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ATTACHMENT 3

A. N. TSCHAECHE
1693 CLAREMONT LANE

IDAHO FALLS IDAHO 83404

10 June,1996

US Nuclear Regulatory Commission
Attn: Noel Dudley
ACRS M/S T-2 E 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' Govemor's Advisory Council on Radiation Protection. This presentation contains
information that bears directly on the subject of the health effects oflow-levels ofionizing radiation.

|

I understand that subject will be discussed during the June 14,1996 meeting of the ACRS. I orTer
this document as testimony providing evidence that the effects oflow-levels ofionizing radiation are
not harmful to humans.

Mr. Muckerheide gave me permission to provide this document with the caveat that distribution is
as "a prehmmary summary of a panial 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 repon. If, as a result of pemsing
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.

I, as a health physicist certified by the American Board of Health Physics, have studied and worked
in the field of radiation protection for over 40 years. I find the information in Mr. Muckerheide's
document permasve in demonstrating that the costly work performed by NRC licensees in reducing
ionizing radiabon 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
decommissioning and decontamination work and waste disposal facilities (both high and low level)
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 ofrestricted or controlled areas above 100 mrem per year and impose
costly evaluations and actions to keep doses as low as reasonably achievable below applicable limits
to both workers and the environment.
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The National Council on Radiation Protection and Measurements (NCRP) has established a l

subcommittee chaired by Arthur Upton to examine the current state of knowledge about the effects i

orlow levels ofionizing radiation. This work is funded by the NRC. I 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. It appears to me that the NCRP has become !
somewhat one sided in its insistencc on adhere:.ce to the linear no-threshold hypothesis as the basis
for settmg radiation protection standards in light of current information on the effects oflow-levels
ofexposure to ionizing radiation. ALL of the currently-available information on the effects oflow-
levels ofionizing radiation must be taken into account by the NCRP, including information that
demonstrates no harmful effect and that indicates a bene 6cial effect if the United States is to have a ;
rational and efficient radiation protection program. '

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

,

I
Sincerely, !

,A
-- m

y W \

Al N. Tschseche, CHP

cc: M. Goldman w enclosure
J. B. Muckerheide w/o enclosure
A. Upton w enclosure !

.
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Mass. EMERGENCY MANAGEMEm. AGENCY
J. MUCKERHEIDE

MASS. gov. ADVISORY COUNCIL ON RADIATION PROTECTION
Mass. STATE NUCLEAR ENGINEER

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)

131
3.0 Medically Exposed (1 , X-rays, etc.)
4.0 Radium Ingestion (Dial Painters, Medical, Nostrums)
5.0 Weapons / Facilities Releases
6.0 Natural Background Radiation Sources

Radiobiology Research Data
,

7.1 Non-human Biological Populations-

7.2 Cellular, Molecular Biology and Genetics Research .

.
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J. MucKERIIEt nE I,0W LEVEI, RADIATION llEALTII EFFECTS DRArr REY. 0 M AltCil 10,1995-~

EXECUTIVE SUMMARY I" thi5 P"P"I*'I " 'h*'' I5
W

$ No excess total mortality at <200 rad (<200,000 mrad) in 20,777 deaths from .
1950-1985, for radiation exposures <200 rad. Excess mortality risk from 200 400

ACTUAL DATA SIIOw NO ADVERSE IIEALTII EFFECTS rad is -1550, statistically non-significant! Further,1556 cxcess risk is not nonnally
considered to have epidemiological health effects consequence. The excess risk at

Compiled data on low to moderate radiation health effects confirms no >400 rad is 3814.
adverse health effects at doses <los of rem (<10,000s of mrem). $ No excess cancer mortality <20 rad (<20,000 mrad) Excess cancer is on'y

Radiation " protection" assumptions of low-dose health effects applies above 20 rad. At 20-50 rem, for "all cancers except leukemia" there is a 125%
dosc-response at very high doses projected over orders of magnitude to very low increase, not statistically significant and of no epidemiological consequence; and
sk>scs. Such projections are scientifically invalid, and contrary to actual radiation for leukemia a 7956 increase. From 50-200 rem,"all cancers except Icukemia" !
health cITects data Public fear is the result of misrepresenting scientific data, have increases of limited consequence, and double at >200 rem For leukemia, i

ignoring actual data, suppressing tic publication of valid contrary data, climinating there are consequential increases of 4 times controf rates at 50-100 rcm,8 times
programs that document actual data, and supporting scientifically invalid programs at i00 200 rem, and iR times at >200 rem .
that enhance public fears. $ Lower cancer rates thsn controls at I - 9 rem (I,000 - 9,000 mrem) Total

Such government and industry costs are passed through to the public. canca mortality is >100 fewer cancer deaths in tic 0.5-5.0 rem population. Similar
analyses finds lower cancer than controls in the I-5 and I-9 rem range; and lower

IIcalth effects data exist for the following significantly exposed human rates in specific radiogenic cancers, especially leukemia, with a significant
population groups: 1. Japanese atomic bomb survivors; 2. Occupationally reduction in colon cancer.
exposed; 3. Medically exposed; 4. Internal radium exposed; 5. Weapons $ Actust cancer data vs. arbitrary models, reduced effects at low doses When
and facility releases; and 6. Natural background radiation. models are not artificially constrained to linear / linear quadratic, applied only to

in addition, rescaich data comes from non-human biological high dose effects, polynomial relationships are generally fi und to be the "best lit."
populations, and from ccHular and molecular biology and genetics research.

$ Note: IIEIR V (p.242) sis.tes: "For the combined data (Iliroshima and
SIGNIFICANTLY EXPOSED POPULATIONS Nagasaki), the rate of mortality is significantly elevated at 0.4 Gy (40 Rad)

_

ami above, but not at lesser dose." llowever, BEIR then uses high-dose data to |
Significant actual data quantifying low to moderate radiation health arbitrarily quantify effects as "per-person-year-Sv", which projects dose effects ,

cf fccts, ic, radiation doses below about 50 rem (0.5 Gy; 50,000.. mrem), with linearly to zero dose, contrary to (and misrepresenting) the actual data. t

!chronic doses to 500 rem (5 Gy,500,000 mrem) are identified in the following $No teratogenic effects <10 rem, no significant effects <50 rem. Mental
significantly exposed populations: retardation from effects on the fetus was limited to doses >50 rem in Iliroshima, ;

and greatcr than 300 rcm in Nagasaki. Mental retardation was most significant for |

1. Japanese atomic bomb survivors fetuses exposed at 8-15 weeks gestaten. A threshold for severe mental retardation [

is 55 rem, with IQ or school performance reduced for exposures >10 rem. l

A population of ~75,000 persons exposed to the atomic bombings of $ No genetic effects in children of Japanese survivors. There is no difference r
'

Ilimshima and Nagasaki in 1945, comprising the "cxposed group" of persons, in genetic effects children of exposed survivors and the control pop"lation (with

estimated to have received >l rem (0.01 Gy,1000 mrem), exposed to mean parental doses that average 36-60 rem)

sadiation doses of 16-1R sem, and the " unexposed group" of-35,000 persons in $ Esposed survivor population is outliving non-cuposed population. l.ongevity

the area exposed to <1 rem, also canying the health cards of the survivors. of the exposed survivors is greater than the contmis (hypoti esiicd to be allected
by tic loss of wratcr members at the line of the bombing, but refuted by the data) !

I
s

i
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.l. M ucK EstliEtI> E Low LEVEt, llAlll ATION IIEA1111I EFFECTS DitAIT llEV. 0 M Altcit 10,1995 j

2. Occupationally exposed workers 3. Medical patient exposures \

This group inchides various populations generally identified and Mcdical patient groups can be followed to assess radiation lealth effects

momtored as " radiation wekers", with a wide range of doses. to populations at moderate doses far exceeding normal exposures of the public, or

Primarily radiologists (to an estimated 500 rem lifctime), carly nucicar even radiation workers. Mcdical radiation includes x-rays and radioisotopes,in

materials facility workers, with doses >10 rem with modcrate dosimetry, and diagnostic and tierapeutic applications, with internal and external exposures. Uses

: 10,000s of workers have later experience at low doses with good dosimetry. include relatively high doses to relatively young and otherwise heahhy patients, vs -

the much higher radiation therapy doses for cancer in life-threatening conditions, ;

This group is rc~csented by: with significant doses to older patients. Early use exposed large populations to ;

6 Matie Curie, at 1000s of rem, died at age 66, posible aplastic anemia. From doses that are relatively high compared to current acceptabic practices. [
'

1898,4 pars in a shed, from her early 30s, to separate radium, with "a warm glow
in the evening", sufficent to read by, continuing for 12 years; she tien developed These groups inchide:

and applied radiology in WW I, working ellen 16-18 hour days, days at a time, $No excess leukemia at 10-15 rem WB/ bone from I"' hyperthyroid therapy.
'

manually manipulating tic x-ray devices,"with the apparatus in action surrounded in 36,000 hyperthyroid patients,22,000 treated with I'", and most others with

by a mysterious halo". She fitted 20 " radiologic cars", started 200 field hospital surgery, at 7-year and 10-year follow-ups, suIIicient to see the peak excess

x.:ay rooms, and trained 100s of technicians, receiving 1000s rem. Afler the war leukania, the 1"'-exposed population had lower (1313, vs 16 t 4, not statisically

she then continued her work at the Curic Insitute of Radium, til her death in 1934. significant)incidenx, with BEIR predicting a large increase, to 36 leukemias at 10

$ No excess cancers in British radiologists, est. 500 rem (500,000 mrem). rem (46 at 15 rem). In a similar study in Sweden, another 10,000 patients ucre ,

liritish radiologists before 1921 had 75% cxcess cancers vs. other physicians (in folknved for 15 years, also demonstrating no leukemia inctcase. ;i

a 1950s study), but radiologists that started practice aller 1921, with enhanced $No excess thyroid cancer in 50 rem I"' diagnosis, not for potential cancer.
'

:adiation proscction practias, had no excess cancer vs. other medical professionals Mean thvroid doses of ~50 rem (est 1-3 million US patients before 1968, with no
!

i (in a 198i study).. follow-up) In Swalm, a 20-year follow-up of 35,000 patients, ~5% <20 years old,

$ No excess cancer in US Army radiologic technicians, est. 50 rem dese. In finds ins thyroid cancer (0.62 of normal, statistically sienificant, a much more ;

WW II -4,500 radiological technicians received an estimated 50 rem dose in scientifically valid " protective effect" vs no data indicating an adverse health i

training (practicing x-rays on each other) have no excess cancer at a 29-year effect), in patients n_ot diagnosed for possible thyroid cancer,. !

Inllow-up vs. other Army medical, laboratory, and pharmacy technicians. $No excess leukemia from 300 rad of x-rays from normal medical care. In a |
6 Mortality and cancer lower in shipyard nuclear workers. In a $10M study, case-control study of 138 leukemias in patients of Mayo Clinic and another small i

1978-1987,~70,000 of-700,000 US nuclear shipyard workers were studied. The clinic for Olmstead County, MN, with accurate x-ray eximsure records, no excess

28,542 workers at >5 rem dose had 24% lgs total age-adjusted mortality leukemia for small doscs administered over long time periods from medical care. |

(statistically significant) than the 33,352 non-nucicar workers; with the miclear $ Fluoroscopy doses below 30 rem (30,000 mrem) suppress breast cancer in !
_

workers at <5 rem dose at 19% less mortality (statistically significant). Canadian women with high doses from fluososcopy for tuberculosis, with lower .

6 Mortality and cancer is lower in US nuclear weapons plant workers cancer rates at 15 and 25 rcm. Linear extrapolation per BEIR, predicts 900 excess |
6 Cancer ami leukemia are lower in British nuclear weapons plant workers cancers in 1,000,000 women exposed to 15 rem at age 30; contradicting the actual <

$ Cancer is lower in Canadian rmclear plant workers vs thermal plant workers data (highly statistically significant, p=<.01, >I6 standard deviations below
normal) of 0.66 SMR, % l.gs than nonnal breast cancer mortality, reflecting' i

"

10,000 fewer breast cancer deaths in 1,000,000 women exposed to 15 rem -

i
i

.
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.l. Mitruititi.ini: 1.ow IEVEl IIADIATION IIEAl.Til I?.ITECTS Dit AIT lDN. 0 M Altfil 10,1995

4. Internal radium from ingestion and injection 6 Iladium cancers have identical dose-response form, latency, and threshold
for peopic, dogs, and mice.

A fler the discovery of radium and its separation in 1902, its use and its i Itadithor, I uCi Rs"' + 1 uCi l& , 3.5 uCi (3.5 million pCi)"Ita -
,

stimulative properties, Icd to substantial internal body burdens from industrial and equivalent. Eben Byers died from from drinking 3-4 vials / day for 3 cars (~103
medicali s lione necrosis was recognimi carly, and long term effects, especia!!y Billion pCi) vs US drinking water limit of ~2000 pCi/yr; (~2 Mdlion uCi sy stemic
bone sarconnas and head carcinomas ucre krxnuiin the 1920s From 1930s human uptake vs 50 uW/1000 rad threshold in radium-exposed population)
stialies, a comiscrrative body butden of 0 I uCi was sct in 1941. Threshold evidence

was ignored by llEIR (1972), and a linear assumption imposed on the data 5. Nuclear weapons .90d facility releases
Dr. Robicy Evans, MIT radium program 1932-1970, proved BEIR and

othei hncar no threshold nxxicis scicntiGcally invalid, from 508 MIT cases <1000
6 " Atomic veterans" of above-ground tests have no adverse effects in 46,136

rad, anilconstant 28% cancers in 108 cases at 1000-50,000 rad US radium cases

tbefore 1950) ucrc consolidated at the Center for fluman Radiobiology at Argonne
US persons exposed to nuclear weapons tests. Operation SmoLy, had 3200

m 1970, eventually >4000 cases, finding no change in these conclusions (1983).
panicipants,10 leukemia deaths, vs. 3 97 statistically expected, only onc >3 rem,

the program was dcrunded and tenninated with >1000 cases still alive- no dose effect; Operation Greenhouse,3000 participants, I 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 participantsin this population there is:
in weapons tests and experimental programs in Australia and the PaciGc Ocean

6 No r adingenic cancer at <1000 rad bone dose in >50 years Gofman-Tamplin
6 No difference in mortality nor trends by dose in 954 Canadian military

hncar model " goodness-of-Gt" to MIT data <l/200,000,000, and " full-range" personnel involved in clean-up operations after nuclear reactor accidents at Chalk
model I/220,000, with I!EIR in between; all data (>4000 cases) "has continued to

River or observed weapons tests.
show no radiogenic tumors, or other effects, in hundreds of persons whose

6 Utah population downwind of above-ground tests show no adverse effects
cIfative initial bmly burden was less than about 50 uCi of Ra", and whose

Cot -ties with higher heahh cITects ucre not the countics with higher radiationcumulative sLcletal average dose is less than about 1000 rad " These conclusions
doses.

are again confirmed with updated data another decade later.
61.og. normal projection to a minimum ~400 rad threshold (65 tumors in 1545
cases, in 154 at >1000 rad) in the homogencous group of young women 6. Natural back p oundi

inmmbers/ ilial painters, demonstrated to be "best-fit" to log-normal distributions
$ Cancer mmiality ~15% less than US average at ~3 times llS average doses6 .G "Gcantly lower moitality fiom all causes in young US and UK white,
in 7 US Coloiado Plateau staIes.

Icmaic dial painters with very high radiation doses. Only breast cancer is minimally
cictateil, noting large internal body bmdens and radiation doses, and work at 6 No effect in stabic, equivalent, Cidnese populations at 3 times higher doses

bcm hes with radium compounds with substantral extemal exposure to the chest, Equivalent,60,000-70,000 llan peasant populations to 6 generations t hanium,

na L and head areas. Without breast cancer there is no increase in cancer for this
and raditun (plus 14 a and p decay chain radionuclides) are >4 times (4 upm vs.

Ingh dose population Rc(hiced circulatory /ccrebrovascular diseases are the most ~8 ppm); 'id thorium (and 17 n and p decay chain radionuclides) is >6 times (~8

sn;mlicant cifccis- ppm vs. ~50 ppm) Arca radiation monitoring and personnel dosimetry ucre

6 liar lower non. cancer nmrtality in the high-dose group than the general conducted for over < vears. Slightly lower mortality in high dose area for all

population, especially for the first 20 years following initial exposure, indicating cancers (including icukemial Equivalent hereditary diseases and congenital defects

the need to assess the benefits of radium as a dictany suppicment, amL'or the effect
except higher Down's syndrome, lart;cly from abnoimally low incidence in low
dose arca vs the region and China, plus Qtnificantly high I is th sate to u nmen 85of a "Inmtci" to continue the documented beneficial ef fects
years old in the high dose area (a Lr mn association to Down's symfrome)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



_

s

.l . N . .EltllEIDE LOW LEVEL RA ..oTION llEALTII EITECTs DitAIT ltEV. 0 Mn. . It 10,1995

& Nn disrcrnible health effects in Kerala imlia,4 times normal in 12,918 WN-IlUM AN RADIATION EFFECTS DATA
po plc m Kerala vs a neighboring town with a control population of 5938, with no
dheimb!c health diIrcrences, except 12 cases of Down's syndrome in the Kerala

^ ' # ".' " ''I
'***#' " E'" " "" "" "'" ' 'I.'" #5 #"*"'''"'"*population, and nonc in the control population llowever, Domi s syndrome in

. *
'

,

E' ' " '' * E " * * * ' ' "' "" *'''* * * * ' " " * " ' 'E'*"'""Intha is 1.1215 in 58,325 hvc births, equivalent Io (higher than) the rate in Kerala. E

$ (.,uarapari Ilran.i,6 times background, no adverse health effects. A small micro-organism populat.mns. No adverse health effects have been consistently. .

. . demonstrated ; m. h substantial s.igruGcant cudence, and extensive non-significantt
. . .

populatnitiivi Guarapan. Dran.l has 6 times the radiation exposure of other areas.
No dif ference m health effects is demonstrated associh! with this very large indication, of bencGcial, hormctic, effects in biological populations and biology

-

increase in environunental radioactivity and human radiation doses.
.I HWAN lllOLOGICAL POPULATIONS$ Nn adverse health effects from indoor radon. Base non-smoker lung cancer

is 2-3/100 000 in 19R5, males werc 75/100 000, and females 27/100,000. In
6iHO, lung cancer was 4/100,000 male, and 2/100,000 female, with male lung ce and guinen pigs exposed to 0.11,1.1,4.4, and 8.8 rail / day, show 0.1I

cancer from increased smoking aller WWI (with 20 year lag). Lung cancer data and 1.1 rad / day,had normallife spans, litters, health conditions (with longer

contrathcts EPA claims that 15% oflung cancer is from radon (20,000 of 140,000 mean lifespans in the 0.1I rad / day group) over 5 to 6 generations.

deaths /yr) 6 Organisms in Icad-sh:cided space, high altitude space, deep mine space, and

$ lhcre is no lung cancer in non-smoking uranium mincts at <1000 times 70-year other expniniental ra6adon4csponse con & dons, with controlled railiation

imkor radon Icvcis. EPA crroneously predicts 1000-5000 lung cancer above and below ambient conditions, shows improved health and growth

deaths /100,000 (l-5 deaths /100) so exposed. conditions with moderate radiation dose (putting plants under a ' grow-light').

6 'I heic are 2.7/100,000 kmg cancer deaths in the high dose area in China; and ant and sniaH animal organisnn AmHes slmw that raWadon plays an
2 9/100,000 in the low dose area essential role io biological life.

$ Uranium miners and smokers have different prevalent lung cancer type than in Replacement of natural potass um, including K", with K' results in
non. smokers. Lung cancer in non-smokers can not be associated with radon negative henMi cRetts in small organisms.(K" contributes a significant fraction

ft n tural radinhon dose to biological organisms, and is m substantialpmjected from radon exposiirc in uranium miners.
6 Sods and rocks have a high variation in radon (to 10 times in Massachusetts * hmucostasu m rnanunab to mainpn an essential effective potassium level,
higher ciscuhcre), with detectable health effects if EPA predictions were valid possibly essential to biological ftmetiomng).

,

Mnch higher concentrations exist, with no detectable health effects . EPA proposes
10 Ih ll limits, while 100,000s of people scck radon waters in health spas with 7.2 CELLULAR, MOLECULAll BIOLOGY AND GENETICSi
radon to 12,000 Bq/l, with competent independent medical literaturc confinu ngi

positive long term effects; and workers in these high radon environments with Work on rancer research and genetics has established that radiation
a cupational cxposure studies that conGrm no adverse health effects. can not initiate cancer as a stochastic, linear, process. Itadiation is not
$ l.ung cancer by US county has negative correlation with radon. From ..cinogenic in accordance with current knowledge of multi-stage tumorigenesis.

272,000 home radon measurements,in 1601 US countics (covering >90% of the Radiation stimulates DNA repair mechanisms. New research conGrms underlying

US population,climinating retirement states) a strong rjcgative correlation oflung biological mechanisms of radiation stimulation of rcpair of the high rate of natural

cancer with radon is demonstrated (for males and females, with and without a DNA damage events (improving repair of ~240,000 cvents/cclI/ day, while I rad.

conectionfor smoking), and resolving all potential confounding factors, contrary produces 20 damage events /ccil), explaining the benclicial effects of low- to

to and dispmving ilEllt and EPA projected health effects. inoderate-radiation doses on essentially all biological oiganisms, including *
$ Hadun Spa ancas confirm lower health effects with higher doses from immans. Such work is also showing positive effects of low-level radiation iir

detailed health cifccts sindies of the Misasa Japan radon spa area and others. I'cating and preventirig caricer, and treating ather iiiirinine systein related diseases .

4
,
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Det tra lur i M.utru 29,19
1.0,lagranese Survivors

Dr. R.C von Iloistel states in his review (1995), "Kondo (1993) presents the
.

c. e in des.sil of the apparently beneficial ef.~ects oflow-level atomic bomb radiation onJapanese Survivors / Cancer - Jaworowski 1995h

hic. pan, mutation induction, and mortality from most types of cancer for survivors. lie
I"""85 "ut that a hormesis-like effect may have been induced by the radiation that lasted Prof Emeritus, aid Member of he UN Scientific Committee on the F.llects of
fier 20 years." Atomic Radiation (UNSCEAR), of *he Central Laboratory for Radiohegical Peutectism,

Zbigniew Jaworowski states (1995b) that,
1.1. Japanese Sun ivors/ Cancer - IIEIR V "The UNSCEAR (1994) report states that among survivors from lliroshima

and Nagasaki who received doses of <200 mSv (<200 times higher than the proposed
llEIR V, p. 242, states "In the atomic bomb survivors of the Life Span StudyEPA annuallimit) there was no incre:=se in the n: mber of total cancer deaths. In fact,

Cohort, a total of 202 deaths from leukemia were recorded for the period from 1950 tomortality caused by leukemia was less in this population at doses <100 mSv than
1985, during which there were an estimated 2,185.135 person-3. irs of follow-up. Foramong the nonirradiated inhabitants of these Japanese cities, which is not statisticallysignificant.'
the combined (Iliroshima and Nagasaki) data, the rate i .' mortality is signiftgantly
clevated at 0;4 Gy and above but not at lesser doses (Figure 5-l)."

Japanese Survivors / Cancer - llatfori 1994
'

Sadao llattori, Vice President of CRIEPI reports (1994) that,"The follow up data
"

s-i

1g Ismliml-po-E-on - I ce H
of people who received radiation from the Atomic flomb show us an interesting featme= I

$ especially in the low dose range. Figs. I and 2 show that about 8 cGy, is the optimum
y,, , dose for the suppression ofleukemia through the surveys cf the people of fliroshima

and Nagasaki exposed to the radiation of the Atomic flomb."
A

1

} '"" i
.
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the esilmated dose equivatent to the tone snarron under DS86 W _
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. By 1983, there mere 3 " "s go ._,

cases in the 0 5, category and 31 cases in the 0 01-0.1 Sv stratusi.
..,
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3m Table 3.5 Numbers of subjects and cancer deaths, 1950-85,
among atomic bomb survivors classified by DS86 dose '

'..__ _._....__..__...._-_-_...._.....__........_...-_ _-_..N M a ro.Ea rn =
@ 2 - trukemia All other cancers i

Number of
c5

--. - --- -------------

Dose trad)a Subjects No. Frequency (% ) No. Frequency (%) {.g ._.__...____..__.___....__.....___. ____....__........___......
.f.!

;

1 -~
O 34,272 58 0.17 2,443 7.13

'

.N
' dr = ar = = = se s 1-9 23,321 35 0.16 1,655 7.10

100-199 1,946 23 1.2 221 11.4a ;
- _ . _ . - _ _ __ - __ - - _-_. ------------- ------- -------------------------------------

8 c

(constructed from data of Shimizu et al., 1989)o . .o lo ao so'

C>rsg a ra .A.bworbEcs Dosee (cGy) Estimates of excess cancer deaths (%) at low doses of radiation
by no-threshold linear extrapolation from data on high doses '

- -- - 7. .::p:.::: :=. u. . , :m_:=:..:_:=- -----------------------------------------------------------
,-. . ... ..

Dose tradla All cancers f.eukemia Other cancers
...___..._____.. ___.........____ ______....__......__......__...

1 0.035 0.007 0.029 ;
5 0.17 0.03 0.14 :

i......_____. __............__.__._.. ...__..____.___... __....... ;
a Shielded kerma values |Japanese Survivors / Cancers - Kondo 1993

l'rofessor Emeritus Dr. Sohei Kondo reports on apparently beneficial effects "The dose response curves for most cancers seen after exposure to atomic ;
oflaw doses ufatomic bomb radiation with regardto induction ofcancer. bomb radiation at Nagasaki, which consisted mainly of gamma rays. have troughs at the ;

Professor Emeritus Dr. Sohei Kondo (Kondo 1993, Section 3.2) reports that low-dose intervals 1-5,6-19 and 20-49 rad (Fig. |-updated). In other words, low doses ;"When tumor incidence (1950 85) among survivors of the atomic bomb in Iliroshima of gamma rays apparently reduce cancer incidence-an indication of benelicial eITects.
and Nagasaki is classified by dose (Shimizu et al.,1989: Table 3.5), people who were Whether low doses of radiation really did have beneficial efTects on atomic bomb ;esposed to I 9 rad appear to have lower death rates from leukemia and from all other

survivors cannot be concluded from the epidemiological data alone, because of the large (cancers than unexposed people, indicating that radiation at these doses has no harmful statistical uncertainty at each trough. With this reservation in mind, apparently ;
elTect (Kondo,1990)."

heneficial effects are expressed in Table 3.6 in tenns of apparent threshold dose Dth (
(see also footnote a to Table 3.6)." t

i

!

f
;
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Table 3.6 Characteristics of dose response relationships for
cancer m rtality among peonle exposc<l t o the a t sunic txwnhi nein at .so. te ee rieoies en neestei tstects: t,esreene tsete 35
Nagasaki and Hiroshima

.. . . [*
. .

| *., e t , ;; Induced rate at 300 rad /
' A Cad *' | ', !! fM Spontaneous rate / Apparent threshold

*

, 3 _ !{ Cancer site 10'4 person-years 10'4 person-years Dth tradia-

, . | *

5* > | \ "

:
'. e 2 Nagasakis g/o| s .

'

, . ,; .,

i, . - , ' '

..

** - / ; 's e _ Leukemia 0.4 6 36a.

f3 .

/ k* Colon 0.8 0.7 54
*

.

'
( ,/ ,

., Stomach 6.3 8.5 Nonexistent' 88
3 ,

! . . .' ',' , Dreast 1 (2)b 50
s

,,f ,, '[ 4 8, ' . , Lung 2.6 (1Ib 28' ~ '.. . . . -,- .

'o, ^ m m m e m m see *e ne m see*

,
Hiroshima

. -

. E. tsa** Leukemia 0.8 12.5 12i. . > sier==ch .* to
/

' 1"su'e'm*adei se enhg Colon 1.2
-

7 31/ to p v
t 12 - .f e - .,,wyem seis am Stomach 10 5 12

1
seem===

.- Breast 1.0 3.5 Honexistent
, ' '

.*
' ' ,.. ' ' ~

Lung 2.4 2.5 Nonexistent/ *

io f 7,.--- . . r --
,,

,/ - Extracted from Shimizu et al. (1987, 19891; see Kondo (1990) for i
i ,/ i*

5e - ," 2 - ,/ ,..,j,. details*

,

* * ? .e .e n e a e e , a
. . . m. .

'
' * * * * * * " " * "

Japanese Survivors / Cancer- Pollycove 1994

r., i n e .- e s.,4 =h .e , te e r i,en er <= - n n.=6 me.i es a se=h== imed n=1 sad Mes==hi
gn.obre harp trenets A threwth El(Ref. 3) sad from testemis 'm askylosing apondyfule poeirees peend whh K espe Prof Emeritus, Myron Pollycove, MD, reports (Pollycove 1994) ihat. "A
*'*'"H " d '8- recent article by Shimizu, et al.(1992) conceming the elTects of low level radiation in

atomic bomb survivors concluded that analysis of dose response 'in the less-than-0.5Sv
region fails to indicate the presence of hormesis.* They did not observe any significant
decrease in the relative risks (RR) of(a) leukemia, (b) all cancers except leukemia, (c)
lung cancer, (d) thyroid cancer, or (e) noncancer mortality. Ihis conclusion is in
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 rnortality
groups.

1-3
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,

"1 he upper half of Figure I l .I shows the data for these two groups as analyzed
liy the authois with a variety of models. He discussion ofleukemia states that though ,3_ noncance, ma,ta..,

' * ' " ' '
the RR is less than I for the three groups with doses less than 0.1 Sv, since all had 23 _

"~ *""~.7'2 - =*p -0.10 they did not dif fer statistically from unity and thus, were within the range of
" ' T S- "E~U'**N~random variation. In clear contradiction to least square fits, the quadratic model for 2o - - = ' = '

''
< 0 5 Sv was ccmsidered to better fit the data than the linear-quadratic model for <0.5 Sv / "r

that demonstrated a RR oIO.78 at 0.1i Sv. The lower half of Figure I1.1 shows analysis i is - e o-. -- - - ---- -

of the data with models that provide a better fit. 'the five data points for leukemia are j-%- --

titted by an empirical polynomial function. He RR for the 0.010 to 0.019,0.020 to 'o
.

".***'7,*.** oe -

"

0 019, and 0.050 to 0.099 Sv dose categories appear consistently related to one another,
05 - '

t** q,,'"**not varying randomly. He RR oIO.6 ploued at 0.075 Sv is 1.5 SD less than I(p<0.15). ,,

07T , , , , , . ,Dis study of atomic bomb survivors is in agreement with the decreased leukemia , , , ,
, , , ,

moitality seen in the nuclear shipyard worker study. In both studies the very low "oo00
ao o, a3 o3 o, oi or os"os oe

.' % C C A****oa oose ts<iincitlence ofleukemia makes it dimcult to obtain sumcient numbers for high statistical n=6 anon oo.. Isvi

power.
i3- ' " " * * " " " " ' " " * ' ' '

"Desir ed statistical power is present, however, for mortality rates. In the upper to.,nia

2s -

,,hall of I'igure Il.I the RR data for noncancer mortality after low-level radiation are ,

ignored and fitted with a threshold model derived from a prior study of survivors in the
2o - ,,

(4 0 Sv high Icvel dose range, assuming the threshold dose is 1.5. Hough the mortality ,
*

RR of 0.83 in the 0.200 to 0.499 Sv dose category is 3.2 SD below I (p = 0.00I) and .
* is - ios - - - --

is the most statistically significant data point of the entire study, nevertheless, this u s

highly significant decreased RR is rejected with the statement. *Me RRs for the sub- k,o, __ ____ oe
"

groups within the low dose group (<0.SSv) when compared with the 0-Sv group did not
<

** -
,,

thtfer and were close to unit:. * If the only mathematical modcIs used for analysis are 3o5

those that a priori exclude a U-shaped dose-response relationship,it is not surprising
' oo

o7 -

' ' ' ;, j

that such analysis ' fails to indicate the presence of hormesis.' He lower half of Figure ' , ' , ' , ' * ,', o ch o','

,, o3 o. o.
,,

I1.1 lits a linear model down to, but no farther than, the noncancer mortality RR of n. . oo.. is.:,,,, , g,,

0 33. His decreased mortality risk associated with acute low-level radiation is ---~Y"~~~~,~,',*~
. __

* '"- | : . - . *,*, *.* :"* ". |||i||"|T|" *''~' ~~~0|"'' 'f:~ O~ '-" *

consistent with the highly significant (-16SD and -8SD) decreased standardized
*'~ "*''~~' ~ ~~~

mortality rates observed in prolonged very low level exposures of the nuclear groups ,

'

of shipyard workers. (Cameron 1992)."

i
,

O

m
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.lapanese Survivors / Cancer - Ilrodsky 1996 "In Table 2-34. brain tumors and CNS tumors other than brain are regressed
versus dose groupings. Ahhough the relative risks (RR) are indicated to be above one *

Dr. Alan 13rodsLy reports (1996) that. "The Shimizu analysis (Shimizu et al. for all positive doses. it should be noted that this is so because of the listing of the linear .
1988) was indicated to be based on 5.930 total cancer deaths occuring in the years model to all of the data. It can be seen that the observed numbers of cases are below the
19s0-X5 in the 'DS86 sub-cohort'(then denoted as the 75.991 persons for whom expected numbers for the lowest dose groups. below 0 09 Gy (9 rad, or 9.000 millirad).
dme data was available). Also, the expected totals were inappropriately constrained to equal observed totals (see

" I he summary table of measures of dose-responsefor shic/Jed Aerma is shown parenthetical totals). This constraint could cause some of the excess of RRs of higher
in I able 2 33. lhe numbers in parentheses in the columns for estimated relative risk dose ranges, and invalidate the entire analysis.
at i Gy (100 rad). excess risk per 10,000 person-y Gy, and attributable risk. are
estimated 90 % confidence intervals about the indicated respective values. It is
app.nent that if 95% confidence intervals had been used, only the bladder cases, and #= iandr Wm. 2=== a it. pas. r.wr y
pimibly the liver cases (which also included cancers .-' other primary sites). would
hac been considered significant in providing a trend with increasing dose. This Dses done pariend lin , cy)
number of significant subcategories could itself have easily appeared by chance for
eleven subcategory tests. Since the statistical precision of estimation is so poor, 8 MM mee m+ Tus'
even I Gy. it can he seen that estimation of risks from this data at levels below 0.01

hrmGy (I rad) based on linear dose-response assumption cannot be supported on the
hnis of the Japanese data alone. #"d 47 l' 13 Il 1

Empeord (47) 23.42 13 96 2 49 4)" '" " '" = ra=_. , . , - .-. __ _._

= .g r.2 2 = .._ = -- - - - - =r- - -
. O :' T'

***

.'r. .. . .3-* " *- O., .~~.~;".. y"d
0* li 4 3 4 3

'

p. . .. .: . . ..
. . . . a g g g g , , , ,,

.. .. . . . ... . . . . . . . . . . . . . ,r . _ , - . _- .. . . . . . . . . . . . , . . . . . . .

..
.. . .... ... . . . . _ . . . . . . . . . .

.

.. . . . . . . . _ . . . . . . . . . . . .
.. . . . .... ... . . ... . _ , . .

"The last two exhibits abstracted here from Shimizu cr ol. (1988) are shown in~

'2 .I. ..~ $." .".' Y.'.' ".[.' Tables 2-36 and 2-37.1hese tables show the variations of all malignant neoplasms.
.

"""

and leukemia only, versus dose groupings in shielded kesma. l'or the total timeI_ . .S .. .A . .'. .I." . " . ' . . . period. and for doses in the range less than about 0.5 Gy (50 ad) it can be seen that
~ ~

.. . . .

.~. .. . . . . _ . . . .. . . . . . . . . . .
.9. .: :-

. there is no statistically significant increase of total cancer in each table, for the
exposed groups compared to controls. In fact. the acenal numbers of cases of cancer

C _2. ''[. '.~.~.Z.
_ and lentemia are below the expected numbers in the dose groups below 0.06 Gy (6

. - _ . - - - - - -.

rad) for all cancers, and below 0.2 Gy(20 rad). lin Tables 2 36 and 2 37 respectively.. ._.

_ .,_ .. . .

1-5

.
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"Moreover, if the observed and expected immbers of cases are totalled
9

rair 2 M d ad wr **u 'en= &'ir tra#r mr wfm.e. tam am#r p. ha a d, g horizontally for all dose groups, then in each table, the expected numbers of cases is
t I exactly equal to the given observed numbers,5,936 for att cancers and 202 cases forpas. ret,ia

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

improperly normalized to the total observed numbers of cancer deaths. Expectedmimancm ntortAsnietovea m4casm stu.tuuttiattacuul e

numbers should be calculated independently for each population dose group from
,

natural cancer data; i e., by using the age and sex distributions, and natural risks, of| voiceomunooitscan t.. m ,.

