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We live in a sea of radiation...



allout vs Natural Background
Fallout vs Nuclear power

Fallout vs Nuclear Accidents
allout vs Medical Exposures




U.S Dose m Natural

Terrestrial Gamma-Ray Exposure at 1m above ground

Source of data: US. Geological Survey Digital Data Series DDS-9, 1993



Nevada Test Fallout
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Cesium-137 deposition density resulting from the cumulative effect of the Nevada tests generally decreases with distance
from the test site in the direction of the prevailing wind across North America, although isolated locations received
significant deposition as a result of rainfall.

Simon et al. 2006



Cancer Mortality Rates by County (Age-adjusted 1970 US Population)
All Cancers: White Males, 1970-94
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What causes Cancer?
IS mett & [viie) itteriil

U Cigarette smoke

HDiet & nutrition

U Chronic infection

B Occupational exposure
O Genetic

® Alcohol drinking

B Environmental factors
including radiation




What Radiation Exposures
can we Modify?

Natural vs Man-made Radiation

Occupational

Consumer 1% Fallout
products 1% Nuclear

6.5% | / fuel cycle

Mettler 2007 Brenner and Hall 2008



Summary
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Low dose responses seem to be and
high dose responses damaging, thus {h@
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Cancer risks using LNTH are censervaiive.



Ionizino Radiation Whole b te: G-I destructi . ; P 1
g g G coite s Cancer Radiotherapy e O = Al ot ol

Dose Ranges ™55 oo o uma

ke ....Il.'-I-'.lII.l.l.Il......ll..'..'...l.l.lIIII...IIII.I'I.'. “rh°leb°d}"acute:
( Reln ) @ cerebral/ vascular
it Somm Stud 0 2000 4000 6000 8000 10,000 rem (g SO o
e Span Study al Body
(A-bombsuvivor  Totesy Whle body. acufe cueulating blood ACUte Radliation
eP‘dem‘°l°gY): (TBI) Therapy ¢ (dgath pl:)%abrl?% 3 vuks)*aze Syndromes Wha%lg 1;‘832 mzuroacmewlmﬂmi ot
Charged particle event 0 TTT P T T T T P T bbb TY TP T PP PRI L rrry (death probable in 1 ’“ks)*

(Solar flare) dose on

moon, no shielding 300 e E)(dl‘,‘ 400/ M= - e«ythe'na 600 Peé;ngggqt 800 1,000 rem g *Note Whole body amxt(;l
: ) Estimated dose for Exy, sdnsent (3 Wk onse) (103yonset)  (3wkomse)  Human LDy, range § prognoses aséume 26 meds
' Off’c e Of 3-yr Mars mission (2 2 4 m\ Human LD range acute exposure ) acutg exposure H (GI= gastromtestmal)
-4 Science (current shielding) no medical imtervention* ; i
U.B. DEPARTMENT OF ENERGY i - s -
= Srrnnung Cancer EpidemioloQy = Medical Diagnostics rads
Evidence for small increases in human @ O p gy (Estimated maximum organ dose)
cancer above 10 rem acute exposure .
or 20 rem chronic exposure 80 00 100 rem A _ Chest (P-\.& i.ﬁlﬂ]ﬁﬂ) ey
Tvpica] mission doses on Ramsar., Iran DHS emereency cuideline |nterp|anetary Space h D i . ) . ’ -
. . . : ’ BTN e — Dental Panoramic 0.07
Internatlon(alls Sél)me Station™  high natural bkglyr  to save a life: 23 rem natural bkg/yr C - Lumbar-Sacral Spine 0.2 0.3
. DOE Low Dose Program =y D - Mammogram 0.2-04
@ KG L Radiotracer Imaging
E — Heart Stress (Tc-99m) 0.6-1.2
X 7 8 9 10rem F - Bone (Tc-99m) 0.4-15
Kerala coast, India .. ) .
: . DHS o cuideli ) ) DOE, NRC dose Limit for G — Dual Isotope Stress Test 4.0 - 4.5
hlgh —— bkglyr fOl (i;?lf)lhceilecl‘oc:‘\ltl]oil e rﬁ;::\aaqs:;la-l %";g%;’lr workers: 5 l‘elﬂ"\'l' I'RO mS“‘""y'r) H-PET: F-lspFDCr (bladder) 55_8
Typical added annual dose for 2 rem/yr (20 mSv/yr) i
col’l?merual airline flight crews™—, Medical Dlagnostl(‘s (A—O) CT Scans (X-ray)
AB C E see chart >> (multiple scan average dose)
@ : I- Chest 2.3
Airport x1ay 0 700 800 900 1,000 mrem A S
scanmer: Yangjiang, China (1rem) - Abdomina 22-
0.007 mrem/scan Natural background, USA high natural bkg/yr L —Full Body 5-10
S = 2e DOE facility ~ average = 310 mrem/yr . ‘nideli Fluoroscopy /Procedures
(Limit 225 MUemT  releases (includes radon) Regulations & Guidelines M Ber e 22
‘_‘/ qIPS: Tomsjumula N - Cardiac Catheterization 1.2-4
Rowdwip = ofA 10N 20 (30 40 S0 60 70 80 90 {100 mrem ovenic Stuy | O _ TIES Procedure 210
cew York LDs, = Lethal Dose to 50%
New York _ - NRC cleanup cntel ia for site 0 ehal Dose 1o 5
(=3.7mrem) EPA dose limit EPA doselimit decommissioning / unrestricted DOE, NRC dose limit for the (whole body dose that results in lethality to
public drinking water {ll‘)ollgll:lk_-tsle in air: use: 25 mrem/yr public: IQIOCIR;’ el{} C\ ;’3\1 mSv/yr) 50% of exposed individuals in 30-60 days)
tems: 4 em/yr (
NOTE: m.mwi‘s ems‘dl:l rem/yr of providing » simpls, user-Eisadly, “crdsr-of-magnimds™ referance for radi of Dose Equivalent: 100 rem = 1 Sievert
e dﬁhmmm“mw"‘mmﬁ‘?“ﬁn?ﬂh wed = (absorbed dose x radiation quality)
duyaom' mply 22 s of ok (0 tissme waighting). D m“mﬁmomwhm%qw 2ud sosrgpes e dfiwszc  Chart compiled by NF Metting, Office of Science, Absorbed Dose: 100 rad =1 Gray

“m Cm context. huﬁrﬁp M&nbﬂmhmohnmbsumg\hﬁmnddouwad;ﬁml " DOE/BER. “Orders of Magnitude " revised June 2010 1 rem = 1 rad for x- and gamma-rays

Disclaimer- Neithar the Usited States Government nor any 2zency Mwﬂwmyofhucqﬂuywt,nﬂwsnymm express or maplied, or http://www.lowdose.energy.zov. P TIPS S S S S U S T T

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




