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Table 1. Summary of previous studies for alpha—particle irradiator.

Reference Source Spectrometry Dosimetry (?nsrg) Purpose Note
AASI—code — Collimator
J. Dahle et al. Pu—238 PIPS detector (dlffe,rence in the Bystander _ Chamber exit window
2011 [32] (D: 30 mm) & AASI—code CSPergiesofthe @ 12.8 — effect 0 o
as they enter and study . . .
leave cell layer) — No dish information
AASI—code
N. Tisnek et al. Pu-238 PIPS detector (difference in the Bystander =Chamber exit window
2009 [31] (D: 30 mm) & AASI—code energies of the ¢ 5 & 45 effect (3 #m Mylar)
as they enter and study — No dish information
leave cell layer)
—Source protector
Am—241 Bystander (0.7 pm Mylar)
G. Esposito et al. (D: 9.4 mm) PIPS detector LET x T 53 effoct —Dish of 56 mm diameter
2009 [30] Cm—244 & SRIM—code (T—25 flask)
(D: 20 mm) study —Evaluate the influence of

gamma (Geant4 code)

F*: Fluence rate measured with CR39 or calculated with mathematical equation.



(Continued)

Reference Source Spectrometry Dosimetry (?nsrg) Purpose Note
A Hakanen et al. Pu—238 ' 5. 30, Bystander —Chamber exit window
. AASI—code No dosimetry effect (3 p#m Mylar)
2006 [29] (D: 30 mm) 50 L :
study — No dish information
—Source protector
G. Esposito et al. Cm—244 detzlcl:t)(?r & LET X p* 59 Loev;/f:é)tse (0.7 pm Mylar)
2006 [28] (D: 20 mm) TRIM-code stud —Dish of 56mm diameter
Yo (T-25 flask)
—F: PIPS detector vs CR39
Bystander (CR39>PIPS detector: x1.4)
R'ngggg[S;]al' Am-241 deiifor LET x F* 5  effect —Air condition
study (E of alpha: 3.14 MeV)
—3.81 cm—diameter—Mylar
F”: Fluence rate measured with CR39.
¢ A=t 8



(Continued)

Reference Source Spectrometry Dosimetry (?nSIE) Purpose Note
. Bystander .
P. V. Neti et al. # No —Collimator
— X
2003 [26] Am=241 PIPS detector LET F data effect —No dose rate information
study
—Collimator
S. J. Wang et al. Am—241 PIPS detector  No dosimetry No Cell —Dish of 36 mm diameter
2003 [25] data response ) )
—No dose rate information
Pb—241/ —Collimator
C. Soyland et al. B1_21.2 PIPS detector LET X F 60 Cell —Dish of 50 mm diameter
2000 [24] (half life response ) )
~10.6 h) —No dose rate information

F”: Fluence rate measured with CR39, F Fluence rate measured with LR115.



Table 2. Analysis of previous studies for alpha—particle irradiator.

Point to be improved Reference
Additional Mylar layer: chamber exit window or source protecting layer [28, 29, 30, 31, 32]
Collimator for bystander effect study [24, 25, 26, 32]
Condition of air [27]
Absence of dish information in dose calculation [26, 29, 31, 32]
Inappropriate size of dish [24, 28, 30]
No dosimetry [25, 29]
No dose rate data [24, 25, 26, 29]
Dose rate calculation with LET X F (24, 26, 27, 28, 30]
Dose rate calculation with AASI—code [31, 32]

— Energy loss of alpha—particle incident to cell

— Using the inappropriate dish for gamma—H2AX assay

— Dose calculation without considering the size of dish and SSD

— Absence of comparison on result of AASI—code calculation and LET X F method




00

)
i

18] Al
7]

19 ZA}
1A in
Afo] 9]

P2

A Zel)
7]

=

.l

e

)
=

soic. 3

S

all
k]
AASI ZE=R AL

_]

2]

-
find

_]

A
p

A o3l

e}

=
=

o dux dele 7
~HEDS

)
=

gamma—HZ2AX assay
HE 3H el A A
stlom I A

s
A 2

D E TR

Sh
i=]

=~

72l Mylar
)

pm
]
A

A A=

(Ion—Implanted Silicon Detector)Z ZAFA]

WEeE

stainless steel A

AT+l
s

o

== EUE A

M
A
i)

Ho

bt

<]

a4

=

=

Apole] 2]

3z

=

At A

2

—

A
pS

_]

o] =
R

ol

bt

°©

?_

[e)

o] Ay wWste] uwet

3z

=

Azt

Bl dose calibration function

=Y

=]

H

=

=
=

Al

ato]  BAASF

¢}

9

BRAATE
tla, 1 A

[s]

0171
3

P
T

ofi

)

T
—_

7
-

=9°]

2}

9

APRALR A
9

—_
file)

=

A ol A

2

-

A

ssieh. A

AFS

el Am—241

I<]

&
=
=

37}

=

=
=

3

5

| 7}

[e]

3

(e}

SEREOEEE

| —

R

ZE!



Aol vz Yehd sl

s

el 9]

o}
=

WEHE

o) 8+ W

.

)
1

=

A -



}

3
El

-

S

9
7] walgo] ]

Folth.
7] AlEel

5

il
=]

I
=L

=X

5

0]
gl

3.82 Y= Po—218, Po—214%}

AM= HEA AR, e

S

| —

R

w7 o]&

3 =

=133
=

sIAET TE BT

II.
Lol ghE hag

[e]
U—-238 Ade 3

mEol WA W Tl

.

L.

up AL 314 ofl A
]_

°©

A o] AT 2h=e] R

71

[€)

2.1 =(Rn—-222)9
Z}= (Rn—222)

Wi g 2=
WAl £
MEERIE

2389]
o 3

—

0

s
T

of

)

Nlo

.

T

3] of A]
71 180

e

)=
=]

3] 9]

2
Po—214(

7] 3 B, o%3), Pb—214 (7] 27 B, B°
8 &),

flxds
1™

Po—218(
Bi—214(
Hoy

=,

=S 548 MeVe
o} [33].

