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History — Low Dose Program initiated in 1999

“The lowest dose at which a statistically
significant radiation risk has been shown
IS ~ 100 mSv (10 rem) of x-rays.”

Bridging Radiation Policy and Science
An international meeting of experts, held
at Airlie House Conference Center
1 -5 December 1999



History — Low Dose Program initiated in 1999

“The lowest dose at which a statistically
significant radiation risk has been shown
IS ~ 100 mSv (10 rem) of x-rays.”

7

But what do these humbers really mean...??
« What did they mean in the past?

« What do they mean now? o o _ _
- Bridging Radiation Policy and Science

An international meeting of experts, held at Airlie
House Conference Center
1 -5 December 1999



DOE’s Low Dose Program (1):

® Focused on very low dose exposures that are
encountered by workers in energy production and
environmental cleanup

® Less than 0.1 Gy (10 rads)

® Mostly low LET (x- and gamma-ray)

® Higher doses, then titrate down to lower doses
® Low dose rates

® High dose rates

® For low dose exposures, the dosimetry is critically
Important (spatial and temporal)



DOE’s Low Dose Program (2):

® Biological models include
® Molecular endpoints within single cells (microbeams)
® Cell culture models (yeast, rodent, human)

® 3-D tissue models

® Rat trachea

®* Matek skin model

® Ductal mammary epithelia
® Animal subjects

® rat

® mouse

® Medaka and zebrafish

®* Re-analysis of archived tissues and data
® Mega-mouse studies
® Beagle dog studies
® Conducted in the second half of the 20th century



DOE’s Low Dose Program (3):

® Research to enable mechanism-based models that
Incorporate both radiobiology and epidemiology

® From cellular and molecular actions within tissues
® To the evolution of cancer as a multi-cellular disease
® ... In human populations

® Clear understanding of both the biological
assumptions and the dosimetry underlying
epidemiological analysis in low dose range



The Underlying Assumption for (Low Dose)
Dosimetry:

“If the spatial and temporal distribution of
energy deposition events were clearly
described, it would improve the
understanding of biological mechanisms
leading to radiation-induced effects.”

Hans-Georg Menzel, 2010 (paraphrased)
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Time Factors:

® Dose Rates
® The biology is clearly different (dose rate effects...)
® Gamma irradiators change over time (half-lives calculated...)
® Calibrated radiation-generating machines can drift. ..

® Timing of the Experimental Protocol
® Dose Fractionation
® The periods before, between, after each step

¢ Daytime, Nighttime
® The biology is clearly different (diurnal/nocturnal effects...)
® The physics

® Historical Time
® The definitions of quantities change
® New measurement techniques allow improved precision, accuracy
® Annotation, curation of the literature...



Spatial Factors:

® Microdosimetry

® Partial vs. Full

® Single cell (intra-, inter-, extra-)

(Les Braby)

Energy distributions
Monte Carlo track structure
simulations

Body of animal subject
Cell/tissue culture dish

® Uniform radiation field
® To encompass entire subject

.

® Background radiation matters
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Background Radiation:

Terrestrial Gamma-Ray Exposure at 1m above ground

Dose Rates from
Natural Background
USGS

U.S. average annual
dose = 310 mrem/yr,
including radon

Yt
United States Geological Survey Digital Data Series DDS-9, "National
uR/hr Geophysical Data Grids: Gamma-Ray, Magnetic, and Topographic Data
7-- 35 uRlhr, for the Conterminous United States", by J.D. Phillips, J.S. Duval, and R.A.
including radon? Ambrosiak, 1993



Ionizino Radiation Whol - G-I destruction: ’ . P
& e gz“m Cancer Radiotherapy

D osée R an g es () ‘° days)* total doses to fumor

acute exposure = all at once;
chronic = hours, days, years

Whole body. acute:

R em @ cerebral/ vascular
( ) _ 0 2000 4000 6000 8000 10,000 rem g, Srekdonn
Life Span Study Total Bodv )
(Abomb survivor [ryagiation  WESle body, acute: circulating blood Acute Radiation
e e SELZIRGE  Symiomes  wais st
Chargedparticleevem 0 o eSS Asssnnan e T LT LT L CL L (deat‘hPIObablelnl‘>v'ks)It
(Solar fiare) dose on

st : ok
mn, nO Shle‘dlng ’00 Tﬂmg)mq 40 Maxﬁ Ezn{g]nemd 600 F&e;nggggt 800 1,000 rem E Note “’hole bod’ acutceal
A Estimated dose for Egely, wapsent (3 wk onset) (10 day onset) (3wkonset)  Human LD, range £ P tervention
’ Office of 3-yr Mars mission (57 ;4 bt oneet)  Human LDy, range acute exposure _ acute i e i (G-I = gastrointestinal)

