and Dong anling regions {dotted) in Yangjtang County. are the areas of high-
background radiatt~—- the two control arcas are located in Enping and Tatshan

couities (striped] (from Wel et al. 1990 with ninor modification)
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"Locations of arcas i the follow-up study conducted by the High Background

hatton Research Group i China Tongyou and Dong-anling repions {dotted) in
I B |4 {

the two control areas are
1990

pnang County, are the

| in | npang and 1 ars!

areas of high-background radiati

an counties (striped). (from Wei et al | with minor

hfication) In the first stage of the health surveys. from 1970 to 1978, a retrospective

15 used whereas, since 1979, follow-up studics of residents in the two areas
wried out using a card enrollment system
ent results have been summarized in a review

ticle by Wei Luxin et al

“Recently, rescarchers from the US National Institutes of Health have been

wticipating in cooperative work on this and other health surveys of Chinese residents
“The average annual absorbed doses from external gamma rays in the high

15 0.08 rad (Fig

1 4)
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Fig 4.4 Distribution of sbsorbed doves of natural gamme rays recelved by
inhabitants in control {A) and bigh background [B] areas of radlation In southem
China

From Wel et ol | 1990
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"If we add the doses of internal radiation from potassium-40_ radon

decay products and others, the annual effective dose equivalents become 0 54

rem, respectively, in the high-background and control area

"The cumulative effective dose equivalents of residents with ape of 70 4
i

high-background areas are 35-53 rem. with an aver we of 38 rem. Therefore

time dose limit of 15 rem adopted by the ex-1ISSR as the intervention level for evacu Mion

(see Section 2.2) were to be .'\.[‘p?lf,‘lf i ‘,n:\‘l_ the entire area of ‘xvl"'. background radiatior

m Yangjiang County would be evacuated immediately. Chinese radiation experts have

not taken such measures, however, as they have obtained epidemiol vidence that

the natural radiation in this area is not harmful to residents

"Cancer mortality is lower in areas of hieh backgrou whiation than m control
areas
“"Between 1970 and 1986,

7,000 in the conirol areas

74,000 people were studied in the high-backpround areas

and One of the st important characteristics of these
populations is their stability: most people have lived in the same place for more than five
generations”

“The two areas have similar geographical characteristics: the altitude in the high
sca-level

background areas is 20-50 m and that in the control area  15-25 m above

Habits, customs and living conditions are very similar. The educational level is fairly
similar, although that in the control areas is slightly higher  Medical care does not differ
m the two areas; on average, there are one medical specialist and two county doctors for
cvery 1000 inhabitants. Both areas are rural: 94 and 93% of inhabitant the high
background and the control areas, respectively, are peasants

“For the purposes of the long-term health survey, the HBRR group established the
following principles for selecting the study population of Han nationality. belong to
families who have lived in the area for more than 40 years: their parents or grandparents
are not closely related; and they are not occupationally exposed to ionizing radiation

"As shown in Table 4 3, there were 467 deaths from cancer in the inigh-background
areas in 1970-86 for about | million person-years, with an adjusted mortality rate of
48 B/105, and S33 in tive control areas for 995 000 person-years, with an adjusted

mortality rate of 51 1/105. The difference is not signtficant
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Table 4.3 Site-specific cancer mortality (per 10° person-years)®, 197088, in
bigh bachkground and control aress of radistion in Chine

High background arcas Control areas

Cancer a'te

No Mortality rate No Mortality rate
Average Adjusted® Average  Adjusted®
Nasopharynx 94 9232 e B84 109 10 9% 10.45
Esophagus 13 129 1 40 16 161 1 49
Stomadc by 53 525 5 60 47 472 4 44
1iver 115 11 40 1205 145 1a 57 1392
lotestine 6 159 1.70 25 251 238
Lung 25 2 48 265 as 3 s2 329
Hrenst 7 069 0.7% 13 i3 125
Cervix uterus (] 129 a7 L] 0 50 0 45
levkemia n Jor e 33 3232 339
Osteosarcoma S 050 052 6 0 60 059
Orthers a5 942 991 99 995 2 44
Total 467 46 29 4881 533 531 58 5109

From Wetl et al. {1990]. with permission

*For the perfod 1970 86, | 008 769 person-years observed in the high background
arcas and 995 070 person-ycars in the control areas

¥ Adjusted 1o the combined population in the high-background and control sress
p<005

“Ilowever, the cancer mortality rate becomes significantly lower in the high-
hackground areas than in the control areas, if we compare deaths from cancers other than
lenkemia among people over the age of 40 years to see the possible efTects of differential
cumulative doses of radiation (Table 4.4)."

Teble 4.4 Annual retes (1970-88) of mortality from all cancers except leukemin
g inhabitents aged 40-70 years in high -background and control areas of
redistion In Chine

Area Prrson yecars Mortality N value (%) Il
obscrved e 95% C1)*
No Rate {per 10%)
High background 207 900 299 144 -14 6 004
o) (248 -30)
Control ITA) 224 380 3T 168

From Wei et al. (1990]. with permidssion

* The AMFIT computer program [Preston. 1987) was used to fit the Poisson regression
model. R (S T.A) » R_(STHI + BA), where R and R, are mortality rates in 1} and
CA_ respectively. S is sex. T is age A ts avea. 0 represents CA, | ~=presents 1B and
18 the excess rate in 1O over CA. Cl. confldence interval
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“Leukemia is the most sensitive type of cancer to induction by radiation
Furthermore, most of the cases reportcid in Tavie < 3 were diagnosed on the basis of
histopathological evidence. As shown in Table 4.5, the incidence of deaths from
leukemia in the high-background areas was within the range of vanation of the
spontaneous leukemia incidence in neighboring countries of Asia”

Table 4 5 Rates of mortality from malignant neopissme and laukamia in people of
w1l ages In seme Astan countries or arcas (per 100 000 population)

Eounlvy M.h.v-:c neopleaeime ! tuicml_.r

M S—— Mules T Females Malcs Femulen
Hong Kong (1986)° 173 nr 3a 33
Japan (1088)" 191 27 52 b 4
Horea (Republic off (108%)* es 55 29 2 e
Singapore (| 986" 128 25 31 32
Sei Lanka (1082)° 25 24 - -
China* 84 63 28 22
High -backgrmund aress® L1 3s 22 29
Control arcas® 65 a) as 3

From Wet of al (1990). with perndssion
* From Warld leaith Organtzation {1087)
* The two areas surveyed by the High ackground Radintton Mencarch group

"The incidences of thyroid diseases in high-background and centrol areas of
radiation were compared by examining 1,000 women aged 50-65 years from each area.
The estimated average cumuiative doses to the thyroid were 14 rad for residents of the
high-background areas and 5 rad in the control areas Each woman was interviewed by
a trained Chinese interviewer to obtain information on relevant medications,
medical and reproductive histories, specific symptoms relevant to thyroid function,
smoking habits, diagnostic and therapeutic x-ray procedures and diet Physical
examinations of the thyroid were conducted by three US thyroidologists who were
unaware of the exposure status of the women.

"For all nodular diseases, the prevalence was 9.5% in the high-background areas
and 9 3% in the control areas. There was no significant difference between the two areas
in the prevaience of any type of abnormality of the thyroid, indicating that continuous
exposure to several times the normal level of natural radiation throughout life 1s unlikely
to increase appreciably the risk for thyroid cancer ™

"It should be noted, however, that chromosomal aberrations were significantly
more frequent in peripheral biood from elderly women in the high-background arcas than
for women of the same ages in the control areas. Thus, chromosomal aberrations may be
a good monitor of the dose of low-level radiation but they do not necessarily reflect the

occurrence of overt disease ”
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Natural Background/China - Luckey 1995

No =vcess cancer found in a Chinese population with a three times higher background

radiate n.

Professor Emeritus Dr. T.D. Luckey (Luckey 1995) finds that, "Wei and Wang
compared the health of 77,000 Chinese peasants living in a world average background
tadiation level, with 73,000 peasanis living in a background radiation which was three
times higher (Wei, 1995). This study involved 2 500,000 person years. They found the
non-leukemia cancer mortality rate of the 40-70 years age group to be statistically lower
i peasants fiving in the high background radiation level than in peasants of the control
cohort . _ "

“An earficr summary suggests the background radiation group benefited in several
parameters of health (Luckey 1991, 1992). When both popuiations were compared,
cancer mortality rate, lung cancer mortality, and the leukemia mortality were lower in the
hngh-background population, p = 0.05. In the high-background population, infertility was
lower, p<0 05 nconatal mortality was only 76 percent that of the confrals, p = NS, and life
expectancy of people over 40 years old was longer, p<0 05"

Natural Background/China - Yalow 1994b

Nobel Laureate Dr. Rosalyn Yalow (1994b) states that, “In China, of 150,000 Han
peasants living near each other 1o six generations, about half receive about three times the
radhation of the other half from radioactivity in the soil. Investigations since 1972 for
doses and health efTects find no discemible differences in the health of these populations.
Sinilar negative results are found in higher background areas in Brazil and India.”

Natural Background/China - Jaworowski 1995b

Prof Emeritus, and Member of the UN Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), of the Central 1 aberatory for Radiological Protection,
D Zbigniew Jaworowski states (1995b) that, "The best radioepidemiological study at
low doses to date has been carmied out in China. Between 1070 and 1986, 74,000 people
m Yangpang county, which has a high level of natural background radiation (5.5 mSv per
year), were compared to 77000 people m two adjacent low-background counties (Fnping
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and Taishan, 2.1 mSv per year). In the high-background county, the inhabitants receive
a 70-year lifetime dose of 385 mSv, which is higher than the intervention level Tor
evacuation adopted for Chemobyl, and 5.5 times higher than the dose limit proposed in
the EPA" Should the Chinese government evacuate Yangjiang county?  The
epidemiological data show that._.in an age group of 10-79 years the general
(nonleukemia) cancer mortality was 14.6% lower in the high-background county than in
the low-background counties. The leukemia mortality among men was 15% lower and
among women 60% lower in Yangjiang (Weietal,, 1990) "

Natural Background/China - Jaworowski 1995a

Professor Emeritus Dr. Zbigniew Jaworowski states (1995a) that, “The question
arises: why governments of various countries do not relocate populations living in areas
where lifetime dose of natural radiation is higher than 350 mSv. For example, why are
people not evacuated from Norway where all country average lifetime dose is 365 mSy
[Henriksen, 1988], or from high background regions in India with a lifetime dose of >
2000 mSv [Sunta, 1990] and in lran with lifetime dose of > 3000 mSv [Sohrabi, 1990]?
Perhaps in Iran, for example, the government considered not to follow the ICRP
guidelines then it considered the fact that in a house in the city of Ramsar several
generations were receiving average individual lifetime doses of natural radiation of
17,000 mSv (240 times more than the current ICRP limit for exposure of members of the
public to natural sources of radiation). Yet these individuals show no increased incidence
of any disease, and some of them lived to 110 years of age [Sohrabi, 1990] "

6.3 Natural Background/Other Nations - Luckey 1995

Professor Emeritus Dr. Don Luckey (Luckey 1995) reports that “whole populations
in Kerala, India and several towns in Brazil live in apparent good health with ten times
‘he United States average background radiation level  These populations have not been
well studied "
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Natural Background/Other Nations - Jaworowski 1995a

Professor Emeritus Dr. Zbigniew Jaworowski states (1995a) that, “The question
arises. why govemments of virious countries do not relocate populations living in areas
where lifetime dose of natural radiation is higher than 350 mSv. For example, why are
peoplie not evacuated from Norway where all country average lifetime dose is 365 mSv
(Henriksen, 1988), or from high background regions in India with a lifetime dose of >
2000 mSv (Sunta, 1990) and in Iran with lifetime dose of > 3000 mSv (Sohrabi, 1990)?
Perhaps in Iran, for example, the government considered not to follow the ICRP
guidelines then it considered the fact that in a house in the city of Ramsar several
generations were receiving average individual lifetime doses of natural radiation of
17,000 mSv (249 times more than the current ICRP limit for exposure of members of the
public to natural sources of radiation). Yet these individuals s ow no increased incidence
of any discase, and some of them lived to 110 years of age [Sohrabi, 1990}

6.4 Natural Background/Radon and Lung Cancer - Kondo 1993

|Figs are earlier version of Cohen|
Radon
Professor Fmeritus Dr. Sohei Kondo finds (Kondo 1993, Section 4.2.1) that "Cohen
(1990) reported an epidemiological test of the linear no-threshold hypothesis on an
accumulated data set covering 411 counties in all the US states except Hawaii, Mississippi
and Nebraska, plus the Districc of Columbia. The age-adjusted mortality rates for lung
cancer in 195069 for white females and males in the 411 counties in which (radon
measurements) were available. In those days, women were not heavy cigarette smokers,
spent a large fraction of their lives at home and seldom migrated from one place to
another.
“Figure | shows a plot of lung cancer mortality rates for females in the 411 counties
against the mean indoor levels of radon in the corresponding counties. _..the trend of the
relation is the same wheiier we consider a line through medians ... or the regression
line. For males also (Fig. 1A, B), the regression line is very close to a line through the
medians for each range of radon levels.”
“One of the weak points in this analysis is that ecological studies, on which Figure
1 is based, are susceptible to confounding. To study possible confounding effects on lung
cancer rates, Cohen (1990) carried out multiple regression analyses of the data Cigarette
smoking is the most important cause of lung cancer. Since data on cigarette sales in the
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USA are available only on a state-wide level, lung cancer rates were compared with the
mean radon levels for each state. When cigarette saies per capita were introduced into the
regression analysis. th= negative siope for dependence on radon lev=is was essentiall

vnchanged.”