}

=),
U]—O]ﬂi

759
S ol A

Az SoeAd 99, SF7

st

5

ofi
_EH
;O.#

A st

=
T

o, eEY)oFE

138

A Po—210(REZH7]

[e)

=

Lo]
B &)

Au
o



% Po—218% Po—2147}

T

Aol

&3t
o, ol5 F Po—2147} U

ol
ojm
;O.#

Z
S =

A

[l
=L

o

N

B2 7.68 MeV <dade

ol

SEREE

-
T

Po—-214

71 A =

A

ato] Aol =2 %o

=
=

S

%9
SR

A

M o17]
BaE|aA Zzt 799.7(0.01 %), 298(0.000052 %) keVe)

/g

B

L upd e

=% 803.1 keV

ka3

=

1

S 1% 1, Po—2149 Po—-2109 dUA =95 19 2 29 39
10

LFERA A



224

222
220
[ Po-zi8 I J
218 + (3 mins;
n 216 4 u/- 6 MeV
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Figure 1. A decay chain of Rn—222 and the classification of radon

progenies.
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Po-214 164.3

usec

6609.9 keV
o (0.00006%)

298 keV
y (0.000052%)

7686.82 keV
o (99.9895%)

799.7 keV
y (0.0104%)

Pb-210

Figure 2. The decay scheme of Po—214.
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Po-210 138day

4516.58 keV
a (0.00122%)

5304.38 keV «

803.1 keV
y (0.00121%)

Pb-206

Figure 3. The decay scheme of Po—210.
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2.2 Am—2419] &y-g3 M BEH= YA

Am-2412 o8] A=z d4uedE Fato] Np—237°] HHA
theket TR U WS WEST WEHE WARES
A2 WEHE iR o7 AEE 5" 7IAHTL
A dAdste Aepbd, diFAs Ao ek diale] s =
A3 2} (conversion electron), A A} o3 WA= XA, XA
of &% A A (Auger electron)©|th. XA Al 3
QAR AAke] AU 7h 22 e Axp g e FE

Hez  Askdzte] uls AdiHow  #2 AqUAE 7RI
ARl QA AALe] oUA= 4 keVE it Aol self—
absorption HAY AE718 HE Fell F5Eh [37].

fxdos WEHes A5 ouA= 5.389(1.6 %), 5.443
(13 %), 5.486(84.5 %), 5.513(0.22 %), 5.545(0.34 %) MeVo|™,
ol T 7ME FE &9 A= 5486 MeVE 84.5 %9 H &=
WEEth 9o dubdEd FRbEo] tiEA o R 26.34, 33.2, 43.42,
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T2 L-shelldd WE5Hw, 7P A8 BE9]5(30.2 2)= 711
AeAAY dUuAE s FZ(subshel) ol e A oy 37.1
kevVolth, &dubd FAMZA A AFHAAEL AR} WA Z
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Mylar FolA tiFEe oUuAE edevh B Alxe] 2743
T3ty stodm MEAA L HAEA YA (40 keV A LETE
7.78 MeV/cm)+&= 5 MeV ¢3idel HAEA oA (5 MeV &b e
LETE 886 MeV/em) e 1 % olsto]7] wiiEe] &ubd ZAREA <
AegFF7lel| A e E A gketh T3 A WE T Np-237 AA9
ool &Jsto] F2 L-shell?] L., Ls, L, XAo] WEH=d, ol&2
Hat oAU = 13.9 keVelx, & AN &2 36.9%°|t}H[33].
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Figure 4. An energy level diagram of Am—241.
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Table 3. Radiation emissions from the alpha decay of Am—241.

Energy Yield
(keV) (%)
alpha26 5,389 1.6
alpha28 5,443 13
alpha30 5,486 84.5
alpha31l 5,513 0.22
alpha32 5,545 0.34
gamma?2 26.34 2.4
ce—L 3.9 14.4
ce—M 20.6" 3.84
gammab 33.2 0.126
ce—L 10.8" 17.4
ce—M 27.5" 4.41
gammag 43.42 0.073
ce—L 21° 9.05
ce—M 37.7 2.39
gammal3 59.54 35.9
ce—L 37.1° 30.2
ce—M 53.8" 8.11
gammaz3 98.97 0.0203
L X-ray 13.97 36.9
Auger—L 10.1¢ 35.3

a: average energy (keV), *: maximum energy (keV) for subshell.
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Figure 5. Plots of energy distribution of a beam of initially mono—
energetic charged particles at various penetration distances, E is

particle energy and X is the distance along the track [37].
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2.4 Z vijde] diF g AEAL YA

44 o UA (LET) &= WAbde] 242 Sa) g, 1 429 s

Gapd ZARPEA oA dabde Am—241 Ao 2 FE W Eo
FF e 71, Mylar 35, AXE 5 59 o2 vidS FdstA doh

A Gk ZAPGA A gEd Y] AFS dAS5eh] SlEiA e 7
o Aol HAEA U] ARE 1 vt vk Zb wiAel st
AEA oA JRE NIST (National Institute of Standards and
Technology)®] ASTAR program (http://physics.nist.gov) o|A #|A] gk
AAs ®E Faskech. ASTAR dloJg®o] 2~ ICRU report 377
49¢] Au® W (@2 MeV ol e oyA|e] st ¢ade] AA s
Beth®] A A5 AALAE o] g3sta, 1 o]t AUAFIgrs AE
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AED YA 9 Zol= 3 % olstolH, 2% A=A E T
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25 A A BAG 299 TS
P2 = wjAe]  JAFske] 3754 (Photoelectric  absorption),
AZ YA (Compton  scattering), A8 (Pair production) ¥ #&

HEagel oA ouAdE dom, wde AMzg HAY

Am—241 AL ®WEHE= FA odUA= diFE 60 keV
olgtol™, 59.54 keV oUAE 71 Zwpdo] W& vl & 359 9= 7H

FABEE o] ofluA] d9e] FAke AATAHC SAAFENNE W Fd

FrubeS Fotol oluAE Atk FAET A AR FAe
s Aol FrEa FRAAE WEST FAY AHATE K-shell
Aape] AgeluAng AW FHFFE FAA Aastn HEH
Abgre]  Zasixth weEb Fxkel euxyt kst A oA

FAASE G dasl Ak B 240 QAEAe wel

A7 A9 (Mass  attenuation  coefficient) &F A kol %] &

4x
N
b

(Mass energy absorption coefficient)E 13 8ol of|UA]o] i3t
sk2 el [40].
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Figure 8. The mass attenuation coefficient (x/p0) and the mass
energy—absorption coefficient (xze/ o) as a function of photon

energy for soft tissue [40].
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Table 4. Factors for dose calibration of alpha—irradiator.

Factors

Figures

Radiation type

Alpha—particle

Active diameter of source

9.5 mm

Radiation energy

5.389(1.6 %), 5.443 (13 %),
5.486(84.5 %), 5.513(0.22 %),
5.545(0.34 %) MeV

Emission angle

SSD

5 -30 mm

Beam exposure area

31, 14.14 mm diameter circle

Target

Cell layer (water phantom)

Target thickness

5 ptm
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Chamber cap alternative to petri dish
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~ IISD spectrometer
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Figure 9. A schematic of the alpha—particle irradiator in RadBio Lab
at SNU.
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2. &A AA L AR
7h &9 d

dupbd FAPFA A LA FAF SRR AMSEHE Addowr F
2ol Am—241 A4 (AM1A2100U & AM1A210U, Ecker & Ziegler,
USA) & Agsteltt. Ao WAabse Zb2b 3.793 ¥ 0.371

=
=
MBqel™, WAites ALst dapd e s Fe 5S40 BEF

ANHYAE 7} Am—241(AFR—-241, Ecker & Ziegler, USA)¥} Cm—
244 (AF—244—A1, Ecker & Ziegler, USA) X+ <iAds
AHEEFTE Am—241 Q9] WA 30.63 kBq (2014. 06. 01 715%),
A= AFFEE 99 %ol £ 3 % ©lal, active aread AALS 5
mm©O] % th Cm—244°9] WAs-2 3.918 kBq (2014. 06. 01 7]) ©] 1L,
229} active area®l 274> Am—241 A€ ¥ FL3ATh Am—
241 35 ¢l de mE ARRS offE 99 U ARE Adde
WAool ol Ad-ouA] HAAYEL ZFEALdozZe st &3]
ot Aol tigh pAsh AR & 50 Ak, A& Aol A
el tigk SA4E APPENDIX Befl 3 %-33ith.
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Table 5. Specifications of alpha—sources.

