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Exposure pathways
1. Inhalation of the plume
2. Ground shine
3. Inadvertent ingestion of soil
4. Ingestion of food, milk and water
5. Cloud shine
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LNF-6vy, F multiple organs;
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The Atomic Man

@ In a single, blinding moment, home in Prosser and discussed their
nuclear worker Harold Mc¢ (,'[,“,(a upcoming vacation, I h('rncxt morn-

was hit with 500 times the ing, right after Mac finished his

NEW YoRK Tongngolx\l!\oniglgAzggnsAﬁxFURT SYDNEY amount of radioactive material any l_uulmghl—tnrh‘—u.m, shift at the Han-
individual should safely receive in a ford Site, a nuclear research and
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M| 2k (Intake) T 7} Biokinetic
model
l Dosimetric
= Fee model
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BIOASSAY SAMPLE
COLLECTION

Y 0\ U ‘
\ Biofssay/Sample \<<
o 47 :

; llection

ok |
\Q T2 INTH) |

L || [ e
3 AP 1 |
2
w2 > <,

dla== <\l
— - o SHgIxfiofBtel

7 :KIRAMS :
£ O

11 2 5B ) ST ATIE NI



4

n < A
]

OT—E’."1

e

;G

O

Radionuclide (absorption | Radiation Rapid screening Primary monitor-
type)' type emitted | method ing method
Manganese-54 (F) | **Mn v (EC) Whole body (rapid) Whole body*
Cobalt-60 50Co B,y Whole body (rapid) Lung®
Strontium-90 sy B MNose blow/nasal swab® | Urine
Selenium-75 =Se v (EC) Whole body (rapid) Whole body
Silver-110m 1oAg B,y Whole body (rapid) Whole body
Cadmium-109 105Cd v (EC) Whole body (rapid) Whole body, urine
MNose blow/nasal swab
lodine-131 13 B,y Thyroid (rapid) Thyroid
Barium-133 133Ba v (EC) Whole body (rapid) Whole body
Caesium-137 137Cs By Whole body (rapid) Whole body
Europium-152 152y B,y Whole body (rapid) Whole body
Europium-154 1S4EY B,y Whole body (rapid) Whole body
Iridium-192 (F) 192 By Whole body (rapid) Whole body*
Polonium-210 210pg o None Urine
Radium-226 228Rg o Nose blow/nasal swab | Lung®, Urine
Plutonium-238 23EpY o MNose blow/nasal swab | Urine, Faeces?
(Lung®*)
| Americium-241 1AM LY Nose blow/nasal swab |Lung®
Californium-252 = o MNose blow/nasal swab | Urine, Faeces?
(Lung®*)

o — alpha emitter

p — beta emitter

v— gamma emitter

EC — electron capture

X TMT Handbook (2009)
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- Mobile bioassay lab
- Screening of internal contamination with hand-held
instruments
¢ 23 Thke] A 5 A S R W5 Tt
- Whole body counting

- Urine bioassay
X olgH |2 A7 F et =2 108 (=200 mSv) O] &F0f|Af
HI1 =l (ICRP, TMT handbook)
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X TMT Handbook (2009)
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Mobile Bioassay Lab
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Screening of internal contamination

€ TMT Guideline ‘

l . .

Monitoring with hand-held instruments

The minimum detectable amount (MDA) in this type of measurement is
about 1-2 kBq for “7Cs (+ 50 %) (Zvonova et al, 1995). The uncertainty
depends partly on the position of the person and partly on the
background to some degree shielded by the body of the person. Since the
measurements often are performed in environments with enhanced
background the actual background in the person measurement might be
difficult to estimate. Comparisons with regular whole body counting
measurements have shown satisfactory agreement and the method is
useful when remembering the corrections that have to be made and the
limitations involved.
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Screening of internal contamination

€ TMT Guideline

1.E+08

=
m
&
-l

1.EH06

1.EH05

1.E+04

Bq (whole body or organ) or Bg d-1 excreted

=
m
&
o3

1.E+02
1 10 100

Days
Notes
1. The y-axis shows the measured amount of the radionuclide in whole body or
organ of the body, expressed in Bg, or the measured amount of the radionuclide
excreted in urine or faeces per day, expressed in Bq d'.
2. The x-axis shows the elapsed time of the measurement or sample after intake.
3. This example is for whole-body measurements of ‘“’Cs
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Urine Bioassay