Lang CA moriy std'y |
$

Long CA oy, i’y )

Meoan radon level /v,

. 1. Lung cancer mortality retes va. nwan redon tevel Tor
1.601 U.S. countien. Deta polnta shawn are average of

oedinnten for el countien within the raen of r vatues shown
on e bancline of Fig. In; the Ler of © + wolthsbes thimt
rmuge in nino shows there. Eoror bars are standard deviamtion
ot ¢ menn, and the Nret and third quartiles of the Dimreitrn .
i + mre sino shown. Pig. 1o, « sre fung cancer sales
corrected for smoking prevalence (rifien,) va. redon level
'eqev- (5) mud (6)]. Thoeory Hues are nrbitroeily wornnlived
tnos lncresning st » rate of 7.3%/,

Dr. Kondo reports (Kondo 1993, Section 4.2 3) that, " The negative correlations
of home radon levels with lung cancer rates ... are based on ecological studies on groups
of people; they can be taken as strong evidence agamnst the validity of non-threshold
hypothesis that is adopted for the assessment of radiation risk by the EPA and
corresponding agencies in many other countries in the world. The question of whether
there is causal relationship between risk of lung cancer and exposure to natural radon
cannot, however, be answered by ecological studies because it is conducted on groups
of people rather than on individuals. . (B)ut recently Blot et al (1990} conducted a case-
control study on lung cancer patients in China, measuring radon levels in their dwellings”
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oblems. The study comprised 308 eligible lung cancer patients, who were female
nts of Shenyang in the age range 30-96 years and in whom primary lung cancer had
n diagnosed m 1985-87._ (Al suspected cascs of lung cancer and supporting
ipnostic materials were reviewed and classified by an expert panel of pulmonary
lisease physicians and pathologists. As a control group, 356 healthy female residents of
henyang were randomly seiected to match the age distrnibution of the cases
Radon was measure'l _ in the houses of paticnts and controls for one year; two
letectors were placed in each house, oic in the bedroom and the other in the living room

The median levels were 2 8 pCVL in the houses of patients and 2.9 pCVL n ilic houses

{ control subjects

veept for a shight, nonsignificant upward trend for small-cell carcinoma, no
evidence of ncreasing risk with increasing radon levei was found. On the contrary, a
downwad trend in cancer risk with increase in indoor radon levels was seen, which was
clearer for adenocarcinoma than for squamous-cell carcinoma. According to Blot et al
(1990)_ 11 the no-threshold hypothesis of the BEIR-1V Report (1988) were true, an odds
ratio of 1 B would be found for lung cancer with exp ~sure to a radon level >8 pCi/l. in
comparison with the level 0.1-1.9 pCvyL; this value is sipnificantly higher than the
observed ratio 0.7, with an upper confidence hmit of 1 3. The currently adopted no

thre<hotd hypothesis thus overestimates the risk represented by radon.”

Natural Background/Radon and Lung Cancer - Kondo 1993

Professor Emeruus Dr Sohei Kondo reports that there is a "negative association
ctween lung cancer rates and indoor radon levels in the United Kingdom”
Professor Emeritus Dr Schei Kondo reports (Kondo i993, Section 4.2.2) that
Haynes (1988) reported, using apgregate data on counties in | neland and Wales, a
nepative association between mean radon concentrations in dwellings and standardized
mortality ratios for lung cancer, when regional vanations in smoking, diet, social class
d population density were controlled
“Th= highest of mean domestic radon concentrations were recorded in Cornwall
(110 Bg/m3) and Devon (74 Bg/m3); the two counties have, respectively, 8 000 and 5,000
dwellings whose indoor concentrations of radon exceed 400 Bg'm3--a level above which
buildimg modifications are reconmmended to reduce radon gas in the UK. In spite of the
lugh radon levels, the number of annual lung cancer deaths, 1980-83, in those countics
was withm the range to be expected from relationships not involving radon, as observee!
The observed: expected deaths were 204 213 for males 61 69

m the rest ol l}n‘ country
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in Comwall, and 496485 for males and 181:160 for females in Devon (HHaynes, 1988)
Blot et al, 1990, reports that “In a significant study conducted jomntly by the L oning
Public Health and Anti-Epidemic Station, Shenyang, China, and the US National Cancer
institute, in an area with a known high variation in radon and with enusually high lung
cancer in women, radon detectors were placed for | year in the homes of 308 cases of

wdhian tune

newly-diagnosed lung cancer cases and 156 suitably matched controls. The n

\

2 3 pCVL, with 20% >4 pCi/l
; i

in residences was 24 years. Median radon was ] The report
shows that the lung cancer “levels were not higher in homes of women who developed
lung cancer than in homes of controls, nor did lung cances risk increase with increasing
radon level. The data suggest that projections from surveys of miners exposed to high
radon levels may have overestimated the overail risks of lung cancer associated with

levels typically seen in homes in this Chinese city ™

Natural Rackground/Radon and Lung Cancer - Luckey 1994

Professor Emertis Dr. Don Luckey reports { 1994) that, “There i< a strong negative
correlation between the radon in homes and iung cancer mortality in males, p < 0.001
(Figure 1 1) (Cohen and Shah, 1991, Cohen, 1992). Abou( 90% of the population of the
United States resides in the 1730 counties represented. Cohen obtamned comparable data

with both males and females. His results were comparable with corrections for smoking ™
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Natural Rackground/Raden and Lung Cancer - Luckey 1995

Professor Ementus Dr. Don Luckey (Luckey 1995) reports that “radon concen-
trations in a quarter-mithion United States homes present another human experience with
chronic exposure to different levels of ionizing radiation.  The inverse correlation
between radon concentrations in United States homes and the incidence of lung cancer
maortality has been presented (Cohen 1992) These data were comparable for males and
females, with or without corrections for smoking  Since the negative slope of the curve
did not change throughout the study, the optimum chronic radon (with progeny)
concentration for the reduction of lung cancer mortality appears to be greater than 8
pCvl

“As a public health issue, it is pertinent to evaluate the lung cancer deaths predicted
by the two different theses. BEIR 1V states that there are 350 lung cancer montalities per
million person- WIM (working level month). (BEIR IV 1988). Radiation from onc WL
15 equivalent to 100 pCi radon with progeny. One working month is 170 hours. Hall time
at home ‘or one month would be twice that fong, about 340 hours. Thus, their model
suggests home radon would cause 700 lung cancer deathis per million persons at 100 pCi
per lier of radon and progeny and 70 per 10 pCy/L. In contrast, the Cohen data indicate
that one milhon people wouid have 250 fewer lung cancer deaths at 5§ pCvL radon (with
progeny) than at 0.5 pCvL."

Natural Background/Radon and Lung Cancer - Pollycove 1994

Professor Emeritus Myron Pollycove, MD, (1994) reports that, “The BEIR IV
ort (1988) based upon a linear-no threshold extrapolation or the incidence of lung
cancer i uranium mine workers exposed to high radon concentrations, predicts thai the
Iifetime mortality risk of lung cancer is increased linearly by 10.8% per pCil.-1. One
pCil-1 approximates the world average (UNSCEAR 1982) and is equivalent to 0.2
working-level-montli (WLM). (NCRP 1984) The American Cancer Society projects for
the United States 170,000 new cases of lung cancer in 1993, Accordingly, prior continued
home exposure of the pepulation to one additional pCil- 1 of radon would have produced
18,000 additional new rases ot lung cancer in 1993. Five-year survival of treated lung
cancer is only shghtly ..ore than 10%. Relying upoh the BEIR [V theoretical prediction,
the [ nvironmental Protection Agency (EPA) considers radon in the home to be the
nation's leading health hazard.
“However, there 1s no epidenmiologic evidence to support the risks predicted by
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BEIR IV, To the contrary, epidemiologic studies in the United States (Coben 1986, 1987,
1989), Sweden (Swedjemark 1984), Finland (Castren et al 1984), and Chma (Hofman o«
al 19813} with increased radon concentrations up to 12 pCil.-1, as well as in those areas
below the average radon concentration of 1 pCil -1 (George and Bresiim 1980, Nevo et al
1983, Wrixon 1984} have all demonstrated a negative correlation of lung cancer with
radon concentration. For a vaniety of reasons, these studies which contradict the hinear-no
threshold theory have been considered invalid by the National Academy of Sciencrs
Committee on Biological Effects of lonizing Radiation (BEIR), National Council on
Radiation Protection and Measurements (NCRP), and the International Commession on
Radiologic Protection (ICRP). Criticisms have included poor statistical power, inadequate
controls, and inadequate determination of the degice to which data have been aliered by
smoking and confounding factors such as numerous socioeconomic vanables, geography,
altitude, and climate. An extensive University of Pittsburgh National Survey of radon i
homes was completed in 1992 that addresses these criticisms with excellent statistical
power.

“The University of Pittsburgh nationwide study based upon 272 000 measurcments
in the homes of 1217 counties was completed in 1992, This study and nine individual
state studies were normalized to the 'PA National Residential Radon Survey. The
combined data set compiled from Pittsburgh, states, and EPA studies includes 1729
counties containing nearly 90% of the US. population. After deleting Anizona,
California, and Flonda, states with high retireme  nmgration, and countics with
incomplete data, 1601 counties icmain included (Cohen 1994) sec Kondo - 1993 p. 6-6
Figure | shows plots of mean ageadjusted lung cancer montality rates (m) for white males
(Figure 1a) and females (Figure Ic) vs mean radon levels (r) in homes of all counties
within various ranges of r, along with the standard deviation of the mean, furst and third
quartiics, and the best linear fit to' the data for individuz® counties, m = 1 a(i + br). These
mortality rates are corrected for smoking by use of Bureau of Census Population Surveys
of smoking prevalence and BEIR 1V risk estimates for smokers and nonsmokers, and are
shown togetherwith the best linear fit, M = m/m. = A + Brin Figures Iband 1d. BEIR
IV theory lincs are normalized lines with slope B increasing mortality at a rate of
7.3%/pCil-1. After correction for variations i smoking frequency, there i1s a very strong
tendency for lung cancer mortality to decrease with increasing mean radon level in
homes, in sharp contrast to the increased mortality expected from the linear-no thseshold
theory. The discrepancy between theoretical and measured slopes is by 20 standard
deviations. An earhier study based uj.on date “or 965 counties furmished additional
details'of methodology and somewhat less steep negati~ slopes of m/m, vs r, with the
discrepancy between theoretical and measured slopes by 7 standard deviations (Cohen
and Colditz, 1994) )
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“Correction for the eifects of smoking was made using the separate risk estimates
for smokers and nonsmokers given by BEIR 1V theory and estimations of the fraction(s)
of the adult populations that smoke cigarettes in cach county derived from Bureau of
Census Surveys, with a correction factor for the fraction of the county population that
fves i anurban atca The resultant slopes (B) i units of % per pCil -1 are -7.3 + 0.6 SD
males and -8 3 4 0 8 females, discrepant by 20 SD with the slope expected f rom BEIR
IV theary, B = + 7.3 Many other factors m addition to smoking are carclully analyzed
to see whether any can explamn this discrepancy. Pittsburgh radon measurements are
consistent with FPA and state measurements. Potential nroblems concemning outliers and
sampling issues are demonstrated to be absent. Unec 1hies in lung cancer mortahity
rates (m) and smoking prevalence (S) are given elabora «« consideration and shown 16 be
unimportant causes of the discrepancy between theoretical and measured slopes.

“A carcful investigation was made of the possibility that one or more socioeconomic
confoundmg factors other than smoking could correlate  trongly and with opposite signs
with both mi and r. Those would introduce a strong ne2stive correlation between m and
t which would not be due to a direct causal relationship. Thete are 54 socioeconomic
vaniables (SIV) wiich are analyzed singly and in combination. The 54 values of B free
of confounding by cach SEV vary for males from -56 10 -7.7, mean -69 £ 05, and for
females from -5 4 to 9 1, mean -7.7 ¢+ 0.8, and are quite close to values for the entire
data set -7 Y and -8 3 respectively. Extensive statistical analysis of the possibility that
some combmmation of SEV may act cooperatively to confound the m-r relationship
concluded that the actual effect of confounding by combinations of SEV is to reduce the
discrepancy between slopes by no more than 10%. Cenfounding by geography was also
analyzed by considering the 34 states with at least 20 counties having known radon levels.
[he average of B-values 1s -6.1 for males and -7.2 for females; reductions in the
discrepancy by 8. 2(Vo and 7.1%, respectively.

“In addition to the 54 SEV and geography, also considered are the possible
confounding physical features of altitude, average winter and summer temperatures,
mches of precipitation, number of days per year w ' more than 0.01 inch precipitation,
average wind speed, and percent of ime with sunshine as compared with the maximum
possible.  Studies of these physical features concluded that none is an important
confounding factor. The strong decrease in iung cancer mortality rates corrected for
smoking frequency with increasing radon exposure is found in only the low altitude states
or only the lugh altitude states, in only the warmest or only the coldest; in only the wettest
or only the driest, cic. 1t is also found in only the states selected where the physical
features are close to average. The BEIR 1V theoretical prediction of lung cancer mortahty
from radon exposure corrected for smoking, M = m/m. = A + Br, does not take mto
account two recopmzed £ S correlations: (1) urkan houses kiave 25% lower radon levels

Low LEver RaptAaTion HEALTH EFFFCTS

Preart Rev EATL e 29710

than rural houses and urban people smoke more frequently | and (2) houses of sinok
have 10% lower radon levels than houses of nonsmokers. An extensive statistical st
of the cffects of these r-S correlations leads to the conclusion that the BLIR IV predictug
of B is reduced fiom + 7.3 to + 69, which contnbutes very httle to decreasing 1
discrepancy with tile Jarge negative values of 13, -7.3 and -8 3 obtained from the a 1
measured and reported data
“Lincar-no threshold theories other than BLIR 1V are consudered wlich invol

different treatments of smoking. Alse considered 1s the "mtensity of smoking ™ Analy
statistical =tudy of these considerations lead to the conclusioi! that other theorehic
predictions of B could reduce the discrepancy between 3010 and 81170, The posabily
that an untecogmized confounding factor could explain the discrepancy is recogmize
However, tile followmg properties are required of an enrecognized confounder that cou
resolve the discrepancy: (1) It must have a very strong correlation'with fung canc
comparable to that of cigarette smoking, but still be unrecogmized, (2) It must have a
strong correlation of opposite sign with radon levels, (3) It must tiot be strongly correl
with any of the 54 sociocconomic vanables (SEV), (4) It must be applicable n a wa
variety of geographic areas and independent of altitude and chimate. The fust prope
alone requires of the unrecognized confounder that it must have mcreased by orders
magnitude since the beginming Hf this century, and have been much more important
males in the first half of the century, with eiTects on females raprdly catching up i rece
years. The remaining properties impose additional requirements that are also m
difficult to meet singly, while to satisfy the four simultaneously becomes mcredib
These multiple restrictions upon an unknown confounder make 1t extremely imiprobab
that one exists that would resolve the discrepancy.