Am-241 Am-241 Am-241 Cm-244
(AM1A21000) (AM1A210U) (AFR—-241) (AF—-244-A1)
Purpose Alpha irradiation Alpha irradiation Energy calibration Energy calibration
Contained 3.793 MB 371.1 kB 30.63 kB 3.918 kB
radioactivity ) d ) d ) d ) q
Reference date 2014.03.01 2014.06.01 2014.06.01 2014.06.01

Half-life

432.17 £ 0.66 y

432.17 = 0.66y

432.17 £ 0.66 y

18.11 £ 0.02y

Nature of active

Am—241 incorporated in Am—241 incorporated Electrodeposited and

Electrodeposited and

deposit gold matrix in gold matrix diffusion bonded oxide diffusion bonded oxide
Active diameter 9.5 mm 9.5 mm 5 mm 5 mm
Backing Aluminum Silver Platinum Platinum
Cover None None None None
Manufacturer Eckert & Ziegler Eckert & Ziegler Eckert & Ziegler Eckert & Ziegler
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dele wolE wlolaz wgz zd ¥ £ Qe vlolazvlE

v

= (152—-103, MITUTOYO, Japan)S ZAMEe ZFA3 Ax3h=
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Figure 10. Detailed drawings for upper and lower plate of irradiation chamber.
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Figure 11. Detailed drawings for petri dish holder and window cover with IISD.
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Figure 12. Detailed drawings for (A) irradiation shutter and (B) source holder.
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Figure 13. Micrometer head (model: 152—103, MITUTOYO, JAPAN)
for control of source location — control range: O to 50 mm, resolution:

0.01 mm, accuracy: £2 pgm.
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Figure 14. (A) A drawing and (B) the picture of the dish frame mold.
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Figure 15. (A) An external appearance of the alpha—particle irradiator and a condition display device, (B) the top view
of the irradiator with an IISD attached to the stainless cover, (C) the top view of the irradiator with a Mylar cell culture
dish, (D) Am—241 source holders and (E) IISD and Am—241 source on the holder in the alpha—particle irradiator.
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Figure 16. (A) A Mylar cell culture dish for alpha—particle irradiation
and its components. The Mylar cell culture dish can be made of a
plastic frame, a 4 gm—thick Mylar film and a Teflon ring. (B)
Stainless frames for holding the dish. (C) Alpha—particle irradiation

to cell cultured on the Mylar cell culture dish.
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Figure 17. Alpha—particle energy spectra measured before and after

helium injection for 30 seconds.
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Figure 18. Typical system for alpha—particle spectroscopy.
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Table 6. Specifications of the alpha—particle detector.

Parameters Figures
Type Ion—implanted silicon detector
Model BU-020—-450—AS

(ORTEC, USA)

Active area 450 mm?
Active depth 100 g#m
Resolution for 5.486 MeV alpha 90 keV FWIIM
from Am—241
Shaping time constant 1 ps

Electrode

Ion implanted contacts
(<500 A Sieq.)

Leakage current

1 nA

Operating bias voltage

50 V (Positive)

Connector

Micro dot connector
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Table 7. Specifications of the components of the alpha—particle spectroscopy system.

Component Model Specifications
— Detector and electronic noise: < 25 keV with 450 mm?
A—PAD Preamplifier, d.e.tector. Electromc noise — 5 keV with a slope of 25 eV/pF
- silicon equivalent.
Amplifier, A—-576 . . . . .
. ) — Pulse shaping: Internal 0.5 ¢ s active filter semi Gaussian
Discriminator with (ORTEC) . " . .
bias pulse shaping amplifier — 4 ¢ s wide positive output pulse.
— Energy ranges: 3~8, 4~7, 3~5, 4~6, 5~7 and 6~8 MeV.
— Detector bias voltage: 0 to £100 V, polarity selectable.
— Type: Successive approximation type.
997 — Conversion gain: 16 k.
ADC & MCB (ORTEC) — Conversion time: 2 gs.

— Memory size: 512 k.
— Gain drift: < 50 ppm/TC.

Vacuum chamber

807 (ORTEC)

— Materials: Aluminum, chrome—plated brass, stainless steel.
— Detector to sample distance: up to 12.7 cm.
— Connector: Female BNC outside, Microdot male inside.

230—V portable pump
station

ALPHA-PPS-230
(ORTEC)

— Measured at the pump inlet flange, 60 Hz.
— Displacement 6.7 ft*/min; 190 liters/min.
— Ultimate vacuum: 1 millitorr.
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Figure 19. A commercial vacuum chamber and a portable pump station.
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Figure 20. Alpha-—particle energy spectrum measured in vacuum
chamber (A: before, B: after energy calibration of MCA).
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Figure 21. Measured (A) and simulated (B) alpha—particle energy
spectrum at the Mylar cell culture dish position in accordance with
SSDs (5, 10, 15, 20, 25 and 30 mm).



Table 8. The peak energy of alpha—particle energy spectrum.

Peak energy (MeV)

SSD
(mm) Measurement Simulation
5 5.33 5.36
10 5.25 5.28
15 5.18 5.2
20 5.11 5.12
95 5.03 5.04
30 4.95 4.96
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Figure 22. Measured (A) and simulated (B) alpha—particle energy

spectrum at the SSD of 5 mm.
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Table 9. Average LET for alpha—particle in tissue equivalent medium

calculated with measured and simulated energy spectrum in

accordance with SSDs.

Average LET (MeV/cm)

SSD Difference
(mm) Measurement Simulation (%)

5 823.5 822 0.18

10 829 828.9 0.01

15 835.8 837.7 0.22

20 843.6 846.4 0.33

25 851.8 855.5 0.43

30 860.4 865.1 0.55
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Figure 23. A geometrical representation of alpha—particle irradiation

to Mylar cell culture dish in the irradiator.
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Figure 24. The probability distributions of fluence in cell layer and

the fitting functions in accordance with SSDs.
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Table. 10 The fitting function for the probability distribution of fluence and the average fluence rate.