—~ 4 Science (current shielding) 1o medical intervention*

U.S. DEFARTMENT OF ENERCY — Gunsnnnd - Cancer Epldemi()logy —

Evidence for small increases in human @
cancer above 10 rem acute exposure —— _—

or 20 rem chronic exposure 80 90 100 rem
Typical mission doses on Ramsar, iran  DHS émergency guideline Interplanetary Space
International Sspace Station high natural bkg/yr to save a life: 2% rem rrPatural b'kyg/y‘r)
= . DOE Low Dose Program =

KG

8 9 10 rem

Kerala coast, India

Medical Diagnostics rads
(Estimated maximum organ dose)

_rav

Jlms
A - Chest (PA & Lat) 0.014

B — Dental Panoramic 0.07

C —Lumbar-Sacral Spine  0.2-0.3

D - Mammogram 0.2-04
Radiotr I .

E — Heart Stress (Tc-99m) 0.6-1.2

F — Bone (Tc-99m) 04-15

' DHS emergency guideline . - DOE, NRC dose limit for G — Dual Isotope Stress Test 4.0 - 4.5
) sl B f01 pubht 1aloc§non r?i;r?rnaagsgl %{(gﬁ'}r workers: 5 rem/yr (50 mSviyr) H - PET: F-18 FDG (bladder) 5.5- 8
Typical added annual dose for 2 rem/yr (20 mSv/yT) 7
co;ﬂnercml airline flight crews ™, Medical Dlagllost](‘ S (A—O) CT Scans (X-ray)
AB C E see chart >> (multiple scan average dose)
@ I - Chest 2-3
Airport x-ray J —Head -5
whole body’ 0 700" 800 ; 900 1,000 mrem K Abdomiaal 276
scanner: Yangjiang, China (1rem) : i
0.007 mrem/scan Natural background, USA high natural bkg/yr L — Full Body 5-10
( Lu.mt = 15 mrem/vr DOE Sy averag? Z 31? r(;’lremlyr Reoulations & Guidelines Fluoroscopy /Procedures
= 4000 scans/yr) S— (michiose ackc) o ; 2 M - Barium Contrast G.I. F=22
(s: ”"“Jp‘f.%':.!” N - Cardiac Catheterization 1.2-4
[Romdtip T ofA 10N 20 |\ 30 40 50 60 70 80 90 {100 mrem emicsusg | O TIPS Procedure e
New Vork - e ; LDs, = Lethal Dose to 50%
(x37mrem)  EPA dose limit EPA dose limit Pt i “,"‘I“u‘;:e""l . DOE, NRC dose limit for the (whole body dose that resuits in lethality to
public drinking water  from release in air: u<; 25 mrem! n’ public: 100 mrem/yr (I mSviyr) 50% of exposed individuals in 30-60 days)
systems: 4 mex em/yr 10 mrem/yr % (ICRP, NCRP) - -
NOTE: This chartwas 4 with the i dm.mmr&m “orderof maguinde” Sor sadiati of Dose Equivalent: 100 rem = 1 Sievert
interest fo scientists, managers, and the general public. Intliwm. " in the meore commonly used = (absorbed dose x radiation qua"ty)

radiatica protection units, the rem and Sievert. Medical ds i mmdmo 23 they are Dot in “sffective dose”
Mbwmlynmofnd(mmmwmr hmmm:c&mmdmxbmiwmnnbmqpuudw&ndﬁm Chanmmp,]edb" NYF.‘[sﬂ'mg, %ceqfsam

svaryons's needs. C=N R y C = Environmantal

Disclsimer: Neither the Uzated States Gv\mwmyw\ thareof, nor any of their seaployses, meakes 2oy warranty, axpress or iaplied, or bttp:/'www.lowdose.energv.zov P T | P S Sy SR Y AR L AR L R S W

Absorbed Dose: 100 rad = 1 Gray
e e e e e ey arvrry  DOE/BER. “Orders of Magnitude " revized June 2010 1 7em = 1 rad for x- and gamma-rays

Source: Office of Biological and Environmental Research (BER), Office of Science, U.S. Department of Energy




Ionizing Radiation

Dose Ranges === il doses o unn

( Sievert )

0
Life Span Study Total Bodv
(A-bomb survivor Irradiation  Whole body, acute: cuculanng blood Acute Radiation

Whl body, acute: G-I destruction; X . i \ 7 all
e d d}é;acccl)le'tived 'sfmx:tionﬁ Cancer Radiother apy m:pohoms da}':t;::fs