“Thesc tests of the linear-no threshold theoretical prediction of lung cancer mortals
induced by radon exposure, with the slope of the hine determined by high dose expos
demonstrate that the theory fails badly by gross overestimation of mortality m low
low dose rate range of radiation. A likely explanation is that stimulated biologic
defense mechanisms more than compensate for the radiation “insult” and are protect
against cancer in a low dose, low dose rate range ™

Nat.sal Background/Radon and Lung Cancer - Jaworowski 1995a

Professor Emenitus Dr. Zbhigniew Jaworowsk: (1995) states that, “T pidenuologic
studies of a relation between the radon levels in homes and lung cancer seem to be al
in disagreement with the non-threshold principle. and may suggest a hormetic effect. |
the United States, in a study covermg 89% of population the people living tn houses wit

6-9
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radon air concentration higher than average level were found to have a lower mortality
from lung cancer (Cohen, 1993). In China, in a meticulous study, the radon level was
measured during one year in the houses of several hundred women with lung cancers, and
i houses of similar number of healthy women. The results demonstrated at 95% statisti-
cal confidence leve! that women who lived in high-radon houses (more than 350 Bq per
m1) had a 30% lower lung cancer risk than those living in low radon hou=s (4-70 Bq per
M1) This result is opposite to the no-threshold-principle estimate, according to which the
hing, cancer risk in the high-radon houses should be 805 higher than the normal risk (Blot,
1990)

“Similarly, in a region of Japan with an a average indoor radon level of 35 Bq per
m7 the lung cancer incidence was 51% of that in iow-level radon region (11 Bq per m3),
and mortality due 1o all types of cancer was 37% (Mifune, 1992). Similar results or
showing a lack of positive correlation between the indoor radon level and lung cancers
were reported from Canada, Sweden, Denmark, Finland, France and Great Britain "

Natural Background/Radon and Lung Cancer - Jaworowski 1995b

P'rof Emeritus, and Member of the UN Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
Zbigniew Jaworowski (1995b) states that, “In China, a meticulous study measured the
radon level for | year in the houses of several hundred women with lung cancers and in
homes of a similar number of healthy women. The results demonstrated at a 95%
confidenice level that women who lived in high-level radon houses (inore than 350 Bg/m’)
had a 80% lower lur« cancer risk than those living in low-level radon houses (4 to 70
Iy/m’)

“This reselt is opposite to the no-threshold principle estimate, according to which
the lung cancer risk in high-radon houses should be 80% higher than the nonnal risk *
(Mot et al ,1990)

“Similarly, in one region of Japan with an average indoor level of 35 Bq/m’, the
lung cancer incidence was 51% of that in a a low-level radon region (11 Bg/m’) and the
mortality caused by all types of cancer was 37% lower. (Mifane et al, 1992). Similar
results howing a lack of positive correlation between lung cancer and indoor radon levels
were reported from Canada, Sweden, Denmark, Finland, France, and Great Britain (see
VINSCEAR, 1994, for references).
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"Despite the evidence from theso -*idies the U5 Environmental Protection
Agency has recommended remedial action when indoor radon concentrations reach 150
Bg/m’. The EPA considers that remedial action at any level down to 70 Bg/m "3 would
be cost-effective, even for the cost of reducing the level from 150 to 70 Bg/m™3 at
approximatcly $2 million per life hypothetically saved (Schiager, 1992)

6.5 Radon and Radium Spas - Kondo 1993

Profess »r Emeritus Dr. Sohei Kondo reports that there is evidence of “health-stimulating
effects of natural rad >n in Japan ™

Professor Emeritus Dr. Sohei Kondo (Kondo 1993, Section 4. 2.4) states that
“Residents of Misasa, an urban arca where there arc radon spas, showed significantly
lower mortality from cancers at all sites than residents of the suburbs of Misasa, as seen

in Tables4. 11 and 4.12. 7

Tabls 4.11A Standardized mortality ratice (SMR) for male Inhabitants of Misass
radon spa ares and a control aree, 19052-88

Control area

Site of cancer Misasa

Observed Expected SMR Observed Expected SMR

All sites 3 o848 0538 228 26823 0850
Neceal mucosa 0 2R n " 7 Ra 1w
Table 4.12 Relative risks” for dying from cancer =t
various sites for inhabitants of the Misasa radon spa area
versus a cor.trol area

Site of cancer Relative risk g95% Conlflidence

Interval
All sites 0.67 0.53-0.85
Stomach 0.59 0.39-0 88
Lung 0.55 0.25-1.24
Colon, rectum 0.32 0.10-1.06

From Mi“ine et al (1992). Copyright @ Japanese Cancer
Association. Reproduced with permission
oE stimated by Potsson regression analysis in which variables for

sex. age and period were also included
*p<005 **p<00l] .
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Table 4 118 Stendardized mortality ratins (SMR) for female Inhabitants of
Misass radon sps ares and & control arce, 195288

Site of cancer Misase Control ares
CUhaerved Expected SMR Observed Expected SMR

All attey 7 79 88 O 462 156 202 64 0 770
Fhoe cal mucosa o I 40 0 OO0 2 365 0547

Ttosryne

Larynx
Stomadch 12 26 55 0 452 S8 68 58 0 846
Colons, revtum i 707 0 142 () I8 14 o
Liver 2 914 0219 19 2367 0 /03
Patareas 2 J OB 0 649 7 777 0901
Peritonewm 2 116 1721 " 300 3 000**
Tung t 504 o7 5 1357 0 369"
eeant 1 I R9 0257 S 889 0 562
Uiterus 4 a9r 0 446 2 22 45 0 535
Unknown o 218 0 000 2 551 0383

primary site
levkemin i 87 0534 5 426 1174

9 2318 0820

1.190 '

Others i 924

Natural Background/Radon and Radium Spas - Hattori 1994

Dr Sadao Hattori, Vice President of CRIEP! {BELLE 1994) reports that, “Professor
Fmerius of Osaka University Dr. Konde and Dr.Tanooka, former Chairman of Japan
Radiation Research Society, conducted statistical comparisons of cancer of the people of
Misasa villages (i.e_high radon levels in drinking water), adjacent villages and all Japan.
The result was meaningful as shown in Fig. 4

Male Female
Total Carvcer Sromech Tote! Cancer Stomach

LR}

Sen 83 ' 2092

G-

Pigue 4 Caompastson of standar dized mortatity ratito, Misase /control srea

PDrari v

AR 29, 19%
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7.0 Non-1tuman Biolegical Data
71 Non Human Biological Data/Biological Populations- Lorenz 1954

i Lp -t Lorenz of the National Cancer Institute reports (1954) on the nitial
experiments with mice over generations exposed to a wide range of doses and dose rates,
“SUMMARY

“Under the conditions of the experiment there seems to be no significant damage
10 the hematopoietic system as evidenced by counts of the peripheral blood.

“Male CIH mice conceived and living continsously under exposure to 4.4
/24 b day up to dotal doses of over 2000 1 are comparable with nonirradiated mice as
far as weight, coat color, and activity are concerned

“Manimary-tumor incidence is not significantly chanred in mice exposed for 10
1o 15 months to doses ranging from 4 4 to 0 0a* « per 24-Lr day.

“Ihstologically only the gonads show radiation damage, and that mainly in the
mice tecenving continuous doses of 4 4 ¢/24-hr day. In males this damage consists n
dunmished spermatogenesis and reduction in the number of mature spermatozoa in the

cpuiynns Tlus damage 1s reversible. Testes return to normal aler removal from the

exposure field

“In contrast to the testes, radiation damage to the ovaries, observed principally
m the mice receiving continuous doses of 4.4 1/24-hr day and perhaps also in those
recerving 11 1724 day, is irreversible and progressive and results in some cases n
tubutar downgrowths of the genuinal epithelium that progress to early tumor formation.
Icedmyg experiments indicate that C3H female mice are permanently stenifized with
doses of 465 ¢ applicd at the rate of 4.4 1/24-hr day.

“Subsequent generations rearcd and hving under exposure of 1.1 and 0 11 rper
24 b day show no damage to chromosomes as evidenced by the raising of five to six
pencrations with normal htter size and an apparently normal life span ™

Nou-Hluman Biological Data/Biological Populations - Luckey 1982

Professor Emeritus D T D Luckey (1982) finds that "Radiation hormesis of animal
prowth rates was observed experimentally by many investigators. When compared with
controls. the stimulation of growth rates in wradiated Daphnia (Mar66), thes (Kin55),
moths (Kak67), silkworms (Has 12 Mall68, Par68), and blue crab (Ap75) supports
reports of radiation hormesis of growth  rates i vertebrates in the past 25 yr s
Consstency of results is well illusirated by the repeated confinmation of the report of

LOW LEVEL RAMATION HEAaLTH EFFECTS

Prary Rev. | Maron 29 199,

Lorenz (LorS0) in which other investigators wound growth stimulation at about the same
daily dose for mice. In our work where special care was taken to handle unexposed mice,
in the same manner as irradiated mice, growth rates o1 hghtly irradiated mice were
statistically greater than that of control (p<0 01) using the Student test (1ucR0} ™

Non-iluman Biological Data/Biclogical Populations - Sheppard 1987

Sheppard and Regitnig report (1987) on extensive research os the stimulating hormetic
effect of plant growth:
Irradiation increased the yield and valwe of some vegetable and freld crops

“Research on plants performed supposting commercial apphicaiion on the stimulatory
effects of radiation on plants. They show that “statistically significant hormesis responses
occurred in a number of vegetable and ficld crops (Figs. 1-3)

“In several cases the response increased the yield and value of the crop, particularly
when premium prices for carly vegetable production are considered.  Lettuce
development was advanced to the detrinent of late harest crop value (Fig. 2), because the
ptants from irradiated seed produced flowers, or bolted, earlicr than plants fom ithe
unirradiated control seeds.

“There are numerous examples in the literature showing hormesis in the species that
were not responsive in Figs 1-3 (sce Pahlow 1976) which suggests that hormesis can
occur for seed irradiation of any plant species ™
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Fig. 1. 10y weight viold of vegetable crops grown from isradinted

sccfd 1y o Aol exprerimient in Soskantchewnn in 1972 (Re7%) 1 he

potnts annddicated by san astorisk were sepaorted as signnlirAnﬂy
ditferent from the controls (pp < O OS)
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They report on numerous additional examples (cg, Figs 9, 10 and | 1)
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Fig. 9 Fresh weight yield from cucumber and tomato seed ir-

rmadiated 30 to 150 d before planting in ficld experniments un-

denaken in Ontario in 1971 (In71) The relative yvields from the

first three pickings of cucumber and the first four pickings of

tomato are shown. No statistical tests were given but the coefl.
ficients of variation were about | 4%
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Fig. 10. Number of plants which emerged and single-plant dry

weight of sugar beets grown from irradiated seed for 22 d in a

growth chamber. Points indicated by an asterisk were signifi
cantly different from the controls (p < 0.05).
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Non Human Biological Data/Biological Populations - Hattori 1994

De Sadao Hattori, Vice President and Director of Rescarch of CRIEP! reports
(BELLE 1994) that, “Misonoo of CRIEP! estimated the optimum irradiation dose for

cadio-adaptation as shown in Fig 97
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Dr. Hattori reporis that, “Yonezawa of University of Osaka prefecture confirmed
two phases of radio-hormetic responses by using a priming dose and survival after a
sublethal dose administiation  He found that a low (i e priming) dose (i ¢ hormetic dose)
enhanced resistance to sublethal x-radiation given two months bui not two wecks later
Opposite results were observed when the primary dose was substantially preater ™

Non-:tuman Biological Data/Biological Pepulations - Luckey 1986

Professor Emeritus Dr. T.D. Luckey finds (1986) that, "Control Populations
increased from 200 to approximately 24 000/m! during the 6 day incubation  The
reproduction rate 1. pyriformis was statistically lower (P<0 €1) in subambient radiation
than it was in near ambient radiation levels, 0.5 mead/day (Fig 3) Culiures irradiated at
levels of 7 3 and 45 mrad/day reproduces faster (<0 01) than did those at near ambient

fevels of radiation *
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1 3 The 6-day population of T pyriformis per milliliter (ordinate) st different exposures {abscitsa)
Average values with one standard ervor of the mean of four replicates sre displayed; the control is on the
lel and the exposed is on the nght. Values with no overlap were significantly different lrom cach other {1
<001)

When | Pyriformis was incubated at ambient radiation levels in the surface
laboratory, no ditference was found in growth rates with different K nuclides in the
1 However, i the subambient radiation laboratory cultures with 39K Cl consistently

w at slower rates then did control cultures with NKC1 When 39K C1 was supplements
HOKCI at three tumes the level estimated to be NKCI, the growth rate was
mparazble nwvth that of controls and faster than that of cultures contaming only 19K CI
Fhese data with pure cultures of T pyriformis in a chemically delined medum
contirm the resulis of Plancel et al (Flanel 1970, 1979) with bactena-led protozoans in
matiral media. The results with protozoa are remarkable similar to those of Conter ct al
onter 1982) with an alpa

whiation s essential Tor fast prowth rates i these organisms  In most natural microbic
&~

The cumulative results clearly indicate that womizing
habitats, fast growth rate represents survival in the competition for food ™

I e results with different K nuclides suggest that radiation from 40K may fulhill
it least part of the requuacement for wontzmg radiation. This supports the suggestion of

Moore and Shastry (Moore, 1982) that the gamma rays, particularly Auger electrons
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should be considered i radiology . The Caantitative contoibution of 40K s difticult 1o
determine in these experiments. Had the contrtbution of the K+ in the mednmm been
cquivalent to that of the cells, about 200 mM_rather than 0 5 M then the contribution
from 40K radiation could be compared with that from the external somce

tn spite of preat differences between miciobes and metazoans, the gencral
nature of hormesis  with ionizing radiation (Luckey 1980, 1982) and the unity of
metabolic processes and nutrition throughout all iving orgamisms (Luckey 19601977
Moore 1982) suggest that the answer may be comparable for metazoan organisims despite
the obvious variations beiween kingdom, phyla, and cven species  Thus the cumulative
evidences sugpests that stimulation by ionizing radiation may generally resuit from

mcreascd amounts of an essential apent '