Average fluence rate

Average fluence rate

SSD Fitting function Adi. R—Square (#/sec) (#/sec)
(mm) F(x) 4 d for 31 mm diameter for 14.14 mm diameter
area area
5 Exp(—=6.2301 —0.0307x -0.01507x%) 0.996 1591.5 4484 .5
10 Exp(=7.2747 —0.025bx —0.00602x?) 0.996 1086.6 1972.0
15 Exp(—8.0093 —0.0133x —0.00357x%) 0.998 728.9 1059.1
20 Exp(—8.5582 —0.0068x —0.00242x%) 0.999 504.2 648.1
25 Exp(—8.9923 —0.0037x —0.00175%x%) 0.999 362.3 433.1
30 Exp(—9.3502 —0.0021x —0.00132x%) 1 270.0 308.3
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Figure 25. Ratios between fluence rate at the radial distance x and average value (diameter of dish: 14.14 mm).
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Figure 26. Ratios between fluence rate at the radial distance x and average value (diameter of dish: 31 mm).
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8 g maRe wWelith [24, 26, 27, 28, 301, AW
@A Ao 2AFAY AFFAE AT WPoR S

agrovl, Asta MFANL AAdE FAH wYASFE Bsw

webr] B Jedt dgALE FdE7] flsto] (4.7) 2 AR

= 1] = FZ] Mrom, @)

o} 714 Mr+ track length correction, Mi-& average LET correction
o] w] sttt

4. DANe Be duido] Alxss FAHoR Tdts 7Hdo
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Aol Stk SRt ke A3 AE AReld] AgelME
Gt 5ol AESE BIAFEA F3et7] wtel AlESolA Ao
FAOE FHE ury FrlstAl Aok olE wAsH] SISt AT
track length correction Mrolw, #AAL] H =7} v|E 29wt}
AAL F7F vz a9 2304 dupido]l {irteke WERe] HE 9}
AEF2 2 WEL o]F = 7wl FAR Fhe] 94l (cosp) TR
T dew, A7 Ao 1.2 wi7kA F7HE

Hd  (cosB) ' S random number sampling HH O

AAFELE . Random number sampling ®¥ <2 MATLAB® &

ofN

!

AFE AN TR BA ol FHHE BRW AR AN AT 5
olet,

29 23004 Am-241 Aol FAL 349 A% Ao Aole
ek, Aeld dstdo] MAEE Qe AR HE(x, vi, )i
obeh o] AL FHATh

xlz +y12 < Rz, 71 = 0
—4.75 < x; < 4.75, —4.75 <y, <4.75, (4.9)
7] R & Am—241 A99] vk Foln, 1 A& 4.75 mmo]th.
C st

dupio] AZH] AR W AAAHY HECo, va 2)E
=4S 2

L}-“

o e
x22 +y22 < Xz, Zy = h
X <x, <X, X <y, <X, (4.10)

1714 hiz AL MEY Aol X AXZT MAEFS v},

Random number sampling WS o] 83 x1. x2 y1. yor U
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n

Xl = _4.75 + 9.551 ) (0 S El S 1)

y1 = —J4752 — x;2 +2,/4.752 — x;28, (0 <& <1)

X, = —X+2X& (0 <&<1)

Vo = —JX2 — 2,2 + 2X2 — 1,28, (0 <&, < 1) (4.11)

rok

71X &1, €9 &3, E4%E A7 0 1 AfololA] FETH 9
Aot

A Ee EHIFEER FIEodAME 10 MeV olake] dapde
Aol ARgrhs 7PdE ARgskY [43], Al gl 2E)
e depd el vy 9o dm 4 A58 Yul(~100 nm)E FE
A= AEFH Avlel wla] Wi Zr] wjize] FAlETh [44].
wheba] ekl A o] Pt S HlE (4.12) 2% Zo] xdE T

2 o NZin2
COSﬁ_l — V(x1—x7) +}(IJ’1 Y2)“+h (4.12)

o,

A ZF7F vE AxE7] 9k F 4x10° M9 random
numberg FE3F%1° 107 ol 7+ Ao AyEs
Axet & Ht e etk Al ZE=F MATLAB TR0 R
HEom F=o AFUYE
(4.8)219] average LET correction M; & <atio] AMxZL
EdetAA F7HE = LETE wAdsis7] {1t A=, S7e LETY
Bt Ae GAFE W 7FA= LETSR] Hl= vekd 5 i

Median value for the LET at entrance and exit to cell layer

LET of alpha—particles at entrance to cell layer
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(4.13)2eA F7hel LETS o2 Ax
7FA= LETE +3F #em Aierslon, MEFAS LETE
A9 2L oA wige] wet AP Ao w Wettty 7Yt

a9 27 20 mm AL AE Aol A 14.14 mm AF9
AES, 19 282 30 mm AL AE Abe]e] A et 31 mm A F2
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Figure 27. Probability distribution of alpha—particles calculated with
AASI—code at entrance and exit to cell layer (diameter of cell layer:
14.14 mm, SSD: 20 mm).
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Figure 28. Probability distribution of alpha—particles calculated with

AASI—code at entrance and exit to cell layer (diameter of cell layer:

31 mm, SSD: 30 mm).
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(4.7) 2 MER HAATE T4 (4.8) 202 A=A
AsiM = AESoE YAbsts Syl T A&HE Feb Byt LETH O
destth 29 29 & 20 % 30 mmo] A AE Atole] A oA
) 2 ST g9 oyA AFERS oAl digh
gErx a2 E yehd Tdelrh A HEV R AT Gyl
A AFEHLS AE7F 2ol e 4 pm FA Mylar 25 9
wa marr e o] UA et ofe] g BEAS Mylar HEolA g
dubde] LET = o&3sto] F3qsidlom, 2z dubd oy ot
LET %> NIST (National Institute of Standards and Technology) ©
ASTAR program database (http://physics.nist.gov) oA A A| gt
Ak e oy Ao et AAe ke B S o] &3sto] Fatith
AESo dAteke T EIAES AAST Z=E AL #e

ARSIt A2 HEVIR SAT 9SS AR ¥

~
o
ol
ol
N

olfrE AE7IY W s AEMSHAIY AVE WA F gla,
AE719 1fF agol EAlste] JFe F4o] Erbs 7] wEe|tt
AE719 1fF 28 HAE71Y B, HARA YA o Rl EE 4
T, BAE] oA Foll g8 AP ATH37]. AASI ZE9F HEVE
43 dupdE 9 uf 58S % 119 Fssih
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Figure 29. Probability distribution of alpha—particle obtained from

measured alpha—particle energy spectrum at the SSDs of 20 and 30

mim.
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Table 11. Fluence and intrinsic efficiency measured with IISD and those calculated with AASI—code.