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

to n .ib J6 J6 iS IS 16 each dose grouping in the exposed populations. Thus, the total excess number of"" '

i e e n .n .a .n in in tw so. cases cannot be obtained from this data. Worse yet, the indicated excess cancers and

liigher relative risks at the higher dose groups can be, at least in part, attributed to the
usun ms nei me m o us m as n u u ems

fact that, when normalizing the total sites of cancer deaths to be equal between
noist or amu me st mei ma sum insi esiv m io un un eum
mm eu is in tw w in in su in av in ease observed and expected groups, the numbers of expecteo cases in each of the higher
nnto rn es is in in in sit in in in an av dose groupings 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 Iliroshima/ Nagasaki data is grossly
misleading in e'mwing the higher relative risks for the higher dose groups.

"Ron et al., (1994,1995a,1995b) have carried out a fuither analysis of the
TM Wraint vs dest ynppr urist surprisit afMUnify ge Sinis elit.,191( Talir 7]) 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 tultliEUll095tNIAGASAII.ilA!!! IDIRE st E UI
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, et ul 1988."

snud tm.o.hg Japanese Survivors /Cancet - Luckey 1994
h8"9 38d tse u
18ad M gag professor Erneritus Dr. Don Luckey reports (Luckey 1994) that " Japanese

8 A A A A A 11 11 16 Who survivors of atomic-bomb explosions at Iliroshima and Nagasaki provide the best
M # A A R m m m th MM available data for cancer monality rates following acute exposures in humans

(Shimizu et al.,1992). When dissociated from cancer and blood diseases, the death
rates f exposed and contml groups were comparable.

till ens un is na g 5p i e e "When exposed to 1-1.9 cSv, the total cancer mortality rate of surivors of ,
Elit fra la in en in in Iri EU HD 2ut sut paa

atmni-bombs in Iliroshima and Nagasaki appeared to be lower than that of the control ,
irrito sitist is in tjr in im ju in un up as

- group, estimated to be 0.2 cSv (Figure 4)(Shimizu et al ,1992). The difference was
not statistically significant. Ilowever, if ten times more people had been involved, a)'

~.
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'ie total cancer mortality rate of the 74,000 survivors exposed to less than 2 cSv 1.2 Japanese Survisors/Non-c neer Mort.,:ity and Morbidity - Komlo 1994
n nuld be lower than that of the 450,000 controls, p < 0.001; b) the total cancer .

nuntahty rate of 170,000 survivors exposed to I-4.9 cSv would be the same as the Professor Emeritus Dr. Schei Kondo reports (1994) that," slight but insigningant
contmis; and c) only when those exposed to 1-50 cSv were considered would the decreases in noncancer deaths in bomb survivors exposed to 6 to 19,20 to 49,30 to
esposed population have a higher total cancer mortality rate than controls, p < 99, and 100 to 199 cGy occurred as early as 1950-1955; these seemingly benefacial
0 01 t he data of Figure 4 suggest that the ZEP Ior iotal cancer mortality from effects of radiation were gecater in men than in woman (lable 1)-
acute esposuses was s'e/ 3 cSv. His dennes an acute dose for tiage
onshierations in emcic,;; 6tts.

"1he leukemia mortality rate of Japanese bomb survivors who received TABLEI
less ih.m 50 cSv was not statistically different from that of controls (Figure 5) RMw Rak ler Nanteam Ertality in Bed Savims'
(Shimizu et al,1992). Ilowever, if ten times more people had been exposed, the

RMn M et Dm, @decreased leukemia mortality rates for survivors at doses less than 20 cSv would p.,,|,,

be lower than cimirols, p = 0 06 to 0.01. For acute eposures the ZEP for leukemia of Deeths I-5 6s 30-19 20-40 344s tokits 2a>299 looave a too

mmtahey was about 25 cSv.
Tetet so.nt Los est att eM us em LIS I se - t 3s

"the decreased leukem.ia and total cancer mortality rates observed m.
'"

Japanese Ixwnh survivors were echoed by the cancer and leukemia mortality rates
Ihl's f.584 LOS EN OM ON ON OM I 05 t 17 leoof 46125 theited States army observers of atmospheric nuclear explosions (Figure

6) (Itobinette et al.,1985). Note that the lowest dose of Shimiru et al.,1.0-1.9 raiales 11, 0 3 LOS SM OM 0 97 tot 0 97 12 1is tot
(Sv. is near the highest dose noted for anny observers,2.5 cSv. Dese results were ynged

t unparable with those found in 22,32511ritish observers and a similar number of 85488 1801 12 EM 0 91 om om all o 97 us t to
t anadian obsei vers (I uckey,1991).

On EM R Im RH OM RN 1 00 ID" Cumulative lung cancer mortality rates for Japanese atomic-bomb
atM ines tit ese let ieo 12 on i of 134 I 32sursivors exposed so less than 20 cSv was not greater than that of controls (Figure

7)(Shimiru et al.,1992). If ten times more peaple had been involved, there would 1988-70 1950 1 05 Ree SM t es ch t II L23 0 98 121

he im dif ference for those receiving less than 2 cSv; persons exposed to greater tert-75 1ses est ses oss est tie tc2 t:3 1os t es
than 2 cSv would have a higher rate than controls, p<0.001.ne ZEP for long gyr,gn y,57 gy g,, g ,, ,, , , , , , , g 3, ,,, t3,

canter mortality vas about 1.4 cSv.
uf | CHUI 1.H CM Ie uo ut ise" Stomach cancer, endemic in Japanese people, was not increased by low-

dose iriadiation (Figure 8)(Shimizu et al.,1992). Cumulative stomach cancer
mmtahty ates of esposed and control persor:s vere comparable from I to 99 cSv.
p = NS. if the population were ten times larger, exposure to I-1.9 cSv would have 1.3 Japanese Survivors /IIcalth EIIects on the Unimrn Fetus - Kondo 1991
sesulted in a lower cancer muitality rate than the controls, p=0.001. %e 280,000
who icceived less than 20 cSv would show no increased stomach cancer rate. Professor Emeritus Dr. Sohei Kondo reports (1994) in Section 3 of the report:

"A summary of the Japanese data (Table 1) shows the cIfects of acute, " birt /r depcts: children with small head sire, mental retardation, and ieduc tion

uhole-body exposure to low-dose irradiation. Exposures to greater than 2 cSv in IQ scores and school perfonnance were bom to pregnant mothers esposed to high

seduce cancer mortahty rates. Excepting lung cancer, cancer mortality in persons doses; there were threshold doses of-50 and 10 cGy, respectively, for severe mental

esposed to I-4.9 cSv is negligible." twrdation and reduction ofIQ scores and school performances

!-7
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"SmalllleadSr:e
"Ihe frequency of small head siie among children exposed prenatally to I.4 Japanese Sursivors/ Genetic I~ffects - Kondo 1993

aimnic bomb radiatinn in Iliroshima increased with doses above 10-19 rad, Gencree ef)Eris

whereas in Nagasaki an increased prevalence of small head size was found only profes+,or Emeritus Dr. Sobei Kondo reports (Kondo 1993, Section 3 4) that "the

among children exposed m utcro to more than 150 rad of atomic bomb radiation. indicators of genetic elTects in the children of survivors that have so far been studied

it should be noted that when exposure occurred later than 17 weeks aner are: congenital defects, stillbirth, death among liveborn children through 1985, ses

Icitiliiation, the incidence of small head size was low even aner high doses of ratio, growth and development during childhood, sex chromosomal ancuploidy and
reciprocal transkications of chromosomes, cancer occurtence prior to the age of 20adiation.
and mutations af recting the character of erythrocyte and serum proteins (Neel et al ,
1990). The essential results of the 40 year follow-up studies are summarited in TableAIcarral Rcraidatiort

~ lhe frequency of severe mental tetardation aller prenatal exposure to atomic 3.9."
Immb radiation at Iliroshima increased significantly with increasing doses above Table 3.9 Genetic effects of radiation in children of atomic bomb survivors in
50-99 rad, whereas in Nagasaki severe mental retardation occurred on'y at doses Iliroshima and Nagasaki

over 300 rad.
. . .

"When the IQ scores and schcol performances of prenatally exposed survivors Frequency Parental References

of the Iliroshima atomic bomb were compared with those of suitable comparison Indicator (no. abnormal /no. studiedi dose ^a
--------------------------(rem)groups, the period 8 15 weeks after fertilization was again the period of greatest

control Engmsedvulnerability to mental injury aner exposure to bomb radiation. The threshold
dose for a reduction in either IQ or school performance, aller exposure to radiation
R-15 weeks aller fertili7ation, was estimated to be = 10 rad." unteward pre 9 nancy 4.99% 5.00% 36 tero orane et al.

outcome b (2,257/45,234) (503/10,069) (1990)

Deaths of liveborn 7.35% 7.08% 40 Yoshimoto et at.
chitdren c (2,451/13,361) (989/13.969) (1991)

.lapanese Survivors /llealth EIIctts of the Unborn Fetus -Jaworowski- 1995h
stable chromosomat 0.31% 0.22% 60 Awa et al.

Prof Emeritus, and Member of the UN Scientific Committee on the Effects etwrrations (25/7,976) (18/s.322) (1989)

of Atomic Itadiation (UNSCEAR), of the Central Laboratory for Radiological
.

Aneuple.idy 0.30% 0.23% 60 Awa et al.
Protection Dr. Zb.igmew laworowski states (1995b) that, (24/7,976) (19/s.322) (1989)

"Part of the information on (unexpected) positive genetic eIfects ofionizing
notations in bimo 6.4 a 10 ^ 4.5 x 10 -6 41 weet et at

doses of radiatio:- ,mes from Iliroshima and Nagasaki .(where data) shows that "' '''"' I3#''I " I #6# "
acute irradiation with moderate doses does not produce any major negative effect |

on the health of the following gencration. teukemia 0.05% 0.05% 43 Yoshimoto et at.

"What can be demonstrated, on the other hand, are the positive effects. (21/61,069) (16/31,159) (1991)
' " " " " " " " " " " ' " " " " " " ' " " " " " " " ' " " " " " " " ' ' " " " " ' '

Among the childsen of parents who survived the atomic bombings in Iliroshima a Sum of average doses to mothers and to fathers
and Nagasaki there were about 4% fewer deaths between 1946 and 1958 than b congenital malformations, stillbit ths and deaths in t he first
among the children of parents unexposed to radiation from atomic bombs,28% 14 days of 11Ye

lew ancuploidy,29% fewer chromosomal aberrations, and 30% fewer mutations Birth years from 1946 to 1950c ,

m bhnnl proteins. "
.

4
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"As seen in Table 3.9 aller the long-range project, carried out over nearly ,,,,,,_

half a century, Neel and his coworkers (1988,1990) found no statistically "> + = = = + =
;

significant cifect of parental exposure to radiation on any of the indicators." !.

"l'umor incidence during the first 20 years oIlife among 31,150 children of ? ![,," " * d ' "*"atomic bomb survivors exposed to an average total gonadal dose of 43 rem was ,.
'

aimpared with that among 41,066 controls. lhe incidence of all malignant tumors j

was 0.14?k (43/31,150) for the offspring of the exposed people and 0.12?& lt
(49/41,%6) for controls; the i .ddences of leukemia plus malignant lymphoma I ,,,

.
o ,,,

were 0 05ti (16/31,150) for the offspring of the esposed people and 0.0554 I f* * * = ' =
'(21/41,066) for controls. There was thus no significant difference in tumor

.
, ,,,

incidence between the Iwo groups (Yoshimoto et al.,1991)." i
a

Dr. Konde states: "I like the simple (and at the same time somewhat j [
Isophisticated) statement of Nect et al. (1990): ..

,, , , , , , , , ,

*Ihe children of the most highly irtadiated population in the world's history [
provide no statistically significant evidence that mutations were produced in their !

W 1 .*e*E U 4 [e ,,T.,'4 I M*, m'.". ," *",U.",,*7,Z '** * * *"''* [
* *** **** **

parents. Ahsence of statistically significant findings does not deny the possibility
that esposed survivors siestained an increased mutation rate undetected by the .7,'*D,",",,*"J "$[" ','%',",*M"',,'"j""7J,,",;Z',"J,7,,"* 30 f
method employed. On a more positive note, these studies have produced an '

extensive body of data against which to evaluate empirically both past and future !
smmises 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, without whose magnificent cooperation these i

studies wouh* have been impossible and who have over the years been subjected
to a barrage of exaggerations concerning the genetic risks involved."* Japanese Survivors / Longevity - Kondo 1993

I
r

I.5 Japanese Survivors / Longevity - 1Iattori 1994 l'rofessor Emeritus Dr Schei Kondo reports on thejimiing of *apparently beneficial |
efects ofatomic bomb radiation on hfe synn". i

Japanese Survivors /Lr ngevity Sadao llattori, Vice president of Research at professor Emeritus Dr Schei Kondo reports (Kondo 1993, Section 3.1) reports, !
ClllEpi, states "The exposed groups are showing longer lives through the "A total of 7782 deaths that occurred during 1970-76 among the bomb survivors
comparison of the death rate of each age between exposed group and non-eximsed registered'in Nagasaki City were analyzed as seen in Table 3.1."
group (Fig. 2.7)."

t
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"The age-specific rates of death from all causes (observed deaths) in people over

'l able 3 I Obsuved and espected annual rates ordeaths (1970 76) from ati causes
60 years of age were significantly lower than those for people without the heahh
handbook (expected deaths? presumed to be unexposed (see also l'ig. 2.7). "Ihe age-

among atomic Immh survivors in Nagasaki
specific death ra'tes for all malignant cancers w etc however, not significantly ditferent ;

between the two groups (p obably because of the small site of the samples)(Mine et
-----.- _---.-_---. ..-._---..-.._.. _. ..__...._.__..... ...

Age range 01 served deaths tO) Expected deaths (E) O/E al., l981).
I

"The unexpected finding of a lower death rate in the exposed people was(years) -------------------- - .

interpreted by Mine et al. (1981) as a ' healthy survivor' effect (Section 2.3 2). To
i

No. Rate (per 10^51
.._-_____.____________ __......_.__ ......... ......__... .- d0% gd Mye m

bgroups of health handbook hoklers classified by dose of exposure to bomb f
radiation. Since 1970, data on 100,000 atomic bomb survivors with the health2 29 26 143 23 1.15

30-34 69 201 49 1.42*
handbook have been maintained at the Scientific Data Center for the Atomic Ilomb i

35-39 84 267 77 1.0,
Disaster at Nagasaki University School of Medicine. Information was selected from

40-44 149 436 112 1.33..
this data base on 3,456 people who had been exposed to known doses, and monahty

:: :: 113 456 129 0.87
during 1970-88 in this selected group (observed) was compared with that of an age-

50-54 87 770 90 0.97
matched control group (expected) who were given the health handbook but lived far

55-59 184 1,327 164 1.12

from the hypocenter of the Nagasaki bombing (see footnote b to Table 3.2). |60-64 299 1,896 346 0.87*

.The ratio of observed: expected numbers of deaths show that the mortality of65-69 508 3,004 578 0.88* ,

70-74 816 5,006 1,140 0.72** # ' E " ' '

75-79 825 7,796 1.416 0.58** kw low to intenne& ate hses, W. WM, WM and NM rad and mat a
significant increase in deaths occurred only in the high dose range,200-599 rad>no 869 12,677 2.264 0.38**

(Table 3.2). ,

~1he apparent absence of hannful effects oflow doses of radiation was analyzedwomen
25-29 9 50 11 0.80

by determining the observed. expected numbers of people classified according to cause
30-34 26 75 34 0.77

of death, sex and dose. As shown in Figure 3.1 and Table 3.3, doses of 50-99 ead
35-39 50 146 39 1.27

significantly reduced the number of deaths from all causes except cancer, to 65% of40-44 87 219 72 1.20
the control value. On the other hand, the ' umber of deaths from cancer increased at45-49 119 259 130 0.92

'

all dose levels except I-49 rad, although the increase was not sta;istically significant.I'" I I
h* I''

'Ihus, low doses f radiation had two opposite eiTects-beneficial and harmful--on the,,, 3,

6o-64 276 946 385 0.72** '

human life span in Nagasaki aller the atomic bombing."
65-69 416 1,614 482 0.86 Table 3.2 Initial numbers of subsects (1970), observed (O) and expected (E)
70-74 591 2,800 806 0.73..

numbers of deaths from all causes and relative risk during 1970 88 among atomic
75-79 753 5,307 1,137 0.66**

>80 1,067 10,202 2,057 0.52 " bomb survivors in Nagasaki classified by dose and sex
<

..._________..____....________.....___........ ...____..

>t' rom Hine et al (1981) * p<0.05; ** p<0.01 ., ,

.
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T650 a Initial no. Total deaths b Relative risk
Dose Non-cancercus diseases b cancerdose of subjects b ---------------- (0:E) (red) ---------------------- ---------------

0 0:E o &Etrad) ------- -- ----- -------- ---------

...................................................................... ........

Men.............................................................................

1 49 562 938 162 202 160.7 209 1.01 0.97
50-99 30 0$65* 26 1$5650 99 182 168 56 39 63.3 34.7 0.88 1.12
100-149 23 0 TT 13 1 34100-149 108 158 36 39 39.7 34.7 0.91 1.12
331-199 38 0.'84 21 1.58150-199 196 267 59 48 58.7 48 1.01 1.00 NW m T 1.32200-599 440 437 172 79 149.7 59.3 1.15 1.33

..........................................................................

(Mine et at., 1990. copyright Taylor & Francis Ltd, London. Reproduced with
I " ' "I 144 0.89 56 1.24

50-99 30 1.11 8 1.10
a 1650, tentative dosimetry proposed in 1965 (see section 3.5)

3 g 3

Nm 50 1.H 28 2. H "b The exposed group, shown in cottsans 2 5, ansisted ef health hencbook
holders who were exposed to the indicated dosr y still alive in 1970 and did

( ne et al.,1990. Copyrights Taylor & Francis Ltd, London. Reproduced withnot move out of Nagasaki City before 1988. The control group t *ero esposure)
consisted of hantbook holders who were Egt; 3 km from the hyr%4.nter at the P"*I'*

time of the bonbing. fach group was divided into 10 subgroups by dose and a Espected ramubers estimated f rom deaths among age-matched, unexposed groups
sex, and each exposed subgroup was matched with three controt grasps of the (see footnotes to Tabte 3. 2 for detmHs)
same age and sex. b Excitafing accidents, violence and other enternal causes , p <0.05 or,2 test;*

", p <0.01 (x*2 test)

c Espected ru bers estimated from deaths in age-matched controls divided
by 3. *lf we were to take the observed expected ratios for mortality from all causes

given in Table h at face value, we would be forced to conclude that whole-body
Table 3.3 Observed (O) and expected (E)a numbers of deaths during 1970 irradiation with 50150 red (actually 40-110 rad after correction for the systematic

RS in Nagasaki among atomic bomb survivors classified by cause of death, sex and error in the T65D dosimetry had a beneficial efrect on the survival only of men--a
dme labic3.3 Observed (0) and expected (E)a numbers of deaths during 197G. decrease in overall mortality of about 10%. This level of radiation, however, caused
88 in Nagasaki among atomic bomb survivors classified by cause ofdeath, sex and about a 40% (nonsignificant) increase in deaths from cancer in men (Table and higher
ilme levels had harmful effects on both men and women.

*1he slight but nonsignificant decrease in mortality among bomb survivors
exposed to low and intermediate doses (6-19,20-49,50-99 and 100-199 rad) of
radiation was seen as early as 1950-55 (Table 3 A). Table .1 A is taken Itom a recent
report by Shimizu et al. (1992), which is based on the follow-up studies that have
been conducted si1ce 1950 by the Atomic Domb Casualty Commission (1950-74) and

the Radiation Effects Research Foundation (RI?RF)(1975 ) on a fixed cohort of about

1 - 1I
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75.000 atomic Imnib survivors in Ilitoshima and Nagasaki and 35,000 suitable "tiesween two and 18 months after the atomic bombing, Nakashima and 23
tontmis (referred to in this book as the RERF population). It is interesting to note coworkers at Kyushu University School of Medicine made a follow-up study of
Imm il l'ahie that the seemingly beneficial cIIccts of low to intermediate doses peripheralleukocyte counts in 280 residents of Nist:iyama, located 3 km from the site
of radiation are larger in men than in women. This finding is in agreement with of the atomic bomb explosion in Nagasaki. The majority of the residents had a
the continsion of hiine et al. (1990), and tellects the experimental finding that prolonged increase in leukocyte count throughout tiie period of measurement. but did
d.iity whole-body irradiation of mice at 0.1 rad significantly increased the mean not have overt infectiaus disease (Nakashima et al.,1953). lhis population had not
survival time of males, despite significant increases in the incidence of cancers, been exposed to ihe atomic bomb radiation as Nishiyama was shielded by a
Imm 6M 4 4-14 days in contmls to 783 +-14 days after irradiation, whereas females mountain (htt. Konpira); however, they were esposed to radioactive fall-out, at a
inaili..ted in the same way showed a slight but insignificant increase in mean cumulative dose of about 20 rad. fnwu esternal gamma eays and to an unknown dose
survival Imm 803 *.16 days in controls to R20 +.18 days aller irradiation (Lorenz from continued exposure to radiation by ing. ion of :adioactive materials. The
et al,1955). ~1hus, the males in this experiment appeared to be more sensitive to percentages of males and females who had leukocyte counts over 30.000 at least once
the *heneficiar ef fccts oIlow-level radiation than females " were 19 and 15?k aged 1 10 years,29 and 16?L aged i 1 20 years,33 and 7?& aged 2I.

50 years and 35 and 6?& aged 51 73 years. The mean leukocyte counts of ailuit males
Taide 3.4 netative risk for mortality from ati diseases cuent neoplasms and (aged 2150 and >50 years), but not young and adult females and 3oung males,
hematological conditions among atomic txw@ survivors, 1950 85 by sex, age at

showed a sharp. high maximum during the 5 8 nonth period aller esposure.the time of the txmdiings and period of fot tow-up
"These fragmentary data mdicate that males may be more sensitive to stimulation

.

.. .........................................................................

wie+er netatIve risk at doses trad in Oss6) of by low. level radiation than females. II this sexually dif ferent response to low-Icvel
og ..................................... deaths radiation was real. it might have reflected a sexual difference in the characteristics of1- 6- 10- 20- 50- 100- 200- 300- .. .

5 9 19 49 99 199 299 399 >400 homeostasis m that aller exposure to moderate external stress (includm.g nradiation),
males responded more sensitively to up. or down-regulation of homeostasis than..... ................ ..................................... ................

total 20,777 1.03 0.97 0.97 0.97 1.15 0.% 1.13 1.16 1.38 females.

a es 9,344 1.03 0.94 0.95 0.96 0.98 0.95 1.05 1.17 1.60 " Stewart and Kneale (1984,1988) originally noted the U shaped dose respim3c
Female 11,433 1.03 0.99 0.99 0.97 1.04 0.97 1.21 1.13 1.07 relation for non-cancer deaths in the RERF population. They proposed a selection !

Age (yrs) at time of txw4in95 hypothesis, as follows: *The dose response curve has oppositely directed slopes at :
19 84 06 .0 4 . 7 .2 8 and b &ne MS as a resd d suOm w% Q and b km Mng

20 29 929 0.97 0.80 0.?2 0.98 0 i4 1.07 0.94 0.72 2.03 different reactions to, say, infections--selection ef fects of early infection deaths and
30 39 2,441 1.12 1.09 1.05 0.&' 1.26 .94 1.87 1.47 1.81 residual effects of marrow damage. Low dose survivors were at high sisk of an

'
50 1 4 1. 0 0 6 0 95 0|9 0.'96 0 0 niection death during the fall and winter of 1945 and for an unknown period

.

Period thereafter. This general hazard was dose related and obviously greater for people with
1950 55 2,901 1.07 0.95 0.91 0.92 0.99 0.74 0.97 1.49 1.46 low . .an high levels ofimmunilogical competence. On the assumption that it took at1956 60 2,999 0.97 0.93 0.93 1.06 0.71 0.94 0.88 1.08 1.10 least two years for living conditions in the two cities to revert to nonnal, we1961-65 2,969 1.12 0.96 1.01 1.00 1.20 0.87 1.07 1.24 1.42

i

1966 70 2,958 1.03 0.86 0.97 1.04 0.94 1.18 1.23 0.% 1.21 "l h.85 5'gn ant difference .m gender resp (mse to low and intermediate acute j
. .'

1971-75 2,988 0.97 0.95 0.95 0.92 1.16 1.02 1.13 1.04 1.45 doses of radiation parallels the observations of Lorenz et al(1955) and Congdon ;1976-80 3,057 0.94 1.01 1.05 0.82 0.96 0.98 1.34 1.00 1.34 (1987) regarding comparison of the survival of male and female mice exposed to i
1981-85 2,905 1.11 1.11 0.94 1.03 1.17 0.97 1.30 1.2T 1.59

0.001I Gy delivered in 8 hours daily from age 2 months to dcath.1he longevity of
.

.......................... ..................................................
,

tirom shimiru et at., 19a?. Copyright Academic Press, Orlando. Reproduced inadiated male mice was significantly increased to l 15?k of irradiated cont ols (783, !
with permission) days vs 683 days). llowever, the longevity of female mice did not increase,

j significantly above their contml level of 803 days that was nearly matched by the -

l i
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estended lifespan of the irradiated male mice. Iluman populations also
&monstrate that female longevity is greater than that of the male. Dese results

n , th. .,,nd Mel.tt IM. tie, 0 98 4. .nd F.,m.4. A Domb 5.svi..e. en
T.be.1 I .2. T.t.8 o.

. o,,, ,, se re_ ,eee c n ., u o...
.

suggest that low level irradiation of men and mice may stimulate a physiologic Inm.tn .. .: w t. store,. aprocess in the 9nale, relatively unenhanced in the female, that enables male Q[,'f,',*,'*U,',',", '" '' ''- ' "' '" "*** ***tos
..p.e e to +.. .t toi.e'

'*"**"'^~6*"'**"*'"****'***'"**
hingevity to approximate that of the female." - - ~

torn. n.. n. u.. n...- . toe.e o..the to n
[*,5D sver.ct. on. .e Sr.p.c o.o, asic ..._(cGy) M F M f" M F M F
l-ee Sea ese ter 202 t oe-r Poe t ot oerJapanese Survivors /1.ongevity - Pollycove 1994 ,$-", |$ |$ y *,' ' ,' 2

** 8' '33 3* ?
, ,

1s0-899 toe Per so se se r 4e i of 1 tio

l'rof Emeritus, M.ron Pollycove, MD, reports (Pollycove 1994) that, ' '"

"lhe (reported) decreased mortality risk reported by the US-Japan Radiation
.

I:llects Resear c h I oimdation (RERF) study of Iliroshima and Nagasaki (Shimizu
1992) is also consistent with the recent article on Nagasaki survivors from ,o,,,,,,,,,,,,,,,,,,,,,,,y,,,,,,,,,,,,,_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

*='h=. e' *" sed 6r a.* .I c.ie... .' d..ih. ..= .a* s eso e ..
Nagasaki Umversity and the Atomic Energy Research Institute, Kinki University, ""***'.'D..'h.h=
Japan. Mine et al. report (1990) upon the 'apparently beneficial efTect of low to "*"o**"*.*,'***
intermediate doses of A-bomb radiation on human lifespan *. The decreased RR of ,_ c ,,,,

tea s o o,e o e T'r
noncancer male deaths to 0 65 (p<0.05) in the 0.50-0.99Gy dose range was to a M i.s

large extent ofIset by the RR increase to 1.56 in cancer deaths (Table iI.20). He I-to IPs t oe 3s 0 84so- ,e 30 o ss 20 9 se9nale RR for total deaths in this dose range was 0.88 (Table II.2A), with low '":|0 y $ '' y |Cstatistical power (peo.34) Fitting of a U-shaped dose-response relationship 2*-sw u3 ior se i 32
confirmed the significantly lower male RR for noncancercus diseases with r. .

maximum reduction to 0 76 (p<0.02)in the 1.00 to 1.49, average I.08, Gy dose 1-4e 94. o es se 92.so-ee so 1 11 e no
range ( l able 11.2r). I emale survivors, on the other hand, showed no significant ,'":|% $ $U , ' ' |"thange in RR of death from all causes until the 2.00 to 5.99 Gy dose range was 2*- 5" So "1 28 2"
scached, in which there was a rise of the RR of both cancer deaths (p < 0 0 l) and
total deaths."

c. c.icos. .e tr.) ..e . 6, th. t.e,v tw ele.e. p Iet t . .. t-. - e.:o - < p , s -i

< D > / - cA )) .nd .b.. .d D) .. ... f.e d..ih. le.ee es.st-c.nc.e.u.WAD -
es...... en m.s.. to n.e...u ca...m.e by T eso e....

, , , , , , , wwan., or non-c.ac., p..ih.
teo,3 on.-v.o eos co...ei.e o:e c.icus. .o it c ..ci.o t r

2F (1-de) 12e 89F 823 to$Fo iso-9e) 30 OSS 35 3 o 90toe t 800-tes) 23 0 00 29 e o 7e
t e r IISO- to9) 3e O oS 35 3 0 82
28e iPOO-Geo) 193 9 91 113 I t 11

< D > = 130. . - -e 14 (p < 0 01). b, = O Po = 10 -8 (p HS). b, = 0 2 8 3. to ' * tp < 0 02) r
= 0 t 15 tp c 0 01)
NS = not signinc.nt
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2.0 Occupational Exposure 700,000 shipyard workers, including about 108.000 nuclear workers. The +hree study
,

groups consisted of 28 542 nuclear workers with a working lifetime dose equivalent (DE)
I'rof Emeritus, and Member of the UN Scientific Committee on the Effects or equal to or greater than 5 mS (0.5 rem), referred to here as NW >S; 10 462 nuclear

Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiological Protection, workers with a working lifetime DE <5 mSv, referred to here as NW <5; and 33 352
7bigniew Jaworowski states (1995b) tha: nonnuclear workers. referred to as NNW..

"I' rom several studies of people occupationally exposed to low radiation doses
discussed in UNSCEAR (1994), data on mortality of 13,491 employees of the Atomic
l'nergy of Canada Limited. (Gribbin et al, 1992),5504 were not exposed to radiction. TAet.E I

the mean ndiation dose of exposed persons was 49 mSv for men and 5.5 mSv for T,$"*yFj, Q [""'
women. As shown in 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 anstarrou errosens inr>s inns enne

employees of AECL from all cancers and from all noncancer diseases was also less than cassa or otArne a - 2e,542 10,462 33,352
expected "

ALL cAvsts e 2,797 -' 1,Ise 4,413
-se e o.fs' e. s t" 1.co

2.1 Occupational Exposure /Hadiologists ' alow 1994 tus c.t.) sto.73, 0.79) (0.7s, o.es) (o.97. 1.03

LevittuIA e 23 4 29

No ctcess cancers secrefoundin i'ritish rodiologists, with estimated 100-500cGy Q ,,, G,*f,, };U ,,y, y,' ,,,g
hfeltme Jmet.

Lac * i so u es
eset a o.93 0.s 3* 1.1

Nobel laureate Dr. Rosalyn 7alow states (1994) that, " British radiologists before I'll C.t l age.st, s.oel go.2s, o.911 to.se, 1.37)

1921 (including much extreme V WI exposures) had 75% excess cancer-related deaths nesernet.nosa e as e Io
compared to other physicians. lir wever, those starting after 1921 (with general improved se e s. s t* 5.14' 2.sea

radiation protection practices) hr d no excess cancer deaths, with typical excess exposures I"' ****I '' "' ' # I''"' "'"' I'''b'"'

estimated at 100 to 500 rem." f.imith and Doll 1987) Lune enmera e 237 se ses
sist i 1.07 1.n 3.1s
Ins c.r.) sto.94, 1.213 (0.98, 1.35) (s.o), t.ast

No estess cancers urrefoundin U.S Army radiologic techniciam, with estimated
'Statisterne styminesse.50<Gr dmes. r
sty,upheuw
'As wi.e d enh 6 i W em.m..ne w

Not el Laureate Dr. ' osalyn Yalow states (1994) that, "In WWII,6500 rarologic
technicians had an estinated 50 rem in training, with 24 months median service. A 29- ~

year follow.up fourq no incecased malignancies compared to army medical, laboratory,
and pharmacv kchmcians." ..Both nuclear worker groups had a lower death rate from leukemia and lymphatic

and hematopoietic cancers than the nonnuclear group. All three groups had lower LilC
death rates than the general population. Table I summarizes the data.

2.2 Occupational Esposure/ Nuclear Shipyard Workers- Cameron 1994 "1he most significant and surprising finding of the NSWS research was that the
nuclear workers with the greatest radiation exposme. a cumulativ,e lifetime occarpational

Prof Emeritns Dr. John Cameron reports (Cameron 1994) that "the Nuclear dose equivalent of 5 mSv or more, had a standardized mortality rate (SMR) of deaths
Shipyan! Workers Study (NSWS 1991)... groups were selected from a database of almost from all causes of only 0.76 that for their age and sex in the general population, while the

2-I
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Inonnuclear workers had an SMR of 1.0. The standard deviation of the SMR was 4015; "Be nuclear worker groups had a lower death rate from all causes, leukemia, and
i c., the mortality rate for the nuclear workers was ~I6 standard deviations below that of LIIC than the non-nuclear workers. Dese apparently beneficial eIIects of low dose
the nonnuclear winker group! irradiation are consistent with the increased longevity and 15*7o lower mortality and |

"Ihe occupational exposure to the nuclear shipyard workers was comparable to cancer death rates seen in the seven western states with high natural background radiation ;
the cumulated efTective dose equivalent theyreceived from natural radiation. Beir total averaging about I mGy per year above that of the other states.

i

radiation, occupational plus natural, is comparable to natural radiation exposures in some "Be non-nuclear workers' death rates exactly matched those of the external non- i
parts of the world. shipyard matched controf population. His demonstrates absence of the external heahhy i

"%is study is probably the best scientific evidence, of many scientific data worker effect ascribed to adequate income, better heahh care, and the presence of Ileahh !
somccs, to show that low levels of ionizing radiation exposure are without heahh hazard. sufficient to allow maintenance of a reliable work schedule. Dere remains the question |

Ike results cleaily contradict the conclusions af BEIR that even small amounts of of an intemai lleahby worker effect resulting from the possible sclection or more active ,

radiation have risk (in 11EIR V and earlier reports), which have been largely based on the individuals to be nuclear workers. The NW>5 group with the greater exposure had a '

data from the Japanese atomic immb survivors, who largely received their radiation death rue from all causes of 0.76 the standardized mortality rate (SMR),16 standard
,

i cymsures in very brief, high dose rate conditions and who are also now demonstrating deviations below that of the non-nuclear worker group (NNW). He NW<5 with lesser
,

that ef fective radiation health effects thresholds exist in the range of 20 to 200 rem. exposure had 0.81 SMR, about 8SD below the NNW. While a possible internal heahhy 5

worku e!Tect couk! contdbute to the lowered SMR of nuclear workers, comparison of the4 ,

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. His provides very strong evidence
Occupational Esposure/NucIrar Shipyard Workers - Pollycove 1994 g g g g g ;,; ;g gg g gg., g.T& L g M

Dr. My ron Pollycove reports (1994) that "A ten-year study by the Johns llopkins
Department of Epidemiology, School of Public IIcalth and Ilygiene of nuclear shipyard 2.3 Occupational Esposure/High-Dose Workers - Herry 1994

winkers was concluded recently. He Technical Advisory Panel (TAP), chaired by Arthur I

C. Upton, advised on the research and reviewed results. John Cameron, a member of the Dr. Roger Beny repats (Beny 1994) that in a study "of morbidity and mortality

TAP, summarized tire study and stated, *%is study is probably the best evidence that low data in a cohort of $42 male workers, who had accumulated individual doses in excess |

levels of ionizing radiation are without heahh hazard.. of 500 mSv and up to -2 S%, by the end of 1983. and an overlapping cohort of 470

"De results contradict the conclusions of the BEIR V report that small amounts wakers who were involved in fighting the Windscale pile fire in 1957 or in subsequent j

of radiation have risk -- the linear risk hypothesis. He database of almost 700,000 cleanup operations, having a collective occupational radiation dose of-180 person-Sv. t

shipyard workers inchaled almost 108,000 nuclear workers witli exposures beginning in "A clear correlation was seen between recorded cumulative external radiation dose ,

the 1960s until the end of 1981. nree study groups were selected: 33,352 non-nuclear and the incidence in penpheral blood lymphocyte chromosomes of transkications scored {
wor kers (NNW),10,462 nuclear workers with a working lifetime dose equivalent (DE) by banding, but as expected, no conelation was seen between total dose and the incidence

of less than 5 mSv (NW<5), and 28,542 nuclear workers with a DE greater than or equal Iunstable abenations such as dicentrics, rings, and acentric fragments..

to 5 mSv (NW>5) where 5 mSv (0.5 rem) is approximately equal to the sea-level "In the >500-mSv, cohort, overall mortality to date is not significantly different ;

backgroimd radiation (340 mrlyr) one would receive in i 1/2 years. Deaths ir, each from the U.K. national average, corrected for age, sex. and social class, and the slight

group were classified as due to: rill causes, leukemia, lymphatic and hematopoietic excess of observed over expected deaths is due not to cancer but to diseases of the ,

cancers (LilC), mesothielioma, and lung cancer. He only cancer that showed a circulatory, system. Here is actually- a slight dcficit overall agairist expectation to date
,

significantly increased incidence in the exposed groups as well as the NNW was the rare ofdeaths from malignant disease, due in part to a large deficit against expectation oIlung
, ,

malignancy mesothelioma (36 deaths), a marker for asbestos exposure that is also cancer deaths. llowever there ss a nonstgmficant increasc against expectation m cancer

awxiated with lung cancer. He data are summarized in Cameron 1994 Table I above. deaths inun haemopoietic and lymphatic tissues... Comparable data for the Windscale fire :

cohort show a similar deficit of cancer deaths against expectation. I
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lip-to-date cancer incidence data for these cohorts are reviewed and continue to to detect an increased risk for all cancers combined that was three times that estimated for'
show rates below those expected in the general population. Hus, in a population of low levels of radiation based on studies of the A-bomb survivors and other high-dose, -

workers esposed during their occupation over many years to radiation doses that would high-dose-rate populations. From this perspective, the study was able to address
be considered unacceptable today, and studied as a " bellwether" for predicting risks to allegations that the risks of radiation-induced cancers to those derived from '
current workers, there is evidence at a cellular level of their having received that
e=posure, but as yet no evidence of unpredicted harm." . . . . . . .

m.u_. " . ~ " . .._..<a.... . . . , . . .