Non-Human Biclogical Data/Biological Populations - Plane! 1987

Planet reports (1987) on research (at the Laboratoue de Biologie Medicale m

France) on paramecia that in “cultures placed in two identical chambers, the shiclded

chamber =urrounded by a Pb wall. S or 10 cm thick  Cell populations were aliowed to

grow until the eighth day and then to decrease, due to nutrient exhaustion As shown m
Fig. 2, the cell growth rate of shiclded cultures is lower than that of controls the thicker

the Pb shielding device, the more obvious the effect
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“Ie states that “the effect of radioprotection is not due to the presence of a toxic
compound mside the shiclded chamber; the same results were obtained when cells were
cultivated in sealed glass ampullae. Responses to shielding also cannot be ascribed to
radioactive compounds which might be present in Pb walls.  Yearly dose rates .. were
1 75 mGy in the contro! chamber and 0.3 mGy in the 16-cm Pb shielded chamber
I urthermore, no peak was detected by gamma spectrometry. On the other hand, this
stmulatory effect of backpround radiation is confirmed by several complementary
experunents

“(1) When cells are cultivated in the conirol chamber, in a shiclded chamber
(10 cm Pb), and m an wdentical shiclded chamber - but in the presence of a 232Th source
giving a dose tate of 7 mGyly - Fig. 2 shows that the inhibitory effect of shiclding
drappears when shiclded ceils are exposed to a level of radiation close to background
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tig 7 The growth rate is restored when shielded coltures are caposed (o 8 level of smbicnt redistion compershie
1o backgrovnd

“12) The cclt growth rate decreases when parameci are cultivated
m a cave, at the underpround laboratory of the Centre National de la Recherche
Scientifique under 200 m of rocks. A more cbvious inhibitory effect is observed when
the cultures are shielded agamst radioactivity of cave walls by 5 cm of Pb (Fig. 3) Yearly
dose rates were 165 mGy for controls and 0. 1 mGy mn the cave, using a I'b shiciding
A normal generation tune is restored when the cultures are exposed i the cave to 60Co
camma wradiation at a dose rate of 4 mGyly (Fig. 3)
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“{3) Chronic irradiation by a 60Co source stimulates cell proliferation, as shown
in Fig. 4, which expresses the results of three different experiments. Whatever the
prohferation capacity, irradiated populations, measured on the third, fouth and filth days,
are larger than controls: iotal absorbed doses ranged fom 0.02 to 0 07 mGy ©
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Planel reports further that similar results are obtained on cyanobacteria,
showing that “shiclding results in a lower cell growih rate (Fig_ 8); this growth inhibition
disappears when sheelded cultuzes are simultaneously irradiated. Dose rates per year were
149 mGy i the control chambers, 0.27 in the shielded chamber, and 1.59 in the shielded
chamber including a thorium nitrate source. Cell proliferation is stimulated when cultures
are wradiaied at a dose rate of 20 90 mGy/y.
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In control experiments, cultures placed in the two chambers without a shielding
device or a radwactive source exhibit the same growth rate ”

Non-Human Biological Data/Biological Populations - Boxenbaum 1992

Dr. Harold Boxenbaum reports (1992) that dependence on high-dose data,
“Further support that y-radiation produces longevity hormesis is supplied in Fig. 1.10.
However, m this case, the data deal with chipmunks living in the wild. The animals were
hve-trapped, irradiated with either a single-dose of 200 or 400 Roentgens y-radiation,
cxcept for controls, and then returned to the wild. 1t is readily apparent that y-radiation
exposure, within the dose-range utilized, enhanced longevity *
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Non-Human Biological Data/Biological Popluations - Jawerowski 1995h

Prof Emeritus, and Member of the UN Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
Dr. Zbigniew Jaworowski states (1995b) that, “In mammals, radiziion hormesis
enhances defense reactions against neoplastic and infections diseases, imcreases longevity
and improves fertility. _in an experiment with mice the incidence of leukemia, cancers,
and sarcomas was lower in animals irradiated with cesium-187 gamma radiation doses
of 2.5 to 20 mSy than it was in nonirradiated conirols. The number of all malignant
neoplasms in animals exposed to a single doses of 10 mSv was more than 10% lower
than in nonirradiated conirols. In several experiments, small initiai radiation doses have
been shown to improve the survival of animals subscquently irradiated with large, near
lethal doses. In other experiments, an increased life span was found in animals irradiated
with doses between 250 and 3000 mSv. __a group of French studies started in the carly
1960"s, indicate that protozoa and bacteria exposed to artificially lowered levels of natural
radiation demonstrate deficiency symptoms expressed as dramatically decreased
proliferations This indicates that iomizing radiation may be essential for life ™
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we carly stages of the Manhattan Projet t, 1t was found that the

rnm

to mhalation of uranwm dust at levels that were expected to be fatal
lonper wppeared  healthver, and had more offspring than  the
ol munals. For years, these results were treated as an anomaly but

sults {Brucer, 1989) The first UNSCEAR report to the

cmbly of the ted Nations presented the results of experiments showing

val times of mice and puinea pips exposed to small doses of pamma radiation
195R)

Now Human Riological Data/Biological Populations - Patterson 1982

H Wade Patterson, former I ditor of Health Physics Journal quotes Spalding et al
from the Abstiact
'13 760 male nitce were exposed to S extermal doses from Co60 pammia radiation

clivered at 6 different dose rates. Total doses ranged from 20 to 1620 rad at exposure

res rangmg from 0.7 to 36,000 R/day The ages of the mice at exposure were newborn.

6,00 1S5S months ™

From Section 11, Results: "Most of iradiated animals lived longer or no differently

Dose of X -ra
did the non-wradiated controls, however, in several cases differences were
' Dose and aging deapendent changes in
1l N - N - - 3} e Vi (THBARS) level, SOOI sctliviry sl or
nhicant Tor newbomn mice ¢ """\“' to 180 rad at 007 R ""‘v\ the life Span was o:n'n (WS ratio) of rat » braln corte x
nheantly Tonger than it was for controls. At all dose levels the 2-month age proup e Shutiiies sheammcritpaal e Apait it
. RSRM spocrwmatar WS e ne —
Posipmihicantly longer than did the median controls ,/\hhnugl\ there were no o he deem A ther i

| S Thae mssreioe s wf raan prar ot ome cveml gt o
icrences among the 6-month-old mice. the 15 month group with the 20-rad dose lived L

bt I e e L e AP M v Bt mee o A
et e e

embicantly longer than did the controls *
From Section IV, Discussion: "Our data obtained over widely rangmg dose,
\posure-rate, and exposure-age conditions fail to consistently support any mathematical Suppression of !.ung Cancer
tune Sion that snay dict radiation-induced life shortening from radiation exposures Dr itattori also reports on studies that demonstrate reduced ancer mduced i mnce
wproaching b nl;'tnliin’ levels In fact, our data suggest beneficial effects from low dosc by low level radiation doses that,“Ishit of CRIEP! and liosor of fohoku Umiv examined

| . he suppression o ctastasts by counting lung colonies of nice (1
med tow-dose-rate gamma ray exposure the suppression of metasta y counting lung "

Ishi also measured the activation of rat splenocyte

.2 Non-Human Bilogical Data/Cellular and Moleculas Biology and Genetics € radiation exposure
Hattor 1994

adao Hattort, Vice President of CRIEPT reports (BELLE Newsletter 1994) on
carch that demonstrates reversals of apgmg elfects in cells, that "Yamaoka of CRIEP

vured the properties of cell membrancs and superoxide disuiace activities (Fag 7Y
1991)
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£ Vitalization of human cells
= 19 = 1 g " Dr. Hattori reports (BELLE 1994) that " Watanabe (1992) of Nagasaki Univ
* .'"‘f;'_.-' §§ compared the growth rate of human embryonic cells whi~h had been exposed to a lugh
2% LN 2z acute dose o1 to periodic multiple doses  Cells which received 7 5 cGy/week showed an
ig Lf T‘;" v S hormetic response. Fig. 11 shows one of his experimental results
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Dr Hattoni reports (BELLE 1994) that, “Ikushima of Kyoto Univ. examined the Figure 11 mf’"".’.‘&ﬂ:’:“&'&&’.’éﬂ"ﬁ"’ e —
tadio-adaptive response as shown in Fig. 8. Chinese hamster V 79 Cells were incubated prasage 0(A) and muliiple doses of 7.5 <':,"°.c i
grmma rave (B) e

with W Thynudie for 16 hrs (one cell cycle) and irradiated with a dose of | Gy of 60Co
pamma rays (0.4 Gy/min). The cells were fixed and assayed for the formation frequency

ol the macronucleus 6 hrs after irradiation ™
Dr_ Hattori also reports on the configuration that low level radiation stimulates the

= production of the DNA repair protein that, “Professor Ohnishi of Nara Medical College
- discovered a marked increase of stress protein production by p53 genes. Doses of 10 10
.§ g 25 cGy were effective. Fig. 13 shows his experimental results *
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Non-Tuman Biological Data/Biological Populations - von Borstel 1995

Professor De. R € von Dorstel of the I°  artment of Biological Sciences, U
Alberta, m a review (1995) states that, Kondo (1993) addresses "the possible mechanisms
of action by radiation on cells that might lead to the bewficial effects
“Radiatioa mduced damage mostly follows the no-threshold rule; when a threshold is
imvolved, a speaific cellular or molecular mechanism unrelated to the action of radiation
upon DNA must be sought. Conseauently, Kondo argued that deatls of damaged cells by
very low levels of radiation was tollowed by replacement with undamaged cells, so that
a threshold would be the mevitable result. It has been known for most of this century that
cells from an carly morula can be separat~d, and consequently give rise to celis that
teplace the missing ones completely, thus producing a normal cmbryo. The occurrence
ol wentical twins or triplets is clear evidence that this happens also in mammals. Wha
Rondo posits is that cells killed by radiation can be replaced with normal cells untif a
theeshold dose s reached at which the cell damage can no longer be compensated fo: e
brmges forth a great deal ot evidence that this must be the explanation for the ra<fiation
threshold necessary for fetal damage
“We know that cancer intiation results from the same mechanisms as mutation,
thresholds do not exist for mutations, other than that induced mutations msd push thew
way thiongh the backpround nose of spontaneous mutations in order to Le detected 1he

LOW LEVEL RAMIATION HIFAL 11 FRb . s

s Dt REvo 1 Mane i 29, 14996
background noise was termed an “aysparent theeshold” by Yataro Lazima Nevertheless,
there is a true threshold for certain kinds of radiation-induced cancer, as Koddo
demonstrates conclusively in Chapter 3, using data on survivors of the Napasaki atomic
bomb. Because radustion is such a powertul agent for turming. on and turming off
Caicmesenic action, and also becanse radiation can be more accw ately measwred than
ot carcimogens, Kondo develops two all encompassing hypotheses to explam the
thieshold for human cancer. . The no-threshold hypothesis of stem-cell nustation and the
wound-healing error hypothesis

“The no-threshold hypothesis posits that a nomber (say between 5 and 7) of mutatons
must occur in the same somatic stem ol before neoplastic growth can take place. Kondo
pomts o’ that, with known spontancous mutation rates of individual cells, the
no-threshold hypothesis would 1+ »xcluded unless eitlier (1) the cell was a mutator ~ Or
(2) certam individual genes in a stem-cell in mterphase might have high mutation rates.
Kondo made a brilliant case for supporting explanation (2) It is now known that
explanantion (1) is certainly tiue (Fishel, et al, 1993, Cell, 75 1G27) Nevertheless,
explanatior (2) has not been excluded, we sometimes find that both of twe alternative
hypotheses may be correct

“Kondo notes that the wound-iealing error hypothesis is a problem of cell society,

that is, perhaps there is a stimulation of growth aficr a tissue 1s wonnded by radiation, and
that oncogenes may be involved in the process of cellular adaptation to environmemtal
change. Kondo si:ggests that continued epigenetic changes necessary £+ cells to become
cancerous are iduced by over expressing healimg activity of endogenous factors recruited
for tissue repair’. He marshals a great deal of data to support ths wdea, and almost all the
small paradoxes former i, argued »* sut come together within his paradigm ”

Nor-lluman Biological Data/Cellular and Molecular Biology and CGenctics
Jawoworski 1995h

Prof Emeritus, and Member of the UN Scientific Commuttee on the | ffects of
Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
Dr. Zbigniew Jaworowski states (1995b) that , “UNSCEAR ( 1994) reviewed the most
important publications on the stimulating effects of radiation  effects were found at
biochemical, celtular and organic levels, in cell cultures, bacteria, plants, and animals *

“UNSCEAR 1994 concentrates on the ehsc i wion of mechanisim by which radiation
hormesis acts at the level of cell control systems such as protemn synthesis, pene
activation, DNA repair, stress-response protemn produs on, radical detoxific ation,
activation of membrane receptons, proviferation of <plenocytes, and stimulation of the

immune system
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R.0 Costs

Prof Emertus, and Member of the UN Scientific Commuttee on the Effects of
\tomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
D, Zhigniew Jaworowski staies (1995b) that in its Decembe: 1954 rule making proposal
by “the US EPA . four UNSCEAR documents, from 1977, 1982, 1986, and 1988, are
used to support a need for revision of the current radiation standards. The most recent
UNSCEAR document from 1994, however, on the adaptive effects of low doses of
radiation, is not taken into account. .. in which a new radiation limit for the public of |
mSv/year (70 mSv in a hifetime) is proposed.. .. (S)uch a low radiation standard, only
about 3% of the natural radiation background m many regions of the world, would bring
enomous costs for society, and it would be ethically fair only through a large reduction
of wdentifiable health hazards
“The four UNSCEAR documents quoted by the EPA as estimating that the risks
of cancer have increased roughly threefold and have become more certain’® were
critically examined by UNSCEAR during the past 8 ycars, especially the interpretation
of the results of epriemiological studies in Hiroshuma and Nagasak
“The most important message of the recent UNSCEAR (1994) document,
however, 1s the recognition of the existence of stimulating and adaptive effects of 1onizing

radiation. Durning the past 4 decades these effects were ignored in radiation protection

philosophy and practice

“Iach human hfe hypothetically saved by implementing the U.S. Nuclear
Regulatory Commuission’s regulations costs about $2.5 billion (Cohen, 1992). Such
spending s morally questionable. Studies of ragiation hormesis suggest that such
cxpenditures may be futile and actually have an adverse effect on the health of the

population’
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9.0 Conclusions

Professor Fmentus D T.D. Luckey (1994) states that, “The consistent, statistically
signhicant results showng radhation hormesis in cancer invalidate the zero thesis and all
linear models derived by hinear interpolation (often mislabeled “extrapolation™) from
Lige doses to controls. There are no cor rable data which support the linear models.
Results from miuncrs are not convincing because it is difficult to separate radiation
carcmogenesis [rom particulate and fume oncogenesis. Information from human cells in
culture have less meaming than well-controlled animal studies. Cells in culture are
laboratory artifacts with httle intercellular communication and negligible hormonal,
nevtologic or immune control systems.  These are the reasons that the apparent optimum
tfor humans far exceeds the recommended minimums set by various agencies.”