) Number of Geometrical Number of Fluence Fluence Intrinsic Intrinsic
(o) alpha emitted officienc alpha incident calculated with measured efficiency of efficiency of
from source y to detector AASI with IISD  AASI detector IISD
1.838 x 107 1.288 x 10° s 1.137 x 10°
_ +
20 Y 55 % 10° 0.070 + 39 x 10° 1.279 X 10 + 1 x 10° 0.99 0.89 £ 0.03
1.838 x 107 6.47x 10° 5 6.020 x 10°
_ +
30 Y55 % 10° 0.035 Y19 % 10t 6.480 X 10 8 % 102 1 0.93 0.03
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HAFHoR T FAFANA (4.8)A o7 AALS MTHI AAb
HAQ3 F A& F, &b H+ LET L, track length correction

Mr, average LET correction My, Z12]1 AASI Z =2 AALS AHEFES
¥ 12 YERAY. Gamma—H2AX assay A3ZA (20 mm SSD,
14.14 mm A E2 M*EZ)E clonogenic assay 2327 (30 mm SSD,

31 mm A2 AxZ=)o] nEF 2 IZE WA r Bt AL

AMZ ALolo] AY7E o PR wiEel £ dubAE FY gte] 2.4 v ¢
Zow, T FZAFAANAY dubde]l H LET A#ole 2 %= vl$-
Zkokt}. Track length correction Mty FAPHZA OS] B £ clonogenic

assay AdFx7A0o] gamma—H2AX assay 28 Z7HUTF ¢k 3 ¢ ] &
#He YErH o, average LET correction M oUyA] w3sle] wp&
LETS wWahgo] #2 itelmz F AdzdeAe ghe 1.0403
1.044% w5 fAbsielth. & Aggrpgwior ARbs AdRES
gamma—H2AX assay AdzAoA 0.63% 0.64 Gy/min®]i, 1
zFol= 2 %= w9 FARSE FES yERAYE Clonogenic  assay
A= 0.267 0.28 Gy/min® AFEZ F e Aol
1M 3§ exHe] e g& dER

o
N
o
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Table 12. Calculated values for the correction factors, dose rate calculated with equation (4.8) and AASI—code.

Dlam'eter SSD  Fluence rate F Average LET MT' Dose_ rate by Dose rate by Difference
of dish () (#/se0) L (Fractional M. equation (4.8)  AASI—code %)
(mm) MeV/cm) std.) (Gy/min) (Gy/min) ¢
6.50x 10" 889.6 1.05
14.14 20 + 9 0x10° + 54 (0.0000004) 1.04 0.63 0.03 0.64 2
2.72x10* 911.1 1.08
31 30 + 8% 107 + 813 (0.0000004) 1.04 0.26 0.01 0.28 6
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off

S =fdo7 A2 E FAAQ track lengthel LETE w19 &
T A7) Wil HES BRAAFE L84 L=th T3 AASIFEE
o] g3t Ak Al (4.8)2% o]&3t AL A AXE oln)

helstlor e dubd  APEA O] AFF7PEHS AASI FEE

AFF7HE TR0, 72 Ager sy HAFES fittingste] AL
o] Agef tI3t dose calibration fucntions &tk 13 309
e clonogenic assay A8 ZxA° Ao+ 5, 10, 15, 20, 25, 30
mm] A3} WE Apo] AglelA Z+7F 3.02, 1.44, 0.85, 0.55, 0.38,
0.28 Gy/min® AHES e, ¥ 3194 gamma—-H2AX
assay A¥ FHA9 MHFEL 5, 10, 15, 20, 25, 30 mme] AL}
MEZ Afe]l  AgelA bz 5.66, 2.11, 1.07, 0.64, 0.42, 0.31

7)
Gy/mine|3lth. Z} A3 Z7A )4 2] dose calibration functione =24

x
il
L

gulg s e SSDY Frbe] WE ABE gz ATL 714
T Bdss ¥R Adsgon, 35 A 74 a9 $5 el

LHERU ST
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3.5

Diameter of dish : 31 mm
3.0 1 Equation y =exp(a+b*x+c*x"2)
- Adi R-Squa 099893
s Standard Err
E Dose rate a 0.03826
“5, 2.0 1 Doserate b 0.00787
— Dose rate C 0.0025 291885E-4
2 15
| -
[
3
o 1.04
0.5 4
OD ' 1 ! 1 ! 1 1
5 10 15 20 25
SSD (mm)

30

Figure 30. The dose calibration curve for alpha—particle irradiator

(diameter of dish: 31 mm).
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Diameter of dish : 14.14 mm
5 Equation y —explatb*x+c*x"2)
Adj. R-Squa 0.99907

4 Value Standard Err
= Dose rate 2 891 0.04779
= Dose rate 02523 001059
(:5‘ 3 Doserate |c 0.0040 4.15246E-4
[1)]
©
(]

1]

D T I T I T I T I L

5 10 15 20 25
SSD (mm)

30

Figure 31. The dose calibration curve for alpha—particle irradiator

(diameter of dish: 14.14 mm).
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4. Am—24194 HE== FA Q3 AFE
e JHFo duked] RN A= FAL e FAE
W Ah ehARE b AR AEAA Y Hdeew AREHE Am-
2412 Ee ypbed agelAd fepdd XAE 2 Ao
oA o2 26.34, 33.2, 43.42, 59.54, 98.97 keVe| JuAE 7t
K =o] 27} 0.024, 0.00126, 0.00073, 0.359, 0.0002039] H]&=
WEEm, 53] 59.54 keVe] AUAE 71zl bl o] W= wlgo] 7H
o =3 U5 3k (internal conversion)dll &J3l] XAlo] v H

I = wE oujgo] MY =8 L-shell XAS Hit 13.9 keVe

Gk ZAPFA S WAbso]l 3.793 MBgQl Am-—241 AelA

Wy = fupAde] o8] A¥E7E de= A"ES MCNPS EHIIER
AR AR AAFsFtE. MCNP5 FE= 3390z Ao ufzofA]

A, A AR FEsdel e dArEzasieln [45].

1% & 4R FEo g% duA dgs ALElTE F6 otally s
AHE3ESITE F6 tallyell 23t AlAb Ao b shutel] 28 AlESel
AdE = ovAz @Y, o gs MEFTY AFer ru
Aoz HEHE YA 5 watd Adgor ko] 7hsaith
TE A A= Ad 23k Rol 1 %R 2 e UeRy = S8

10° 7H9 x5 FZH3I AyzRE =EFIUC AW 23 RS
MCNP5 FEoA JAAtRARY A& -5 A sk Wy, 1 %R
A& R AN A3t w¢ Adsivs As orldit

Am—241 Aol WEH= FxAo & AMEVF v AFES
AL AaE % 320 YERITE thkst U AE 7H FAE

ot = AMEEL 5, 10, 15 20, 25, 30 mme ALy A= /‘}OIJ
89 JL k 1]|

17



AlolA z+zt 23.6, 12.9, 7.6, 4.9, 3.4, 2.4 pGy/minc]glon, RE
Axt Anpel Add @A RS 1 %oluilth. & A=FES] 80 %+ 13.8
keV L—shell XAel &gt MAZFolqle=d] 7P We oA 9 Fart 2
Mg 71 =2 7|92 E Hel ol 13.9 keV FAte] W&
9 LET7} 78 =971 wolth.