@ Urine analysis method of US CDC

Radionuclide Analytical Methods Urgent Needs for Evaluation of a

(typical in DOE / DOD facilities) Population Exposed to an IND / RDD
(Future Rad Lab Requirements)

= Requires a 24 hour Urine Collection = Analytical methods that require only

5-50 mL of urine
= Most results available in 3-21 days = Analytical methods for a wide variety of
radionuclides
= Results available in 4-36 hours
» Sample throughput of 100-2000+ samples/day/lab

= Limited radionuclide analytical methods

= Sample throughput of 5-20

This will provide the decision makers essential
exposure data in the shortest possible time

samples/day/lab

e N B DL

20 L 8B ] IopeiAMe| ARl MiEd



Urine Bioassay

@ Urine analysis method of US CDC
CDC'’s Urine Radionuclide Screen

Urine Sample “Spot”

Alpha/Beta Radionuclide Alpha (Long Lived) ICP-MS Screen
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Clinical Reference

€ ICCR App from US CDC

il Verizon 3G 3:06 PM 7 > 37%E= al_Verizon 3G () 3:01 PM 7 > 36% ER
Internal Contamination

Internal Contamination E . Internal Contamination E Ml Ciinical Reference (ICCR)
Clinical Reference (ICCR) Clinical Reference (ICCR) 1 New Assessment

758 ToRBBATERBORNEE Ay
|

 Namo thissssessmert______ [
Radionuclide:

_

Intake Method:

Absorption Type:
Age at Time of Intake:

Gender:

Pregnant:
| 4

Time elapsed between exposure
and sample collection:

wil_Verizon 3G 11:03 AM 7 » 76% [}

il Verizon 3G 1:55 PM 94 68% @)

Internal
Contamination
Clinical 1
Reference

My Assessment Details

2013/09/16 2:10 PM

Projected Urine Concentration: (4

| 7.28 x 1094 Bg/ml ©

New Assessment

My Assessments
Radionuclides
Medical Countermeasures

ICCR

" Countermeasure

Calcium DTPA (Ca-DTPA), Zinc
DTPA (Zn-DTPA) 2

lﬂl
(2] Help & Resources
1] About this App

This app projects reference

concentrations of radionuclides in . - - .
urine assuming intakes equal to one ‘

Share Edit Delete

0.25S 0.25 Gy'E 1.0 Gy-E
CDG = MIN v v Eq vEq _1)]

e(SvBq™1)’ dred Marrow(GY-Eq Bq™1) ’ dLung(Gy-Eq Bq
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KIRAMS monitoring procedure

External
contamination ] )
monitoring Radionuclide
identification
Whole body counting & quantification
for gamma-emitting radionuclide monitoring
fﬁ =
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KIRAMS mobile laboratory

— — e N DI

:KIRAMS :

25 VBB 27PUARE|ARIE NIE]



Bioassay Intercomparison

€ US LLNL (2015~)

717ymld%41010¢/lne

gn/clwmparlkon Program

Actual result provided by LLNL:
I-131 1.65e4 Bq, EMU 5.9e2 Bq

Reported result of KIRAMS:
[-131 1.77e4 Bg, EMU 1.7e3 Bq
(1.60e4 ~ 1.94e4 Bq, 99% Cl)

Relative Bias = 7.0% (Criteria = -25% ~ 50%)
Relative Precision = 4.0% (Criteria <40%)
RMSE (Root Mean Squared Error) = 9.0% (Criteria <25%)

8.00E+03

7.00E+03

6.00E+03

5.00E+03

4.00E+03

3.00E+03

2.00E+03

1.00E+03

0.00E+00

Cs-137 Co-60

T T T T T 7008403 I T T T T
1 i i 1 6.00E+03 1 1 1

° . . . )
1 & & ‘ 4? i 1 @ Sliced

. . . 5.00E+03 ¢ Ty BOMAB Male
1 1 1 1
. . . . . ! ! ! ! ! ®IAEA
0 i i ) ) 4.00E+03 i i i i i
I I | I I ; ; ; @see
3.00E+03 K N N N Laboratories