* in addion to lowered cancer mortality rates, physiologic functions which appear
o be enhanced include growth and development, auditory and visual acuity, leaming and
memory fecundity, and resistance to infection. These resulis are noted with both acute
or chromic whole-body exposures.  The subsequent increased average life span appears
1o explam the decreased mortality from infections and cancer; this appears to be due to
a stunulation of immune competence (Luckey, 1991, 1994; Sugahara et al, 1992)."

Conclusions - Pollycove 1994

Protessor Fmeritus, Myron Pollycove, MD, reports (Pollycove 1994) that,
“Sigmbicant positive health effects associated with low level radiation have been
demonstrated in a review of five epidemiologic studies: decreased mortality of nuclear
slipyard workers, decreased noncancer montality of atomic bomb survivors in both
Hiroshima and Nagasaki and Nagasaki alone, decreased lung cancer mortality associated
with mcreased radon exposure of the US. population, and decreased breast cancer
mortality of women in Canada after having received multiple fluoroscopic examinations.
[he tendency to neglect or reject data that contradicts the linear-no threshold theory of
radiation carcmogenesis is supported by confidence that chromosome aberration and gene
muiation can be produced by a singie particle of onizing radiation and so initiate a
mahgnancy. The number of such interactions with ceil nuclei is both logically and
demonstrably proportional to the dose. However, no consideration is given to biological
deferse mechamsims that could be stimulated further by fow level increments of radiation
above the background level. Such stimulated defense mechanisms could also decrease
carcmogenesis by chenncal and other non-tonizing agents as well as high level omizing

tadiate < Multiple defense mechanisms at molecular, cellular, organ, and systemic levels
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involving enzymatic, ormonal, immunologic, =2d stress proiein interactions are currenily
being demonstrated and confirmed by numeous investigators. (Calabrese, Fd 1992,
Luckey, 1991, Sughara et al , 1992) Recently a human radiation repasr gene has been
cloned and transfected mto a mutant Chimese hamster with sensitivity 1o both wemizing
radiation and certain alkylating agents resulting from defective repair of DNA strand
breaks. These transfected mutants demonstrate overexpression of the human DNA repair
mimigene with repair capacily increased above that of the wild-type Chinese hamsters ™
(Caldecott, 1992)

“Mounting reproducible evidence of the operation of various defense mechanisms
and their stimulation by low dose 1omizing radiation will provide further details of how
biological defense mechanisms, nonoperative at high doses, are stimulated and enhanced
by low level radiation damage so as to overcorrect and predominate. These mvestigations
have clarified why the negative health effects observed at high levels of radiation that
cilectively overwheln these defense mechanisms cannot be extrapolated 1o the low levels
in which these stimulated defense mechanisms predominate with decreased cancer
imnduction, decreased mortality, and other observed posttive health effects ™

Conclusions - Yalow 1994

Nobel Laureate Dr. Rosalyn Yalow (1994) states, "Populations have been studied in
geographic areas of increased natural radiation, in radiation-exposed workers, i patients
medically exposed, and in accidental exposures. No reproducible evidence exists of
harmful effects from increases in background radiation three to ten tunes the usual levels.
There is no increase in leukemia or other cancers among American military participants
in nuclear testing, no increase in leukemia or thyroid cancer among medical patients
receiving 1-13' * r diagnosis or treatment of hypothyroidism, and no increase in lung
cancer among nonsmokers exposed to increased radon in the home

"The association of radiation with the atomic bomb and with excessive regulatory and
health physics ALARA radiation levels practices has created a climate of fear about the
dangers of radiation at any level. However, there is no evidence that radiation exposures
at the levels equivalent to medical usage are harmful

“The unjustified excessive concern with radiation at any level, however, precludes
beneficial uses of radiation and radioactivity in medicine, science, and industry
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Conclusions - Jaworowski 1995h

Professor Fmeritus, and Member of the UN Scientific Committee on the FfTects
of Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection,
D Zhigmew Jaworowski states (1995b) that "the ICRP assumption on lineanty was not
very realistic. It was . accepled, however, because it simplified regulatory work by
allowing extrapolation . The ongmal purpose was to regulate . a relatively small group
ol occupationally exposed persons and it did not mvolve exceedingly high costs to
socicty

“The dose Tt Tor the public was set at 50 mSv over a lifetime __ less than
one thud of the global average hifctime dose from background radiation _ and many tens
or hundeeds of imes lower than the lifetime dose in many regions of the world.

“Lumiting exposure below the levels of natural radiation at which miltions of
peopic have hived since time immemonal is a logical consequence of the assumption
from 1959 4f such dose 1s detimental, then one should also attempt decrease the risk of
background radiation  or the risk of man-made radiation even at such trivial levels as

i mSv/year

“Yet such reasonmg was less than palatabie to many scientists . not only because
of the eprstemological problem of trespassing beyond the limits of knowledge . but also
because of the absurd practical consequences and the moral aspects.

“As demonstrated by Walinder (1987), on the complementanily principle, the
stochastic phenomenon of radiation carcinogenesis cannot be for an open system, such
as 2 human being or a population. It can only be done if the radiation dose is much more
powerful than the natural dose, combined with other carcinogenic faciors .. A conception
that mathematical models adapted for high-dose effects can be limitlessly extrapolated to
low doses and stll represent a biological reality is epistemologically unacceptable
(Walinder 1987) The absurd practical consequences were exposed by the Chemobyl
acoudent,

“Long before that Professor W.V. Mavneord, one of the most notable persons
m radiation protection and a former member of the UK delegation 1o UNSCEAR and of
ICRY stated (Mayneord 1964) ‘I have always felt that the argument because at higher
values of dose an observed effect is proportional to dose, at very low doses there is
necessarily some “effect” of dose, however small, is nonsense.

“Dr. Launston Taylor, former president of the US NCRP, defir~d applications
ol the limear, no - threshold dose-effect relationship to such calculations as ‘deeply immoral
s of our scientific heritage” (Taylor 1980)

“The no-thr-shold arithmetic __ led to a decision by the Supreme Soviet (but
agaimnst the advice of the leading Soviet scientists (Hyin 1993) to evacuate about 116,000
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inhabitants of Ukraine and Belarus, causing unspeakable suffering and a loss of man®
billions of dollars, equivalent to about 1 5% of the GNP of the . Soviet Union (ICP
1991).

“The intervention level for evacuation was a 70 year lifetime radiation dose of 350
mSv, about twice the world average natural background dose {168 mSv® Al familics
with pregnant women and children less than 12 years of age were relocated from areas
- [where] the Cs-137 body burden in children still living in these arcas was _ between
40 and 2250 Bq, which is less than the natural burden of radioactive K-40 (4000 Bq) mn
adults. Body burdens of several thousand Bq are now common in Northern Canada and
were as high as 100,000 Bq during weapons 'ests in the 1960s {Tracy 1994)

“. one might ask why povernments __ do not relocate populations in (hgh natural
background) areas ... why isn't everyone evacuated from Norway, where the average
lifetime dose is 365 mSv (Henriksen and Saxebol 1988) and in some districts 1500 mSy?
Should not regions of India with >2000 mSy (Sunta 1990) be depopulated?

“What about areas of Iran with >3000 mSv? _ (I)n the city of Ramsar several
generations in one household have been receiving average mdividual hifetime doses of
natural radiation of 17,000 mSv, 240 times the current ICRP It Yet these individuals
show no increased incidence of disease, and some of them have hved to be 110 years of
age (Sohrabi, 1990) "

“The recognition by UNSCEAR. the most distinguished international scientific
body on the matiers of tomizing radiation, of the possibility that low doses of radiation
may result in changes in celis and organisms which reflect an ability to adapt to the
effects of radiation, may inspire the authorities to begin a more realistic approach to
problems of estimating and managing the risks of ionizing radiation. The past 4 decades
witnessed regulatory activity, stemming from the linearity principle, steadily decreasing
radiation standards to an absurd subnatural level of | mSy per year. The nme is nipe for
renunciation of linearity principie in radiation protection of the public and for conswdering
a practical threshold dose as a basis for radiation standards

“Dr. Jaworowski also reports, “Since the 19605, (hormetic) effects have been
ignored in radiation protection practice, while research on stimulating and adaptive effects
of radiation, the radiation hormesis, has continued over several decades The resulis of
morc 11 1200 published papers on hormesis were recently reviewed by §chey (1990) -
many of them in an excellent book by Kondo ( T9R8)  The studies on hormesis were also
presented at four international conferences (¢ takland, CA, 1985), Frankfurt, Germany,
1987, Kyoto, Japan, 1992: and Changchun, China, 1991) It s astomshing, however, that
even recently the obvious hormetic effects appeaning i the eprdemiological studies were
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olten not nobiced, not only by the readers, but by the authors themselves (see for example
Section 3 4 Pollycove 1994, Figure 4)

“Radiation hormes's goes beyond the notion that radiation has no deleterious effects
at small doses; at small doses new stmulatory effects occur that are not observed at high
doses and these new effects may be beneficial to the organisms.

“Recognition of the existence of hormesis opens up an important new field of
rescarch

“In mammals, radiation hormesis enhances defense reactions against neoplastic and
mfcchious diseases, increases longevity and improves fertility . . in an experiment with
nnce the mcidence of leukemia, cancers, and sarcomas was lower in animals irradiated
with cesum- 137 gamma radiation doses of 2.5 to 20 mSy than it was in nonirradiated
controls The number of all maligi.ant neoplasms in animals exposed to a single dose of
10 mSv was more than 30% lower than in nonirmadiated controls. In several experiments,
small imtial radiation doses have been shown to improve the survival of animals
subsequently wradiated with large, near lethal doses. In other experiments, an increased
life span was found i anmimals irradiated with doses between 250 and 3000 mSv. . . a
group of French studies started in the early 1960's, indicate that protozoa and bacteria
exposed to artificially lowered levels of natural radiation demonstrate deficiency
symptoms expressed as dramatically decreased proliferations. This indicates that ionizing
radiation may be essential for life

Conclusions - von Borstel 1995

De. R C von Borstel (1995) in a review of Kondo 1993 states, "Linear extrapo-
lation from higher doses 1o low doses tums out not only to be a conservative way to
calculate risks, but also to be errant and even misleading. Although this has besn known
for at least 30 years, national and international regulatory agencies are institutionalized
and authoritative, and thus have left the door open for journalists and even radiation
experts to predict damages to human beings from radioactivity fallout. The misjudgement
based on linear extrapolation has had its consequences even when there was no
radioactive fallout, such as__ at Three Mile Island: The townspeople . were led to believe
that they had been the survivors of a nuclear holocaust.

"Now we have before us an eminently logical book by Sohei Kondo. He uses the
available data on wradiated human subjects to conclude that individuals subjected to low
levels of radiation have longer life spans than those in control populations, and fewer
cases of most types of cancer as a bonus
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Dr. von Borstel states, "This book is clearly written by an extremely wise man Let
us hope that regulators of nuclear policy around our planet can use the compiled data and
its conclusions in an equally sagacious manner "

Conclusions - Thomas 1995

Dr. Robert G. Thomas reports (1995) that, “The analysis of the radium luminizer
epidemiology study presented demonstrates that it is time to evaluate data objectively
mstead of formatting an extrapolation scheme beforehand and forcing data to fit a
preconceived pattern such as lineanty through a dose-effect origin. The no-effect dose
levels discussed should signal that it is also time to reevaluate (again) the large variations
in background radiation levels throughout the world and to cease being concerned with,
and regulating against, minuscule doses for which no biomedical effects on humans have
ever been satisfactory identified or quantified ™

Conclusions - Boxenbaum 1992

“Dr. Harold Boxenbaum reports (1992) that dependence on high-dose data “is a
major problem in long-term toxicity studies which typically employ relatively high doses
of toxicants (generally about 12.5 to 100% of the maximum tolerated dose per day in an
attempt to assess risk at much lower doses. Although both Boxenbaum et al (1988) and
Neafsey (1989-90) have recently addressed the problem of potentially overlooked
longevity hormesis, the risk assessment community has failed to give il serious
consideration. Previously, Smyth (1967) had taken notice of the fac that low doses of
otherwise toxic substances can be beneficial. His reward - the epithet: “Dr. Smyth and
his fellow poisoners™ (Ottoboni, 1984). Although the scientific community envisages
itsell as the epitome of institutionalized rationality (Newton Smith, 1981), many
researchers have noted the high degree to which anomalous information is ignored if it
disconfirms basic assumptions of established paradigms (Star, 1985). Once a group
agrees that a particular kind of reality is desirable, they develop a style that permits them
to deal with observations solely on their own terms -- and woe to the individual with
different ideas (Becker, 1968) (vide supra - Dr. Smyth). For most individuals, escape
from these mtellectual-scientific fetters is difficult, for the obduracy of establishied
perspective locks practitioners together in a ngid framework of beliefs that is not readily
overcome (Fchberg & Hhill, 1989; Star, 1985) -
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Conclustons - Walinder 19962

Professor Dr. Gunnar Walhinder, radiobiology and medicine, U Stockholm and U.
Uppsala, a member of UNSCEAR and ICRP, states (1996b) that, I have found and
adduced arguments for that the current pretentions to knowledge about low-dose
transformations of cells into malignant phenotypes are inconsistent with modemn
oncology as well as entirely futile on purely epistemological grounds. In this respect,
modern oncology has clearly shown that the contnibution of a small (non-domnant)
radiation dose is not a stochastic event but a highly conditional one.

“Furthenmore, a mahignant cell transformation is not synonymous with cancer.
Ihe transformed cell has to divide and, thus, new copies of the genome have to be
tormed more than a bithon number of times before we can speak of a tumor or
cstablish that an orgamisim has contracted cancer. This is what the Nobel prize winner
Murray Gell Mann means when he characterizes cancer as multi-iterative process in a
complex, adaptive system.  He (and others} nas shown that the outcome of such a
process s fundamentally unpredictable.