= .., . .n-
~ " ' ' " " '" '" '" "'"*Occupational Esposure/Iligh Dose Workers - Fry 1995
l'::::n.L't::"' = :" "::"

Dr. Shirley Fry reports (1995) that,"In a population of 3145 current and former *[i.in. f f u! 552_~,

civilian :mployees at DOE facilities and the U.S. Navy's Nuclear Reactor Propulsion
^

"[*"' . " . . , . ,[ *["
-; -

"
Plants lexposed to > 50 mSv (5 rem)in a year] for the years 1943 through 1978, follow- . _ _ ,
up doses for the total cohort are presented in Table 11. 1 ...., . . __

lhis population comprises individuals who were among the most highly exposed - i =~ =.n = = - u-

to radiation in the modern nuclear industry. We estimated that the study would be able * M;j::rO:;** , . . . . .

. . . u. _

- = "-" ::' ''O*."' ::' "10"* "

Radiation Health Effects: Dets and Propams 5 = - - " " - " " :- ' "fn"

. " _ ," * * - " " .. . o ...
TABLEII . w., .. u . .u..

Dhtribetles of the 258-aSe Cetert (N = 3145) by Cassindve Whole Seer Feestradug Radsdes Dess' I7 **" * " yW'". * 7dy.: -~ , _, g ;,,ug..;,, ,,,,,,, ,,, ,,,,,,,,,, , ,

::: - - - .-- - --- --- -=~ = ra _ :::- -- - ..,_ ; . _
Dne faSil Nember 5 Dow fmS4 Number 5 .y.::- _. . , _ . _ _ .

,

I'dse=s ! - WHff 141 ((f
underestimated "high-dose" populations exposed to radiation at high dose rates are

5&tt 971 38.91 5ets?f $4 L71 underestimated.
lettet 558 17 ? 4 68 4 799 44 14e Mortality due to . ; and selected site-specific cancers for the total cohort and for all

* '"'I'' I" ** ''' b'" I"15Eltf 451 14 40 30 4 999 11 H7

28424f 335 19.13 11,000 J y
15Elff 164 U7 Total J145 Ittes Occupational Esposure/Iligh Dose Workers - Luckey 1995

34 4 399 179 U7 Cancer mortality uns shown to be less in uvrkers exposed to 5 cSv per year

'Cdndee dow: 718 e pmos 5 ; rwar 5e s i. 44t18 mSv: meses comeledve 4ew: 151.4 ass. Co* Pared to control uvrkers who urre une2 posed
Professor Emeritus Dr. T.D. Luckey (Luckey,1995)) agrees with studies that

show " . that over 96,000 workers, exposed to about 5 cSv (5 rern) above background

2-3
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levels per year, have significantly lower cancer mortality rates than 212 000 control 2.4 Occupational Esposure/ Plant Workers - Luckey 1994
w o Less in the same plants, p<.001. In each study, the standard mortality rate (SM R) for
cancer deaths in all the workers was significantly less than that of the general population, Professor Emeritus Dr. T.D. Luckey finds (1994) that,"A total of 35.933 white male

p< 01." ~1able I is a review of these major studies. It shows " total cancer mortality in workers (5,546 deaths) from three United States nuclear weapons plants with lifetime
over 300 000 nuclear workers,(mostly white males).... He data was corrected for age exposures of 2 to 20 cSv had lower total cancer mortality rates than intemal controls, p
and lagged 10 years for cancer deaths and 2 years for leukemia deaths. He chi square < 0.00I (Figure 15)(Gilbert et al.,1989). He continuously decreased rate, shown in the
statistic was used to estimate probabilities." cumulative curve, and the fact the Nse exposed to 25 cSv had less cancer mortahty than

those exposed to 13 cSv, p < 0.v>, strongly suggest that the optimum lifetime exposure
Tai >1e 1. Total Cancer Mortality in Nuclear Workers (Luckey, 1991) for decreased cancer mortality is greater than 25 cSv. Since the follow.up period

averaged 19 years, the optimum exposure appeared to be more than I cSv per year, ne
Plant Shipyard Weapons Weapons Weapons combined workers had a lower cancer mortality rate than that of the United States

Mantanoski Gilbert Kendall Abbatt population; the Sun was o.79.-
fiumber of workers

Centrol 111.757b 20,619 58,945c 21,000

Enposed 40,774d 15,318 36,272e 4,000 4 ALL CANCER NORTALITY RATES - wMITE MALES
Years Observed

y NTROL-20.Sl9 UNEXPOSED WORNERSTotal 16 33 30 20 q

Lifetime Exposur 3 '%s,-

#
Han Sv 1,095 1,140 3,066 280 ''s,

hm';v/ Wor k e r 27 74 85 70 *%,
,

OY 's 's ,'0. 001
m?;v /y ( f ) 3.4 4.3 5.7 7.0 -

P( 0.00 0 00t.

Cancer Mortality E

( ' * ** ~ ~ \control Dead ' 086 718 584 461,

Control Ratetg) 27.6 34.8 9.9 22 \
$| ggggggy gy 4 gggg \Enposed Dead 968 318 96 8

Enposed Hatetg) 23.7 20.8 2.6 2 l- %
'4

Ratlo th) .84 .60 .27 .09
%0M @ (498 W*

pValne <.001 c.001 <.001 c.001
0 ' - - - - -

0.1 0.2 0.5 1 2 5 10 20a) More that 951 white male adults. Death were age
corrected and lagged 10 years in all except the Abbatt data. LIFtflNE DOSE, c Sv -

b) All workers exposed to <5 mSv, 1984. FIGURE 15. Effect af lifetisw esposere span cancer mortality rates m male nacicar weapons
.

c) AlI workere exposed to <10 mSv. workers (Gilbert et al.,1989). De number of werbers and p values are engtened within eb figure-
di Workers exposed to >or equal 5; charts 55 and 56, 1984.

n I rnotta@y rate of exposed wmkers imm three United States
) E i ted at o If the to b rv lon years.

nuclear weapons plants were compared with that of unexposed workers, no statistically
g) Cancer mortality per 1000 workers.
hl Mortality ratio = Exposed / Control 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 0.92.
,
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icscis per year, have significantly lower cancer mortality rates than 212 000 control 2.4 Occupational Exposure /I'Isnt Workers - I.uckey 1994
nonkcas in the same plants, p<.001. In each study, the standard mortality rate (SMR) for ,

camcs deaths in all the workers was significantly less than that of the general population, Professor Emeritus Dr. T.D. Luckey finds (1994) that "A total of 35,933 w hise ma'e
pc01." Tahle I is a review of these major studies. It shows " total cancer mortality in workers (5,546 deaths) from three United States nuclear werpons plants with hfetime
over 300 000 nuclear workers, (mostly white males).... The data was corrected for age exposures of 2
and tagged to years for cancer deaths and 2 years for leukemia deaths. The chisquare < 0.001 (Figure,to 70 cSv had lower total cancer mortality rates than intern ; controls, p15)(Gilbert et al.,1989). The continuously decreased rate, shown in the
statistic was used to estimate probabilities."

cumulative curve, and the fact that those exposed to 25 cSv had less cancer mortality than
those exposed to 13 cSv. p < 0.05, strongly suggest that the optimum lifetime exposureTable 1. Total Cancer Mortality in Nuclear Workers II,uckey, 1991)
for decreased cancer mortality is greater than 25 cSv. Since the follow.up period
averaged 19 years, the optimum exposure appeared to be more than I cSv per year. TheI'l a n t Shipyard Weapons Weapons Weapons
combined workers had a lower cancer mortality rate than that of the United StatesMantanoski Gilbert ICendall Abbatt

Humber of workers population; the SMR was 0.79."
Cont of 111,757b 20,619 58,945c 21,000
Exposed 40,774d 15,318 36,272e 4,000 4 AI.L CANCER NORTALITY RATES - WHITE MALES

Years Observed

hTotal 16 33 30 20 i' *st9 uNtxPo9tD vroRKtASe-
Mean(f) 8 17 15 10 j %

gy,gLg 7,ygI,ifetime Exposure 3 %3Man Sv 1,095 1,140 3,0KE 230 ',
mSv/Wonkar 27 74 85 70
mSv/y ( f ) 3.4 4.3 5.7 7.0 -h N,

,

Cancer Mortality P( ONN 0 001 0.00 0 00s ' N,
Control Dead 3,086 718 584 463

, , ,
,

,,
Control Rate (g) 27.6 34.8 9.9 22 g
Exposed Dead 968 318 96 8 g- | ggggggy gy gg pggg \Exposed Ratelg) 23.7 20.8 2.6 2

%,Pat 1o (h) .88 .60 .27 .09 hl M8 W,045 W (490 (95pValue c.001 <.001 c.001 c.001 o
0 ' ' - - - - -

0.1 0.2 0.5 1 2 5 10 20a) More that 951 white male adults. Death were age
corrected and lagged 10 years in all except the Abbatt data. Lll'ETlAfE DOSE, e sv -

h) AlI workers exposed to <5 mSv, 1984.
cI AlI workers exposed to <10 mSv. FIGURE 15. Effect silifetime caresore span concer mortality rates in male nuclear westons

workers (Gilbert et s!-,19D). He number of workers and p atuct are cagicssed within tie figure.d) Workers exposed to >or equal 5; charts 55 and 56, 1984.
e) All workers exposed to > or equal 10 mSv.
t) Estimated at one half the total observation years. When the leukemia mortality rate of exposed workers from three United States
9) Cancer mortality per 1000 workers. Mclear weapms pants were compared w% that dunexposed wmken, no staWicaHy
h) Hortality ratio = Exposed / Control significant differences were found (Gilbert et al,1989). When compared with the

respective local populations, the mean SMR for leukemia mortahty in all male workers
of the three plants was 0.92.
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Comulative lung cancer mortality ormale workers in three United States nuclear

weapons plants appeared to decrease as the dose increased (Figure 16)(Gilbert et al,
1989). Only in those with lifetime exposures of greater than 20 cSv was the decrease
statistically significant, p < 0.001. 'the SMR for long cancer mortality in all workers was *

0 76. I NUCLE AR WORKERS
,

80 ' < - * * ' ' ' ' * " ' ' ' * * * " " ' ' ' ' ' ' ' '. '- THERMAL WORKERS/* . N '.,

h.;, ..,
.an n

.
, , _ _ . . , ;

contact; s,
o s

[* '. ONTARIO MALES
'

g '
.

5# I',*
. . . . .(, *

50 60 70 80 90 100
,

E '

; CANCER C10 RT A LI TY , SMR5s '. -

IE e s t e e n s a v at., **** '.
FIGURE 17. Comparison of cancer standard mortality rates of 4.000 mates in nuclear eneigt;O* *

\ work with 21.000 m.ses in thermal energy work in a single Canadian plant (Abbott et al.,1983).
.

o

''." "' M The SMR el each worker cohort Is taken from the population of Onurio.5
, , .

'' "
Ee'risag' c o s't Deaths in another Canadian energy plant were followed from 1956 to 1985

'' ''
esv

n. rrtui r in.d ..po. . .po i s on... b.iny . . s
.i. ..co.., m.po. (Gribbin et al,1993). A comparison of over 4,000 exposed workers with l.000 otherr scen t: ,

we,n ese (Giftmere e. .I. 8989).
workers m the same plant showed no significani dirrerences m cancer mortality rates.

Luckey,1994, inti, J. of Occ. Med. and Toxicology E' ""thors made an age adjustment without giving enough data to make an age
correct.ion. Comparison of all cancer deaths m all workers with the general population
gave the following SMRs: all cancer, O ~ , prostate, l.21; alimentary,1.02; leukemia.

During 20 years in a Canadian energy plant,4,000 nuclear workers with an average
0.62; and lung,0.86. Non. Of these differences were statistically significant.

exposure of 70 mSv had a lower cancer mortality rate than 21,000 unexposed workers,
A study of 95,000 predominantly male workers in several British nuclear weapons

p < 0.001 (Figure 17)(Abbatt et al,1983). He cancer mortality rate of thermal workers
plants from 1955 to 1988 involved 6,660 deaths; only 2.7% of the deaths were female

(Kendall et al,1992). He total cancer mortality rate decreased inversely with exposure,in the plant was comparable with that of the general population of Ontario; the SMR was
p < 0.001 (Figure 18). Since workers exposed to a mean of 7 cSv had a lower cancer

0.97. Here were no leukemia deaths in exposed workers during this study.
mortality rate than those exposed to 2.4 cSv and had about the same rate as those who
received 25 cSv, the optimum lifetime exposure for the 33 years appears to be at least 20
cSv, about 0.6 cSv per year. When compared with the population of England and Wales,
the SMR for all cancer deaths in miclear weapons plants was 0.86, p < 0.001.

.

4

9
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AGE ADJUSTED CANCER IN NUCL E A R''5r~0R M Ells
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tas *
0 (0.00g LIF E TIM E DOSE c 5vO , , , , , , FIGURE 19. Efrect er lifedene anyesores opos ege<e, erected teetemis aweisn't rates le sene t

,

0.2 0.5 1 2 5 10 artei h esclear =espees ytests (Keedan et at.1992). ne members er =esteis 4 y esteen .
,,,,...e4 3,, ..ca a .

LIFE TIM E DOSE, c Sv

FIGURE 18. Effect of lifetime expo gres opon age. corrected concer moortality rates le severet Conclusions about chronic exposure of humans to low-dose irradiation are based
British nuclear w apons plants (Kendall et al.,1992). De nooibers of workers and p veloes are Upona W ilh person-ye M studin prhim om he

steen ro, cach dose.
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

Leukemia mortality followed tlie pattem of total cancer mortality in the British study the same plant give irrefutable evidence that low-dose irradiation is beneficial. De

(Figure 19). Leukemia mortality m, exposed workers was less than that of unexposed * healthy worker eITect" cannot account for the decreased cancer mortality rates in nuclear
g 3 ,; ,g , ,;;,y ,,, ,7,,p,,g , , g,,controis m the same plants, p < 0.001. He optimum appeared to be 10-30 cSv per 33

years. When compared with the general population, the SMR for leukemia mortality in when compared with unexposed workers in the same plants are compelling evidence that
all workers was 0.91, p - NS. k dihe obmd W due to a ''licalthy worker effect." Both groups entered

the plants under the same conditions and received comparable medical care. When
compared with the general population, the longer everage life span of workers should
result in a higher cancer mortality rate. It does not Hus, the " healthy worker efrect"
helps to validate radiation hormesis in cancer mortality.

5

i
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Tant,E 2. Hajor studies of cancer Mortality in Nucit;ar Workers "This ' result' was then the subject of a world-wide media campaign, reasonably

Plant Workers Person-Yr Reference reported even in Nuclear News, that the ' linear model' is confirmed, nis report was
widely distributed and accepted long before the data and analysis were published and_.. . . . . . - - . - _ - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - "

Shipleuilders 70,730 1,591,832 Matanoski, 1991 available for review.

[g "IAR'C also reports that the 44 multiple myeloma deaths are similarly found*' **
,

significanP, noting that this is ' attributable primarily to the associations reported
Rocky Flat s 5,897 165.116 Gilbert et al, 1989

previously . . in the llanford and Sellafield cohorts? His note indicates that they are
canada e,944 268,320 Gribbin et al, 1993

aware, without so stating, that this ' association' is not . bund in other cohorts and is
canada 25,000 500,000 Abbatt et al, 1983

generally Considered to be erroneous in the rererenced studies, consistent with theDritain 95,100 3,237,378 Kendall et al, 1992
weakness in the dosimetry and the confounding efTects. (De study reports that cancer ,

-------- ----- - --------------------- -- ---- - - ---- - - ---- ---

Total 25s,os9 7,729,576 relative risk is 0.99 and leukemia is 1.22 at 10 cSv.)"
Clearly, if all data were considered by lARC without arbitrarily excluding contrary

'

2.5 Occupational Exposurell ARC Radiation Worker Study - Pollycove 1995 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 each of the cohorts

Professor Lmeritus Dr. Myron Pollycove reports (1995) that a recent report by the indicate positive / beneficial effects for the exposed populations, a result which would be
International Association for Research on Cancer (IARC)(Cardis et al 1995) similarly g g; ; gg . ; g .

" misrepresents dose-response data to report a linear model' result. De IARC report ne IARC, consistent with BEIR, NCRP and other government data presentation,
chooses to ignore data that shows lower risk, i.e., a nsk decrement. capriciously misrepresents the data to conform to the costly radiation protection policy

First, in this combmed occupational exposure group at aooses to ignore the most mandate
accurate data, the Nuclear Shipyard Worker Study compared to the early weapons facility Q ;g gp g g
woikers with their questionable dosimetry and confounding factors. h h % M sw h h ''lh M'' b h h hm h MP

" Men, in a population of 15,825 total deaths, IARC reports on 119 leukemia summary f the meeting explicitly attributed to Dr. Gilbert the conclus. ion that the IARC
'

deaths, excluding non-radiogenic leukemia. He data show that there are 60 deaths _ '"" * " * * ' ' " ' '

I " # " "" E'
observed with 62.0 expected for doses of less than I cSv, and there are 59 deaths
observed with 57.0 expected for doses greater than 1.0 cSv (applicable data extracted in Table 11. IARC Observed-Espected leukes.In (Except Chronic 1,ymphocytic
1 able 2). Clearly, there is no excess leukemia found in this data." t,.ke i.) Mert.fity (t 3, pe ths in t 5 e25 Totat Deaths)

Dr. Pollycove notes that: "De IARC report states explicitly in the Statistical Cumulative dose (cSv) Deaths (Observed / Expected)

Methods section that they applied (they presumed) the linear model across 11 dose
0-1 so/s2.o

categories, and that ' As there was no reason to suspect that exposure to radiation would 1 /I
be associated with a decrease in risk.. one-sided tests are presented throughout.' His 3,'f37

*

states that they effectively discount and ignore all negative data. 5-10 s/9.o

"For the table, the eleven dose categories were collapsed to seven, resulting in 10-20 e/6.4*
2o-40 4/4.7

greater-than-exPd leukemias in three of the seven dose groups (the * groups in Table >4 6/2.3+
2). Since only positive data are allowed to be considered, only the data from the three
greater-than-expected dose groups are used, even though these dose groups are not even .creater than expected leukemias. Note, for this tabic,

contiguous. Since the selected data are not significant, the IARC reposts that it performs 11 dose categorles were collapsed to seven.

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' linear dose-response ' trend'. .
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Medical Patients / Thyroid Cancer - Yalow 1994
3.0 Metlical l'afictif s

No ercess le= Acmia esfostral wit /r doses of 10-15 cGy to rise u hole-Im/y dmefrom I-131
Dr. Sadao llatfori, Vice President of CRIEPl reports (DELLE 1994) that," Professor

Sakamoto is using railiation hormesis to cure and to suppress the reappearance of cancer
/ryperthyroid therapy.

in the hospital of Iohoku University. For example, he applied 10 cGy twice weekly for Nobel Laureate Dr. Rosalyn Yalow states (1994) that, "Defore 1968, I to 3
seseral wecks successfully against liver cancer and lymphatic tumors. Ile is successfully

applyim' whole body, or half body low level dose combined with local high dose
million US patients received 1-131 thyroid diagnosis. A Swedish 20-yr follow-up of about

irradiation to treat non-hodgkin's lymphoma. De low survival rate of 36% in patients
35,000 patients,5% exposed at < 20 yr old, with a mean thyroid dose of 50 rem, found

with non hodgkin's lymphoma after five years of the therapy improved to a 90% survival
that patients diagnosed for reasons other than a suspected tumor, had thyroid cancers at

rate with a low dose incatment schema. Some analytical results demonstrate an increase 62% of controls (significant)."

of the ratio of the helper T cells to suppressor T cells."
3.2 Medical Patients /I-131 Leukemia - Yalow 1994

3.1 Medical PatientsfThyroid Cancer - Pollycove 1990
No ercess leukemia isformd with doses of10-13 cGy to the whole-body Josefrom I-13I

Dr. Myron Pollycove finds (Pollycove,1995) that "lCRP (1990) agrus with hyperrhyroid therapy.

UNSCEAR 1988 and DEIR 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 Nobel laureate Dr. Rosalyn Yalow states (1994) that, "Ilyperthyroid patients treated

carcinogenicity of external radiation is estimated for the high dose range and extrapolated
with I-131 have about 10 rem whole-body (bone marrow) inadiation. In a study of 36,000

to low doses " ..because of the presumed linear nature of the thyroid response to extemal patients,22,000 received I-131, with 14,000 mostly receiving surgical treatment. At 7-

eadi.uion. |-131 was estimated to be about one-fourth to one-third as effective as extemal and 10-yr follow-ups, sufficient for leukemia efrects, no difference esists in the two

eadiation (NCRP,1985; lb3CEAR 1988b)." groups.

" .1he UNSCEAR report states that for "A combined analysis of nearly 47,000 "Another study of 10,000 patients followed for 15 yr is also negative.

Swedish patients given 1-131 for thyroid cancer, for hyperthyroidism or for diagnostic
pmposes |Ilolm 1989,1991] . ..no clear association oIcancer induction by radiation was 3.3 Medical Patients /X-ray I cukemia
evident in the analysis."1he NCRP 1985 report analyses the earlier studies by llotm
(1980,1981.1984) of 14,6901-131 administrations, including 10,133 patients (494 undet
age 20) with diagnostic doses and 4,557 patients with therapeutic doses for hyper- 3.4 Medical Patients / Fluoroscopy Breast Cancer - Pollycove 1994
thyroidism and con concludes," l-13I has not been shown to be carcinogenic in

people.. " 1his ' problem' was circumvented by assuming the largest number of thyroid
Prof. Emeritus, Myron Pollycove, MD, reports (Pollycove 199 !) that,"lhe Canadian

cancer cases compatible with the data at the upper limit value of one-third is the relative
cflectiveness of I-13I compared to extemal radiation for the induction of thyroid study of Ouoroscoped women includes 31,710 patients admitted to national sanatoriums

between 1930 and 1952 and alive on January 1,1950. IMiller 1989) 1he results relate
(arcinoma. A decade later the above mentioned reports by Ifolm continue to demonstrate

deaths from breast cancer between 1950 and 1980 that occurred 10 or more years after
no excess cancer or leukemia. These reports include a cohort of 35,074 patients given

first exposure to Cuoroscopic radiation. Flut..oscopic examination in Nova Scotia was
diagnostic doses, including 2000 under the age of 20, and another 12,000 patients given

perfonned AP(anterior-posterior), with the patient facing the Hooroscope. This position
therapeutic doses of I-131. This much larger number of patients has reduced the upper increased the breast dose to 50 mGy per exposure compared to 2 mGy per exposure in all
limit of relative etrective carcinogenicity ofI-131 compared to extemal radiation from
11.1 to 1/17. To reach icio in this manner, and infinite number of patients is required.- the other provinces in which the examination was performed PA (posterior anterior), with

the patient's back against t! - fluoroscope. The standardized mortality rates from bre'ast

3-I .
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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 liticar. quadratic dose-response models were compared C h respect

Towe tt.4. canedsen study et the toeldence of e,eest concer rosso.ingto data fit. He authors concluded 'that the most appropriate form of dose response
8F'"""*'# 8 E'**'"*#ca*

relation is a simple linear one, with difTerent slopes for Nova Scotia and the other
Due Gr sienderdized note per se pereon vee,ea

provinces.* On the basis of this linear model, Table I l.5 predicts the lifetime excess risk N H8 Scone Owin Pmvinces Ali Provinces
of death from breast cancer after a single exposure to I cGy, an amount approximately 0-oM 455_s ses e Sie s
three times the average annual background radiation. ,%

"De epidemiologic data listed in Table 11.4 and the associated fitted models 0.10-o.19 3 ,9

(29) g32;
were not presented graphically. De omitted graph is shown in Figure 4, together with 20-R29 497 8 560 7
an empirical polynomial function fitted to the data. De linear model for 2 mGy [5 ,IN,,
exposures discards the data at 0.15 Gy and at 0.25 Gy, the data with the best confidence o 30-0 39 t709 3

(1 t) pr) pe;
limits. Compared to the controls receiving 0 to 0.09 Gy,0.15 Gy and 0.25 Gy -o 89 632.1 sIo o
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 0.70-0.99 y

p3)
the zero equivalent point of 0.31 Gy indicated by the fitted polynomial function. For i co-2M 1382
exposures above the zero equivalent point, the RR becomes positive after being negative
in the range of 0 to 0.3 I Gy. De e'-creased RR of breast cancer produced by low dose, 3 00-5.99 2811 8731 2 34

(13) 04) 94)low dose rate radiation were rejected a priori by the choice of mathematical models that 8M40m 3000
extrapolate the dose risk relation from high dose exposures to low dose exposures. De 7y2

k
risks associated with low dose exposures cannot be measured, the authors state, 'because = to 00 21.81o 20 s o

02) p33
the expected small excess of breast cancers would be obscured by the much higher
background rate of breet cancer.* Consequently, the unexpected was rejected since the

*The number of dwehs is shown in perentheses. The cateusations celude the vasues sor io
F**'' *"" "'* "'81 "posur' and h*ve ban standensred acconsng io age ei n,,,

possibility of a measural le decreased risk associated with low exposures appeared to be
inconceivable. He hig'ily significant decreased RR of 0.66 at 0.15 Gy and the RR of 4Yeo d7ie YM"' U '*

5 to . er = 35 y a so so, y,.

O.85 at 0.25 Gy, both win the highest confidence limits orthe entire study, are not shown
graphi-; ally, not even dis:ussed. Instead, the linear model for 0.002 Gy exposures is used TeWeit.s. p m m % w w % % g m , %
m Table 11.5 to predict the lifetime excess risk of death from breast cancer to be women ener a sengse reposure to i coy

approximately 60 per million women aller a single exposure to I cGy at the age of 30. ag, e, 3,,,,,,,,,,,, ,,,,t,v,,,,,,

Nine hundred excess deaths from breast cancer are predicted theoretically from the Esposure Yr. RIodet Model

exposure of one million women to 0.15Gy. Ilowever, the quantified low dose data 10 125 tos
20 95 ,,

predicts with better than 99% confidence limits that instead of causing 900 deaths, a dose 67
of 0.15Gy would prevent 10,000 deaths in these million women. ]
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carcinogenesis by chemical and othcr non-ionizing agents as well as high level ionizing ,

" " ' " ," radiation. Muhiple defense mechanisms at molecular, cefiutar, organ, and systemic levels ;,
% g,

ia,.-o esi e. ,- involving enzymatic,liormonal, immunologic, and stress protein interactions are currently'
r

,,'w,.,,,,, being demonstrated and confirmed by numerous investigators.10-31 Recently a human
'

,

,' radiation repair gene has been cloned and transfected into a mutant Chinese hamster with'""

____ __ ,

--'--'---.af--"-a",' sensitivity to both ionizing radiation and certain alkylating agents resuhing from derective>- ,

j "~ ~~- ' Q .-|'''4
'

repair of DNA strand breaks. These tralisfected mutants demonstrate overexpression of,

e 'a= "'-'-***'*"-**:*~ the human DNA repair minigene with repair capacity increased above that of the wild-
'

IL ,- oee... ? r..e c ' type Chinese hamsters."
i M ,# 2.seOy/EEmp. P-A 'f*

,- ' ,. - Mounting reproducible evidence of the operation of various defense mechanisms- ) ,

'

g _ and their stimulation by low dose ionizing radiation will provide further details of how,"
., _ _ _ _ _ ,

o ,- ... # '-~~ a w '2* biological defense mechanisms, nonoperative at high doses, are stimulated and enhanced |

3
,

by low level radiation damage so as to overcorrect and predominate. These investigations
''

, r. y'
'

, ........

have clarified why the negative heakh efTects observed at high levels of radiation that'
,,,,

efTectively overwhelm these defense mechanisms cannot be extrapolated to the low levels |. i s o.

in which these stimulated defense mechnanisms predominate with decreased cancer !

_ ,,,,

, . . . induction, decreased mortality, and other observed positive health efrects.
. . . . .. . . . .. .,. ., ,

. ... o o,

1% O*..**.*.*.'.'."JU'.*.' "O'*** *'. Z'""." %* 7 ""NE ""*".".". O'%|1.' 3.5 Medical Patients /Thorofrest Patienis*
.. .

i
1

. .

CONCl.USION ;
,

*

"Significant positive health effects associated with low level radiation have been
demonstrated in a review of five epidemiologic studies: decreased mortality of nuclear i

shipyard workers, decreased noncancer mortality of atomic bomb survivors in both ,

Iliroshima and Nagasaki and Nagasaki alone, decreased lung cancer mortality associated
,

with increaed radon exposure of the U.S. population, and b.J breast cancer !

mortality of women in Canada after having received muhiple fluoroscopic examinations. !
The tendency to neglect or reject data that contradicts the linear-no threshold theory of j

; 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 I

malignancy. The number of such interactions with cell nuclei is both logically and i

demonstrably proportional to the dose. Ilowever, 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 j

3-3 . :-
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4.0 f(nilitant-Inertien l'opulation
'

.-

.l.1 Itndium-hurilen Population /Ilone anil llend Cancer - Evans 1974 "We do adhere to the principles liest cleanly enunciated by Chambeslain (r.C.
Chamberlain 1%5)in 1890 of the"Methotl of Multiple Woiking flypotheses." Several

holessor Emeritus Dr. Itobley Evans states (1974) that,"We have tested a number authors who like to select and massage portions of other people's data, inchiding llems
of mathematical relationships (Evans 1966; 1967) (Evans 1969) and have found no (llems 19H), Golinan and Tamplin, Goss (Euns 1972)(Goss 1970), Snyder (Snyder)
smooth function which gives an acceptably close fit over the entire range of dosage, for and others have assanted that in their hands our data are in satisfactory agreement with a

i cither a pharmacological enil point such as the so-called classical and reduced X-ray linear nonthresholti motiel. None of these authors has bothered to apply any statistical

u m es (livans 1966;1967) or for an epidemiological entl point sucle as cumulative tumor tests for goodness of fit or to olier any critique of tiec detailed statistical evaluatisms of the

.nidence. Itather, the data of Fig. 3 seem to divide into two domains, characterized in data in our previous publications (Evans 1969;1972).

the low-ilose domain by negligible radiobiological elTects where body repair mechanisms
picsumably keep pace with the rate of radiation injury, and in the low-close domain by G"f'*"r-Temrplin lincur norrt/rres/w/d me= lei

negligihfe eadiobiological ef fects where body repair mechanisms presumably keep pace
with the rate of radiation injuiy, and in the high-dose domain by a highly significant "I~igure 4 shows our data plolled on a linear scale of cimmiative rads from 0 to 50,000

occun(nce of osteopoiosis, tiense bone necrosis, spontaneous fracture, life-span rads.1he dashed line labeled G-T is the linear nonthrestiohl eclationship proposed by

shortening and sailingenic malignancy. Golinan and Tainplin (Golinan 1971) for sarcoma occuarence. When the chi-squase test
for goodness of fit is applied to the poetism of ont data which they have scIcceed as proof
of their linear nonlineshold thesis one finds that the probability, I', that (lillerences

w e , r. . . . .., . , ,,n r r , -,ne.r- o rin- i --e=, from the G-T linear model as large or larger than those obser ved could be due to chance
jo - - is less than I in 200,000,000. lhese mathematical odds against this linear motlel are
j ,, . - astronomical. Their claim that they can repeesent the radium and mesothorium data by
j'

, , their linear inodel is the:crore spiantitatively unsupportable.
=

| ,o _ [Y ''' 2 7 -

t:n. - = . . . -u
_ _

y e- \ -

_s e.e..y-. .,w 2JL.. - - - - m. . . .n,,,
-

e

ca.. ,..

57eo. 3. Tlee ot> served e n dlog esele tesenor cemenu-
lative leecidence or occure ence Ira alse 'fegildenelo-
togically e nli s tele * * cases"*' au enen s e im ed in

e of Ta tet eTe tele 2, and in r t re ss es .r tierougle
1. Tle e siended e c ginee coe t ergroseds to slee
eneses occure ence 219 d G*A tset ween 1000 se nd!

$O,000 r eeds.

.

,
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/ ff._
.

" Fourth: the DEIR report notes that the resulting graph is 'mose consistent with a
. , . . ,

. .

* 's A.F
-

significant cancer cifects have yet been observed.* and yet proceeds to evaluate an

.

curvilinear reintionship* and that 'these appears to be a lower limit of Jose at which no..

| .. . ,[Y ,p '
- !

* bsolute risL* on a tipicar nontineshold model. Ily introducing an assumed RllE of 10y., / , '? a
s.

g ofIf.hO3[' '.'E.L..J -:- y ' S g .;. g -
.

for alpha rays, and a 40.yr Imrden. time for all tumor cases. it elects to represcut the ,v

| ..y , w:m - C ---- ,-
segtouped data by a linear nonthreshold model with a slope of 0.1I bone saicomas per

-

"
i, ' . . ' _ . . year per millioni person tems. It is inadvisable to use the tem as a unit to selate skeletal

I
. ..... . _

.h' r*. ,-- .t.,s --W ha-- * - sa h

-- - . . . . -

average booc dose to bime tumor incidence because the target tissues aie not Luown with*

.
m W - '- za\ |

'

certainly and the RHli of alpha pasticles for imnor inderction in immans is unLuown.. . . , , . _ . . . . . . . . - . . "

!

I .* "i .7...','..$.*...".'.*'f.**."'.*.*'7"..'7 "E!s, *f':*r* *".*a "Il'[,*"*' Converting back to rads with their assumed I sad 8 10- rem, and to cumut.itive incidente.

T1"|/.U.|'.I*.". C ""JJ.*, *.".N.**.."i. .i ; .E*I.*.*.**.';- with the 40-yr tmrden time which they appaienily intioduced alImc leads to a slope fo
s

"**"*
.

'" *l.*. I.*.*. '.*.U*i .~. .e". ".'i ."* *D '+**l'E/.*.f7*"C"7*.*.*.". '.*Z cumulative incidence or occurrence of 4.4 x 10 'saicomas per person rad In Fig. 4 this
' "

i.

"l."If.h.""J."7."Ii.'."[..M.*.*"."*"a.*.**J.".*>*7.I" n**.; would be a line about midway between the two dashed lines marked *G-T* and * full
T/* *,'J.*I . .'.'.I,~.'7. '.* ..". '";7. ...*e**|0.* d'. . " . .". '.Y.," Range.' Application of the chi-stguare test indicates alial differences from this llEIR linear.

* *'"!.* * '.".* * /.*.". .""*"'l|7 **, "/. Un'. ".'J7n". " "E.*|.*,"'t.T5; mmthresliohl model as large or larger than those obsa ved could be due to chance is less
. than I in

1.000.000 sepetitions. Clemly this model is unsuppostable especially in the
i s . .. -

n...... . . . . . . . . . . . . ..a ....a. . . . . . . . . . .< .w eo . . ..
Iow-dose domain..,............a...a ........,.... .. san.v ...a.

. .i s r. e n . ..a .... a. .. i s ..:n n .non. ..

