Overview of Radiation Dose
Assessment

iIn Nuclear Emergencies
Tom Johnson, PhD, CHP, NRRPT, CLSO

Professor

ol &



O b . e Ct | Ve E E’s] Colorado State University

 Ascerta

In radiation dose to an individual without

radiation dosimetry

— Estim

%%ﬁﬁ%%i@b?@kﬂ@ﬂ%ﬁ%%ﬁ%?

ate radiation dose from large external radiation

source

— RESEHSERRSTRIED o DS REZHTET S

— Estim

ate radiation dose from criticality accident

- BRRE

— Estim

S K OMHIRE=EDHTE

ate radiation dose from nuclear weapon

- RESNLDRSRECHET S

Methods to determine radiation dose after an

accident

» BEMROBMHFBREZRET 077E




Colorado State University

Immediately after Radiation Accident
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 Prevent acute radiation effects to individuals
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 Radiation contamination issues are a
secondary concern, especially when the

radiation contaminated incident site and
number of evacuees is large.
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Radiation Contamination
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* |ndividuals with spot radiation
contamination greater than 2.2 x 10° dpm
(37,000 Bg) should be a priority for
decontamination
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Determining Radiation Dose From
a Large External Radiation Source
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METHR= <1 Gy

» Typically no signs or symptoms for people
below approximately 1 Gy

* No physical impairment
« Radiation dose determination by

— Blood bioassay — dicentric/acentric bioassay
can be used to determine >0.2 Gy

— ESR using teeth or other items if radiation
dose >0.5 Gy (difficult to perform)

— Radiation dose calculation or modeling
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MEtHR =1 Gy - 2 Gy

* 5% -50% emesis 3-6 hours after radiation
dose. Emesis stops within 24 hours

* No physical impairment
* Chance of minor bleeding from gums

» Radiation dose determination by

— Blood bioassay
« <1400 lymphocyte cells / mm?3 at 4 days
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* 50% -100% emesis 1 — 6 hours after radiation
dose. Emesis stops within 24 hours.

» Cognitive impairment for 6-20 hours
* Bleeding around gums, some purpura
« Hair loss at >3 Gy in 14-21 days

« Radiation dose determination by

— Blood bioassay
« <1400 lymphocyte cells / mm? before 48 hours

« Lethal without treatment above approximately 3
Gy

— Death 3-12 weeks above 3 Gy with no medical
treatment
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6 Gy — 8 Gy

75% -100% emesis <2 hours after radiation
dose. Emesis stops within 48 hours.

Cognitive impairment >24 hours
Bleeding around gums, purpura
Permanent hair loss

Radiation dose determination by

— Blood bioassay
« <1000 lymphocyte cells / mm? before 24 hours

Death 3-12 weeks
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* 98% -100% emesis <2 hours after radiation
dose. Emesis stops within 48 hours.

* |ncapacitation
» Bleeding around gums, purpura
 Permanent hair loss, diarrhea, fever

» Radiation dose determination by

— Blood bioassay
« <1000 lymphocyte cells / mm? before 24 hours

e Death 1-2 weeks
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Criticality Accident Radiation Dose
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Measure “*Na Activation in Human Body
AERD24 NaF EFSHEZBIE T S
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mass in kg

* Place radiation detector in armpit
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» Calculate dose based on detector response
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Dose in Gy =
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0.04 Gy~NDERPHEFHERHNRICFEINS
25824 Nafit 5T RE
Induced #*Na activity expected n; of 0.04 Gy

Mass in Count rate Count rate 15
kg immediately minutes after
following accident accident
(cpm) (cpm)
70 275 135
80 310 155
90 350 175
100 400 200
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Measure 32P Activation in Hair
EZD32 PREFBRSEZAET
. @ast neutrons activate hair
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— |AEA Technical Report Series 152 for sample
preparation

D=0.55A

A = 32P activity (dpm/g hair N7)
D= GyDOMHHRE
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Radiation Dose Estimation for
Criticality (Rule of 7 and 10)

A DR REEE (78 U100
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* For every seven-fold increase in time after
a criticality, there is a ten-fold decrease In
radiation dose.
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{5l Example
Time in Fraction Radiation
hours decrease Intensity Gy/h
1 - 1000
/ 1/10 100
49 1/100 10
343 1/1000 1
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Nuclear Weapon Dose Estimate
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B BHERIFELLAOGYDIR =
Example: Dose in Gy 15t h After Det
Detonation 1000 m 2000 m 10,000 m

yield (kt)
0.01 6.7 15 | 0.001
0.1 38 8.3 0.1
1 210 47 0.6
10 1200 | 260 3.5
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Methods to determine radiation
dose after an accident
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Biological Measures of Radiation Dose
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« Count lymphocytes or acentric and
dicentric DNA to ascertain radiation dose
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— Well established method #iL S hi-AH%
— Measures >0.2 Gy BIE{E> 0.2 Gy



JOSE : o J
2 (& ADNE
0 - 100 1 0.05-0.1
1 19 - 88 2 4
2 35 4.6 18 4 12
3 54 2.6 69 6 22
4 12 1.7 60 10 35
5 86 1.3 33 13 51
>b 90-100 1.0 < 47 > 15
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Radiation Dose from Inhalation
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 Nasal swabs — assume estimate 5-10% of
intake, may be as high as 25%
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— Useful for determining if inhalation of
radioactive material occurred
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Bioassay /\ A1 A7 vtA

— In vivo analysis of radioactive material
deposited in the body using Nal or HPGe

— NalF fzIdHPGeZ A L THARNIZLE L =1
STEME D ERRNTHT

— In vitro analysis of radioactive material
deposited in the body using urine or fecal
analysis
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Electron Spin Resonance (ESR)
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Useful for external gamma ray radiation doses

>0.5 Gy
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Requires crystal matrix materials
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— Tooth, watch crystal, some building materials
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Mathematical Estimate of Radiation

Dose WETR E D B FRIHETE

e Photon measurements JtF:8|E
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Example 45l

 The radiation dose rate from a radiation
sources is 0.05 Gy/h at a distance of 10
meters. A person was standing at 2 meters
from the source for 1 hour. What is the
radiation dose?

o WGTHRIEM b DMHIRERIL, 10A—F
JLDEEEET0.05 Gy /hT9, 1AD1EFAL.
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Example Inverse Square Law

B D P

[,=0.05 Gy/h

,=hr B2 HETEA,
d,=10m
d,=2m

Ild% — Izd%

Mitr

0.05 Gy/h (10 m)2= I, (2 m)?
I, =1.25 Gy/h

1.25 Gy/h for 1 hour = 1.25 Gy
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* Biodosimetry Assessment Tool

* WIinFRAT—First-responders Radiological
Assessment Triage

* https://www.usuhs.edu/afrri/biodosimetryto
ols



https://www.usuhs.edu/afrri/biodosimetrytools
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Questions?
Tom Johnson

tj@colostate.edu
+1-970-491-0563
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