"1t s difficult for me to understand how people can believe that such an
cnonnously complex phenomenon as the dose-response of radiogenic cancer can be
adequately dentified with an equation of the first degree. They do not confine
themselves to saying that the dose-response can be approximated to a straight line but
1t rs stated that at is lincar. The hinerarity is thus considered an inherent characteristic
ol the dose-response, a “fact” that permits us to extrapolate or interpolate the observed
data even outside the dosc area within which we have made our observerations.

“I don’t hesitate to say that thus is one of the great scientific scandals in our
century

Phar s Re v, M ancn 29, 1996
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Dr Mark so.mson presented the followmg statements wiath references on behall of dhe “Center for Atomic Radiation Studies, Inc 7 (CARS) to support imdicating

ol low level radhation health cffects. These materntals were presemied to the ACRP on Junc 2, 1995 The hsted references, except a few on th

tenee of evide e
swrvivors, were reviewed  Extracts of the applicable sections of these references that consistently fail to support the proposed concl

R 1995 The extracted matenals were provided to the ACRP, and to Dr Johnson and CARS Scveral contacts with Dr Johnson oo his asscssment and

rons were presented to th

to these conclusions, and possible nusinterpretations of the evidence. However, no response io these determmations were provided to the ACRP or the author

AR S

i Johnson and CARS were also provided with many of the references from this data comprlaton that D Johnson wdentificd as not readily avalable m the

A number of discussions were held with Dr. Johnson on his review of these sources of credible scientific data and analysis winch had been provided
entations and m the March R, 1295 drafl report L(\m‘nhn;'_ the shdce presentation matenials from those sources No responsce has been forthcommng as of

| March 29 1996 ACRP mecting

STATEMENTS BY MARK JOHNSON REVIEW OF SOURCE REFERENCES

As reported in tlus compilation of data from many mdependent and credible sources, the lack of Japanese survivor cffects at fow

i

“A-bomb surviver follow-up
doses are well established The specific below referenced reports have not all been revicwed Certam of the reports are larpe

stuidhies:”
volurm 2s of tables of results for which finding proposed supe rt for the general conclusions was not possible without more specilic
references which have not been provided  Several reports were not retuiped i a literature reque Additional bilerabire reviews may

be possible with more specific support/response from [Dr Johnson

wvor mortahity (1950-1985) and mcudence data Vaeth et al., 1992: not rctumed
t the evistence of a threshold for cancer iduction down to Shimuzu et al, 1992: larpe 1abular presentation
1992, Shimuzuct al 1992 Dohyet al |, 1994) " Dohy et al., 1994 not rctumed
Ihe statement that the “Iail 1o sugpest the exastence of a threshold™ does not mean that a
threshold does not exast The formal RERE “models™ presume a hincar relationshup, then siate

that a non-hncar relationshup 1s not found

than S cGy and probably as low as y v have been associated wath Carter, 1993; not retumed

1ses of leuherma among A -bomb su arter, 1993, Tomonaga ct al Tomonapa et al., al 199]

m the range from less than one a fer v have been associated with Schall et al, 1991 reports on the physical condittons of brams from a few bram damaged
famape m prenatally « bomb surviven s (Schull et al mchviduals exposcd xl?nylln'w cs [he statement s ol suppos e i by the relerence

} ciy dose proup {mean colon dose 109 Shimuzu cf al , 1988; a L ge volume of data tabics, docs not support the proposed “lindmg

apmbcantly lngher (p<0 01) han tism 0-5 I e '_1]‘3!'»- c strvivor data as presente d by Prol Soher Koado, exphiont hess colon cancer

T cGiv) and there s evidence fior a convex dose hecause it has loowest cancer at fow do CS COMPare o the v PHOSH {',\ wlnn'rl‘ny: of

I p!n-iu 1HC Cary Y Kondo correlates that data to the nological inechamsan
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RESPORNSE TO COMMENTS PRGPOSED 10 DEAMONSTRATE LINFAR NO- TITRESIIGED DOSE-RESTONSE FEFi ¢ 15

“Government-sponsored nuclear worker studies:

“Hadhing: Significant association between cancer induction and The posited “finding™ is unsupported by the references .
b duse radiation exposures were found for the jollowing types of

cancer:”

proesiate Caoery
thnchap et al | 1T9RT,
Resal et al | 1995)"

Inskip ct al, 1987: “Analyses of non fatal cancers in relation 1o re-estimated cumulative whole body exposures (table 11} sb- -~ no clearly sigmficant dose
response refabons at the 5% level, although the trends for skin cancer and bladder cancer approached statistical significancs (p = 006 for both cancers ™
(Table A1) Contrary to the propesed “finding”, there 15 no limear trend in tins source for this cancer

Fable 5, “Martality by whole body exposure ™ (Table A2) | prostatic cancer excess at gh doscs (4 59 at SO 100 mSv, 2 22 at > 100 mSv), lower
than expected at <10 mSv (0 78), and lowest at 10-20 mSv (@ 30) If the data show anything, it 1s a stronger hormesis (beneficial) response than a linear
1ESPOnse
Fable @ “Mortality by surface exposure. ™ (Table A3), prostate cancer excess at > 100 mSv (2 88), and lowest rates at 1020 mSv and 20 SO mSv
(057 and 0 51), the data agam show more a hormesis (beneficial st moderate exposure) response than a hincar response

Inskip et al use mortahty rates in this population for e “expected” values They do not compare the population to other workers or the general
population

Inskip, <t al, 1987 does not support the “finding’ posited
Beral et ak, 1985: Table i1, “Cause-specific SMRs._ {Table Ad) , show msignificant, shghi, mcrease i prostate cancer Table V, “Relation of mortahity to
radiation exposure. ” (Table AS), prostate cancer excess deaths at > 100 mSv, lower than expected ot <10 and 1020 mSv (0 70 and 0 35) wath shyht,
mstpmificant excess at 10-20 mSv The data again show more of a hormesis (beneficial) response than a lincar fesponse

Beral et al, 1985 does not support the “finding” posited

NOTE AZSO Gilbert et al 1993a Table 1il (Table A6) shows a negative trend for prostate cancer m the Hantord, ORNIL, Rocky Flats workers, and Gilbert
cl al 1989 netes that “Other cancers found o exhibit correlations with radiation in the two British studics, were cancer of the prostate m UKAEA workers

(Heral et al, 1985) . Neither of these findings were supported by the  Hanford data ™

The abuve NOTE is penerally applicable fo these sources. The taia in i:ference § papers posited to ‘find’ cancer increas «in a selected cancer, are
directly contradicted by the data in other studies that find those same cancers with no incresse, or even a decrease. (This is without reperting on
the larger literature that refutes the biased methods and conclusions presented here) Review the data on specific cancers in the Tables that are
referred to associated with for specific cancers. (Specific referenced canvers are underscored, other referenced cancers in oihers studics are
identificd by arrows.)

A subsequent draft revision of this report may explicitly identify this cor*radictory data in these Tables vs. the proposed ‘findings’ of
selected cancer increases while ignoring the reports of other cancers ‘found’ to be ‘increased” in other studies.
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“mmltple mycloma

{(tulbert et al | 19912,

Sumth and Douglas,
1RG Calbert ot al
189 CGalbert ot al
")'.‘U!)_"

RESPONSE TO COMMENTS PROTOSED TO Dy STRATE LINFAR NO-THRESHOLD DOSE-RESPONSF FEFFCTS My Maron 29,199

Gilbert et al,, 1993a: Tsble 111, “Results of Analyses of Specific Types of Cancer ™ (Table AG) shows Multiple myeloma cancer excess at high doses (572 1
obs/exp at >50 mSv), as expected at <10 mSv (18717 9), and lowest at 10-50 mSv (2/4 9} If the data show anything, it 1s a stronger honmesis (beneficial)
response than a hincar response
Smith and Douglas, 1986: “Radiation workers had lower death rates from all causes than other workers, but the death rate from cancer i the two groups
were smnbar Compared with the gencral population radiation workers had statistically sigmificant deficnts of liver and gail bladder cancer, lung cancer and
Hewdphn's discase There were excesses of deaths myeloma (7 obs, 4 2 exposurc) and prostatic cancer (19 obs, 15 8 exposuic) but these were ot sigmficant
and there was no evidence of an excess of leukenua (10 obs, 12 2 exposure) or cancer of the pancicas (15 obs, 17 8 exposme)  For ne type of cancenwas the
ratio of ob</esp deaths sipmficantly different between radiation and non-radiation workers. For non-neoplastic conditions 1a-hation workers m peneral lower
death rates than other workers, and for none of the causes of death exammed was the mortahity sigmificantly lngher among radation workers ™~ Table VI,
“Ohsserved (O) and Expected (E) deaths form specific cancers among radiation and other workers and SMRs™ (Table AT) shows “Multiple mycloma and
other cancers™. The “lincar trend is significant for multiple mycloma only for doses lagged 15 years™ Table XI1 “Deaths ‘rom sclected causes among radhation
workers by radiation dose accumulated 15 or more years previously " (1able AR) shows that the primary mfluence for a hnear trend 1s fiom 1 death
occming where 0 2 are expected at the highest dose, >400 mSv. Note: the Trend test is positive because the “computer simulation one-tailed p test”
clfectively ignores the lower -than-expected value, presuming the incar model in order to demonstrate the linear model results
Gilbert et al 1989: Table 3 "Results of analyses of external exposures i monitored Hanford Site workers (deaths 1955 1981 on a 10-year lag and 1947-1981
on a two-year lag ™ (Table A9) shows a multiple mycloma trend test statstic of 4 40 The data show 11 Obs/12 7 Exp deatks for <20 mSy, 080 9 Jower than
notmal for 20-50 mSv, and 3/0 5 at >50 mSv. If anything, a lower -thz.-normal hormetic effect more strongly than a hrear model ™
Table & “Results of analyses of exposures of momtored Hanford Site workers ™ (Table A10) shows a multiple myeloma trend test statistic 2 48 for
exposure lagged for 10 years, but with 14715 7 obs/exp <20 mSv, 07! 2 at 20-50 mSv, and 4/1 1 at > SO mSv If anything, the data show a lower-than-sormal
hormetic effect more strongly than a hnear model Ignoring the hormetic curve, and achitrarily applymg a inear model, the report states ™ The wclative nisk for
multiple mycloma  was 55% per 10 mSv  may be compared with a nisk of €@ 51% per 10 mGy from the A-bomb survivor data” and “compansons are mexact,
but (Hanford data) are inconsistent with.. A-bomb survivor data”  “workers at Scllafield identified as statisticaily significant correlation (Smith and Douglas,
1986 [sce above]) The correlation was sigmifican: when exposures were lagged 1Sy but was not close to sigmficant with 0 or 2y lags 2 of the deaths
contributing 1o the conrclation had exposures that exceeded 500 mSv In UK workers (Beral et al, 1985 {sce above]) there was no mdication of a statistically
sigmficant correlation of multiple mycloma with radiation exposure Studies of workers at Oak Ridge (Checkosvay et al, 1985) and Rocky Flats (Watkinson ct
al, 1987) reported only one death cach from multiple mycloma These negative findings may result fiom lack of power and are not necessanly inconsistent ™
“Ewvidence for radiation-mduced multiple myeloma was reviewed by Cuzick (1981), who noted an excess of mycloma m most cohorts  studied,
mcluding A-bomb survivors exposed to more than 1 Gy [ 100 rad![Miller and Beebe provided a brief review and suggested that diagnostic bias may have
contributed to some of the obscrved excesses summanacd by Cuzick - They noted that if the association were real the minsmal Jatent perixd for mulaple
mycloma nught be as long as 15 y, consistent with Hanford and Scllafickd The NI Working Group to Dievelop Radhoeprdenmological Tables (1985) noted
that the size of the reproted excess m vanous studies was marginal regardless of the size of the dose, and this group did not mciude multiple mycloma as a
cancer for which this group did not include multiple myeloma as a cancer for which ri<k estimates were developed
Gilhert et al 1993b: Table S “Results of analyses of externai dose in menitored workers at the |Hanford site ™ (Table Al 1) shows multiple mycloma has a
low 10y fag Trend test statistic of | 54, and that ~* <10 mSv there are 17/17 0 obs/exp, with a lower 2/4 9 st the 10-50 mSv, and 5/2 | obs/exp at > S5O mSv
Table 9 “Results of analyses of external dose for sclected cancer categories  noted on the death certficate, but not considered 1o be the undes lymg
canse of death”™ (Tabie A12) shows a multiple mycloma trend test 2 50 (agan a biascd “computer sunulation ove-tarled potest”™) with 0-10 mSv dosc at 17/17 3
obs/exp, 2/6 1 at 10-50 mSv (lower than expected), and 7/2 6 ohs/exp >S50 mSv. Additional analyses show sdestical result<. with lower doses i th med - dose
range m Tables 10 and 11 (Tables A13 and A14) ‘
Fable 6 “Relative nisks by external dose category ™ (Table A17) shows a nisk of 10 at <10 mS«, 04 at 1050 mSv, and 4 2 at 50 160 mSv, S Vat
100200 mSv, and 21 50 >200 mSv Agam, thas hn: ted data shows that a hormetic effect 1s more hkely than a hnear dose response m tas data
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“honphatic
hemopoctic
neoplasms and bladder
cancer { Somth and
Donglas, 1986)."

look crma (Will inson
andd Dreyer, 1991).7

lung cancer (Rimsky
ot al | 198K,
Chechoway ot al |
18Ry "
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Smith and Doeuglas, 1986): Sec report at aple myeloma™ above on the contrary conclusions of s study  Table X1 (Table AR) shows that “All
fymphatic and hacu.atopocic . ncmomas™ are 13/12 B obs/exp at <10 mSv, and a total of 11713 7 at 10-400 mSv, with 340 5 at >400 mSv (provicng the

miluence to the calculated (hased) “wear trend” result

Wilkinson and Dreyer, 1991: Tius study attempts to combine many nuclear worker populations (except the 1S Nuclear Shipyard Workor Study, which has
the most sigmbicant population. the best dosimetry, and the fewest confounding factors that lunit other carly worker studies) Table 1 Rate Ratos for
Leubenna by Dose Category 7 (Table A16) shows that the rate/100,000 for the total population 1s 4 9 at <10 mSv, 10 1 at 10-50 mSv, and 6 7 at >S50 mSv
His conthicts with the “lmear model”™ In addition, by reviewing the vanations m each dose group i each sty population, there 1s no consistent basis to
beheve that radaiion conld be contributing to leukemia in these populations

