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“STANDARD" (

RADIUM = \RADIUM MAKES

In July, a little food, a
little water, and a little lov-
ing care, insure a beauti-
ful lawn and flowers. Top

“Standard” Radium
Solution for Drinking

“Standard” Radium
Solution for Intraven-
ous Use,

Each bottle contains
two micrograms radium

element in 60 cc. aqua In Ampulles of 2 cc

N. P. 8. 8. containing

dist. .
Maxiinm squitilet 5, 10, 25, 50, or 100 “Blg;_opportur:- dress your lawn with Ra-
constant of . radium o to make $ 1 000 dium Plant Food, dig it in
emanation, 5400 mache PRI - $a5 000 around your flowers and
- 0 @ shrubbery—they will re-

?;:,’arurepreus,en;- apond with speing vigor.
nsgab s't it rité  plantsare livingthings and
o need food while growing.

ADIUM &4

PERMANENT

“Standard”
Radium Compress

Ft:anuzen (Plant Food'

Contains nitrogen, phosphoric acid, potash and
radium. One pound will fertilize 50 sq. ft., or a plot

A means of applying
10x5 ft. Sold by dealers, or prepaid East of Missis-

radium locally for the

relief of Dﬂ_in- sippi River (West, add 5c¢ 1b.) as follows:

A flexible pad of 12 oz. can, $ .25 2 1b. can, $ .50

:za‘éadnr:ndzicd. g'luamni 51b. can, 1.00 10 Ib. can, 1.75
radium  elemen

content. PERMANENT RADIO-ACTIVITY 35 Ib. can, $3.78

Our famous booklet, *'Radium Makes Things Grow,”
free for the asking.

INDICATIONS
Subacute and Chronic Joint and Musecular Conditions. RADIUM FERTILIZER CO.
High Blood Pressure. Nephritis, 206 Vanadium Building PITTSBURGH, PA.
The Simple and Pernicious Anemias,
e — — -
Rowland 1994 Lubenau & Landa 2019

RO 770. EHBSP770. 5S4 LIPEIOEE
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ALPHA-PARTICLE-INDUCED CANCER IN HUMANS*+

Charles W. Mayst
Radiobiology Division, Building 351, University of Utah, Salt Lake City, UT 84112

CUMULATIVE SKELETAL CANCERS, U.S. RADIUM PERSONS

——

BONE SARCOMAS

HEAD SINUS CARCINOMAS

T T T T T T 7
10 20 30 40 50 60 70

YEARS FROM FIRST EXPOSURE TO DIAGNOSIS

Mays. Health Physics 1988
RETIF. ¥I000AMEREDSHI10040L LO
BhiA ESRRGRNA DVRE
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L7EBCH. EXEZEIRDGNSIFRLE.
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7+ a-deeay (7 steps)

| = P-decay (5 steps) B * i.‘yv_a E *
PEEMME 435 323 9.6 (*0)
1 & Py fE 35.6 26.0 0.2

| v | FFHERRSE 15.4 354 81.5
Tl 101 ! 313 6.3 8.6
- 60,60 m
e Joen | 0ER (Andersson M ef al. Rad Res 1994)
vy, | EEERE (Mori T ef al. Ibid 1999)

3053 m

T

|
|
1
|
|
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X, BRHIICHhESTIL
7 "SR ETEDT mxzon

Table 2. Cancers in German Thorotrast patients and controls (Va86).

Thorotrast Control

Followed patients 2334 1912

1964 1409

Liver cancer 347 2
Cancer of extrahepatic bile ducts 14 6
Myeloproliferative disease (mostly myeloid leuk.) 35 3
Chronic 1ymphatic leukemia 3 2
Hodgkin's 1ymphoma 2 1
Non-Hodgkin's 1ymphoma 16 7
Multiple myeloma 1
Bone sarcoma 1
Cancer of the larnyx 1
Lung cancer 46 40
Pleural mesothelioma 4 0
Pancreatic carcinoma 20 4
Cancer of the G.1. tract 58 70
Kidney cancer 4 2
Prostate cancer 13 9
Malignant brain tumor 14 9

Mays. Health Physics 1988
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R Doll, British J Radiology (1997)
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Evidence for a lack of DNA double-strand break
repair in human cells exposed to very low x-ray doses

Kai Rothkamm and Markus Lobrich*

A control 2 Gy, 3 min 2 G| 24 h 200 mGy, 3 min 200 mGy, 24 h

L 3
1000 A Rothkamm5
- P PNAS 2003
g,' 1Di /_F:T,//
. 1 #BBR LI1DSBE :
oy 1GvT40(@

0_01 T T T aegey LB AL ] T rrammr LEBAR AL T8 i 1 G Eo 04@
0.001 0.01 0.1 1 10 100 m v .