1 1 1 1 1
. . . . . 2.00E+03 ! ! ! ! ! ©KIRAMS
i i ; i . I . X : . ACCUSCAN
; I I I I 1.00E+03 - = = : = ®KIRAMS
. . . . . | 1 1 1 1 FASTSCAN

- 0.00E+00

Sliced IAEA SEIB KIRAMS KIRAMS siiced AFA el KIRAMS KIRAMS
BOMAB Male Laboratories  ACCUSCAN FASTSCAN BOMAB Male Laboratories  ACCUSCAN FASTSCAN
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Bioassay Intercomparison

NRIP: NIST -

€ US NIST (2012~) Radiochemistry

Intercomparison
Category Radionuclides Maximum Activity Program

( otentiall ) (Bq/Sample) Measurement Results
p y prese nt Nuclide NIST Value Reported Value® Difference’
. Massic Activity Relative Expanded Massic Activity Relative Expanded
Routine Emergency = Bgeg'! Uncertainty (%, k=2) Bqeg'' Uncertainty (%, k=2) (+% Bias)
Cm 0.850 0.94 0.870 343 22
HAm 2.268 0.90 2.264 224 0.2
Gamma- Mn. 57-58.60(C . 657 n. 133Ba 250 250 2opy 0.972 0.79 1.086 293 12
2 2 ] ) 238
tt 134.137 134.137 uPu 0.746 0.71 0.712 359 -4.5
em s ; 152 192 'y 2.585 0.63 2.470 303 -4.5
1ers CS, CS, Ell, II‘ il 0.119 0.80 0.122 119 2.6
:"1“} 2.490 1.00 2.481 30.1 -0.4
h 1.180 0.61 1.225 322 3.9
Beta- 89Sl‘, 210Pb, 228Ra 1 10 20p, 8.272 2.50 9.062 60.2 9.6
.tt l’:’Sr 18.55 0.81 16.62 66.8 -10
emitter: Cs 384.6 0.72 376.9 10.0 2.0
S o0gy 4 10 “Co 2286 0.56 217.4 17.1 -49
Methods
: 7
2 08 NIST® Reporting Laboratory
Alp ha- IOPO’ 226Ra’ 234’235’238U’ 23?Np’ 1 1 0 Activity Measurements Alpha- and Beta-Spectrometry Alpha, Beta, and Gamma Spectrometry
R Mass Spectrometry
em 238,239,240 241 244 Evaluation (per ANSI N42.22 and N13.30)
ltteI'S Pus Ama C m Nuclide N42.22° N13.30"
ANSI N42.22 Traceability Results Acceptable per N13.30 Criteria
228,230,232 Th Traceable Limit (Pass/Fail)
2 2 0 (Percent) Relative Bias Relative Precision Radiobioassay
(+Percent) (+Percent) acceptance
Cm Yes 53 22 8.0 Pass
Mg Yes 4 0.2 5.0
oo 60 550 g i o
Alpha Bipy Yes 51 4.5 8.9 Pass
g Yes 43 -4.5 83 Pass
2 Yes 184 2.6 26 Pass
( }r B Yes 45 -0.4 7.0 Pass
0SS 3000 3000 B0Th Yes 50 3.9 9.4 Pass
opg Yes 99 -10 11 Pass
Beta 90g Yes 90 410 2 Pass
19Cs Yes 15 2.0 1.4 Pass
“Co Yes 24 -4.9 2.7 Pass
Samples Distributed August 11,2014 For the/Directo) I/
Reporting Data Received ~ October 6, 2014 Y/ / W [/
1B 6

ichael Unterweger,
Group Leader
Radioactivity Group
= Physical Measurement Laboratory
(Continued)
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National/Asian Network

SIS N[ N
— SEAIMY TR NE

A
&

-

s B

st gIxt2io|otel

7P AR ARl 2 MIE]




o SIAgIx[2ioletel

o BIPEARE| A2 I

29