. . . . . . , . . . ..........o_,n..........a..... "Fillis: this ' absolute risL' appears to have been enirapolated along with other rists.
.. . .a. . . . ..a . . n . . . a r .. n . . . . . , .n..... . . . .................as.....u....a...... .. .... <... . . . o. o....a

. ... ,
to the domain of 5 sem per 30 yr (0.17 rem /yr). and treated in the UEIR repott as au

io . . . . . . .
. . . . .r....

absolute basis prediction, rather than as an upper limit of risk, a caveat which has been .

a .. . . r n..

|

so ollen emphasized by the UNSCEAR. ICRP and NCitP. Extrapolations which extend
from tiie dosage segion above 1000 rads to the region of 5 rads (a factor of more than ,

:200) may be vny much in error and must be viewed with substantial reservations." '

L
HT1R commrttee 's lin.ur nontir.e. Imi<l mortel

"In its consideration of the radimu and mesothorium cases. the llEIR report (1972) '

ecins inieIand lightly written, treats the subject as '' highly conteoversial." and involves Radium-burden Population /Ilone and IIcad Cancer - Howland 1983
-

n hat appear io be internal conteadictions, omissions. and other doubtful matters. First: '

it discusses only txme sarcomas and th>es not recognize the existence of the well- It.E. Rowland et al. report (1983) that. "In Table I all the known cases of gmtential
established occurrence of head carcinomas; second: it uses exchesively the CllR data exposure to radium befoie 1950 in the U.S. are summarized. Of the 4076 known cases.
It l'. Rowland) but does not secognire that more than half of the sarcoma cases in the body burden measurements have been made for 1953. Of these measure I cases. 632

\11. I'. aml AHL-ACRil series which nie blemled in the CllR data are symptom-selected (32.4Y.) had died by the cod of follow up. (Dec.1979)
;

ases and aie epidemiologically unsuitable for constructing dose vs. response '

clationships; third: it compiesses the CllR dosages cohmts by lumping more than 500
ases with dosages less than 500 rads into a single point plotted at zero rads on an
uithmetic. scale giaph. and himps RO cases with closages from 5000 to 44,000 rads into
6ngle point plotted at 12,000 eads.
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"l'emale dial uwker s
|

"l'emale dial workers cinistitute the 1.ugest ut the groups. Or the 2515 los atest_
a-

5 '- ~-
J *g j 3

- - - - - - - --
winnen, body lnestlen esteasteletinctif s have been |tesItH m<d ant 1168; ul Iscsc. I I M wete"

alive at the end offollow-up.-

5 e == = = p-
, - -

R ::
s -
.,

5 .: : .: -- "Medicalexposures. -

". ". " " *'. " "The only other gioup in which Imne sarcomas liave been observed among the**! =7 . .., ..

ts5*4 measured cases are those who acquired radium for medical reasons. 'these individuals} *: - -

~~"f- . e : n -: -
~~* n~- ~~ ~~ n =

5 cither received radium by intravemms injection or orally. Evans (Evans 196 ), in an~~

,

3
" infoemative description of the medical uses ornadium. estimated Eliat several thousand: :~* ^R : :-

..
W .i s Ei4 = = =. = = = = n perstms acquired radium via these routes. Deze are few mechanisms by which those who

. .

,
, , 7 - .. - ~ ~ ~ - ~ ~ -:;

~ acipiired indium medically can be identified. Most or the II bone sarcoma cases among

J.3 t, 2 = n t i the measured medical cases were identified as radium cases ont. aller signs of b(meI* * ~

u *3 - -

sarcoma.3
- .

6 iE
; y}}

~ 3 Laboratory mn Aers*

"Some relatively large radium intakes have been measured for the laboratory& m

j jj 5 ~ * workers. but only one bone sarcoma has been recorded. and that one occurred in an* * * * "

unmeasured case. Evans (Evans 1966) has estimated that there might have been between5 .

" 5 500 and several thousand laboratory woikers exposed to radium. uns. like the medical
. .

E I " # 5 5 " '.., s O
. . . .-

cases. the sample of these cases available is only a small fraction of the total.U 5*5|4 : =: *: *: : : r*

.c r = n n = u = = n; }
,

' " Male alial uvw actsM : u e : c- - -
.

ec 2
.

a r. 3 ! =
_ ! ! ! ! ," ~! "Relatively few men. compared to women. weie employed in the dial industry."

-- " *

. :: 83
E E E E E e E Ea

-3
e

.v: -
{} I $ $ 8 3 ? O
-

.

.3

3 . = = = * . m .

h0
a in li
C

-
-

=in r oe s -e a
a a n a : e

.
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NYN I EMIC INTA K E
. ..

.

,. ,.. m, , y. .,,. ., ,
. . ..... . . ..

" t he systemic intake is the quantity (pCi) of sadium that entered the blood during
.

the pe iod oIcxposure. Ibis quantity is estimated from measurement of the bmly content e*" -

at later times. It has been shmvn (Rowland 1978) that, for the induction of bone sarcanas '

in Immans, each microcmie of(Ra-226) appears to be about 2% times as effective as a *"

pCi of (Ra 22H).1heserme in this report the systemic intake for cat's case is given, in J
pCi as the sinn of pCi(Ra-22R) infale plus 2.5x pCi(Ita-226) miaLc. -"

"t he best gennep for a dose-response analysis is the female dial winker gwpulation.
. j

,

'

in this case the measured population contains 1,468 cases who experienced 42 bone A. ..- ... ..e .. ..-

**[,'],,,,,,,,,,,,',,,,,,,,,,,_ .sa.mnas; age- and time-specific rMes for white fr tales indicate that 0.5 bone sarcoma
,,,,,7,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

was expected in this group (It.R. Monson 1974). , ,
* aha d*- -=6 *- * * *-3-* d** *

.=.' . t 'n'n~.
'

.*i.wa' a "s u. ..e.'.'.d** '* *m. i. . . .n .a i. . , 6v . i s n. 1..'...w 6, o., e .d-a e.d
,

. a. .. ..
... . ..r....

.n..a .v ..

j "I o eliminate cases possibly measured as a consequence of their symptoms, any case
.. ... . .: n 6... .w ww. . ..

,

i
of death or diagnosis of Imne sarcoma that occurred within 2 years ofliest measurement
was semoved. tJsing these criteria,1,257 female dial weakers are in the measured
population. but only 13 bone sarcomas remain; the expected number for this group was for the data set based on first mensinement. no test of the general equation was0.2 bone sarcoma.

possible, for with stuce fitted parametens these were no degrees of freedom len for the x'
"Various logical for ms of a general dose-incidence expression wete fitted to the data, test. Ilowever, the situation was obviously similar to that above; the least squares fit to

and subsequently tested by a x' statistic. Each equation was litted to the 13 data points the LQE equation yicided a negative coenicient for the linear term while with a set equal
by a general weighted least-squares procedure for arbitrary func' ions (A.J. Ilarr)(A.R. to zero, the dose-squared exponential was found to be an acceptable fit. !
Gallant). Acceptable fits implies that the cocificients e, p, and y were positive and the

(x' analysis resulted in a p-value equal to in greater Ilian 0.05. 'the listing procedure '

yielded an excellent fit for the linear-quadratic-exponential (LQE) fuention for the data "EFFECT OF AI)lllTIONAL llONE SANCOM AS
desived frmn year of liest entry into the industry, but the coefficient for a was negative. '

"he Iig. 2 the dose squared exponential limction. * S.D , is sloown on a semi- "1he question is oRen asked,if the next bone saremna to appear falls in one of the i
logarithmic plot of the data points. 'Ihe sange of values shown hete oveelaps the 1 QE systemic intake levels in which there are no bone sarcon.as, will a linear or lincai- "

hmction except at the lowest intake levels. l hese two limctions dif fer most markedly at exponential function then adequately fit the data? 'this effect was examined by adding
about 100pCi intake; rig. 3 shows the two fimctions on a semi-loganithmic plot which extra saicomas to the data set based on entry into the indostiy. Fits weie obtained and
intlndes only the eight hnvest iniale levels where no bone sancomas were obsce ved. llee tested with these "cxtra" snecomas placed in else intake ranges whe e no bone sarcomas !

,

area between the two cinves is hatched, to indicate that the I.QIE lunctiim mi:;':: Sil have been obser ved. No miditional acceptable rats conhl be linmd with one or two "exua" !
anywhese in this region willi e > 0.05. sarcomas, but when tinee were added, a linear-exponential limction could be lit to the !

data with p > 0.05.

"EXTitAPOI ATION TO NON-DI Al, RADillM CASES

"1he assumption is inade th.it the dose-squated esimnential hmrtion desived hom
t

i

s| . s| '

i

f

I

|
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elee analy sis of female dial woiLess based on year of employment can be used to predict
the number oflume sarcomas ini varinus population subgroups.

"lable t gives the memlier of i hserved amt gnedicteel Imne sascinnas lay nadium "IllSCUSNION;
'

intale level ior ilnce gmpulation groups. Ihe medical cases, laborattny woikers, male dial
wmkris, and miscellaneous cases have been combincJ into two groups, by sex, fi>r "l he acemnulation orinformation mi persons cairying inteinally tieposited iatlium
enmp.nison with the female dial woikers

isotopes has been undesway in this country since the pioneering studies of the caily
radium dial paintess (ll.S. Martland 1931). Ilowever, not until the U.S. Atosnic I?ncegy

| 1 r, Commission femded samlies of the effects ornadium did an intensive seasch for sadium! | - " " d d 4 4 4 d 4 4 4 4 d
. ., . . . . . . . . . .

# d
cases get under way.

*
] "Since no inme sancmnas have been observed among the 1650 measured cases
;; with systemic intales less than 50pCi, it is evident that the life. span pobability of Imne
{ j - - - - - - - - - - - - - - - san coina induction is vesy small f or small doses of radium.
& "Ihe analysis based on the entine female dial wo:Ler impulation found only one

i ,y acceptable least-squares lit.y
e - * -

g *a : ? 2 e ? : : 2 m a a i "These results sie not greatly sensitive to the occurrence of new Imne sarcomas
8

g among the lower intake levels, whese no sasunnas have yet been seen. It would have e

$ 1 taken three additional sarcomas strategically kicated in the lowest intake sanges in videra s. - . . . . . . . . ,,., .

| g | 4 # # # # 4 4 4 4 4 4 4 4 4
for the linear-exponential fi ' ion to be considered at the p=0.05 level. With the passagee

[ OItime,it is to he expected that a non-radium-induced bone saicoina will appear in this
- *
*

g

$ 3
'| j -

population ofdial workers. Such a malignancy cannot be distinguished from a radium-
f= nuluced sarcoma. If a naturally occuiring sarcoma appears, it is likely to appear in onc

,

of the eight lowest intake levels, for IIin of the i137 living cases are in these ranges.
5.I huleed, since only 27 women remain alive in the five highest intake ranges, the immber,

23 3 ? : ? : : e e 3 of p.tential new imne saicomas in these intale sanges is limited.
- - - - - -

j 2
"l'amn examinatism ofI'ig. 3, it might appear that there is little dif fenem c between

] the dose-squaied exponential niul the 1.Qli at veiy low intakes, but this is not the case.:

F. j 222222222222222 At the very low intales which correspond to cuirent standasds, the piedictions of these
$ : I

] i
- two functions appear to be markedly dif ferent. Consider the drinking water stand.ud of :

'

I SpCill. as progesed by the Environmental psotection Agency, whitle can be shown to
} 3 . . . - - . . . . . .. . - -
O $ 5

correspomt to an annual intale of 843pCi/l. of"* Ita (It.II. Itowland 1978). Afler a I-yr.

} .I
' | Intale, the I.QIIlimction with ==0 would predict a l;fetime ist feom radium of 5 = 10 "

Inme sarcoma /pesson yr, while with a=l.3 = 10 ' the prediction is I = 10' inme, ,

g g| t n * * 2 - * * 8' : ! ! 5 | sarcoma /per son-yr, a factor of 2 = 5 = 10 " gieutes. ~lhe natural incidence ofImne
"

8 -1
-

g sai una is a hmetion of the age mal composition of the group umsidened, but a
.-

, ; y acasonable o,cinil value lier udnits is 10'lume sascoma/ person-yr. Of course, neither of,

"$ is:- I j E 2 - i 3 d
' *

these induced rates could be distinguished from the natural incidence of tone sarcoma:. . . . . .,

'555i EIi!!$iiii3$35ij .' even with a population at rist as large as the conent population orthe ti.S.
,
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, , , , _ _ _ ' paranasal ami suastoid sinuses) per cumulative average sLcIctal dose intes val. (See Evans -'

, ,, . .NeI.T. 1974, l'ig. 3, p. 4-l) The curve was a step limctiim witti incidence at res o in the lie st ihree
decades of 0 to 10 Gy and essentially constant at 28% beyosiil the 10 Gy up to 500 Gy.y .sy.e. o.. s v. .r snie,

livansjoined the two Imrirontal lines with a nan ow, S-shaped dotted cui ve to indicate a
g

' transition between the two incidences without presuming the tiue shape. ha combinationp'
) with the observation that the latent pesiod for cancer to slevelop incicased as the

{' cumulative dose decicased, livans pioposed a " practical t!neshold" at a cumulasive dose,
~10 Gy, lielow which cancer wouhl not be obses ved ihning a peison's litetime.[ '

.

(i -

. *

"Itli. Itowlanil(197X) sinnved she sciatimiship of intid(nte to cismul. Hive dose was,j
iguad-multiplied by an expimential term to explain the peal in Ibe gespmise at high dme

*

n .
due to cell Lilling. 'Ibc iguadiatic resptmse staited at zero with no implication of a

. . .

threshold.
s .___. - . .. - -

"In alllinee studies, only Evans faced the f.** that a large f: action ofIlie subjects" ' ' '**,c, ,,,,,, , m , ,,,,,,''' was symptom free below ~10 Gy.
' ' '

o .o. 3 A u.ai s.. u inooie ch,e or h. e .... .. pe, ,e... y, . .t.h o n .. s yne.nie "Itecently, soine new analyses have been conducted using new argnaat'hes that6...i. o n ... ihe e.,we, e d t o e .,. . te ha.s e .. .e whe,e I, e .... .. i...e minimite or avoid the biases of grouping by dose intervals, that include lhe more a ccentf.een ut.ges weet. ii.e eiglos eiecus.r polna, st.ww Hoe elesesweel aces, e.h.c. fe # e.el. is.s.ke
6.u... ; n.. i s..eie. 3 ne.ee whe,e e.ch p s. i.s s.. t.een ps.ned e 4 . e e, data that have become availaide, and that, m. clicci, allow the itala to speal hw.s eae . l.cen on.see we.1 l
.mee en ahe dese-squase.e so.e las.ke loseew.t. T wo g.e cei . . e ps.iied the le. wee .ntid |] censetVes.empenei.I ne; she espree s.lial em.e i. ihe ti.dting v. hse et sheI t}:: innesion tee = l.i n 10 , p = 0 05). If .n 1 QE f.ncilon I. . propes descalpelon er the "lhe first new afinlys. by O.G. Itaabe (1990) is based on the linearity between thea.n u.e..u ni.o... hip, she ..e us.ii...i.ap . id i e e.pecied i. i;e wise.: is

. . *
logarstlisis of tiene to radiatioit-iriduced caricer death and the logarithm oflifetime averagesh.ded.re..

dose rate. Ily scaling with dimensionless time (expressed as a fraction oflife span for
each species), results from different animal sgwcies and imman beings show the same
median sisk. With the use of a three-dimensional loganishmic reguesentation of the dose
rate /limehesponse relationships, the combined sisk of dying hum causes due to natural
life span, radiation-induced cancer and radiation injury (noemcoplastic injury) can be
descimined. lhe carcinogenic portion indicates diat the time-to-tumor occunence is
longer as the dose este decreases and may exceed the natural life span, yielding a

"t he analysis based on lirst exposme to radinm, wherein the biases present might lineshold of ~1 Gy.
he eqcted to over-emphasize the haravils of endium, contradicts the gene ally accepted "Ihe second appsoach by C.L Maletslos (1992) uses the haiard hmteion in whichtme.u relaimmhip between insuh and etfcct."

cumulative dose is used as a smrogate for time, the indepemlent vasiable. Cumidative
harard is calculated f.-Imth a nonparametric method and an analyticalincthod, the finitica

II:ulimn hniden l'opulation/I nne aml llead Cancer - Maletskos 1994 yielding individual values her each subject with cancer and the latter yielding a
contimeous relation with cismulative dose. The result is a straight line that supciposes
very wcIl on the points and that intercepts the abscissa at a threshold of-l I fly.

Matchfus,1994 ecporis that,"Over the next live or six decades, about 2000 subjects "In the third analysis by it.G. 'Ihomas (1991), the net incidence of cancess per imit
reic imestigated. It 1). livans (1974) plotted the Massachusetts Institute of'lecimology dose inicaval above 10 Gy, below which no cancess are observed, is plotied agaimiemtis in icims of intidence of cancer (mteogenic sarcomas and caecinomas of the

cumulative dose. 'lhis net disteihntion (the natusal bone sancoma life. time inddeme
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having been subhatted) is simwn to be sumigly logmumal, and the intercept i>Ithe can ve threshold.'
on the dose scale is finite at a threshold of- 4.7 Gy. "Peshaps more interesting than the cances cases nic those with sadinni skeletal

"Ilnee dillerent approaches, without significant rest:aints, show that the dose bmdens that never develogwd a related illness.1he message is that these ne c 1391 female

ecsponses for exposure to inte nal radium do not pass through zero and, in fact, predict luminizers with average estimated skeletal doses below 10 Gy who have not shown

a threstmhl oIcmnulative dose below which cancess are not to be expected." skeletal tumors. this totals to a mean collective dose of about 850 persoreGy, this cohat
would have been expected to ieveal at least Gwe cancer deaths."

Itadium-burden Populallon/Ilone and licad Cancer-Thomas 1995

" Robe t G.1tunnas reinnts (1995) that,"Smne of the most extensive epidemin- 4.2 Itadium-handen Population /All-cause Mon tality and Longevity - Kumlo 1993
logical studies of the ef fects ofionizing radiation in humans have failed to conclude that
these me heahh cifects below whole-bmly equivalent radiation doses of 0.2 Gy (20 rads).
I his has been demonstsated in the study oIsurvivors of the bombings in Japan; in the

I'"'83*"' E*"ri"'s Dr. Lhei Km=/a r 7,or r3 - .s there is on "ofperemI bentfk m/f

cases of sadium dial paintess (luminiress) studied in the linited States, this vahie is 10 Gy
'/I"'"fhnnlines ofestena Igumma n9, on the hp af=m ofantnem-shol =rinscr3

~

f
Professor Emesitus I)r. Sohei Kondo reports (Kondo 1993, Section 4.3) that," Data

(1000 eads). on wonien who painted radium on the dials of watches ca ly in this century are
" Dose-sesponse ilata lium the 1515 U.S. female wo Lets who were exposed to

maintained at the Center for lluman Radiobiology, Argonne National Laboratory. [Ed.
radinm tinough the painting of luminous dials and who subsequenity had their skeletal

Note:1hc USDOE has slmt down this program and ciforts to analyre and repoit on the
hmdens measured by whole. body counting and radon breath analysis are lognormally

health effects of this signiGcant radiologically exposed populatiim, of which many
disteihuted. A lognoimal analysis for ehe 61 cases of radium-induced bone sarcomas and

lumdreds of subjects remain alive.) Alter removing 62 cases of malignancies known to
head caicinomas allowed calculation of geometric means and standard deviations for

have been induced by intetnally deposited radium, Itowland et al. (1989) surveyed the
segmented dose populations, and these were used for inter-comparisons of dose

lu ahh status orihe remaining 1261 cases.1 hey were classi0ed into ilnee subgroups by
responses.1he analysis of the radiation dose data from the 65 tumor cases indicates an|

the absmbed dose of radiuni ganunn eays ns sinnvn in Table 4.12. No dose-depemlent
exhapolated dose of at least 4 Gy below which no skeletal tmnors could be expected in increase in deaths liom v:nious cancess was seen annmg the thice gioups esposed to
a hietime. Only 12% of the female radium dial painters began wmL niter the age of 20 mean doses of 23,23 and W W by clnonic ganuna inadiation (Table 4.12)"
yr. t he geometric mean age at beginning of exposme (I5 yr) is lower than would I e
espected today,Imt these exposures occurred in the 1910s to 1930s.1he very stiong
cmaciation between latent period and age at death or diagnosis is expected.

"Most analysis of data like that from the radium dial painters use logniithmic axes
to express the dose response because the dose range is very Inge. The data ase
lognormally disuibuted, so this makes log-graphic representation more sensible, even
though lognonnal presentations can be deceiving. the lognormal analysis does not
sellect specine biological processes, Imt it does verily the existence of a previously
reported threshold dose response for [226,228j lta in immans.1he term *thicshohl' in
this paper refers to that dose below which no skeletal tumors have been reposted.
Maletskus et al. used harard function analysis on a similar versimi of these data and
seported a value of 11 Gy as a dose 'below which radiogenic tumors are estimated
siatistically not to occur, in support of a threshold model.' Evans et al. originally pointed

-

out this no cifect dose as being - 10 Gy to the skeleton, and he ieferred to it as a ' practical

4-7 .
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"A similar survey of 1201 radium huninisers in the llK weic canis-d out I.y '

Toble 4.12 Numbers and roles of eencer deaths amorg 1261 white female llaverstock and Papwoeth (1989), who also linund significantly lower raies of death hom - i

all causes except cancer among huninisers than among conhofs (lable 4 f.8) No death
redium dial pelnlers In the USA classified Inlo three dose groups

from leulemia was observed among the lititish luminiters, although at least one case of

e (sad! Na of Total No of amcer deaths trate/10' person years) Ic"L*'"i" *a"hl have been expected on the basis of the usual incidence rate.-

8" F Tntal Ikeast Colon Ovary lung l'an- Sto.It,ing Mean
Creas mach Table 4.14 Observed IO) and expected (E) nurybene of deaths (1060

- 85) from selected causes among feniale s. lli m liuninisers in t he stu
o lo 29 Blio 11.731 47(4 0) 1611.4) 9|0.7) 5|04) 4|03) 3103) 2 p2) . _ _ . . __

Cause Observed Expected Itat to p
19 50 23 302 4.956 38(L7) 8 (1.61 7 (1.4) 306) 5(i.0) 11021 306)
> 50 91 99 1.709 9 (5.31 2 (1.21 0 11061 1106) 0 0 All causes of deatla 243 268.74 0.90 0.106

All causes except caew cr I4H Itl2 75 0.8 I O 08

From Rnwland er of. (1989). Copyright CIlritish Institute of fladiology. Inndon. All cancers 95 H599 1. t O O 331
All cancers except breast cancer 67 G5.49 1.02 0 853

Reprinfuced with permission Ilremst canrcr 2tl 20.50 1.37 O097
leukenita O l.93 O O 27G
O* ' *"""' C"' n a I O.17 5m O t .B

"When the numbers of deaths from different causes in the radium-did painters are _ _

(ompaled with those in t'ic control group; the observed: expected ratio for deaths from From llaverstock and Papworth 189H91. CopyrIglat C Dettlah Institute of
all causes is 028 (p < 0 05 (Table 4.13). This means l'qt the study group of radium-dial Radiology. london. Itepn= lured with permtssion
painters.which excluded the wo Lers died oIcancer due to internally deposited radium,
slunved significant seduction in the mortality faom all causes comp.ned with the control
r,s oup " " Mortality from breast cancer was significantly higher among radium painters in

the USA (Tahic 4.I3); however. the excess of incast cancer in the USA cannot be

sa.......m...-.4.a.........a...ta....s............... ..nbuted to radiation. as no dose-dependent increase in the .mcidence ofineast cancer7.....a . .

. .... .... p. . . . . i . . . u. .

was observed in three subgmups classified by exposme dose (Table 4.12) ~Ihe number-

ca...-. c . p... ..s si ..
. . . . . .

se. 3
of deaths from Incast cancer in Ilritish luminizers (Table 4.I4) was also higher than the

~

Zii ! ..... . sar o .-
. .

,
u 7 s.iio, u a. ... .. ...r.i. .m. cositrof level, aldunigli slic increase is tiot statistically sigiuh. cant. ' Ibis excess inay in factn..u .i...uy . pi...y i s2 o es

|i,..".7~".",".*.*""'**""*""' U SI M* be real, however, because the observed expected natio of deaths fmm bicast cancer""**

| |",'' *. . elf, 7],!. steadily increased with time since first exposure and seached a manimum of 2.12 (p2e

* '.I '.'".""." .".*.7. *.[ * |,*.".*i . . .. . '| M{ $U <0 023) at 30.10 yeais alter first exposme (Daverstock and Papwoeth.1989). 'lhes'

.

U.".I' 7,*.'. ,Go"'.". """* "* *"* [7 | e'i, 8c'"I*'ai trend is ditferent from that in the incidence of vmions types of solid tumois in"* '
2.

survivors of exI osure to atomic Immb radialiOO.a n . ..e .a.... y ., .. m .u.c.. ena 222o n 7r.--

. . . .... i. .. a... eor n7e o 7n-

"l'ontheimone, no dose-depeml:nt increase in the observed expected ratio was scen:re..n.. .ua...u..... u sn o o 4 u--

an ...c.. ...y . .......u..... ie 7s o oi

on.n.e .u., ,..r....a..< .. lhe ratios are 1.67 and 1.51 liw yimng wrunen (<30 years at the stml ofluininiring wmL)o is e o so
an........a .....<. u a i .s o 7i
_ . . _ . _ _ . _ _ _ _ _ _ . __ _ _.._. _ . . _ - _ . _ - _ _ _ . _ . - with Inw (<20 sad) and high ( >20 e ail) exposure. respectively, w hescas these vaines are

.

i .. .. n. . ..a r. ,a e i onm. cos., asia e s i.m.n n..u.o.. t n.a..h.sv. u .a.m.
n.....a. .a a. .... ... . 2 09 ar ' 9.45 im ohler women (>30 yea:s at the stant ofluminising wint)(Havrestor L
. ,..oor.-....no ...o...... ... .-.

. und Papwmth 19H9) .I he obsesved excess of incast cancer in lumm. ircis thrichne cannot
.

,

* .

|

1

!
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he ansiteused to sailiation. llence, 50 yens follow-up studies of US and UK radium liest exposme. If this cifect was due to nadiatism, sve must ctm(Imle that a stunt pai =1
'

luminiices suggest Imt fail to inovide gunitive evidence * ' low doses of radiation cause (<2 yeais) of engesure to indiation has haemini ellects, whescas hmg pesimi (>2 yeais)

Incast cancer." |Ed. Note. ~Ihe huninisces also waked with highly radioactive luminems has a beneficial cifixt (see diwussitm of I able 4.15). 't his condusiini is. lumever. h.udly

paint rinnpomnis at their studio woo k-benches, providing significant, umnonitored, direct compatible with data of tunnb smvivois(See 1.2 Kondo 1993 Iable I). My intestuctation ,

esteinal eailiation to the chest, head and neck areas, contributing to the significant dose is that most of the women in the gioup that woiled for <2 years setised fiom hnninizing

acceived by these women relative to what is noimally considered " low-dose" radiation woik due to illness shortly aner they statted amt that a considerable munber of them died

es poun e.| within 10 years as a result oI psogiessitm of their illness."

"lable 4.15 smnmariies the temgmral tiend after exposure in .aortality oflititisti "t he Unitisti radium luminizer population is imique in that the women nmLetl los a ,

sailium luminiiers who had wmled for two or more years. In the liist 20 yenes aller limited pe iod under faitly uniform cimditions of exposme at low estrinal ganmaa dose

espmme, the ratio of obscrveil expecteil numbess of non-cances deaths was 0.31-0.47, rates (5-20 ind/ yeas), resuhing in siccumulated closes of .p to inoic than I(Mt iad (aveiage,

indicating a benelicial cIfect of sadiation on the life span of the wo: Lens.1he ratio 40 rad) and 80% of them nie still alive (llavenstock and Papwonk,1989) Itadium dial

giadually incicased thereaner, indicating diminution of the benefit of radiation with time, painters nec an iireplaceable resource for clucitlating impostant questions almut the risk

scati ing 1.02 (disappearance of benefit) 40-50 years aller exposure. of low-level sadiation. I hope that the follow-up serveys on the UK and USA study

"the tempmal trend in reduction of mortality in the luminizers (Table 4.15) is populations will be continued."

seminiscent ol' the observation that mortality from non-cancer deaths among atomic bomb ,

smvivors exposed to low to intermediate doses of radiation was reduced in the caily [Ed. Note: Such programs and this significant data and analysis have been terminated in

perimi alles the bombings, and thereafter gradually increased with time |See 1.2 Kondo the USA., while >$100 million are being expended on analysis of the populations aionnd

1993 lable lj. 'Ibe observed. expected ratio for non-cancer deaths among women who US weapons facilities sites for which small indeteiminate doses to individuals and no

wmleil for less tha : two years as huninizers, hoever, was 2.21, with p value of 0.004 for possible dose resimuse association cnn be identified, while fosicaing public lea |

the period 0-10 years nRet first exposure although the overall ratio for the period 0-50
yeais aher lirsi exposme for this group is close to one (Daverstock and Papworth,1989),
an imlication that the women had a sinntened their life span during the first 10 yeass aller

Itadienne-hurden Popidation/All-cause hion tality nud I.ongevity - Spice s (19183)

Table 8.1!i obsesved (O) and expected (E) seuinbers of' deaths
ti,W. Spices seposts (Spiers 1983) that," t he numbei oIpersons exposes to cadiumfroni causes of her ahan cancer in wonnen working me

Innelnizers for 2 2 yenrs is known to be large; some 3500 persons have now been located und the nadium hmdens

_ . _ _ . _ . . _ _ _ _ . . . . -..
of move than 2000 have been measmed. In this cimtext it is cleaily important io consider

Yc:n s since entiy Obscoveel Expectcil Itatio p (two- malignancies of the bone inanow both because as much as one thied of the skelet.d
tailed) manow can be iiradiated by a pasticles arising from sadium in the liabeculae (F.W. Spiens

1974) and because so little information is available on the induction of leukaemia by a-
0-10 4 13.02 0 31 0.OOff pasticle innadiation of human lione maerow.

" ''"I""' #"'"""" " * " " ' * * '#" #" '' ##" #' ' "#' ""'
*t 2 G4 .

gmpulu.nni of people eximsed to enWuni and emupanisons leave been maile (.4 with the
30-40 32 44.flG O.7 I O.OG

nuniber expected in a comparable population of the same size and age distsibution and
40-50 25 24.4G 1.02 0.84

0-50 fl7 120.G8 0.72 0.001 (b) with predictions based on the risk factos and a-particic Quality I' actor pinposed for ,

.. piotection puiposes by the ICitP (finte national Commission on Itadiohigical Protes tion '

l'iom flaven stoch und Papworth (19119). Copyright c 13:1tish 1977) and the estimated bone marrow doses. ,

!Institute of Itmilology. lannion. Iteproduced with perintssion "1he pse-1930 cases weie chosen los analysis because in the lates colun ts these weic'
.

t
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no leiAacmia cases recordeal and only 0.25 expected. These data are presented in Table value ofinitial dose.
s -

"I sur I.cl Realiation
_

T s.i, s # , t us f : ..#,ir, <. .u..# g.. .st. s..a t, y .t.. .
** f of im iH i ion hm i dim k b mmw W k-

.......
. radium dial wo:Less. they are (1) p-pastide nadiation hom indium daughtess..
. .. .. ., ....i.... .... ., c.... .....

inciuporated in Imne aml(2) exicinal y sailiatism himi the lum. . .imimg p unt being used by
.

..... .... .... .... . ... .. ....... c....

_N l*I l'[ the dial wo:Les hersell and by those surnoomling lier in the wmL imnn.1he sists hmni. in is in

these two sources add lo those calculated hir the e-pastitle nadiation amt must he.. i., . . . . i i. . . . . . .... .
i. - n . .... .... ... ..... . 88 * cvaluated in sciation to the ..paiticle risk.i. . ... .... n . . . . .... .s. . ,., ... s.s. ss

....s.
.. ..n .

... . ... ... ...i >>
35 .. ....a '"77:e y lennliarirm

. ..m .
n s. - . .. .. . . . . . .. ..... e

..U 'N, is'Ni .UU .j" [U "Ihe dose to dial workers in a woikrmnn hom the y radiation hom the luminons
" * *
a

n.. . ..., is., . . . . n . . . . . ...r . paint has been vaniously estimated by dif fe:ent wo:Lers. Finkel et al. (A.J. FinLel 1969)s... - ,,,, essa
.n .

i. ..... .... .
....... .. u . gave 4 radlyr for a mean lxaly exposuse dose rate; Polednal (A.P. polednak 1980). . . . , . . u. . . . . .

estimated 4.8 rad /yr as the ovary dose, conesponding to about 6 radly: to beme manow;
...... ... . . . . s... .

Itavenstock et al. (K.l!. llaverstock 1981) have given dose lates based on litm b.ul;;c

....s........................o..no.. "'Ca5"C"'C"'5 "n thitish luminisens which would be eiguivalent to a sange ol bone
marrow dose sates hom 3 to 13 sadlyr depending im the years when wmLing between..

c. . .... .... ., s....,.................nc.n.i.
ggg g ,

sulliciently typical for U.S A. wo Leis. Taking this ligure (as the bone manow dose) and
" the sum of the cases expected naturally plus those calculated from II e bone using the ave age duration of employment for the female dial worLers of 145 weeks the

manow inadiation is 4.7 against the 2 cases observed in the study population and this y-ray dose amounts to 22 rad.
dilleience is only marginally significant, p<0.1.

"Some of the assumptions which were icipaised for the above analysis do not have Turn iminun
to be made for the gioup of 1285 located female radium wo:Less wlm weie eximsed "Among the total number,2910 of hicated sadium dial w.nLees 10 cases of
behne 1930. Ihis gioup is not totally suitable, in that il may be biaseil. 'Ihe follow.up, lenLaemia weie obses veil and in a gismp of this site ami age diste sbutiam 9.21 (ases would

howeves, is imm the year oflisst exposure to death or to the end of 1979.1he follow-up be expected in the general poimlation. 'this does not suggest a significant number of
preimiis of the order of 60yr so that life-time risks can be used. In this group 4 cases of cases induced by the radiation exposure and bears out the cailier opinions that leukaemia

lentaemia were obscaved and S A4 cases were expecied in the compa able population. was not an outstanding featese in the nadium cases.

It is a ocasonable assumptimi that the magnitudes and distribution of the a-particle doses "In the smaller geoup of 693 dial painters for whom it was shought woithwhile to

weie at test appmximately the same as those given in Table 5 for the 694 pe sons whose cany out an analysis by dose group. 2 cases we e obsesved against 2.04 expected

radimn imidens were measmed. On this basis it can be shown that about 13 cases of naturally. On the basis of the .. particle doses to bone manow and the risk factor
iadiation-induced leuknemia couhl be expected in a follow-up pesiod of 60yr (chmnic suggested by the ICRP (Internatiimal Commission on Ibuliological l'iotection 1977) it t an

ly mphocytic and cInonic lymphatic cxcluded). Ihat is, on the nssumption of a Quality be calculated that smue 2.63 cases would be expetted in the exposed mputationi

I actos ni 20 for a paitide inadiation, the total of natural plus radiation-induced additional to the natmal incidence. || the same analysis is apphed to the total numbei of

leukaemias in 1285 persons wouhl be expected to be about 18, as against I observed. 1285 located female radium dial wmkens tidlowed up for 60 yr, some 13 cases of

"It does not appear that the low incialence ofleukaemia in this group of 1285 radiation. induced leukemia would be expetted additional to 5 4 cases espetted natmalty,

no Lees can be acwunted hn by the combination of a high, Quality I attor and a low that is a total of about 18 as against 4 cases obscoved "
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S.0 Weapons / Facility Helcases several excesses for about two years thereafter. More than 20 years after the exposure,
the average leukocyte counts were slightly depressed. In two Iishermen exposed to high

5.I Weapons /Facilly Releases / "Atomie Veterans"- Yalow 1994 doses,,eutmphil counts were depressed continuously for 25 years when compared with
the counts on the first day after their return to Japan."

Weapenn lesrs parncipants
5.3 Weapons / Facility Releases /Chernehyl Releases - Jaworowski 1995bNobel I. aureate Dr. Rosalyn Yalow states (1994) that,"Ti.e National Academy of

Sciences National Research Council analyzed 46,186 nuclear weapons-test participants,
Prof Emeritus, and Member of the UN Scientific Committee on thc EITects of

showmg 10 leukemia-related deaths (3.97 expected) among the 1957 Operation Smoky .

p.n ticipants. Ilowever, only I of those 10 was enposed to more than 3 rem. There wereno ^'?"".c Radiation (UNSCEAR), of the Central Laborstory for Radiological Protection,
Zbegmew Jaworowski states (1995b) that " Unexpected results were obtamed in one of

increases in other cancers. Conversely, three thousand 195I Operation Greenhouse
paiticipants had I leukemia death (4.43 expected). These are typical statistical variations depesWes in iminan genen cam wt bgary Mme aM anu h WnW

accident. Several serious congenital anomahes occurred aner the Chernobyl accident
with small numbers. Of all weapons-test participants, there is no excess cancer

with lower frequency than before the accident."