Rinsky et al, 1988: “Analysis of data on radiation exposure, controiling for cxposures to asbestos and welding, found reducthions m mitial estimates of
radiation sk at all fevels of  adiation exposure - suggests that radiation workers were more heavily exposured 1o asbestos and weiding fumces than were other
wotkers and that those exposures confounded the observed association between radiation and lung cancer. Analysts of mortality by time since first exposure 1o
radhation revealed no pattern of progressive increase as latency increased | The results of this study do not preclude a possible association between radiation
exposure af the Portsmouth Naval Shipyard and excess mortahity from lung cancer However, they provide no evidence i support of such a relation ™

Checkoway ¢t al., 1988: “Dosc respense trends were detected for lung cancer mortality wath respect to cumulative alpha and gamma radiation, wath the most
pronounced irend occurmmg fer gamma radiation among workers who recerved >5 1em of alpha radiation. These trends dummshed i magmtude when a 10-
year latency assumpltion was apphed Under a zero-year latency assumption, the rate ratio for lung cancer mortality associated with joint expostre of ~5 versus
<1 rem of both types of radiation 15 4 60 (95% confidence linmts (CL) 0 91, 23 35), winle the correspondmg result, assunming a 10-year latency, 1s 3 05 (95%
CL 037, 24 83) While these rate ratos, which are based on thiee and one deatli, respectively, lack statistical precision, the observed dosc-response iends
mdhcate potential carcmogemic eflects to the lung of relatively low-dose radiation ™ This statement is clearly arbitrary and wnsupported on its face by the data
based on 1 death presented. Clearly a zero-yeai latency does not apply to lung cancer even if the data were refevant The data in the body of the report are

stmlarly unsupportive

“Cancer mortality among Hanford workers:”

TCatbat et al | oal (1993a) found posibve assoctaions Gilbert et al., al. (1993a): Table 4, “SMRs and obs deaths (OBS) for specific cancer types ™ (Table A17) shows an SMR
with dose for 12 types of cancer those for cancer of the ot 72 84 all momtored male workers (0 0 i females) for cancer of the esophagus, 0 60 (1 19,1 case, w females) for cancer

crophagus and the larynx as well as for Hodgkns
discase were statistically sipmficant The study

of the larynx, and 0 93 (1 26, 3 cases. i females) for Todghin's discase. Table S, “Results of anaiyses of external dose in
momtored workers on a 10y lag” (1able A1) shows that only Hodgkn's disease “computer simulated, one tared test”

cortoharates the conclusion by Kncale and Stewant shight positive “trend test statistic”™ of 1 54, mfluenced by having | case/0 S expected at 2004 mSy The paper does not
{1993} of a strong ncrease of sensitivaty for radiogemce support the posited “findmg” of support to the "1 ar model”

cancers with age



J M ANMEIDE

“Age amd Cancer:
Foneate and Stewart (1993) found that there was much

proater sensitivity to cancer mvduction by radiation afler,

vathor than before, 50 years of age For all recorded
cspostres of Hanford workers, the estimated doubling
derw nas close 1o 20 1em, for afler 62 years, ot was less
than e Ties challenges BEIR V winch argues that
dose rate 1s more snportant than exposure age and
winch states that even a smgle exposure to 10 rem
woikd only micrcase the normal cancer nisk by four
pereent  isstinated proportons of radiogenic cancers
was much lngher for the 175 non-fatal cancers (winch
had other certified causes of death) than for 1732 fatal

cases

“Cancer among Oak Ridge Weorkers:

Wing ctal | (1991) and Wing et al | (1991 and 1992)
stuched more than BO0G Oak Ridge Workers
(1943 1984 with accumulated occupational doses
wder S0 €Sy for all but 0 2% of the workers us an
excess of leukermas among the workforce, compared to
the pencral population and and the incremental relative
i<k for all than the nisk estimate m BEIR V for
fow -dose exposures f then recommended DREF of 2
for low dose exposmes 1s apphed  (A-bomb survivor
tollow up studhes indicate that a dose rate cffectiveness
tactor {DERE) should not be apphed at fow dose

exposmes )

“Mutational cffects among radiotherapy
fechnicians:

“Messmg ot al | (1989) investigated whether mutant
frequency m penpheral 1 lymphocytes of radiotherapy
techmaans exposed on the average to 0 3 <Gy per
month of cobalt-60 gamma radation can be associated
with recently absorbed dose  (Controlled experniment)
Fmding. Mutation Trequency s hnealy correlated with
devse i the range hom 0.0 7eGy

RESPONSE 10 . OMAENTS PROPOSED 1O DF .. STRATE LINEAR NO-THRESHOLD DOSF-RESPONSE FERFCTS Pra. odawron 29, 199

Kneale and Stewart (1993): This paper docs not present subsiantive data, but is rather an analysis Ingunies have found
that this paper 1s largely an unfounded rationalization. Specific reviews of this paper have not been obtamed The paper does
not present a substantive basis for the “linear model™ in the absense of valilating data

Wing et al,, (1991) and Wing et al., (1991 and 1992): The JAMA study by Wing ct al is not science The data do not
support the conclusions in the paper Numerous technical faults exist in the analysis, including the lack of consideration of
cunfounding factors, internal contamination by this specific group, the lack of hnear response (the high-dose group has lower
cflects than the low-dose group). (Dr. Wing is a sociologist ) Further, Wing presents, i his own paper and words, a telling
polemuc that: “The low dose cercimogemic impact of 1onizing radiation 1s a topic of great public concern duc 1o fears about
cancer and about an invisible exposure that emanates, i part, fiom secretive industries associated with production of nucicar
weapons with high destructive potential _low-dose health effects. . should be placed in the context in which it occures. Other
factors studied,  showed much stronger relatirmships to mortality than does radiation, and only a few percentage points can
be statistically atinbuted to external penetrating radiation. Conversely, while factors other than radiation clearly predominate
the statistical analysis of mortality . this population, the public health impact of these radiation exposurcs and the mdustry
that produces them extend far beyond the low-dose occupaiional exposures themselves, which are estunated to constitute
only 0 3% of the population dose of the U S The exposure of workers in thes sctting, and any attending health cffects depends
on the listorical development of an industry hinked 1o a concentration of resources i military spending, which wesell has
gross health cffects By providing aa alternative to fossil fucis - the industry encourages cver mcreasing energy consumption,
a factor of potent:al health effects of global chimate change ™ Substantial work exists to discount the techmical sigmficance of
the work, and more inportantly the political “conclusions” presented by Wing

Messing et al., (1989) presents cellular data confirnung well-established scientific evidence that radiation exposure can be
rdentificd by examing T-lymphocytes This result indicates ability 1o identify exposwies in patients, workers and in
research that tracks well i sciected cases with standard dosnnetry No adverse result 1s inphicated in the sdentification The
nature of the cellular changes 1s consistent with many environmental canses, mcluding medicmes, and may mdicate improved
funchion as well as degraded function Further, the study confinms that the effect disappears after approximately 6 months i
the case of the tadiotherapy techmcans (who had recerved 13 410 77 8 mSv, 1340 to 7780 nsem exposure) Note that thns
was in cempanson to physiotherapy techmeans selected because they would have least ikely exposure to other mutagens >
such ethylene oxide, amcancer drugs or anesthetic gases would wold produce equivalent mntagenic (nosmal) responses n the

exposed population
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“Cancers among eommercial airline pilots:
“Au e padosts, subject o cosnme radhation,
accumnlate yearly docs up to about 1 <Gy, o
e copnakent of taee 1o four times natinal

b b pronmd for the averape 'S otizen (Bansh,

ooy A comcor mortality and mcidence stindy
snong abont 200 Canadhan nuales prlots showed
apthieomt eseess ifes for several cancers

e g Hodphws disease and pomnclanoma
domcancar (Band et al | 1990) Thgh altidude
exposane amdlor aviator status also conclate
sypemficantly with cancerons conditions of the
o testiches bladder, and thyrord i a study off
LS padots (Ksam, 1991) A study of
cluomosomae abernations induced m
lymphocytes of prlots and stewardesses also
combinms cllects of very low-dosc exposures m
thes oconpation (Scherd ot al | 19937

R#SPONSE TO COMMENTS FROPOSED TO DEMONSTRATE LINFAR NO-THRESIHLD DOSE-RESPONSE FFFRCIS

Preeart Mawen 29, 199

Barish, 1990, states that “Mipht attendants and piots on - arcralt can receive mnnal doses approachng 10 mSyfy 1000 nuenvy |1
arguc that flhight crewmembers should roccive speafic education | that a smtable dosimeter . be employed ™ and goes to arpne that
“frequent flyers™ be sumilarly educated, and that special attention be pard 1o tunes of solar proton events, espeaally for pregnant
ciew members No mdication of any health cffect fiom such doses, which are less then populations wm bgh radiation hack gronnd
arcas of the world wath no adverse effect, 1s presented

Band et al, 1990, present general data on mortahity and cancer inadence moa group of conmmorcral asthne prots, statimg thai
“Pxcess deaths woere observed for anaatt acoudents, bram concer, and rectal cancer Dxcess cancor mwenkence wars noted foe non
melanoma sk cancer, bram cancer | and Hodghin's discase  These fidmgs suggest an excess osk o catam cancers m pelots, ae
based on small mambers, and need to be confirmed in farger cohort studies ™ Hhe group were pots employed Tor | year or mose by
Canadian Pacific Aulmes, findmg a small group (891), and arhitranily comparmng the proup to the Hutish Columbna population No
test for longevity of service 1s reported, so no “dose-response™ is posstble. Numerous potential causes, of which radiation was
wlentificd as a potential canse, provides no basis for thas study 1o mdicate any radation relationshp

Krain, 1991, states “1hgh altitude exposure and/or aviator status conelate sigmficantly with cancerous conditions of the skin,
testicles, bladder, and thyroid based on a Interature review and survey of government somces Other lesser ssgmificantly associated
condiions mclude leukerma, lymphosarcoma, and Hodgkin's discase. Although radiation and sunlight are strongly associated with
cancer modence and nsk at lngh altitudes, other mtervening vanabics are discussed and citically reviewed ™ The study wdentifics
numerous contibutors and associations and makes no indication of an association with radiation

Scheid et al,, 1993 wentify cluomosome aberrations i fhight personncl. There 1s a gencral discussion of radiation as « contuibutor
1 here 1s no mdication of adverse health effects Much higher indications of chromesome aberrations exist i exposed radiation
workers, and other lighly exposed groups for wiich no adverse health cffcats are sdentificd at moderate doses Schad et al provides

no indication of an association between rachation exposure o ' adverse health cflects

“Hormesis: Some stadies have claimed lower cancer mortality rates in geographic locations with higher background exposures:”

“Wembcerger et al, (1987 388) noted, however, that when such
stiches are adpusted hinearly for altitsae, the negative conrelations
between mortality and background radiation all disappear and
become positive They concluded  that they conld see no support for
the clanm that womzmng radiation 1s benelicial at low doses ™

Weinberger et al., (1987:388): Since cosmic radiation 1s an alintude eflect, chimmating altitude as a
confounding vanable will nccessarily make the analysis chimmate the radiation effect The “analysss™
acknowledges that higher alittude/cosmic radiation are associated with Jower cancer, but pust that we can’t take
credit for the radiation as the responsible contributing agent. On the other hand | ths apphies to the arcrews
proposed as argmng for a radiation effect of alttude. The rationale is that lower pressme is responsible for the
benehicial health eflect of altstude This s totally contradicted i amimal expernments (See Section 7 1)

A-O
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Pty and Susser (1990) found a sipmificant association: between
hldhood cancer mesdence and a varation m annual external

Lo b groumd gamma ray dose rate by nearly a factor of two

(005 0092 ¢Gy per year) over an arca within a radis of
approsamately 10 miles for the Thiee Mile Island nuclear plant The
udy tound a SO% mcrease m estimated aennal background gamma

1ay dose ™

“ Andersson and Chiangsmar (1992) found that there was no adaptive
response (hormetie effect) of Chinese hamster ovary cells exposed to
cery low doses (002 GY, X ray) of iomzing radation

Pre treatments of Climese | lamster ovary cells with a low,
Conditioning dose of jomzmg radiation did not render the cells more
yesstant 1o the mduction of chromotid aberrations by a subsequent,
fipher, challenging dose of womzmg radiation ™

RESPONSE 10O COMAMENTS PROPOSED TO DEM

w2 196

ATE LINFAR NO-THRESHOLD DOSF-RESPONSE EFEFCTS Dua
Hatch and Susser, 1990 staic Our incudence data contam an ambrginty, however  The munbers of leubemias
observed in children were just over half those expected from national and repronal rates  we reviewed reconds
at refferral centers as well as local hospitals Thus the reason for the low mcwdence 1s urknown For mortatiy
from childhood leukemia, the 1ates are not fower than expected and they show no association with exposure to
background radiation " and “In the data preseted here, radiation exposure has been assigned from addiess at
diagnosis or death which is less than wdeal ©

This 1s an anomolous result of scatter in a study that 1s not mehcally sigmificant 1t could be the basis
for 2 medhcal analysis and an actual epidemiological study that would cxamine the heal'i and stones ol the
identified population atch and Susser, 1990, docs not support an association of cinldhood leukerma with

racdhathion

Andersson snd Chiangmai, 1992 1s a study of cells in cultwre that assesses resistence 1o mduction of
chromatid aberations {(not health or other physiological eflccts) The paper does accept, and state that Samson
and Caimns (1977) dentificd * “adaptive response’ . as an mducible response that occurs dunng growth in the
presence of low levels of a mutageme alkylating agent and cnables cells both to survive better and to be less
mutated than control cultures dunng a subsequent challenge with a hugher dose of mutagen (S)ymila
protective cflect- apamst exposure to comparatively lagh concentrations of mutagens have been found  also
mammahan and plant cells At the molecular level, the adaptation has been related 1ot mduction of reparr
enzymes The fact that radiation 15 also able to provoke an analogous adaptive resporise was shown  (fromj low
adapting doses of omzing radi..on from ncorporated (letium) or X-rays, thereby making them less susceptible
to induction of chromatd aberrations by a  challenging dose of x-rays  These observations have recently been
confirmed by other mvestigators . Though (speculation 1s) that the adaptive response Depeneds on the
induction of enzymes important for DNA double-strand break repair, very hitthe 1s actually known