Artdl Fape] o)st Mepwh Aupide] o)st Mg wl= A
MEZ7re] Aol wel HA 6.03 X 1075 mm SSD) oA o) 8.02
X 107°(25 mm SSD)e|glth. uwhehr] Lupiel gk MegFo] AL
AdEs= Ao fREoln Am-2418 TE GAFS halss
Aoz ALg 7hesitt

o

o
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3.0x107

—=— 59 54 ke gamma
—— 139 keV L X-ray
—— T otal

2.0x10°

Dose rate of gamma (Gy/min)

1010
0.0 I ! | ! | ! | ! | ! |
5 10 15 20 25 20
35D (mm)

Figure 32. Dose rates at the cell layer by photon emissions from Am—
241 as a function of SSD.
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gvbd wAgAS EHS B Sstel AR R

g oA 2HEFY peak oIUAY AolE BE Mz HE

shaA Ao R #dE AKe] dapdS AGE 5 Sl Add A=
Atelel Arls AR WHo]l 157 cm’(XE: 14.14 mm)<
gamma—H2AX assay£2 AxujeF HAle= AYo=zFEE 20 cm
Gojxl AglellA 5.12 MeVel &apido] ZAF & 5 glow, dupds
F¥o ¥4 H3l= £ 9 % ol ¥t} Clonogenic assay®l +%

AFEEE AEaEdol 754 cm?(HE: 31 mm) QA AEH|SFHA S

AbgE A AdozRE 30 cm "ozl YA A 4.96 MeVe
it do] FAtE 4 glor, duAEe ¥HE BE Aol= HU
19 %t

o] AFA ALHAY T AFHIIRH O A Eu]FH A9

6 %= 2APES olWiit sHANE (4.8)4 =

o] &3t AFALE A AP o] Wigtel] wel HAAFE T

S
=
SYAos FAsEE #4A track lengths} LETE ®tg & +
TE Q7eHA ¢t T3 AASIZEE
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o] g3t AAt Aol (4.8)2& olgst Axl Ayt dAFoEE
Ot FAPFA Q] A#H 7= AASI FEE ST ASH I A3

F7t2 dupd F2APEA A Am-241 AYdozREH wWEHE=
Hupdel oa] Azt W RS MCNPS ZHIZFER AARRA
AFeRGitE MCNP At 716 5 dAke] Fsel o oA A
Al FE F6 tally S AFESElaL, AAtE AFES 5, 10, 15 20, 25,
30 mme] A7 ME Atele] A oA 7+7zF 23.6, 12.9, 7.6, 4.9, 3.4,
2.4 pGy/minolgl o, AL Aol Adojex RE EF 1 % ©]3t3ith
Aatgl Fatel] ot AdegFnt dupiel] o)et Mk nul Az AETH
Agel welk H4A 6.03 x 107° ol Hof 8.02 x 107° Afe]t).
wpeba] gl oa] Azel] HduEs S FAIY £ 9lom, Am-
2418 2 BIF S gilste Addow AREE 4 Qlth
ek Zo] dmbd 2APEA 5 9 Ao RRE Age mE
AFgrrel A2 A4 s gssiglon, RIZMEE o] &3 Ad

AlZA el S

Adsl7] Yl 3AFL o2 wjkE A E (3—dimensional cell culture) ©]
st 9EZEA FHrldxs &&d Aoltt. webx 7 AZAPEEA
I TE e ®sle] mE F7HEd
)



Table 13. Specifications of alpha—particle irradiator in SNU RadBio.

Parameters Figures
Size Diameter: 380 mm, Height: 110 mm
Inner volume: 6.9 L
Am—241 (AMI1A series) source
Source Activity: 3.793 & 0.371 MBq
Active diameter: 9.5 mm
Ion—implanted silicon detector
Active area: 450 mm?
Spectrometer

Resolution: 20 keV FWHM
Energy range: 3~8 MeV

Range of SSD

5~ 30mm (by 0.01 mm unit)

E. of eincident to
Mylar dish

4.96 ~ 5. 36 MeV (5~30 mm SSD)

Injection time for
helium condition

30 sec [ultrapure helium gas
(99.999 %)1]

4 pm thickness Mylar film with plastic
frame and Teflon ring

Mylar dish
Sizes for gamma—HZ2AX & clonogenic
assay (14.14, 35 mm diameter)
For gamma—HZ2AX assay:
Dose rate 0.031 ~ 5.66 Gy/min )
Dose calibration [Exp(2.891-0.2523x+0.004x")]
function] For clonogenic assay:

0.028 ~ 3.02 Gy/min
[Exp(1.9422-0.181x+0.0025x%) ]

Optimal irradiation
condition

For gamma—HZ2AX assay:
20 mm SSD & 0.64 Gy/min

For clonogenic assay:
30 mm SSD & 0.28 Gy/min
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APPENDIX A

Source of Matlab code for correction factor

a=100000;
b=10000;

% a*b = Total running number

h=20;

% Source to sample distance = SSD

r=7.07;
% Diameter of dish

aver=0;
sgaver=0;
N=0;

% N = total running number

fori=1:a

for j=1:b

x1=—4.75+9.5%(rand);

% Extracted random x in the range of —4.756 < x < 4.75

y1=—((4.75)"2—-(x1)"2)"0.5+ (2% (((4.75)"2
(x1)72)70.5))*(rand);
% Extracted random y in the range of —((4.75) " 2—(x1)"2) 0.5
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<y = ((4.75)7°2=(x1)"2)70.5

x2=—r+2#r*(rand);

% Extracted random x in the range of —r < x < r

v2=—((r)"2—(x2)"2)70.5+ 2+ (((r)"2—(x2)"2)"0.5) ) * (rand);
% Extracted random y in the range of —((r) " 2—(x2)"2) 0.6 <
v =< —(r)"2-(x2)"2)70.5

c(i,j)=(((x1-x2)"2+(y1-y2)"2+h"2)"0.5) /h;
% c(ij) = 1/cos B

aver = aver + c(i,j);

sqaver = sqaver + (c(i,j))"2;
N=N+1;

% Counting the particle

end

end

aver=aver/(N);

% Mean value
sqaver=sqgaver/(N);
var=sqaver— (aver)”2;
vofm=var/N;

% Variance of the mean estimate
fsd= (vofm™0.5)/aver;

% Fractional standard deviation of the mean estimate
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APPENDIX B

Certificate of calibration: alpha standard source (Am—241)

24937 Avenue Tibbitts

- . . . . .
= ECkert & Z|eg|er Valencia, California 91355

Isotope Products Tel 661:309-1010
Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOURCE

Radionuclide: ~ Am-241 Customer: BOO KYUNG S.M. CO,, LTD
Half-life: 43217 + 0.66 years P.0. No.: IPL-131030-72

Catalog No.: AM1AZ100U Reference Date: 1-Mar-14 12:00 PST
Source No.: L1-802 Contained Radioactivity: 102.5 pCi  3.793 MBq

Physical Description:

A. Capsule type: A-2 (12.7 mm OD x 6.35 mm THK) CAUTION!

B. Mature of active deposit: Am-241 incorporated in gold matrix DELICATE SURFACE
A . Lo DO NOT WIPE

C. Actl\.rnla diameter/volume: 11 I'T]I.TI (capsule opening is 9.5 mm) ACTIVE ARER

D. Backing: Aluminum

E. Cover: None

Radioimpurities:
None detected
Method of Calibration:
This source was assayed using gamma ray spectrometry.

Peak energy used for integration: 59.5 keV
Branching ratio used: 0.360 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: t 02 %
B. Type B (systematic) uncertainty: + 30 %
C. Uncertainty in aliquot weighing: + 00 %
D. Total uncertainty at the 99% confidence level: + 30 %

Notes:

- See reverse side for leak test(s) performed on this source.