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

"I* "' **""I * * * " " * * * " **" * * I *
l'rofessor Emeritus Dr. Schei Kondo (1993) reports that,"On I March 1954, a

hydmgen bomb t-st was performed on Bikini Island, end 23 Japanese fishermen, I 8-D .

Zb.igmew Jaworowski statesil995a) that, "The 'no-es w nientus
.

years olt!, were exposed to ' lethal" radioactive fall-out (about ! mci /g by a crude threshold' arithmetic was also applied to population exposed to the local Chemobyl
diimate). A briefdescription of the event and its elTects is given here because these men I* 8n Supreme Sweet to nacuam aW 2M,0%
can he regarded as having received a level of radiation intermediate between that of the [* "'' *a '? a'

in a an mne an Belarus, wM leatl to unspeakaW sufrenngs and a loss of
llirosi ima-Nagasaki atomic bombings and that of the Chemobyl accident (see Kumatori

manA an,eq alent ie General Na al Pmduct of the
et al. 1980, for details) f rmer Soviet Union . The intervention level for evacuation was a lifetime (70 years)

" Estimates of whole. body doses of gamma rays from the external fall-out, which
radiation dose 350 mSv, t.e. a level only about twice as high as the global average natural

were received during the first two weeks up to 14 March when they returned to Japan, lifetime dose of 170 mSv. All famihes with pregnant women and children under age of
werc 200-295 rad Ihr II fishermen,325-395 rad for five 415-475 for three,545-575 rad ,

N per m2* * " * " * " " " * * c ntannnawn greatu t an
ihr Ihree and 670 rad for one. The acute efTects ofchronic irradiation at these doses were .137Cs body burden m children still hym.g m such areas was found to range between 0.04
estimated to be approximately equivalent to those of a single, acute irradiation with half .25 kDq, wM is lesh natmal amant oN in die cWen's Wes (an aduhan
of the doses, i.e., total acute doses of 80-320 rad. Additional doses of radiation in the

. . . body carries about 400011q of 40K). Radiocesium body burdens of several thousands Ilq
thyam.d, on the basis of radm. active iodm.e nuclides incorporated, were estimated to be are n w c mn n n N tthern Canada and were as high as 100,000 Ilq during weapons

| 230-550 rad. tests m the 1960's .")

,,One fisherman with hematolog.ical disturbancas (anem.ia, leukopem.a andi

thrombopenia) and hepatitis died 2% days aRer the accident, and one with ascites caused
by cinhosis died 21 years later. No malignant disease has been observed in the remaining

5.4 Weapons /Faellity Releases / USSR Releases - Jaworowski 1995b
I ollow-up studies of peripheral leukocytes and platelets from the exposedmen.

thhcimen were canied out from the time they retumed to Japan. Average leukocyte and
platcIci counts were mr.rkedly depressed for about two years aner the exposure, recovered Prof Emeritus Dr. Zbigniew Jaworowski states (1995b) that,"In September 195 /,

gradually, reaching normal levels two to five years aRer the exposure, and then showed inhabitants of 22 villages in the Eastem Urals were irradiated with high radiation doses ,

of up to 1500 mSv. the result of the radioactivity release from thermal explosion in a

5-I .
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Soviet military nuclear facility. About 10,000 people were evacuated and their cancer
.

.

moitality was studied during the next 30 years.
'Trom this group. 7,352 of the persons studied were divided into three exposure

groups: those whc received average doses of 496.120, and 40 mSv. Tumor related
morality in the 496 mSv group was 28% lowet than in tie nonirradiated control ,,

population from the same region;in the 120 mSv group it was 39% lower, and in the 40 '

mSv group it was 27% lower. In the first two groups the dilTerence from the controls was
statistically significant (Kostyuchenko _ad Krestinina,1994).'
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6.0 i .'aitirai 11ackgrounel i
.,,,,,,_,,,,,,,,,,,,,,,__,,g.,.,e

p n, m rose r.n= n

I)r. Alan Ilrodsky reports (1996) that, "UNSCEAR reports are considered
scientifically authositative, and are often used by nations in develo' ping their own

, ,, _

ra liation protection standards. A ree' nt articic by two United States representatives to
UNSCEAR and other U.S. scientists provides a concise summary of the conclusions of *-*a*.*-"*d**i-5* I

*--d *--d 'adthe 1986 and 1988 UNSCEAR reports (Mettler et al.1990; UNSCEAR 1986,1988). .

"UNSCEAR estimates the annual average efTective dose equivalent per person in the c -= -
e, m e= - ,=

-'a - ""wo Id population to be 3 mSv (300 millirem). Most of this (2A mSv) comes from natural . | t

c-- ~ ~ - '"" '*"
radiation that has always been in the environment, and 0.4 to I mSv is attributable to
rnedical exgesures. Other sources contribute less than 0.02 mSv (2 millirem) annually. ''*-'** 7 "" ,, .a on

~1 he worldwide collective elTective dose equivalent annually is between 13 and 16 million C,*,',,,,,,,
- |7 77'
.,

*- - "' *'" "' '" "*
person-Sv (1.3 to 1.6 billion personrem). Table 2-43 shows the estimated annual elTective

" " " " '' "
dose equivalents from naturalsources, 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. T he most obvious source of natural radiation exposure that depends on
human activity is the exposure to radon and thoron and their decay products. The In Table 2-44, the total natural background exposure rate is compared with other

krations of home amt building construction, the amounts of ventilation provided, and the sources of manmade exposures.

types of construction, all a(Tect greatly the amounts of radon and thoron exposure to
individuals. 'I he estimated average annual natural radiation efTective dose - the world Tourm m its - Weeinende.eW wm w w ,
population is seen from Table 2-43, the current (240 mrem) average of 2A mSv. tm,ra p weier ei s.199tt TaNr J)

"In the 1988 report, the extemal estimate from cosmic radiation has been increased
by about 0.05 mSv (5 mrem), as a result of taking geographical distribution, as well as ,n,,,,,,,,,-.,,,,,s., c,,,,,,,,.

altitude distribution, into account. This cosmic ray component of natural exposure, as is
. s . . p.re. Arrr == *= W Dr ar =rt tea *= p->

well known, can be raised by a factor of two or more above the average of 33.5 nn..tlirem m p., e me vs.a, w
.*.m4# .5shown in Table 2-43 simply as a result of moving to a high altitude such as that in

I)env er, Colorado." cav4L r, p yp..,

>==ir we =4 2e o n i

Merar up-r= tess-art a te e no as eaes
Otrupeasant egesse O WI O S-1 0 91 6 (DI
Markar poses p.edenis. 0 GIII 8 tot 41 0 001 $ 0001 |

(0 037 (D eost

SacGlf Pre musiparare

AE es reptosises egeter 0 et 0 Of 1 0$
Cif C ef

N.rks emdr.m 06

* ne sahu.d tug we stade due bem ts ed T to mas pose , ed T go we ogsmas e, gaan e
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i
,

a risk to human health, theref' re,it will be handled by the ministry of public health. lhis '

"The Chemobyl accident has been estimated in an appendix of the 1988 UNSCEAR o
.

scpost to produce a collective dose equivalent cro.6 million personSv (60 million person- is not the case, however, in most countries of the world.'

arm), mostly in the former Soviet States and Europe. lhirty percent of this collective "A notable exception is China. In 1972, the Chinese Govemment supported a ;'

dose has been delivered in the first year following this 1986 accident, and the remainder national project on research into high background radiation to conduct studies on the ;

I will be delivered in tens of years after the accident. lhis collective dose (in the first year) health of people living in Tongyou and Donganling areas of Yangjiang County, f

is almut 2 percent of the annual natural background collective dose to the would Guangdong Province, in southern China, where the natural level of radiation is about ;

three times higher than the world average. The high-background areas are located along i
population.

"'lhe UNSCEAR 1988 report also presents (Table 2, Mettler et al 1990) collective a river system from Mt. Donganling and Mt. Ezhang and have the total area of 540 km^2, i

eMective doses from nuclear energy generation industries as integrated over 100 years, including 463 villages and the population of about 80,000. As the control areas, |

p..d over all time, the 24 person-Sv per GW over the next 100 years capacity of 500 GW Wudianmeihua area in Enping Cosmty and Sanhe area in Taishan County, were selected;

estimated for the year 2000, would amount to a collective dose of 12,000 person-Sv (1.2 these areas have nonnal level of radiation. The locations of the high-background i

million person-rem), compared to the natural background integrated over 100 years, radiation areas and the control areas are shown in Figure 4.1." t

u hich would be about 16 million person-Sv (1.6 billion person-rem) per year times 100 |

years, or 1.6 billion person-Sv (160 billion person-rem) over 100 years." [

"1hus, the average annual exposure per person from nuclear power production is j

shown in Table 2-44 to be only 0.0002 mSv per year (0.02 milliretn per year). Far

Sp-[ $ ;comparison, the DEIR V report estimates that, averaged over the United States
rpopulation, the natural background exposure is 3.0 mSv per year,2.0 mSv of which is , , , , , . g

Imm radon. T he annual medical diagnostic exposure is 0.39 mSv, the nuclear medicine pb
'

p#fN {
! exposure is 0. I4 mSv, consumer product exposure is 0.10 mSv, the nuclear fuel cycle d %c=ier e-*
| exposure is <0.01 mSv, and occupational exposure is (averaged over the total population) [ j Gb ,,

maac=vy { f< 0 01 Sv. lhe total of natural and artificial (manmade) exposure in the United States is nenn
. no.;ii;;;in,g ?) !

'
estimated to be 3.6 mSv (360 mfilitem) per person (NAS 1990, pp. I8-19)."

1n,,m ,,,/ W"*" .

c[ I6.1 Natural llackground/U.S. States - Yalow 1994a

Nobel Laureate Dr. Rosalyn Yalow states (1994) a "U.S. average radiation dose of i #h f.

(0.1 rem /yr (ie,5 rem /50 yr), not including redon, varies up to !O-fold locally. ..
7- ""''' C''". se.*

I , m, ("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). ;

;

! 'Ihis does not prove a protective eIIeCl of radiation exposure, btti the opposite rCsult Fig. 4.1 Imcations or stees les the feHow-up study conducted by the Illgh
would cause some to unequivacaly declare radiation the cause..." n. char ===4 mediation me e===h ce==y la chin. |'

Tongyou and Dong-anting regsono (dettedl in Yangpang County. no e the areas of high. ;

background radtaHm the two control areas are located in Enping and Tatshan !

6.2 Natural Hackground/Ch.ina - Kondo 1993 com.ucs turtpedl trenm wel et al. 1990. wMh minor modincanon) |

Professor Emeritus Dr. Schei Kondo (Kondo 1993) notes that "in modern, civilized
countries, citizens' health is in principle taken care of by a ministry 4 public health, or 7

its equivalent, in the government of each country. Iflow-Icvel radiation really presents ;

!

6-2 , ,
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"If we add the doses ofinternal radiation from potassium-40, radon 722 sind its
decay products and others, the annual efTective dose equivalents become 0.55 and 0.2{

" Locations of areas in the follow-up study conducted by the liigh Background rem, respectively, in the high-background and control areas.
Itadiation Research Group in China Tongyou and Dong-anling regions (dotted) in "1he cumulative effective dose equivalents of residents with age of 70 ears in th3Yangjiang County, are the areas of high-background radiatio t; the two control areas are high-background areas are 35-53 rem, with an average of 38 rem. Therefore, if the life
cited in linping and laishan counties (striped). (from Wei et al.,1990, with minor time dose limit of 35 rem adopted by the ex-USSR as the intervention level for evacuatio
modification)In the first stage of the health surveys, from 1970 to 1978, a retrospective (see Section 2.2) were to be applied in China, the entire area of high-background radiati
method was used whereas, since 1979, follow-up studies of residents in the two areas in Yangjiang County would be evacuated immediately. Chinese radiation experts ha
have been carried out using a card enrollment system. not taken such measures, however, as they have obtained epidemiological evidence tha

"Recent results have been summarized in a review article by Wei Luxin et al. the natural radiation in this area is not hannfut to residents."
(1990). " Cancer mortality is lower in areas of high background radiation than in contro[

"Recently, researchers from the US National Institutes of Ilealth have been areas."
participating in cooperative work on this and other health surveys oIChinese residents." "Between 1970 and 1986,74,000 people were studied in the high-background areae

"1he average annual absorbed doses from external gamma rays in the high- and 77,000 in the control areas. One of the est important characteristics of these
background areas is about 0.21 rad, whereas that in the control areas is 0.08 rad (Fig. populations is their stability; most people have lived in the same place for more than five
4 4)." generations"

"The two areas have similar geographical characteristics: the altitude in the high,
background areas is 20-50 m and that in the control area ,15-25 m above sea level.

(Al- (B)
liabits, 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 diffee
ji

in the two areas; on average, there are one medical specialist and Iwo county doctors for

every 1000 inhabitants. Both areas are rural: 94 and 93% of inhabitants in the high-,

}
~ background and the control areas, respectively, are peasants.

"For the purposes of the long-term health survey, the IIBRR group established the
G -

fo!!owing principics for selecting the study population: of IIan 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.r[ h - "As shown in Table 4.3, there were 467 deaths from cancer in the high-backgroundf x

se essessinut en suess!ressn en
areas in 1970-86 for about I million person-years, with an adjusted mortality rate of

Annual samma-rar dose kmR 48.8/105, and 533 in the control areas for 995,000 person-years, with an adjusted 1
rig. 4.4 Dietribution of abeehed deoes of natural gemme rays receleed by mortality rate of SI.I/IOS. The difference is not significant."
inhabitante la control (A) and high-becnground (Ill erees d redletten la southern
Chine

Fran wet er al 1990

6-3
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" Leukemia is the most sensitive type of cancer to induction by radiation.!
1.iae 4.3 si . peelse e neer m et uty tree to= m.y r.3*,1970-se. I" Furthermore, most of the cases reported in 1apie 4.3 were diagnosed on the basis of!,
6:gs-6.aer. n4 .na . er.I .r. .r..al.el.n I chin.

histopatholog.ical ev.dence. As shown m. Table 4.5, the .meldence of deaths from |
.

i
c.ncer . te liigh.b.charound areas conirol a'e== leukemia in the high-background areas was within the range of variation of the !

no. M ort.uir..te No. MortalHy rate spontaneous leukemia incidence in neighboring countries or Asia.- !

Aver .ge Adjusted * Aver.ge Adju.ted* , ,,_ _

f'"*8**'"**"* *"**"" * * " " * " "" **'
Naeopharytm 94 9.32 9.84 to9 1o 95 1o.45

|Esoph.gue 13 1.29 l.40 16 1.68 9.49 Country Mohan.ree neopt .m. s eu h eme.

Stomat h 53 5 25 5 60 47 4.72 4 44 or .s.* meu re we. M.w. remese.
Iever I15 13.40 32 05 145 14.57 13.92

|investine 16 8.59 8.70 25 2.51 2 38 a song Kong i a oest* 173 8B7 34 33

1. orig 25 2.48 2.65 35 3 52 3.29 J*8'*"''"*'* ''' ''# ** ''#

Mor** ER*Puhtee on tIDest* 95 55 29 24
the.st 7 o 69 o.75 13 8 38 1.25 $$Cfe',e h N I

,

!Cervim uterus 13 1.29 l.37' 5 o 50 o 45 5
tsukemia 38 3 07 3 02 33 3.32 3.39 chen.* e4 e3 2e 2.2

[osteosarcoma 5 0.5o o 52 6 o Go 0.59 GHah.h.chge-nd .re..* Se 35 3.2 29

Content .re..* e6 41 3.8 3t i

Others 95 9 42 99I 99 - 9.95 9.44

1ntal 467 46 29 48.81 533 53.56 51.09 renm w.e es et t oool.with perms son *

* From World lle.lth Org.riesateen tt9871 !

From Wet et al. I1990). with permission * Th. t=0.re.. eurveyed by the si'ah is.ekgenund rundemiaan rte eerch g,oup ;

* s or ebr period 8970 96.1.006.769 person. years observed in the high bachgrourwl
. eas and 995.070 person-years en the control areas
* Adju iol in the en.nhinea popuia. ion in the htch b.ci,gmund and o,nimi .,e.s "The incidences of thyroid diseases in high-background and control areas ofI-

,,, < o o5
radiation were compared by examining I,000 women aged 50-65 years from each area. '
The estimated average cumulative doses to the thyroid were 14 rad for residents of the !

"llowever, the cancer mortality rate becomes significantly lower in the high- high-background areas and 5 rad in the control areas. Each woman was interviewed by ;
background areas than in the control areas, if we compare deaths from cancers other than a trained Chinese interviewer to obtain information on relevant medications,

leukemia among people over the age of 40 years to see the possible effects of differential medical and reproductive histories, specific symptoms relevant to thyroid function, [
cumulative doses of radiation (Table 4.4)." smoking habits, diagnostic and therapeutic x-ray procedures and diet. Physical i

examinations of the thyroid were conducted by three US thyroidologists who were i
T.bl. 4.4 ann I r.te. It970-es .r . t.lley re all een ..e.pt I. h.-l* unaware of the exposure status of the women.
.an.sig inhabit.nte agea 40-70 y. ore ist higin.b.chgr.eand and e.ntr.4 me.as .r t

,.al.u.n la enin. "For all nodular diseases, the prevalence was 9.5% .m the high-background areas ;
- and 9.3% in the control areas. There was no significant difference between the two areas i

obsemd inss cit In the prevalence of any type of abnormality of the thyrm.d, . dicating that continuous i*Area Person. years Mortahty
A-value t.9ti

p .

m
Na- ItateIPer19) exposure to several times the normal level of natural radiation throughout life is unlikely |

to increase appreciaMy Oe M b 6M cancedIHgh background 207.900 299 144 -14.6 o 04
tuul t-24 8.-3 o1 "It should be noted, however, that chromosomal aberrations were significantly. j
contmiscAl 224.380 377 Is8 more frequent in peripheral blood fiom elderly women in the high-background areas than !
I'mm Wet et al. (1990). with perrnission for women orthe same ages in the corttrol areas. Thus, chromosomal aberrations may be !
* %e AMFri computer program tPreston,1987] was used to fit the Poisson regression a good monitor of the dose of low-level radiation but they do not necessarily teflect the i
model. R ,IS.T.Al = RJSilitI + AA). where it., and fl are enortality estes in llB and e

CA. respectively. S is .ex.T le age. A is area. o represents CA.1 -epresents 118 and A occurTence of overt disease.,,
.

u

Is the " excess' rate In 110 over CA: Cl. conrklence Interval !
,

'
>
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i
Natural Itackground/ China - Luckey 1995 and Taishan,2.I mSv per year). In the high-background county, the inhabitants re'ccive;

a 70-year lifetime dose of 385 mSv, which is higher than the intervention level *for;
& ncess cancerfound in a Chinesepopulation with a three times higher becaground evacuation adopted for Chernobyl, and 5.5 times higher than the dose limit proposed in
radiateber. the EPA." Should the Chinese govemment evacuate Yangjiang county? ' 7he!

cpidemiological data show that....in an age group of 10 79 years the general,
Professor Emeritus Dr. T.D. Luckey (Luckey 1995) finds that, "Wei and Wang (nonleukemia) cancer mortality was 14.6*5 lower in the high-background county than in!

compareil the heahh of 77,000 Chinese peasants living in a world average background the low-background counties. The leukemia mortality among men was 15% lower and,
radiation level, with 73,000 peasants living in a background radiation which was three among women 60% lower in Yangjiang (Wei et al., 1990)? |
times higher (Wei,1995). 'Ihis study involved 2 500,000 person years. 'Ihey found the I

non-leukemia cancer mortality rate of the 40-70 years age group to be statistically lower ~|
in peasants living in the high background radiation level than in peasants of the control
cohort . . " Natural Hackground/ China - Jaworowski 1995a

"An earlier summary suggests the background radiation group benefited in several i

parameters of health (Luckey 1991, 1992). When both populations were compared, Professor Emeritus Dr. Zbigniew Jaworowski states (1995a) that,"The question [
cancer mortality rate, lung cancer mortality, and the leukemia mortality were lower in the arises: why govemments of various countries do not relocate populations living in areas ;
high-background population, p = 0.05. In the high-background population, infertility was where lifetime dose of natural radiation is higher than 350 mSv. For example, why are i
Iower, p<0.05 neonatal mortality was only 76 percent that of the contmis, p = NS, and life people not evacuated from Norway where all country average lifetime dose is 365 mSv i
expectancy of people over 40 years old was longer, p<0.05." [Ilenriksen,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 fNatural Hackground/ China - Yalow 1994b
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 ;

Nobcl Laureate Dr. Rosalyn Yalow (1994b) states that,"In China, of 150,000 Ilan public to natural sources of radiation). Yet these individuals show no increased incidence !
peasants living near each other to six generations, about half receive about three times the of any disease, and some of them lived to I10 years of age [Sohrabi,1990)."
radiation of the other half from radioactivity in the soil. Investigations since 1972 for
th ses and heahh eITects find no discemible differences in the health of these populations. 6.3 Natural Background /Other Nations - Luckey 1995
Snmlar negative results are found in higher background areas m Drazil and India." ,

i

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 [

Natural Hackground/ China - Jaworowski 1995b
:he United States average background radiation level. T hese populations have not been |
**U SI" *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, "1he best radioepidemiological study at i

'

Iow doses to date has been carried out in China. Between 1070 and 1986,74,000 people
in Yangjiang county, w hich has a high level of natural background radiation (5.5 mSv per ;

yea:). were compared to 77,000 people in two adjacent low-background counties (Enping [
!
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USA are available only on a state-wide level, lung cancer rates were compared with 11
mean radon levels for each state. When cigarette s. des per capita were introduced into il

Natural Itackground/Other Nations - Jaworowski 1995s regression analysis, the negative slope for dependence on radon levels was essentiall
enchanged."

Professor Emeritus Dr. Zbigniew Jaworowski states (1995e) that,"The question
arises: why govemments 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 .

"' I f ~ c ~~' ""
people not evacuated from Norway where all country average lifetime dose is 365 mSv c ,, \ ** y ' "

(lienriksen,1988), or from high background regions in India with a lifetime dose of > *? >%f , 2 *~~~" M' ',," "--"~*

k Y\T~ / *-

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 ,, ,g <--
,

' a- ama-
-\guidelines then it considered the fact that in a house in the city of Ramsar several s

generations were receiving average individual lifetime doses of natural radiation of I~ ydQ, h
~

--

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 aow no increased incidence c .,----,,,---*s {'*' " ~-r'',_7-1

of any disease, and some of them lived to I10 years of age [Sohrabi,1990]." "E ~
~

#', '~ '
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6.4 Natural Itackground/ Radon and Lung Can. er- Kondo 1993 -c - , ,
,,

s
5"

~

| Figs are earlier version of Cohen]
' ' * * -* *******

Raaion ....,.....,..-...,,,*

Professor Emeritus Dr. Sohei Kondo finds (Kondo 1993, Section 4.2.1) that " Cohen ,,,,,,,,,,,...,,,,,,..u,y......,,, ..,,.a.,,,.,,,,,,,,

(1990) reported an epidemiological test of the linear no-threshold hypothesis on an j,;3" .,';';,1;,,TT7,',*"c,,j'"','|,,'T;'",'" ,"j,"7",,"",.7,77."|ff,, ",'
accumulated data set covering 4 I I counties in all the US states except flawaii, Mississippi ;"J,*,'"',!'|';*,"';;,"'f,'fi.),'i' ",U,"O'"!*; 7,'f',"'""7,*,T'','j";'."'"1.

and Nebraska, plus the District of Columbia. The age-adjusted mortality rates for long TJ,,' ? ,",,'* *"t.""",," ".'"*,,"".* ".".'",''77; "O 7,;"'."*,*.'",* *,* ",".*;

cancer in 1950-69 for white females and males in the 4II counties in which (radon p'"7,,,**N' J,"' 7',*;",,,'*/y*';T,',**.'**,J'*0,';;',,!Tiy '0",TJ:.'i77,|
'

* * ' " * " * * ' " " " ' " " ' * " ' " " '
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
anothen Dr. Kondo reports (Kondo 1993, Section 4.2.3) that, "The negative correlations

" Figure I shows a plot ofI'mg cancer mortality rates for females in the 4 I I counties of home radon levels with lung cancer rates . are based on ecological studies on groups
against the mean indoor levels of radon in the corresponding counties. ...the trend of the of people; they can be taken as strong evidence against the validity of non-threshold
. . relation is the same wheQer we consider a tine through medians . or the regression hypothesis that is adopted for the assessment of radiation risk by the EPA and
line. For males also (Fig. I A,11), the regression ime is very close to a line through the corresponding agencies in many other countries in the world. He question of whether
medians for each range of radon levels." there is causal relationship between risk of lung cancer and exposure to natural radon

"One of the weak points in this analysis is that ecological studies, on which Figure cannot, however, be answered by ecological studies because it is conducted on groups
I is based, are susceptible to confounding. To study possible confounding elTects on lung of people rather than on individuals. .. (II)ut recently Illot et al. (1990) conducted a case.
cancer rates, Cohen (1990) carried out multiple regression analyses of the data Cigarette control study on lung cancer patients in China, measuring radon levels in their dwelling,s."
smoking is the most important cause oflung cancer. Since data on cigarette sales in the
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prob! cms. The study comprised 308 eligible lung cancer patients, who were female in Comwall, and 49&485 for males and 181:160 for females in Devon (llaynes,1988)."
sesidents of Shenyang in the age range 30-96 years and in whom primary lung cancer had Blot et al,1990, reports that "In a significant study conducted jointly by the Liaon*ng
been diagnosed in 1985-87.. (A)ll suspected cases of lung cancer and supporting Public Ileahh and Anti-Epidemic Station, Shenyang, China, and the US National Cancer
diagnostic materials were reviewed and classified by an expert panel of pulmonary Institute, in an area with a known high variation in radon and with unusually high ;ong
disease physicians and pathologists. As a control group,356 healthy female residents of cancer in women, radon detectors were placed for I year in the homes of 308 cases of
Shenyang were andomly selected to match the age distribution of the cases. newly-diagnosed lung cancer cases and 356 suitably matched controls. %c median time

"Itadon was measurcel . . in the houses of patients and controls for one year; two in residences was 24 years. Median radon was 2.3 pCi/L, with 20% >4 pCill.. He report
detectors were placed in each house, one in the bedroom and the other in the living room. shows that the lung cancer " levels were not higher in homes of women who developed
.flhe median levels were 2.8 pCi/L in the houses of patients and 2.9 pCi/L in the houses lung cancer than in homes of controls, nor did lung cancer risk increase with increasing

of control subjects, radon level. %e data suggest that projections from surveys of miners exposed to high
Weept for a slight, nonsignificant upward trend for small-cell carcinoma, no radon levels may have overestimated the overati risks of lung cancer associated with

evidence of increasing risk with increasing radon level was found. On the contrary, a levels typically seen in homes in this Chinese city "
downwaid 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). il the no-thseshold hypothesis of the DEIR-IV Report (1988) were true, an odds Natural llackground/Itadon and Lung Cancer - Luckey 1994
iatio of 1.8 would be found for lung cancer with exrasure to a radon level >8 pCi/L in
comparison with the level 0.1-1.9 pCi/L; this value is significantly higher than the Professor Emettis Dr. Don Luckey reports (1994) that,"ucre is a strong negative
observed ratio 0.7, with an upper confidence limit of 1.3. De currently adopted no- correlation between the radon in homes and lung cancer mortality in males, p < 0.001
thresl:oid hypothesis thus overestimates the risk represented by radon." (Figure 1I)(Cohen and Shah,1991; Cohen,1992). About 90% of the population of the

United States resides in the 1730 counties represented. Cohen obtained comparable data
with both males and females. IIis results were comparable with corrections for smoking "

Natural llackground/Itadon and Lung Cancer- Kondo 1993
$3

Professor Emeritus Dr. Sohci Kondo reports that there is a " negative association
between lung cancer rates and indoor radon levels in the United Kingdom" 5'

~

,,,

, , ,

Professor Emeritus Dr. Schei Kondo reports (Kondo 1993, Section 4.2.2) that $ 3 \ u . . ., . , co....,

* * *"llaynes (1988) reported, using aggregate data on counties in England and Wales, a ;

"[negative association hetween mean radon concentrations in dwellings and standardized y* ,
i

mortality ratios for lung cancer, when regional variations in smoking, diet, social class g '' a

and population density were controlled. ] * * [[ ''
*

,

"He highest of mer.n domestic radon concentrations were recorded in Cornwall 33 3 ge 7
(l 10 Uq/m3) and Devon (74 Bq/m3); the two counties have, respectively,8,000 and 5,000 y, , g,,8], ! 'a

dwellings whose indoor concentrations of radon exceed 400 Bq'm3--a level above which g
building modifications are recommended to reduce radon gas in the UK. In spite of the -; A

; $
*

high radon levels, the number of annual lung cancer deaths, 1980-83, in those counties o3 3 , c y,_

was within the range to be expected from relationships not involving radon, as observed C,i'y,,pg,',',, ga|7,'g, -r--3- ,=g,;,g gjg,,,u77pg..o;qn.. .j
in the rest of the country. He observed: expected deaths were 204:213 for males 63:69 ' " = ' " " ' * ~ ~ ' "~~ r d '- -ar-ia' *= i-* " -~ ~ * m a - 6-
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Natural Itackground/ Radon and Lung Cancer- Luckey 1995 11EIR IV. To the contrary, epidemiologic studies in the United States (Cohen 1986,1987,
1989), Sweden (Swedjemark 1984), Finland (Castren et al 1984), and China (llofman ct

Professor Emeritus Dr. Don Luckey (Luckey 1995) reports that " radon concen- al 1983) with increased radon concentrations up to 12 pCil-1, as well as in those areas ,

trations in a quarter.milhon United States homes present another human experience with below the average radon concentration of I pCiL-l (George and firestin 1980, Nero et al
chronic exposure to dilTerent levels of ionizing radiation. The inverse correlation 1983, Wrixon 1984) have all demonstrated a negative correlation of lung cancer with
between radon concentrations in United States homes and the incidence oflung cancer radon concentration. For a variety of reasons, these studies which contradict the linear-no

mortality has been presented (Cohen 1992) These data were comparable for males and threshold theory have been considered invalid by the National Academy of Sciences
females, with or without corrections for smoking. Since the negative slope of the curve Committee on Iliological Effects of lonizing Radiation (IIEIR), National Council on -
did not change throughout the study, the optimum chronic radon (with progeny) Radiation Protection and Measurements (NCRP), and the International Comndssion on

concentration for the reduction of lung cancer mortality appears to be greater than 8 Radiologic Protection (ICRP). Criticisms have included poor statistical power, inadequate :

pCi/L controls, and inadequate determination of the degece to which data have been altered by

"As a public heahh issue, it is pertinent to evaluate the lung cancer deaths predicted smoking and confounding factors such as numerous socioeconomic variables, geography,

by the two different theses. IIEIR IV states that there are 350 lung cancer mortalities per altitude, and climate. An extensive University of Pittsbutgh National Survey of radon in .

million person-WI.M (working level month). (11EIR IV 1988). Radiation from one WL homes was completed in 1992 that addresses these criticisms with excellent statistical

is equivalent to 100 pCi radon with progeny. One working month is I 70 hours. Italf time power.
at home for one month would be twice that long, about 340 hours. T hus, their model "The University of Pittsburgh nationwide study based upon 272,000 measurements .

suggests home radon would cause 700 lung cancer deaths per million persons at 100 pCi in the homes of 1217 counties was completed in 1992,1his study and nine individual:

per hier of radon and progeny and 70 per 10 pCi/L In contrast, the Cohen data indicate state studies were normalized to the EPA National Residential Radon Survey. T he

that one million people would have 250 fewer lung cancer deaths at 5 pCi/L radon (with combined data set compiled from Pittsburgh, states, and EPA studies includes 1729 -

progeny) than at 0.5 pCill " counties containing nearly 90% of the U.S. population. After deleting Arizona,
Califomia, and Florida, states with high retiremt migration, and counties with
incomplete data,1601 counties remain included (Cohen 1994) see Kondo - 1993 p. 6-6.
Figure I shows plots of mean ageadjusted lung cancer mortality rates (m) for white males '

Natural Back round/ Radon and Lung Cancer - Pollycove 1994 (Figure la) and females (Figure Ic) vs mean radon levels (r) in homes of all counties
E

within various ranges of r, along with the standard deviation of the mean, fitst and third

Professor Emeritus My on Pollycove, MD,(1994) reports that,"The BEIR IV quartines, and the best linear fit to' the data for individur' counties, m * I a(i e br). T hese

port (1988) based upon a linear-no threshold extrapolation or the incidence of lung mortality rates are corrected for smoking by use of Bureau of Census Population Surveys .

cancer in uranium mine workers exposed to high radon concentrations, predicts that the of smoking prevalence and BEIR IV risk estimates for smokers and nonsmokers, and are

lifetime mortality risk of lung cancer is increased linearly by 10.8% per pCiL-l. One shown togetherwith the best linear fit, M = m/m. - A + Br in Figures t h and Id. BEIR '

pCil-I approsimates the world average (UNSCEAR 1982) and is equivalent to 0.2 IV theory lines are normalized lines with slope 11 increasing mortality at a rate of-

working. level-montli(WLM). (NCRP 1984) The American Cancer S' ciety projects for 7.3%fpCil I. After correction for variations in smoking frequency, there is a very strongo

the United States 170,000 new cases oflung cancer in 1993. Accordingly, prior continued tendency for lung cancer mortality to decrease with increasing mean radon level in .

home exposure of the population to one additional pCil 1 of radon would have produced homes, in sharp contrast to the increased mortality expected from the linear-no threshold

18,000 additional new cases or lung cancer in 1993. Five-year survival of treated lung theory. The discrepancy between theoretical and measured slopes is by 20 standard

cancer is only slightly ,oore than 10%. Relying upoh the IIEIR IV theoretical prediction, deviations. An carlier study based upm dat, ror 965 counties fumished additional;

the Environmental Protection Agency (EPA) considers radon in the home to be the details'of methodology and somewhat less steep negati- slopes of m/m, vs r, with the

nation's leading health haiard. discrepancy between theoretical and measured slopes by 7 standard deviations.(Cohen :
*

"llowever, there is no epidemiologic evidence to support the risks predicted by and Colditi,1994)
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"Conection for the efTects of smoking was made using the separate risk estimates than rural houses and urban people smoke more frequently, and (2)Imuses of smokei
for smokers and nonsmokers given by 11Elit IV theory and estimations of the fraction (s) have 10% lower radon Icvels than houses of nonsmokers. An extensive statistical tud
of the adult populations that smoke cigarettes in each county derived from ilureau of of the effects of these r-S conclations leads to the conclusion that the Ill:IR IV piedntic
Census Surveys, with a conection factor for the fraction of the county population that of 11 is reduced fiom + 7.3 to * 6.9, which contiibutes very little to decicasing if
hvcs in an un han area. ~1 he resultant slopes (II) in units of"A per pCiL-l are -7.310.6 SI) discrepancy aviih tile :arge negative values ofII. -7.3 and -8.3 obtained feom the at to
males and -8.310.8 females, discrepant by 20 SD with the slope expected f rom IIEIII measured and reported data.
IV thcony,11 = + 7.3. Many other factors in addition to smoking are carefully analyzed " Linear-no threshold theories other than Ill:lR IV are considered wi ich invoh
to see whether any can explain this discrepancy. Pittsburgh radon measurements are ditTerent treatments of smoking. Also considered is the " intensity of smoking " Analyt
consistent with EPA and state measurements. Potential problems conceming outliers and statistical study of these considerations lead to the conclusioti that other theoretic,
sampling issues are demonstrated to be absent. Unr. mties in lung cancer mortality predictions ofil could reduce the discrepancy between 301o anti 811/o. The possibili1
rates (m) and smoking prevalence (S) are given elabora monsideration and shown to be that an unrecognized confounding factor could explain the discre;iancy is secogniici
unimportant causes of the discrepancy between theoretical and measured slopes. Ilowever, tile following properties are required of an unrecogniicd confounder that coul