Dose (Gy)

Fig. 2. DSB induction in MRC-5 cells. y-H2AX foci were counted 3 min after
irradiation, and the mean values of foci per cell are shown (circles). Triangles
represent DSB induction data obtained from PFGE analysis. The line is a linear
fit to the data points with a slope of 35 DSBs per cell per Gy. 27
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= T65D (1965 Tentative Dose)

= DS86 (Dosimetry System 1986)
= DSO2 (Dosimetry System 2002)
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LSS (Life Span Study) 1950.10.1~

Number of Life Span Study Cohort (1950)

Survivors
(1950 Census) Exposed ~ Not-exposed Total

Hiroshima 159,000 62,000 20,000 82,000
Nagasaki 125,000 32,000 6,000 38,000
Total 284,000 94,000 26,000 120,000
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DS02 vs Biodosimetry
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Gamma Kerma from Measured Stable Aberration Fraction (Cs*) & Lingual Dose(L*)
vs Gamma Kerma from DS02 and Special Calculations (SHLDO02)
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FIG. 5. Excess relative risk per Gy (ERR/Gy) for all solid cancer
1.0 4 for selected dose ranges. The figure shows the ERR/Gy and 95% ClI

for a dose range from zero to a given dose based on the linear model

! 0'3 0.4 0'5 for the full data that allowed for different ERRs below and above the
0.0 0.1 0.2 ‘ ’ ) given dose and taking radiation effect modifiers as common to the two
dose ranges. The increased ERR/Gy in the low-dose levels less than
0.1 Gy corresponds to the estimates of ERR higher than the expected
linear line in Fig. 4.

Pierces. Radiation Research 2000 Ozasa et al, LSS14 report
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Risk of cancer from occupational exposure to ionising radiation: :E -
retrospective cohort study of workers in France, the United & 15 © a »

Kingdom, and the United States (INWORKS)

David B Richardson,! Elisabeth Cardis,*# Robert D Daniels,> Michael Gillies,? Jacqueline A
0'Hagan,® Ghassan B Hamra,” Richard Haylock,® Dominique Laurier,? Klervi Leuraud,®
Monika Moissonnier,? Mary K Schubauer-Berigan,* Isabelle Thierry-Chef,? Ausrele Kesminiene?
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Cumulative dose (mGy)
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—‘300"\6}'
354 — <100 mGy
HmJ% Lancet Haematology 2015
- 254 —
2 T
lonising radiation and risk of death from leukaemia and £ 201 //-,/—-—’

lymphoma in radiation-monitored workers (INWORKS): 15 e
an international cohort study " /
KlerviLevraud David B Richardson, Elisabeth Cardis, Robert D Daniels, Michael Gillies, Jacqueline A O'Hagan, Ghassan B Hamra, Richard Haylock,

Dominique Laurier, Monika Moissonnier, Mary K Schubauer-Berigan, fsabelle Thierry-Chef, Ausrele Kesminiene 0.5

. zFi’;J’E‘E‘ﬁ*&H%% 16mGy i 100 200 300 400 500

Red bone marrow dose (mGy)

) *& Hﬁ 0) *E i“-'l- J‘E §“ U A 7 2 ' 9 6/ Gy Figure: Relative risk of leukaemia excluding chronic lymphocytic leukaemia associated with 2-year lagged

cumulative red bone marrow dose
The lines are the fitted linear dose-response model and the shading represents the 90% Cls.
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Figure 2. Hazard ratios for cancer by dose rate of external ionizing radiation among children < 16 years of
age in the Swiss National Cohort. Results from Cox proportional hazards models adjusting for sex and birth
year using a categorized exposure [points and bars (95% Cls) placed along the x-axis at mean dose rates
within categories; categories delineated by vertical lines] and a linear exposure term (blue line). Dose

rates < 100 nSv/hr are the reference category.
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