This paper ackowledges and accepts the proof of the existence of adaphive response, ic, hormesis, and
reports on a specific study that did not indhcate adaptive response m particular cells under particuiar conditions
This . per is focused on the science of testmg hypotheses and explanations for the known adaptive, hormetic
response, not whether the response exisls

Andersson and Chiangmai, 1992 does not support the posited “finding ™ of the lack of hormesis that it

purports to show
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By processes that result s ow level iadhation exposi » also bear
the concment potential for a disastrows lngh level radwactive
volease ( Marshall, 1990) The nish of such a lugh level catastrophe
Pl an vbvions tole m the formulation of public pohcy concermng
the rsane of low levelomzmg radiation ™

RESPONSE 1O COMMENTS PROPOSED TO DEMONS I RATF LINFAR NO-THRESHOLD DOSF-RESPONSE FEFFCTS

Drawt Moo 29,1996

Marshall, 1990, is a news article that states that “Half the workers af the Cheliabinsk site in the Urai
Mountains east of Moscow were routinely receiving 100 rem/y i the late 19105 and early 19505 The
consequences of the very large doses to workers m the USSR are not fully revealed w the taikipelov repont Bug
it tantalizingly mentions P, § 10 9% of the stafl who began work before 1958 and receved hagh radiation doses
(more than 100 ren) died of cancer In addition, the  Report says that nealy a quarter of the workess between
1950 and 1952 were sullerng from “chiomic radiation disease, ” winch (Ralph) Fapp takes 1o mean blood
disorders Although Nikipelov does not give the numbers, he mentions that cancer mortality among, severely
exposed workers (100 rem and above) was 88% higher than among those who received less than 100 rem
Nikipelov explains that managers realized they had “underestimated the radiation factor” and appeated for
permission to improve conditions No changes were made until 1952 Lowever, (with) new safety standards, but
exceptions were always given for wigen! repaus ™

It 1s not credible that the ‘risk” indicated by > 100 remdyr exposure of 1940s/50s USSR Ingh-dose
radiation conditions is an mdication of a “concurrent potential for disastrous hugh level radioactive refease™ o
that “the nisk of such a gh-level catastrophe play an obvious role m the formulation of pulbihic pohcy
concerning low level 1onizing radiation ™
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Tabie 3. Results of anaivses of exiernal exposures in monitored Hanford Site workers. Includes deaths |955-1981
for analvses based on a |0~y lag and deaths 19471981 for analyses based on a rwo-year lag
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‘e pancreas ang 0007 Jor muiupie = eioma
.

:'r:...:.ﬁ‘ cRromic I Mmpnalc IC4RE™MIA
A.. (

Popuiation. aliowing for age. calendar vear,

10-v lag were esuimated 10 be
INESE D vauues were ssumated 1o be 0 032



i Table 10. Results of analyses of external dose for selecied Q@ncer calegones in monitored workers emploved at
the Hanford Site for at ieast © mo. including cancers oCSurmng in the siaie of Washingion from |987-1989

Excent where noted. thus is based on a |0-v lag Atg \
- Trend ten
sausuc’
Exposure Observec and expecied deaths by exposure sategom (mS
for
O 1 O £ | 00~ 200=
Cause of deatd 10 v - Obs/Exp’ Obs/Exp “w/Eap Obs/Exp Owm/Exp

—p All cAnNCET ~0.20 0.3 1.023/1.031.8 192/381 .4 /M) $6/83.2 $2153%

Pancreas 1.91° a3 54/554 197194 /3.6 4/2.4 3.

_____Ey}_xz's'nmom ¢ 250 18/18.2 2/6.3 3/1.3 2/10 3/12

— LtukeTmia’ D7k 29/2 15/13.2 1/a.7 /1.9 Fp &

. Loukemia® (2-y lag) -0 8e p 4 f 55 B 15/14.7 1730 4/22 172.9

' The trend (o3 SLALSTC was calcuiates rom individual doses. not the five exposurs caterones. it mav be compared with a
sandard norrmal AiTTIbULON 10 ASSESS © “USLCY ugnificance: however, NaLst cal significance may be EXAPLTIILC O Quseases
with a small nurober of deaths. See foc. 2tec.

* Expected deaths were caiculated from e expenence of all workers in the studv population. allowang for age. caencar vear.
gender. number of vears morutored. and general SOCIOECONOMIT SAEPOr

* Based on compuier SINUALONS. the One-LAUET p values associated with the trend test wath a 10-v lag were esumaied 10 be
0.033 for cancer of the pancreas and 0.040 for muluple mveioma. For the -y lag. Inese p values were esumaled 1o be 0.0!9
for cancer of the pancreas and 0.01 1 for mulupie mveioma.

¢ Excluding chronuc lympaauc leukemia

Tabie 11. Results of analvses of external dose for seiected cancer caiegones in moniored workers emploved al

the Hanford Site for at least 6 mo inciuding cancers occurming in the suate of Wasningion frem 1987~ 989

and including cancers noted on the death cemificate. but not considered 10 be the underiving cause of ceawn A\q
Except where noted. thus s based on a 10-v lag

Trend test
&’:“u‘:":m Obsered and expected dealhs by exposure categon (mSv)
for:
‘ O 1 0= 50~ 100- 200~
Cause of death 10y 2% Obs/Exp® Obs. Exp Obs/Exp Obs/Exp  O%s/Exp
““w» Al cancer 0.05 -5 0 131711383 43874517 82/79.3 6174591 ¢ur6l.s
Pancreas 1.61° oy 56/5°.1 207209 3739 4/2.6 4/3.8
Mulupie mveioma 267 345 1B/18 & 172 % 3/1.4 /1.1 414
—py,  LEUKETIS’ ; 35/3..8 16/14.8 Fp8 | p Bl 1739
g Lukemia’ (2-v lag) ~0.99 33/30.2 16/16.2 1/3.2 4/2.3 1/3.1

*The wrend stausuc was calculated from individual doses. not ihe five exposure categones. It may be compared with a
fandard normal AISTIbunOn 10 assess slausucal ngnificance: however. salisuca) significance may be exaggerated for discases
with a small number of deaths. See footnote ¢. i

* Expecied deaths were calculated from the expenence of all workers in the study population. allowang for age. calendar vear,
geader, pumber of vears monnored. and geoeral JOCIOECONOMIC CALEFOTY.

‘ Based 00 computer Smulanons. the one-taed p values associated wath the trend test with 3 10y lag were esumated 10 be
0 72 for cancerof the pancreas and 0.011 for muluple mveloma. For the -y lag. these » values were esumaiec 1o be 0.028
fur cancer of the pancreas and 0.00] for mulupie myeioma .

* Excluding chronic lymphauc leukema
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Table 6. Relauve nsks* (with 90% confidence limiws) by external dose category for moniored Haniord Sue
workers emploved at least . mo (based on a 2-v lag for leukermia and a |0-v lag for other categones)

Dose cawegon
(mSv) All caneer All noncancer m Mulupie mveioma

~

B T :

G ! ( 1.3 08908 1.0} 0804 186) 400.1. 1.3
;t&_ 1.01 (0.8, 1.3 0.85 (0.7, 1.0) 0.3 (0.03. 1.6) 222 tg.'ﬁ xg
;oc 1 rogvzf, 083(0.7.1.0 1 £1Ce 48 £910.5. 41)
200~ 09307 1LYy 09 (08. 1.2} 0.31002.1.3) 31 (%] 37

2 o VL



TABLE 3. Rate Ratios for Leukemia by Dose Category and Studv Populanon

Less Than More Than
Srudv and Reference Number 10 mSv 10=50 mSv 50 mSv Towl
e 10 L] 3 18
PYRs 219102 71516 37817 328435
Rate/100.000 46 7.0 79 55
RR 1.0 18 1.7
90% CL 0638 0.65.1
Asornic W-wm’
Ohbserved 4 0 0 “
PYRs 136,366 7.654 1,655 145,715
Rate/100,000 29 0.0 0.0 8
1.0 0.0 0.0
90% CL C.l4 0.64
Hanford"'2
L P4 29
361,017 28531 23.846 413304
Rate/100,000 6.6 10.5 B4 7.0
1.0 1.6 13
010% St - 0.6.43 0.44.2
Ridge Naoonal
Laboratory" ;
[} 11
y 412,080 31380 12.100 185,560
Rate/ 100,000 45 19.1 0.0 7
RR 1.0 43 0.0
90% CL 1.2.10.7 0.5.4
Pormsmouth™t
3 bi
65326 21,769 11.128 96.22
Rate/ 100,000 4.6 138 7.1
10 0 .0
0% CL 0.8.10.8 03.126
Rocky Flau'
3 0 1 N
64,609 8,645 4528 77182
Rate/100,000 4.6 e.0 2.1 L
1.0 0.0 48
90% CL 0.8.6 0.9.26.6
Sellafieid''Y
Observed 6 3 1 10
PYRs 154,535 21.567 28.260 210362
Rate/100,000 39 10.9 35 48
RR 1.0 28 08
90% CL 0.9.8.5 0.2.54
Towml
Observed 55 20 8 83
PYRs 1,113,038 197.102 119334 142947
Rarte/100.000 49 10.1 6.7 58
X 10 - 1.4
90% CL 3.4.3.21- 0‘7.1.5
l&.! 1 4
0% 1433 08,26
TtNc lag penod.
$tExposure lagred 10 venrs.
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Table 5. Results of analyses of external dose 1n monitored workers empicyed at the Hanford Site for at least 6
mo. Except where noted. this is based on a 10-v lag.

Trend 1est
E’:‘m‘:‘ Observed and expecied deaths by exposure calcgun (mSv)
lagged for
U= 10 S0 100- 200+
Cause of deatn 10y 2y Obs/Exp” Obs/Exp Obs/Exp Obs/Exp  Obs/Exp

All causes 090 191 4341742627 1335713789  213/22). 15871698 158/15587

Cause unavailable -1.28 -i1.32 61/59.0 22/19.% 0/3.2 2/2.1 178

All cancer -0.29 -0.50 §75/982.9 J46/334 6 58/60.1 47/44 9 40/43 8
Male 029 <054 BI6/RIB.B Ji6/310.7 55/56.4 FRYZ I /427
Female 0.02 0.28 159/164.2 307239 33 4/34 0/0 %
Smoking-linked cancers’ 0.10 =001 380/389.0 154/148.3 30/26.9 22720.7 19/20.1
Residual 049 =067 595/5939 192/186.3 28/33.2 25/24.2 217234
Buccal -1.45 -1.58 34/32. 8§13 0/1.3 1/1.0 071 1

4 8 20/186 3780’ 11 0/07 L2
mach e ; fod | 14/12.7 7 3 318 /1.9
Coion -035 063 103/106 4 36/29 1 247 4/31 234
Rectum 040 .14 25/229 6/17 114 109 110
Liver 1.37 1.9 15/14.5 LPAR"] 006 w6 2
Galibladder «1.27 <L 13710 X 172.8 n/w A 003 00 06
Pancreas L oW S1/82.5 19718 3 2N 122 AR
Larvns <) 62 <0Ud DILE AN 1 /) 6 oa) & 0/
~Tung 016 U0l AB/403.U 10, 1M BEVIEIN 1571040 Ta/1a 0
Bone 068 -0.70 Vgl 070 4 0/0.1 0/0.) 0/0.03
Femaie breast -0.05§ 0.58 a%/46 ¢ 78 1ne /10 (VU
Cervix and uterus 0.96 0.29 At 08 0.2 008 0,0 0
079 06l IS/8a.) 118 0.2 102 0/0 04
Prostate -1.1%  -1.5] 59/617 asrat 4 S/ 4 /24 234
Biadder 034 066 17/189 11789 1/1.2 10 /1.1
Kidney 0.72 Veh 3 59 R 278 14 1.2 113
Brain and central nervous -0 90 <) 0O 2R/ ) AR 124 amng 0.2
system
Thyroud D42 Das -1 1 | 110 un.2 0.1 VoL
Non-Hodgkin's lvym- L85 ~l.14 3130 17137 RVAN. /1.8 /1.8
phoma
Hodgkin's discase 1.80* 2.38° 1d/14 R /23 (VTR 1/0.3 =/0.%
Muluple myeloma j.5¢¢ 22¥ 17/17.0 249 209 1/0.6 N6
Chronic iymphatic leuke: <034 045 6/5.6 /2.1 2/0.6 0/0.3 v 4
mua (CLL)
Leukema excluding CLL =081 282 14/11 7 1724 1.7 1720
Leukemia excluding CLL -0 RS as72X7 14/13.1 et 320 (/2.6
(2-y lag)

All noncancer 070 -1.78 1.)05/3.225.7 965/1.0248 155/1646 109/122.8 114/1101
Circulatory 48 128 2.193/2.120.6 642/699 7 10271130 76/83.6 81/770
Respiratory excluding 0.10 <0.16 194/208.2 96/84 7 19/12.8 8/10.0 9710}

pneumonia
Cirrhosis 046 0.39 B6/B8.0 23/33.7 6/1.% /2.8 & Vo dl0)
Exiernal <181 =196 37473661 % 74/788 11/13.5 1My /6.6
Person-vears 499 847 96.731 17.545 11.430 7.958

* The trend test ssustic was caiculaled from individual doses. not the five exposure catcgores. It may be compared with 3
stancard normal distnbution 10 assess statistical significance. However. siaustical significance may be exaggerated for discases
with a2 smali number of deaths. See footnote d.

* Expecied deaths were caiculated from the expenence of all workers in the siudy population. allowing for age. calendar vear
gender, number of years monitored, and general s0C10eCONOMIC Category

* The smoking-linked cancers were rc “piratory cancer. buccal cancer. and cancer of the esophagus. pancreas. and biadder

“ Based on compuier simuiations. ihe one-tailed p values associated with the trend tesi with 3 [0y lag were estimaied 10 e
0.065 for cancer of the pancreas. 0.038 for Hougkin's discase. and 0.10 for multiple myeloma For the 2-v lag these 1 values

were estimated 1o be U.056 for cancer of the uiver. 0.026 for cancer of the pancreas. 0.029 lor Hiodgkin's discase and U 0I0
for muluple myeioma
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