"A careful investigation was made of the possibility that one or more socioeconomic resolve the discrepancy: (I) It must have a very strong conelation'with lung cance<
wnfounding factors other than smoking could conelate strongly and with opposite signs comparable to that of cigarette smoking, but still be unrecognized; (2) It must have a ve
with both m and r.1 hose would introduce a strong n$tive conciation between m and strong conclation ofopposite sign with radon levels;(3) It must tiot be strongly conclate
r which would not be due to a direct causal relationship. There are 54 socioeconomic with any of the 54 socioeconomic variables (SEV);(4) It must be applicable in a wid
variables (SEV) which are analyzed singly and in combination. The 54 values of 11 free variety of geographic areas and independent of altitude and climate. ~Ihe first propent
of confounding by each SEV vary for males from -5.6 to -7.7, mean -6.9 i 0.5, and for alone requires of the unrecogniicd confounder that it must have increase I by orders i
females from -5.4 to -9.1, mean -7.710.8, and are quite close to values for the entire magnitude since the beginning af this century, and have been much more impoitant
data set -7 3 anti -8.3, respectively. Extensive statistical analysis of the possibility that males in the first half of the century, with c.Tects on females rapidly catching up in recerj
some combination of SEV may act cooperatively to confound the m-r relationship years. 't he remaining properties impose additional requirements that are also mo

difficult to meet singly, while to satisfy the four simultaneously becomes incredibl<qconcluded that the actual efTect of confounding by combinations of SEV is to reduce the
discrepancy between slopes by no more than 10%. Confounding by geography was also lhese multiple restrictions upon an unknown confounder make it extremely improbabl|
analyicd by considering the 34 states with at least 20 counties having known radon levels. that one exists that would resolve the discrepancy.
Ihc average of Il-values is -6.I for males and -7.2 for females; reductions in the "These tests of the linear-no threshold theoretical prediction of lung cancer mortalig

discrepancy by 8.2(Vo and 7.1%, respectively. induced by radon exposure, with the slope of the line determined by high dose exposures
"In addition to the 54 SEV and geography, also considered are the possible demonstrate that the theory fails badly by gross overestimation or mortahty in low dosq

confounding physical features of altitude, average winter and summer temperatures, low dose rate range of radiation. A likely explanation is that stimulated biologicd
inches of precipitation, number of days per year wA more than 0.01 inch precipitation, defense mechanisms more than compensate for the radiation " insult" and are psotectiv<
average wind speed, and peicent of time with sunshine as compared with the maximum against cancer in a low dose, low dose rate range."
possible. Studies of these physical features concluded that none is an important
confounding factor. The strong decrease in lung cancer mortality rates corrected for
smoking frequency with increasing radon exposure is fotmd in only the low altitude states Nat.u al llackgiound/Itadnn and Lung Cancer - Jaworowski 1995a
or only the high altitude states; in only the warmest or only the coldest; in only the wettest
or only the driest; etc. It is also found in only the states selected where the physical Pmfessor Emeritus Dr. 7.bigniew Jawerowski (1995) states that, "Fridemiologica
features are close to average. T he llEIR IV theoretical prediction oflung cancer mortality studies of a relation between the radon levels in homes and lung cancer seem to be alsi
from radon exposure coirected for smoking, M = m/m. - A + fir, does not take into in disagicement witti the non. threshold principic. and may suggest a hormctic cifcct.11
account two secogni7ed r-S correlations: (1) urban houses have 25% lower radon Icvels the Umted States,in a stu ly covering 89"a of population. the peoric thing in houses witl
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I

radon air concentration higher than average level were found to have a lower mortality "Despite the evidence from thew :t. dies the U.S. Environmental Protection.
from lung cancer (Cohen,1993). In China, in a meticulous study, the radon level was Agency has recommended remedial action when indoor radon concentrations reach IS$

measured during one year in the houses ofseveral hundred women with lung cancers, and Bq/m'. 7he EPA considers that remedial action at any level down to 70 Bq/m^3 would
in houses of similar number of healthy women. The results demonstrated at 95% statisti- be cost-effective, even for the cost of reducing the level from 150 to 70 Bqr ^3 atim

cal confidence level that women who lived in high-radon houses (more than 350 Bq per approximately $2 million per life hypothetically saved. (Schiager,1992)" |
m3) had a 30% lower lung cancer risk than those living in low radon houses (4-70 Bq per |
M 3). 'this result is opposite to the no-threshold-principle estimate, according to which the 6.5 Redon and Radium Spas - Kondo 1993 ;

lung cancer risk in the high-radon houses should be 805 higher than the normal risk (Blot, j
,

#UE'
"Similarly, in a region of Japan w. h an a average . door radon level of 35 Bq per I'rofessar Emeritus Dr. Sohei Kornlo reports shat there is evidence of" health-stimulatirty;it m ,g g,, j, , , , ,

m1 the lung cancer mcidence was 51% of that in low-level radon region (I I Bq per m3), Professor Emeritus Dr. Sohei Kondo (Kondo 1993, Section 4.2A) states that
and mortality due to all types of cancer was 37% (Mifune,1992). Similar results or '' Residents of Misasa, an urban area where there are radon spas, showed significantly
showing a lack of positive correlation between the mdoor radon level and lung cancers lower mortality from cancers at all sites than residents of the suburbs of Misasa, as seen
were reported from Canada, Sweden, Denmark, Finland, France and Great Britain." in Tables 4.I I and 4.12. " ;

'

Table 4.11A standeselsed unestauty settee (Stift) for seele lehebitante of Belease
reden eye eren and a easteet eten. 1952-86

Sate of concer Mtsese Control ares |

fNatural llackground/Hadon and Lung Cancer - Jaworowski 1995b obee,,ed g,pected sun ob ved Expeci.a sun

! Prof Emeritus, and Member of the UN Scientific Committee on the Effects of b'"** _ , 5' U 'N * *d f
" 5''" *28

n ,,

Atomic Radiation (UNSCEAR), of the Central Laboratory for Radiolo' ical Protection, Table 4.12 Relative risks" for dying from cancer at [g
!Zbigniew Jaworowski (1995b) states that,"In China, a meticulous study measured the various altes for Inhabitants of the Misena redon opa area

radon level for 1 year in the houses of several hundred women with lung cancers and in i,ersus a cor. trol area !

homes of a similar number of healthy women. 'Ihe results demonstrated at a 95% !

j confidence level that women who lived in high-level radon houses (more than 350 Bq/m') Site of cancer Relative risk 95% Confidence [
Intervalhad a 80% lower lue": cancer risk than those living in low-level radon houses (4 to 70 ;

Itq/m')bhis result is opposite to the no-threshold principle estimate, according to which
|

s es
g

j the lung cancer risk in high-radon houses should be 80% higher than the nonna! risk." Lung 0.55 0.25-1.24
(Blot et al.,1990) Colon. rectum 0.32 0.10-1.06

"Similarly, in one region of Japan with an average indoor level of 35 Bq/m', the i

lung cancer incidence was 51% of that in a a low-level radon region (I I Dq/m') and the From MI6me er ol. (1992). Copyright C Japanese Cancer j
i

i mortality caused by all types of cancer was 37% lower. (Mirane et al.,1992). Similar Association. Reproduced with permission [

result:. howing a lack of positive correlation between lung cancer and indoor radon levels " Estimated by Poisson regression analysts in which vartables for j'

were reported from Canada, Sweden, Denmark, Finland, France, and Great Britain (see sex, age and perimi were also included ;
,

l IJNSCEAR,1991, fin references). * P < O.05: " p < 0.01 +

!,,
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Table 4.118 standardtsed sees 4 Uty retjee 19MRI rer resnele Inhabitante of *
helee.. e.4 epe seen esed e e ieret .. Ros2-as

sete of ca.wer Mhese Contml asee

Observed Empce ted SMft Observed Espected Smit

All **ee, 37 79 88 0 463** 856 202 64 0 770**

thme tal s.n.ema O l.40 0 000 2 3 65 0 547
lbeyne
laeyns

stonw h 12 26 55 0 452" 58 68 58 0 846
rahe.. .., eum B 7 07 0.142* 13 la 14 0 717
tiver 2 9 B4 0.219* 19 23 67 0 803
5% 4reos 2 3 OR O649 7 7.77 0 901
l ee ttoneiem 2 1.66 1.728 9 3 00 3 000**
lung I 5.34 0. lc7 5 13 57 0 364*
It.e a st i 3 R9 0257 5 8 89 0563
titeeus 4 8 97 0 446 12 22 45 0 535'

tJnknown o 2 18 0000 2 55I O363
gwemory site

insbeswee i I 87 0.534 5 4.26 I.874
Others iI 9 24 1.190 19 23.19 0.820

Natilral Ilackground/IladOn and Radium Spas - Itat(Ori 1994

Dr. Sadao llattori, Vice President of CRIEPl (BELLE 1994) reports that," Professor
Eineritus 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."

|
uni. r.m.i.

. .Teene Caricoe
Sea.eiecre Teams Concer Sea.eencit
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. . .
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** 3 m a..

u.eeen
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~.

6 'I
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Lorenz(Lor 50)in which other investigators .ound growth stimulation at about the san.ie ,

7.0 Noii-Ilunian Iliological Data
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 oi lightly irradiated mice were

7.I Non-Iluman Iliological Data /Itiological Populations- Lorenz 1954
statistically greater than that of control (p<0.01) using the Student test (I.uc80)"

Dr. I'g -i 1.orenz of the National Cancer Institute reports (1954) on the initial
esperiments u ith mice over generations exposed to a wide range of doses and dose rates,

Non.Iluman Iliological Dala/Iliological Populations - Sheppard 1987
"SiIMM AR Y

"IInder the conditions of the experiment there seems to be no significant damage
to the hematopoietic system as evidenced by counts of the peripheral blood. Sheppard and Regitnig report (1987) on extensive research on the stimulating hormetic

" Male C311 mice conceived and !iving continuously under exposure to 4.4 elTect of plant growth:

/2 l.hr day up to dotal doses of over 2000 r are comparable with nonirradiated mice as Irradianon increased theyield and value of.wme regetab/c andfic/d cr ops

1.n as weight. coat color, and activity are concerned. "Research on plants performed suppo ting commercial application on the stimulatory

"Mannnary-tumor incidence is not signincantly chanr,ed in mice exposed for 10 effects of radiation on plants. 'they show that " statistically signiGcant hoimesis responses '

to 15 months to doses ranging from 4.4 to 0.0<id e per 24-br day. occurred in a number of vegetable and fictd crops (Figs.1-3).

"llistologically only the gonads show radiation damage, and that mainly in the * In several cases the response increased the yield and value of the crop, particularly ,

mice receiving continuous doses of 4.4 r/24-hr day. In males this damage consists in when premium prices for early vegetable production are considered. I.cituce

diminished spennatogenesis and reduction in the number of mature spermatozoa in the development was advanced to the detriment of fate harest crop value (rig. 2),I,ccause the

epi.lymis. Ihis damage is reversible. Testes return to normal aner removal from the plants from irradiated seed produced flowers, or bolted, earlier than plants fom lhe
unirradiated control seeds.esposure fictd.

"In contrast to the testes, radiation damage to the ovaries, observed principally *lhere are numerous examples in the literature showing hormesis in the species that

in the mice receiving continuous doses of 4.4 r/24-hr day and perhaps also in those were not responsive in Figs 1-3 (see Pahlow 1976) which suggests that hormesis can
'

receiving 1.1 r/24-hr day, is irreversible and progressive and results in some cases in occur for seed irradiation of any plant species."

inbular downgrowths of the genuinal epithelium that progress to early tumor formation. j
'

lheeding esperiments indicate that C3|| female mice are permanently sterilized with
"o-

,,o _

p.
dmes of 465 r applied at the rate of 4.4 r/24-hr day.

" Subsequent generations reared and living under exposure of 1.1 and 0 I I r per / N"~~

'N'3' -
24 hr day show no damage to chromosomes as evidenced by the raising of five to six

f ,",o f c --...
gene ations with normal litter sire and an apparently normal life span." ,

h.oo _

%
_

~ ..- - - ~ ~ .
= - ~''- -

_. o ,,,,Non Iluman Iliological Data /Iliological Populations - Luckey 1982
~

" " " " * *

professor Emeritus Dr. T.D. I.uckey (1982) finds that " Radiation hormesis of animal

pmuth rates was observed experimentally by many investigators. When compared with
o * * '' '

_
controls, the stimulation of growth rates in irradiated Daphnia (Mar 66), flies (Kin 55),
nmths (Kak67), silkwonus (llas 12: Mall 68; pa 68), and blue crab (Ap75) supports sceainaneiac.,,ca.nco snsook ce.e- .4. iv72<ste733. ..

. 3M ai,e t s i sodica t ed toy se ,n asse,6mk we,e , egM e, s e sis,astse men,0 y
r o .. , ,,e ..o .. . . ois < ,, < e ,e f ,on eseports of radiation hommesis of growth rates in vertebrates m the past 25 yr s. oin e ,e... , < 3g

Comistency of results is well illmtrated by the sepeated con 6rmation of the report of

7-1
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Dey report on numerous additional examples (eg, Irigs 9,10 and i I).
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dertmicen in Ontario in B 97 8 (In7 I). The relative yields s' rom stee
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conseit s or ,tm ese ce**eemence for t'our crop species Fig.10. Number of plants which emerged and single. plant dryFin. 3. F es t y s
answn f ea u s. les <timeed sees t ies grows to ctementier e = peri nnent s. weight of sugar beet.s grown froni irradiated seed for 22 d in av..ine s se.d.c. ed e,y .n .erisk w..e . ..leic...sy dieverene e,oe,'
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Dr. I tatiori repor t s that. "Yonezawa or University oIOsaka prefecture confirmed
two phases of radio-hormetic responses by using a priming dose and survival after a
sublethat dose administration. lie found that a low (i c. priming) dose (i e. honnetic dose)

Non lluman Iliological Data /Iliological Populations - Itattori 1994 enhanced resistance to sublethal x-radiation given two months but not awo weeks later.

Dr. Sadao llattori. Vice President and Director of Research oICRIEi'l reports
(Ill.LLE 199 8) that. **Misonno of CRIErl estimated the optimum irradiation dose for
i.nlio. adaptation as shown in I ig. 9.*

Non-1tuman Iliological Data /Iliological Populations - Luckey 1986
t

Professor Emeritus Dr. T.D. Luckey linds (1986) that. " Control Populations
increased from 200 to approximately 24 000/mi during the 6 day incubation. ~l he

reproduction rate T. pyrifi>rmis was statistically lower (P<0.01) in subambient radiation ;
than it was in near ambient radiation levels,0.5 mradhlay (Fig. 3). Cultures irradiated at
levels of 7.3 and 45 mrad / day reproduces faster (P<0 01) than did those at near ambient
levels of radiation."

r

i
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should be considered in radiology. 'Ihe quantitative conteihution of 40K is dillicuh to
determine in these experiments. Ilad the contribution of the K * in the medium been
equivalent to that of the cells, about 200 mM, rather than 0.5 mM, then the contribution
from 40K radiation could be ecmpared with that from the exte nal somcc."

s. . .in spite of great dif ferences between microbes and inctaioans, the gencial"

nature of hormesis with ionizing radiation (l.uckey 1980, 1982) and the unity of
metabolic processes and nutrition throughout all living organisms (Luckey 1960,1977,

t'
~

Moore 1982) suggest that the answer may be comparable for metazoan organisms despite8

;; the obvious variations between kingdom, phyla, and even species. Thus the cumulative

33 ,,
_ ; evidences suggests that stimulation by ionizing radiation may generally sesult from

i increased amounts of an essential agent."
3

at -

Non-lluman Iliological I)ats/Iliological l'opulatinns - Planel 19!!7h- os ee ro s nio

no. 3. The 64 fay populaiion of T. ppformis per milliliter (ordinate) at different esposures Intricissa). ,

Average values with one standard error of the mean of four replicates are displayed; the controlls on the .Planel reposis (1987) on research (at the I.aboratone de Iliologie Medicale in
left and the esposed is on the right. Values with no overlap were signincantly different from each other (P 17rance) on paramecia that in " cultures placed in Iwo identical chambers, the shicided

< 0 01). chamber surrounded by a Pb wall,5 or 10 cm thick. CeII populations were allowed to
grow until the eighth day and then to decrease, due to nutrient exhaustion. As shown in
l'ig. 2, the cell growth rate of shielded cultures is lower than that of controls: the thicker

,

the Ph shiciding device, the more obvious the effect."

"When T. Pyriformis was incubated at ambient radiation levels in the surface ""Qo,

laboratory, no difference was found in growth rates with different K nuclides in the
~

mc 'ia Ilowever,in the subambient radiation laboratory cultures with 39 kcl consistently , , , , , , , , ,

pew at slower rates then did control cultures with NKCI. When 39 kcl was supplements f,',=

mih 40 kcl at three times the level estimated to be NKCI, the gmwth rate was g ,,o ,. ~
comparable inth that of controls and faster than that of cultures containing only 39 kcl. 7 ,-

n,.a

"t hese data with pure cultures of T. pyriformis in a chemically defined medium .o
confirm the results of Planel et at (Flanel 1970,1979) with bacteria-led protozoans in ,.' . . . - ,

"

n.nural media. T he resuhs with protozoa are remaikable similar to those of Conter et al.
-

.on

(Conter 1982) with an alga.. . The cumulative results clearly indicate that ionizing ,d
,

,, 4
adiation is essential foi fast growth rates in these organisms. In most natural microbic on.,a ' * a " ""

habitats, fast gronth rate icpresents survival in the competition for food." ::_,= =: gr. ::::;::7_ , ;; : ;n ,, ,,.-;; ,;;;,- ,,;;-::;; r;---- r ,- :,;

"'I he sesuits with dilferent K nuclides suggest ihat radiation Irom 40K may Iullill ** 'T:"*'.".".':"O * *>""':*4-~* "*".**;* *,*. '.'.* "7.' "~l;;**.:."1* ,"JR.-.".*1 'L*";I.O.*.*
"*

..

IU'%' E ''*-*E*"U t O U E'*~# ~''~ C II ~ ~ ~~~"**~~'''''~~~ ~ "~~at least past of the acquisement for ionizing radiation. This supports the suggestion of
Mooie and Shastry (Moose,1982) that the gamma rays, particulasly Aiiger electrons,

.
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"lic states that "the efTect of radioprotection is not due to the presence of a toxic w
*compound inside the shicided chamber; the same results were obtained when cells were . aus . .

cuhivated in scaled glass ampullac. Responses to shielding also cannot be ascribed to amie-. .-
,

t3 c- =-nadioactive compounds which might be present in Pb walls. Yearly dose rates. were j
1.75 mGy in the control chamber and 0.3 mGy in the IU-cm Pb shielded chamber. * *

I urthennore, no peak was detected by gamma spectrometry. On the other hand, this I. f 9 4

stimulatory cifect of background radiation is confirmed by several complementary e } *
espeiiments. 4 7

"(l) When cells are cultivated in the control chamber, in a shicided chamber - 4 4
|10 cm Pb), and in an identical shicided chamber - but in the presence of a 232Th source ,,.d,,_..,__, _ CL ,, ,,,,. _ _ _

giving a dose sate of 7 mGy/y - Fig. 2 shows that the inhibitory effect of shielding
dhappears when shicided cells are exposed to a level of radiation close to background.

"(1) Chronic irradiation by a 60Co source stimulates cell proliferation, as shown
' "'" ' C " *' " " ' " '

in Fig. 4, which expresses the results of three dif ferent experiments. Whatever the
proliferation capacity, irradiated populations, measured on the third, fouth and lillh days,

,,,

," are larger than controls: total absorbed doses ranged fom 0.02 to 0.07 mGy."""

d
-

*5 -{--

.. =a co
'+g 9

-
..,ooo

. sm-

2soo.; s

O-

3ooo-

. , - . .-.. = ; . - ._,_ .. _ . g , ,

- . soo . . .
-/I5 .

,

"(2) 1he cell growth rate decreases when paramech are cultivated j
in a cave, at the underground laboratory of the Centre National de la Recherche ,,,,

Scientifique under 200 m of socks. A more obvious inhibitory effect is observed when
the cultures are shielded against radioactivity of cave walls by 5 cm of Pb (Fig. 3). Yearly
dose rates were 1.65 mGy for controls and O. I mGy in the cave, using a Pb shiciding. e o 3, , , ; , ,, , , ; , ,,'""-

'.

A noonal genciation time is icstored when the. cultures are exposed in the cave to 60Co -u-
'''**'i""'"'~*''"'"'*''""'''"''"' " " " " ' ' " " ' ' " * " " * -gamma irradiation at a dose rate of 4 mGy/y (Fig. 3).

!

!
!

i
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Planel reports further that similar results are obtained on cyanobacteria,
showing that " shielding results in a lower cell growth rate (Fig. 8); this growth inhibition '

disapswars when shicided cultures are simuhaneously irradiated. Dose rates per year were \ ;
i .19 mGy in the control chambers,0.27 in the shielded chamber, and 1.59 in the shielded '

,,

t hamber including a thorium nitrate source. Cell proliferation is stimulated when cultures | N .-'

are irradiated at a dose rate of 20.90 mGy/y. 1 ,, \ , . ,-
*
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Non-Iluman Iliological Dala/Hiological Popluations - Jaworowski 1995h [n. .. vow
- ..... .u..

or . . ..n o.. . ,n.n7 7 .o.,. o.o .. ,. . .,o,. .o
..o.,.. ... . ,,

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, radiation hormesis !

In control experiments, cultures placed in the two chambers without a shielding
device or a radioactive source exhibit the same growth rate." enhances defense reactions against neoplastic and infectious diseases, incicases longevity [

and improves fertility. _in an experiment with mice the incihnce oIIeukemia, cancers, j
and sarcomas was lower in animals irradiated with cesium-187 gamma radiation doses i

of 2.5 to 20 mSy than it was in nonirradiated controls. The number of all malignant jNon-lluman liiological Data / Biological Populations - Boitenbaum 1992 neoplasms in animals exposed to a single doses of 10 mSv was more than 30% lower i
than in nonitradiated controls. In several experiments, small initial radiation doses have '

Dr. Ilarold Boxenbaum repo1s (1992) that dependence on high-dose data, been shown to improve the survival of animals subsequently irradiated with large. near f
"l'urther support that y-radiation produces longevity hormesis is supplied in Fig. I.10. lethal doses. In other experiments, an increased life span was found in animals irradiated
Ilowever, in this case, the data deal with chipmunks living in the wild. The animals were with doses between 250 and 3000 mSv. .a group of French studies started in the early ,
live. trapped, irradiated with either a single-dose of 200 or 400 Roentgens y-radiation. 1960's, indicate that protozoa and bacteria exposed to artificially lowered levels of natural
except for controls, and then returned to the wild. It is readily apparent that y-radiation radiation demonstrate deficiency symptoms expressed as dramatically decreased i
esposure, within the dose-range utilized, enhanced longevity." proliferations. 'this indicates that ionizing radiation may be essential for life. " t

. .
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"In 1911, dnring the early stages of the Manhattan Project, it was found that the
,mun.ds esposed to inhalation of uranium dust at levels that were expected to be fatal

-

,

ai tually hved longer, appeared healthier, and had more offspring than the _

"
p ,, . .,,, ,,, jnom ontaminated contiof viimals. For years, these results were treated as an anomaly but '
i' *

1. iter sto lies produced similar results (thucer,1989) The first UNSCEAR report to the j{
3 ,A

{ 3 - 3;. %. [{'ticucial A sembly of.he tinited Nations presented the results of experiments showing
,

for.ger sm vival times of mice and guinea pigs exposed to small doses of gamma radiation
ey : -

" " ~ * * ' "

(UNSCEA R,1958) " y 3 .

"
o

Non.IInman liiological Data /Iliological Populations - Patterson 1982 .f a _

~k.-
*

'E
-== .ts. n h. o

5 10-

II. Wade Patterson, fonner Editor of flealth Physics Journal, quotes Spalding et al, ""
1982, from the Abstract: o _

aogr
_

'C578tl16J male mice nere exposed to 5 extemal doses from Co60 gamma radiation 2 z.s -

.

-
q. =dein ered at 6 dif ferent dose rates. Total doses ranged from 20 to 1620 rad at exposure g 2o- IJNN

rares ranging from 0.7 to 36,000 RAlay. The ages of the mice at exposure were newborn, j k:-n3-
" - ' *2,6 or 15 months."

toj
.

. ' ' "
:s

T
l~ rom Section lit, Results: "Most ofirradiated animals lived longer or no differently " ""

than did the non-irradiated controls; however, in several cases differences were D" ' " '' % "I
us nw=L a. .r."-aa. ."c aa.; significant. I.or newtwn mice exposed to 180 rad at 0.07 R/ day, the life span was ri,m. 7 no., . . .

ia si r , - -

i - s m.n.=um a*v=a..* ae
..a

. eau-
| 6gnii.nantly longer than it was for controls. At all dose levels the 2-month age group g=,a-a,;. ,,,,,, ... ._,._, ..x.m,i.m.

or m -
ca *~-no.. < wes moo, i co. w.

lhed significantly longer than did the median controls. Although there were no ""
'''*"C''. * ''PT" ~~EC T T'.%". - *-';"U

..

ih!lerences among the 6-month-old mice, the 15 month group with the 20-tad dose lived
.

IEElI."[55*~.bd Z*OT;'L*,"T" .. -. . .-Tdgmlicantly longer than did the controls." ~ " ~ ~ ' ~

From Section IV, Discussion: "Our data obtair:ed over widely ranging dose,
o posure-rate, and exposure-age conditions fail to consistently support any mathematical 6''PPrc55 ion off.img Cemccr
fundon that may ; edict radiation-induced life shortening from radiation exposures Dr. Hanori also reports on studies that demonstrate reduced cancer induced in mice
approaching background levels. In fact, our data suggest beneficial effects from low-dose by low level radiation doses that,"Ishii of CRIEPI and llosoi of 'Iohoku Univ. examined
and low-dose-rate gamma-ray exposure -

the suppression of metastasis by counting lung colonics of mice, (I ig. 5)
"Ishii also measured the activation of rat splem>cytes, as shown in l'ig. 6 by low

7 2 Non-lluman 11ilogical Data / Cellular and Molecular Iliology and Geneties - d, e radiation exposure."
llatf ori 199 l

Sadao llattori Vice President of CRIEPI reports (llEl l E Newsletter 1994) on
iescarth that demonstrates reversals of aging clfects in cells, that "Yamaoka of CRIEPl
measured the properties of cell membrancs and superoxide disutace activities. (Fig. 7)"
(Y nanka,1991)
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W. . . . - Vaali:ation ofhuman cellsre

Dr. Ilattori reports (ITELLE 1994) that,"Watanabe (1992) of Nagasaki Univ.,5 _ $%i, N 130. 12
conipared the growth rate of human embryonic cells whuh had been exposed to a highyU JQbi jjg acute dose or to periodic multiple doses. Cells which received 7.5 cGy/ week showed an

, < , , ,

I4 "y * ,
si g.

i
18 .3 ig. E- hormetic response. Fig. Il shows one of his experimentai results."528 * Tfm, n% 3 ;,' #ejr I 3' < ' ' ' g

50-

,E. M2 8' N
? ;-

,.7, j y$,p!!Dr,$; i '5
>,

5 8 5-
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Dr. Ilattori reports (BELLE 1994) that, *lkushima of Kyoto Univ, examined the
F1gure !I De pbroblasts (HET) irradiseed =6th ei=th rue n each pausge in human emteradio-adaptive response as shown , onic.

mm Fig. 8. Ch, ese hamster V 79 Cells were incubated ngle do., g
p==..se o:4> nd monspie do.e. or 7.s my or c,..o,

with 311J1 hymidine for 16 hrs (one cell cycle) and irradiated with a dose of I Gy of 60Co " """*~" " ""~

gamma-rays (0.4 Gy/ min). The cells were fixed and assayed for the formation frequency
of the micronucleus 6 hrs aller irradiation."

Dr. llattori also reports on the configuration that low level radiation stimulates the
production of the DNA repair protein that," Professor Ohnishi of Nara Medical College

c
,_ y

discovered a marked increase ofstress protein production by p53 genes. Doses of 10 tojE 25 cGy were elTective. Fig.13 shows his experimental results."
:4

.E 3a I 'c. w - _-WEpr.gqa;;G" t*". ect
- o,,

_t _ s m s.m-- h'an M
EE
a2
$ ._E (10cG)e ;: L. .
Och 10-s 10-2 10-L 10' 108

.

81I-TIIYMIDINE CONC. (kBq/rrd)

Figure e An optional do.e runge orWevel erienum for the
meervenuclet toducnon or radle-edapt6=e re.pon.cf

a
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y background noise was termed an ' apparent tineshold' by Yataro Iaiima. Nevcitheless,
O Ceanoi there is a true threshold for certain kinds of radiation-induced cancer, as Ko&lo

} p. m 25 cc .12h demonstrates conclusively in Chapter 3, using ilata on survivors of the Nagasaki atomicr
; bomb. llecause radiation is such a pmverful agent ihr turning on and tmning oil
j y c.acinogenic at tion, and also because railiation can be more accmately measured than
[ ott r caicinogens, Kondo develops two all-encompassing hypotheses to explain the< y tlueshold for human cancer. . lhe no-threshold h [mthesis of stem-cell mutation and the3
3 wound-healing error hypothesis.
3 10- "the no-threshold hygmthesis posits that a number (say between 5 and 7) of mutations"

~ h must occur in the same somatic stem ccP befine neoplastic gronth can take place. Kondo
c -r- points ou* that, with known spontaneous mutation rates of individual cells, the

4%g 4 3 fg%g% k no-threshold hypothesis would |- excluded unless either (I) the cell was a mutator . Or494 4v
(2) rettain individual genes in a stem-cell in interphase might have high mutation rates.g% %g \ Kondo made a brilliant case Ibr supporting explanation (2). It is now known that

4

^ * ~'"~
explanantion (1) is certainly tme (lishel, et al,1993 Cell, 75:1027) Nevertheless,
explanatina (2) has not been excluded, we sometimes find that both of two alternalise
hypotheses may be correct..

"Kondo notes that the wound-healing error hypothesis is a problem of cell society;
Non lluman liiological Data /Iliological Populations - von llorstel 1995

that is, perhaps there is a stimulation of growth aller a tissue is wounded by radiation, and
that oncogenes may be involved in the process of cellular adaptation to environmental

Professor Dr. It C. von llorsicI of the l' ,.artment of Iliological Sciences, U. change. Kondo suggests that continued epigenetic changes necessary fr ccIls to become
Alberta, in a resicw ( 199.s) states that, Kondo (1993) addresses "the possible mechanisms cancerous are induced by over expressing healing activity of endogenous factors recruited
of auion by adiation on cells that might lead to the bet.eficial efrects. for tissue repair * lie marshals a great deal of data to support this idea, and almost all the
"Itadiation indm.ed damage mostly follows the no-threshold rule; when a threshold is small paradoxes fonneii, argued v uut come together within his paradigm."
im oh cil, a specific ce!!ular or molecular mechanism unrelated to the action of radiation

upon DNA must be sought. Comenuently, Kondo argued that death of damaged cells by Nor-Iluman Iliological Data / Cellular and Molecular liiology and Genetics -
s ery hnv levels of radiation was followed by rertacement with undamaged cells, so that Jswowerski 1995b
a threshold would be the inevitable result. It has been known for most of this century that
tells from an early morula can be separated, and consequently give rise to cells that Prof Emeritus, and ILfember of the UN Scientific Committee on the Ellects of
replace the missing ones completely, thus producing a nonnal embryo. 't he occurrence Atomic Radiation (UNSCEAR), of the Central Laboratory Ibr Itadiological Protection,
or identical twins or triplets is clear evidence that this happens also in mammals. Whr.: Dr. Zbigniew Jaworowski states (1995b) that ,"UNSCEAR (1991) reviewed the most
Kondo posits is that cells killed by radiation can be replaced with normal cells untu a important publications on the stimulating elTects of rattiation.. .cifects were found at
the eshold dose is reached at u hich the cell damage can no longer be compensated fo:. Ile biochemical, cellular and organic levels, in cell cultures, bacteria, plants, and animals."
Inings forth a great deal of evidence that this must be the explanation for the radiation "UNSCEAR 1994 concentrates on the elucihtion of methanism by whit h radiation
thicshohl necessary for letal damage..

hormesis acts at the level of cell contml systems such as protein synthesis, gene
"We know that cancer initiation results from the same mechanisms as mutation; activation DNA repair, stress-response pmtein prodm ' ion, radical detosiikation,

thicshohls do not esist for mutatiom, other than that induced mutations mu t push their activation of membrane receptors, proiiteration of splenm ytes, ami stimulation of the
way ilnough the b.n kgmund noise of spontaneous mutations in order to I.c detected 'I he immime sy stem '
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H.0 Costs *

Prof Emeritus, and Member of the UN Scientific Committee on the Effects of
Atomic ltadiation (UNSCEAR). of the Central Laboratory for Radiological Protection,
Dr. Zbigniew Jaworowski states (1995b) that in its December 1994 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 I
mSv/ year (70 mSv in a lifetime) is proposed (S)uch a low radiation standard, only
about 3% of the natural radiation backgmund in many regions of the world, would bring
enonnous costs for society, and it would be ethically fair only through a large reduction
ofidentifiable health hazards . . .

"Ihe 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 years, especially the interpretation
of the results of epriemiological studies in Iliroshima and Nagasaki . . .

"The most important message of the recent UNSCEAR (1994) docunwnt,
however, is the accognition of the existence of stimulating ami adaptive elTects ofionizing
radiation. During the past 4 decades these effects were ignored in radiation protection
philosophy and practice.

"Each human life hypothetically saved by implementing the U.S. Nuclear
Regulatory Commission's regulations costs about $2.5 billion (Cohen,1992). Such
spending is morally questionable. Studies of radiation hormesis suggest that such
expenditures may be futile and actually have an adverse effect on the health of the
population."

8-1
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9.0 Conclassiotis involving enzymatic, ormonal, immunologic, and stress protein interactions are currently |
being demonstrated and confinned by numcrous investigators. (Calabrese, I?d.1992 '

Professor Emeritus Dr. T.D. Luckey (1994) states that,"The consistent. statistically Luckey,1991, Sughara et al.,1992) Recently a human radiation repair gene has been:
significant results showing radiation hormesis in cancer invalidate the zero thesis and all cloned and transfected into a mutant Chinese hamster with sensitivity to both ionizing:
hnear models derived by linear interpolation (often mislabeled " extrapolation") from radiation and certain alkylating agents resulting from defective repair of DNA strandi

'

l.uge doses to controls. T here are no cor table data which support the linear models. breaks. These transfected mutants demonstrate overexpression of the human DNA repair!

Results from mincts are not convincing because it is difficult to separate radiation minigene with repair capacity increased above lhat of the wild-type Chinesc hamsters.";
carcinogenesis from particulate and fume oncogenesis. Information from human cells in (Caldecott,1992) ,

culture have less meaning than well-controlled animal studies. Cells in culture are " Mounting reproducible evidence of the operation or vatious defense mechanisms'

laboratory artifacts with little intercel ular communication and negligible hormonal, and their stimulation by low dose ionizing radiation will provide further details of how!
neumlogic or immune control systems. T hese are the reasons that the apparent optimum biological defense mechanisms, nonoperative at high doses, are stimulated and enhanced :

for humans far exceeds the recommended minimums set by various agencies." by low level radiation damage so as to overcorrect and predominate. T hese investigations

" In addition to lowered cancer mortality rates, physiologic functions which appear have clarified why the negative health effects observed at high levels of radiation that
to be enhanced include growth and development, auditory and visual acuity, learning and efTectively overwhelm these defense mechanisms cannot be extrapolated to the low levels i

memory fecundity, and resistance to infection. These results are noted with both acute in which these stimulated defense mechanisms predominate with decreased canceri
'

or chronic w hole-body exposures. The subsequent increased average life span appears induction, decreased mortality, and other observed positive heahh effects."

to cuplain the decreased mortality from infections and cancer; this appears to be due to |
a stimulation of immune competence (Luckey, 1991,1994; Sugahara et al,1992)."

Conclusions - Yalow 1994

:

Conclusions - Pollyenve 1994 Nobel Laureate Dr. Rosalyn Yalow (1994) states,'' Populations have been studied in !
geographic areas ofincreased natural radiation, in radiation-exposed workers, in patients |

Professor limeritus, Myron Pollycove, MD, reports (Pollycove 1994) that, medically exposed, and in accidental exposures. No reproducible evidence exists of|
"Signilicant positive heahh effects associated with low level radiation have been harmful efTects from increases in background radiation three to ten times the usual levels. i

demonstrated in a review of five epidemiologic studies: decreased mortality of nuclear lhere is no increase in leukemia or other cancers among American military participants :

shipyard workers, decreased noncancer mortality of atomic bomb survivors in both in nuclear testing, no increase in leukemia or thyroid cancer among medical patients |
Iliroshima and Nagasaki and Nagasaki alone, decreased lung cancer mortality associated receiving I-13' 'r diagnosis or treatment of hypothyroidism, and no increase in lung I
with increased radon exposure of the U.S. population, and decreased breast cancer cancer among nonsmokers exposed to increased radon in the home. !
mortality of women in Canada aRer having received multiple fluoroscopic examinations. "T he association of radiation with the atomic bomb and with excessive regulatory and !