- EZIP participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (as in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA-TECDOC-619, 1991.

- This source has a working life of 2 years.

Djm_‘%m&{;é& Neliowm. — _Y-Feb-14
uality Control Date EZIP Ref. No.: 1705-22

150 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts Valencia, California 91355 1800 North Keystone Street  Burbank, California
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24937 Avenue Tibbitts

§ Eckert & Zieg|er Valencia, California 91355

Isotope Products

Tel 661-309-1010
Fax 661:257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOURCE

Radionuclide:  Am-241

Half-life:

43217 + 0.66 years

Catalog No.: AM1AZ10U
Source No.: L4-388

Physical Description:

A

B
C.
D
E

Capsule type:

. Nature of active deposit:
Active diameter/ivolume:
. Backing:

. Cover:

Radioimpurities:

None detected

Method of Calibration:

Customer:

P.O. No.:

Reference Date:
Contained Radioactivity:

A-2 (12,7 mm OD x 6.35 mm THK)
Am-241 incorporated in gold matrix
11 mm (capsule opening is 9.5 mm)
Silver

None

This source was assayed using gamma ray spectrometry.

Peak energy used for integration: 59.5 keV

Branching ratio used:

Uncertainty of Measurement:

A. Type A (random) uncertainty:

B. Type B (systematic) uncertainty:

C. Uncertainty in aliquot weighing:

D. Total uncertainty at the 99% confidence level:

Notes:

BOO KYUNG S.M. CO., LTD

IPL-140321-22

1-Jun-14 12:.00 PST

10.03 pCi 3711

CAUTION!

kBq

DELICATE SURFACE

DO NOT WIPE
ACTIVE AREA

0.360 gammas per decay
+ 02 %
+ 30 %
+ 00 %
+ 30 %

- See reverse side for leak test(s) performed on this source.
- EZIP participates in a NIST measurement assurance program to establish and maintain implicit traceability

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference

Materials (as in NRC Regulatory Guide 4.15).
- Nuclear data was taken from IAEA-TECDOC-619, 1991.
- This source has a working life of 2 years.

T M

7 Mam 1f

Qua]ij,y Control

Date '

EZIP Ref No.:

1732-48

Medical Imaging Laboratory
24937 Avenue Tibhitts  Valencia. California 91355

150 9001 CERTIFIED
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24937 Avenue Tibbitts

E Eckert&Ziegler Valencia, California 91355

Isotope Products

Tel 661-309-1010
Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOURCE

Radionuclide:  Am-241 Customer:
Half-life: 432.17 + 0.66 years P.O. No.:
Reference Date:
Contained Radioactivity:

Catalog No.: AFR-241
Source No.: L4-389

Physical Description:
A. Capsule type:
B. Nature of active deposit:

C. Active diameter/ivolume: 5 mm
D. Backing: Platinum
E. Cover: None

Radioimpurities:
None detected

Method of Calibration:

A-2 (12.7 mm OD x 6.35 mm THK)
Electrodeposited and diffusion bonded oxide

BOO KYUNG SM. CO,, LTD

IPL-140321-22

1-Jun-14 12:00 PST

0.8279 nuCi 3063

kBq

CAUTION!

DELICATE SURFACE

DO NOT WIPE
ACTIVE AREA

This source was assayed using a windowless internal gas flow proportional counter.

Uncertainty of Measurement:
A. Type A (random) uncertainty:
B. Type B (systematic) uncertainty:
C. Uncertainty in aliquot weighing:

D. Total uncertainty at the 99% confidence level:

Notes:

- See reverse side for leak test(s) performed on this source.

H o+ e

0.4

0.0
3.0

%

%
%

- EZIP participates in a NIST measurement assurance program to establish and maintain implicit traceability

for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference

Materials (as in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA-TECDOC-618, 1991.

- This source has a working life of 2 years.

- This source had a surface emission rate of 924600 a/min in 21 on 5-May-14.

7 Mow 1¥

1l o

Qu %ﬁ’ty Control

Medical Imaging Laboratory
24937 Avenue Tibbitts Valencia, California 91355

IS0 9001 CERTIFIED
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Am-241 Alpha Spectrum
S/N: L4-389

Acquisition Started: 5/5/14 12:28:19 PM
Elapsed Live Time: 501.02 sec

Elapsed True Time: 502.41 sec

Dead Time: 0.28 %

Geometry: SBD#3 - 49mm from detector
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REGION OF INTEREST REPORT

ROI # From (keV) - To (keV) Integral % Error Peak (keV) FWHM (keaV)
1 5240.24 - 5582.67 397935 0.41 5464.49 20.25

Errors are gquoted at 2.580 sigma
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Certificate of calibration: alpha standard source (Cm—244)

'E' Eckert & Ziegler

Isotope Products

Tel 661:-309:1010
Fax 661-257-8303

24937 Avenue Tibbitts
Valencia, California 91355

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOURCE

Radionuclide:  Cm-244

Half-life: 18.11 + 0.02 years
Catalog No.: AF-244-A1
Source No.: 1732-53

Physical Description:

. Capsule type:

. Nature of active deposit:
. Active diameter/volume:
. Backing:

. Cover:

moOom>P

Radioimpurities:
See Technical Data Sheet

Method of Calibration:

Customer:
P.O. No.:
Reference Date:

BOO KYUNG S.M. CO., LTD
IPL-140325-23
1-Jun-14 12:00 PST

Contained Radioactivity: 01058 pCi 3918 kBq

(Total alpha)

A-1(25.4 mm OD x 3.18 mm THK)

Electrodeposited and diffusion bonded oxide CAUTION!

DELICATE SURFACE
5mm DO NOT WIPE
Platinum ACTIVE AREA
MNone

This source was assayed using a windowless internal gas flow proportional counter.

Uncertainty of Measurement:
A. Type A (random) uncertainty:

B. Type B (systematic) uncertainty:
C. Uncertainty in aliquot weighing:
D. Total uncertainty at the 99% confidence level:

Notes:

0.3
3.0
0.0
3.0

H H +

- See reverse side for leak test(s) performed on this source.
- EZIP participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (as in NRC Regulatory Guide 4.15).
- Nuclear data was taken from "Table of Radioactive Isotopes”, edited by Virginia Shirley, 1986.
- This source has a working life of 2 years.
- This source had a total alpha surface emission rate of 118700 a/min in 21 on 30-Apr-14.
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EZIP Ref. No.: 1732-53

24937 Avenue Tibbitts Valencia, California 91355
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Cm-244 Alpha Spectrum
S/N: 1732-53

Acquisition Started: 4/30/14 11:29:32 AM

Elapsed Live Time: 1832.34 sec
Elapsed True Time: 1832.90 sec
Dead Time: 0.03 %
Geometry: SBD#3 - 41mm from detector
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REGION OF INTEREST REFPORT
ROI # From (kev) - To (keV) Integral % Error Peak (keV) FWHM (keV)
i 5528.90 - 5843.03 158607 0.65 5777.09 19.26

Errors are guoted at 2.580 sigma
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APPENDIX C

Certificate of conformance: alpha detector

\METEK

Adr d Measur t Technology, Inc.