Whole body, acute:
cerebral/ vascular

i breakdown
100 S¥  (geath in 0-5 days)*

@ Ty rpapapars

10 20 30 40 50 60 70 80 90

epidemiology)\  (TBI) Therapy ““(ggggpme G 1 darmage Syndromes _ Whole body acute: marked G-I
- o g
Chal'ged parﬁCle event 0 s MERSTREEszaw ..-. .'.'._"..'.l--'no------- "TT] ( pr €1 Wi S)
(Solar flare) dose on @
moon, no shielding 0 5 Temporry 4 [ Main enythema Pemanent g 10 Sv *Note: Whole body acute
r’ Office of I:Eftim;ted dose for Early, tle"s«e;t (33?&, (10 dgy méet) (3?153;&) Human LD, range promoselsnamgg medical
yr Mars mission Skin erythe Human D, range acute exposure acute exposure estinal)
@ Science (curent shieiding) (28 onse) no medical 1gnetervennon* with medicalxpmtervennon (G-1= gastroint
A Sensannd Cancer Epidemiology =y Medical Diagnostics mGy
Ewvidence for emall increases in human O (Estimated maxinmm organ dose)
cancer above 100 mSv acute exposure g Iy
or 200 mSv chronic exposure 800 1000 mSv Sciav films
: gy 1Sy A — Chest (PA & Lat) 0.14
Il;l; zr?ln;at:(::laslswl:ag:sse;?itn A %amtsaf'll{iﬂ DHS emergency guideline Interplanetary Space (15v) | B_Dental Panoramic 0.7
(Isgg igh natural bkgiT  to save a life: 250 mSv natural bkgfyr C - Lumbar-Sacral Spine 2_3
¢ ow Dose rrogram ——* —Mammogram 2-
DOE Low D Prog D - Mammog 2-4
QpEf M LN KG L Radiowacer Iinasjne
0 60 -0 $0 90 100 mS E —Heart Stress (Tc-99m) 6-12
Kerala coast, India / DOE. NRC d Limit for oo L l.--— Bone (TC-99[D) 5 4- 1::
high natural bkg/yr DHS emergency guideline Guarapari, Brazil e o 2 osgc-." : tl<‘0| - G —Dual Isotope Stress Test 49 -45
Trvical added o desch 1:'001 p\;bhc lelocmon) high natural bkgiyr workers: 30 mSviyr (3 remfyr H- PET: F-18 FDG (bladder) 55 — 80
vpical a annual dose for mSvivr (2 rem/yr . . .
con?mencml airline flight crews———_ \ Medical DlagDOSth S (‘A—O) CT Scans (X-ray)
@ AB C E F see chart >> (nmitiple scan average dose)
' I- ChestCT 20-30
Air olrtbx;.;a\ 0 1 2 7 8 0 10 mSy J-Head CT 30-50
4 i 79
“scanner: Natural background, USA TEBgRERG, i\-;l?ud gr“:n‘aé’(l._’l' 50 —16(;)0
0.00007 mSy/scan DOE facility average = g 1 mS\;/yr high natural bkg/yr = L i
(Limit = 0.25mSvhr i ¢ : . Yood J y Fluoroscopy/Procedures
4000 seansiyy) | Feleases (includes radon) Regulations & Guidelines O oo g A
. or | N -Cardiac Catheterization 12-40
: Transiugular
Round-trip g ) 92 Y o3 %ﬂ O-TIPS Procedure 400 - 1400

04 05 06 07 08 0.9 1 mSy

\

Source: Office of Biological and Environmental Research (BER), Office of Science, U.S. Department of Energy

L?ée:n ‘zl:iz . NRC cleanup criteria for site 0%~ 1.othish Elone o 0%
(=0.037mSv)  EPA dose limit Ezg ?gf:,},‘?:’; e decomlms'mmno unrestricted D&Ej NRE fl‘c!s‘e lif\n,f‘ for the 3 (whole body dosg th_at_ results in lethality to
public drinking water 0.1 mSv/ o o use: 0.25 mSv/ ivr public: 1 mSviyr (100 mrem/yr) 50% of exposed individuals in 30-60 days)
systems: 0.04 mSvir 0.1 mSviyr (ICRP, NCRP) e —
hmmmﬂmmmbmxm wzpls, user-fisadly, “order-of-magnimde” fsmnce for adhton sxp of Dose . aos s i >
mfezest o sciedsts, m.lmh&lwmmmnmndu “doss equivalent” @ the more commonly mied = (absorbed dose x radiation qua"ty)
nadiztion protection wmts, the wpdon.n&ynw- “sffoctive dose’ A =
M&mquqm_e{ni.@nnm‘m} Dot Emits are in effective dose, but Sor most radiaticn types and ensrgies the diffacsacs  Chart (ompﬂgdb’ NF Metting, Office of Science, Absorbed Dose: 1 Gray = 100 rad
oorrmn's ot (R = Naclem Roguianry Commmstnn: E X = Eavisoeamans Brotorsom Aguary: DES = o Hosiond Sovurty)  DOE/BER. “Orders of Magninide” revised June 2010 1 Sv = 1 Gy for x- and gamma-rays
mlwmhw:dmwﬁumyp:ywquﬁum ks auy warmamty, express of plisd, or http/www Jowdose enersy zoy) ( “ = ™ stands for “approximately equal to”)

http Jiwww science.doe.goviober/