't he tendency to neglect or reject data that contradicts the linear-no threshold theory of health physics ALARA radiation levels practices has created a climate of fear about the j
udiation carcinogenesis is supported by confidence that chromosome aberration and gene dangers of radiation at any level. Ilowever, there is no evidence that radiation exposures i
mutation can be produced by a single particle of ionizing radiation and so initiate a at the levels equivalent to medical usage are harmful. [

malignancy. The number of such interactions with cell nuclei is both logically and "T he unjustified excessive concem with radiation at any level, however, precludes i
demonstrably proportional to the dose. Ilowever, no consideration is given to biological beneficial uses of radiation and radioactivity in medicine, science, and industry."
defense mechanisms that could be stimulated further by low level increments of radiation
above the background level. Such stimulated defense mechanisms could also decrease ;

carcinogenesis by chemical and other non-ionizing agents as well as high level ionizing (,

udiati - Muhiple defense mechamsms at molecular, cellular, organ, and systemic levels
I
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Conriminns - Janorowski 1995h

inhabitants of Ukraine ar'd llelarus, causing unspeakable suffering and a loss of mant
Professor Emeritus, and hiember of the UN Scientific Committee on the Effects billions of dollars, equivalent to about I.5% of the GNP of the . . Soviet Union (ICPi

199I).
of Atomic Itadiation (UNSCEAR), of the Central Laboratory for Radiological Pmtection,

"

1 h. 7bigniew Jaworowski states (1995b) that "the ICRP assumption on linearity was not "The intervention level for evacuation was a 70-year lifetime radiation dose of 350

scry realistic. It was . . accepted, however, because it simplified regulatory work by mSv about twice the world average natural background dose (168 mSvh All families [
<

allowing extrapolation . 1he original purpose was to regulate . a relatively small groupwith pregnant women and children less than 12 years of age were relocated from areas

of occupationally exposed persons and it did not involve exceedingly high costs to . [where] the Cs-137 body burden in children still living in these areas was . between
society. 40 and 2250 Bq, which is less than the natural burden of radioactive K.40 (4000 Bq) in [

"Ihe dose limit for the public was set at 50 mSv over a lifetime ., less than adults. Body burdens of several thousand 11g are now common in Northern Canada and
were as high as 100,000 Bq during weapons tests in the 1960s (Tracy 1994).one third of the global average lifetime dose from background radiation . . and many tens ;

or hundreds of times lower than the lifetime dose in many regions of the world. "...one might ask why govemments . . do not relocate populations in (high natural

"1.imiting exposure below the levels of natural radiation at which mil! ions of background) areas . why isn't everyone evacuated from Norway, where the average
lifetime dose is 365 mSv (llemik .en and Saxebol 1988) and in some districts 1500 mSv?people have lived since time immemorial is a logical consequence of the ... assumption '

hom 1959: if such dose is detrimental, then one should also attempt decrease the risk of Should not regions ofIndia with >2000 mSv (Sunta 1990) be depopulated?

b.x kground radiation . . or the risk of man.made radiation even at such trivial levels as "What about areas of Iran with >3000 mSv? . . (1)n the city of Ramsar several
I mSv/ year. generations in one household have been receiving average individual lifetime doses of

"Yet such reasoning was less than palatable to many scientists . . not only because natural radiation of 17,000 mSv,240 times the cunent ICRP limit. Yet these individuals
;

of the epistemological problem of trespassing beyond the limits of knowledge ._. but alsoshow no increased incidence of disease, and some of them have lived to be i 10 years ofiage (Sohrabi,1990)."
because of the absurd practical consequences and the moral aspects.

"As demonstrated by Walinder (1987), on the complementarily principle, the
stochastic phenomenon of radiation carcinogenesis cannot be for an open system, such "The recognition by UNSCEAR, the most distinguished international scientific

j

as a human being or a population. It can only be done if the radiation dose is much more body on the matters of ionizing radiation, of the possibility that low doses of radiation '

may result in changes in cells and organisms which reflect an ability to adapt to thegxm cr ful than the natural dose combined with other carcinogenic factors . A conception
effects of radiation, may inspire the authorities to begin a more realistic approach tothat mathematical models adapted for high-dose elTects can be limitlessly extrapolated to '

low doses and still represent a biological reality is epistemologically unacceptable problems of estimating and managing the risks ofionizing radiation. T he past 4 decadesr

(Wahnder 1987). T he absurd practical consequences were exposed by the Chernobylwitnessed regulatory activity, stemming from the linearity principle, steadily decreasing
radiation standards to an absurd subnatural level of I mSv per year. The time is ripe foracciA nt. '

"Long before that Professor W.V. Mavneord, one of the most notable persons renunciation oflinearity principle in radiation protection of the public and for consideringf
in rachation protection and a former member of the UK delegation to UNSCEAR and of

a practical threshold dose as a basis for radiation standards."
|

ICRP stated (Mayncord 1964): 'I have ahvays felt that the argument because at higher ;

values of dose an observed effeet is proportional to dose, at very low doses there is "Dr. Jaworowski also reports, "Since the 1960s, (hormetic) elTects have been
necessarily some "efTect" of Jose, however small, is nonsense. ignored in radiation protection practice, while research on stimulating and adaptive cf fccts

"Dr. lauriston T aylor, fonner president of the US NCRP, defir-d applications of radiation, the radiation honnesis, has continued over several decades. T he results of

of the Imear, no-threshold dose-efTect relationship to such calculations as * deeply immoralmore tl n 1200 published papers on honnesis were recently ieviewed by ckey (1990) .
|

8

uses of our scientific heritage'(Taylor 1980). many of them in an excellent book by Kondo (1988), l he studies on hurmesis were also

"I he no-thr-shold arithmetic ... led to a decision by the Supreme Soviet (but presented at four international conferences (Oakland, CA,1985); I rankfurt, Germany,
,

'

agaimt the advice of the leading Soviet scientists (flyin 1993) to evacuate about 1987; Kyoto, Japan,1992; and Changchun, China,1993). It is astonishing, however, that116,000
even recently the obvious hormetic elfccts appearing in the epidemiological studies were

f
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olien not noticed, not only by the readers, but by the authors themselves (see for example Dr. von Borstel states,"This book is cicarly written by an extremely wise man. Let .
Section 3.4 Pollycove 1994. Figure 4). us hope that regulators of nuclear policy around our planet can use the compiled data and

" Radiation honnesh goes beyond the notion that radiation has no deleterious efTects its conclusions in an equally sagacious manner?
at small doses; at small doses new stimulatory effects occur that are not observed at high
dmes and these new effects may be benencial to the organisms.

" Recognition of the existence of homiesis opens up an important new field of Conclusions - Thomas 1995
research.

"In mammals, radiation homicsis enhances defense reactions against neoplastic and Dr. Robert G. Thomas reports (1995) that,"1he analysis of the radium luminiter
infectious diseases, increases longevity and improves fertility . . . in an experiment with epidemiology study presented demonstrates that it is time to evaluate data objectively .
mice the incidence of leukemia, cancers, and sarcomas was lower in animals irradiated

instead of formatting an extrapolation scheme beforehand and forcing data to fit a
with cesium-137 gamma radiation doses of 2.5 to 20 mSy than it was in nonitradiated preconceived pattern such as linearity through a dose-effect origin. The no-effect dose
controls.1he number of all malignant neoplasms in animals exposed to a single dose of levels discussed should signal that it is also time to reevaluate (again) the large variations
10 mSv was more than 30% lower than in nonitradiated controls. In several experiments, in background radiation levels throughout the world and to cease being concerned with, -
small initial radiation doses have been shown to improve the survival of animals and regulating against, minuscule doses for which no biomedical efTecis on humans have .
subsequently irradiated with large, near lethal doses. In other experiments, an increased ever been satisfactory identiGed or quantified."
hre span was found in animals irradiated with doses between 250 and 3000 mSv. . .a

group of I rench studies started in the early 1960's, indicate that protozoa and bacteria
exposed to artiGcially lowered levels of natural radiation demonstrate deficiency

Conclusions - Homenhaum 1992
symptoms expiessed as dramatically decreased proliferations. This indicates that ionizing
radiation may be essential for life."

Dr. Ilarold Boxenbaum reports (1992) that dependence on high-dose data "is a
major problem in long-tenn 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

Conctnsions - von Horstel 1995 attempt to assess risk at much lower doses. Although both Boxenbaum et al. (1988) and
Nearsey (1989-90) have recently addressed the prohtem of potentially overlooked

Dr. R C. von Horstel (1995) in a review of Kondo 1993 states, " Linear extrapo- longevity hormesis, the risk assessment community has failed to give it serious
lation from higher doses to low doses tums out not only to be a conservative way to consideration. Previously, Smyth (1967) had taken notice of the fac that low doses of
calculate risks, but also to be errant and even misleading. Ahhough this has been known otherwise toxic substances can be benencial. Ilis reward - the epithet: "Dr. Smyth and
for at least 30 years, national and intemational regulatory agencies are institutionalized his fellow poisoners"(Ottoboni,1984). Although the scientiGc community envisages
and authoritative, and thus have len the door open for joumalists and even radiation itself as the epitome of institutionalized rationality (Newton-Smith,1981), many
experts to predict damages to human beings from radioactivity fallout. The misjudgement researchers have noted the high degree to which anomalous information is ignored ifit
I ased on linear extrapolation has had its consequences even when there was no disconfirms basic assumptions of established paradigms (Star,1985). Once a group
sadioactive fallout, such as... at Three Mile Island: The townspeople ... were led to believe agrees that a particular kind of reality is desirable, they develop a style that pennits them
that they had been the survivors of a nuclear holocaust. to deal with observations solely on their own tenns -- and woe to the individual with

"Now we have before us an eminently logical book by Schei Kondo. Ile uses the dilferent ideas (Hecker,1968) (vide supra - Dr. Smyth). For most individuals, escape
available data on irradiated human subjects to conclude that individuals subjected to low from these intellectual-scientiGc fetters is difGcult, for the obduracy of established
levels of radiation have longer life spans than those in control populations, and fewer perspective locks practitioners together in a rigid framework of beliefs that is not readily
cases of most types of cancer as a bonus.- overcome (Fehberg & llill,1989; Star,1985). *
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Conrlmions - Walimler 1996a
.

I'mfessor Dr. Gunnar Walinder, radiobiology and medicine, U. Stockholm and U.
.

t fppsala, a member of UNSCEAR and ICRP, states (1996b) that, *l have found and .

adduced arguments for that the current pretentions to knowledge about low-dose !

transformations of cells into malignant phenotypes are inconsistent with modern
oncology as well as entirely futile on purely epistemological grounds. In this respect,
modern oncology has clearly shown that the contribution of a small (non-dominant)
eailiation dose is not a stochastic event but a highly conditional one.

,

"I~usthennore, a malignant cell transformation is not synonymous with cancer.
t he transfonned cell has to divide and, thus, new copics of the genome have to be !

lormed more than a billion number of times before we can speak of a tumor or #

establish that an organism has contracted cancer. This is what the Nobel prize winner |
Murray GeII-Mann means when he characterizescancer as multi-iterative process in a
onnplex, adaptive system. Ile (and others) has shown that the outcome of such a
process is firndamentally unpredictabic.

,

"It is diflicult for me to understand how people can believe that such an I

cnonnously complex phenomenon as the dose-response of radiogenic cancer can be
adequately identified 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
it is stated that it is linear. The linerarity is thus considered an inherent characteristic
of the dose-retponse, a " fact" that permits us to entrapolate or interpolate the observed

,

data even outside the dose area within which we have made our observerations.
'

"I clon't hesitate to say that this is one of the great scientific scandals in our
century."

,

e

i

i

!
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Dr. Mark so mson presented the following statements with references on behalf of the" Center for Atomic Radiation Studics,Inc."(CARS) to support inthcating
the esistence of evidence of low icvel radiation health clTects. These materials were presemed to the ACRP on June 2,1995. The listed references, except a fcw on the
Japanese survivors, ucre reviewed Extracts of the applicable sections of these references that consistently fail to supgat the proposed conchisions were presented to the
ArRI' Sep x,1995.1 he estracted materials were provided to the ACRP, and to Dr. Johnson and CARS. Several contacts with Dr. Jolmson va his assessment and
respinse to these conclnsions, and possible misinterpretations of the evidence. Ilowever, no resgunse to these determinations were provided to the ACRP or the author.

D Johnson and CARS were also provided with many of the references from this data comp laimm that Dr. Johnson identified as not readily available in thei

icscaich hbratics A number of discussions were hcid with Dr. Johnson on his review of these sources of credible scientific data and analysis which had been provided iii
the eniginal presentations and in the March 8,1995 drall report compiling the slide presentation materials from those sources. No response has been forthcoming as of
the scheduled March 29,1996 ACRP meeting.

S fA1 EMENTS IlY M AltK JollNSON REVIEW OF SouncE REFERENCES

| "A-liut:1b 5tarvivor follow-tip As reported in this compilation of data from many inder ndent and credible sourccs, the lack of Japancsc stuvivor efTects at low
| doses are wc!! established The specific below refcienced reports have not all been reviewed Ccitain of the reputs arc large,,
' N"d.'O,

volurr. s of tahics of results for which limling pmposed su; ort fin the general conclusions was amt possibic without moic specific'

:crescuces u hich have not been provided Several repnts were not :cluined in a literatore ieiguest Atkhtional literainse icviews may
be possible with more specific supporthesponse from Dr. Johnson.

"l )ikish the A-bon.h sursivor unntahty(1950-1985) and incidencedats Vacth et al 1992: no!ictumed
(19501987)Iad to suggest the existence of a threshold for cancer induction down to Shimuru et al,1992: large tabular picsentation
mr low ibiscs (Vacth ct al , 1992, Shimuru et al ,1992; Dohy ct al ,1994) " Dohy et at,1994: m>t ictumed

The statement that the " fad to suggest the existence of a threshoh!" does not mean that a
threshold does rmt exist The itsmal RERF "models" pesume a linear relationship, then state
that a non-linear eclationship is not liiund

"2 ) Iloses less than 5 cGy and pobably as low as I 6 cGy have been associated with Carter,1993; not retumed
cwess cases of Iculemia anmng A.txnnh survivors (Caster,1993, lomonaga et al . Tomonaga et mL, al,199I
al .1991)"

"3 ) I)oses in the innge from less than one to a few cGy have been associated with Schull et at,1991 scporis on the physical conditions of brains from a few brain damaged
be am damage in prenatally capised chihhen of A lunh sursivie s (Schull et al , individuals exposed at high doses T he statement is rmt supputed by the reference-
t 991 )"

nl ) Montahty for sohd cantces in the 6-19 cGy dose group (mean cohm dose 10.9 Shimuru et al,19ftN; a large volume ofdata tables,does not supput the poposed 'lindmg1
(Gs ) t mean colon dose 10 9 (Gy) is significantly higher (p<0 0| } than it is in 0-5 The Japanese survivor data, as pcsented by Prof Sohci Kondo, exphcitly athhess cohm cancer,
i t 4 ihre poup (mean coh n dose 0 7 cGy) and there is evidence for a ctmvex dose because it has lowest cancer at low doses compaicd to the nnexpised populatism of the vaiions
wlatn.n (Slumum et al ,1988)" radiogenic caucu s Dr. Kondo coniclates thit data to the luulogical mechanisms of cohm

cancer tunnu.' genesis and cell icpair as indicating the methanism and biological plausduhiy of .

Inn mesis or cancer-p otection benclicial etktta, consistent u ith extensive biohigical evidence .

.
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" Government-sgunisorcil nitricar worker slittlies:

"I ioding: Signincant association beineen cancer induction and The posited "nmling"li unsupported by the references .

I.m dme radiation esposures were found for the folkming types of
ca m e r:"

"pr o .taic cam ct. Imhip et al.,1987: " Analyses of oum-fatal cancess in relation to re-estimated cumulative whole lxxly ex[msures (table i 1) sim! no clearly significant dose
iIndip et al,1987, icsimnse relations at the 5% level, altimugh the trends for skin cancer and bladder cancer appioached statistical significare (p = 0 06 lix both cancer s."
Itreal et al,19PS),' (Iable AI) Contrary to the propowd "finaling", there is no linear tretal in liiis source for this cancer.

1 able 5,"Mostality by uhole txx!y exposure.. ~ (Tab!c A2), prostatic cancer excess at high doses (4 59 at 50 100 mSv, 2.22 at > 100 mSv), hmcr ,

than expected at <10 mSv (0.78), arxl Imvest at 10 20 mSv (0.30). If the data show anything, it is a stronger Imrmesis (bencIicial) response than a hncar
scsponse.

Table 9: "Montality by sin face exposurc.. ~ (Table A3), prostate cancer excess at >100 mSv (2 88), and lowest rates at 10-20 mSv anxl 20-50 mSv .
(0 57 and 0.51), the data again s!xiw : xwe a hormesis (henclicial at trxxlerate exposure) response t!ian a lirica resixmsc. !

Inskip ct al use nxwtality rates in this population liv tiic " expected' values. They do not compare the population to other woikers or the gencial
|imputation.

Inskip, et al,1987 does not suppoit the *Iiraling* posited.

Ilcral et at,1985: Tabic ill. "Canse-specific SMRs...'(Table A4), show insignificant, slight, incicase in prostate cancer. Tabic V,"Itclation ofiixistality *o
,

radiation exposure.. '(Table AS), prostate cancer excess deaths at >I00 mSv, lower than expected at <10 and 10 20 mSv (0.70 arx10.35) with slight,
insignificant excess at 10-20 mSv. The data again show more of a hormesis (beneficial) response than a linear scsponse

11cral et al, I985 does not support the *Iinding* posited.

NOlli ALSO. Gilbert et al 1993: Table til ( fable A6) shows a negative treral liv prostate cancer in the llanlixd. OltNI , itocky Flats woiken s, arxl Gilbert
et al 1989 notes that "Other cancers finnul to exhibit conciations with radiation in the Iwo British stixlics, were cancer of the prostate in UKAliA wor kers
Olcral et al,1985) . . Neither of these findings were supported by the ...Ilanlixd data " (

The above NOTE is generally applicable to these sources.The dais in nference I papers posited to ' find' cancer increa. s in a selected cancer,are
directly contradicted by the data Ire other studies that find th9se same cancers with no increase,or even a decrease. (This is uithout reporting on
Ibe larger literature that refutes the biased methmis and conclusi ms presented here.) Review the data on specific cancers in the Tables that are
referred to associatrel with for specific cancers. (Specific referenced camers are underscored,ofher referenced cancers in others studies are

;identified by arrows.)

A subsequent draft revision of this report may esplicitly identify this cos.?radictory data in these Tables vs. the proposed ' findings' of !

scIcceed cancer increases n hile ignoring the reports of of her cancers 'found' to be ' increased' in other studies.

.
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"muhiple_rn3t:hnna Gilbert et al.,1993a: Table 111,"Results of Analyses of Specific Types of Cancer.. "(Table A6) shows Multiple myeloma cancer excess at high doses (5/21
0 blheit et al,1993a, obs/exp at >50 mSv), as expected at <10 mSv (18/17.9), arxl Imvest at 10-50 mSv (2/4.9) If the data sinnv anphing, it is a stronger hoimesis (bencGcial)
Snnth avul Douglas, resgumse than a linear res[wmsc.
1986. Gilheit et al Smith and Douglas,19N6:" Radiation wtwkers had lower death rates from all causes than other wmkers,Imt the death iate finn cancer m the two gmups
I'm9 Gdheit et al ucre sinnlar. Compaicd with the general population radiatum wtwLess had statistically significant deficits of hver arul gail blatkler cancer, lung cances and
p m bl," I hstgkin's disease 1 here were excesses of deaths myeloma (7 obs,4.2 cximsure) anti prostatic cancer (19 obs,15 8 cximsuic) but these were imt significant

and these was im evidence of an excess ofIculemia (10 obs,12 2 cximsme) or cancer of the pancicas (15 obs,17 3 esiusnic) . I'or no type of cancerwas the
s aiio of obs/ esp deaths significantly thfTerent between radiation and num-radiation workers. l'or non ncoplastic cunhtisms inshatum wmkers in rencial haves
deat!i rales than other workcts, and for rumc of the causes of death examined was the nxwtality significantly higher among iadiation worLes s " 1 abic Vil,
"Obscived (0) and IIxpected (E) deaths form speciGc cancers among radiation and other workers and SMits" (Table A7) shows" Multiple mycloma and
other cancers". The " linear ticnd is signiGcant for multiple mycloma only for thiscs lagged 15 year s". Table XII " Deaths 'iom selected causcs anumg s athation
wor kers by radiation dose accumulated 15 or more years previously.. " (Table A8) shows that the piimary influence foi a linear trcial is fiom i death
occurring 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"
cifectively ignores the Imver-than-expected value, Dresumine Ibe linear model in order to demonstrate the linear nxx!ct iesults.

Gilbert et al 1989: Table 3 "Itcsults of analyses of extemal exposures in monitored llanford Site woikers (dcaths 1955-1981 on a 10-ycar lag and 1947-1981
on a Iwo.ycar lag "(Table A9) shows a multipic mycloma trend test statistic of 4.40. T he data show I I Obs/12.7 !!xp deaths fin <20 mSv,0/0 9 lower than
nonnal Ibr 20-50 mSv, and 3/D.5 at >50 mSv. If anything, a lower-thra-nonnal hormetic effect mm e strongly than a lir car model "

Tabic 8: "Results of analyses of exposures of monitored I tarford Site woikers.. -(Tab!c Alo) simws a multiple myeloma tiend test statistic 2 48 for
ex|msuic logged for 10 years, but with I4/15.7 obs/cxp <20 mSv,0/L2 at 20-50 mSv, and 4/l.1 at > 50 mSv. If anything, the data show a lower-than-normal
Innmetic effect motc strongly than a linear nxxle! Ignoring the honnetic curve, and orbitratily applying a linear model, the reixwt states "'I he iciative risk lor
multiple myc!oma...was 55% per 10 mSv...may be compared with a risk oro.51% per 10 mGy from the Adminb survivm data" and " comparisons sie inexact,
but (llantbrd data) are inconsistent with... A-tomb survivor data" " wor kers at ScIlafield identified as statistically signiGcant coreclation (Smith and Douglas,
1986 (see abovel)The conclation was significani when exposuies were legged i Sy but was not close to significant with 0 or 2y lags. 2 of the deaths
cimtnbuting lo the conciation had exposures that exceeded 500 mSv. In UK workers (Heral et al,1985 [sce abovel) there was no indication of a statistically
sigmficant conclation of multiple myeloma with radiation exposure. Studies of workers at Oak Ridge (Checkoway et al,1985) aral Rocky filats (Wdkinson et
al,1937) repor ted only one death cach fmrn multiple m3 chwna.1hese negative findings may result liom lack of mwer and are rmt necessarily inconsistent."i

"lividence for radiation-irxhsced multiple mychuna was reviewed by Cuzick (198 I), who noted an excess of mychwns in most cohmts . studied,
mcluding A-bomb survivors exposed to more than i Gy [100 radf| Miller and Decbc provided a brief review and suggested that diagnostic bias may have
contributed to some of the observed excesses summarised by Cuzick.1 hey noted that if the association were real the minimal latent period Ihr multiple
mychwns rnight be as kmg as 15 y, consistent with Ilanfixd and Sellalicht 1 he NilI Wo: Ling Group to Develop Radiocpidemiological Tabics (1985) noted

. Ihat the site of the cproted excess in various studies was man ginal regardless of the size of ti,e dose, and this group did imt inchale nuillipic myclorna as a
cancer for which this group did not include multiple myeloma as a cancer for which risk estimates were developed."

Gilbert et al 1993h: Table 5 "Results of analyses of extemal dose in nx nitored workers at the llanford site.. "(Table A I I) shows multipic mycloma has a
low 10y lag Trend test statistic of 1.54, and that * <10 mSv there are 17/I7 0 obs/exp. with a lower 2/4.9 at the 10-50 mSv. and 5/2.1 obs/cxp at > 50 mSv."

Table 9 "Results of analyses of extemal dose for selected cancer categorics... noted on the death cerf fiente, but not considened to be the undeilying
cause of death"(Table A12) shows a multiple mycloma tierxl test 2.50 (again a biased " computer simulation one-tailed p test") with 0-I0 mSv dose at i 7/17 3
obs/cxp. 2/6 I at 10-50 mSv (lower thari cxpected), and 7/2 6 obs/cxp >50 mSv. Athlitional analyses show idcutical results, mth lower doses m th mid-dose
sange in Tables 10 anni iI (Tables Al3 and A14)

Tahic 6 "Relatis e risks by external dose categony.. "(Table A17) shows a risk of I.0 at <10 mSv,0 4 at 10-50 mSv. aint 4 2 at so 100 mSv. S 9 at ,
100-200 mSv anal 21 :.! >200 mSv. Again, this hmled data shows that a hormetic cilixt is nmre hkely than a hneas dow -icsimnse in this data

.
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"l mphapc Smith and Demglas,1986): See reput at .aiple mycksna" almvc on the confiary cimdusions of this stmly l able XII (Table A8) simws that "All3

hemopuctic lymphatic anti haen atigmietic arcinomas" are 13/12.8 obs/cxp at <10 mSv arul a total of I I/13 7 at 10-400 mSv, with 3ns at >400 mSv fpoviihng the
neoplasms and bladtler influence to the calculated (Inased) 'incar trem!" result. *

t aiu er (Simth and
Donglas,1986) "

"Icnl emia (Wdlinson Wilkinson and Dreyer,1991: Ihis stmly attempts to combine many nuclear woiker populations (cxcept the US Nucleai Shipyard Wortei Study, whith has
and Dicyct,1991)J the most significant population, the best dosimetry, ami the fewest conthunding factors that limit other caily wm Ler samhes) Tabic 3 "Itate Itatios Ihr

1.cutemia by Dose Category.. ~ (Table A 16) shows that the ratc/100,000 for the total population is 4.9 at <10 mSv 10.1 at 10-50 mSv. aux! 6 7 at >50 mSv
i

llus cim!bcts with the " linear nwulet". In addition, by reviewing the variations in cach dose gioup in each stmly geputation, thes e is no consistent basis to
I ches c that r adiation conhl be contributing to leukemia in these populations

:
"Inng omccr (ilmsky Hiinky et al.,193H: " Analysis of data on radiation exposure, controlling Ibr exposures to asbestos amt wc! ding, Ibund scifuctions in initial estimates of
(tal,198H, rathation risk at all levels of : adiation exposure... suggests that radiation wm Lc:s were nun e heavily exposuicd to asbestos aml uciding fumes than were other
ChecLou ay et al , wo:Les s and that those exposures confounded the observed association between radiation and lung cancer. Analysis of nxwtality by time smce first exposure to '

19MM) " radiation revealed no pattern of progressive increase as latency increased... lhe :csults of this study do not picclude a possibic association betwecn radiatitm
exgusm e at the Poitsmouth Naval Shipyard and excess mortality from lung cancer. Ilowever, they provide no evi lence in suppor t of such a relation "

Checkon my et al.,1988: " Dose-respense trends were dctccted for lung cancer nxwtality with respect to cumulative alpha and gamma radiation, with the nuist
pronounced trend occuning Ibr gamma radiation among workers who received >5 sem of alpha radiation These trends duninished in magnitude when a 10-
year latency assumption was applied Under a zero-year latency assumption, the rate :atio fix lung cancer nun tahty associated with joint expostn e of >5 versus
<l rem ofImth types of radiation is 4 60 (95% confidence limits (CI.) 0.91,23.35), while the coiresponding result, assuming a 10-year latency, is 3 05 (95%
Cl. 0 37,24 R3) While thesc ate ratios, which are based on thice and one death, respectively, lack statistical prccision, the observed dose-respmse tiends
indicnic potential caicinogenic effects to the lung of relatively low-dose radiation "1his statement is clearly aihitrary aml unsupported on its face by the data
based on I death picsented CIcarly a zero-year latency does not apply to lung cancer even if the data were relevant The (lata in the Inx!y of the reput sie
sinularly unsupputive.

" Cancer moriality among Ilanford workers:"

"Qlbeit et al, al (1993a) found positive associations Gilbert et al., al. (1993a): Tabic 4,"SMits amt obs ticaths (OUS) fi r specific cancer ispcs "(Table A 17) shows an Smit
uith dose for 12 types of cancer. those for cancer of the of 0 84 in all monitored male woikers (0 0 in females) for cancer of the esophagus,0 60 (l 19, I case,in females) for cancer
esophagus and the larynx as well as liv i hx!gkins of the larynx, and 0 93 (1.26,3 cases. in rcnnics) fin I hdgkin's disease. Table 5. "Itcsults of analyses of external dose in
ihscase were statistically significant ~lhe study siumitored woiker s. on a 10y lag"(l atde A 18) shows iliat ordy I hxigkin's disease " computes snuulated, one-tailed test"

0l== ates the conclusron by Kneale ami Stewait slight positive " trend test statistic"of I 54, influenced I y having I case /0 5 expected at 2004 mSv 'I he papes ihics notu9:

'(1991) eIa stnmg increase of sensitivity for sadiogenic suppuI the posited 'firuhng' of supgxn t to the *l- car nuxtci"
oms ce s with age "
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"Agc ami Canrcr: Kncate and Stewart (1993): 1his paper does not present substantive data, but is vaihcr an analysis inquities have found
"Encalc and SiewasI (1993)Ibund that there was much that this paper is largely an unfinnuled iationalization Specific seriews of this pagri have not been obtained 'I he paio does
ricance sensumsy to cam.cr imluction by radiation aller, not present a substantive basis for the " linear nmdel"in the absense of vahdating data
i.ither than befbre,50 years of age For allicco dcd
esiusures of Ilanfini woiken s, the estimated doubling
dme u as close to 26 icin, ihr atle 62 years,it was less

,

th.in I tem lins challenges llElit V which atgucs that
dose iate is nore important than exposure age aml
u huh states that even a singic exposme to 10 rem
wouhl only incicase the notmal cancer risk by four
penent Estnnated propitions of radiogenic cancers
was nmch higher fier the 175 mm-fatal cancers (which

h.ul otlyce critified causes of death) than ihr 1732 fatal
cases

" Cam er among Oak Ridge Werkers: Wing et al., (1991) and Wing et al. (1991 and 1992): 1he JAMA sttxly by Wing et al is rmt science. T he data do imt
"Wmr et al, (l991) aml Wing et al, (1991 and 1992) support the conclusions in the paper. Numerous technical faults exist in the analysis, including the lack of consideration of
studied nune than 8000 Oak Ridge Workces cunfounding factors, intcmal contamination by this spwific group, the lack of linear response (the high-dose group has lower
( 191 L I 98 t ) with accumulated occupational doses efTects than the low-dose group). (Dr. Wing is a sociologist.) Further, Wing presents, in his own paper ami words, a telling
umic 50 cSv for all but 0 2% of the woikers us an polemic that: "The low dose carcinogenic impact ofionizing radiation is a topic of grcat public concern due to fear s about
excess of leukemias among the workfbece, compared to cancer and about an invisible exposure that emanates,in pait, from secretive industrics associated with production of nuclear
the rencral population and amt the incremental relative weapons with high destructive potential. low-dose health cfrects...should be placed in the context in which it occuses. Other
ink his all than the risk estimate in BElit V for factors studied . showed much stronger relati mships to mortality than does radiation, and only a few percentage points can
low. dose esimsmes if their acconuncmicd DitEF of 2 be statistically attributed to extemal penetrating radiation. Converscly, while factors other than :adiation clearly prcdominate
his low dose esimsuics is applied (A-bomb survivor the statistical analysis of mortality ' . this population, the public health impact of these radiation exposures and the imiustry
Ibihnt up studies imhcate that a dose rate cfrectiveness that produces them extend far beyond the low-dose occupational exposures themselves, which are estimated to constitute
f actos (DI.ItF) shouki imt be applied at low dose only 0 3% of the population dose of the U.S. The exposure of workers in this setting, ami any atterating health clTects depcmts
esgutm es )" on the historical development of an industry linked to a concentration of resources in military spending, which itcscirhas

gross health cfrccts. By providing aa attemative to fbssil fuels...the industry encourages ever increasing energy consumption,
a factor of potential health effects of global climate change.. " Substantial work exists to discount the technical significance of
the won, and more impostantly the political " conclusions" presented by Wing.

"MutationalefTects among radiotherapy Messing et at, (1989) presents cellular data confirming well-established scientific cvidence that radiation exposure can he
en tmicians: identified by examing T-lymplux:ytes This result imlicates . i ability to identify exposures in patients, workers and in
" Messing et al , (1989) investigated whether mutant research that tracks well in selected cases with standard dosimetry. No adverse result is implicated in the identification The
heqncocy in peiipheial 1 -lymphocytes of radiotherapy nature of the ccIlular chanpes is cimsistent with many envinomental causes, includmg medicines, amt may indicate improved
in hnicians esjmsed on the arcinge to 0.3 cGy per limction as well as degraded function Fmther, the stmly confirms that the cirect disappears aller approximately 6 months in
nmnth of cobalt-60 gamma radiation can be associated the case of the radiotherapy technicans (who had icceived i 3 4 to 77.8 mSv 1340 to 77SO micm exposure) Note that this
u oh accently absorbed dose. (Contiolled experiment) was in compt.rison to physiotherapy technicans scIccted because they woukt have least I Lely eximsure to other mutagens 3
I nahng. Mutation freiluency is lincaily conclated with such ethylene oxide, anicancer drugs or anesthetic gases would wold prmhice equivalent mutagenic (noimal) icsponses in the
ame in the sance hum 0 0 7cGy? cxposed mputationi
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"I .im rrs amemg omimerrial airline pilots: liarish,1990, states that " flight atteralants and phits mi aircian can a cccive annual closes app naching 10 mSv/y [ltun) miem/yl, I
"A n Imc pl.ds, sub et i lo aismic e nthatiim, ar gue that flight crewmembct s sinmkl actcive specific education... that a suitable dosiincter . be cinphi)cd' anit goes to at gue thatt

,a i omut.iic yearly does up to alnmi i cGy, or "ficiguent H rs' be similarly educated, arnt th::t special attention be paid to times of solas podm events, especially li>r pregnant ,.

n,c cigun ah nt of ilnec to fimr times natnial ciew members. No italication of any heahh cfTect liom such doses, which nic h-ss then pipulations in high iadiatum backpimial
b.n Lpomal for the atriage U.S citizen (llarish, areas of the world with no adverse ellect, is p esented
I'rnn A canca nwatahty amt inciilence study
amoni alwi 900 Can:mban males plots sinmed 11and et at,1990, pesent gerieral data on sin n tality asbl cancer iniciderice iii a poeip of(oinitu icial aithise pikes, stating iliat

"rmtn .mt cv ess sales lin *cca al canecis "lScess deaths wric obscived li e aiia all accidents, be ain cancer, aral a ccial cam c lixcess casa et inn iilau c was suiteil for rum-
un liktriig I lodgl.iiis iliscase anal in iinnelainorna siiciarunna skin cancer, biain cancer, amt iloilglin's ihscase I hese linilmgs suggest an excess sisk for ccitam canca s m phits, aie
skin tances. til. uni et al ,1990) Iligh altiende based im small numle s, aml need to be cimfirmed in lar ger colmit sttahes " I he poup weie pilots employed li>r i Scar or nunc by
opisme am!/or auator status also conclate Canadian Pacific Airlmes, fi Khng a small poup (89I), and aibitronly compasing the poup to the lh stish Columbia p>pulation No
sinnlicantly uith cantanus conilitions of the test iin hmgevity of service is repiited, so no thisc-respmsc"is possible Numemus intential causes, of which rathatum was
sLm. tcsticles, bla Idct, and sliyioid in a study of islentified as a potential cause, provides no basis lin this stmly to indicate any rachatnm sciationship
ti S plots (Kaam,1991) A study of
i hn mmsome aben ationis inaltict il in Kraisi,1991, states: "Iligli altitude capositre aral/or aviator status coraciate significantly witti caricerous conditums of the skin,
hmpimc3tes of plots azul stewardesses also testicles, bladder, and thyroid based on a hierature review and survey of govcinment smaces Other lesser significantly associated
iontiims clictis of veiy low-dosc ex|usures in cimdations inchule leukemia, lymphosarcoma, amt I hxigkin's disease. Although iadiation and sunlight nic strongly associated with
this nunpainm (St heni ci al ,1993)~ cancer incidence and risk at high altitudes, other intervening variabics nic discussed am! uitically seviewed." l he study idenhlics

numerous contibutors arxl associations and makes rm indication of an association with r adiation

Scheid et al.,1993 identify cluomosome abctrations in flight personnel. There is a general discussion of iadration as . etminbutor.
~I he:c is in irxhcation of adverse health cfrects Much higher indications of chromosimic aben ations exist in expmed iadiaium
wor kers, and other highly expised gioups for uhich no adves se henhh c iccts are identified at moderate doses Scheid et al poridesr

no indicatum of an association between radiation exposure r ! adverse henhh cilhts

" flor mesis: Some slisilies have clainted lower cancer inortality rates in geographic locations with higher backgronnti exposieres:'

"Wemberges et al , (1987.388) noted,Imwever, that when such Weinberger et al., (1987:3H8): Since cosmic radiation is an altitude clkct, cluninatmg ahitude as a
simhes are ail usted hncarly thr altitmie, the negative conciations confoundmg variabic will necessarily make the analysis climinate the railiation effect 1he " analysis"l

be tueen nmitality nial ba(Lpound radiation all disappear and acknowledges that higher chitude/ cosmic radiation are associated witt lower cancer, but just that we can't takei

bei ome positn c. T hey concluded that they couhl see no supput for crethi Ibr the radiation as the ecspmsible contributing agent. On the other hand, this applies to lhe aircrews
the claim that ionizing radiation is benclicial at low doses * proposed as arguing fin a radiation efTect of altitude. The rationale is that lower pressme is respmsible for the

benclicial heahh cirect of altitude.1his is totally contradicted in animal experiments (Sec Section 7 i)
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~1la h and Susser (1990) lbumi a significant associatum between IIntch and Suncr,1990 state: Our incidence data contain an ambiguity. Imwevcs. 'I he numbes s of leukeimas

< Inidimi cancer incklence arxl a variation in annual external observed in children were just over half those expected from naihmal amliegional rates .. we reviewed acc mis

hadgnunw] gamma ray dose rate by nea:Iy a factor of two at refferral centers as well as local hospitals.1hus the reason fix the low incklence is .. unknown. Foi min tahty

to OLO 092 cGy per > car) over an area within a radius of from childhmxlIculemia, ths. e ates are not lower than expected a xt they show no associathm with exposure to

appoximately 10 nules for the 1 luce M lc Islamt nuclear plant. The background radiation " arxt In the data preseted here, radiathm exposure has been assigned liom athhess at

simly hinal a 50% incicase in estimated ennual background gamma diagnosis or death which is less than ideal "
lhis is an anomolous result of scatter in a study that is mit medically significant it couhl be the basis

s ay dose "
for a medical analysis nix! an actual epidemiological study that wouhl examine the heal'h amt histos ies of the

identified populathm Ilatch arul Susser,1990, does amt surgut an association of chihiluxl Iculemia with

radiation.