ORTEC*®

801 South lllincis Avenue

Oak Ridge, TN 37831-0805

Tel, (B65) 482-4411 = www.ortec-online.com

CERTIFICATE OF CONFORMANCE

Quality Assurance Data (QAD) Sheet
ULTRA™ Alpha Detector

Model No. o BU-020-450-AS Serial No. 53-045 AA3
Recommended Bias Voltage: 50 V (Positive)
Warranted Alpha Resolution: < 20 keV FWHM  Measured Noise: = 15 keV FWHM
Special Notes:
Data Certified By: ( /_’ % [signature]

&

+ STORAGE: Store detector at room temperature in clean, non-toxic, non-corrosive surrounding.

+ HANDLING: Wear protective latex or polyethylene gloves as finger grease and body salts may destroy the integrity of

the electrical contacts.
Keep protective cap on detector when not in use.
Detector should not be subjected to temperatures above +60°C.

Avoid mechanical shocks and mechanical damages. This ULTRA series detector has a thin (~500 A), ion-implanted

contact immediately under the silicon active surface. If the silicon surface is scratched, the detector may fail to perform
according to specifications. This and other mechanical damages to the detector will void its warranty.
If a detector must be sent back to AMETEK-ORTEC, use proper care and properly protect the detector's sensitive
surface when packaging for shipment. Improper handling or packaging that results in damage during transit may void

the warranty.

+ CLEANING: If contaminated, the detector's sensitive surface may be gently cleaned by using "fluffed” cotton swabs
dampened with methanol to gently brush the contaminant off. DO NOT FLOOD THE DETECTOR SURFACE WITH
ANY LIQUID. Blow dry the detector with clean, filtered nitrogen gas. Depending on the amount of moisture that may be
left on the detector during cleaning, the detector should be allowed to dry for approximately 30 minutes before putting it

into use.

« APPLICATION OF BIAS: The detector connector's central electrode should be provided with positive bias to produce a

nagative output signal. The recommended bias voltage should not be exceeded.

* ALPHA RESOLUTION MEASUREMENT: Specified alpha resolution should be measured in a clean and light-tight
vacuum system using standard ORTEC electronics at 1 microsecond Amplifier Shaping time and a uniform, ultra-thin
Am-241 source located at a source-to-detector distance of not less than 1.5 times the detector diameter.
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ABSTRACT

Construction and Dose Delivery
Characterization of an Alpha—Particle Irradiator

for Research of Internal Exposure

Ki—Man Lee
Department of Nuclear Engineering
The Graduate School

Seoul National University

According to United Nations Scientific Committee on the Effect
of Atomic Radiation (UNSCEAR), alpha—particle exposure to radon
and its progenies is the most important contributor of internal
radiation dose to the world population. Inhalation of short—lived radon
gas progenies can lead to substantial radiation dose to the respiratory
system. Po—210, a long—lived radon progeny, contributes about 7 %
of the effective dose equivalent to man caused by ingesting natural
radioactive material. The need for studies on internal exposure to
alpha—particle emitted from radon progenies still continues.

Several alpha—particle irradiators for in vitro experiment have
been proposed but their purpose was to examine bystander effect in
depth not internal exposure to radon progenies. Several of preceding

studies used an additional Mylar layer and a collimator with tiny slits
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that decrease alpha—particle energy down to 3 MeV. In the real
situation of internal exposure to radon progenies, basal cell is
exposed to alpha—particle with the energy less than 7.69 MeV. So it
1s necessary to keep the energy of alpha—particle emitted from Am—
241 source as high as possible in order to reenact the situation of
internal exposure to radon progenies. Furthermore, dish sizes were
inappropriate for gamma—HZ2AX assay and dose rates were
calculated without considering SSD (source to sample distance) or
dish sizes. They used only one method to calculate a dose rate and
did not cross checked the results with those derived from other
methods.

In this study, we represent a practical alpha—particle irradiator
that has been set up at the Radiation Bioengineering Laboratory
(RadBio Lab) at Seoul National University (SNU) for the study of
cellular responses to radiation from radon progenies. The irradiation
energy level was improved by eliminating the unnecessary Mylar
layer, reducing the SSD and using suitably sized Mylar dish. The
alpha—particle energy spectrum was measured with ion implanted
silicon charged particle Detector — IISD (BU-020—-450—AS, ORTEC,
USA) at the position of the Mylar dish. The experimental energy
spectrum at the Mylar dish layer was compared with the spectrum
simulated by the AASI—code. Difference between peak energies was
less than 0.03 MeV at all SSD. AASI—code can be adopted as a tool
for dose assessment. The optimal irradiation condition that minimizes
the SSD and guarantees the dose uniformity was proposed based on
the fluence distribution calculated with a geometric formula. In case
of a cell culture slide for gamma—H2AX assay, a sample of 1.57 cm?
area can be irradiated with 5.12 MeV alpha—particle at the SSD of 20

mm. At this distance, spatial variations of the fluence rate were less
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than £ 9 %. And the Mylar dish with 4.5 cm? area can be irradiated
with 4.96 MeV alpha—particle at the SSD of 30 mm.

Two existing methods for dose rate assessment were also
compared. Specific correction factors for dose assessment equation
were proposed to increase the accuracy. After applying a newly
formed correction factor, differences between the corrected dose
rate and the one calculated with AASI—code were 2 and 6 %. While
AASI—code can trace an alpha—particle and reflect the incidence
angle and LET change, calculation of dose rate with alpha—particle
energy spectrum measured by IISD always requires the correction
factor for those. Thus dose rate calculation with AASI—code is much
fairer way. Dose calibration for the alpha—particle irradiator was
conducted at all SSDs. This device can provide dose rates ranging
from 0.028 to 3.02 Gy/min for clonogenic assay and 0.031 to
5.66Gy/min for gamma—H2AX assay.

Employing Am—241 as a source simulating radon progenies
requires that photon emissions from Am—241 be specified in term of
dose contribution. Monte Carlo calculations have been made to
characterize the dose contributions of Am—241 photon emissions.
For these calculations, F6 tally was used. All calculations were
carried out using 10° particle histories resulting in target cell layer
relative error R less than 1 %. The ratio of dose by photon emissions
from Am—241 to that by alpha emissions ranges from 6.03 x 107°
at the SSD of 5 mm to 8.02 x 107°% at the SSD of 25 mm. Alpha—
particles are the major contributor of cellular dose, Am—241 source
can be employed as an alternative to radon progenies in performing
study on cellular response to alpha—particles.

Usefulness of this irradiation system for in vitro experiment of

human cells have been successfully tested. This device will be used
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for various study of cellular responses to alpha—particle. Also,
additional device and dose assessment will be required for 3—
dimensional cell culture experiment to reenact the real tissue

irradiation.

Keywords: Alpha—particle irradiator, Spectrometry, Dosimetry,

AASI—code, MCNP5 simulation, Correction factor

Student number : 2011-30290
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