" Andersson amt Chiangmai (1992) finux! that there was no adaptive Andersson and Chiangmai,1992 is a study of cells in culture that assesses resistence to inducthm of

sespmse (Imimetic clicci) of Chinese hamster ovary cells exposed to chromatid aberations (not health or other physiological clTects) The paper does accept, and state that Samson

cery low doses (0 02 GY, X-ray) of hmizing radiatiort and Caims (1977) identified " * adaptive scsponse'. . as an imhicibic response that occurs during geomh in the

IS c. treatments of Chinese Ilamster ovary cells with a low, presence oflow levcis of a mutagenic alkylating agent and enables cclls Imth to survive better ami to be less

ionditioning dose ofiomimg iadiathm did not render the ce!!s more mutsted than control cultures during a subsequent challenge with a higher dose of mutagen .. (S)imilar

icsistant to the inducthm of chromotkl abeirations by a subsequent, protective clTects against exposure to comparatively high concentrations of. mutagens have been finnal . also

hirhet, challengmp dose of ionizing s adiation " mammalian and plant cells . At the molecular level, the adaptation . has been eclated to th:irxinctkm of. sepair
enzymes. T he fact that :adiation is also able to provoke an analogous adaptive esponse was shown .. (from) low
adapthg doses ofionizing radiadon from incorporated (tritium) or x-rays, thcicby making them less susceptible
to induction of cluomatid abertations by a .. challenging dose of x. rays .. T hese observathms have rccently been

confinned by other investigators.. Timugh (speculation is) that the adaptive csponse .. Depends on the
induction of enzymes impoitant fin DNA double-strand break iepair, veiy littic is actually Limwn "

This paper ackowledges and accepts the proof of the existence of adaptive response,ic, hormesis, aml
:eports en a specific study that did not indicate adaptive response in particular cclls under paiticular comhtions
lhis i.gcr is Ibcused on the science of testing hypotheses ami explanations for the known adaptive,imimetic
response, not whether the icspmse exists.

Andersson and Chiangmai,1992 does not support the posited ' finding' of the lack ofimimesis that it

purports to show.
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"I mal gumt .

Marshalt,1990,is a news anticle that states that allalf the nurkers at the Cheliabinsk site in the lir.it i

"t.l.my poicesses that sesult in low level sailiation c.sposu:e also bear Mountains east of Mmcow wcre routinely recciting 1(H) remly in the late 1910s auxl caily 1950s .1he , |
the concunent iviential for a disastrous high levci tadioat.tive consequences of the ve y insge doses to wo Lers in the USSit sie not tidly sevealed in the thlipelov icinut llup [
:(lease ( Maishall,1990). 'I he risk of such a high level catastrophe it tantalizingly mentions t'i 8 to 9% of the stallwlui began win L befinc 1958 anxl icceived high radiatim doses !

play an obvious mle in the liiimulation of public imlicy conccming (nxwe than IOO rein) died of cancer. In athlition, the.. Itcptn t says that neaily a quante of the woikeis between !

the swuc of low level ionizing r adiation " 1950 aral 1952 wcic sutresing from "chionic radiation disease," which (Italpli)I. app tales to mean blot =1 ;

disorders. Altlumgh Nikipciov does not give the numbcis, he mentions that cancer incitahty among seveiely ,

exposed woikers (100 rem and above) was 88% higher than among those who received less than 100 sem
Nikipciov explains that. managen s icalized thcy had 'undciestimated the radiation factor * and appealed liir {
permission to improve coexlitions. No changes were made until 1952 howevei. (with) new safety standants, but ;
exceptions were always given for urgent repairs." |

It is exit creihble that the 'tisk' inuticated by >100 sem/yr ex[msuic of 1940s/50s USSit high-dose j

iadiation coixlitions is an inulicatim of a "concunent gmtential foi disastsous high level iadioactive sclease"iw [
that "the risk of such a high-level catastiophe play an obvious sole in the finmnlation of public imlicy
concerning.. low level ionizing radiation." j
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Tabte J. Results of analyses of external exposures in m:nitrred Hinf:rd Site w:frers. Inetudes deaths 1955-1981
' '

.

for analyses oased on a 10 y las and deaths 1947-1981 for analyses based en a two year lag. |

l

Casse of 18tn revision frene test stattstic# Oeserves one enoectee seatns ey eseesure
sesta IC a codel category ia elv (Sased on 10 y lag) l

(soosure legges for 0- 20- 50 150+ |
i

10 - 7* Ots./tse c ces./fre tes./fse. Det /fs,

all causes 1.15 1.59 4234/4216.7 311/333.0 195/191.7 98/104.5
no certificate -0.33 -0.08 48/85.8 0/t.6 0/1.1 1/0.5
all aoa. cancers 0.94 .l.60 3259/3237.0 237/254.9 187/145.1 73/79.0

% all cancees (1a0-2091 0.65 .c.a0 927/933.9 82/76.5 48/45.6 24/25.1*

-ge male 0.93 0.67 808/808.4 74/72.5 42/42.4 24/24.6
female 1.67e 1,76 119/125.5 t/3.8 6/3.2 0/0.5

Inceal (180 91 0.77 .l.14 27/24.8 1/2.3 1/1.2 0/0.8
5tomaca it!!) -0.17 0.07 43/42.1 1/3.4 2/2.2 2/1.3
Colon (l!31 0.80 1.07 84/89.3 9/6.1 4/3.6 0/2,0

aectum (1541 0.90 -0.25 23/21.4 1/t.9 1/1.1 0/0.7
pancreas (!!71 0.27 1.24 98/ 58.7 5/5.1 3/2.7 2/3.5

.
Otrer sigestive (150, 152. 0.60 0.52 50/47.3 1/3.0 0/1.9 2/0.9

155 6.158-9) |*

s ung (1621 0.11 0.36 272/282.5 32/26.1 20/16.0 10/9.3
temale eress. (174) 0.09 1.09 35/35.2 1/2.0 t/0.8 0/0.07
female genital (180 3) 2.lle 1.6) 9/11.3 2/3.3 1/0.3 0/0.06

w orsstate (1351 1.05 1.29 69/66.5 4/5.4 4/3.1 0/2.0
% 81acoer ans aisney (128 9) 0.49 0.53 40/38.7 2/3.3 2/1.9 1/3.1

train (191) 0.91 0.66 25/25.8 5/2.2 0/t.4 0/0.6 1

otner satis tumors (150. .. 0.49 .; 16 104/103.6 10/9.2 4/5.4 3/2.8
4

(163.170-3 193.192 9)
alt synonstic ano 0.36 . 20 82/54.7 7/7.2 g/4.1 4/2.0 l<

] naematossietic tancer
--ah. 230 9)

i u senema i!::.2) 0.5* 0.55 37/38.7 4/3.0 2/1.6 1/0.7
avit ute .veioma .? 15 4 u. ? sa 11/t? ' e re . 9 ?'e a tra *

I

i .n ga, i,e .ymona6 a .s .emia .. 6, -,,,i as o., G/0.e Q4G.5 0/0.2
... 1

.e.te.semise (20!.?) . .89 -0.84 24/24.0 3/2.5 1/1.5 t/0.9
% 6e..co se ilaseo on 29 *ag) 28/27.4 3/3.3 2/3.9 t/1.4

4 aersce..es-l (Baseo on IC9 lag) 361.017 28.531 16.867 6.979
.

i |
*

i:: -ternatitasi Classi icat.=g =f Diseases, tigntn aevisiond

**e t' ens test statistic .as calcatates fears ines,ieval doses, not tne four espesure
cate;;rses. :t may te compare: .itr. a staccare normal etstrievtion to assess statistical
s ; i'icance. no.e.e . statist :a* sigWicance may te esaggerates for eiseases with a
smali aa:e* f seat 9s. See feet-ste :

C ga:ecies eatrs .ece calculatec *m tne esoertence of all =orters in tne stusy peculation,
allo.ta; for a;e :a:eiser year. ses ars lea;ta of emoneyment.

8 Esses sa coesute- simuisticas t9e one.taties p. alues associates .ita the trene test
.

.:t* a ;Cy **g .ere estir. ate: :: se 2.C61 *er all cance-s nn f aeales. 0.046 for female ,

;eritai :arce . sac C.::2 for i :t. le =elsma. |'

' ti:i :ir; :nrers: i r:.ati: t ew.ee a.' u
< ~

j Table 8. Results of analyses of exposures of rnonitored Hanford Site i6erken includirIs deaths occumng in the
; State of Washington 198 -1985 in addition to those presented in Tabie 3. Exposures tagged for 10 and 3.*

Cause of freat test statistice Deservet saa espectes sestas 6, encess's
seatn (ste

category in ns. (8sses on ;; 9 lap $0revision 1:31 coce) 0- 20 50- !
(sposure leggee for Ots./[sp.8 ODs./[sp. Ots./las. 03s./[ag.

10 y 2y

%-.a= all cancees (1a0 209) .C.36 0.21 1048/IO59.8 185/1C2.4 60/62.5 47/45.?all eigestive
cancer (150-91 0.15 0.47 285/287.4 30/25.9 1a/15.5 ::/11.;

.-.e. Lung cancer (162) 0.06 0.23 303/313.9 41/23.3 23/20.7 16/15.

.- prostatic cancer (185) 0.55 0.85 76/75.8 7/7.6 5/4.4 313.7
g All lyuenatic and 1.08 1.37 102/103.1 9/10.9 7/6.8 3r5.2

naematoooietic (200 9)
seuttie'e m elons (?!)) 7.a8 3.41 18/15.7 0'l 7 7/0 ? 7 'S a-

u seusemisc dek.is e.e4 w.aa .sili.b hi.a ui.i ..s..
+ evaraise (2.y tag) 32/31.5 $/4.6 2/2.6 2/2.3

* Deatns occurring 1982 85 were analyste using presor'tional mortality analysis anc tne
results were conoines oith resvits of analyses presentes in f alle 3.

8 IC . Internatieaal C1sssification of Diseases, [69ntn a .,gion.e

* ine treas test statistics es, se commacee witn a sti.asare normal sistrituttoa to assess
statistical significance. me evee. statistical sign.ficance may se esaggerates for
siseases witn a small avmoer of eestas.

8
!asected aestas for the years 1955 81.ece calculates f rom t>e esperience of alt
.eree's in tne stvoy poovlation alto.ing for age, calensar year. ses saa leagta of
e=olovmeat. (s.ecteo oestas b - tne yeses 1982 45 =ere calculatet f rom all easningtta
oestas auring .es serios. a n a.iag f or 498. calencar year ans sea.

' f acive**g enreate lymonatic levnesia.
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ITahis 5. Amuna of analyiss o(esiermal sans na monnores.orum empioved at uw Hantre Site for si i n= 6 * *

an. f.aerei wner. noise. uus eli tasse on a 10 v las )
Teams ismi i

'

camer us ame .s.mnas assuis > eusseur mast.rv tasel
amens for:

0- 10- 30- 800- 20D-
Causs .I sem 10 9 2e obs/Ess' obs/Eap otm/tae oes/Eno otm/Emo |

Aa mmme -0 90 -l.94 4J44/4267.7 IJ33/lJ78 9 *13 077.9 138/169 8 ISS/t SS.7 j

Causs unsvadames .I 'l .l.3: 4 t/!9.0 *1'!9J 0/30 */* 1 las '
-

-e.M meser -41J9 4 50 973/9819 346/334 6 $8/60.1 47/44 9 40/43J <

'~ Maas -0J9 CJe 814/118 8 316/310.7 $$/$6 4 43/41.3 a0/42.7
'

9. mass 042 008 159/164 2 30C.3.9 3/3.7 4/34 0A8
s sues-basse .neurs' O.10 -0.01 380/389 0 ISa/la8.3 30n69 *:/:0.7 39/20.3
ILausuas 0 49 4 47 $95/!93 9 192/186J 28/33 ' 23/240 *l/34
Busmal . l.4 $ .lJ8 24/:1.3 8/7J 0/IJ t / s.O 0/t.1

=gh,sma 0.14 4 38 20/18.6 1/39 t/t.1 0/07 t/0.7 I

'swmaca 0.18 0.37 4 3/ad.1 la/l* * *3 3/19 t/t.9
Cass -4J$ 4 63 103/106 4 36/ 9.1 1/47 4/3.1 :/3 4 I
Rameuse 0 40 0 14 25/*.1 9 6/7.7 1/14 8/09 ut.0 !
Lrser IJ7 1.93* 13/14 3 3/39 0/04 0/04 */0.4 i

c.am- .I *7 8J0 13/10 8 t/ J 0/0.3 0/0J 0/0.06
Pomernes 1.39' 1D' 31/!!.3 19 tl8.3 ' ').1 3/1.* 3/1.9 |

--e. Larves -0 62 -O ta 9/8.3 3/3.0 1/06 0/0.3 0/0)
w Laos 0.14 0.01 236c63.0 101/104J 24/19 * 1*/15 0 84/64 6

tems 4 68 4 70 3/2.3 0/04 0/0.1 0/01 0/0.03
Feenass eruns -045 CJ8 4!idej 7/!.3 1/09 1/l.0 0/0J
Cawa ame sierus 0.96 0 *9 3/!.0 3/08 0/0 * 0/0 06 OA00
overr 0.79 0.61 IL*t * 1 1.1.5 0/0 * t/0.0 0/0.0a

--.e. Prumais .t.fi .lJI 29/61.* 3*/**. I f ee d :/3 4 :/) 4
a. Blaesar -CJ4 4 66 67/18 9 11/8 * 1/l) 1/10 1/t.1

E ansy 0 ** 040 27/J* 3 L'" 9 :/14 3/84 1/14
tswa ans austras marv.us 4 90 -0 M 28/30 1 86/lI.3 1' 4 */ t.* 0/lJ
frame

Tbvrums -4 4* -0 46 */1 * I/t 0 0/0 * 0/0. I CAO
.5 P . 's iv.- 4 83 .l.le 37/39 1 47/13.* 3/ 6 t/1.8 t/l.8

H.cm.ma.esus a ensam 1.8 08 * J t' 14/lJ B 2/* 8 0'O $ 110.3 'AS
Wutaner mmems t* ' f *' t*m o ?'4 e ?** *ee **e
Gar.ms ervmemamr asman. -4.Je -v e) e.d.e 4,14 L G.e Os 0) 0/04

mm (CI.LI
eLauammas anctudies CE 4 81 :*/26 : 84/1I 1 in 4 1/l.7 120

t rumem a anctusses CR 0.83 $/03.7 44s t 3.1 IC7 3a0 1Ce
C-y ans)

AB n.emase -0.70 . .l.78 JJos/32*.3.* 965/t.024 8 125 /16e 109/I'.* 8 114/110 I
Curmansw, -0 48 .! *8 1193/11 0.6 N:/699 7 102/113 0 76/83 6 81/"r7.0.

Ranunnery mahadnas 0.40 4 86 194/20t2 M/64.7 19/l* 8 8/10.0 9/I0.3

CErmams (Lad DJ9 86/B8.0 *:/217 4/33 :!18 Ja0*Eamunal -lJI .l.M 374/366.1 74/73.9 II/13J II/9.9 2/64

Pwuse suurs 499.847 M.731 17.545 11.430 7.958

*Tts ime == sum .ams==. em. .mm = n m.mau. n s. = - : .no a
samene mme asummesm = am m.mammmm -s- a-- a mmmmes semamm. may = memme t-eman.
.iin a anno a.maar f esmas am sammes s
'E mmmea= = memi- m e . ras = ne mmer name at ins ter ass.annen 7-s.

* Tus
man,ense ===mi

- m ins .s==s . r er .=m =m- . ama summ. -amen,
memony .m i .ame. - .t m m.

Oms s= ==mr er as ===mm 0.0m an n , .mu.mm.es .no = a == .n a s - ame nimeen.samsemm 0.i0s meu .en m.s
mesumes = =a t-w == == me me. a iO., in

2 i e. mee , =u.
.w. sumasase as as OAS6 8mr ammer of me bour. 0436 amr emuur .( ans sansrum. 0.029 for H.essia a emanas, ame 0430
:= memee,me=6

Table 9. Results of analvses of external dose for seleered cancer categories in monitored workers employed at
the Hanford Site for at least 6 mo including cance:s noted on deatn certificate, but not consicered to be the Aqunderiving cause of death. Except where noted this is based on a 10-y las. /t C

Trend test i

"
Esposur Donerved and expected desch8 by exposwr casesory t mSv) j

for:
)
10- 10- 50- 100 200+ !Cause of deatn 10 y 2y Obs/Exp* Obs/Exp Obs/Exp Obs/ Esp Obs/E.xp

-

L All cancer -0.17 '-0.29 1.079/ t.082.1 381/377.7 69/66.9 50/49.6 46/48.7 :Pancmas 1.45' 2.20' 52/54.0 20/19.3 3/3.3 3/2.4 3/2.1Muttrete emetoran 230' 2 0*' 11/11 3 2/61 2/t.t 2/07 3/08- Leusemsa* -0.98 33/3 L3 !$/13.2 1/2.3 s/1.6 1/2.2-- m Leukemia * C y tag) -1.01 11/28.6 15/14 6 1/2.8 3/2.1 1/2.8
* The trefic test sutzstic was caJeutated from Inciudual doses riot trie five exposure catesones. It may be compared m7tri a
nancarc normal ctstrieution to assess nausucal sigmfiesnee; nowever, staunnen) significance may be czagerated for diseases
with a small numerv of ccatns. See footnote c.
* Expected destns were calculates from the espertence of all workers in the stud) population, tJiowing for age. cajencar year.
sencer. numeer of years momterec. and gene s! socioeconomic category.
* Eases on computer simutauons. tne one.tance p s afues associated witn tr:e trend test with a 10-y lag were enimate: to be
0 080 for esneer of tne panerem.t anc 0 C23 for mumpic mveioma For tne 2 y lag, these p vaaues were ontmate: to be 0.C32
for enneer of the anereas anc 0.0C* for mumeie m>cioma.

i* Ex:: acing entonie )monaue ieunemia.
[] !

!
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Table 10. Resulu of analyses of external dose for selected cancer categones in monitored worxers employed at* *

the Hanford Site for at least 6 me. including cancers occurnns m the state of Wasnington from 1987-1989.
,

Except where noted. this is eased on a 10-v lag..'

Trend test~
Observed and exaceted deaths bv exposure estegers imS*)

Expo
foe

O- 10- 54 10 4 20C-

Cause of desta 10 y 2y Obs/Exo' obs/Exp r s/Exp Obs/Exp Oos/E2p
-

--% Ali cancer -0.20 -0.38 1.023/1.031.5 392/381.4 4D 1.1 56/532 52/55J

Pancreas 1.91' 157' $4/55 4 19/19.4 /3.6 4/2.4 4/22
Mulupir mveioma l OC 2 90' 18/18 2 2/6.3 3/13 ?/t 0 3/t !

> Leusemia* -0.76 29/27.8 15/13.2 1/2.7 2/1.9 02.3

_
n_ bukemia* f -y lag) 0.84 27/252 15/14.7 1/3.0 4/12 1/:.9

* The trena test statisce was calcula ac from indavtdual coseL not the nvc exposure catetones. It may be ecmpared with a
standard normal d:3tnbuuon to assens e ausucal sagn Scance: nowever. statist' cal sismficance may be caassc atec for eascases
with a srcall number of deaths. See foo. .ote c.
* Expected destas were calculated from the expenence of all worters in the study populauon. allowing for age, calencar year.
gender, number of years morutored. and general socsoeconomic category.
* Based on computer simulauens. the one.taaled p values associated wtth the trend test with a 10.y lag were esurnated to be
0.033 for cancer of the pancreas and 0.040 for muluple mycterna. For the 2. lag. tnese a values were esurnates to oc 0.019
for cancer of the pancreas and 0.011 for multiple myeloma.

.

' Exclucing chronac lymenaue leukemia.

Table 11. Resulu of analyses of external dose for selected cancer ::tegones in monitored workers employed at
the Hanford Site for at least 6 mo including cancers oe:urnns in the state of Wasnington from 1987-1989. il

and including caneers noten on the desth certificate. but not considered to be the uriderlying cause of destn. hL{
Except wnere noted. this is based on a 10-y tag.

Trend test
statan Observed and expected deaths by exposure category im5v)

g

for:

0- 10- 50- 100- 200+

Cause of death 10 y :y Obs/Exp' Obs/Exp Obs/Exp Obs/Exp Ots/Exp
-

* Ali cancer 0.05 -0.04 1.131/l.135.3 434/431.7 8 n9.3 61/59.1 W/62.5

Pancreas 1.61' 228* 56/57.1 20/20.9 J/3.9 4/2.6 4 / .5

Muluote mveloma 2.67 3 45' t 8/I8 6 2/ ! 3 /1.5 3 /1 I Jn 4

--.-g> uuacmia- -0.94 35/32.8 to/la.a 1/2.9 2/2.0 1/2.3

% bukemia* (2.y lag) -0.99 33/300 16/160 t/32 4/2.3 1/3.1

'The trend staucue was calculated from individual doset not the five exposure casesones. It may be compared with a
standard normal dastnbunon to assess stausucal sagnificance; however. statisucal sigmlicance may be exaggerated for diseases
with a small number of deaths. See footnote C.
' E.spected acatas were calculated from the expenence of all worters in the stud > populauon. allowing for age. calendar year.
gender. number of years maartored. and general scooeconomic category.
* Based oc computer smulanons. the one-taaled p values asscetated with the trend test with a 10.y tag were esumated to be
0 062 for canceref tbc pancreas and 0.011 for muluple mveloma. For the .y lag, tnese j values were esumanec to be 0.028

*for cancer of the pancreas and 0.003 for muluple myeloma.
* Excluding chronic lympnaue leukemia. j
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Table 6. Relative nsks' twith 90G confidence limiu) by external dose category for monitored Hanford Site [b
worke*5 etnploved at least :. mo (based on a 2-v lag for leukemia and a 10-y lag for other categonest.

Dose category ]
tm5v) Allcancer All noncancer 1.cukemia' Muluple mveioma )
0- 1.00 1.00 1 1.0 1.0
10- 1.04 (0 9.1.2) 0.89(0.8.1.0) 0.8 to 4. l.61 0.4 (0.1. 1.31W l.01(0.8.1.3) 0.85 (0.7.1.0) 0.3 (0.03. 1.61 4.2 (0.7. 19)
100- 1.17 (0.9.1.5) 0 83(0.7.1.01 1.5to4.4.8) 5.9 (0.5. 4I)
200- 0.93(0.7.1.3) 0.96(0.8.101 0.3 t0.02.1.3) ) '! r21 50)

* 3e :auve nsts are tne rauo ofine r.sa for tne incacated catescr> reisuve to snat of the loweet oose category t0-9 mSv
Ex:n.cm3 c .r:nic lym:natic seukemia.
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TABl.E 3. Raze Ranas for bir-= by Done Casesory and Study Populacon

[gLess Than More Than
Study and Reference Number 10 mSv 10-50 mSv 50 mSv Tocal

Atome Energy Autherny''t
Observed to 5 3 18 i

FYRs 219.102 71.516 37.817 328.435 J
Rate /100.000 4.6 7.0 7.9 5.5 i

RR 1.0 1.5 1.7 1

90% CL 0.6.3.8 0.6.5.1
Atomic Weapons

s. k6h - r8 )
Observed 4 0 0 4
FYRs 136.366 7.694 1.655 145.715
Rate /100.000 2.9 0.0 0.0 2.8
RR 1.0 0.0 0.0
90% CL 0.14 0.64

Hanford"21
Olaerved 24 3 2 29
FYRs 361.017 28.531 23.846 413.394
Rate /100.000 6.6 10.5 8.4 7.0
RR 1.0 1.6 1.3
90% CL 0.6.4.3 0.4.4.2

. Oak Ridge Nanonal
Laboratory''il
Observed 5 6 0 11

FYRs' 312.080 31.380 12.100 155.560
Rate /100.000 4.5 19.1 0.0 7.1
RR 1.0 4.3 0.0
90% CL 1.7.10.7 0.5.4 '

Portsmouth't
Observed 3 3 1 7
FYRs 65.326 21.769 11.128 98.223
hee /100.000 4.6 13.8 9.0 7.1
RR 1.0- 3.0 2.0
90% CL 0.8.10.8 0.3.12.6

Rocky Flau"
Observed 3 0 1 4
FYRs 64.609 8.645 4.528 77.782
Rate /100.000 4.6 0.0 22.1 5.1
RR 1.0 0.0 4.8 i

90% CL 0.8.6 0.9.26.6
Sellaneld"1 1

Observed 6 3 1 10 |
PYRs 154J35 27J67 28.260 210.362 '

Rate /100.000 3.9 10.9 3.5 4.8 j
RR 1.0 2.8 0.9 -

90% CL 0.9.8.5 0.2.5.4
Total

Observed 55 20 8 83
FYRs 1.113.035 197.102 119.334 1.429.471
Rare /100.000 4.9 10.1 6.7 5.8
M 1.0 2.1 1.4
90% CL 1.4.3.1 0.7.2.5
RR. 2.1 1.4
90% Cl 1.4.3.3 0.8.2.6
RL- 1.8 1.2

tNo las pmod.
*Emposure laseed 10 vemes.

IDone catesonas are: C.-10 mSv. 20-50 mSv. 50+ adv.
Person veers were esc.nated by muinpivmg the number oi workers m each dme category by ;e
eversee length of fono .up |

YEmposure iassed 15 veeri. |

|
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Table J. Standardized mortslity ratios * (SMRs) and obsersed desths (OBS) for specifie esneer types in
]monuored and unmonitored white male and female Hanford Site workers from 1945-1986.

Males Females All workers

U nrnon" U"****
Monuored Momiored

tored tured
Type of ancer teighth revision ICD * -..

codel SMR 0 85 SMR 0 05 SMR OBS SMR OBS SMR OBS
Bucesi esuty and phan ns i140-149) 0.8 ) J: 0.66 6 0.00 0 1.08 3 0.76 Si

Digestive organs and peritoneum i150- 0 57 484 0.s0 72 0.74 Jh 0.75 37 U. lid 569

!$9) / / /
Esconneustl50' 0 8J 35 u S6 4 n orr o i 75 t 0.80 4;

5tomacn iis a 1 0.64 70 v.40 a u.s2 o v.co e 0.77 68

Colon (153) 0.88 141 0.71 21 0.70 19 0 84 18 0.84 199

Rectum i154) 0.72 35 0JI 4 0.5: 3 0.85 J 0.67 46

Liver and gall bladder i155-15h> l .til 17 u 86 6 u ES 5 u 64 1 0.94 51

Pancreat il 37) 0 91 MJ 1.57d 26 U M.% lo u.56 5 0.96 1:5
Ji u.97 23 u.g 3 653Respiraton s>sicm 1160-161: u.Mog 491 0 9.lg 93 1.027

Larvnt e t hii u 60 14 i th h t tw i i hi i u 1J *1

., ao ..o u. v . a, a ui v oC .; u a4 n:).r.p .r...
Boneet70) u Ja t u 74 1 1.13 I u.00 0 0.51 5

Skin t !72-173) 0.76 :) u 97 5 0 94 J 0.66 2 0.80 ;6

Femsc hress #17J> 0 95 60 0 . 14 9 J2 0.92 102

All uterus t l 80-13:n 0.33 7 0 99 17 0.63 24

Other temste genital organs t I $ 3-1N41 0.7 X 16 1.02 16 0.89 32

Prostsic (135) u.9.5 l iti I,tM1 27 0.96 143*

Testes and other male genital uryans u.7 I h 1.4J 2 0.82 8

(186-187)
Bladder :1881 u h8 34 0 67 7 0. 6 1 1.14 3 0.69 451

IGdnc>(1891 u wd JI 1. : 9 0.72 3 0 63 2 0.95 55

Ere tivor i 4) : 0.txt u u.uu o 0.00 0 0.97 2

Brain and other central ners ous 53 siem u w6 J8 0.f: 4 0.? F 6 u.53 3 0.86 61

(191-192)
Th> roid t 19J r o hl : 1. * J l f.19 1 0.00 0 0.75 4

All other solid tumors a 171.144-1996 I t): 126 147d 31 o Mi l6 0 Mu 12 1.03 185

Alll mDnJuc and haematopoieuc can. u 9h ifM 0.76 :: u Sl: : 1.01 18 0.93 200
i

cer (2tX)-209 6
L)mphossrcoms and reticulosarcuma i 04 32 ti.37 : o V2 4 1.48 5 0.98 43

I p, I ut t ! 1 u 46 i u us )H sk n's disesse 201) ou1
u. 9 0.v 8 JiMuiuple mycioma t;u.is o sj ;s a.;v y u. a.i * .

Leukemia and aleukemad i:04 007) u 84 f6 0.74 9 u 76 7 1.46 5 0.84 80

Other t>mphauc ussue t:00 003.:US. u 99 30 0 9K 8 1.0 5 0.70 J 0.97 70

209r
'The SMR is the rauo ut obsersed and espected deaths where etpeeled deaths were calculated from 28c spectliC &nd
calendar year speedie morsahn raies t.ir U.S. mucauan males or l'emalo. t he SMRt were currected for those deaths with
no certdicates on the uttumpuun that the distribution ul'eauses was similar lor thow with and methout certificatcs.
* |CD = International Clastoiestion of Discam. Eighth Res eseon
* These SMRs are based on the years 1950-19Mh unce U.S rnortality rates for these cancer types were not availabic pner to
1950.
* Si8nnicantly elesated at the 0.05 lesel based un a one tailed test.
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Table 5. Results of analyses of external dose in monitored workers employed at the Hanford Site for at least 6
me. Ezeept where noted, this is based on a 10-y lag. 1

Trend test

Otnerved and expected deaths by exposure category imSvl h
lagged for-

0- 10- 50- 100- 200+
Cause of death 10 y 2y Obs/Exp* Obs/Exp Obs/Exp Obs/Eso Obs/Eso

l.91 4.341/4.267.7 1.J33/1.378.9 213/227.9 158/169.R 155/155.,All capes -0.90 -

Cause unavailable 1.28 -I.32 6i/59.0 22/19.5 0/3.2 2/2. I i/2.I-

All cancer -0.29 -0.50 975/982.9 346/334.6 58/60.1 47/44.9 40/43.5
0.29 -0.54 816/R 18.8 316/310.7 55/56.4 43/41.5 40/42.7Male -

Female 0.02 0.28 159/164.2 30/23.9 3/3.7 4/3.4 0/0 x
Smoking-linked cancers' O.10 -0.01 380/389.0 154/148.3 30/26.9 22/20.7 19/20.1
Residual -0.49 -0.67 595/593.9 192/186.3 28/33.2 25/24.2 21/23.4

1.45 -1.58 24/22.3 8/7.3 ' 0/1.3 t/l.0 0/l.1Buccal 4-

Esophaeus 0.14 -o 38 20/18 6 5/50 1/l i n/0 7 t /0 7 i
'

Stomacn 0.i s 0.37 43/44.4 14/12.7 2/2.3 3/l 9 1/ t .9 '

Colon -0.35 -0.63 103/106.6 36/29.1 2/4.7 4/3.1 2/.14
Rectum 0.40 0.84 25/22.9 6/7.7 t/l 4 1/0.9 1/10
Liver 1.37 f .9 3* 15/14.5 1/.t v 0/o h o/06 2/04 .

'
l.10 3.1/lH M l/2.5 U/ti.3 O/0.3 U/D Ohl.27Gallbladder --

Panercas 1.59d 2.36' 51/52.5 19/18..t 2/.t.1 .t/2.2 1/ t .9

1.arvns -O 62 819J 9 /lf 4 t/t 0 - 1/06 O/O 4 O/O 1

1.ung u.s o u.u t 2.*n/;os.u tub iua.. 24/ a v.; i ;/ s 5.o ionen

Bone -0.68 -0.70 3/2.3 U/0 4 0/0.1 0/0.1 0/0.03 ,

0.05 0.58 45/46.5 7/5.3 1/U.9 1/1.0 U/0 3 iFemale breast -

Cervix and uterus 0.96 0.29 1/50 3/0.3 0/0.2 0/0.ch n/0 00 ;

Overy 0.79 0.61 12/12.1 lil .5 0/0.2 1/0.2 0/0 04
1.15 -1.51 59/61.7 32/27.1 5/4.4 2/3.4 2/34 iProstate -

0.34 -0 66 17/18.9 I I/M.7 1/l .3 t / t.0 1/l.1 1Biaoder -

Kidney 0.72 0 60 27/23.3 2/7.4 2/l.4 1/l.2 1/l .2 i

Brain and central nervous -0.90 -0 66 2N /.10.1 l b/ l I ..t 1/2.4 2/1.7 n/ s .3 !

system j

0.42 -0.46 2/1.7 1/ 3.0 U/0.2 0/0.1 0/00Thyroid -

0.85 -1.14 37/39.1 17/13.7 3/2.0 t/l.M I/l.8 iNon Hodskin'slym- -

phoma 1
'

Hodgkin's daease 1.80' 2.38* 14/l J.it 2/2.8 U/0.5 1/0.3 2/0.5
Mutuple myeloma 1.54* 2.23* 17/17.0 2/4.9 2/0.9 1/0.6 2/06

0.34 -0.45 6/5.6 i/2.1 2/0.6 0/0.3 U/0 4Chronic lymphatic leuke- -

mia (CLL)
Leukemta excluding CLL -0.8 I 27/26.2 14/11.7 1/2.4 i/l.7 I/2.0
Leukemia excluding CLL -0.85 25/2.1 7 14/13.1 1/2.7 3/2.0 I /2.6

(2 y lag)

All noncancer -0.70 -1.78 3.305/3.225.7 965/t.024 8 155/164.6 109/122.8 114/l10.1
Circulatory -0.48 -l.28 2.193/2.120.6 642/699.7 102/113.0 76/83.6 81/77 0
Respiratory excluding 0.10 -0.16 194/208.2 96/84.7 19/12.8 8/10.0 9/10.3

pneumonia
Cirrhosis 0.46 0.39 86/88.0 22/22.7 6/3.5 2/2.N 1/2.0

1.81 -1.96 374/366.1 74/75.9 11/13.5 11/9.9 2/6.6*
Esterna! -

Person-years 499.847 96.731 17.545 11.430 7.958

'The trend test stausue was caneviated from mdividual doses. not the five esposure categories. It may be compared with a
stancard normal distnbution to assess statistical significance. However. statistical significance may be exaggerated for diseases
with a small number of deaths. See footnote d.
* Espected deaths were calculated from the expertence of all worke's in the study population, allowing for age, calendar year.
gender, number of years monitored and general soetocconomic category. ,

'The smoking-linked cancers were er piratory enneer, buccal enneer, and cancer of the esophagus. panercas. and bladder. I

* Based on computer simulations, the one tailed p values assoetated with the trend test wnh a 10-y tag were estimated to be
0.065 for cancer of the pancreas. 0.038 for Hodgkin's disease. and 0.10 for multiple myeloma. For the 2.y lar tnese se values
wert estimated to be 0.056 for cancer of the liver. 0.026 for cancer of the pancreas. 0.029 for iludgkin's disease. and 0 030
for multiple myeloma.
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